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ABSTRACT

Background: We present the design of the Groningen Manipulation Study. This randomized controlled
trial is part of the Dutch Shoulder Disability Study, a comprehensive prognostic cohort study on shoulder
disorders, with randomized controlled interventions in subcohorts.

Objective: To evaluate the effectiveness of manipulative treatment of the structures of the shoulder
girdle, in addition to standard treatment by the general practitioner for relief of shoulder symptoms and
prevention of persistent or recurrent shoulder symptoms.

Methods: A total of 250 patients with shoulder symptoms and a functional limitation of the shoulder
girdle will be included from 30 general practices in Groningen, The Netherlands. All participating patients
receive standard treatment by the general practitioner and will be randomly allocated to additional
manipulative treatment. Evaluation measurements take place 6, 12, 26, and 52 weeks after randomization.

Conclusion: The short-term primary outcome measure is the proportion of patients with relief of
shoulder complaints and the long-term primary outcome is the proportion of patients without persistent or
recurrent shoulder symptoms. Dependent and independent variables include a structured medical history, a
physical examination of the shoulder and shoulder girdle, and a measure of the mobility of the cervico-
thoracic spine with a 6-degree-of-freedom electromagnetic tracking device. (J Manipulative Physiol Ther
2002;25:543–9)
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INTRODUCTION

Shoulder complaints are common. The annual inci-
dence of shoulder complaints in Dutch General Prac-
tices is estimated at 10 to 25 per 1000 each year.1,2

Shoulder complaints are characterized by functional disabil-
ity, which are caused mostly by pain in the deltoid region at
rest and are aggravated by movement. In The Netherlands,
shoulder complaints are usually treated in general practice
according to the Guidelines for Shoulder Complaints of the
Dutch College of General Practitioners (version 1999),
which will be referred to as standard treatment in this
paper.3 The standard treatment includes information, ad-
vice, and non-medication therapy; during the first 2 weeks,
a wait-and-see-policy with information and advice about
shoulder complaints, possibly supplemented with analgesics
or nonsteroidal anti-inflammatory drugs, is followed. If the
shoulder complaints decrease, this treatment can be contin-
ued for 1 to 2 weeks. If minor or no results are shown with
this approach, up to 3 corticosteroid injections (in the sub-
acromional space or glenohumeral joint) can be given.
Physiotherapy is considered in persistent complaints after 6
weeks or more. There is convincing evidence of short-term
beneficial effects of NSAIDs4 and injections with steroids.5

There is some evidence for active physical exercises.6 How-
ever, conclusive evidence is lacking because of unsatisfac-
tory methodology.

In primary care, shoulder complaints have an unfavorable
outcome. Only about 50% of all new episodes of shoulder
complaints resolve within 6 months,7,8 and 40% of all
patients still have disability in activities of daily living after
1 year.1

Although promising results have been reported from a
limited number of clinical studies,9,10 to date, the effect of
manipulative treatment of the structures of the shoulder
girdle in the treatment of shoulder complaints remains un-
resolved. This randomized clinical trial is designed to study
the clinical effectiveness and cost-effectiveness of manipu-
lative treatment of the structures of the shoulder girdle in
addition to standard treatment. This study is funded by The
Netherlands Scientific Organization (NWO grant number
904-65-901) and approved by the Medical Ethics Commit-
tee of the University Hospital of Groningen, The Nether-
lands, and the Committee for Scientific Research in General
Practice, Department of General Practitioners, Groningen,
The Netherlands.

Role of the Shoulder Girdle in Shoulder Complaints
Shoulder complaints are often concurrent with neck

pain.11 In clinical practice, the mobility of the shoulder
girdle (cervical and upper thoracic spine and the adjacent
ribs) is found to have a considerable influence on the mo-
bility of the scapulo-humeral joint. Sobel et al2 reported that
in some (22 of 101) patients with shoulder complaints, no
disorders could be detected in the anatomic region of the

shoulder. Reduced mobility of the shoulder girdle might
therefore be an important factor in the development and
persistence of shoulder complaints.

Thus far, there is only limited evidence from the available
literature to support this suggestion. Norlander et al12

showed that the cervico-thoracic mobility is related to the
development of shoulder pain. Patients with reduced mo-
bility of the cervico-thoracic spine have a 3-fold risk for
development of shoulder disorders.13 In addition, Winters et
al,7 showed that in many patients with persistent shoulder
complaints, the only disorder that could be detected was a
reduced mobility of the shoulder girdle. On reexamination
of all the patients with shoulder complaints who were seen
6 months earlier, Winters et al14 found that 80% of the
patients had a reduced mobility of the shoulder girdle,
although no shoulder complaints were reported. This could
suggest that such reduction of shoulder girdle and/or cervi-
cal mobility might be an explanation for the high recurrence
rate of shoulder complaints.

