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The central topic of this thesis focuses on the effect of manual physiotherapy in pa-
tients with shoulder impingement syndrome. This introduction gives an overview on
shoulder complaints in general and on shoulder impingement syndrome (SIS) as the
diagnostic sub-group of interest (1.1), outlines current treatment options for patients
suffering from shoulder impingement (1.2), discusses principles of manual physiother-
apy and its role in the treatment of SIS (1.3), and presents the objectives (1.4) and the
outline of this thesis (1.5).

1.1. Shoulder complaints

Shoulder complaints are often seen in primary care. Incidence and prevalence data
vary considerably in the literature. The incidence for different age groups ranges from
0.9 to 2.5%, point prevalence from 6.9% to 26%, 1l-year-prevalence from 4.7% to
46.7%, and lifetime-prevalence from 6.7% to 66.7% (1). The annual prevalence and
incidence of shoulder conditions presenting to UK primary care is given with 2.36% and
1.47% respectively (2). For the German speaking population no data are available at
the moment. Only the Austrian National Health Survey (3) reports that about 6.2% of
all responders reported shoulder pain during the last 12 months. All these data may to
a great extent depend on the exact definition of shoulder complaints (4).

1.1.1. Definition

Shoulder complaints in general are mainly characterized by pain and functional re-
strictions but clinical signs and symptoms can be manyfold, depending on the anatomi-
cal structure affected and on the severity of the damage. Pain arising from affected
shoulder structures is usually referred into the anterolateral arm (5). This specific pain
localization is one important aspect in the diagnosis of shoulder disorders. For example
pain arising from disorders of the acromioclavicular (ACJ) or sternoclavicular joints
(SCJ) is usually localized locally at the affected joint itself or is referred into the trapezi-
us muscle (5, 6) and can therefore be differentiated from shoulder pain. Pain referred
from the cervical spine mimicking shoulder complaints often involves the neck itself,
the trapezius region, or the scapular area, differs in quality and is usually reproduced
by cervical movements quality of symptoms (7-9). Shoulder complaints seem to be
recurring in nature and do not necessarily resolve over time. In a study by Croft et al.
(10) only 21 % of patients reported complete recovery after 6 months and only 49%
after 18 months. Van der Windt et al. (11) in another study noted that 41% of cases
had symptoms persisting for longer than 1 year. My personal experience is that pa-
tients with shoulder complaints seem to wait a while longer before they visit a doctor
than for example low back pain patients. They simply wait for the pain to settle maybe
because shoulder pain does not have such an urgent, frightening and disabling charac-



GENERAL INTRODUCTION | 9

ter in the beginning as for example low back pain (LBP) does. Possible reasons for that
from my point of view are that especially in shoulder impingement complaints arise
slowly over time affecting only specific activities, that the painful body part can be
immobilized, controlled or compensated quite easily by using the healthy side. Fur-
thermore the affected body part lies in the patients’ visual field, can be easily touched
or rubbed and has got a more peripheral location. All these aspects may modify the
pain experience and makes it different from e.g. LBP.

1.1.2. “Diagnosis” subacromial impingement syndrome of the shoulder (5IS)

About 75% to 80% of patients presenting to primary care with shoulder pain show
clinical signs of subacromial impingement (12-14). Subacromial impingement is caused
by structures within the subacromial space that gets squeezed between the acromial
arch (Fornix humeri) consisting of the acromion, the coracoid process, the cora-
coacromial ligament and the undersurface of the ACJ, and the humeral head. This
occurs during active elevation of the arm when the humeral head and its tubercles
move towards the acromial arch (15, 16), narrowing the available space. Possible
structures at fault are the tendons of the rotator cuff, the long head of biceps, the
subacromial bursa, and the joint capsule with its ligaments.

Symptoms arising from shoulder impingement syndrome (SIS) are pain and func-
tional restrictions mostly during overhead activities in daily life or sporting activities
(17). One typical finding during clinical examination is a painful range of motion be-
tween 60 and 120 degrees (painful arc) during active arm elevation that can be imme-
diately reduced by passively supporting the arm in the painful position. SIS is further
identified by positive impingement signs and painful resistance tests for the rotator
cuff muscles. Minor passive range of motion (ROM) restrictions may be present but
this is not the disabling component or main finding as it is for example in frozen shoul-
der. In literature the following factors are discussed potentially causing or contributing
to SIS and therewith suggesting a multi-factorial aetiology: Strength, coordination and
integrity of the rotator cuff (18-24) and the shoulder girdle muscles (25-29), mechani-
cal or anatomical changes (30-32), hypo- or hypermobility of the glenohumeral joint or
the scapula (22, 33-36), the cervical and upper thoracic spine, and posture (37, 38).
The diagnosis of SIS is therefore mainly based on functional aspects and not necessari-
ly on an affected anatomical structure (14, 39) and requires a thorough history and
clinical examination, including aspects such as activity and participation restrictions,
aggravating and easing factors, or the “patients’ perspective on the situation”. The last
point, as a part of the yellow flag screening, tries to identify beliefs, attitudes and other
circumstances that may represent an obstacle for a successful rehabilitation. In a clini-
cal setting questions like “What do you think is the reason for your complaints?”,
“what can you do by yourself to ease your complaints?”, “how does your fami-
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ly/partner/colleagues react to your situation?” or “how do you feel because of your
pain?” are helpful to get some information about it. For a more precise assessment
specific questionnaires as for example the fear avoidance beliefs questionnaire (FABQ)
(40) can be employed. Furthermore, other diagnoses such as frozen shoulder, gleno-
humeral instability, ACJ-pathology, or referred pain from the cervical spine must be
excluded. Frozen shoulder development is predominantly seen in women around the
age of fifty, characterized by high and often constant pain and a marked active and
passive joint restriction in external rotation and elevation; usually these complaints
develop slowly without trauma. ACJ-pathology can be distinguished from SIS by pain
localisation and is often caused by a direct fall on the edge of the shoulder. Gleno-
humeral instability caused by a traumatic dislocation or repetitive overuse (e.g. seen in
throwers or swimmers) is identified through the feeling of apprehension in shoulder
abduction and external rotation, the feeling of subluxation with certain activities, with
sudden stabbing pain or dead arm syndrome; in most cases patients are of younger
age. Referred pain from the cervical spine can be differentiated by symptom quality
and by a direct provocation of symptoms with active or passive cervical movements.
These key signs help to distinguish the mentioned pathologies from SIS.

All clinical findings are finally summarized in a so called “clinical pattern”, drawing
a comprehensive picture of the patients’ problem helping to find the important start-
ing points for treatment. Tests used during physical examination of the patient do not
only serve to identify an affected structure or a pathology but do also gain helpful
information about its irritability and load capacity (e.g. with an isometric resistance
test), which helps us to determine the initial dosage of the intervention. Information
about the patients’ perspective helps us to tailor information and education to the
patients’ needs and for example to adapt or to modify activities of daily living (ADL).

1.2. Treatment for SIS and its evidence base

Physiotherapeutic interventions offered for SIS can be divided into three groups: tech-
nical, active and passive. Technical interventions mainly comprise electrotherapy, ul-
trasound, shockwave therapy and laser therapy. Active interventions include different
types of exercises, and passive treatments include therapeutic applications of e.g.
massage, soft tissue or joint mobilisation techniques. These treatments are applied as
single interventions or in combination with each other or even with other medical
(invasive) interventions such as subacromial cortisone injections, acupuncture, or even
surgery. Current evidence for the physiotherapeutic treatment of SIS, summarized in
systematic reviews through the last years, supports the use of exercises in particular
and the use of manual therapy as an additional treatment to exercises because it
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seems to reinforce the effect of the exercise programme (41-45). According to this
evidence several national treatment guidelines recommend the use of these interven-
tions (39, 46, 47). However, evidence for manual therapy is based on only a few stud-
ies with small sample sizes and short follow up periods and is therefore deficient. Fur-
thermore, these studies used either different types of exercises in their groups as a
basic treatment, or applied a pre-defined set of manual techniques to all patients
without considering the individual situation of the patient. Reasons for the selection or
the combination of the exercises or the manual techniques used varied considerably
between studies, were often not explained and thus remained unclear.

1.3. Manual physiotherapy

Manual physiotherapy comprises soft tissue, joint mobilization or manipulation tech-
niques. Although the aims across different schools or concept are quite similar, tech-
niques differ significantly in their execution, and practical application. However, they
all are manually applied, leading to a more or less intensive mechanical stimulus. This
stimulus is expected to relieve pain or increase mobility. The international federation
of orthopaedic manipulative therapists (IFOMT) defined manual therapy as follows:
“Orthopaedic Manual Therapy is a specialized area of physiotherapy for the manage-
ment of neuro-musculo-skeletal conditions, based on clinical reasoning, using highly
specific treatment approaches including manual techniques and therapeutic exercises”
(48).

Since this definition was made manual therapy has developed to a more holistic
approach considering more and more aspects contributing to musculoskeletal pain and
disability aside from hands-on techniques. This development is maybe also reflected in
the name change from IFOMT into IFOMPT, the International Federation of Orthopae-
dic Manipulative Physical Therapists in 2009. This process is still driven by the quest for
professional autonomy, a first contact policy in many countries, the growing im-
portance of the ICF besides the ICD, and a more bio-psycho-social perspective in gen-
eral. It has led to an increasing interest into superior clinical reasoning skills among
practicing clinicians, helping them to make independent, accurate and appropriate
decisions about diagnosis and treatment. The basic CR process can be described as a
cycle of hypothesis generation, testing, and subsequent modification of hypotheses
throughout the initial evaluation as well as throughout the ongoing management of a
patients’ problem (49) (figure 1.1). Integration of current evidence, pain sciences, the
components of the ICF model leads to a more evidence based approach in clinical
practice.
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collecting data

forming hypotheses
including one main
hypothesis

testing hypotheses

(intervention &
retest)

processing new data

confirming, refuting,
adapting hypotheses

Figure 1.1 Adapted Clinical Reasoning Process — overview

1.3.1. Indications for manual physiotherapy in the treatment of SIS

Apart from the definition of manual therapy mentioned above, most of the factors
causing or contributing to SIS do represent typical indications for manual mobilisation
techniques. Besides local factors as for example posterior capsule tightness (36) espe-
cially the influence of the cervical and upper thoracic spine on shoulder complaints
seems to be in the spotlight even if typical symptoms cannot be reproduced with ac-
tive or passive movements during examination (39). And in fact, this seems to be rea-
sonable because nearly 45% of shoulder patients do experience concurrent neck pain,
which, if present, also seems to worsen prognosis (13). Further, restricted cervical and
upper thoracic spine mobility may negatively influence range of motion and subacro-
mial space width (37, 38).

1.4. Aim of this thesis

The aim of this thesis was to investigate the effect of individualized manual physio-
therapy on pain and functioning in patients presenting with clinical signs and symp-
toms of SIS. To reflect current manual therapy with its modern principles, initially ap-
plied interventions were based on clinical examination results considering local factors,
contributing factors and predictive factors (figure 1.2). Consecutive treatment deci-
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sions were then based on a defined test-retest process. These aspects guarantee a
progressive adaptation of the applied techniques to the development and current
status of the patient and thus increase their effectiveness. Because of the current evi-
dence for exercise therapy, manual physiotherapy was applied on top of an exercise
programme. This combination also fulfils the recommendations made in literature not
to test single interventions but combining different types of interventions, because this
reflects current practice.

1.5. Outline of this thesis

The following chapters, except chapter 2 which is a systematic review of the literature,
are based on data from a prospective randomized controlled trial about the effective-
ness of manual physiotherapy and exercises in patients with SIS.

In chapter 2 results of a systematic review are presented and discussed. This re-
view was conducted to get a comprehensive overview about the topic and to analyse
the state of current evidence at that point in time in the field of interest. The results
served as a basis for planning an RCT.

In chapter 3 the design of the randomized controlled trial is presented presenting
detailed information about the background, participants, methods, and interventions.
Chapters 4 & 5 present and discuss the short and long term results of an RCT about the
additional effect of individualized manual physiotherapy to exercises on pain and func-
tioning compared to exercises alone. In chapter 5 also the direct and indirect costs are
discussed.

Results about the influence of fear avoidance beliefs and catastrophizing on pain
and disability at the time of inclusion are presented in chapter 6.

Chapter 7 reflects on the main findings of the previous chapters and discusses implica-
tions for clinical practice and further research; it closes with a personal point of view
and final conclusion.
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ABSTRACT

Objectives To critically summarize the effectiveness of physiotherapy in patients pre-
senting clinical signs of shoulder impingement syndrome (SIS).

Design Systematic Review

Methods RCTs were searched electronically and manually from 1966 to December
2007. Study quality was independently assessed by two reviewers with the PEDro
scale. If possible, relative risks (RR) and weighted mean differences were calculated for
individual studies, RRs or standardized mean differences for pooled data, otherwise
results were summarized in a best evidence synthesis.

Results Sixteen studies were included with a mean quality score of 6.8 points out of
10. Many different diagnostic criteria for SIS were applied. Physiotherapist-led exercis-
es and surgery were equally effective treatments for SIS in the long term. Also home
based exercises were as effective as combined physiotherapy interventions. Adding
manual therapy to exercise programs may have an additional benefit on pain at three
weeks follow up. Moderate evidence exist that passive treatments are not effective
and cannot be justified.

Conclusion This review shows an equal effectiveness of physiotherapist-led exercises
compared to surgery in the long term and of home based exercises compared to com-
bined physiotherapy interventions in patients with SIS in the short and long term; pas-
sive treatments cannot be recommended for SIS. However, in general the samples
were small and different diagnostic criteria were applied which makes a firm conclu-
sion difficult. More high quality trials with longer follow ups are recommended.

Kromer TO, Tautenhahn UG, de Bie RA, Staal JB, Bastiaenen CHG. Effects of physio-
therapy in patients with shoulder impingement syndrome: a systematic review of the
literature. Journal of Rehabilitation Medicine 2009;41(11):470-80
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INTRODUCTION

Many primary care patients with shoulder complaints show clinical signs of subacromi-
al impingement and rotator cuff tendinopathy (1, 2). Subacromial impingement syn-
drome of the shoulder (SIS) is characterized by pain and functional restrictions, mostly
during overhead activities (3). Many clinicians belief that the diagnosis shoulder pain is
too broad to provide sufficient information to develop specific treatment protocols in
daily practice. Systematic reviews on the rehabilitation of patients with SIS included
studies in which patients had received surgery beforehand, used conflicting criteria
defining the same condition (4-7), and sometimes included invasive interventions not
relevant for physiotherapists (8, 9). The present review aims to summarize current
evidence available for the effectiveness of physiotherapy in the treatment of patients
presenting with clinical signs indicative for SIS. Therefore, studies were included if
shoulder patients were either diagnosed with SIS or showed one of the following posi-
tive clinical signs indicating SIS: pain aggravating with overhead activity, a painful arc, a
Neer impingement test, or a Hawkins-Kennedy test. Although the diagnostic value of
these tests in terms of sensitivity and specificity is not clear (10), focusing on important
clinical signs guiding inclusion criteria for a review seems to correspond better with
daily clinical practice. In primary care general practitioners and physiotherapists often
rely solely on clinical signs and symptoms to establish a diagnosis and to determine the
focus of treatment (11, 12). To further strengthen this review only randomized con-
trolled trials of high methodological quality were included.

METHODS

Literature search / search strategy

The following databases were searched electronically: MEDLINE (from 1966 to Decem-
ber 2007), EMBASE (from 1988 to December 2007), CINAHL (from 1982 to December
2007), the Cochrane database of systematic reviews (to December 2007), the
Cochrane Central Register of Controlled Trials (to December 2007), PEDro (to Decem-
ber 2007). We therefore used the following MeSH terms and keywords: ‘Physiothera-
py’, "Physical Therapy Specialty’, "Physical Therapy Modalities’, ‘Musculoskeletal Ma-
nipulations’, ‘Shoulder Impingement Syndrome’, ‘Shoulder Joint’, ‘Shoulder Pain’,
Tendinopathy’, ‘Rotator cuff’, ‘Exercise Therapy’, ‘Exercise Movement Technique’,
“Electric Stimulation Therapy’, ‘Massage’. Additionally the “Cochrane optimum trial
search strategy” (13) was executed in Medline. Further, reference lists from retrieved
articles and systematic reviews were screened for additional relevant publications.
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Inclusion criteria

To minimize bias this review contains only randomized controlled trials. Articles writ-
ten in English, German and Dutch were considered eligible. All identified articles were
judged for eligibility by title and abstract. If eligibility was unclear, a full text version of
the article was retrieved. For the screening process a standardized eligibility form was
used. Unclear articles were read by a second reviewer (UGT) and discussed until con-
sensus was reached. For inclusion of a study, participants must demonstrate the clini-
cal pattern of SIS. Therefore, studies in which participants have been diagnosed with
SIS were included. Further, other studies were also included if the patients showed at
least one of the following signs typical for SIS: pain with overhead activities, painful arc
sign, Neer impingement sign, or a positive Hawkins-Kennedy sign. All subjects had to
be older than sixteen years of age. Studies including subjects with adhesive capsulitis,
frozen shoulder, osteoarthritis, fractures, systemic infections and systemic diseases,
neoplasm or metastasis, and professional athletes were excluded. All forms of active
and passive physiotherapeutic interventions including exercises, proprioceptive train-
ing, manual therapy, massage therapy, education, and electrophysical procedures
were included. They could have been compared to no intervention, placebo treatment,
other physiotherapeutic procedures, to each other, or even to surgical interventions. If
a combination of therapies was applied, the main intervention and the co-
interventions must have been clearly defined to assign the study to a specific interven-
tion. If the main intervention was not defined or unclear, it was assigned to the group
of “combined physiotherapy interventions”. Comparisons between invasive techniques
as for example acupuncture, injections, or surgical interventions were not considered.

Outcome measures

The focus of this review lies on outcome measures for pain and functioning.

Quality assessment

All studies were scored with the PEDro critical appraisal tool for experimental studies
in physiotherapy (http://www.pedro.fhs.usyd.edu.au). PEDro is a reliable tool (14) and
contains 8 criteria for assessing internal validity of a study, and 2 criteria for assessing
sufficiency of the statistical information displayed. Each criterion can be answered with
'yes' or ‘'no’. Yes® was rated with one point, ‘'no” with zero points. Thus, the possible
maximum score is 10 points. . A detailed description of the PEDro criteria is provided in
table 1. If a criterion was unclear even after discussion, no point was awarded. All
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articles were independently rated by a second reviewer (UGT); inconsistency of the
ratings was discussed and solved by consensus. To improve the validity of the results,
only studies of a high methodological quality, defined as a minimum PEDro score of
five out of ten, were included in this review.

Table 1 Criteria of the PEDro critical appraisal tool for RCTs’

1 subjects were randomly allocated into groups (in a crossover study, subjects were randomly allocated in
order in which treatments were received)

2 allocation was concealed

3 the groups were similar at baseline regarding the most important prognostic indicators
4 there was blinding of all subjects

5 there was blinding of all therapists who administered the therapy

6 there was blinding of all assessors who measured at least one key outcome

7 measures of at least one key outcome were obtained from more than 85% of the subjects initially allo-
cated

8 all subjects for whom outcome measures were available received the treatment or control condition as
allocated or, where this was not the case, data for at least one key outcome was analyzed by “intention
to treat”

9 the results of between-group statistical comparisons are reported for at least one key outcome

10 the study provides both, point measures and measures of variability for at least one key outcome

? Randomized controlled trial

Data extraction and analysis

Data from studies were extracted with the help of a standardized data extraction form.
When sufficient data were provided, relative risks (RR) with a 95% confidence interval
(C195%) were calculated for dichotomous data, weighted mean differences (WMD)
with CI95% were calculated for continuous data. When possible and appropriate, stud-
ies were pooled for meta-analytical purposes. Data were calculated with Review Man-
ager (ver. 4.2.9) from the Cochrane Collaboration (15). When pooling was not possible
a best evidence synthesis was done using the levels of evidence described by van
Tulder et al. (16), provided in table 2. Consistency of results was given if more than
75% of the studies showed results in the same direction.
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Table 2 Levels of evidence

Strong consistent findings among multiple high quality RCTs®

Moderate consistent findings among multiple low quality RCTs and/or cCTs® and/or one high
quality RCT

Limited one low quality RCT and/or CCT

Conflicting inconsistent findings among multiple trials (RCTs and/or CCTs)

No evidence from trials  no RCTs or CCTs

2 Randomized controlled trial ° Controlled clinical trial

RESULTS

Search results

The initial search resulted in 3465 hits. After screening the articles by title and abstract,
and after deleting duplicates 66 articles remained. Additional screening of identified
systematic reviews added another two articles. The Cochrane optimum search strategy
executed in Medline identified no additional papers. Therefore, 68 full text papers
were retrieved for detailed evaluation with the help of a standardized eligibility form.
45 papers were excluded because of inappropriate diagnosis, study design, interven-
tion, or participants. Another 5 studies (17-21) were excluded because of a methodo-
logical quality score below five out of ten. At last 18 articles could be included in this
review, whereas 2 studies (22, 23) were follow ups of the initial studies (24, 25) so that
finally 16 studies remained. A flow chart of the search process is given in figure 1.

