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Abstract
Background: Neck pain of a mechanical nature is a common complaint seen by practitioners of manual medicine, 
who use a multitude of methods to treat the condition. It is not known, however, if any of these methods are superior 
in treatment effectiveness. This trial was stopped due to poor recruitment. The purposes of this report are (1) to 
describe the trial protocol, (2) to report on the data obtained from subjects who completed the study, (3) to discuss the 
problems we encountered in conducting this study.

Methods: A pragmatic randomised clinical trial was undertaken. Patients who met eligibility criteria were randomised 
into three groups. One group was treated using specific segmental high velocity low amplitude manipulation 
(diversified), another by specific segmental mobilisation, and a third group by the Activator instrument. All three 
groups were also treated for any myofascial distortions and given appropriate exercises and advice. Participants were 
treated six times over a three-week period or until they reported being pain free. The primary outcome measure for the 
study was Patient Global Impression of Change (PGIC); secondary outcome measures included the Short-Form Health 
Survey (SF-36v2), the neck Bournemouth Questionnaire, and the numerical rating scale for pain intensity. Participants 
also kept a diary of any pain medication taken and noted any perceived adverse effects of treatment. Outcomes were 
measured at four points: end of treatment, and 3, 6, and 12 months thereafter.

Results: Between January 2007 and March 2008, 123 patients were assessed for eligibility, of these 47 were considered 
eligible, of which 16 were allocated to manipulation, 16 to the Activator instrument and 15 to the mobilisation group. 
Comparison between the groups on the PGIC adjusted for baseline covariants did not show a significant difference for 
any of the endpoints. Within group analyses for change from baseline to the 12-month follow up for secondary 
outcomes were significant for all groups on the Bournemouth Questionnaire and for pain, while the mobilisation 
group had a significant improvement on the PCS and MCS subscales of the SF-36v2. Finally, there were no moderate, 
severe, or long-lasting adverse effects reported by any participant in any group.

Conclusions: Although the small sample size must be taken into consideration, it appears that all three methods of 
treating mechanical neck pain had a long-term benefit for subacute neck pain, without moderate or serious adverse 
events associated with any of the treatment methods. There were difficulties in recruiting subjects to this trial. This 
pragmatic trial should be repeated with a larger sample size.
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Background
Neck pain is a common disorder [1-6]. About 70% of
adults will experience neck pain during their lifetime, and
its point prevalence in the general population is around
22% [1,5,7-12]. After low back pain, neck pain is the most
common reason patients give for seeking chiropractic
care, and the second most common reason for the use of
spinal manipulation [13,14]. Treatment of neck pain is
costly in terms of utilisation of health care services, dis-
ability, compensation payments and lost work productiv-
ity [3,4,15,16]. Manipulation and mobilisation are both
commonly used by chiropractors, osteopaths and manip-
ulative physiotherapists to treat neck pain [17-21].
Among chiropractors the Activator instrument is also a
commonly used form of spinal manipulation [22-24].

The cause of neck pain is multifactorial and can be due
to musculoskeletal conditions, trauma, systemic condi-
tions, infections, inflammatory conditions or neoplasm
[1,4]. Usually, the underlying cause of neck pain is non-
specific and cannot be related to a particular pathology as
a cause of the presenting symptoms [1,4,25].

Numerous systematic reviews [1-3,5,15,26,27] have
assessed the evidence for the effectiveness of cervical
spine manipulation and mobilisation in the treatment of
non-specific neck pain. The results of these reviews for
effectiveness are inconclusive with failure to show any
one therapy as superior to any other. Five studies have
directly compared cervical manipulation and mobilisa-
tion with inconclusive results [8-10,28,29]. The quality of
these studies are, in the main, poor with inadequate sam-
ple sizes, inappropriate and non-validated outcome mea-
sures, inadequate follow-up and lack of a placebo
comparison group.

Bogduk [30] suggests that for neck pain there are no
data from any study determining the proportion of
patients that are pain free after manual therapy. More-
over, Peloso and Gross [31] suggest that due to the uncer-
tainty of the results obtained in the limited number of
studies of manipulation and mobilisation for neck pain,
further studies are needed to compare the different thera-
pies available for neck pain.

Very few clinical trials have studied manual therapy for
subacute neck pain [15,27,32,33], with the research
emphasis being placed on those subjects with complaints
lasting for longer than 6 months [34]. Further, there is a
dearth of evidence for the long-term effects of treatments
for subacute neck pain [35]. Evans et al. [36] also state
that there is a paucity of research evaluating the efficacy
of common treatments for acute and subacute neck pain
and, therefore, there is a lack of evidence to determine if
the treatment of subacute neck pain could reduce the
occurrence of chronic neck pain. The category of sub-
acute non-specific neck pain was selected for investiga-
tion to help fill the large gap in the literature regarding
effective treatments for this category of neck pain.

Harm from cervical manipulation is unknown, but esti-
mates range from one in 20,000 to five in 10,000,000 [2].
Ernst [37] states that manipulation of the cervical spine is
associated with serious complications, and even minor
adverse effects should be a contraindication to further
spinal manipulation. However, this impression was based
entirely on case reports. As part of the University of Cali-
fornia Los Angeles (UCLA) neck pain study, adverse reac-
tions to cervical manipulation and mobilisation were
determined [7]. Over 30% of the participants had reac-
tions to treatment. Increased neck pain and stiffness were
the most common symptoms; however, there were 212
adverse symptoms reported from chiropractic care.
Those randomised to manipulation were more likely than
those randomised to mobilisation to report adverse
effects within 24 hours of treatment. A recent paper in
the physiotherapy literature suggests that the benefits of
cervical manipulation have not been established, and the
associated risks of manipulation could be very serious
[19]. Di Fabio [38], based on a literature review, suggests
mobilisation should be used as an alternative to cervical
manipulation until more definitive information on the
benefits and risks of manipulation are known. However,
Cassidy et al. [39] in a recent study of stroke associated
with GP visits and chiropractor visits found the risk was
equal for patients consulting either practitioner. This sug-
gests that cervical manipulation may not be a cause of
stroke, but associated with a stroke in progress.

Due to difficulty in recruiting appropriate subjects to
the study we stopped the trial. The purposes of the study
were then to (1) describe the trial protocol, (2) report on
the results obtained for relative effectiveness of the three
types of manual therapy and their perceived adverse
effects, (3) discuss the problems we encountered in con-
ducting this study.

Methods
We conducted a pragmatic, randomised comparative trial
among patients with subacute (at least 4 weeks, but no
longer than 12 weeks duration) non-specific neck pain.
The study was conducted in the outpatient clinic of the
Anglo-European College of Chiropractic (AECC) during
two recruitment phases: January through July 2007 and
January through March 2008. The study received ethics
approval from AECC, and recruitment, assessments and
data analyses were conducted at AECC.

Participants
Participants were recruited through newspaper adver-
tisements using the local newspaper and regional com-
munity magazines of the greater Bournemouth
metropolitan area. All patients were examined by either
of the two chiropractic clinicians involved in the study
who made a clinical diagnosis of subacute non-specific
neck pain. Inclusion criteria for the study were age 18-64
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years; a new or recurrent episode of neck pain present for
more than 4 weeks, but no longer than 12 weeks; neck
pain that could extend to the shoulder region or upper
extremities, and be accompanied by headache, but neck
pain was more painful; the patient agreed not to take
medication or receive other treatment for neck pain dur-
ing the course of the study (paracetamol 500 mg 4 times a
day was allowed as rescue medication); and a baseline
pain level of at least 4 on the 11-point numerical rating
scale. Exclusion criteria were treatment with any of the
interventions during 6 months prior to recruitment to the
study; specific neck pain due to fracture, neoplasm, infec-
tion, inflammatory arthropathy, radiculopathy or myel-
opathy; factors contraindicating manipulation, such as
blood coagulation disorders, long-term use of corticos-
teroids, anticoagulant medications, history of neck sur-
gery, stroke or transient ischaemic attacks; plans to
relocate; inability to read or understand English; and
third-party liability or workers' compensation claims.