Available Literature
There are many clinical studies on shoulder complaints

but scientific evidence for the efficacy of manipulative
treatment of shoulder complaints is lacking.15 We per-
formed a literature search in Medline (1966-2000), Embase
(1974-2000), and the Cochrane Library with the subject
headings “manipulation,” “orthopedic,” and “clinical trials”
in combination with the word “shoulder.” These are broad
terms but the search did find 2 articles of the clinical trial of
Winters et al.14 In this trial, physiotherapy, manipulation,
and injections with corticosteroids for treatment of shoulder
complaints were compared. The authors concluded that for
treating shoulder complaints based on reduced mobility of
the shoulder girdle, manipulation is more effective in the
short-term than the other interventions studied.9 However
after a 2-year follow-up period, there were no significant
differences between treatments.10 Most research on the ef-
ficacy of manipulative treatment has been focused on the
treatment of low back and neck pain.16,17 The reported
effects of manipulation for low back and neck pain tend to
be favorable. However, a critical appraisal of review articles
on neck pain demonstrated that there is not enough evidence
among the reviews to draw a strong conclusion.18

Possible Workings Mechanisms of Manipulative Therapy
Spinal manipulative techniques aim to restore mobility

between adjacent vertebrae. The normal motion of adjacent
vertebrae can be blocked by an entrapment of a menis-
coid.19 Reflexogenic mechanisms can most likely explain
the relation between a reduced mobility of the cervico-
thoracic spine and shoulder complaints. A deviant biome-
chanic relation between adjacent vertebrae can compress
nerve roots,20 which stimulates paraspinal receptors and
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activates segmental-related muscle function,21,22 for exam-
ple resulting in hypertension or muscle spasm. This can
cause a deviant movement pattern and posture of the sca-
pulo-humeral joint,23 which in turn can provoke pain and
restricted mobility.

Spinal manipulative techniques applied on the segmental
level may restore the mobility of adjacent vertebrae and
alleviate compression on nerve roots, which leads to a
decrease in muscle tension and restoration of mobility of
structures in the shoulder girdle. This could result in symp-
tom relief of shoulder complaints and could prevent recur-
rent or chronic shoulder problems. Although clinical find-
ings seem to support this mechanism, there is limited sci-
entific evidence to consider this mechanism as a valid
explanation for the effect of manipulation.

Reasons for Publishing a Protocol
There are several reasons for publishing a study protocol

before obtaining research data. The main reason is to reflect
on the study design independently of the results. To inter-
pret the results of a study, reporting a detailed description of
the protocol is necessary. Another reason is to prevent
publication bias. Unfavorable results appear to be difficult
to publish, whereas favorable findings have minor problems
getting published. By publishing the protocol, we intend to
publish favorable and unfavorable results. The third reason
arises from experience that randomized controlled studies
tend to deviate from its original protocol, mainly because of
practical problems. A deviation of the study protocol may
have an effect on the study results. By publishing, we also
test our implementation of the protocol, and we have to
describe and motivate protocol deviations.

DISCUSSION

Study Design
Context. The Groningen Manipulation Study is part of the

Dutch Shoulder Disability Study (DSDS). This is a com-
prehensive, prognostic cohort study on shoulder disorders,
with randomized controlled intervention studies in subco-
horts. In this cohort study, approximately 2000 patients with
shoulder complaints will be included and observed for 6
months. The major outcome of this cohort study is to
establish which putative prognostic factors and indicators
for treatment susceptibility predict the outcome of shoulder
complaints after 6 months. The outlined Groningen Manip-
ulation Study is 1 of 3 nested randomized controlled trials.
In this relatively new design, patients in the cohort study are
asked to participate in the randomized controlled trial if they
meet specific selection criteria. Two other randomized clin-
ical trails will evaluate the cost-effectiveness and effective-
ness of a cognitive behavioral therapy on the prevention of
chronicity of shoulder complaints and a graded activity
program on treatment of chronic shoulder complaints com-
pared with standard treatment.

Research question. The Groningen Manipulation Study has 2
major objectives. The short-term objective is to evaluate the
effect of additional manipulation of the structures of the
shoulder girdle for relief of symptoms of shoulder com-
plaints, and the long-term objective is to evaluate the effect
on the prevention of persistence and recurrence of shoulder
complaints. The main research question for the Groningen
Manipulation Study asks, “Is manipulative treatment of the
structures of the shoulder girdle, in addition to the standard
treatment, effective and cost-effective in treating shoulder
complaints and preventing persistent or recurrent shoulder
complaints after 6 and 12 months in patients with shoulder
complaints and reduced mobility of the shoulder girdle?”