Quality of studies

The average methodological quality of all studies included was 6.8 (range 5 to 9) out of
10; results of the methodological quality scorings for included studies are shown in
table 3. Although random allocation was done in all studies, only in four studies treat-
ment allocation was concealed (25-28) but not properly described. Subjects were
blinded in six studies (29-34), therapists in four (29-32) and assessors in twelve studies
(24, 27-37). In all studies except one (26) groups were comparable at baseline. Only
one study (34) lost more than 15% of the patients which were initially allocated to the
groups during follow-up. The median follow up time of the included studies was 11
(range 3 to 416) weeks.
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Initial results from all databases searched (n = 3465)
CENTRAL (329) + PEDro (411) + Medline&Cinahl (940) + Embase (1785)

.

Titles / abstracts screened per database

,

Remaining (n = 138)
CENTRAL (36) PEDro (39)
Medline&Cinahl (33) Embase (30) L Excluded (n = 72)

Excluded (n = 3327)

Y

Second screening and database-
comparison for coincident articles

l Excluded (n = 50)
Design (10)
Diagnosis (31)
Intervention (2)
Participants (2)
Quality (5)

Eligibility form applied to full text versions
of the remaining 66 articles and to 2
studies identified in other SR (n = 68)

Y

2 follow up studies

Included in review (n = 18 ; v
identified

Y

y

Finally included in review (n = 18)

Figure 1 Search and screening process. SR: systematic reviews

Population

The median sample size of the included studies was 56 (range 14 to 138) patients. All
studies except one (26) included men and women with a similar mean age.
Unfortunately, information about the duration of symptoms was missing in four
studies (26, 27, 29, 37). A detailed description of the population is given in table 4.

Outcome measures

All studies measured pain and functioning, but with a lot of different types of
assessment methods and tools. The measurement instruments used in each study are
provided and described in table 5.
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Interventions

A variety of interventions and comparisons were found throughout studies. An
overview about the inclusion criteria and interventions is given in table 4; between
groups results for each study are provided in table 5. The different comparisons made
by the authors are now described, results are summarized and the resulting level of
evidence is given.

Comparisons of interventions

Physiotherapy versus no-intervention

Dickens et al. (27) compared physiotherapy to no intervention in eighty five patients
with SIS, all of them already planned for shoulder surgery. Physiotherapy treatment
(n=45) included passive manual joint mobilisation, home based strengthening
exercises for the rotator cuff, strapping, advice for posture, and electrotherapy once or
twice a week. After six months eleven out of forty two patients refused surgery. In
contrast, all patients of the control group (n=40) underwent surgery as planned. This
was a significant difference in favour of the physiotherapy group. Unfortunately, there
was no information available at baseline about patient expectations towards surgery
or physiotherapy. Nevertheless, the authors stated that it could have influenced the
outcome in favour of the physiotherapy group.

There is limited evidence (85 patients) that physiotherapy consisting of manual
mobilisation, strengthening exercises, strapping, advice about posture, and
electrotherapy effectively improves functioning at 6 months follow-up and therefore
may prevent patients with SIS from undergoing shoulder surgery.

Home based exercises versus no intervention

Ludewig & Borstad (26) investigated the effect of standardized home based exercises
of ten weeks duration including six stretching and strengthening exercises in seventy
six male construction workers. They found significant improvements for work related
pain and disability, and the shoulder rating questionnaire assessing shoulder specific
activities in the exercise group (n=34) after ten weeks compared to a control group
(n=33) receiving no treatment.

There is limited evidence (67 patients) that home based exercises are an effective
treatment for male construct workers with SIS compared to no treatment at 10
weeks follow-up.
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Physiotherapy including “centering training for the shoulder” versus home based
exercises including isometric strengthening

Three studies compared physiotherapy to home based exercises (35, 38, 39). In two
studies (38, 39) instructions on the prescription for physiotherapy were “centering
training” and, if necessary “mobilisation”. There were no further instructions or
written protocols and treatment decisions were left to the physiotherapists. In
contrast, the standardized exercise protocol included defined exercises aiming at
centering the humeral head and included isometric strengthening on a hand-out. After
instruction the patients performed the exercises at home. No difference was found
between the physiotherapy groups and the exercise groups. Additionally, the study of
Walther et al. (38) also included a control group wearing a functional shoulder brace
for twelve weeks. This group also showed no significant differences compared to
exercises or physiotherapy. Ginn & Cohen (35) compared the effect of home based
exercises to a single corticosteroid injection into the subacromial space and to a group
receiving “multiple physical modalities (MPM)” in shoulder pain patients including a
subgroup of patients with SIS (n=61). The MPM group was taken as the physiotherapy
group because of its typical physiotherapeutic content. The exercise group performed
an individually planned shoulder program based on the information of the initial
assessment, including strengthening and stretching exercises and exercises to
gradually improve functional tasks. The program was supervised and adapted once a
week. “MPM” was a combination of electrophysical means, passive joint mobilisation
of the shoulder complex (twice a week), global ROM and strengthening exercises for
the upper extremity to increase hand placement. After five weeks no difference
between the three groups could be found. Given the restricted similarity in
interventions there is only moderate evidence about the effectiveness.

There is moderate evidence (141 patients) that there is no difference in effects on
functioning between a standardized shoulder-specific isometric exercise program at
home and physiotherapy addressing centering of the shoulder in patients with SIS at
5-12 weeks follow up.

Physiotherapist-led exercises versus physiotherapist-led exercises plus manual therapy

In the studies by Bang & Deyle (36) (n=52) and Conroy & Hayes (37) (n=14) the groups
receiving physiotherapist-led exercises plus manual therapy showed significantly
better results in the short term for pain and functioning than the control groups in
both trials which only received physiotherapist-led exercises. The pooled effect size
(standardized mean difference (95% confidence interval)) for pain after treatment was
0.88 (0.36 to 1.40). A standardized mean difference was calculated because different
measurement scales were used in the trials. The random effects model was chosen
because an identical effect for both studies could not be assumed due to variations of
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the manual therapy protocol and a different frequency of its application. However, the
small study populations and the limited simultaneity in timing of the measures do not
justify a strong evidence level.

There is moderate evidence (66 patients) that adding manual therapy to a
standardized shoulder-specific exercise program is superior in pain improvement
compared to an isolated exercise regimen at 3 and 8 weeks follow up.

Physiotherapist-led exercises versus surgery

Brox et al. (22, 24) assigned 125 patients with SIS to three groups. Group one
underwent subacromial decompression followed by physiotherapy, the second group
had placebo laser and was used as the control group, and the third group received
physiotherapist-led exercises. Using an intention to treat analysis the median Neer
score measuring shoulder functioning reached statistical significance in favour of the
active treatment groups at 6 months and 2.5 years follow up. Haahr et al. (23, 25)
made the same comparison in a sample of 84 patients but without the use of a placebo
group. They found no differences between groups at any follow-up point, neither for
the Constant score nor for the PRIM score assessing shoulder pain and disability.

There is moderate to strong evidence (209 patients) that surgery is not more
effective than physiotherapist-led exercises in the treatment of pain and disability in
patients with SIS at 6 months, and 1, 2.5, 4, and 8 years follow up.

Ultrasound versus sham treatment
Nykanen (29) compared ultrasound to sham treatment in 73 patients. Both groups
additionally received group gymnastics and massage therapy. After four and eight
months the investigators could not find any significant differences in pain and
functioning between both groups.

There is limited evidence (73 patients) that ultrasound therapy is not more effective
in improving pain and functioning than sham treatment when added to group
gymnastics and massage therapy at 4 weeks, 4 or 12 months follow-up.

Ultrasound versus acupuncture

Johansson et al. (28) compared ultrasound therapy to acupuncture. Additionally, both
groups performed home based exercises on a daily basis for five weeks. Although both
groups improved significantly, no differences could be seen between groups after
three, six, or twelve months.

There is limited evidence (85 patients) that ultrasound therapy is not more effective
than acupuncture in combination with home based exercises in the treatment of
patients with SIS.
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Low level laser therapy (LLLT) versus sham treatment
Both, Saunders (30) and Vecchio et al. (31) compared LLLT to sham treatment. In the
study of Saunders (30) real treatment had a significantly better effect on pain than
sham treatment after three weeks. In contrast, Vecchio et al. (31) found no differences
between the two groups after four and eight weeks.

There is conflicting evidence (59 patients) about the effectiveness of LLLT for the
treatment of SIS.

Electromagnetic field therapy (EMFT)

Binder et al. (33) compared eight weeks of EMFT to four weeks of sham treatment
followed by four weeks of real treatment. A significant difference between groups was
seen after four weeks for pain on resisted movements and the painful arc score in
favour of the EMFT group, but not after six, eight, and sixteen weeks. This result could
not be confirmed by Aktas et al. (32). They compared EMFT to sham treatment and
found no differences between groups for pain and functioning after 3 weeks. Chard et
al. (34) compared eight hours of low dose EMFT to two hours of a high dose EMFT. No
difference could be seen for any outcome measure at any follow up.

There is conflicting evidence (124 patients) that EMFT is more effective in improving
pain and function than sham treatment in the short term regardless whether high
or low doses of EMFT are applied.

DISCUSSION

This review summarized the effectiveness of physiotherapy in patients with SIS.
According to our best-evidence synthesis moderate evidence was found for an equal
effectiveness of physiotherapist-led exercises and surgery in patients with SIS,
especially in the long term (22-25). Although the quality score of 7/10 and the number
of 209 included patients suggests a stable result, certainly more high quality trials are
necessary to confirm these results. These results suggest that patients should not
undergo surgery before having been treated conservatively. Besides this, exercise
therapy seemed to cause less costs than surgery (24). Surgery should be handled with
care and clear indications for its application need to be established. Moderate
evidence was also found for manual therapy combined with exercises compared to
exercises alone in patients with SIS (36, 37). In both (small) studies manual treatment
combined with physiotherapist-led exercises led to statistically significant
improvements in pain levels compared to physiotherapist-led exercises only. However,
only the protocol of Bang & Deyle (36) additionally led to a significant improvement of
functional activities. The fact that Bang & Deyle (36) also included the adjacent joints in
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their manual treatment, regularly rechecked and adapted their interventions, and that
all patients received individually designed home exercises to reinforce the effect of
manual treatment may have contributed to this. However, the moderate evidence
statement was only valid for pain but not for functioning. Unfortunately both studies
did not provide sufficient data to judge the minimal difference between groups in
treatment effect and therefore clinical importance of the results cannot be exactly
determined. Moreover both studies had short follow ups and small sample sizes and
despite a quality score of 6/10, some important quality items such as allocation
concealment, blinding of subjects and therapists, and intention to treat-analysis were
not fulfilled. This review further revealed moderate evidence for an equal
effectiveness of combined physiotherapy interventions and home based exercises on
pain and functioning (35, 38, 39). Unfortunately, instructions for physiotherapy in two
studies (38, 39) were quite similar to the protocol of the exercise groups and therefore
similar results could be expected. The fact that in the study of Werner et al. (39)
participants were significantly more satisfied with home based exercises questions the
quality of the thirty physiotherapy sessions. Even Ginn & Cohen (35) could not reveal
any differences between both interventions, perhaps because the study was highly
likely to be underpowered (n = 61) to detect any difference. Their treatment for the
exercise group was individualized for each patient and covered exercises to improve
strength, flexibility, co-ordination, posture, and motor control. Unfortunately, this
exercise program was withheld from the MPM group, replaced with standardized ROM
exercises and only manual joint mobilisation was individualized. Therefore, the benefit
of manual mobilisation and electrophysical means in addition to an individualized
home based exercise program remained unclear. Although Dickens et al. (27) found
that combined physiotherapy interventions are significantly more effective than no
intervention, this was also true for home based exercises (26) and thus the application
of this more complex intervention must be justified in future studies. Both, the
combinations of the exercises used in the exercise protocols (24-26) and the
combinations of physiotherapy interventions (27, 35, 38, 39) varied considerably
between studies. Reasons for their selection were often not explained and remained
therefore unclear. This suggests that no clear criteria exist for determining the content
of an exercise protocol or the combination of physiotherapy interventions which might
also have limited the effect. A detailed description of the interventions is provided in
table 4.

The results for a passive treatment were that ultrasound (29) was not more
effective than sham application and evidence for the effect of LLLT (30, 31) or EMFT
(32, 33) was conflicting. Thus, moderate evidence exists that passive treatment
modalities are not more effective than sham application and their use can therefore
not be recommended.
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METHODOLOGICAL LIMITATIONS OF THIS REVIEW

There are some methodological limitations of this review. Although only studies were
included where subjects presented typical clinical signs and symptoms for SIS, more
than thirty different inclusion criteria and more than forty different exclusion criteria
were used across all studies. This may reflect the need for a valid and practical
classification system for patients with shoulder complaints in general. Considerable
clinical heterogeneity regarding interventions and outcome measures, and missing or
incomplete data made it often impossible to pool study results or to calculate any
effect size. Furthermore, only few studies could be summarized per comparison.

The cut-off point chosen for the definition of a high quality study (5/10) was
based on the impossibility of blinding therapists and participants with most active
physiotherapeutic interventions but remains to some extent subjective. This may have
affected the resultant level of evidence statements and in combination with the
average methodological quality of included studies of 6.8/10 (range 5 to 9) the stability
of the review results must be questioned. When applying the CONSORT (Consolidated
Standards of Reporting Trials) statement for trials assessing non-pharmacological
treatments (40, 41) to the included studies it becomes obvious, that conclusions of this
systematic review are limited by missing quality aspects such as sequence generation,
allocation concealment, blinding, intention to treat-analysis, or incomplete outcome
data. Together with the small number of studies found for each comparison, small
sample sizes (median 56) and short follow up periods (median 11 weeks), these
aspects may have contributed to an overestimation of treatment effects.

IMPLICATIONS FOR FURTHER RESEARCH

A major concern for further studies is that defined interventions based on a structured
decision making process should be applied to clearly defined clinical patterns. To do so,
a valid and practical classification system for shoulder disorders is needed. The use of
similar shoulder specific outcome measures for pain, activity and participation
restrictions is recommended to facilitate future pooling of data. To enable the reader
to judge the clinical value of statistically significant study results and to allow a transfer
of study results into daily practice, sufficient statistical data for within- and between-
group results and a detailed description of treatment modalities tested should be
provided. There is an urgent need for more high quality randomized controlled trials in
this field.
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Effectiveness of individualized physiotherapy
on pain and functioning compared to a
standard exercise protocol in patients
presenting with clinical signs of subacromial
impingement syndrome:

A randomized controlled trial
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ABSTRACT

Background Shoulder impingement syndrome is a common musculoskeletal complaint
leading to significant reduction of health and disability. Physiotherapy is often the first
choice of treatment although its effectiveness is still under debate. Systematic reviews
in this field highlight the need for more high quality trials to investigate the effective-
ness of physiotherapy interventions in patients with subacromial impingement
syndrome.

Methods/Design This randomized controlled trial will investigate the effectiveness of
individualized physiotherapy in patients presenting with clinical signs and symptoms of
subacromial impingement, involving 90 participants aged 18-75. Participants are
recruited from outpatient physiotherapy clinics, general practitioners, and orthopaedic
surgeons in Germany. Eligible participants will be randomly allocated to either
individualized physiotherapy or to a standard exercise protocol using central
randomization. The control group will perform the standard exercise protocol aiming
to restore muscular deficits in strength, mobility, and coordination of the rotator cuff
and the shoulder girdle muscles to unload the subacromial space during active
movements. Participants of the intervention group will perform the standard exercise
protocol as a home program, and will additionally be treated with individualized
physiotherapy based on clinical examination results, and guided by a decision tree.
After the intervention phase both groups will continue their home program for
another 7 weeks. Outcome will be measured at 5 weeks and at 3 and 12 months after
inclusion using the shoulder pain and disability index and patients” global impression of
change, the generic patient-specific scale, the average weekly pain score, and patient
satisfaction with treatment. Additionally, the fear avoidance beliefs questionnaire, the
pain catastrophizing scale, and patients’ expectancies of treatment effect are assessed.
Participants’ adherence to the protocol, use of additional treatments for the shoulder,
direct and indirect costs, and sick leave due to shoulder complaints will be recorded in
a shoulder log-book.

Discussion To our knowledge this is the first trial comparing individualized
physiotherapy based on a defined decision making process to a standardized exercise
protocol. Using high-quality methodologies, this trial will add evidence to the limited
body of knowledge about the effect of physiotherapy in patients with SIS.

Trial registration Current Controlled Trials ISRCTN86900354

Kromer TO, de Bie RA, Bastiaenen CHG. Effectiveness of individualized physiotherapy
on pain and functioning compared to a standard exercise protocol in patients
presenting with clinical signs of subacromial impingement syndrome. A randomized
controlled trial. BMC Musculoskeletal Disorders 2010;11:114
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BACKGROUND

Shoulder complaints are one of the most common musculoskeletal complaints seen by
health professionals [1-5] with an incidence of 9.5 per 1000 patients presenting to
primary care [6] and varying data for point prevalence (6.9% to 26%) [7]. They can lead
to a significant reduction of health [6, 8], seem to be recurring in nature and do not
necessarily resolve over time [9-12]. Thus, shoulder complaints represent a relevant
health problem for clinicians, employers and health insurance companies. Although no
standardized diagnostic classification for shoulder complaints exists, most shoulder
patients presenting to primary care show clinical signs of subacromial impingement [5,
6]. Subacromial impingement syndrome of the shoulder (SIS) occurs due to a
mechanical disturbance within the subacromial space and is characterized by pain and
functional restrictions mostly during overhead activities in daily life or sporting
activities [13]. Potential factors causing or contributing to SIS such as strength,
coordination and integrity of the rotator cuff [14-21] and the shoulder girdle muscles
[22-26], mechanical or anatomical changes [27-29], hypomobility or instability of the
glenohumeral joint or the scapula [16, 26, 30-33], and the influence of posture [34, 35]
are discussed in the literature and suggest a multi-factorial aetiology of SIS. Besides the
biomedical aspects of SIS, psychological factors such as kinesiophobia or
catastrophizing may negatively influence recovery and thus leading to chronic pain and
disability [36-41]. The specific diagnosis of SIS is often based on a thorough history and
clinical examination; technical examination methods such as MRI or ultrasonography
are often not used in first instance [10], also because their diagnostic accuracy is still
limited [42-47].

Physiotherapy is often the first choice of treatment for SIS. Between 10 to 30% of
all shoulder patients seen in primary care are referred to physiotherapy after initial
presentation [5, 10, 48]. However, the effectiveness of physiotherapy in patients with
SIS is still under debate. Conclusions from systematic reviews suggest that
physiotherapy-led interventions, combining different methods or techniques, are not
more effective than exercises alone except adding manual mobilization to exercises,
which seems to be of additional benefit. Most technical treatments such as ultrasound
or laser therapy cannot be recommended. However evidence is limited by poor
methodological quality, short follow ups and small sample sizes [49-52]. Thus nearly all
current systematic reviews emphasize the need for more high quality trials of
physiotherapy interventions, especially of combination of treatment techniques.

This trial compares individualized physiotherapy (IP), considering the patients’
individual situation, bio-psycho-social aspects, and the WHO-classification of
functioning and disability [53] to a standardized exercise protocol (SEP).
Physiotherapeutic management is based on clinical examination results and guided by
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a defined clinical reasoning process, which belongs to one of the basic skills in muscu-
musculoskeletal physiotherapy [54].

Aims of the study

a) To investigate the effect of individually planned physiotherapy (IP) on pain and
functioning compared to a standard exercise protocol (SEP) in patients presenting
with clinical signs of SIS.

b) To compare direct and indirect costs between both interventions.

METHODS

Study design

To answer the questions a randomized controlled trial design will be used over a 12
months period. Patients will be randomized after providing informed consent.
Randomization and all communication about it is executed and controlled by the
Department of Epidemiology, Maastricht University. A flow chart of the trial profile is
provided in figure 1.

Ethics

Ethical approval for this trial has been granted by the Medical Ethics Committee of the
Munich University Hospital, Ludwig-Maximilians-University Munich, Germany.

Eligibility criteria

Patients presenting to primary care with clinical signs and symptoms indicating SIS will
be included in the trial. This concept of focusing on important clinical signs for setting
up inclusion criteria for a RCT corresponds well with daily clinical practice.

Inclusion criteria: (1) age between 18 and 75 years, (2) symptoms for more than
four weeks, (3) main complaints in the glenohumeral joint region or the proximal arm,
(4) presence of one of the following signs indicating SIS: Neer impingement test,
Hawkins-Kennedy impingement test, painful arc with active abduction or flexion, (5)
pain with one of the following resistance tests: external rotation, internal rotation,
abduction, or flexion.
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Exclusion criteria: (1) average 24-hours pain of 8/10 or more on a visual numeric rating
scale (VNRS), (2) primary scapulothoracic dysfunction due to paresis, (3) diagnosed
instability or previous history of dislocation, (4) adhesive capsulitis (frozen shoulder),
(5) more than 1/3 restriction of elevation compared to the unaffected side, (6) sub-
stantial shoulder weakness or loss of active shoulder function, (7) shoulder surgery in
the last 12 months on the involved side, (8) reproduction of symptoms with active or
passive cervical movements, (9) neurological involvement with sensory and muscular
deficit, (10) inflammatory joint disease (e.g. rheumatoid arthritis), (11) diabetes melli-
tus, (12) intake of psychotherapeutic drugs, (13) compensation claims, (14) inability to
understand written or spoken German.