Randomisation
Randomisation was done on a block design using a com-
puter-generated programme, http://www.randomiza-
tion.com. Sequentially numbered sealed opaque
envelopes were prepared by a researcher not involved
with the study. During the trial the clinician opened the
envelope marked with the next consecutive number and
informed the patient about the treatment allocated. Par-
ticipants and clinicians were not masked to the type of
treatment.

Study protocol
This was a pragmatic trial and all participants received
oral reassurance about the usually benign course of non-
specific neck pain; trigger point pressure release to active
trigger points; postisometric relaxation stretching, exer-
cise advice and ergonomic advice. Two experienced chi-
ropractic clinicians delivered all study treatments. The
first clinician is a registered chiropractor with 30 years of
experience in general chiropractic practice. The second
clinician is also a registered chiropractor with 15 years of
experience in general chiropractic, and for the past six
years has been lead tutor for adjustive technique. Both
clinicians also have extensive experience in use of the
Activator instrument and in mobilisation, as well as
teaching these methods in an undergraduate chiropractic
programme.

We asked participants to record their medication use,
including all drugs taken for pain, in a specially designed
diary during the first three weeks after beginning treat-
ment. Participants were also asked to record perceived
prevalence and time of onset and duration for each
adverse effect in a diary during the first three weeks after
starting treatment. The categories of adverse effects were

similar to those used by Hurwitz et al. [7]: increased neck
pain, stiffness and soreness; radiating pain and discom-
fort; tiredness/fatigue; headache; dizziness, imbalance;
nausea, vomiting; blurred or impaired vision; ringing or
noises in the ear; arm or leg weakness; arm or leg numb-
ness; confusion, disorientation; depression, anxiety; and
any other adverse effect. The diaries on medication use
and adverse effects were collected by the clinician on the
last treatment visit or the participant posted these in a
stamped self-addressed envelope.

During the baseline visit, a clinician assessed the volun-
teer on the inclusion and exclusion criteria and informed
the person about the study. A complete history of neck
pain, associated conditions, red flags and prior treatment
were recorded. Physical examination followed a standard
format, including a neurological screen, looking for con-
traindications to manipulation and exclusions to partici-
pation. After this the clinician decided if radiographs
were necessary. None of the participants required x-rays.
Those who were eligible and agreed to participate were
asked to read the Information Form and sign the
Informed Consent Document. At this time the clinician
gave the participant all the baseline demographic and
outcome measures to complete. The clinician exited the
room to allow the participant to complete the forms with-
out interference.

Interventions
The treating clinician determined the level and side of the
manipulable lesions using his clinical judgement. Specific
considerations were given to pain and movement restric-
tion of individual spine segments from C1 to T4, localised
tenderness and presence of paraspinal muscle tenderness
and tautness. The same clinical assessment was used for
all three groups. Participants in each group received, at
no charge, two treatments per week for three weeks, and
were treated until symptom free or had received the max-
imum of six treatments. The duration of a single treat-
ment session was 10 to 15 minutes.

Manipulation
Spinal manipulation is a passive and rapid movement of a
joint beyond its active and passive limit of movement, but
remaining within the limit of the joint's anatomical integ-
rity. Participants received one to two dynamic thrusts,
applied with high velocity low amplitude force, directed
at one or more restricted upper thoracic or cervical spine
segments. This approach to manipulation is commonly
referred to as diversified technique.

Mobilisation
Mobilisation involves repetitive low-grade passive move-
ment with variation in amplitude. Participants received
low velocity low amplitude movements applied to one or

http://www.randomization.com
http://www.randomization.com
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more restricted upper thoracic or cervical spine seg-
ments. The participant was supine and grade III poste-
rior-anterior and transverse oscillations were applied to
the articular pillar and spinous process.

The manner of delivery between manipulation and
mobilisation differed, with mobilisation having rhythmi-
cally applied smaller movements within a joint's physio-
logical range, whereas manipulation used a single
impulse of high velocity and low amplitude beyond the
physiological range of the joint.

Activator Instrument
An Activator IV instrument was applied with the patient
prone and with a setting of 1 for the Atlas and 2 for the
cervical and upper thoracic segments. Participants
received one thrust over the articular pillar in line with
the facet joint of the restricted segment. The analytical
procedure associated with Activator Methods was not
used. The force delivered with this instrument was high
velocity low amplitude within the physiological range of
the joint.

Outcome measures
All outcome measures were self-rated at entry and at the
end of treatment by participants filling out all outcome
measures while in the clinic, but without interference
from the clinician. The outcome measures were also
posted (with a stamped self-addressed return envelope)
to the participants at 3, 6 and 12 months from the end of
treatment.

Patient Global Impression of Change (PGIC) was the
primary outcome measure [40] and is determined by self-
assessment on a 7-point scale (1 = very much improved, 2
= much improved, 3 = minimally improved, 4 = no
change, 5 = minimally worse, 6 = much worse, and 7 =
very much worse). The PGIC is a single item extrapolated
from the Clinician's Global Impression of Change (CGIC)
tool [41]. It is used to assess response primarily in psy-
chopharmacological research [42]. The CGIC assessment
has been shown to be a valid outcome measure suitable
for routine use, reliable, and it is sensitive to change [43].
The PGIC has been used as the primary outcome in trials
of exercise and fibromyalgia [44], trials of the treatment
of pain syndromes have adopted the PGIC as a primary
outcome measure [45], and it has been suggested as use-
ful in manual therapy research [42]. While change in
mean group scores may be statistically significant, the
change may be of little use to the clinician and patient
[40,46-48]. Salaffi et al. [46] have determined that "much
improved" or "very much improved" means a clinically
important change for the patient. Therefore participants
selecting one of these options were considered to have
had a clinically meaningful improvement. The PGIC has
been extensively used by pain researchers as a standard

outcome and for comparison to other outcome measures
[49-52]. It is commonly used to assess patient's own
impressions of change [53,54]. It is intuitively logical
when considering statistical significance and clinical sig-
nificance [55]. Yalcin and Bump [56] assessed construct
validity of the PGIC compared to three independent mea-
sures of improvement and they found appropriate and
significant associations between the measures. Evangelou
et al. [57] analysed 63 different treatments in 240 trials
covering 18 conditions and found the PGIC assessments
of the effects of treatment are on average similar to those
of the CGIG with an OR = 0.98 (95% CI = 0.88 to 1.08).
Farrar et al. [58] also found a high correlation between
the CGIC and the PGIC, which they felt added credibility
to the validity of the PGIC. They went on to use the PGIC
as the "gold standard" to determine change in the numer-
ical rating scale for pain that is clinically significant.
Demyttenaere et al. [59] found patient rated global
improvement was significantly associated with the Symp-
tom Check List-90-Revised and the Beck Depression
Inventory. They concluded that patients with major
depressive disorder with at least moderate nonspecific
pain consider improvement globally by using pain,
depression, and anxiety in their overall impression of
improvement. Demyttenaere et al. [59] feel this global
judgement is more representative of the actually observed
and clinically relevant status or change. Therefore, the
primary endpoint with respect to relative effectiveness
was the proportion of participants marking "much
improved" or "very much improved" from baseline to the
12-month follow up. However, reliability in the form of
internal consistency and test-retest reliability is difficult
to determine for global impression of change scales as
internal consistency relates individual items of a ques-
tionnaire to the total score (global scales are composed of
a single question), and test-retest reliability would require
subjects to rate global change twice for the same problem
with the same period of improvement. Construct validity
may be supported by looking at the relationship between
physical outcomes and patient-reported outcomes [60].