Patient selection. Patients with shoulder complaints are re-
cruited in general practices in Groningen, The Netherlands.
Shoulder complaints are defined as pain in the shoulder and
upper arm (the shaded area in Fig 1) at rest or provoked or
aggravated by movement. Extension of the pain from the
shaded area to the region between the scapulae to the
cervical spine or to the lower part of the arm does not lead
to the exclusion of the patient. Physical examination must
indicate the shoulder complaints are concurrent, with a
functional limitation of the structures of shoulder girdle.
Only new episodes of shoulder complaints are included but
there is no limitation on the duration of complaints before
the first consultation. Additional criteria for exclusion are
given in Table 1.

Method. Participating patients are randomly allocated either
to manipulative therapy in addition to standard treatment or
to standard treatment alone. All patients will receive stan-
dard treatment by their general practitioner. Allocation to
manipulative therapy will be based on the severity of com-
plaints at baseline (stepped-care provision). We believe that
glenohumeral shoulder pain needs to be reduced before
treatment by a manipulative therapist. Therefore, patients
with moderate to severe glenohumeral complaints will re-
ceive additional manipulative treatment after 2 to 3 weeks;
patients with mild inflammatory complaints will receive
immediately. Based on the assessment at 6 weeks, patients
without shoulder complaints and without functional limita-
tion of the shoulder girdle will not receive further treatment
but will attend follow-up assessments. Patients with shoul-

Fig 1. Localization of shoulder pain.
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der complaints and/or a functional limitation of the shoulder
girdle are allowed to receive treatment again. Evaluation
assessments are scheduled at 12, 26, and 52 weeks after
inclusion (Fig 2).

Informed consent procedure. Patients are initially recruited by
the general practitioner, who informs the patient about the
study and provides an informational brochure. The general
practitioner reports the patient to the executing researcher,
who continues the recruitment and provides further infor-
mation. In the research center, selection criteria are verified
by the conducting researcher. Next, demographic and prog-
nostic information, including baseline values of outcome
variables are documented.

Randomization. Patients will be randomly assigned either to
manipulative therapy and standard treatment or to standard
treatment alone. An independent coworker will generate a
random list that, by permutation of randomized blocks with
a block size of n � 6, will be stratified for the general
practitioner. For the concealed treatment allocation previ-
ously prepared numbered, opaque sealed envelopes contain-
ing the treatment allocation will be used. The conducting
researcher, who conducts this procedure, is unaware of the
contents of the envelope.

Interventions. All patients will receive standard treatment by
their general practitioner. All participating general practi-
tioners will be educated and trained to apply the treatment
according to the guidelines. Manipulative treatment will be
applied up to 3 times in a 6-week period, according to the
principles of the School for Manipulative Therapy in Eind-
hoven or Amersfoort, The Netherlands. Manipulative treat-
ment consists of mobilization and manipulation (high-ve-
locity trust) techniques of the cervical spine, the upper
thoracic spine, and the upper ribs (on the segmental level).
Experienced physical therapists, who are postgraduates at
the School for Manipulative Therapy, a member of the
International Federation of Orthopedic and Manipulative
Therapists (IFOMT), will provide the manipulative treat-
ment. Variations in manipulative treatment among the exe-
cuting therapists will be minimized by a special training
session in which a protocol for the applied treatment was

drawn up. Other interventions (exercises, advice about pos-
ture, treatment of the shoulder joint) will be discouraged and
considered deviations from the treatment protocol.

Blinding. This study is a single-blind trial because the pa-
tients are aware of the applied treatment. The research-
assistant, who is responsible for the follow-up measure-
ments, will be unaware of the allocated treatment. The
conducting researcher is still blinded during data analysis.

Measurements. The primary outcome variables are the pro-
portion of patients without shoulder complaints (no pain and
full range of motion) and the proportion of patients without
persistent or recurrent shoulder complaints. A complete
overview of clinical outcome measures, prognostic vari-
ables, process variables, and possible confounders is given
in Table 2.