Recruitment of participants

The proposed trial will be embedded in the normal daily process of selected physio-
therapy clinics in Germany. Participants will be identified by physiotherapy referrals
and by research physiotherapists. If a patient agrees to participate, the research ther-
apist will check eligibility criteria. If eligibility is confirmed, informed consent will be
asked. Participants will then undergo baseline assessment including some question-
naires and a standardized clinical examination protocol for the shoulder complex, the
cervical and upper thoracic spine.

An inclusion period of eighteen months is thought to be sufficient to recruit the
number of participants needed for this study.

Randomization and allocation concealment

After informed consent and baseline assessment participants will be randomized to
either SEP or IP using block allocation of six. To guarantee allocation concealment,
therapists will be informed about allocation after the participant completed all base-
line measurements and gave informed consent, prior to first treatment by the De-
partment of Epidemiology, Maastricht University.

Interventions

Both groups

All participants will undergo a clinical examination process starting with a thorough
history taking, followed by a physical examination of the cervical spine, the shoulder
girdle, and the shoulder joints. All joints are manually assessed with passive, active,
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and combined angular movements, and with translatory tests according to the descrip-
tion of Kaltenborn [55], Evijenth and Hamberg [56] or Maitland [57]. Isometric re-
sistance tests are used to judge shoulder strength and pain. Integrity of the rotator cuff
is assessed with the external rotation lag sign [58], the lift off test [59], and the horn-
blowers’ sign [60]; involvement of the neural system with upper limb tension tests
described by Butler [61]. Contributing factors such as a slouched posture, forward
head position, thoracic kyphosis, or protracted shoulders are noted and if necessary
also assessed in detail. Results serve as basis for the treatment of participants allocat-
ed to the group receiving individualized physiotherapy.

All participants will attend two 20-30 minute contact sessions per week over a 5
week period. Afterwards participants will continue with their home exercises for an-
other 7 weeks. At the beginning of treatment all participants will receive an infor-
mation booklet containing basic information about anatomy and biomechanics of the
shoulder complex, a short description of the aetiology of SIS and the pathology itself,
and a brief overview about possible contributing factors to their shoulder pain. The
booklet also explains the goals to be achieved with treatment, and it provides general
guidelines for behaviour through daily living. Participants will also receive a shoulder
log book for documentation of their weekly pain levels, additional treatments or medi-
cation, sick leave, and the completion of the home exercise during the intervention
phase and during the follow up period. Participants will be requested not to make use
of other treatment options and not to change their medication intake during the inter-
vention phase. However, due to ethical considerations the use of analgesics and non-
steroidal anti-inflammatory drugs will be permitted and will be recorded in the shoul-
der log-book.

Treatment will be administered by experienced physiotherapists with an interna-
tional qualification for manual therapy (IFOMPT standard). All physiotherapists will be
trained prior to commencement of the study to guarantee a uniform background and
treatment application. A written manual with detailed and comprehensive instructions
is given to the therapists. Thoroughness of the application is supported by structured
recording forms and check lists, monthly team meetings and audits. The two groups
are as follows:

Control group

Participants assigned to the control group will perform a standard exercise protocol
(SEP) aiming at restoring muscular deficits in strength, mobility, or coordination of the
rotator cuff and the shoulder girdle, unloading the subacromial space, and centering
the humeral head in the glenoid fossa during active movements. Thus, the SEP con-
tains mainly strengthening exercises, stretching and mobility exercises, but also exer-
cises to control pain. To set up a high quality protocol, exercises are taken from papers
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investigating exercises for shoulder rehabilitation [62-79], and exercises specifically

addressing deficits in strength, mobility, or coordination revealed in patients with SIS

[19, 23-25, 31, 80, 81]. Another important criterion for the selection of the exercises

was their practicability, their potential for pain provocation, and the possibility to per-

form all exercises at home with a rubber band. Exercises are subdivided in a “core

program” and “additional exercises”. A short description of the exercises is provided in
table 1&2.

Table 1 Exercises of the core program

No. Exercise Material Description

Cla Low row Pinoband or pulley  Subject is sitting in front of pinoband, shoulders in 80°
apparatus with 2 forward flexion and neutral rotation; subject performs
handles shoulder extension with elbows flexed.

Clb Highrow Pinoband or pulley  Subject is sitting in front of pinoband, shoulders in 100°
apparatus with 2 forward flexion and neutral rotation; subject performs
handles shoulder extension with elbows extended.

Cc2 Shoulder adduc-  Pinoband or pulley  Subject is standing, shoulder in 80° abduction in scapular
tion in scapular apparatus with 1 plane; subject performs shoulder adduction with elbow
plane handle extended.

C3a Shoulder external Pinoband or pulley  Subject is standing, with towel between arm and trunk to
rotation in 0° apparatus with 1 prevent compensatory shoulder movements, elbow flexed
abduction handle to 90°; subject performs shoulder external rotation.

C3b  Shoulder external Dumbbell Subject is side-lying, with towel between arm and trunk to
rotation in side- prevent compensatory shoulder movements, elbow flexed
lying to 90°; subject performs shoulder external rotation.

C4a Shoulderinternal Pinoband or pulley  Subject is standing, with towel between arm and trunk to
rotation in 0° apparatus with 1 prevent compensatory shoulder movements, elbow flexed
abduction handle to 90°; subject performs shoulder internal rotation.

C4b  Shoulderinternal Dumbbell Subject is side-lying, elbow flexed to 90°; subject performs
rotation in side- shoulder internal rotation.
lying

c5 Elbow flexion with Pinoband or dumb- Subject standing arm at the side, neutral rotation; subject
forearm supination bell performs elbow flexion/forearm supination.

C6a Horizontal sca- Pinoband or pulley  Subject is standing, elbows flexed to 90°; subject performs
pular protraction  apparatus with 2 shoulder flexion to 80° and elbow extension, then scapular

handles protraction.

C6b  Vertical scapular  Pinoband or dumb-  Subject lying supine, elbows flexed to 90°; subject performs

protraction

bells

shoulder flexion to 90° and elbow extension, then scapular
protraction.
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No. Exercise Material Description
C7  4-point kneeling - Subject in 4-point kneeling position, hands underneath
scapular protrac- shoulders performs dynamic scapular protraction.
tion
C8  Scapular setting - Subject lying prone with arms held by the side in external
rotation; subject holds scapulae in depressed and retracted
position.
Cc9 Posterior shoulder - Subject is standing, pulling the elbow passively across the
stretch body into horizontal adduction with the opposite arm.
C10 Lateral neck - Subject is standing, pulling the head into lateral flexion with
stretch the opposite arm and is adding the shoulder depression to
stretch the ipsilateral neck.
C11 Thoracic spine - Supine on the floor, hips and knees flexed to 90 degrees,
extension hands supporting the neck, with thoracic kyphosis lying on a
towel roll.
Table 2 Additional exercises
No. Exercise Material Description
Ala Shoulder abduc-  Pinoband or dumb- Subject is standing with feet on the pinoband; subject
tion in scapular bell performs 80° of scaption with elbows slightly flexed and
plane (scaption) external rotation of the shoulder (thumb up).
Alb Shoulder flexion Pinoband or dumb- Subject is standing with feet on the pinoband; subject
bell performs 80° of shoulder flexion with elbows slightly flexed
and external rotation of the shoulder (thumb up).
A2a Shoulder press via Pinoband or dumb- Subject is sitting with back supported. Upper arms are in
flexion bell contact with the trunk, elbows are maximally flexed and
hands in front of shoulders; subject performs full shoulder
flexion and elbow extension.
A2b  Shoulder press via Pinoband Subject is sitting with back supported. Upper arms are in
abduction contact with the trunk, elbows are maximally flexed and
hands next to shoulders; subject performs full shoulder
abduction and elbow extension.
A3 Horizontal abduc- Pinoband or pulley  Subject is sitting in front of pinoband attached in shoulder
tion apparatus with 1 height, shoulders in 80° forward flexion and external rota-
handle tion; subject performs horizontal shoulder abduction with
nearly extended elbows.
A4 External rotation in Pinoband or pulley  Subject is sitting with elbow supported on a table in 80° of

supported 80°
shoulder flexion

apparatus with 1
handle

shoulder flexion and 90° elbow flexion. Pinoband fixed on
the table with other hand; subject performs 90° of external
rotation.
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No. Exercise Material Description

A5 Internal rotation in Pinoband or pulley  Subject is sitting with elbow supported with the other hand
supported 80° apparatus with 1 in 80° of shoulder flexion, pinoband fixed in waste height;
shoulder flexion handle subject performs 90° of internal rotation.

A6a Shoulder protrac- - Subject in kneeling push up position, hands underneath
tion in kneeling shoulders and knees behind hips; subject performs dynamic
push up position scapular protraction.

A6b  Shoulder protrac- - Subject in push up position; subject performs dynamic
tion in push up scapular protraction.
position

A6c Half way pushup - Subject in push up position; subject performs a half way
plus push up with a dynamic scapular protraction at the end of

arm extension.

AM1 Internal rotation - Subject is placing the hand on the buttock or lower back in a
positioning pain-free manner, supported by the other hand.

AP1 Pendulum exerci- Dumbbell or bottle Subject is standing leaning on a chair or table with the good
ses arm and bending forward at the waist. Relax the shoulder

blade and let it drop. Subject performs relaxed forward-
backward swings and circle swings using body motion.

AP2  Longitudinal Pinoband Subject is standing and slightly side bent with pinoband is

shoulder traction

wrapped around the wrist and fixed with the feet on the
bottom with tension. Subject is relaxing the shoulder to
allow for longitudinal traction.

Exercises of the “core program” are introduced and instructed to the patient in detail
first, and if patients show good progression, exercises from the pool of “additional
exercises” can be added. At home exercises are realized with the help of a PINOFIT
rubber band (Pino GmbH, Hamburg, Germany) which allows dynamic resistance and is
easy to use. It is available from very light resistance to heavy resistance and allows the
therapist to progressively adapt resistance to the physical capacity of the patient. Pa-
tients are supervised during their contact sessions; their exercise program is moni-
tored, controlled and adapted if necessary. Physiotherapists are allowed to adapt the
SEP individually to each patient with respect to the situation of the patient. Therapists
who deliver the treatment for the control group remain blinded to the clinical exami-
nation results to prevent inadvertent contamination of the SEP.

Intervention group

Participants assigned to the intervention group will perform the SEP as a home pro-
gram. Additionally this group will receive six to ten session of individualized physio-
therapy (IP), based on the findings of the clinical examination and the individual main
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complaints of the patient. To guarantee a uniform decision making process and to
deliver a defined and repeatable way of treatment application a decision tree was
developed. The decision tree was previously tested in patients with SIS to improve
weaknesses and to test its practicability. It consists of three parts and directs initial
treatment applications. The first part of the decision tree addresses predictive signs for
a poor treatment outcome such as recurrent episodes of shoulder pain in the past [7,
9, 11, 12], severe pain or long duration of the current episode [82-84], signs indicating
a tear of the rotator cuff [85, 86], and restriction of external rotation and/or elevation
of the shoulder [9, 87].

The second part leads the therapist through factors maintaining or contributing to
the patients’ problem such as general posture, ADL's, working activities and work place
setting, leisure and sports activities, and patients’ understanding of his problem. The
third part guides through the positive findings of the physical examination of the upper
quarter (cervical and upper thoracic spine, shoulder and shoulder girdle). Local factors
will be treated according to the manual therapy concepts of Maitland [57], Kaltenborn
[88], Evjenth and Hamberg [56], or Butler [61]. For further treatment decisions and as
an important part of treatment application a defined clinical reassessment process is
implemented, adapted from Jones and Rivett [89]. The reassessment process, based
on the test-retest-principle, delivers important information about the effect of an
applied intervention or technique and thus assists the therapist in further decision
making.

Main contrast between both groups

The main difference between both groups is that the intervention group additionally
receives individualized physiotherapy considering all predictive, local or contributing
factors that may maintain or contribute to the patients’ problem, identified through
clinical examination. Therefore this intervention, combining a shoulder specific exer-
cise programme with a defined decision making process and clinical experience, repre-
sents a best practice approach.

Outcome measures

Selection criteria for the outcome measures used in this study were their reliability and
validity in relation to the study population, and also their sensitivity to detect change
statistically, whether it is relevant to the patient or clinician or not. Another important
criterion was their practical applicability in a clinical setting. The main focus is on pain
and functioning. Primary outcome measures will be as follows:
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1. Shoulder Pain and Disability Index (SPADI)

The SPADI is a shoulder specific self-reported questionnaire measuring pain and disa-
bility in patients with shoulder pain of musculoskeletal origin [90]. It contains 5 items
assessing pain and 8 items assessing shoulder function and is easily applicable in daily
practice. Each item is scored on a 100mm visual analogue scale (VAS); the right end of
the VAS is defined as “worst pain imaginable/ so difficult required help”, the left end as
“no pain/no difficulty”. A score is then calculated out of 100 with higher scores reflect-
ing higher pain/disability levels. The SPADI has shown to be valid and highly responsive
in assessing shoulder pain and function [90, 91]; it is therefore highly recommended
for the use in patients with SIS [92]. The German version of the SPADI also showed an
excellent reliability and internal consistency for both, total score and sub-scores. A
minimum improvement in the total SPADI score of 11points will be considered as a
minimum clinically important change [93].

2. Patients’ global impression of change (PGIC)

Measuring PGIC is a clinically relevant and stable concept for interpreting truly mean-
ingful improvements in pain from the individual perspective [94, 95]. It is measured
with the help of an ordinal scale with 1-much worsened, 2-slightly worsened, 3-
unchanged, 4-slightly better, 5-much better, whereas a rating of “slightly better” will
be defined a priori as a clinically important and meaningful difference and therefore as
a successful result. According to this definition, the scale is then dichotomized. To test
stability of this dichotomization a sensitivity analysis will be conducted.

Secondary outcome measures will be:

1. Generic Patient-Specific Scale (GPSS)

The GPSS is published by Stratford et al. [96] and assesses individual complaints and
restrictions in a short and efficient way. It is based on the patient-centred approach,
identifying the most problematic areas of functioning.

The GPSS is a reliable and valid tool and also sensitive to detect change over time
[97]. Although it is a generic outcome measure, its validity, reliability and sensitivity
has been established for different patient groups [96, 98, 99]. For this study, patients
will chose 3 activities they got difficulties with and rate the ability to perform them on
an 11-point visual numeric rating scale (VNRS). 10 at the right end of the VNRS is de-
fined as “I can do the chosen function without difficulty”, 0 at the left end as “l am
unable to do the chosen function”. An average score across all activities is calculated.
Because the expected change of severely restricted activities is less than the expected
change of only mild restrictions, a minimum change of 30% will be considered as a
clinically important improvement [95, 100].
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2. Average weekly pain score

Patients will rate their average weekly pain intensity on an 11-point VNRS. The VNRS is
a one-dimensional measure to assess pain intensity. The distance between each num-
ber is 10 millimetres; 0 on the left end of the VNRS is defined as “no pain at all”, 10 at
the right end as “as much pain as | can imagine”. An improvement in pain level of 2
points or more was defined as a clinically important and meaningful difference [95,
100].

3. Patient satisfaction with treatment

After 5 weeks all patients will rate their satisfaction with treatment on an 11-point
visual numeric rating scale (VNRS). 10 at the right end of the VNRS is defined as “com-
pletely satisfied”, 0 at the left end as “completely dissatisfied”.

4. Fear Avoidance Beliefs Questionnaire (FABQ)

It has been shown that fear of movement is an important obstacle to a successful re-
habilitation in patients suffering from low back pain. To be able to analyze the influ-
ence of fear of movement on treatment outcome in patients with SIS, a modified ver-
sion of the FABQ is used in this study. The FABQ was developed by Waddell et al. [101]
to assess the influence of patients’ beliefs about physical activity and work on low back
pain. The German version of the FABQ shows good psychometric properties and is
therefore used in this study [102-105]. The FABQ is a 16-items questionnaire. Each
item is scored on a seven-point Likert scale (0 = strongly disagree, 6 = strongly agree).
A total score is calculated by summing up the resultant scores. Sub-scores for physical
activity and work are calculated, with 7 items assessing beliefs about work (item 6, 7,
9, 10, 11, 12, 15) and 4 items assessing beliefs about physical activity (item 2, 3, 4, 5).
Higher scores reflect a higher presence of fear avoidance believes.

5. Pain Catastrophizing Scale (PCS)

Besides fear of movement, catastrophizing may also play an important role in mediat-
ing responses to pain, leading to perception of higher pain intensities and therefore
influencing treatment outcome negatively [106-108]. The PCS is a multidimensional,
reliable and valid 13-item self-report measurement tool with a strong association to
pain and emotional distress [106, 107, 109, 110]. The PCS has been validated for the
German population [111]. It comprises three subscales for rumination (item 8 to 11),
magnification (item 6 to 7, 13), and helplessness (item 1 to 5, 12). Each item is rated on
a 5-point scale from 0 (not at all) to 4 (all the time). A total score and sub-scores for
each subscale are calculated by summing up the ratings for each item within a sub-
scale. In a sample of 86 patients with sustained soft tissue injuries to the neck, shoul-
ders or back including shoulder patients, Sullivan et al. [112] found that catastrophizing
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was significantly correlated with patients’ reported pain intensity, disability and em-
ployment status. The rumination subscale was the strongest predictor of pain and
disability. Due to sufficient test-retest stability even over a longer period of time the
PCS is an appropriate screening tool for pain catastrophizing [113].

6. Patients” expectancies of treatment outcome
Patients™ beliefs about the success of a given treatment may influence treatment out-
come; this has been shown by Goossens et al. [114] and Smeets et al. [115] in low back
pain patients. For this trial a modified question of the Credibility/Expectancy Ques-
tionnaire (CEQ), developed by Deviliya and Borkovecb [116], to measure patients’
expectancies is used. The CEQ shows high internal consistency and good test-retest
reliability. The question is: “By the end of the therapy period, how much improvement
in your limitations due to shoulder pain do you think will occur?”

The question is scored on an 11-point visual numeric rating scale (VNRS) from 0
(no improvement) to 10 (completely recovered). A higher score will reflect more posi-
tive expectancies.

7. Compliance with treatment, direct (health care) and indirect (non-health care) costs
A shoulder log book will be used to obtain the following data: i) Compliance of partici-
pants with treatment including the attended treatment visits out of a maximum of ten
and the performance of the given home exercises; ii) direct health care costs including
physiotherapy, other health provider visits, diagnostic tests, prescriptions and over the
counter medication due to shoulder complaints; iii) indirect health care costs including
days of sick leave and paid help. The log book is presented in booklet form containing
instructions and explanations about the objective of the log book. Log-books will be
posted back to the assessor and checked for completion every two months.

Demographic information will also be collected including age, sex, height, weight,
profession, sports and leisure activities, medical history, and medication intake. Infor-
mation about severity and duration of symptoms and previous episodes of shoulder
pain are also documented.

Follow-up evaluation

Patients are assessed at baseline, after completion of the intervention period at 5
weeks, and at 3 and 12 months after inclusion to assess the long term outcome of the
intervention. An overview of the outcome measures is given in table 3.
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Table 3 Primary and secondary outcome measures

Primary Outcomes

Measurement

Follow up

Shoulder pain and disability index

13 items (5 for pain, 8 for function) scored on a

baseline; 5 weeks;

(SPADI) 100mm visual analogue scale 3, 12 months

Patients” global impression of change Ordinal scale (1-much worse, 2-slightly worse, 5 weeks; 3, 12
3-no change, 4-slightly better, 5-much better) months

Secondary Outcomes Measurement Follow up

Generic patient-specific scale

Average weekly pain score

11 point visual numeric rating scale (end de-
scriptors of 0 = impossible to do, 10 = no diffi-
culties at all)

11 point visual numeric rating scale (end de-

baseline; 5 weeks;
3, 12 months

baseline; 5 weeks;

scriptors of 0 = no pain, 10 = worst pain possi- 3 months
ble)
Patients” satisfaction with treatment 11 point visual numeric rating scale (end de- 5 weeks
scriptors of 0 = completely dissatisfied, 10 =
completely satisfied)
Kinesiophobia/Fear avoidance beliefs Modified fear avoidance beliefs questionnaire baseline
(FABQ)
Catastrophizing Pain catastrophizing scale (PCS) baseline
Patients’ expectancies of treatment One modified question from the baseline
effect Credibility/Expectancy Questionnaire (CEQ)
Compliance Shoulder log book: Attention of treatment 5 weeks; 3, 12
sessions and completion and frequency of months
home exercises
Costs Cost diary: Disease specific healthcare utiliza- 5 weeks; 3, 12
tion, days of sick leave, drug use, paid help months
Sample size

Sample size for this trial is based on an expected difference between groups of a 13

points reduction of the SPADI score. The statistical level of significance was set to alpha

= 0.05, statistical power to 80%, and a 15% drop out rate was expected. The assumed

standard deviation was set to 20 points based on the results of other studies [117-

120]. Power calculations resulted in an estimated sample size of 90 participants (45 per

group) to detect a 13 points difference in SPADI score. The minimum clinically im-

portant change is set to an 11 points improvement in total SPADI score [93].
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Data analysis

First, descriptive statistics for demographical characteristics of the whole group will be
used. Second, descriptive statistics for demographical and clinical characteristics, for
baseline results of outcome measures and other potential confounding variables for
the intervention group and control group will be used. Differences will be calculated
for within-groups results and between-groups comparisons. Results will be calculated
according to the “intention-to-treat principle”. Between groups-analysis will include
differences between baseline and follow up measurements for each clinical outcome
measure used, their standard deviations and 95% confidence intervals. Additionally
mixed models for the long term follow ups will be used. Influence of baseline differ-
ences for outcome measures will be assessed in a multivariable linear regression anal-
ysis. Statistical significance is set to p< 0.05, clinical importance will be judged by the
lower 95% confidence interval which equals the minimum effect size.