A secondary outcome measure was the neck BQ devel-
oped by Bolton and Humphreys [25] for use in patients
with non-specific neck pain. This self-assessment ques-
tionnaire contains separate pre- and post-treatment sec-
tions. It uses 11-point numerical rating scales for pain,
functional and social activity, depression, anxiety, coping
ability and fear avoidance behaviours. The instrument
has been shown to be reliable, valid, responsive to change
and able to detect and quantify clinically significant
improvement [25,60-63]. All measurements were treated
as continuous variables and analysed for differences
between and within the groups using the total raw score.
Other secondary measures included the Short-Form
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Health Survey (SF-36v2), and pain level taken from the
neck BQ. SF-36v2 component subscales of physical health
(PCS) and mental health (MCS) were treated as continu-
ous variables and used to compare differences between
and within the groups. This instrument is commonly
used in research and has been shown to be reliable and
valid [64-66]. The 11-point numerical rating scale for
pain is a valid and reliable measure of pain intensity [67-
70]. All measurements were treated as continuous vari-
ables and analysed for differences between and within the
groups.

Statistical analysis
There appeared to be some inequality at baseline so odds
ratios between the groups for the PGIC were adjusted for
the baseline covariants of age, gender, pain, quality of life,
and disability using binomial logistic regression. Within
group analyses from baseline to the 12-month endpoint
for each of the secondary outcome measures were con-
ducted using dependent t-tests. Differences between the
groups for each of the secondary outcome measures for
each of the follow up points were analysed by ANCOVA
adjusted for the baseline covariants [71]. Intention to
treat analysis was used, and the mean score for each
group on each outcome was inputted for missing values.
Statistical significance was set at P < 0.05. Statistical anal-
yses were conducted by a researcher masked to group
assignment and not involved in the conduct of the study
using SPSS software version 16.0.

Results
Between January 2007 and March 2008, 123 patients were
assessed for eligibility. Reasons for exclusion of 76
patients were neck pain for longer than 12 weeks (n = 45),
neck pain for longer than 12 weeks and pain <4 on the
NRS (n = 12), pain <4 on the NRS (n = 7), cervical radicu-
lopathy (n = 5), neck pain for less than 4 weeks (n = 2),
contraindications to manipulation (n = 2), pain <4 on the
NRS and nerve root lesion (n = 1), neck pain for longer
than 12 weeks and headache worse than neck pain (n =
1), and spinal manipulation in prior six months (n = 1). In
March of 2008 we had to terminate recruitment of
patients. At that time 47 participants had been included.
Of these 47 participants, 16 were allocated to manipula-
tion, 16 to the Activator instrument, and 15 to the mobil-
isation group (figure 1).

Baseline data are shown in Table 1. The figure shows
the number of participants who completed each of the
outcomes at each of the four follow up periods (end of
treatment, 3 months, 6 months and 12 months from the
end of treatment). During the three-week treatment
phase, three participants dropped out of the Activator
instrument group, two from the mobilisation group, and
one form the manipulation group. We were only able to

ascertain the reason for withdrawal from treatment of
one participant (manipulation group) and that was to
care for a seriously ill spouse.

Primary outcome
Treatment was considered successful if the participant
marked "improved" or "much improved" on the PGIC at
the 12-month endpoint. In the Activator group 5 of 10
participants (50%) considered themselves to be improved,
for the manipulation group this was 8 of 11 (73%), and for
the mobilisation group 10 of 13 considered themselves
improved (77%). Table 2 shows the adjusted odds ratios
for the difference between groups on the PGIC. No sig-
nificant differences were found between the groups for
any of the follow up points.

Secondary outcomes
Comparisons between the groups on the neck BQ from
baseline to each of the follow up points are shown in
Table 3. There were no significant differences between
the groups at any of the follow up points. All groups had a
decrease in raw scores from baseline through to the 12-
month follow up. Disability decreased by 13 points over
12 months in the Activator instrument group, 18 points
in the manipulation group, and 15 points in the mobilisa-
tion group. A reduction of at least 13 points is considered
a clinically significant improvement.

Table 4 shows the comparisons between the groups on
neck pain from baseline to each of the follow up points.
There were no significant differences between the groups
at any of the follow up points. All groups had a decrease
in pain from baseline to the 12-month follow up point.
Pain decreased by 3 points in the Activator group, 4
points in the manipulation group, and 3 points in the
mobilisation group. A reduction in pain of at least 2
points is considered a clinically meaningful improve-
ment.

Table 5 shows comparisons between the groups on the
MCS subscale of the SF-36v2 from baseline to each follow
up point. There were no significant differences between
the groups at any of the follow up points. All groups had
small improvements in the MCS from baseline to the 12-
month end point. The Activator group had an improve-
ment of 4 points, manipulation 3 points, and mobilisation
7 points.

Comparisons between the groups on the PCS subscale
of the SF-36v2 from baseline to each follow up point are
shown in table 6. There were no significant differences
between the groups at any of the follow up points. All
groups had small improvements in the PCS from baseline
to the 12-month endpoint. The Activator group had an
improvement of 2 points, manipulation 5 points, and
mobilisation 8 points.
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Figure 1 Flow chart for patient recruitment and follow up. For each follow up point the number of participants completing each of the outcome 
measures is indicated.
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Adverse events
Fifteen subjects reported adverse events with manual
therapy, seven with Activator, four with manipulation and
four with mobilisation. All instances of side effects were
minor and resolved within 1-3 days. Table 7 shows the
type and number of adverse effects reported by each
group.

Use of rescue medication
Ten subjects reported use of rescue medication, five with
Activator, three with manipulation, and two with mobili-
sation (table 8).

Within group analysis
Table 9 shows the mean within group change from base-
line to the 12-month endpoint. On the outcomes of the
BQ and pain all groups had a significant improvement.

The mobilisation group was the only group to show a sig-
nificant improvement on the PCS and MCS subscales of
the SF-36v2.

Discussion
The trial was not designed to evaluate the individual
components of the treatments, but to compare the rela-
tive effect of adding a different form of spinal dysfunction
correction to a package of care used by most chiroprac-
tors and osteopaths. This package of care consisting of
TrP therapy, exercise advice and ergonomic advice may
have its own beneficial effects [72-82], and we wanted to
determine the benefit of adding each of the forms of
manipulation used. We had difficulty in recruiting
participants and stopped the trial before its expected
completion.

Table 1: Baseline variables of the three interventions (Activator, Manipulation and Mobilisation)

Variable Activator Manipulation Mobilisation

Mean age (SD) 46.8 (11.8) 46.9 (9.1) 43.8 (13.0)

Mean BMI (SD) 25.6 (5.4) 27.6 (7.0) 24.7 (3.5)

Mean BQ raw score (SD) 30.2 (10.9) 32.2 (9.6) 25.6 (10.6)

Females % 81 69 87

Mean NRS for pain (SD) 6.7 (1.5) 6.0 (1.3) 4.9 (1.3)

Mean SF-36 PCS (SD) 40.6 (6.5) 45.3 (8.5) 44.5 (6.0)

Mean SF-36 MCS (SD) 49.2 (12.0) 47.2 (9.6) 48.0 (10.2)

Table 2: Comparison between treatment groups for Patient Global Impression of Change adjusted for baseline covariants

Time Act v Man Act v Mob Man v Mob

OR 95% CI OR 95% CI OR 95% CI

End 0 0 to 0 0 0 to 0 1.2 0.78 to 19.58

3 1.4 0.13 to 17.56 2.6 0.06 to 112.81 5.8 0 to 0

6 1.5 0.13 to 17.56 13.8 0.63 to 299.67 2.8 0.06 to 122.80

12 3.8 0.39 to 37.18 3.3 0.27 to 40.61 1.2 0.09 to 15.96

End = end of treatment; 3 = 3 month follow up; 6 = 6 month follow up; 12 = 12 month follow up
OR = adjusted odds ratios
95% CI = 95% confidence interval
Act = Activator instrument, Man = manipulation, Mob = mobilisation
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Key findings
On the primary outcome of patient global impression of
improvement, there were no significant differences
between the groups at any of the follow up points. For the
secondary outcomes of disability (BQ) and pain based on
improvement from baseline to the 12-month endpoint all
groups had a statistically significant improvement. How-
ever, only the mobilisation group showed a statistically
significant improvement from baseline to 12 months on
quality of life measures (SF-36v2). This suggests that all
groups exhibited long-term improvement without one
being superior to the other. However, due to the small
sample size the result could be explained by chance and
must be interpreted with caution. Further research is
necessary with larger sample sizes to determine if the
result of equality between the groups is a true effect or
simply due to chance.