Flock of Birds. The Flock of Birds (Ascension Technology
Corporation, Burlington, Vt) is a 6-degree-of-freedom elec-
tromagnetic measuring device, which is used to measure the
mobility of the cervical spine and upper thoracic spine. The
Flock of Birds system consists of a standard range electro-
magnetic transmitter and 3 receivers. The patient sits in a
comfortable position in a chair, with 1 receiver taped on the
sternum and 1 receiver taped on the forehead. The third
receiver is mounted on a stylus to palpate 7 standardized
bony landmarks (bridge of the nose, chin, processus xiphoi-
deus, incisura jugularis, base of skull, and processus spino-
ses of C7 and T8). Two local coordinate systems fixed to the
forehead and the thorax were defined based on these bony
landmarks. Five movements will be conducted actively and
passively (axial rotation in neutral, flexion and extension
position, flexion extension and lateral bending). The relative
motion of the head is measured with respect to the thorax by
the 2 Flock of Birds receivers. The measurements from the
2 receivers are then recalculated to position and orientation
of the head coordinate system with respect to thorax coor-
dinate system. This will be recorded and translated into a
degree of freedom. The Flock of Birds system is a valid and
reproducible system for measuring the mobility of the cer-
vical spine.24

Data analysis. The study groups will be compared at baseline
for their prognostic status (ie, distribution of all independent
variables and the baseline values of the outcome variables).
According to the intention-to-treat principle, differences
between groups will be calculated for each outcome mea-
sure with a 95% confidence interval (Table 2). The study
groups will be compared for their mean changes by an
independent sample Student t test (for continuous outcome
variables) and the chi-square test (for categoric outcome
variables). The influence of group differences for putative
prognostic indicators on treatment outcome, such as pres-
ence of glenohumeral shoulder pain, age, sex, disease char-
acteristics, treatment preference and credibility, coping and
depression, will be assessed in a multivariable linear regres-
sion analysis.

Table 1. Exclusion criteria

Consultation or treatment in the past 3 months for shoulder
complaints

Clear treatment preference
Contraindications for manipulative treatment
Presence of specific rheumatic disorders
Shoulder complaints caused by acute severe trauma or previous

(orthopedic) surgery
Signs of cervical nerve root compression
Presence of dementia or other psychiatric, emotional, or behavioral

disorders
Extrinsic shoulder disorders, i.e. complaints caused by general

internal pathologic conditions (of thoracic and abdominal organs)
Not being able to fill in questionnaires in Dutch
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Sample size. Sample size calculations are based on the pro-
portion of 50% of patients without shoulder complaints in
the control group after 6 months, a 2-sided � of 0.05, a
statistical power (1-�) of 0.80, and an attrition rate of 10%.
We need 250 patients (125 in each treatment group) to
detect a difference of 20% between the experimental and the
control groups after 6 months.

CONCLUSION

This study is designed to evaluate the effectiveness of
additional manipulative treatment for short-term relief of
shoulder complaints and long-term prevention of chronicity
and recurrences of shoulder complaints. This design pro-
vides the opportunity to evaluate the (additional) value of
manipulative therapy, without depriving the participating
patients of the usual standard treatment. In addition, the
effect of the standard treatment and additional manipulative
treatment will be evaluated as they are applied in everyday
practice. It is unfeasible to blind patients to the applied
treatment, which increases the risk of information bias. We
try to minimize these types of bias by assessing patient
preferences before randomization and excluding patients
with a clear preference for a specific treatment. Another way

is to make the research assistant for the treatment allocation
unaware. We explicitly ask patients not to tell the research
assistant which treatment they have received.

The standard treatment is given according to the Guide-
lines of the Dutch College of General Practitioners. Each
general practitioner could interpret these guidelines differ-
ently. By a stratified randomization procedure, we balance
the standard treatment between experimental and control
groups and thus minimize possible bias. General practitio-
ners might adjust their treatment if they know the patient is
already receiving manipulative therapy. Therefore, the gen-
eral practitioners will be kept unaware of the allocated
treatment for 12 weeks. Again, patients are asked not to
inform the general practitioner.

Patient recruitment is an uncontrollable factor in conduct-
ing pragmatic randomized trials. For the patient recruitment,
we depend on the cooperation of the participating general
practitioners. It is necessary to interest general practitioners
in the trial for a sufficient patient recruitment, which can be
achieved by a relevant research question and in practice
applicable results.25 To gain and maintain their interest, we
discuss the implementation of the trial with the general
practitioners in special information sessions. Monthly news-

Fig 2. Scheme of study design.
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letters are sent to inform the general practitioners about the
progress of the study. We measure the mobility of the
cervical and upper thoracic spine by the Flock of Birds
system, a relatively new but promising device. The Flock of
Birds system is easy to use, and a measurement is completed
within 15 minutes. By means of the Flock of Birds system,
we hope to gain more insight into the role of the shoulder
girdle in shoulder complaints.
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