An economic evaluation will compare costs of both treatment options from a
societal perspective.

Resources recorded in the shoulder log book will be valued using published prices for
medical costs. Costs for over the counter drugs, aids, and paid help will be reported
directly by the participants in their log-books.

Productivity costs resulting from loss of paid labor will also be calculated by apply-
ing the friction costs method, which limits the period of production loss to the time
during the work of the person is not replaced.

Between-group differences in outcomes of mean total costs were analyzed by
Student's t-tests for unpaired observations.

RESULTS

Inclusion of participants has started in April 2010. First results are expected in 2012,
long term results in 2013.

DISCUSSION

In order to compare the effectiveness of individualized physiotherapy to a standard
exercise protocol a randomized controlled trial design will be used. Our diagnostic and
eligibility criteria are purely based on clinical signs and symptoms which correspond
very well with clinical practice, and the population usually seen in primary care is well
reflected.
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Exercises, as a quite simple form of physiotherapeutic treatment, has been shown to
be as effective as other physiotherapy-led interventions in the treatment of SIS and are
therefore often recommended. However, most investigated forms of physiotherapy-
led interventions have been applied as standard protocols without considering individ-
ual needs and may be therefore limited in their effect. In this study, treatment of the
intervention group, guided by a defined decision making process will address the indi-
vidual activity and participation restrictions of each patient, predictive signs for a poor
outcome, contributing and local factors. To reveal the additional benefit of this inter-
vention, participants of the intervention group will also perform the SEP as a home
program.

To strengthen the validity of the trial results, important qualitative methodologi-
cal factors have been considered in the planning stage of this trial. To prevent selection
bias, participants will be randomly allocated to groups via concealed allocation se-
qguence, implemented by a remote clinical trial centre. To minimize performance bias,
physiotherapists treating the active control group remain blinded to the results of the
clinical examination to prevent contamination of the SEP. Further the statistician re-
mains blinded to group assignment of the participants. Outcome measures used in this
trial are easy to apply in daily practice.

To our knowledge this is the first trial comparing individualized physiotherapy led
by a defined decision making process to a standard exercise protocol. Results from this
trial will add evidence to the limited body of knowledge about the effect of physio-
therapy in patients with SIS.
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ABSTRACT

Objective To investigate the effect of individualized manual physiotherapy and exer-
cises compared to individualized exercises alone in patients with shoulder impinge-
ment syndrome.

Design Randomized controlled trial.

Subjects Patients with shoulder impingement of more than 4 weeks’ duration.
Methods Patients in the intervention group were treated with individually adapted
exercises and examination-based physiotherapy. Controls were treated with individu-
ally adapted exercises only. Both groups had 10 treatment sessions over a period of 5
weeks and subsequently continued their exercises at home for another 7 weeks.
Results were analyzed at 5 and 12 weeks after the start of the study. Primary outcome
measures were: Shoulder Pain and Disability Index, and Patient’s Global Impression of
Change. Secondary outcome measures were: mean weekly pain score; Generic Patient-
Specific Scale; and Patient’s Satisfaction with Treatment.

Results A total of 46 patients were randomized to the intervention group and 44 to the
control group. Although both groups showed significant improvements, there was no
difference between groups for the primary and secondary outcomes at any time. Only
results for mean pain differed at 5 weeks in favor of the intervention group.
Conclusion Individually adapted exercises were effective in the treatment of patients
with shoulder impingement syndrome. Individualized manual physiotherapy contrib-
uted only a minor amount to the improvement in pain intensity. However, further
research is necessary to confirm these results before definite recommendations can be
made.

Kromer TO, de Bie RA, Bastiaenen CHG. Physiotherapy in patients with clinical signs of
shoulder impingement syndrome: a randomized controlled trial. Journal of Rehabilita-
tion Medicine 2013;45:488- 97



RANDOMIZED CONTROLLED TRIAL — SHORT-TERM RESULTS | 73

INTRODUCTION

Shoulder pain is a common complaint seen by health professionals (1, 2) with an inci-
dence of 9.5 per 1000 patients presenting to primary care and a point prevalence of
7% to 26% (3, 4). Shoulder pain considerably affects health (4, 5), seems to be recur-
rent in nature with only low recovery rates even after 3 years since onset (1, 6, 7).
Although no standardized classification for shoulder complaints exists, most shoulder
patients show clinical signs of subacromial impingement (2, 4). Subacromial impinge-
ment syndrome (SIS) occurs due to a mechanical disturbance within the subacromial
space. It is characterized by pain and functional restrictions mostly during overhead
activities (8).

Physiotherapy is an often prescribed measure for the treatment of shoulder dis-
orders (2, 9). Particularly for SIS the use of exercise therapy to improve muscle
strength, flexibility and coordination of the rotator cuff and the shoulder girdle mus-
cles have been reported in several studies (10-15). Combining exercises with manual
therapy to specifically influence structural components on the shoulder complex and
the spine seems to be even more effective and is therefore recommended in second-
ary literature (16, 17).However, the available evidence for the effect of these interven-
tions is still limited due to small sample sizes and other methodological flaws and re-
cent systematic reviews on this topic emphasize the need for more high quality trials,
especially of combination of modalities to reflect common practice (16, 18-20).

This randomized controlled trial investigated the effect of individualized manual
physiotherapy combined with an individualized exercise program on pain and function-
ing compared to individualized exercises alone in patients with SIS. The study design
has been published in BMC Musculoskeletal Disorders (21). To our knowledge this is
the first trial of this type for the German population.

METHODS

Participants

Participants were recruited by referral from general practitioners or orthopaedic sur-
geons to physiotherapy because of shoulder complaints. They were screened for the
clinical presentation of SIS by trained physiotherapists considering the following eligi-
bility criteria:

Inclusion criteria: (1) age between 18 and 75 years, (2) symptoms for at least four
weeks, (3) main complaints in the glenohumeral joint region or the proximal arm, (4)
presence of one of the following signs indicating SIS: Neer impingement sign, Kennedy-
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Hawkins impingement test, painful arc with active abduction or flexion, (5) pain during
one of the following resistance tests: external rotation, internal rotation, abduction, or
flexion.

Exclusion criteria: (1) average 24-hours pain of 8/10 or more on a visual numeric
rating scale (VNRS), (2) primary scapulothoracic dysfunction due to paresis, (3) diag-
nosed instability or previous history of dislocation, (4) adhesive capsulitis (frozen
shoulder), (5) more than 1/3 restriction of elevation compared to the unaffected side,
(6) substantial shoulder weakness or loss of active shoulder function, (7) shoulder
surgery in the last 12 months on the involved side, (8) reproduction of symptoms with
active or passive cervical movements, (9) neurological involvement with sensory and
muscular deficit, (10) inflammatory joint disease (e.g. rheumatoid arthritis), (11) diabe-
tes mellitus, (12) intake of psychotherapeutic drugs, (13) compensation claims, (14)
inability to understand written or spoken German.

Inclusion process and randomisation

After signing informed consent and baseline assessment eligible participants were
randomly allocated to treatment groups in blocks of six using central blinded randomi-
zation. To guarantee allocation concealment, therapists received the information
about patient allocation immediately before the first treatment by the Department of
Epidemiology, Maastricht University.

Interventions

The intervention group received individually adapted exercises (IAEX) plus individual-
ized manual physiotherapy (IMPT), the control group received individually adapted
exercises (IAEX) only. A detailed description of the interventions is provided in the
published protocol for this study (21) and in Appendix 1. Treatment was provided in six
outpatient physiotherapy clinics by 12 experienced and trained physiotherapists with
an international qualification for manual therapy according to IFOMPT standard and an
average post-qualification experience of more than 23 years (range 18 to 28). Partici-
pants received ten treatment sessions within 5 weeks. To guarantee an equal instruc-
tion of the exercise program in both groups and to be able to identify the additional
effect of the IMPT the time frame for treatment was 15 to 20 minutes for the control
group and 20 to 30 minutes for the intervention group. Afterwards both groups con-
tinued their exercise program three times a week for another 7 weeks.
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Therapists’ compliance with the protocol

Compliance of therapists with the treatment guidelines was monitored with the help
of the examination and treatment records, group meetings and regular interviews.

Outcome measures

Patients were assessed at baseline, after the intervention period at 5 weeks and at 12
weeks. Primary outcome measures were the Shoulder Pain and Disability Index (SPADI)
(22) and Patient’s Global Impression of Change (PGIC). An improvement of 11 points in
the total SPADI score (23) and a statement of “slightly better” in the PGIC were consid-
ered as the minimum clinically important changes. As secondary outcome measures
we used the Generic Patient-Specific Scale (GPSS) (24), the average weekly pain score
and Patient’s Satisfaction with Treatment (PST). For the GPSS an average score across
all activities was calculated. A minimum change of 30% was considered as a clinically
important improvement (25, 26). For average pain an improvement of 2 points or
more on a visual numeric rating scale (VNRS) was defined as a clinically important
difference (25, 26). Satisfaction with treatment was also rated on an 11 point VNRS
with 10 defined as “completely satisfied” and 0 as “completely dissatisfied”. A more
detailed description of all outcome measures is given in the study protocol. To be able
to analyze the possible influence of other important factors on our main outcome all
patients filled in a modified version of the Fear Avoidance Beliefs Questionnaire
(FABQ), the Pain Catastrophizing Scale (PCS), and answered a question about their
expectancies of treatment outcome at baseline also scored on a VNRS with higher
scores reflecting more positive expectancies.

Compliance with treatment was assessed with the shoulder logbook. Treatment
compliance included the number of attended treatment visits out of a maximum of ten
and the frequency of the home exercises. Demographic data including age, sex, height,
weight, profession, sports activities, information about medication intake, sick leave,
severity and duration of symptoms and previous episodes of shoulder pain were also
documented.

Sample size calculation

Power calculation resulted in an estimated sample size of 90 participants (45 per
group) to detect a 13 points difference in SPADI score. The assumed standard devia-
tion (SD) was set to 20 points based on the results of other studies (27-30). Alpha was
set to 0.05; statistical power to 80% given an expected drop-out rate of 15%.
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Data analysis

Descriptive statistics for demographical and clinical characteristics, for baseline results
of outcome measures and other potentially confounding variables for both groups and
the total group were used. Data for work classification, working hours per week, and
sick leave were only analyzed for patients who were in work. Work was classified ac-
cording to the estimated physical load for the upper extremity of the patient’s profes-
sion. Examples for class 1 professions are accountants, secretaries, or school teachers;
for class 2 housewives, nurses, or retail dealers, and for class 3 manual workers such as
carpenters, gardeners, or mechanics. Differences after 5 and 12 weeks were calculated
for between-group comparisons and within-group results according to the “intention-
to-treat principle”. For between-group analysis mean differences between groups,
their SDs and 95% confidence intervals (95%Cl) were calculated for each clinical out-
come measure. Within-group results were calculated by subtracting the 5-week results
from baseline values and the 12-week from the 5-week values. Influence of baseline
differences and other potentially influencing factors based on literature on the main
outcome measure were assessed in a multivariable linear regression analysis. Statisti-
cal significance was set to p< 0.05. Due to the nature of the intervention it was impos-
sible to blind therapist and participants. However, we blinded therapists of the control
group to all clinical information of their patients. Measurements of outcome were also
blinded because therapists were not involved in this process and we kept patients
naive to their allocation. Statistical analyses were performed using IBM SPSS Statistics
19.

RESULTS

Recruitment process

188 patients were assessed for eligibility over an 18 month period. Some 55 patients
did not fulfil the eligibility criteria, 33 refused participation. 10 patients were not in-
cluded due to other reasons (3 moved, 4 didn’t get a prescription for physiotherapy, 3
couldn’t guaranty a continuous treatment due to frequent business travels abroad).
Finally, 90 participants were randomly allocated with 44 patients in the control group
(IAEX) and 46 patients in the intervention group (IAEX+IMPT). At 5 weeks all patients
were analyzed with no loss to follow up, at 12 weeks 2 patients in the intervention
group discontinued treatment, one without giving reasons, the other because of too
much effort. The recruitment process is summarized in figure 1.
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Assessed for eligibility (n= 188)

> criteria not fulfilled (n=55)
> patient refused (n=33)

> other reasons (n=10)
*3 moved

---------------- o4 gotno prescription for PT
3 could not fulfil the treatment schedule

h 4
Randomised (n=90)

|
v |

Intervention (IAEX+IMPT) Control (IAEX)
(n=46) (n=44)
5 weeks assessment (n=46) 5 weeks assessment (n=44)
Analysed (n=46) Analysed (n=44)
12 weeks assessment (n=46) 12 weeks assessment (n=44)
Analysed (n=44) Analysed (n=44)
Discontinued intervention (n=2)

Figure 1 Inclusion process

No significant differences for demographic and clinical baseline characteristics be-
tween groups were found except for sports hours per week, overall duration of symp-
toms, total FABQ, and the FABQ activity subscale. Baseline characteristics for the total
group, the intervention and control group are displayed in table 1 and table 2.
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Table 1 Baseline demographic data and baseline results of the questionnaires

Intervention (n=46)

Control (n=44)

Total group (n=90)

Age, years (mean; SD) 50.1(12.2)
18-29 years, n (%) 2(4.3)
30-44 years, n (%) 13 (28.3)
45-59 years, n (%) 21 (45.7)
>60 years, n (%) 10 (21.7)

Gender (female), n (%) 22 (47.8)

BMI, mean (SD) 25.3(3.7)

Classification of physical work load*, n (%) (n=40)
Low 16 (40.0)
Medium 18 (45.0)
High 6(15.0)

Working hours per week*, mean (SD) 32.2(13.8)

Days of sick leave*, mean (SD) 0.1(0.6)

Sports hours per week, n (%)

0-2 13 (28.3)
3-5 33(71.7)

Duration of the current episode in weeks, mean (SD)  27.4 (28.4)
Overall duration of shoulder pain in weeks, mean (SD) 136.9 (198.5)

Number of episodes during the last 12 months, n (%)

1-3 (including the current one) 37 (80.4)

>3 9(19.6)
Average pain score, mean (SD) 5.2 (1.8)
SPADI total score, mean (SD) 39.7 (17.2)
SPADI sub-score for pain, mean (SD) 47.8 (18.8)
SPADI sub-score for function, mean (SD) 31.5(18.6)
GPSS average score, mean (SD) 4.1(1.8)
FABQ total score, mean (SD) 36.4 (17.4)
FABQ sub-score for physical activity, mean (SD) 15.9 (4.1)
FABQ sub-score for work, mean (SD) 13.4 (10.3)
PCS total score, mean (SD) 12.4 (9.7)
PCS sub-score for rumination, mean (SD) 4.6 (3.9)
PCS sub-score for magnification, mean (SD) 3.1(2.6)
PCS sub-score for helplessness, mean (SD) 4.7 (4.2)
PET, mean (SD) 8.4 (1.6)

53.7 (9.9)
0(0.0)
8(18.2)
20 (45.4)
16 (36.4)
24 (54.5)
26.8 (4.3)
(n=38)
19 (50.0)
13 (34.2)
6(15.8)
37.2(10.7)
1.1(4.1)

21(47.4)
23 (52.6)
40.8 (53.4)
71.3 (68.7)

38 (86.4)
6 (13.6)
5.0 (1.8)
41.3(17.0)
49.6 (17.3)
32.9(19.3)
4.0(1.7)
28.7 (16.7)
13.3(5.3)
10.8 (9.5)
10.4 (7.1)
3.8(3.0)
2.5(1.9)
4.1(3.3)
8.7 (1.3)

51.8 (11.2)
2(2.2)
21(23.4)
41 (45.5)
26 (28.9)
46 (51.1)
26.0 (4.1)
(n=78)

35 (44.9)
31(39.7)
12 (15.4)
34.6 (12.6)
0.6 (2.9)

34(37.8)

56 (62.2)
33.9 (42.8)
104.8 (152.6)

75 (83.3)
15 (16.7)
5.1(1.8)
40.4 (17.0)
48.7 (18.0)
32.2(18.9)
4.0(1.7)
32.7 (17.4)
14.6 (4.9)
12.1(9.9)
11.4 (8.5)
4.2 (3.5)
2.8(2.3)
4.4(3.8)
8.5 (1.5)

BMI: Body Mass Index; FABQ: Fear Avoidance Beliefs Questionnaire; GPSS: Generic Patient Specific Scale;
PCS: Pain Catastrophizing Scale; PET: Patients Expectancies of Treatment Outcome; SD: standard deviation;

SPADI: Shoulder Pain and Disability Index; *: Only participants who are in work; 40 and 38, respectively.
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Table 2 Baseline clinical test results

Clinical tests (positive results) Intervention (n=46) Control (n=44) Total group (n=90)
n (%) n (%) n (%)

Painful arc 44 (95.7) 43 (97.7) 87 (96.7)
Hawkins-Kennedy test 34 (73.9) 33 (75.0) 67 (74.4)
Neer compression test 38 (82.6) 42 (95.5) 80 (88.9)
ER lag sign 0(0.0) 1(2.3) 1(1.1)
Lift off test 0(0.0) 1(2.3) 1(1.1)
Hornblower’s sign 0(0.0) 0(0.0) 0(0.0)
Restriction of caudal glide 39 (84.8) 38 (86.4) 77 (85.6)
Restriction of posterior glide 35(76.1) 38 (86.4) 73 (81.1)
Restriction of passive elevation (up to 20°) 14 (30.4) 14 (31.8) 28 (31.1)
Restriction of passive ER (up to 15°) 11 (23.9) 13 (29.5) 24 (26.7)
Comparable signs of the cervical spine 27 (58.7) 23 (52.3) 50 (55.6)

ER: external rotation

Power of study results

Our power calculation was based on a 13 points difference in SPADI score and an esti-
mated standard deviation of 20 points. With a mean (SD) improvement of 14.9 (18.5)
points on the SPADI for the total group and no drop-outs, this study has sufficient
power.

Shoulder log books

From a total of 90 participants 89 (98.9%) returned a complete logbook after 5 weeks

and 85 (94.4%) after 12 weeks from which 3 were incomplete for analysis.

Sick leave

7.7 percent (n=6) of patients who were at work (n=78) were responsible for all days of
sick leave during the 5 weeks treatment period. Only one patient from the intervention
group had 12 sick days compared to 5 patients from the control group with a total of
58 days. During the home exercise period data were available for 73 participants.
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Again, 1 patient in the intervention group was responsible for 4 sick days compared to
3 patients with 41 sick days in the control group.

Exercise frequency

Mean (SD) exercise frequency per week including the two supervised sessions for both
groups was 5.5 (1.3) and during the home exercise period 3.8 (1.6) for the intervention
and 3.9 (1.8) for the control group.

Additional diagnostics, medication, and co-interventions

Baseline to week five: 5 patients in the intervention and 7 in the control group re-
ceived additionally NSAIDs from their general practitioner. 5 in the intervention and
nobody in the control group had an injection with cortisone. One patient in the inter-
vention and two in the control group had self-paid massages for their back during the 5
weeks, one patient in each group made use of a soothing ointment containing dime-
thyl sulfoxide and heparin (Dolobene®). One patient in the intervention group had 5
treatments with electrotherapy. For further diagnosis one in the control group but
three patients of the intervention group had an MRI with one of them having addition-
ally two x-rays.

Week 6 to 12: In the intervention group 2 had a cortisone injection, 4 received
NSAIDs and 2 participants had a combination of both. 11 patients received a total of 39
additional physiotherapy treatments and one had a diagnostic MRI. In the control
group, 3 had a cortisone injection, 4 NSAIDs and 1 participant a combination of both;
only 2 patients had a total of 12 additional treatments.

Therapists’ compliance with the protocol

All patients in the intervention group were examined and treated according to the
initial instructions. They received passive manual mobilization techniques for the
shoulder complex, the cervical or thoracic spine, and self-mobilization exercises to
intensify the effect of the passive techniques. Patients were informed about the influ-
ence of their daily activities on symptoms and healing, instructed on how to avoid,
modify or compensate their most provocative activities at work and during leisure
time, and focused on an upright posture. Patients in the intervention group also per-
formed specific exercises to improve scapular setting, control and scapulohumeral
rhythm. Therapists of the control group remained blinded to the clinical examination
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results. However, due to illness of one of the therapists, two patients in the control
group were supervised by the therapist of the intervention group for half of their con-
tact sessions. During the first three treatment sessions it was difficult for therapists of
the intervention group to instruct the exercises besides the individualized manual
treatments within the given average time frame of about 25 minutes. They estimated
their time for the exercise instructions with about 35 to 40% (9 to 10 minutes). There-
fore they were allowed to extend the exercise instruction time if necessary to guaran-
tee a sufficient instruction of the exercises comparable to the control group for the
first three sessions. Therapists of the control group felt uneasy to start treatment
without having any clinical baseline information although clear instructions were given.