If further studies also show that equal results may be
achieved using either Activator, diversified or mobilisa-
tion, perhaps our understanding of the putative lesion we
treat may need to be revised. Currently, most osteopaths
and chiropractors would suggest that manipulation
restores normal joint play to a dysfunctional spine joint
[83-91]. We now know that the surrounding fascia of a
spine joint contains many more sensory receptors than
the spine joint itself [87-91]. Recent research suggests
that mechanical stimulation of an acupuncture needle
and manual therapy procedures affect the network of
fibroblasts via a process called mechanotransduction that
can affect gene expression within the cell explaining the
long-term effects achieved with these therapies [91-96].
This would also help explain how different methods of
mobilisation from reflex methods to HVLA manipulation
seem to have equal effects [5,10,15,26,27,29,97].

Table 3: Comparison between the treatment groups for the Bournemouth Questionnaire adjusted for baseline covariants

Time Act v Man Act v Mob Man v Mob

Mean 95% CI Mean 95% CI Mean 95% CI

End 0.19 -10.63 to 11.03 -0.77 -14.42 to 12.95 -0.94 -13.56 to 11.69

3 1.57 -12.07 to 15.20 4.35 -15.68 to 24.38 2.78 -15.54 to 21.09

6 8.69 -4.46 to 21.83 8.57 -7.82 to 24.96 -0.86 -15.54 to 15.31

12 6.54 -9.03 to 22.10 5.68 -12.33 to 23.69 -0.86 -17.28 to 15.59

Mean = mean difference
End = end of treatment; 3 = 3 months; 6 = 6 months; 12 = 12 months
95% CI = 95% confidence interval
Act = Activator instrument, Man = manipulation, Mob = mobilisation

Table 4: Comparison between the treatment groups for pain adjusted for baseline covariants

Time Act v Man Act v Mob Man v Mob

Mean 95% CI Mean 95% CI Mean 95% CI

End 0.81 -1.83 to 1.99 0.24 -2.19 to 2.62 0.13 -2.09 to 2.36

3 0.39 -1.58 to 2.35 1.33 -1.55 to 4.22 0.95 -1.69 to 3.58

6 1.96 -0.34 to 4.26 1.61 -1.26 to 4.48 -0.35 -3.05 to 2.35

12 1.72 -1.17 to 4.62 1.30 -2.05 to 4.65 -0.42 -3.47 to 2.63

Mean = mean difference
End = end of treatment; 3 = 3 months; 6 = 6 months; 12 = 12 months
95% CI = 95% confidence interval
Act = Activator instrument, Man = manipulation, Mob = mobilisation
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Adverse effects
A recent large cohort study [98] did not find any severe
adverse effects from chiropractic manipulation. The only
symptoms perceived by participants in the current study
as being adverse were minor and short-lived. Surprisingly
the Activator instrument group had a higher proportion
of these adverse effects as compared to manipulation, and
mobilisation had a higher proportion of adverse effects as
compared to manipulation. The reason why the Activator
instrument was perceived by participants as being possi-
bly harmful may be due to the fact we did not go into
great detail about each treatment, but gave enough infor-
mation for the participant to make an informed decision
about participating. Further, the instrument has a
mechanical, surgical appearance and the 'clicking' noise
may have added to this concern. Also, patients' naïve to

chiropractic care were enrolled in the study. Therefore, it
is possible a nocebo effect could have occurred.

We have no explanation as to why mobilisation was
perceived as more likely to cause an adverse effect com-
pared to manipulation other than to suggest that while
manipulation involved a quick thrust, segmental mobili-
sation was delivered to a specific point and mobilised
over a longer period of time. If the point being mobilised
was tender, then the participant may have viewed this as
harmful.

A greater proportion of those in the Activator instru-
ment group had to resort to rescue medication as com-
pared to those in the manipulation and mobilisation
groups. This may be explained by a significantly higher
level of pain in the Activator instrument group at base-
line.

Table 5: Comparison between the groups for the Mental Component Summary of the SF-36v2 adjusted for baseline 
covariants

Time Act v Man Act v Mob Man v Mob

Mean 95% CI Mean 95% CI Mean 95% CI

End -0.81 -8.75 to 7.14 5.81 -4.34 to 15.85 6.62 -2.66 to 15.89

3 -1.98 -10.57 to 6.61 -0.66 -13.28 to 11.96 1.32 -10.23 to 12.86

6 -1.28 -10.47 to 7.89 0.89 -10.55 to 12.34 2.18 -8.59 to 12.95

12 0.42 -7.74 to 8.59 -1.75 -11.19 to 7.69 -21.17 -10.78 to 6.44

Mean = mean difference
End = end of treatment; 3 = 3 months; 6 = 6 months; 12 = 12 months
95% CI = 95% confidence interval
Act = Activator instrument, Man = manipulation, Mob = mobilisation

Table 6: Comparison between the groups for the Physical Component Summary of the SF-36v2 adjusted for baseline 
covariants

Time Act v Man Act v Mob Man v Mob

Mean 95% CI Mean 95% CI Mean 95% CI

End 2.39 -3.79 to 8.57 1.67 -6.14 to 9.47 -0.73 -7.93 to 6.48

3 1.56 -4.01 to 7.12 -2.56 -10.73 to 5.61 -4.11 -11.59 to 3.36

6 -2.72 -10.04 to 4.59 -3.68 -12.81 to 5.46 -0.95 -9.55 to 7.64

12 -4.41 -12.48 to 3.66 -4.53 -13.87 to 4.80 -0.12 -8.64 to 8.39

Mean = mean difference
End = end of treatment; 3 = 3 months; 6 = 6 months; 12 = 12 months
95% CI = 95% confidence interval
Act = Activator instrument, Man = manipulation, Mob = mobilisation
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Difficulties in recruitment
The major problem we had with recruitment was overes-
timating the effect of advertising and the lack of adequate
time for screening and treating patients in the study. We
limited advertising to the major newspaper and maga-
zines of the Bournemouth metropolitan area. Perhaps
increasing coverage to radio and billboards would have
helped in recruitment. Initially advertising was so suc-
cessful that we had a waiting list of patients to be
screened and we did not have enough time allocated to
see the patients. Due to the stringent eligibility criteria,
particularly the necessity for the subject to have sub-
acute neck pain, by the time we were able to see the
patient he/she was no longer able to meet the eligibility
criteria. Both clinicians teach full-time on the undergrad-
uate and postgraduate programmes and when we were
able to devote more time to this study the advertising was
not drawing the numbers as it had done initially. The

Bournemouth area has a catchment of about 300,000
people and this may have been a limiting factor as com-
pared to a large metropolitan area such as London. We
then reached a point where we were no longer able to
advertise further, due to a lack of funds, and had to stop
the trial.

Our problems with recruitment were similar to those
noted by Vernon et al. [99] in their study of tension-type
headache. We considered a multicentre study may be a
way in the future to obtain larger sample sizes; however,
Vernon et al. [99] noted a problem with this approach in
that it produced variation in delivery of trial protocols.
Perhaps if this factor can be controlled a multicentre
study could be a way of increasing numbers in a trial.

While we gave free care to all participants to increase
participation, perhaps remuneration for participating
could have increased the number of those willing to be
involved. However, this would affect external validity of
the study as those being paid to participate may be funda-
mentally different to those who pay for their care.

Upon reflection we feel a dedicated research centre
with full-time practitioner-researchers would be one way
of solving the perennial problem of recruitment, assum-
ing grants are available for such a venture. This would be
particularly appropriate for studying the relative effec-
tiveness of the various therapeutic interventions used in
manual therapy and would allow generalisability to stan-
dard chiropractic and osteopathic care.

Comparison with other studies
Our finding of mobilisation causing more adverse effects
than manipulation is in contrast to the study of neck pain
by Hurwitz et al. [7] in which mobilisation was shown to
have fewer adverse effects. As mentioned above, this
could be due to the nocebo effect in participants' naïve to
the different methods of chiropractic treatment. It is diffi-
cult to directly compare our study to this study as we
included subacute neck pain patients while the study by
Hurwtiz et al. included both subacute and chronic neck
pain patients. Similar to the study by Hurwitz et al. we
found the most commonly occurring adverse effect to be
neck pain, stiffness/soreness. In our study 27% of those in
the manipulation group had this symptom (28% in the
Hurwitz et al. study), and 15% in the mobilisation group
had this symptom (22% in the Hurwitz et al. study). In
comparison 54% of those in the Activator instrument
group had the same adverse symptom.

Previous randomised clinical trials have directly com-
pared manipulation, mobilisation and the Activator
instrument [96]; however, only one previous study has
assessed the long-term effectiveness of manipulation ver-
sus mobilisation [10]. An evaluation of the effect of man-
ual therapies on neck pain was investigated by Dziedzic et
al [100], and they found no additional effect after six

Table 7: Adverse effects

Adverse symptom Activator Manipulation Mobilisation

Mildly increased neck 
pain

7 4 2

Mild radiating pain 5 2 1

Mild arm weakness 1 0 0

Mild arm numbness 1 0 0

Mild headache 3 3 4

Mild fatigue 3 3 0

Mild dizziness 1 1 1

Mild muscle 
twitching

0 1 0

Values represent the number of subjects in each group experiencing 
the symptom. All symptoms were short-lived (1-3 days).

Table 8: Number of participants in each group using rescue 
medication

Group Rescue Medication No Rescue Medication

Activator 5 8

Manipulation 3 12

Mobilisation 2 11
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months when adding manipulation to exercise and
advice. This is different to our study where we found a
significant difference from baseline to 12 months within
all groups.

To our knowledge, this present study is the first ran-
domised clinical trial to compare the long-term effective-
ness of manipulation, mobilisation and the Activator
instrument for subacute non-specific neck pain. Our
results agree with the study of Hurwitz et al. in that
manipulation and mobilisation basically give comparable
clinical results. One difference in the studies is that the
study by Hurwitz et al. had a 6-month follow up while we
had a 12-month follow-up.

Limitations
Our study has several limitations. Firstly, the participants
could not be masked to treatment, and neither were the
clinicians masked to group assignment. We tried to avoid
bias by having all outcome measures self-assessment
instruments that participants did not complete in front of
the clinicians. Secondly, by not having a placebo control
group the results obtained may be explained by non-spe-
cific effects due to the attention given to the participants
in each of the groups. Further, it is possible that the clini-
cal improvement observed could be due to the myofascial
therapy that all subjects received and the manipulative
therapies were irrelevant to the outcome. Thirdly, we
cannot exclude the possibility that patients with specific
causes of neck pain may have participated in the study.
However, we feel this is unlikely as we required a firm
diagnosis of non-specific neck pain, followed by strict
inclusion criteria. Those with specific causes of neck pain
are unlikely to change the results of the study, as we
would expect that they were equally distributed over the
three arms. Finally, the disproportionate dropout rate for

the Activator group compared to the other groups could
also be a limitation of the study.

As we had to end recruitment early, we conducted a
power analysis post hoc. Based on the PGIC comparing
the Activator instrument group and the manipulation
group, the PS programme version 2.1.31 http://bio-
stat.mc.vanderbilt.edu/ was used to calculate power
achieved. At a power of 0.80 and alpha of 0.05, 18 subjects
per group were needed. The limited sample size we had
gave us a power of 0.75. Therefore, the study was under-
powered and subject to Type II error. Due to this limita-
tion, the study has to be considered a pilot study.

The pragmatic design of this study we feel helps in
external validity. None of the eligible patients refused to
participate, we had few drop-outs, we used manipulative
techniques commonly used in chiropractic practice, and
had the participants engage in exercises, gave them myo-
fascial therapy and clinical advice allowing generalisabil-
ity to most modern chiropractic practices. However, the
study was underpowered making it difficult to be genera-
lised. Further factors affecting generalisability were our
stringent inclusion criteria and the fact all subjects were
recruited through advertising in local newspapers. These
volunteers also received care free of charge. It is possible
that such volunteers, receiving care for free are not the
same as patients who generally seek chiropractic or
osteopathic care.

Conclusion
Our trial was stopped early due to an inability to recruit
participants. However, our limited sample suggested a
significant long-term improvement in subacute non-spe-
cific neck pain for all groups. Based on the comparable
outcomes and low risk of adverse effects, chiropractors

Table 9: Within group change from baseline to the 12-month end point

Outcome Activator Mean (SD) 95% CI Manipulation Mean (SD) 95% CI Mobilisation Mean (SD) 95% CI

BQ 13 (12.3) 5.49 to 20.36* 18 (15.9) 8.27 to 28.57* 15 (13.9) 7.71 to 23.09*

NRS 3 (2.3) 1.93 to 4.69* 4 (2.7) 1.79 to 5.20* 3 (2.4) 1.60 to 4.27*

PCS 2 (4.8) -5.14 to 0.68 5 (8.5) -10.65 to 0.18 8 (6.2) -11.08 to -4.26*

MCS 4 (8.9) -9.79 to 1.04 3 (5.8) -6.53 to 0.88 7 (8.9) -11.62 to -1.74*

BQ = Bournemouth Questionnaire
NRS = numerical rating scale for pain
PCS = physical component summary of the SF-36v2

MCS = mental component summary of the SF-36v2

Mean = mean improvement
SD = standard deviation
* = significant at p < 0.05

http://biostat.mc.vanderbilt.edu/
http://biostat.mc.vanderbilt.edu/
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and osteopaths may obtain equally effective results by
treating neck pain patients with manipulation, the Acti-
vator instrument, or mobilisation. However, the result
must be treated with caution due to the small sample size
and, this interesting finding needs to be confirmed in
larger trials.

Competing interests
The authors declare they have no non-financial competing interests. A portion
of the study was funded by the National Institute of Chiropractic Research, USA
a subsidiary of Activator Methods.

Authors' contributions
HG conceived and designed the study, HG and PM acted as clinicians and proj-
ect managers for the study. HG wrote the first draft of the manuscript, and
both authors read and approved the final draft.

Acknowledgements
Grant support was received from the European Chiropractors' Union, The 
National Institute of Chiropractic Research, USA, and the Treatment a Month 
Club of the Anglo-European College of Chiropractic. The funders had no role in 
study design, data collection and analysis, decision to publish, or preparation 
of the manuscript.
We also appreciate the support given by Professor Bolton as head of the AECC 
Research Department and to Dr Newell of the AECC Research Department for 
statistical analysis. We also thank the Anglo-European College of Chiropractic 
for their support in giving the clinicians as much time as possible to complete 
this study.