Efficacy analysis

Total SPADI score and sub-scores

Both groups improved significantly after 5 and 12 weeks in total SPADI score and its
sub-scores (table 3). No difference between groups in any of the SPADI scores could be
detected (table 4). Due to baseline differences between groups overall duration of
symptoms, total FABQ, the FABQ activity sub-score and other potentially influencing
baseline covariates identified from the literature were entered into a univariate linear
regression analysis to check their influence on group differences in SPADI. Significant
relevant covariates (p < 0.05) were then combined in a multivariable regression analy-
sis, which had a certain influence but did not change group difference to a significant
level.
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Table 4 Results after 5 & 12 weeks for between-groups comparison

Difference between groups at 5 weeks  Difference between groups at 12 weeks

(change scores 0 to 5 weeks) (change scores 6 to 12 weeks)
Outcomes Mean (CI95%) p-value Mean (CI95%) p-value
SPADI (0-100) 1.8(-5.7-9.2) 0.64 0.4(-5.1-6.0) 0.88
SPADI adjusted 3.6(-2.8-10.0) 0.27 0.4 (-5.1-6.0) 0.88
Pain SPADI (0-100) -0.1(-8.8-8.6) 0.99 24(-43-9.1) 0.48
Function SPADI (0-100) 3.6(-3.7-10.9) 0.34 -1.5(-6.5-3.5) 0.54
Pain (0-10) 0.6 (-0.2-1.5) 0.15 -0-4 (-1.1-0.2) 0.20
GPSS (0-10) 0.7 (-0.3-1.6) 0.16 -0.8 (-1.6-0.0) 0.05

SPADI: Shoulder Pain and Disability Index; GPSS: Generic Patient Specific Scale; 95%Cl: confidence interval.

Average pain score and the GPSS

Both groups improved significantly in pain levels (p=0.000) and in the GPSS scores
(p=0.000) within the first 5 weeks, but only the control group showed further im-
provement up to week 12 (table 3). However, the difference between groups was not
significant (table 4). An overview about the activities chosen by the participants for the
GPSS is given in appendix 2. Upwards directed activities are clearly the most disabled,
followed by lying on the affected side, sports activities and dressing. Between-groups
results and additional within-groups comparisons are displayed in table 3 and 4.

PGIC and PST after 5 weeks

No significant difference could be found for either PGIC or PST at any follow up (table
5). To test the robustness of the result for PGIC, the cut off was changed from “slightly
better” to “much better” leading to a RR (CI95%) of 1.05 (0.68 to 1.64) after 5 weeks
and 0.96 (0.66 — 1.39) at 12 weeks respectively. High satisfaction was defined as a
score of 8 or higher on the VNRS and was more present in the intervention (87%) than
in the control group (75%), but also this difference was not statistically significant (ta-
ble 5).

Results for patients with a MCID

Looking at the absolute number of patients with a clinically significant change score in
the outcome measures as defined a priori, no significant difference in any outcome
could be found at any follow up. A minor advantage for the intervention group was
found for average pain with a RR (CI95%) of 1.46 (1.01 to 2.10), NNT=5 at 5 but not
after 12 weeks. The 5 weeks results are shown in table 5.
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Table 5 Numbers (percentages) of patients with a clinically important difference for every outcome
measures at 5 weeks with relative risk (RR) (95%Cl).

Total group (n=90) Intervention (n=46) Control (n=44) Relative Risk

Outcomes n (%) n (%) n (%) (C195%)

Total SPADI Score (>10) 51 (56.7) 25 (54.4) 26 (59.1) 0.92 (0.64 — 1.32)
GPSS (>2) 39 (43.3) 21 (45.7) 18 (40.9) 1.12 (0.69 — 1.79)
Average Pain Score (>1) 53 (58.9) 32 (69.6) 21(47.7) 1.46 (1.01-2.10)
PGIC (slightly & much better) 79 (87,8) 42 (91.3) 37(84.1) 1.06 (0.93 - 1.27)
PGIC (much better) 42 (46.7) 22 (47.8) 20 (45.5) 1.05 (0.68 — 1.64)
PST (>7) 73 (81.1) 40 (87.0) 33 (75.0) 1.16 (0.95 - 1.42)

95%Cl: confidence interval; SPADI: Shoulder Pain and Disability Index; GPSS: Generic Patient Specific Scale;
PGIC: Patient’s Global Impression of Change; PST: Patients’ Satisfaction with Treatment.

DISCUSSION

This randomized controlled trial investigated the short term effect of individualized
manual physiotherapy combined with an individualized exercise program in compari-
son to individualized exercises alone on pain and functioning in patients with a clinical
presentation of shoulder impingement syndrome. Both groups improved significantly
in all outcomes measures. A minor additional benefit of individualized manual physio-
therapy could only be found for average weekly pain at 5 weeks.

Baseline findings

Total SPADI score at baseline was similar to the scores found in other studies investi-
gating shoulder complaints. However, the pain sub-score was markedly higher than
the value for functional restriction which became more obvious in the GPSS scores.
This, together with small numbers of sick days, high activity levels, and low scores for
fear avoidance and catastrophizing despite an average mean duration of 105 weeks,
would in our opinion be indicative for a dominant nociceptive pain mechanism at that
timeframe in the course of the disorder. Table 2 summarizes the clinical baseline find-
ings. Interestingly, all employed rotator cuff tests were negative in 89 cases. These
tests do not have a discriminative ability in this population and therefore we doubt
their clinical usefulness in this patient group. However, over 80% of the total group
showed translatory restrictions of the shoulder and over 55% showed comparable
signs of the cervical spine, which are definite indications for individualized manual
therapy. We would have expect, that the possibility to manually treat these contrib-



RANDOMIZED CONTROLLED TRIAL — SHORT-TERM RESULTS | 85

uting factors is an advantage and would contribute to a better physical improvement
of the intervention group compared to the controls.

Influence of relevant covariates, additional medication and injection on SPADI

We identified average pain, SPADI baseline scores, and the number of previous epi-
sodes as significant covariates. Combining them in a multivariable regression analysis
for both follow ups decreased the p-value for between group differences to a certain
degree but did not change it to a significant level. Also the influence of medication or
injection in our study on between group results for the SPADI was not significant. For
example patients who received an injection in the first 5 weeks had a mean (SD) im-
provement of 10.7 (12.4) on SPADI (total group 15.3 (17.6)) which is contradictory to
the results of Crawshaw et al (31) who concluded that a combination of cortisone in-
jection, manual therapy and exercises would lead to better short term results than
manual therapy and exercises alone.

Therapists’ expectations of outcome and obstacles with treatment application

Four out of six research therapists treating the intervention group believed in a better
result for a combination of manual therapy and exercises in the short term. Three out
of five therapists from the control group, although blinded to the content of the IMPT
and to all the examination results, favored additional manual therapy over exercises
alone. Reasons given for that were the ability to mobilize restricted joints, a more
individualized care with a better placebo effect, the ability to address contributing
factors individually and to give more precise instructions for the adaptation of daily
activities. For the long term prognosis three therapists from the intervention and two
from the control group still favored additional manual therapy. One control therapist
expected a better result for only exercises in the long term. However, results of this
trial raise the question, to what degree the time frame and the number of supervised
session in the control group could be reduced without losing effect.

Comparison with other studies

Few studies used the same exercise protocol as the basic intervention for both groups,
on which the additional effect of individualized physiotherapy has been investigated.
In the study of Bang and Deyle (32) 52 participants had 6 sessions of supervised flexi-
bility and strengthening exercises. Only two out of 8 exercises were performed at
home on a daily basis. The intervention group (n=28) received manual physical therapy
and specific home exercises to reinforce its effect. The intervention group showed
better results for pain, strength and function after treatment and at 8 weeks. Conroy
and Hayes (33) applied 9 sessions of hot packs, soft tissue mobilization, stretching,
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strengthening and pendulum exercises to 14 patients. Seven patients also received
manual mobilization of the subacromial and glenohumeral joints. After treatment the
manual therapy group had better results for pain but not for function or range of mo-
tion. Senbursa et al. (34) randomized 77 participants to supervised exercises, super-
vised exercises combined with joint and soft tissue mobilization, and to a group per-
forming the exercises at home. There were no differences for pain, range of motion,
strength, or the rate of positive tests after 4 and 12 weeks except for function in favor
of the manual therapy group at 4 weeks.

We also found a slightly better effect on pain in our intervention group at 5 weeks
but not for function or disability scores. The significant results of Conroy and Hayes
(33) for pain improvement in favor of the intervention group may be an over-
interpretation due to a type 1 error. Moreover we do not support the statement of
Senbursa et al. (34) that the “best results were seen in the manual therapy group”
because both groups showed significant improvements with no statistically significant
between-groups differences. Interestingly, both of their exercise groups seemed to be
equally effective. This raises the question about the number of supervised sessions
needed or in this case how supervision was done.

Differences between our results and the results of Bang and Deyle (32) can be
explained by the differences in the exercises used. We started with a progressive non-
provocative, pain free and high dose/low resistance program. In contrast, Bang and
Deyle (32) used a low dose program and the chosen exercises, from our experience,
were all highly pain provocative in SIS patients. This may have prevented progression
and significant improvement in the exercise group of Bang & Deyle (32). Therefore the
results in favor of manual therapy may have rather been influenced by an ineffective
exercise program than by the manual therapy intervention itself.

Why did IMPT not result in a stronger additional effect?

The additional effect of IMPT after 5 weeks is still questionable even if a minor effect
on pain level was detected and may be depending on the quality of the applied exer-
cise program too. Exercises in general do show a comparable effect with (mixed) phys-
iotherapy interventions (11, 35) and seem to be more effective than no intervention
(13, 14, 36). The exercise protocol used in our study was designed to reach a maximum
effect. Beside the shoulder joint muscles it also addressed the shoulder girdle muscles,
posture, and mobility of the thoracic spine as important aspects (37-39). It was pro-
gressively organized with focus on a pain-free performance. Dosage was targeted to
increase endurance and load capacity of the affected tissues and muscles, to achieve a
maximum number of repetitions per training session, and an optimal dose-response
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relationship; the advantages of a high-dose compared to a low-dose exercise program
was shown by Osteras et al (40). We also combined supervised and home exercises
sessions supported by pictures and detailed written instructions. All these aspects may
not have only improved effectiveness of the program but seemed to reduce the possi-
bility for IMPT to make a significant contribution. However, it might have accelerated
improvement during the first 5 weeks but this effect was lost after 12 weeks. One
could also argue that the longer treatment time in the intervention group could also
have influenced the effect on outcomes, but, if so, this did not significantly influence
the results. The comparison of the number needed to treat to benefit for the interven-
tion group (NNT=21) with the NNT for the total group receiving IAEX (NNT=2) for the
first measurement point supports our assumption, that SIS, even if long lasting or epi-
sodic, is a dominantly mechanical and nociceptive driven event.

Limitations

This trial was conducted in an outpatient physiotherapy setting under common condi-
tions of the German health system. It provides detailed baseline information, well-
described interventions, and results based on sufficient power which allows the clini-
cian to replicate and apply this information appropriately. We blinded therapists of the
control group to all clinical information about their patients. Measurements of out-
come were also blinded because therapists were not involved in this process. We
couldn’t blind patients but they were kept naive to their allocation. The outcome
measures we used were valid and easy to use in daily practice. The offer to participate
in the study was solely based on clinical examination results without the use of diag-
nostic imaging which reflected clinical practice and saved resources. Our experience
was that patients, after being informed about the study, were willing to participate on
this basis even if they had a recommendation for surgery from a general practitioner or
orthopaedic surgeon. Because of ethical standards we did not include a placebo or
passive control group in our study, so we could not estimate the contribution of a
placebo effect to the results. However, results from other studies have shown that
exercises are superior to wait-and-see policy in the short-term (13, 14) and placebo
treatment (41, 42). We involved only 6 outpatient physiotherapy clinics with 12 re-
search therapists in our trial so this may, to some degree, limit the external validity of
the study results.
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CONCLUSION

Results of this study show that individually adapted exercises are effective in the
treatment of patients with SIS, and that IMPT had only a minor additional effect on
pain intensity after 5 weeks. However, further research is necessary to confirm these
results before definite recommendations can be made. Further research should also
explore the components and parameters needed for an exercise program to achieve
maximum effect.
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APPENDIX 1. ADDITIONAL INTERVENTION DESCRIPTION

Individually adapted exercises (IAEX) for both groups

Procedure:

The “core program” was instructed during the first 3-4 treatment sessions.
Patients were monitored twice a week during their contact sessions.

Frequency and dosage:

Patients performed the exercises twice a day for the first week, then once daily.
Minimum exercises frequency during the week was 4, maximum 7.

Dynamic exercises started with 2 sets of 10 repetitions and with low resistance
(yellow rubber band).

Shoulder and neck stretches were held for 10 seconds and repeated twice.
Isometric scapular training positions were held for 10 seconds and repeated twice.

Progression if patients performed the core program without problems:

Sets were increased from 2 to 3.

Repetitions (respectively seconds for the static exercises) were increased from 10
to 20.

In a last step, resistance was increased from the yellow to the red and to the green
rubber band.

Exercises from an “additional program” could be added if the patient could still
perform the core program without problems, whereas exercise C3 was replaced by
exercise A4, C4 by A5, and C6 by A7.

Patient instructions and stopping rules:

Patients were instructed on how to perform each single exercise.

They received a booklet with pictures and descriptions of the exercises and the
individually defined dosage.

Patients had to stop an exercise if they had pain of more than 3 out of 10 on a
VNRS during the exercises or longer than about 30 seconds after they had stopped
an exercise.

Patients recorded performance and difficulties with the program in their logbooks
which enabled the therapist to check the 24-h effect of the program and to make
adaptations.
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Therapists’ measures for adapting exercises to upcoming pain:

Reduction of resistance, sets, repetitions, or the range of movement.

If the total load of the program was too provocative, patients were allowed to split
the program into 2 parts performing them at different times during the day.

For some exercises an alternative version could be used (e.g. exercises Céb instead
of Cé6a).

If an exercise could not be performed due to pain, it was left out for the next two
training sessions and was replaced by exercises AP1 and AP2.

Contact time for the control group was 15-20 minutes.

Intervention group: Individualized manual physiotherapy (IMPT)

IMPT was based on clinical examination results and individual main complaints.

Therapists were guided by a defined tripartite decision process to achieve a uniform

and repeatable way of initial decision-making.

Part 1 addressed signs which may predict a poor treatment outcome such as:

>3 episodes of shoulder pain in the last 12 months; pain >5/10 on a VNRS.

Duration of the current episode of >6 weeks; signs indicating a rotator cuff tear.
Restrictions of external rotation and/or elevation of the shoulder.

Positive results led the therapist to focus initially on:

Local manual pain treatment, pain-reducing exercises (AP1 and AP2), improving
patients’ understanding about the pathology, and instructions for the most provoc-
ative ADLs to reduce pain events during the day.

Behavioural instructions for painful ADLs and on manually assisted exercises to
facilitate rotator cuff contraction.

Manual mobilization of the identified restrictions.

Part 2 summarized information about possible contributing factors such as general
posture, patients’ main restricted activities identified through the GPSS, and other
aggravating components, work place setting, leisure and sports activities.

Ways of improving these factors and compensation strategies were then discussed.

Part 3 defined the manual assessment of the glenohumeral and shoulder girdle
joints, the cervical and upper thoracic spine.

Initial treatment for positive findings:

Painful and angular and/or translatory restricted peripheral joints were treated
with manual glide techniques according to the concept of Kaltenborn (43).
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Comparable signs of the spine segments were treated with posterior-anterior

glides or coupled movements.

Shortened muscles were stretched according to the description of Evjenth and

Hamberg (44).

Neural tissue was treated according to Butler (45).

» Dosage for interventions of part 3:

e Treatment intensity was limited by pain of >4/10.

e Initial duration of the glide techniques and the stretches was 20 to 30 seconds.
Further dosage was based on reassessment results.

e Subsequent treatment decisions were made with the help of an adapted clinical
reassessment process based on the test-retest-principle described by Maitland
(46).

e In addition to the general information in the shoulder booklet, this group re-
ceived detailed information about the assessment results and therapy interven-
tions.

Contact time for the intervention group was 20-30 minutes.
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APPENDIX 2: RESTRICTED ACTIVITIES FROM THE GPSS

Activity Frequency
Activities in an upward direction 89
Reaching overhead / upwards 18
Working overhead 19
Lifting above shoulder height 17
Drying / combing or washing hair 11
Getting something down from a cupboard 9
Holding something in front of the body 15
Lying on the affected shoulder 33
Sports activities 24
Playing tennis 2
Swimming 2
Fitness training 4
Other 16
Getting dressed 23
Putting on a jacket 6
Pushing forward with the affected arm 21
Cleaning windows 7
Housework 16
Activities with hand behind back 16
Steering a car 12
Carrying 10
Computer work (with/without a mouse) 10
Body care 5
Leaning on/Stemming 5
To buckle up in the car 3
Other 3
Total 270




Effectiveness of physiotherapy and costs in
patients with clinical signs of shoulder
impingement syndrome:

One year follow up of a randomized controlled
trial
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ABSTRACT

Objectives To investigate the long-term effect of manual physiotherapy and exercises
compared to exercises alone in patients with shoulder impingement syndrome.

Design Randomized controlled trial.

Subjects Patients with shoulder impingement of more than 4 weeks.

Methods The intervention group received individualized manual physiotherapy plus
individualized exercises; the control group had individualized exercises only. Both
groups had ten treatments over a period of 5 weeks and subsequently continued their
exercises at home for another 7 weeks.

Primary outcomes were: Shoulder Pain and Disability Index; and Patients’ Global Im-
pression of Change. The Generic Patient-Specific Scale was used as secondary out-
come. Costs were recorded in a log book.

Results 90 patients were included in the study and 87 could be analyzed one year after
inclusion. Both groups showed significant improvements in all outcome measures but
no difference was detected between the groups. Only costs differed significantly in
favor of the control group (p=0.03) after 5 weeks.

Conclusion Individualized exercises show a significant effect on pain and functioning
within the whole group after 1 year. Exercises are therefore recommended as a basic
treatment. Due to the progressive improvement we also suggest to wait with further
treatments for about a year afterwards.

Kromer TO, de Bie RA, Bastiaenen CHG. Effectiveness of physiotherapy and costs in
patients with clinical signs of shoulder impingement syndrome: one year follow up of a
randomized controlled trial. Submitted to the Journal of Rehabilitation Medicine on 6
August 2013
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INTRODUCTION

Shoulder complaints are one of the most common musculoskeletal complaints seen by
health professionals (1-4) with an incidence of 9.5 per 1000 patients. They seem to be
recurring in nature and do not necessarily resolve over time thus leading to a signifi-
cant reduction of health (5, 6). Most shoulder patients presenting to primary care
show clinical signs of subacromial impingement (4, 6), which are indicative for mechan-
ical problems within the subacromial space causing pain and functional restrictions
mostly during overhead activities (7).

Physiotherapy is therefore often prescribed for the treatment of subacromial
shoulder pain (4, 8, 9). In the literature a positive short-term effect of physiotherapist-
led exercises and manual physiotherapy on pain and functioning is suggested, but
study results are inconsistent and often limited by poor methodological quality and
small sample sizes (10-12). However, long-term results are scarce and therefore evi-
dence for a sustained effect of these physiotherapeutic interventions seen in the short-
term follow up is even more limited.

This trial compared the effectiveness of individualized manual physiotherapy
(IMPT) compared to an individualized standard exercise protocol (SEP) on pain and
functioning in patients with clinical signs of shoulder impingement syndrome (SIS) and
presents the results 1 year after inclusion.

METHODS

Participants

Participants were recruited by referral from general practitioners or orthopaedic sur-
geons to physiotherapy because of shoulder complaints. They were then screened by
trained physiotherapists for eligibility. Patient who fulfilled the eligibility criteria were
asked to sign informed consent, they underwent baseline assessment and were subse-
quently allocated to treatment groups in blocks of six using central randomization. The
eligibility criteria set for this trial are described in detail in the published study protocol
for this paper (13).

Interventions

The intervention group received examination-based, individualized manual physio-
therapy (IMPT) plus an individualized standard exercise program (SEP); the control
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group had SEP only. Treatment was provided in 6 outpatient physiotherapy clinics by
12 trained physiotherapists with an international qualification for manual therapy
according to the standard of the International Federation of Manipulative Physical
Therapists (IFOMPT). Participants received ten treatment sessions within 5 weeks.
Shoulder logbooks were used to record sick leave, exercise frequency, additionally
prescribed medication intake, co-interventions, further diagnostic measures, costs for
paid help, and over the counter medication. Due to ethical considerations the use of
analgesics and non-steroidal anti-inflammatory drugs was permitted and was also
recorded in the logbook. A detailed description of the interventions is provided in the
published protocol for this study (13) and the published short term results of this trial
(14).

Outcome measures

Primary outcome measures for the one year follow up were the Shoulder Pain and
Disability Index (SPADI) and Patient’s Global Impression of Change (PGIC). The SPADI is
a shoulder specific self-reported questionnaire measuring pain and disability (15).
Subscales for pain and function are scored from 0 to 100 with higher scores reflecting
higher pain/disability levels. The total SPADI score was calculated by averaging the
score of the two sub-scales. The minimum clinically important change was considered
11 points in the total SPADI score (16). PGIC was measured with an ordinal scale from 1
(much worsened) to 5 (much better). A rating of “slightly or much better” was defined
as a successful result.

As a secondary outcome measure we used the Generic Patient-Specific Scale
(GPSS) which assesses individual complaints and restrictions in a short and efficient
way (17). Patients chose their 3 most difficult activities and rated the ability to perform
them on an 11-point visual numeric rating scale (VNRS). 10 at the right end of the
VNRS was defined as “I can perform the chosen function without difficulty”, 0 at the
left end as “I am unable to perform the chosen function”. An average score across all
activities was calculated and a minimum change of 3 points was considered as a clini-
cally important improvement (18, 19). Additionally, all patients filled in a modified
version of the Fear Avoidance Beliefs Questionnaire (FABQ) and the Pain Catastrophiz-
ing Scale (PCS), two factors possibly influencing our main outcome measure.

Direct and indirect health care costs were assessed with the shoulder logbook.
Direct costs included all diagnostic and therapeutic measures paid by the German
health system due to the patient’s shoulder complaints. Indirect costs included days of
sick leave and paid help. Demographic data including age, sex, height, weight, profes-
sion, sports activities, severity and duration of symptoms, and previous episodes of
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shoulder pain were also documented. Patients were assessed at baseline, at 5, 12, and
52 weeks after inclusion in the trial.

Sample size and recruitment

Power calculation resulted in an estimated sample size of 90 participants (45 per
group) to detect a 13 points difference in SPADI score. The assumed standard devia-
tion was set to 20 points based on the results of other studies (20-23). Alpha was set to
0.05, statistical power to 80%, and a dropout rate of 15% was expected.

Data Analysis

Descriptive statistics for demographic and clinical characteristics for both groups and
the total group were used. Working hours per week, and sick leave were only analysed
for patients who were at work.

Differences after 5 and 12 weeks were calculated for between-groups compari-
sons and within-groups results according to the “intention-to-treat principle”. These
results have been published previously (14).

Because of the unbalanced structure of our repeated-measures design and the
assumed correlation of observations in longitudinal data sets we used a linear mixed
models approach for calculating differences between baseline and our final follow up
at 52 weeks. This method uses both, fixed and random effects in the same analysis. It
handles naturally unbalanced data as e.g. uneven spacing of repeated measures and
allows analysing the relationship of predictor covariates with the dependent variable.
It also accounts successfully for the observed pattern of dependences in those meas-
urements. Appropriate covariates were identified in a univariable regression analysis
and from literature. Before starting the analysis, the baseline SPADI score and all iden-
tified covariates were centred by subtracting the group mean.

In a first step a fixed effects model was run and in a second step random effects
were added. Insignificant covariates were then stepwise removed from the model.
Model fit was assessed with the help of the Bayesian Information Criterion (BIC) and
the -2Log likelihood.

Costs recorded in the shoulder log book were valued using published prices for
medical costs. Productivity costs were calculated by applying the friction costs method.
Depending on data distribution between-group differences in outcomes of total costs
were analyzed by Student's t-tests for unpaired observations or the Mann-Whitney-U
test.
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RESULTS

Recruitment process

188 patients were assessed for eligibility over an 18 month period in which finally 90
participants were randomly assigned to either IMPT or SEP. After one year data were
available for 87 patients with 44 patients in the IMPT group and 43 patients in the SEP
group. This process is summarized in figure 1. No significant differences for baseline
characteristics between groups were found except for sports hours per week, overall
duration of symptoms, total FABQ, and the FABQ activity subscale. Baseline data are
shown in table 1.
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Table 1 Baseline demographic data and baseline results of the questionnaires

Intervention Control Total group
(n=46) (n=44) (n=90)
Age, years (mean; SD) 50.1(12.2) 53.7 (9.9) 51.8 (11.2)
18-29 years, n (%) 2(4.3) 0(0.0) 2(2.2)
30-44 years, n (%) 13 (28.3) 8(18.2) 21(23.4)
45-59 years, n (%) 21 (45.7) 20 (45.4) 41 (45.5)
>60 years, n (%) 10 (21.7) 16 (36.4) 26 (28.9)
Gender (female), n (%) 22 (47.8) 24 (54.5) 46 (51.1)
BMI, mean (SD) 25.3(3.7) 26.8 (4.3) 26.0 (4.1)
Classification of physical work load*, n (%) (n=40) (n=38) (n=78)
Low 16 (40.0) 19 (50.0) 35 (44.9)
Medium 18 (45.0) 13 (34.2) 31(39.7)
High 6(15.0) 6(15.8) 12 (15.4)
Working hours per week*, mean (SD) 32.2(13.8) 37.2(10.7) 34.6 (12.6)
Days of sick leave*, mean (SD) 0.1(0.6) 1.1(4.1) 0.6 (2.9)
Sports hours per week, n (%)

0-2 13 (28.3) 21 (47.4) 34 (37.8)
3-5 33(71.7) 23 (52.6) 56 (62.2)
Duration of the current episode in weeks, mean (SD)  27.4 (28.4) 40.8 (53.4) 33.9 (42.8)

Overall duration of shoulder pain in weeks, mean (SD) 136.9 (198.5) 71.3 (68.7) 104.8 (152.6)
Number of episodes during the last 12 months, n (%)

1-3 (including the current one) 37 (80.4) 38 (86.4) 75 (83.3)

>3 9(19.6) 6(13.6) 15 (16.7)
Average pain score, mean (SD) 5.2(1.8) 5.0(1.8) 5.1(1.8)
SPADI total score, mean (SD) 39.7 (17.2) 41.3 (17.0) 40.4 (17.0)
SPADI sub-score for pain, mean (SD) 47.8 (18.8) 49.6 (17.3) 48.7 (18.0)
SPADI sub-score for function, mean (SD) 31.5(18.6) 32.9(19.3) 32.2(18.9)
GPSS average score, mean (SD) 4.1(1.8) 4.0(1.7) 4.0(1.7)
FABQ total score, mean (SD) 36.4 (17.4) 28.7 (16.7) 32.7 (17.4)
FABQ sub-score for physical activity, mean (SD) 15.9 (4.1) 13.3(5.3) 14.6 (4.9)
FABQ sub-score for work, mean (SD) 13.4 (10.3) 10.8 (9.5) 12.1(9.9)
PCS total score, mean (SD) 12.4(9.7) 10.4 (7.1) 11.4 (8.5)
PCS sub-score for rumination, mean (SD) 4.6 (3.9) 3.8(3.0) 4.2 (3.5)
PCS sub-score for magnification, mean (SD) 3.1(2.6) 2.5(1.9) 2.8(2.3)
PCS sub-score for helplessness, mean (SD) 4.7 (4.2) 4.1(3.3) 4.4 (3.8)
PET, mean (SD) 8.4 (1.6) 8.7(1.3) 8.5 (1.5)

BMI: Body Mass Index; FABQ: Fear Avoidance Beliefs Questionnaire; GPSS: Generic Patient Specific Scale;
PCS: Pain Catastrophizing Scale; PET: Patients Expectancies of Treatment Outcome; SD: standard deviation;

SPADI: Shoulder Pain and Disability Index; *: Only participants who are in work; 40 and 38, respectively.
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Assessed for eligibility (n= 188)

h

> criteria not fulfilled (n=55)
> patient refused (n=33)
> other reasons (n=10)
. 3 moved
. 4 got no prescription for PT
L. 3 could not fulfil the treatment
: schedule due to frequent business
travelling

Randomised (n=90)

v

Individualised physiotherapy
(n=46)

Individualised exercises
(n=44)

'

5 weeks assessment (n=46)
Analysed (n=46)

'

5 weeks assessment (n=44)
Analysed (n=44)

'

12 weeks assessment (n=46)
Analysed (n=44)
Discontinued intervention (n=2)

v

12 weeks assessment (n=44)
Analysed (n=44)

'

T

52 weeks assessment (n=44)
Analysed (n=44)
Discontinued intervention (n=2)

Figure 1 Inclusion process

Shoulder log books

52 weeks assessment (n=44)
Analysed (n=43)
Lost to follow up (n=1)

From a total of 90 participants 89 (98.9%) returned a complete logbook after 5 weeks
and 85 (94.4%) after 12 weeks from which 3 were incomplete. Within the follow up
period (week 13 to 52) 87 (96.7%) participants returned their log-books from which
another 4 in the intervention group were incomplete for analysis.
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Additional medication, co-interventions, and diagnostics

During the first twelve weeks more patients in the intervention group had additional
treatments and diagnostic measures compared to the control group. However, co-
interventions, especially the cortisone injections had no significant influence on be-
tween group comparisons (14).

After 1 year similar figures for additional interventions and diagnostics in both
groups were found. However, 2 patients in the intervention group but only 1 in the
control group underwent surgery. An overview about additional treatments and diag-
nostics is provided in table 2.

Table 2 Number of patients receiving additional medication, co-interventions, and diagnostic

Week Oto 5 Week 6 to 12 Week 13 to 52
(n=89) (n=85) (n=87)
Additional Interventions Intervention  Control Intervention  Control Intervention Control
(n=46) (n=43) (n=45) (n=40) (n=44)  (n=43)
Cortisone injection 5 0 2 3 7 2
NSAIDs 5 7 4 4 3 4
C. injection +NSAID’S 0 0 2 1 0 2
Physiotherapy (n=) 0 0 11 (39) 2(12) 10 (118) 7(150)
Surgery (SAD) followed by 0 0 0 0 2 1
rehabilitation
Massage (n=) 1(1) 2(12) 0 1(3) 0 2 (18)
Soothing ointment 1 1 1 2 0 2
Electrotherapy (n=) 1(5) 0 0 0 0 0
X-ray 1 0 0 0 0 0
MRI 3 1 1 0 4 4
GP clinical assessment (n=) 0 0 1 0 3(9) 1
Ultrasound 0 0 0 1 1 1

GP: general practitioner; MRI: magnetic resonance imaging; NSAIDs: non-steroidal anti-inflammatory drugs;
n = number of treatments/visits; SAD: subacromial decompression.

Direct costs

During the first 5 weeks basic costs for the prescribed physiotherapy interventions
differed between groups (intervention group: 188€ per patient for a prescription of
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manual therapy; control group: 171€ for a prescription of physiotherapy exercises). A
total of only 21 (26.9%) patients were responsible for all additional costs, with 13
(16.7%) being in the intervention group. Total direct costs differed significantly (p =
0.03) in favour of the control group at 5 weeks. However, no differences were found
after 12 and 52 weeks, or for overall directs costs between groups. These results are
displayed in table 3.

Table 3 Results for direct costs in Euro (SD) and between group differences

Week 0to 5 Week 6 to 12 Week 13 to 52 Week 0 to 52
(n=89) (n=84) (n=87) (n=84)
Interv Contr Interv Contr Interv Contr Interv Contr
(n=46) (n=43) (n=44) (n=40) (n=44) (n=43) (n=44) (n=40)
Mean (SD) 209.3 185.7 30.4 14.0 167.9 127.2 408.5 332.7
(49.6) (50.4) (68.2) (28.3) (518.7) (447.0)  (545.8) (472.2)
p-value 0.03 0.15 0.70 0.5

Contr: control group; Interv: intervention group; SD = standard deviation; p = 0.05.

Indirect costs

Indirect costs were only analysed for patients who were at work and could be calculat-
ed for 78 patients after 5 weeks, for 73 patients after 12 weeks, and for 75 patients
after 1 year. Cost calculations for sick leave were based on the average daily working
hours of the patient and the average hourly labour costs in Germany (24). Only a few
patients were responsible for all days of sick leave (n=10; female = 5, male = 5; mean
(SD) age in years 54.2 (11.0)) and most of the costs during the evaluation period. Only
one patient of the intervention group made use of paid help.

During the 5 weeks treatment period 7.7 percent (n=6) of patients who were at
work (n=78) were responsible for all days of sick leave. Only one patient from the in-
tervention group had 12 sick days compared to 5 patients from the control group with
a total of 58 days. Similar results were found from week 7 to 12. During the one year
follow up 2 patients in the intervention and 3 in the control group were on sick leave.
Between-groups differences for sick leave and indirect costs were analysed with the
Mann-Whitney-U test for non-normally distributed data (tested with the Kolmogorov-
Smirnov Z). However, neither days of sick leave nor indirect costs were differed signifi-
cantly between groups at any time. These results are displayed in table 4.
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Table 4 Days of sick leave and indirect costs in Euro (SD) for patients who were in work

Week 0to 5 Week 6 to 12 Week 13 to 52 Week 0 to 52
(n=78) (n=73) (n=75) (n=73)
Interv Contr Interv Contr Interv Contr Interv Contr

(n=40) (n=38) (n=38) (n=35) (n=38) (n=37) (n=38) (n=35)

No. of days (n =) 12 (1) 58 (5) 4(1) 41 (3) 30(2) 66 (3) 46 (3) 165 (3)

Totalcosts (n=)  838(1) 5400(5) 571(2) 4205(3) 2954(2) 7109 (3) 4363 (4) 16714 (7)

Average costs 20.9 142.1 15.0 120.1 77.7 192.1 114.8 477.5
mean (SD) (132.4)  (528.0) (69.1)  (401.0)  (444.3) (7415)  (521.4) (1292.0)
p-value 0.18 0.14 0.42 0.13

Contr: control group; Interv: intervention group; p = 0.05; No.: number; n = number of patients; SD: standard
deviation.

Efficacy analysis

SPADI total score

Over the one year period both groups improved significantly in total SPADI score, its
sub-scores for pain and for function and the GPSS. These results are displayed in table
5a and 5b.
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To identify the influence of group allocation, baseline SPADI and pain scores, overall
duration of symptoms, the FABQ activity sub-score, the PCS total score, and of the
time factor on our primary outcome measure, we included them into our mixed model
analysis for the total SPADI score. During the analysis group allocation was kept in the
model because of our primary research question. The final model included random
intercepts for subjects and fixed effects for group allocation, duration of symptoms,
baseline SPADI score and the time factor in weeks.

Subject heterogeneity accounted for part of the residual variability (estimated
intra-class correlation 37.9%; Wald z =4.11, p =0.000). Group allocation did not signifi-
cantly influence the result of our main outcome measure (p = 0.38, 95%Cl = -7.45 to
2.85).

PGIC and patients with a MCID after 1 year

The number of patients with a clinically important difference as defined a priori and
the number of patients who rated their treatment as a success increased progressively
over the observation period (table 6). Because no differences between groups could be
found at any follow up point, only numbers for the total group are given.

Table 6 Total group numbers (percentages) of patients with a clinically important change for every outcome
measures.

Outcomes At 5 weeks At 12 weeks At 52 weeks
(n=190) (n=88) (n=87)
Total SPADI Score (>10) 51 (56.7) 67 (76.1) 72 (82.8)
GPSS (>2) 39 (43.3) 60 (68.2) 68 (78.2)
PGIC (slightly & much better) 79 (87,8) 81(92.1) 79 (90.8)
PGIC (much better) 42 (46.7) 50 (56.8) 67 (77.0)

GPSS: Generic Patient Specific Scale; PGIC: Patient’s Global Impression of Change; CI95%: confidence inter-
val; SPADI: Shoulder Pain and Disability Index.

Adverse events
One patient showed a deterioration of 12 points and another patient of 38 points after
having had an accident involving the shoulder.

DISCUSSION

This randomized controlled trial investigated the long term effect of individualized
physiotherapy combined with individualized exercises in comparison to individualized
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exercises only on pain and function in patients with a clinical signs of shoulder im-
pingement syndrome.

Both groups improved significantly during the one year follow up period, but no
differences between groups in costs or any of the outcome measures could be found.
These results question the additional benefit of individualized manual physiotherapy.

Direct and indirect costs

Contrary to our expectations, patients from the intervention group had more addition-
al interventions and diagnostics during the first five weeks of the intervention phase
compared to the controls. We would have thought that the more intensive therapeutic
contact and the more tailored education in the intervention group would rather lead
to a reduction of additional measures. However, we could not totally control the influ-
ence of general practitioners and orthopedic surgeons on these decisions. Although
indirect costs did not significantly differ between groups, the difference between the
absolute amounts of money was impressive with much higher costs in the control
group (table 4) and may therefore also influence therapeutic decisions. In comparison
the significant differences in direct costs at 5 weeks become less important.

Efficacy analysis

SPADI score

Both groups showed a significant improvement in SPADI score over the follow up peri-
od. However, our mixed models analysis showed that group allocation and therefore
the IMPT had no influence on these results (p=0.38).

While the intervention group showed no further improvement during the last
follow up period a remarkable improvement of the control group in total SPADI score
was seen. This development is difficult to explain. We can hypothesize that patients
from the control group may have established a clearer association between exercising
and improvement of complaints and therefore a stronger belief in the effectiveness of
their exercises. They may have then restarted their exercises quicker when complaints
recurred.

MCID after 1 year in the primary outcome measures

The number of patients with a clinical important improvement in total SPADI score
increased progressively during the observation period with a peak of about 83% (n=72)
for the total group in the final assessment. One may argue that patients with a high
SPADI baseline score had a better chance to improve more than 10 points than pa-
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tients with a comparably low score at baseline. Comparing therefore these results to
an analysis based on a minimum change of 30% of the initial score (instead of the ab-
solute MCID of 11 we defined a priori) (25), we can see that 87% (n=76) of the total
group showed a 30% improvement or more of the SPADI baseline score and still 81%
(n=70) of 50% or more respectively. In a concept which accounts for the baseline
score, a large improvement in patients with high baseline scores is needed to reach
this cut off in contrast to patients with relatively low baseline scorings. However, simi-
lar results from both concepts and the ongoing improvement over time seen in our
patient group supports the suggestion to wait with further treatments for about a year
after having had physiotherapy for SIS. This positive development is also very well
reflected in the patients’ impression of change (PGIC) with 91% (n=79) being “slightly &
much improved” at 1 year. Although at first appearance results for the PGIC seem to
remain unchanged over time, the positive development becomes obvious in the in-
creasing percentages of patients scoring the development of their complaints as
“much improved”, increasing from 47% (n=42) at 5 weeks up to finally 77% (n=67)
after 1 year.

Comparisons with other studies

Few data are available about the additional effect of manual physiotherapy to exercis-
es in patients with SIS. Former studies reported short term results but unfortunately
none of them presented long term results (26-28). Our results suggest that IMPT is of
no additional effect in the long term, but the significant and progressive improvement
of both of our groups may support the positive effect of exercises in SIS, not seen in
groups treated with sham or no treatment (29-31), and also different from the natural
course of shoulder complaints over time described in literature (32). Based on this
evidence we looked at studies with a follow up of 1 year or longer comparing exercis-
es, which we used as the basic treatment in both of our groups, to other physiothera-
peutic measures or surgery in patient with SIS. Engebretsen et al. (33, 34) compared
exercises to shockwave therapy, two clearly different types of interventions. Both of
their groups showed a significant improvement in total SPADI but no difference be-
tween groups after 1 year. Similar results are seen by Beaudreuil et al. (35) who com-
pared a supervised dynamic humeral centering training to a supervised non-specific
mobilization program. Dorrestijn et al. (36) summarized studies comparing physiother-
apy or exercises to surgery in a systematic review; even between these interventions
no differences in pain or functioning could be found in the long term. These results are
confirmed in a randomized controlled trial by Ketola et al. (37). Interestingly, in most of
the studies surgery was followed by an exercise program which would even more
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question the effect of surgery. Cummins et al. (38) followed a cohort of 100 patients
treated with a single corticoid injection and 4 weeks of physiotherapy followed by
home exercises. Within a 2 years observation period 79% of a SIS group did not require
surgery. To a lot of patients in our sample surgery was offered by the orthopaedic
surgeon as an appropriate intervention, even if patients have not had physiotherapy as
an initial treatment beforehand. Unfortunately we did not systematically collect data
on recommendations made prior to inclusion in this trial; therefore no clear statement
can be made. From the three patients who underwent surgery after the intervention
phase, one had a total SPADI score of 12 points and a 19 points improvement from
baseline. The decision for surgery in this case was maybe based on other reasons than
objective functional status of the patient. Altogether, recommendations for surgery as
an initial treatment for SIS seem difficult to justify, because surgery is not proven to
deliver better results in the short and long term compared to physiotherapy.

However, similar results after one year are seen with different exercise protocols,
shock wave therapy or surgery. It can therefore be questioned whether the planned
intervention itself is solely responsible for the improvement. The question arises,
which other mechanisms, shared by all these interventions, do contribute to the over-
all improvement. A recent systematic review by Chester et al. (39) identified low base-
line disability and a short duration of symptoms as the two most important predictors
for a good outcome in patients with musculoskeletal shoulder pain. This is according to
our mixed model results with duration of symptoms and the initial SPADI score as the
two remaining baseline variables with a significant influence on outcome. At baseline
our group started with a relatively low mean (SD) SPADI sub-score for function (32.2
(18.9)) but had a comparably long mean (SD) duration of symptoms (104.8 (152.6)
weeks). The good overall improvement after one year may indicate, that duration of
symptoms may had less influence on outcome than the baseline SPADI score, but fur-
ther research is needed to answer this question.