Author Details
1Principal Lecturer Chiropractic Sciences, Department of Academic Affairs 
Anglo-European College of Chiropractic Bournemouth, Dorset, UK and 2Senior 
Lecturer Chiropractic Sciences, Department of Academic Affairs Anglo-
European College of Chiropractic Bournemouth, Dorset, UK

References
1. Sarigiovannis P, Hollis B: Effectiveness of manual therapy in the 

treatment of non-specific neck pain: a review.  Physical Therapy Review 
2005, 10:266-267.

2. Gross AR, Kay TM, Kennedy C, Gasner D, Hurley L, Yardley K, Hendry L, 
McLaughlin L: Clinical practice guideline on the use of manipulation 
and mobilisation in the treatment of adults with mechanical neck 
disorders.  Manual Therapy 2002, 7:193-205.

3. Binder AI: Neck pain.  Clin Evid (Online) 2008:1103.
4. Aker PD, Gross AR, Goldsmith CH: Conservative management of 

mechanical neck pain: systematic review and meta-analysis.  BMJ 1996, 
313:1291-1296.

5. Gross AR, Hoving JL, Haines TA, Goldsmith CH, Ka T, Aker P, Bronfort G: A 
Cochrane review of manipulation and mobilisation for mechanical 
neck disorders.  Spine 2004, 29:1541-1548.

6. Tseng YL, Wang WTJ, Chen WY, Hou TJ, Chan TC, Lau FK: Predictors for the 
immediate responders to cervical manipulation in patients with neck 
pain.  Manual Therapy 2006, 11:306-315.

7. Hurwitz EL, Morgenstern H, Vassilaki M, Chiang M-L: Frequency and 
clinical predictors of adverse reactions to chiropractic care in the UCLA 
neck pain study.  Spine 2005, 30:1477-1484.

8. Cassidy JD, Lopes AA, Yong-Hing K: The immediate effect of 
manipulation versus mobilisation on pain and range of motion in the 
cervical spine.  J Manipulative Physiol Ther 1992, 15:570-575.

9. Wood TG, Colloca CJ, Mathews R: A pilot randomised clinical trial on the 
relative effect of instrumental (MFMA) versus manual (HVLA) 
manipulation in the treatment of cervical spine dysfunction.  J 
Manipulative Physiol Ther 2001, 24:260-271.

10. Hurwitz EL, Morgenstern H, Harber P, Kominski GF, Yu F, Adams H: A 
randomised trial of chiropractic manipulation and mobilisation for 

patients with neck pain: clinical outcomes from the UCLA neck-pain 
study.  Am J Public Health 2002, 92:1634-1641.

11. Ernst E: Chiropractic spinal manipulation for neck pain: a systematic 
review.  Journal of Pain 2003, 4:417-421.

12. Bale A, Newell D: Chiropractic for neck pain: a pilot study examining 
whether the duration of the pain affects the clinical outcome.  Clinical 
Chiropractic 2005, 8:179-188.

13. Hurwitz EL, Coulter ID, Adams AH, Genovese BJ, Shekelle PG: Use of 
chiropractic services from 1985 through 1991 in the United States and 
Canada.  Am J Public Health 1998, 88:771-776.

14. Coulter ID, Hurwitz EL, Adams AH, Genovese BJ, Hays R, Shekelle PG: 
Patients using chiropractors in North America: who are they, and why 
are they in chiropractic care?  Spine 2002, 27:291-298.

15. Hurwitz EL, Aker PD, Adams AH, Meeker WC, Shekelle PG, Barr SS: 
Manipulation and mobilisation of the cervical spine. A systematic 
review of the literature.  Spine 1996, 21:1746-1760.

16. Borghouts JAJ, Koes BW, Bouter LM: Cost-of-illness in neck pain in the 
Netherlands in 1996.  Pain 1999, 80:629-636.

17. McGregor AH, Wragg P, Gedroyc WMW: Can interventional MRI provide 
an insight into the mechanics of a posterior-anterior mobilisation?  
Clinical Biomechanics 2001, 16:926-929.

18. Lee RYW, McGregor AH, Bull AMJ, Wragg P: Dynamic response of the 
cervical spine to posteroanterior mobilisation.  Clinical Biomechanics 
2005, 20:228-231.

19. Refshauge KM, Parry S, Shirley D, Larsen D, Rivett DA, Boland R: 
Professional responsibility in relation to cervical spine manipulation.  
Aust J Physiotherapy 2002, 48:171-179.

20. Sterling M, Jull G, Wright A: Cervical mobilisation: Concurrent effects on 
pain, sympathetic nerous system activity and motor activity.  Manual 
Therapy 2001, 6:72-81.

21. Jull G: Use of high and low velocity cervical manipulative therapy 
procedures by Australian manipulative physiotherapists.  Aust J 
Physiotherapy 2002, 48:189-193.

22. Gleberzon BJ: Name techniques in Canada: current trends in utilization 
rates and recommendations for their inclusion at the Canadian 
Memorial Chiropractic College.  J Canadian Chiropr Assoc 2000, 
44:157-168.

23. Read D, Wilson F, Gemmell H: Activator as a therapeutic instrument: 
Survey of usage and opinions amongst members of the British 
Chiropractic Association.  Clinical Chiropractic 2006, 9:70-75.

24. Christensen MG, Delle Morgan DR: Job analysis of chiropractic: a project 
report, survey analysis and summary of the practice of chiropractic 
within Canada.  Greeley, CO; National Board of Chiropractic Examiners; 
1993. 

25. Bolton JE, Humpreys BK: The Bournemouth Questionnaire: a short-form 
comprehensive outcome measure. II. Psychometric properties in neck 
pain patients.  J Manipulative Physiol Ther 2002, 25:141-148.

26. Koes BW, Assendelft WJJJ, van der Heijden GJMG, Bouter LM, Knipschild 
PG: Spinal manipulation and mobilisation for back and neck pain: a 
blinded review.  BMJ 1991, 303:1298-1303.

27. Bronfort G, Haas M, Evans RL, Bouter LM: Efficacy of spinal manipulation 
and mobilisation for low back pain and neck pain: a systematic review 
and best evidence synthesis.  Spine Journal 2004, 4:335-356.

28. Vernon HT, Aker P, Burns S, Viljakaanen S, Short L: Pressure pain threshold 
evaluation of the effect of spinal manipulation in the treatment of 
chronic neck pain: a pilot study.  J Manipulative Physiol Ther 1990, 
13:13-16.

29. Yurkiw D, Mior S: Comparison of two chiropractic techniques on pain 
and lateral flexion in neck pain patients: a pilot study.  Chiropractic 
Technique 1996, 8:155-162.

30. Bogduk N: Spinal manipulation for neck pain does not work.  Journal of 
Pain 2003, 4:427-428.

31. Peloso PM, Gross A: Further studies are needed to assess the competing 
therapies for neck pain.  Journal of Pain 2003, 4:422-426.

32. Leaver AM, Refshauge KM, Maher CG, Latimer J, Herbert RD, Jull G, 
McAuley JH: Efficacy of manipulation for non-specific neck pain of 
recent origin: design of a randomised trial.  BMC Musculoskeletal Disord 
2007, 8:18.

33. Haneline MT: Chiropractic manipulation and acute neck pain: A review 
of the evidence.  J Manipulative Physiol Ther 2005, 28:520-525.

Received: 14 December 2009 Accepted: 9 July 2010 
Published: 9 July 2010
This article is available from: http://www.chiroandosteo.com/content/18/1/20© 2010 Gemmell and Miller; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Chiropractic & Osteopathy 2010, 18:20

http://www.chiroandosteo.com/content/18/1/20
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12419654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8942688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15247576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16380287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15990659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1469341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11353937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12356613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14622659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9585743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11805694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8855459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10342424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11733133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15621330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11986574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1836153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15125860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2324655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14622661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14622660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16182027


Gemmell and Miller Chiropractic & Osteopathy 2010, 18:20
http://www.chiroandosteo.com/content/18/1/20

Page 13 of 14
34. Borghouts JA, Koes BW, Bouter LM: The clinical course and prognostic 
factors of non-specific neck pain: a systematic review.  Pain 1998, 
77:1-13.