Strengths & Limitations of the study

Because of the low dropout rate and a standard deviation around the mean SPADI
score below the standard deviation used for power calculation this study has sufficient
power. Besides a sound statistical analysis controlling for possible confounders, covari-
ates and time, further data about additional medication, diagnostics, co-interventions
and sick leave are given, which enables the reader to draw a comprehensive picture of
the patient group. Both interventions are described in detail and can therefore easily
be reproduced.
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Due to ethical and practical reasons it was not possible for us to include a placebo
group. Therefore we could not analyze the contribution of the natural course to the
improvement. However, other studies found a significant difference between exercise
treatment and placebo or no intervention. Due to the nature of our interventions and
outcome measures it was not possible to blind either therapists or patients, but pa-
tients were kept naive to group allocation. Because no difference existed between
groups, the influence of therapists’ beliefs about the applied treatments or the longer
contact times in the intervention group seemed to be of no relevant influence.

Implications for further research

More study results are needed to allow a definite conclusion about the effect of indi-
vidualized manual physiotherapy in this context. For the sake of comparability, a
standard set for assessment of patients with shoulder pain is required. Further, eligibil-
ity criteria should be set up according to the clinical pattern instead of structure based
diagnoses. When the effect of different interventions is investigated in clinical trials,
potential prognostic factor need to be analyzed to clarify their importance and contri-
bution to baseline scores and to treatment effects. These factors can then be thera-
peutically addressed to reinforce or reduce their impact on outcome.

Clinical implications

Data from this study are indicative for a sustained and progressively increasing im-
provement of pain and functioning over time after the intervention has ceased. From
this we reason that patients after having had physiotherapy should be observed for a
certain time period before another treatment is tested out.

Final conclusions

To our knowledge this is the first study presenting long term results for an additional
effect of individualized manual physiotherapy to exercises compared to exercises
alone. Although our results suggest that additionally applied manual interventions are
of no benefit this must be confirmed by further research before a clear statement can
be made. Exercises can be recommended as a first line treatment because they are less
expensive and carry less risk than for example shockwave therapy or even surgery.
Because of the ongoing improvement over the follow up period we suggest to wait
with further interventions for about half a year after the start of treatment.
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ABSTRACT

Background Contrary to low back pain, little information exists about the role of fear-
avoidance beliefs and catastrophizing in shoulder impingement syndrome.

Objective To investigate the associations between fear, pain, and disability as well as
the contribution of fear avoidance beliefs and catastrophizing to pain and disability in
this patient group.

Design Cross sectional design.

Methods 90 patients were included in this analysis. At initial consultation demographic
and clinical data including pain, fear avoidance beliefs, and catastrophizing were as-
sessed. Function was measured with the Shoulder Pain and Disability Index, pain inten-
sity was rated on a numeric rating scale. First, bivariate and partial correlations were
calculated between pain, fear avoidance beliefs and disability based on the fear avoid-
ance model. Second, two separate hierarchical multivariable linear regression analyses
were performed to determine the contribution of fear avoidance beliefs and catastro-
phizing to either function or pain.

Results We found a direct and independent association of pain and fear-avoidance
beliefs on disability. The final regression models identified fear avoidance beliefs and
catastrophizing as significant contributors to pain and disability levels.

Limitations We investigated patients with shoulder impingement; therefore results
should be transferred with caution to other shoulder diagnoses. We could not pro-
spectively analyze the development of fear avoidance beliefs and catastrophizing and
their influence on outcome which limits the external validity of the results.

Conclusions Fear avoidance beliefs and catastrophizing are important contributors to
pain and disability in this patient group. Our results help caregivers to recognize their
importance and to consider them for treatment planning. We further recommend the
assessment of fear avoidance beliefs and catastrophizing in patients with shoulder
impingement syndrome as a standard feature in primary care.

The influence of fear avoidance beliefs on pain and disability in patients with shoulder
impingement syndrome in primary care: a secondary analysis.
Submitted to the Physical Therapy Journal on 22 November 2013.
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INTRODUCTION

With an incidence of 9.5 per 1000 patients shoulder complaints are among the most
common musculoskeletal complaints presented to primary care givers'. Many shoulder
patients show clinical signs of subacromial impingement syndrome (sIs)™? leading to
pain and functional restrictions especially with overhead activities, often persisting far
beyond expected tissue recovery times™*. Besides biomechanical deficits in strength or
coordination of the rotator cuff*® and other shoulder girdle muscles’, stability®® and
posture™, fear avoidance beliefs (FAB) and catastrophizing also seem to negatively
influence pain, functioning and recovery times™"*%.

Although well investigated in low back pain (LBP), the role of FAB and catastro-
phizing in the development of chronic pain and disability in shoulder disorders and
especially in shoulder impingement syndrome (SIS) is still unclear. In LBP, the fear
avoidance model (FAM)™ tries to explain why acute LBP becomes chronic in a minority
of patients and describes two possible pathways. In the adaptive pathway, labeled
“confrontation”, patients interpret pain as non-threatening and are likely to maintain
their daily life activities despite pain, which facilitate spontaneous recovery. In the
maladaptive pathway, labeled “avoidance”, pain is interpreted as a threat, initiating a
vicious circle of catastrophizing, pain related fear, hypervigilance and avoidance behav-
ior. Consecutively, this leads to chronic pain, disuse, increased pain sensitivity, psycho-
logical distress and ongoing disability. The FAM is widely accepted in chronic LBP.
However, studies investigating patients with acute LBP found stronger correlations
between pain and disability than between pain related fear and disability**. In a cohort
of 174 patients with acute LBP Sieben et al™ found that pain intensity was a stronger
predictor for chronic disability than FAB. This is supported by results of van der Windt
et al'®, who could not identify FAB as a prognostic factor for a negative outcome in
acute LBP. Gheldof et al'’ and Wideman and Sullivan™® prospectively identified unique
relationships between fear avoidance and long term work disability, and between
catastrophizing and long-term pain intensity in patients with sub-acute low back pain
emphasizing the differential character of fear avoidance and catastrophizing. These
contradictory results suggest different underlying mechanisms for patients with acute
and chronic LBP respectively.

The role of FAB have also been investigated in musculoskeletal disorders other
than LBP.

Hart et al™ found similar scores for FAB in acute stages of upper and lower ex-
tremity disorders, neck and low back pain, indicating that FAB are not specific to LBP
but also present in other musculoskeletal complaints. Other studies found a negative
influence of FAB on recovery times in a mixed population of musculoskeletal pain pa-
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tientszo, in neck pain21'22, after knee-anterior cruciate ligament rehabilitation23, knee
osteoarthritis”, and patellofemoral painzs.
Also in patients with shoulder pain, associations between clinical and psychologi-

26,27

cal characteristics and disability have been shown™“". However, clinical characteristics

seem to have a stronger influence on pain and functioning than psychological factors

162831 hut study results are contradictory and

in both sub-acute and chronic complaints
no data exist for patients with SIS specifically.

Because complaints in the shoulder region summarized under the term “shoulder
pain” are diverse in their impact on functional ability of the patient, it is important to
investigate the influence of psychological factors separately in each of the different
diagnoses. Patients with SIS represent the biggest group with about 70% to 80% *. We
hypothesize that FAB and catastrophizing are important contributors to pain and disa-
bility in patients with SIS. Therefore this study investigates the relationship between
pain, FAB, and disability at the time of consultation and tests, whether associations
between these variables are in line with the FAM. It further analyzes to what degree
FAB and catastrophizing contribute to the variance of disability and pain scores in pa-
tients with SIS.

METHODS

Participants

Data were gathered from patients with SIS who gave their informed consent to partici-
pate in a randomized controlled trial investigating the effect of two different physio-
therapy interventions in this patient group in general practice. Inclusion criteria set for
this trial were: (1) age between 18 and 75 years, (2) symptoms for at least four weeks,
(3) main complaints in the glenohumeral joint region or the proximal arm, (4) presence
of one of the following signs indicating SIS: Neer impingement sign, Hawkins-Kennedy
impingement test, painful arc with active abduction or flexion, (5) pain during one of
the following resistance tests: external rotation, internal rotation, abduction, or flex-
ion.

Exclusion criteria were: (1) average 24-hours pain of 8/10 or more on a visual
numeric rating scale (VNRS), (2) primary scapulothoracic dysfunction due to paresis, (3)
diagnosed instability or previous history of dislocation, (4) adhesive capsulitis (frozen
shoulder), (5) more than 1/3 restriction of elevation compared to the unaffected side,
(6) substantial shoulder weakness or loss of active shoulder function, (7) shoulder
surgery in the last 12 months on the involved side, (8) reproduction of symptoms with
active or passive cervical movements, (9) neurological involvement with sensory and
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muscular deficit, (10) inflammatory joint disease (e.g. rheumatoid arthritis), (11) diabe-
tes mellitus, (12) intake of psychotherapeutic drugs, (13) compensation claims, (14)
inability to understand written or spoken German.

188 patients were assessed for eligibility of which 55 patients did not fulfil the
eligibility criteria and 33 refused participation. 10 patients were not included due to
other reasons (3 moved, 4 didn’t get a prescription for physiotherapy, 3 couldn’t fulfil
the treatment schedule). Finally, 90 participants were included in the trial.

Measures

Assessment at time of consultation comprised of demographic data including age and
gender, clinical data including the overall duration of shoulder complaints, the episodic
character of complaints during the last 12 months, sick leave, and sports hours per
week.

Assessment of fear avoidance beliefs (FAB)

A validated questionnaire used to measure fear avoidance is the Fear Avoidance Be-
liefs Questionnaire (FABQ), a 16-item questionnaire developed by Waddell et al.** This
questionnaire was initially designed in patients with LBP but has recently also been
used to measure FAB in other musculoskeletal disorders.

The FABQ consists of 16 items and comprises of two sub-scales, one for physical
activity (FABQ-PA) and one for work activities (FABQ-W). Because focus was on shoul-
der function and not on work loss we only used the FABQ-PA subscale in this study.
Each item of this scale is scored on a seven-point Likert scale (0 = strongly disagree, 6 =
strongly agree). The total FABQ-PA score is calculated by adding up the scores of the
single items with higher scores reflect a higher level of fear avoidance believes. To
adapt the FABQ to our patient group the word “back” was replaced by the word
“shoulder”. This modification was previously made in other studies investigating ana-

tomic areas other than the low back®®®,

Assessment of catastrophizing
Catastrophizing was measured using the Pain Catastrophizing Scale (PCS), a multidi-
mensional, reliable and valid 13-item measurement tool with a strong association to

*37 The PCS has been validated for the German population38. For

pain and disability
this study the total score was calculated by adding the ratings for each item, with high-

er scores representing higher levels of catastrophizing.
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Assessment of pain

Average weekly pain intensity was assessed on an 11-point visual numeric rating scale
(VNRS), a recommended core outcome measure in the assessment of pain>". 0 on the
left end of the VNRS was defined as "no pain at all", 10 at the right end as "as much
pain as | can imagine".

Assessment of disability

The Shoulder Pain and Disability Index (SPADI) is a shoulder-specific self-report ques-
tionnaire measuring pain and disability in patients with shoulder pain of musculoskele-
tal origin®. It contains 5 items assessing pain and 8 items assessing shoulder function.
Each item is scored on a 100 mm visual analogue scale (VAS) with the right end defined
as "worst pain imaginable/so difficult required help", and the left end as "no pain/no
difficulty". The SPADI has shown to be valid and highly responsive in assessing shoulder
941 | this study, only the SPADI sub-scale for function (SPADI-F) was
used to get a pure score for disabled function and to prevent an overlap between the

pain and function

two concepts of pain measured with the VNRS and the SPADI total score as it includes
the pain sub-scale which was highly correlated with the SPADI-F (r = 0.7). The total
SPADI-F score reaches from 0 to 100 with higher scores reflecting higher disability
levels.

Analysis

Patient characteristics

Descriptive statistics were generated for the total group and data were analysed for
distribution. Normality of data was tested with the Kolmogorov-Smirnov test. Possible
differences in baseline characteristics between subacute (> 4 weeks and < 3 months)
and chronic (> 3 months) patients were assessed, because most of the measures taken
can be influenced by symptom duration as a possible confounder.

First aim: association between FAM-variables

Bivariate correlations (Pearson’s r for normally distributed data, Spearman’s rho for
non-normally distributed data) were calculated between pain, FAB and disability. In a
second step, partial correlations were calculated with every correlation between two
of the variables in the triangle being adjusted for the third variable to see their mediat-
ing effect.

Second aim: contribution of FAB and catastrophizing to pain and disability
In order to determine the contribution of FAB and catastrophizing to the variance of
pain and disability scores, two separate hierarchical linear regressions were performed
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using SPADI-F and pain intensity as the dependent variable respectively. Demographic
and clinical factors that could be associated with pain and disability scores were identi-
fied from literature and used as possible independent variables for multivariable re-
gression analysis. Furthermore, variable selection was preceded by checking for multi-
collinearity by calculating correlation coefficients between the independent variables.
In case of correlated variables (r = 0.5) the most easily obtainable variable in clinical
practice was chosen for further analysis.

A separate model was calculated for each of the dependent variables (SPADI-F, pain
intensity). In each model gender and age were included in a first step to control for
these potentially influencing factors; they were then kept in the model throughout the
following analyses even if insignificant. In a second step the clinical variables and in a
third step the psychological variables were entered in the model to see their contribu-
tion to the models’ variance. In each step, variables with the lowest predictive value
were removed sequentially, until all remaining predictors were significantly associated
with the dependent variable or until R’ was reduced significantly by removing the next
variable from the model (stepwise backward strategy). All statistical tests were two-
sided and statistical significance was determined with an alpha level of 0.05 unless
reported otherwise. Regression coefficients and beta coefficients were calculated for
all variables in each of the final models.

Assuming that 15 participants are needed to include one independent variable®,
we can include a maximum of six variables in the final model with sufficient statistical
power. Data analysis was performed using SPSS (IBM Statistics, ver.19.0).

RESULTS

Complete data were available from all patients included in the study (n=90). Demo-
graphic and clinical data are displayed in table 1. Except for SPADI-F and age, all data
were non-normally distributed and skewed to the lower end of the scales as expected,
because of the defined eligibility criteria set up for this trial. Scores for the psychologi-
cal measures (median (IQR)) were relatively low even in the chronic patient group
(FABQ-PA 16 (7), PCS 9 (12)).



122 | CHAPTER 6

Table 1 Demographic and clinical data (n=90)

Measure Median (IQR) Mean (SD)
Gender, female, %(n) 51.1 (46)

Age, years 51.0(18.3) 51.8 (11.2)
Overall duration of complaints in weeks 38 (114) 104.8 (152.6)
History of complaints, %(n) 32 (35.6)

Pain score (VNRS) 5(2) 5.1(1.8)
SPADI total score 37.6 (24.4) 40.4 (17.0)
SPADI sub-score for pain 45 (26) 48.7 (18.0)
SPADI sub-score for function 28.9(30.1) 32.2(18.9)
FABQ sub-score for physical activity 16 (7) 14.6 (4.9)
FABQ sub-score for work 12 (20) 12.1(9.9)
PCS total score 9(11) 11.4 (8.5

Sports hours per week, %(n)

0-2 37.8 (34)
3-5 62.2 (56)
Days of sick leave 0.5(2.7)

FABQ: Fear Avoidance Beliefs Questionnaire; PCS: Pain Catastrophizing Scale; SD: standard deviation; SPADI:
Shoulder Pain and Disability Index; VNRS: Visual Numeric Rating Scale.

Within the triangle based on the FAM, disability showed a stronger correlation with
pain than with FAB; no significant correlation was found between pain and FAB (Figure
1). Calculating partial correlations by adjusting the bivariate correlation between two
variables for the third one (dotted arrows) did not change results, indicating that pain
and FAB are independently associated with disability, and that their association is not
mediated by the third variable.

For assessing the influence of psychological factors on disability and pain scores
we identified six independent variables for analysis: (i) duration of complaints at base-
line, (ii) pain intensity, (iii) disability™*®?23%3%4347 (jy) age ***°
1122847 These variables were categorized for analysis

, (v) gender 0 (vi) pain-
related fear and catastrophizing
as shown in table 2.



FEAR AVOIDANCE BELIEFS IN SHOULDER IMPINGEMENT | 123

Table 2 Contentwise structured blocks for regression analysis

Step 1 Step 2 Step 3

Demographic factors Clinical factors Psychological factors
Age Duration of complaints PCS

Gender Pain intensity/SPADI-F FABQ-PA

Gender, FABQ-PA, PCS, duration of complaints, SPADI-F, and pain intensity were signif-
icantly correlated with either pain intensity (VNRS) or disability (SPADI-F) and were
included in the analysis. Disability was highly correlated with pain, catastrophizing, and
FAB which is in line with the FAM.

Disability

(SPADI -F)
|
:
267 | 4300
‘\\ ' 'd
\"’\’:L,",
- ” : \‘. ~
:
Fear avoidance |¢------3 . S— » Pain intensity
(FABQ-PA) -057% (VNRS)
061%

Arrows: Spearmans rho; dotted arrows: partial correlations;
*= < 0.05; **= < 0.01 (0.000); $= non-significant

Figure 1 Associations and mediation between pain, fear avoidance beliefs, and disability
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Regression model 1 with disability (SPADI-F) as the dependent variable.

According to table 2, categories of independent variables were entered stepwise in the
model and variables with the lowest predictive value were then sequentially removed
as described in the method section. Age and gender entered in step 1 explained 14.9%
of the variance in SPADI-F score. At the end of step 2 the total variance explained by
the model as a whole (including age, gender and pain intensity) was 28.1%. The total
variance explained by the model as a whole at the end of step 3 (including age gender,
pain intensity and FABQ-PA) was 36.5%. Of the two remaining variables, pain intensity
explained an additional 13.1% and the FABQ-PA an additional 8.4% of the variance in
SPADI-F; both variables had similar beta values. These results and the modeling pro-
cess are displayed in table 3.
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Regression model 2 with pain intensity (VNRS) as the dependent variable.

The same approach was used for pain intensity; in step 2 the independent variable
pain was replaced with disability (SPADI-F). Age and gender entered in step 1 explained
6.0% of the variance in pain score. At the end of the second step the total variance
explained by the model as a whole (including age, gender and SPADI-F) was 20.5%, and
the total variance explained by the model as a whole after step 3 (including age, gen-
der, SPADI-F and PCS) was 27.8%. Of the two remaining variables, SPADI-F explained
an additional 14.5% and the PCS an additional 7.3% of the variance in pain intensity
score. Both were statistically significant with similar beta values (table 4).
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DISCUSSION

Our first aim was to analyze associations between pain, FAB and disability. Disability
had a stronger correlation with pain than with FAB. The low correlation between pain
and FAB and the absent mediating effect of these factors on disability suggests that in
this patient group pain and FAB coexist, with a direct and independent influence on
disability, not following a sequential order as described in the FAM. Therefore, the
FAM as a theoretical construct to explain disability may not be entirely valid in patients
with SIS. Our findings further indicate that in both early and later stages of SIS, signifi-
cant associations between FAM variables exist. The apparent association between pain
and disability found in this study corresponds very well to the findings of Sieben et al.*
in acute LBP. At the same time it reflects a clinically relevant difference to the group of
patients with chronic LBP. From these results it can be concluded that in SIS of short
and long duration, similar to acute LBP, pain intensity is more important as a direct
cause for disability than initially suggested by Vlaeyen and Linton, based on data col-
lected in chronic LBP patients".

Our second aim was to analyze the contribution of psychological variables to the
variance of disability and pain at the time of consultation. The final model for disability
confirmed the results from the associations tested before, with pain intensity and
FABQ-PA as the remaining significant contributors. Pain intensity was still a stronger
contributor explaining disability than FAB. This may have been facilitated by the ability
to compensate some of the provocative movements with the healthy side leading to a
more specific pattern of avoidance but not in a reduction of the overall activity level.
Parr et al>* found similar results after inducing muscle injury to the shoulder in a
healthy sample with pain as the most important factor predicting disability followed by
kinesiophobia. These results may also indicate that in patients with SIS pain is still of
nociceptive origin functioning as a warning sign in order to protect injured body struc-
tures (at least at the time of consultation).

In the final model for pain, only disability and catastrophizing had a significant influ-
ence. This is in line with results from other studies also identifying catastrophizing as a
2851 Although FAB had an influence on disability,
they did not contribute to pain intensity. Similar results were also found by Simon et

significant predictor for shoulder pain

al” and George and Stryker26 in patients with musculoskeletal upper extremity disor-
ders. George and Hirsh®® found an association between FAB and experimental shoulder
pain sensitivity, but not with clinical pain intensity, which was significantly associated
with pain catastrophizing.

Contrary to our expectations, duration of symptoms, a predictive factor often
identified in literature, had no significant influence in any of the two models. In sum-
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mary, it can be stated that in patients with SIS clinical and psychological factors are
simultaneously present, with FAB and catastrophizing explaining a substantial degree
of variance in both pain and disability.