35. Douglass AB, Bope ET: Evaluation and treatment of posterior neck pain 
in family practice.  Journal of American Board of Family Practice 2004, 
17:S13-S22.

36. Evans R, Brontfort G, Bittell S, Anderson AV: A pilot study for a 
randomized clinical trial assessing chiropractic care, medical care, and 
self-care education for acute and subacute neck pain.  J Manipulative 
Physiol Ther 2003, 26:403-411.

37. Ernst E: Manipulation of the cervical spine: a systematic review of case 
reports of serious adverse events.  MJA 2002, 176:376-380.

38. Di Fabio RP: Manipulation of the cervical spine: risks and benefits.  Phys 
Ther 1999, 79:50-65.

39. Cassidy JD, Boyle E, Cote P, He Y, Hogg-Johnson S, Silver FL, Bondy SJ: Risk 
of vertebrobasilar stroke and chiropractic care.  J Manipulative Physiol 
Ther 2009, 32:S201-S208.

40. Hurst H, Bolton J: Assessing the clinical significance of change scores 
recorded on subjective outcome measures.  J Manipulative Physiol Ther 
2004, 27:26-35.

41. Guy W: ECDEU assessments manual for psychopharmacology, revised.  
Rockville, MD: US Department of health, Education, and Welfare 
publication (ADM), National Institute of Mental Health; 1976. 

42. Khorsan R, Coulter ID, Hawk C, Choate CG: Measures in chiropractic 
research: choosing patient-based outcome assessments.  J 
Manipulative Physiol Ther 2008, 31:355-375.

43. Berk M, Ng F, Dodd S, Callaly T, Campbell S, Bernardo M, Trauer T: The 
validity of the CGI severity and improvement scales as measures of 
clinical effectiveness suitable for routine clinical use.  J Eval Clin Pract 
2008, 14:979-983.

44. Eversden L, Maggs F, Nightingale P, Jobanputra P: A pragmatic 
randomised controlled trial of hydrotherapy and land exercises on 
overall well being and quality of life in rheumatoid arthritis.  BMC 
Musculoskeletal Disorders 2007, 8:23.

45. Geisser ME, Clauw DJ, Strand V, Gendreau RM, Palmer R, Williams DA: 
Contributions of change in clinical status parameters to patient global 
impression of change (PGIC) scores among persons with fibromyalgia 
treated with milnacipran.  Pain 2010, 149:373-378.

46. Salaffi F, Stancati A, Sivestri CA, Ciapetti A, Grassi W: Minimal clinically 
important changes in chronic musculoskeletal pain intensity 
measured on a numerical rating scale.  European J Pain 2004, 8:283-291.

47. Tubach F, Ravaud P, Baron G, Falissard B, Logeart I, Bellamy N, Bombadier 
C, Felson D, Hochberg M, van der Heijde , Dougados M: Evaluation of 
clinically relevant changes in patient reported outcomes in knee and 
hip osteoarthritis: the minimal clinically important improvement.  Ann 
Rheum Dis 2005, 64:29-33.

48. Wells G, Beaton D, Shea B, Boers M, Simon L, Strand V, Brooks P, Tugwell P: 
Minimal clinically important differences: review of methods.  J 
Rheumatol 2001, 28:406-412.

49. Buchbinder R, Bombadier C, Young M, Tugwell P: Which outcome 
measures should be used in rheumatoid arthritis clinical trials? Clinical 
and quality-of-life measures' responsiveness to treatment in a 
randomised controlled trial.  Arthritis Rheum 1995, 38:1568-1580.

50. Goldsmith CH, Boers M, Bombadier C, Tugwell P: Criteria for clinically 
important changes in outcome: development, scoring and evaluation 
of the rheumatoid arthritis patient and trial profiles. OMERACT 
Committee.  J Rheumatol 1993, 20:561-565.

51. Jenkinson C, Peto V, Coulter A: Measuring change over time: a 
comparison of results from a global single item of health status and 
the multidimensional SF-36 health status survey questionnaire in 
patients presenting with menorrhagia.  Qual Life Res 1994, 3:317-321.

52. Juniper EF, Guyatt GH, Williams A, Griffith LE: Determining a minimal 
important change in a disease-specific quality of life questionnaire.  J 
Clin Epidemiol 1994, 47:81-87.

53. Middel B, Stewart R, Bouma J, van Sonderen E, van den Heuvel W: How to 
validate clinically important change in health-related functional status. 
Is the magnitude of the effect size consistently related to magnitude of 
change as indicated by a global question rating?  J Eval Clin Pract 2001, 
7:399-410.

54. Wyrick K, Nienaber N, Tierney W, Wolinsky F: Linking clinical relevance 
and statistical significance in evaluating intra-individual changes in 
health-related quality of life.  Med Care 1999, 37:469-478.

55. Rowbotham MC: What is a 'clinically meaningful' reduction in pain?  
Pain 2001, 94:131-132.

56. Yalcin I, Bump RC: Validation of two global impression questionnaires 
for incontinence.  Am J Obstet Gynecol 2003, 189:98-101.

57. Evangelou E, Tsianos G, Ionnides JP: Doctors' versus patients' global 
assessment of treatment effectiveness.  BMJ 2008, 336:1287-1290.

58. Farrar JT, Young JP, La Moreaux L, Werth JL, Poole RM: Clinical importance 
of changes in chronic pain intensity measured on an 11-point 
numerical rating scale.  Pain 2001, 94:149-158.

59. Demyttenaere K, Desaiah D, Petit C, Cronlein J, Brecht J: Patient-assessed 
versus physician-assessed disease severity and outcome in patients 
with nonspecific pain associated with major depressive disorder.  Prim 
Care Companion J Clin Psychiatry 2009, 11:8-15.

60. Houweling TAW: Reporting improvement from patient-reported 
outcome measures: A review.  Clinical Chiropractic 2010, 13:15-22.

61. Schmitt MA, de Wijer A, van Gendersen FR, van der Graaf Y, Helders PJ, van 
Meeteren N: The neck Bournemouth Questionnaire cross-cultural 
adaptation into Dutch and evaluation of its psychometric properties in 
a population with subacute and chronic whiplash associated 
disorders.  Spine 2009, 34:2551-2561.

62. Martel J, Dugas C, LaFond D, Descarreaux M: Validation of the French 
version of the Bournemouth Questionnaire.  JCCA 2009, 53:102-110.

63. Gay RE, Madson TJ, Cieslak KR: Poster Board 80: Comparative 
responsiveness of the neck disability index, the neck Bournemouth 
Questionnaire and the pain visual analog scale in patients with 
chronic, uncomplicated neck pain.  Am J Phys Med Rehabil 2005, 84:224.

64. Ware JE, Sherbourne CD: The MOS 36-Item Short-Form Health Survey 
(SF-36), 1: conceptual framework and item selection.  Med Care 1992, 
30:473-483.

65. McHorney CA, Ware JE: Construction and validation of an alternate form 
general mental health scale for the Medical Outcomes Study Short-
Form Health Survery.  Med Care 1995, 33:15-28.

66. Jensen MP, Karoly P, Braver S: The measurement of clinical pain 
intensity: a comparison of six methods.  Pain 1986, 27:117-126.

67. Bolton JE, Wilkinson RC: Responsiveness of pain scales: a comparison of 
three pain intensity measures in chiropractic patients.  J Manipulative 
Physiol Ther 1998, 21:1-7.

68. Farrar JT, Young JP, LaMoureaux L, Werth JL, Poole RM: Clinical 
importance of changes in chronic pain intensity measured on an 11-
point numerical rating scale.  Pain 2001, 94:149-158.

69. Hagg O, Fritzell P, Nordwall A: The clinical importance of changes in 
outcome scores after treatment for chronic low back pain.  Eur Spine J 
2003, 12:12-20.

70. Rosier EM, Ladarola MJ, Coghill RC: Reproducibility of pain measurement 
and pain perception.  Pain 2002, 98:205-216.

71. Vickers A, Altman D: Analysing controlled trials with baseline and follow 
up measurements.  BMJ 2001, 323:1123-1124.

72. Alvarez DJ, Rockwell PG: Trigger points: diagnosis and management.  
Am Fam Physician 2002, 65:653-660.

73. Hou CR, Tsai LC, Cheng KF, Chung KC, Hong CZ: Immediate effects of 
various physical therapeutic modalities on cervical myofascial pain 
and trigger-point sensitivity.  Arch Phys Med Rehabil 2002, 83:1406-1414.

74. Blikstad A, Gemmell H: Immediate effect of activator trigger point 
therapy and myofascial band therapy on non-specific neck pain 
patients with upper trapezius trigger points compared to sham 
ultrasound: A randomised controlled trial.  Clinical Chiropractic 2008, 
11:23-29.

75. Gemmell H, Miller P, Nordstrom H: Immediate effect of ischaemic 
compression and trigger point pressure release on neck pain and 
upper trapezius trigger points: A randomised controlled trial.  Clinical 
Chiropractic 2008, 11:30-36.

76. Fernandez-de-las-Penas C, Carnero JF, Miangolarra Page JC: 
Musculoskeletal disorders in mechanical neck pain: myofascial trigger 
points versus cervical joint dysfunction - a clinical study.  J 
Musculoskeletal Pain 2005, 13:27-35.

77. Bronfort G, Evans R, nelson B, Aker PD, Goldsmith CH, Vernon H: A 
randomised trial of exercise and spinal manipulation for patients with 
chronic neck pain.  Spine 2001, 26:788-799.

78. van Tulder M, Malmivaara A, Esmail R, Koes B: Exercise therapy for low 
back pain. A systematic review within the framework of the Cochrane 
Collaboration Back Review Group.  Spine 2000, 25:2784-2796.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9755013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12975626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12041633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19251066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14739871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18558278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18462279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17331241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20332060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15208174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11246688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7488277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8478874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7841965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8283197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11737531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10335749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11690725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12861145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18495634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11690728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19333404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19927105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19506700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1593914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3785962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9467094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11690728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12592542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12098633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11701584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11871683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12370877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11295901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11064524


Gemmell and Miller Chiropractic & Osteopathy 2010, 18:20
http://www.chiroandosteo.com/content/18/1/20

Page 14 of 14
79. UK BEAM Trial Team: United Kingdom back pain exercise and 
manipulation (UK BEAM) randomised trial: effectiveness of physical 
treatments for back pain in primary care.  BMJ 2004, 329:1137. 
doi:10.1136/bmj.38282.669225.AE

80. Linton S, van Tulder M: Preventive interviews for back and neck pain 
problems: What is the evidence?  Spine 2001, 26:778-787.

81. Loisel P, Gosselin L, Durand P, Lemarie J, Poitras S, Abenhaim L: 
Implementation of a participatory ergonomics program in the 
rehabilitation of workers suffereing from subacute back pain.  Applied 
Ergonomics 2001, 32:53-60.

82. Stubbs DA, Buckle PW, Hudson MP, Rivers PM: Back pain in the nursing 
profession II. Effectiveness of training.  Ergonomics 1983, 26:767-779.

83. Dontigny RL: Function and pathomechanics of the sacroiliac joint. A 
review.  Physical Therapy 1985, 65:35-44.

84. Pickar JG: Neurophysiological effects of spinal manipulation.  The Spine 
Journal 2002, 2:357-371.

85. Farrell JP, Jensen GM: Manual therapy: A critical assessment of role in 
the profession of physical therapy.  Phys Ther 1992, 72:843-852.

86. Keir KA, Goats GC: Introduction to manipulation.  Br J Sports Med 1991, 
25:221-226.

87. Threkeld AJ: The effects of manual therapy on connective tissue.  Phy 
Ther 1992, 72:893-902.

88. Cohen SP, Raja SN: Pathogenesis, diagnosis, and treatment of lumbar 
zygapophysial (facet) joint pain.  Anesthesiology 2007, 106:591-614.

89. Benjamin M, Toumi H, Ralph JR, Bydder G, Best TM, Milz S: Where tendons 
and ligaments meet bone: attachment sites ('entheses') in relation to 
exercise and/or mechanical load.  J Anat 2006, 208:471-490.

90. Cantu RI, Grodin AJ: Myofascial Manipulation: Therapy and Clinical 
Application.  Austin, Pro-Ed 2001.

91. McPartlan JM, Simons DG: Myofascial trigger points: Translating 
molecular theory into manual therapy.  J Manual Manipulative Therapy 
2006, 14:232-239.

92. Langevin HM, Yandow JA: Relationship of acupuncture points and 
meridians to connective tissue planes.  Anatom Rec 2002, 269:257-265.

93. Langevin HM, Konofagou EA, Badger GJ, Churchill DL, Fox JR, Ophir J, 
Garra BS: Tissue displacements during acupuncture using ultrasound 
elastography techniques.  Ultrasound in Med & Biol 2004, 30:1173-1183.

94. Langevin HM, Churchill DL, Cipolla MJ: Mechanical signalling through 
connective tissue: a mechanism for the therapeutic effect of 
acupuncture.  FASED J 2001, 15:2275-2282.

95. Langevin HM, Storch KN, Cipolls MJ, Buttolph TR, Taatjes DJ: Finroblasts 
spreading induced by connective tissue stretch involves intracellular 
redistribution of σ- and β-actin.  Histochem Cell Biol 2006, 125:487-495.

96. Langevin HM, Boufford NA, Badger GJ, Churchill DL, Hove AK: 
Subcutaneous tissue fibroblast cytoskeletal remodelling induced by 
acupuncture: Evidence for a meachanotransduction-based 
mechanism.  J Cell Physiol 2006:767-774.

97. Gemmell H, Miller P: Comparative effectiveness of manipulation, 
mobilisation and the Activator instrument in treatment of non-specific 
neck pain: a systematic review.  Chiropractic & Osteopathy 2006, 14:7.

98. Thiel H, Bolton J, Docherty S, Portlock J: Safety of chiropractic 
manipulation of the cervical spine: a prospective national survey.  
Spine 2007, 32:2375-2378.

99. Vernon H, Janz G, Goldsmith CH, McDermaid C: A randomised, placebo-
controlled clinical trial of chiropractic and medical prophylactic 
treatment of adults with tension-type headache: Results from a 
stopped trial.  J Manipulative Physiol Ther 2009, 32:344-351.

100. Dziedic K, Hill J, Lewis M, Sim J, Daniels J, Hay EM: Effectiveness of manual 
therapy or pulsed shortwave diathermy in addition to advice and 
exercise for neck disorders: A pragmatic randomised controlled trial in 
physical therapy clinics.  Arthritis Rheum 2005, 53:214-212.

doi: 10.1186/1746-1340-18-20
Cite this article as: Gemmell and Miller, Relative effectiveness and adverse 
effects of cervical manipulation, mobilisation and the activator instrument in 
patients with sub-acute non-specific neck pain: results from a stopped ran-
domised trial Chiropractic & Osteopathy 2010, 18:20

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11295900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11209832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6226522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3155567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14589467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1454860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17325518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16637873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16416024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16511830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17906581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19539116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15818640


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