Implications for clinical practice

In order to link our results to clinical practice, we suggest to interpreting them against
the background of pain mechanisms, a practical classification system proposed by
Gifford and Smart et al.>*®. Pain mechanisms are well embedded in the clinical rea-
soning process used by manual physiotherapists specialized in musculoskeletal disor-
ders®”™°. Based on the patients’ clinical signs and symptoms, the therapist is able to
identify the dominant pain mechanism as for example nociceptive or centrally sensi-
tized (see Appendix 1).

Because of the eligibility criteria set for the trial, our patient group fits best with
the nociceptive pain mechanism. However, we identified FAB and catastrophizing as
contributing factors to pain and disability, indicating that these factors, usually viewed
as typical clinical aspects of a chronic (centrally sensitized) state, are also associated
with a dominantly nociceptive presentation but may serve a different purpose here.
Patients in our sample seemed to selectively control or avoid painful movements to a
certain degree as an adaptive strategy, for example by taking over certain movements
with their non-affected arm. On the one hand this led to a shoulder-specific disability
on the affected side (a temporary and partial limitation of function) but on the other
hand enabled them to stay at work and to continue other activities. The fact that pain
was clearly connected to specific movements and hence predictable and controllable
and the ability to compensate some of the provocative movements with the healthy
side may have helped to maintain activity and improve control. This can further explain
the relatively low rating on the FABQ-PA, although FAB are a significant factor in the
model. It also may explain the small number of sick days in this sample and the fact
that a longer duration of complaints did not change the underlying pain mechanism
from a dominantly nociceptive into a dominantly centrally sensitized state. In conse-
qguence patients did not develop general and permanent disability and disuse symp-
toms over time. This clearly differs from chronic (centrally sensitized) patients showing
more general disability because their pain is often unpredictable, changeable and
therefore difficult to control. However, in SIS patients not showing improvement of
pain and functioning within an expected time frame the dominant pain mechanism
must be reviewed and psychological factors must be addressed because they may
facilitate the process of central sensitization and seem to be predictive for a poor

12,16,27
treatment outcome .
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Although still unclear from the literature how to optimally do this, it is worth making
suggestions. Besides physiotherapeutic exercises and hands-on interventions to im-
prove physical function, the patients’ understanding of the problem must be improved
6062, Stopping rules for
activities of daily living should be defined to prevent overuse. However, some provoca-

by explaining how these factors contribute to pain and disability

tive activities happen unnoticed (like lying on the affected shoulder while sleeping), or
result in a delayed onset of pain. Patients will then lose a clear connection between
activity and pain sensation, and as a result, their feeling of control. Catastrophizing
triggered by pain arising from these activities may amplify pain perception, facilitate
suffering and hence the development of a centrally sensitized pain state. Therefore
patient information about these mechanisms is also of particular importance.

Implications for further research

To get further insight and to support or refute the results from this study, catastrophiz-
ing and FAB should be standardly assessed in future SIS studies, as both were signifi-
cantly associated with pain and disability. We further suggest to prospectively investi-
gating the influence of psychological factors on treatment outcome and the effect of
interventions specifically targeting catastrophizing and FAB.

Methodological considerations

This study has several limitations that need to be considered when interpreting the
results. We investigated patients with SIS, a diagnostic subgroup of shoulder disorders.
Results should therefore be transferred with caution to other shoulder diagnoses or
clinical populations. Due to the cross-sectional nature of our data and it was not possi-
ble for us to prospectively analyse the development of FAB and catastrophizing and
their influence on outcome, thus the external validity is limited. However, we had a
good sample size, used validated self-report measures, and did a sound statistical
analysis including clinical and psychological factors often mentioned in literature. Thus,
results from this study help to clarify the contribution of these factors to pain and
disability in patients with SIS at the time of their first consultation, which is a very im-
portant moment from a clinical perspective. The fact that we linked our results to the
clinical concept of pain mechanisms will encourage therapists to integrate assessment
and treatment of psychological factors in their daily routine.
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Conclusion

To our knowledge this is the first study elucidating the role of FAB and catastrophizing
in patients with SIS. Our results suggest that SIS patients experience the different con-
structs included in the FAM at the same time and not in a consecutive order. Similar to
acute LBP, pain and disability in SIS appears to be the result of a dominantly nocicep-
tive problem already including FAB and catastrophizing thoughts. In both LBP and SIS
and maybe in many more musculoskeletal disorders, the vital point is therefore to
prevent chronicity by assessing and addressing both clinical and psychological factors.
Especially in SIS, even if long lasting, nociceptive tissue based components may still be
dominant, which seems to be a clinically relevant difference between SIS and LBP.
Thus, treatment of SIS should be guided by the clinical presentation of the individual
patient and not by duration of symptoms only.
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APPENDIX 1

Signs and symptoms defining the nociceptive pain pattern according to Smart et al.
(2010)

e (Clear, proportionate mechanical/anatomical nature to aggravating and easing fac-
tors.

e Pain associated with and in proportion to trauma or a pathological process (In-
flammatory nociceptive) or movement/postural dysfunction (Ischaemic nocicep-
tive).

e Pain localised to the area of injury/dysfunction (with/without some somatic refer-
ral).

e Usually rapidly resolving or resolving in accordance with expected tissue heal-
ing/pathology recovery times.

e Responsive to simple analgesia/NSAID’s.

e Usually intermittent and sharp with movement/mechanical provocation; may be a
more constant dull ache or throb at rest.

e Pain in association with other symptoms of inflammation (i.e. swelling, redness,
heat) (Inflammatory nociceptive).

e Pain of recent onset.

e Clear, consistent and proportionate mechanical/anatomical pattern of pain repro-
duction on movement/mechanical testing of target tissues

e Localised pain on palpation

e Absence of or expected/proportionate findings of (primary and/or secondary) hy-
peralgesia and/or allodynia.

e Antalgic (i.e. pain relieving) postures/movement patterns.

Signs and symptoms defining the central sensitization pattern according to Smart et
I55

a

e Disproportionate, non-mechanical, unpredictable pattern of pain provocation in
response to multiple/non-specific aggravating/easing factors.

e Pain persisting beyond expected tissue healing/pathology recovery times.

e Pain disproportionate to the nature and extent of injury or pathology.

e Widespread, non-anatomical distribution of pain.

e History of failed interventions (medical/surgical/therapeutic).



138 | CHAPTER 6

e Strong association with maladaptive psychosocial factors (e.g. negative emotions,
poor self-efficacy, maladaptive beliefs and pain behaviours, altered fami-
ly/work/social life, medical conflict).

e Unresponsive to NSAID’s and/or more responsive to anti-epileptic (e.g. Neurontin,
Lyrica)/anti-depressant (e.g. Amitriptyline) medication.

e Reports of spontaneous (i.e. stimulus-independent) pain and/or paroxysmal pain
(i.e. sudden recurrences and intensification of pain).

e Pain in association with high levels of functional disability.

e More constant/unremitting pain.

e Night pain/disturbed sleep.

e Pain in association with other dysesthesias (e.g. burning, coldness, crawling).

e Pain of high severity and irritability (i.e. easily provoked, taking a long time to set-
tle).

e Disproportionate, inconsistent, non-mechanical/non-anatomical pattern of pain
provocation in response to movement/mechanical testing.

e Positive findings of hyperalgesia (primary, secondary) and/or allodynia and/or hy-
perpathia within the distribution of pain.

e Diffuse/non-anatomic areas of pain/tenderness on palpation.

e Positive identification of various psychosocial factors (e.g. catastrophisation, fear-
avoidance behaviour, distress).



General discussion
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The aim of primary care in the musculoskeletal domain is the rehabilitation and (if
possible) primary, secondary or tertiary prevention of pain and functional disability
due to injury, trauma or the consequences of aging to maintain employability, auton-
omy, independence, and quality of life as long as possible. Nearly 80% of all physio-
therapeutic treatments in Germany, address musculoskeletal problems. Over 10% of
all prescriptions ask for manual therapy as a specific intervention to restore musculo-
skeletal function (1). Exercises in general are one of the most common possibilities to
improve physical fitness and performance in healthy and in disabled persons. Our
study focused on the treatment of patients with shoulder impingement syndrome as
the biggest subgroup of shoulder complaints, a not self-limiting and recurrent disease
leading to pain, disability, reduction of participation, and of quality of life. The follow-
ing chapter presents and discusses our main findings, the limitations, and implications
for clinical practice and future research.

I. MAIN FINDINGS

Systematic review

To obtain an overview about current evidence for physiotherapy interventions in pa-
tients with shoulder impingement syndrome we conducted a systematic review of the
literature. Our review identified only a few trials with sufficient quality investigating a
great variety of different types of interventions. Nearly all authors measured either
pain or functioning or both, some authors also used examination findings (as for ex-
ample pain on isometric resistance) as outcome measures. However, many different
measurement tools were used and hardly any author was interested in individual activ-
ity restrictions of the patient.

As a main result, our systematic review revealed strong evidence for an equal
short and long term effect of exercise therapy and surgery. This was surprising for us
but led us to the conclusion that patients with SIS should first and foremost be treated
with exercises before undergoing surgery. This is supported by the fact, that exercise
therapy is far less expensive and carries less risk for medical complications or adverse
events. It further found moderate evidence for an additional effect of manual therapy
on pain when added to an exercise program and for a similar effect of physiotherapy
and exercises of which both seem to be more effective than no intervention. These
conclusions seem to be still valid when looking at the current literature (2). Taking into
account the low number of studies, the methodological flaws, short follow ups, and
low sample sizes it becomes quite clear that this evidence is treading on thin ice and
that there is a need for more high quality trials and longer follow up times. Another
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important point that became clear from this review was the insufficient description of
the applied interventions. In our opinion there is no better way to prevent a transfer
from research into practice than to give insufficient instructions on the interventions
applied.

However, besides our initial purpose of getting an overview about the evidence,
these findings helped us in the planning stage of a randomized controlled trial on this
topic.

Short term effects of manual physiotherapy (MPT) on pain and functioning in pa-
tients with shoulder impingement syndrome

The main question of this thesis was to investigate the effect of MPT when added to an
exercise program. A prerequisite to obtain a valid result was that the patients of the
control group do perform the same exercise protocol as the intervention group. On
this basis the additional effect of manual physiotherapy could then be analyzed. The
intervention had two parts: within the first 5 weeks both groups had ten contact ses-
sions, two per week. During the following 7 weeks all participants continued their
exercises at home. Our baseline data showed mean (SD) SPADI scores for the interven-
tion and control group of 39.7 (17.2) and 41.3 (17.0) respectively. After 5 weeks the
mean (SD) improvement for the total group was 14.9 (18.5) and after 12 weeks 22.7
(17.8). Therefore our power calculation turned out to be successful; together with a
good adherence of therapists and participants to the protocol and small drop-out rate
our study had sufficient power.

Patients in both groups improved significantly in pain and disability on all out-
comes. During the first 5 weeks the mean improvement for all outcome measures was
greater than the minimally clinically important difference (MCID) defined a priori still
increasing up to the end of week 12. For example the absolute number of patients with
a MCID in the total SPADI score after 5 weeks was 51 (56.7%) also increasing up to 66
(75%) at the end of the 12th week. Significant differences between groups were found
for pain at 5 weeks but not for any other outcome measure. This minor difference got
lost at 12 weeks. Because all outcomes were in slight advantage of the intervention
group, MPT may have accelerated improvement during the first 5 weeks to a certain
degree but made no significant difference. This effect continued only for total SPADI
score up to week 12 but not for the other outcomes. The effect of MPT on pain after 5
weeks corresponds very well with the conclusion of our systematic review. However,
the effect was minor and did not sustain until the end of the intervention phase and
did not lead to a difference between the groups in scoring their personal impression of
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change (“Slightly and Much better”) on the PGIC-scale, although a tendency towards
the intervention group could be seen (RR (CI95%) = 1.06 (0.93 to 1.27)).

The initial concern that patients assigned to the control group could perhaps be
dissatisfied because of an expectation to receive at least some kind of passive treat-
ment was proven to be redundant since both groups were very well satisfied with
treatment. Again a tendency towards the intervention group was seen but the differ-
ence was also not significant (RR (CI95%) = 1.16 (0.95 to 1.42)).

In order to understand why MPT had no greater effect on group differences we
adjusted results for identified baseline differences and co-interventions, which led to a
decrease in p-value but did not change result to a significant level.

Clinical examination results at baseline — indications for manual therapy?
The missing effect of MPT is even more surprising when looking at some of the clinical
examination findings during baseline assessment. Besides the positive impingement
signs which were part of our inclusion criteria, physical examination revealed typical
indications for MPT. More than 80% of all patients had restriction of translational
movements at the glenohumeral joint, over 50% had comparable signs of the cervical
spine and about 24% to 30% had minor restrictions in elevation or external rotation
(table 7.1). One would expect that if these components contribute to the patients’
complaints that the possibility to address these factors with specific treatment tech-
niques is a clear advantage for the intervention group resulting in better outcome
results. Even if the additional treatment in itself had no considerable effect one can
argue that the more individualized instructions, the more intensive physical contact,
and the longer contact time in the beginning is in favor of the intervention group, but
also these factors did not lead to a significant difference between groups.

Summarizing these results we conclude that a well-designed exercise program is
an appropriate treatment for patients with SIS leading to clinically important im-
provements in pain and functioning and high patient satisfaction. MPT cannot be rec-
ommended as a standard intervention. Eligibility criteria defined for inclusion seem to
be sufficient to define the clinical pattern with no need for additional information from
specific manual testing, because addressing these findings did not influence outcome
in the short term.



GENERAL DISCUSSION | 143

Table 7.1 Positive clinical test results at baseline

Clinical tests (positive results) Intervention Control Total group

(n=46) (n=44) (n=90)

n (%) n (%) n (%)
Painful arc 44 (95.7) 43 (97.7) 87 (96.7)
Hawkins-Kennedy test 34 (73.9) 33 (75.0) 67 (74.4)
Neer compression test 38 (82.6) 42 (95.5) 80 (88.9)
ER lag sign 0(0.0) 1(2.3) 1(1.1)
Lift off test 0(0.0) 1(2.3) 1(1.1)
Hornblower’s sign 0(0.0) 0(0.0) 0(0.0)
Restriction of caudal glide 39 (84.8) 38 (86.4) 77 (85.6)
Restriction of posterior glide 35(76.1) 38 (86.4) 73 (81.1)
Restriction of passive elevation (up to 20°) 14 (30.4) 14 (31.8) 28 (31.1)
Restriction of passive ER (up to 15°) 11 (23.9) 13 (29.5) 24 (26.7)
Comparable signs of the cervical spine 27 (58.7) 23 (52.3) 50 (55.6)

ER: external rotation

Long term effects of manual physiotherapy on pain and functioning in patients with
shoulder impingement syndrome

After the analysis of our short term results we were curious to see the one year results,
because at that point in time no information existed about the long term effect of the
tested interventions. Therefore, these results were of particular interest and certainly
one of the most important findings of this thesis.

After one year data were available for 96.7% (n=87) of all initially included pa-
tients. During follow up further significant improvements were seen in the control
group whereas the intervention group remained more or less the same (figure 7.1).
Despite this development no significant differences could be detected between the
groups, although there was now a positive tendency in favor of the control group.
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Mean(95%CI) SPADI scores
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Figure 7.1 Mean (CI95%) SPADI scores

Based on this unexpected improvement of the control group between the end of week
12 (after the cessation of the intervention) and the last measurement point at one year
we would suggest to wait with further treatments in patients who do not show a satis-
factory result after the intervention phase and monitor their development over a few
months. This is of particular importance because “failed physiotherapy” is often used
as an indication for surgery. This continuous improvement is supported by the subjec-
tive impression of the participants themselves. Our data show that although the abso-
lute number of patients who rated their improvement as “Slightly or Much better”,
stayed nearly unchanged compared to the 12 weeks results (92.1% and 90.8% respec-
tively), the number of patients who rated their change as “Much better” increased
from 56.8% at twelve weeks to 77% at one year respectively. Looking at the overall
development over time we possibly could expect a further improvement of the control
group which would then be indicative that MPT is a sort of contraindication in patients
with SIS.

Cost differences between the intervention and the control group.

Besides the effect of the applied interventions we also analyzed direct (health care)
and indirect (non-health care) costs. Nowadays, costs have an increasing influence on
the decision made by health insurance companies and patients for or against an of-
fered treatment, particularly if different interventions do show similar effects.
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A significant difference in direct costs was noted between groups at 5 weeks in favor of
the control group with a mean difference of about 24€ per patient. This difference was
mainly based on different costs for the different prescriptions needed for treatment
(“Manual Therapy” for the intervention group and “Physiotherapy” for the control
group). All other comparisons at any follow up point were statistically insignificant.
Indirect mean costs incurring for sick leave and paid help did not significantly differ
between groups at any follow up point. However, after one year overall indirect costs
were excessively higher in the control group (16714€) than in the intervention group
(4363€). Appraising overall costs together with the effect of the two interventions over
a one year time frame, the treatment protocol applied to the intervention group could
be favored; because of the huge difference in overall indirect costs the significant but
small absolute difference in direct costs could easily be accepted.

Influence of psychological factors on pain and disability scores at the time of inclu-
sion

In patients with low back, pain and disability levels are negatively influenced by the
patients’ perspective on his situation, which is mainly determined by the patients’
beliefs and attitudes. Especially the influence of fear avoidance beliefs (FAB) and
catastrophizing, depicted in the so called fear avoidance model (FAM), seem to play an
important role in the development of chronic low back pain and disability. Because
little is known about the influence of these factors on patients with SIS we analyzed
their influence on pain and disability in our sample at the time of inclusion with a hier-
archical regression analysis, which resulted in a few interesting findings.

Firstly, FAB and catastrophizing contributed significantly to baseline pain and
disability scores. However, in contrast to the consecutive sequence described in the
FAM their influence was independent from each other.

Secondly, patients of our study group still presented a dominantly nociceptive and
therefore tissue based pattern, despite a mean (SD) symptom duration of 104.8
(152.6) weeks. This statement can be made because of the eligibility criteria set for the
trial, small numbers of sick days, low ratings on the FABQ-PA, the PCS, relatively high
activity levels, pain provocation clearly connected to specific activities, and last but not
least by the significant improvement our patients in the RCT (the interventions clearly
targeted physical aspects of the problem). A dominantly tissue based problem is fur-
ther supported by the results of our regression analysis revealing a greater influence of
pain intensity on disability and of disability on pain intensity than of the psychological
factors. If we would have assigned our patients to an acute or chronic group only
based on the often used criterion “time” (duration of symptoms) and a cut off at 3
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months, about 81% of our sample would have been labelled “chronic”. With a 6
months cut off, still about 60% would have been assigned to the chronic group. For me
this clearly implies that the factor “time”, as a standalone criterion to determine acute,
sub-acute, or chronic pain states, is insufficient and can only be interpreted together
with other clinical signs and symptoms. Otherwise conclusions for treatment may be
misleading and thus ineffective.

Thirdly and based on our second point, we identified FAB and catastrophizing as
parts of a nociceptive pattern. Both factors are often viewed as typical aspects of cen-
trally sensitized and therefore chronic presentations. From my clinical experience this
is not surprising but it emphasizes the need to address these cognitive/affective com-
ponents in patients with SIS (and maybe other pathologies with a nociceptive charac-
ter) because they significantly contributed to pain and disability in this group.
Summarizing these findings the following statements can be made:

1. SIS patients experience the different constructs included in the FAM not in a con-
secutive order, therefore this model cannot be transferred to patients with SIS.

2. Patients with SIS seem to present a dominantly nociceptive, tissue based pattern,
even after a longer period of complaints.

3. FAB and catastrophizing are significantly influencing pain and disability levels and
are therefore part of the clinical pattern.

4. It is worth considering these factors during the assessment and treatment of these
patients.

Il. METHODOLOGICAL CONSIDERATIONS

Systematic review: Eligibility criteria for study selection

As a startup for this thesis we conducted a systematic review to get a comprehensive
overview about current evidence of physiotherapy interventions in patients with sub-
acromial impingement syndrome.

Studies were included if study participants had the diagnosis SIS, whether primary
or secondary. We also included studies when participants had a structural diagnosis
such as rotator cuff tendinitis, supraspinatus tendinitis, or subacromial bursitis, be-
cause these structures are closely connected to SIS (3) and likely to cause typical symp-
toms of subacromial impingement (4). Therefore, these patients had to show at least
one of the following signs typical for SIS: pain with overhead activities, painful arc sign,
Neer impingement sign, or a positive Hawkins-Kennedy sign. Studies investigating
participants with frozen shoulder, osteoarthritis, fractures, systemic diseases, neo-
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plasm or metastasis, or professional athletes were excluded. Finally 16 studies fulfilled

our quality and eligibility criteria and were included in this review.

Table 7.2a Categorized inclusion criteria in order of their frequency

Categories Studies (n=)
Painful arc 10
Pain with active movements 9
Pain on resisted movements 7
Pain area 5
Full passive shoulder ROM 5
Specific impingement signs 4
Combination of tests 4
Neer impingement test 4
Pain with palpation 3
Duration of symptoms 3
Age 2
Imaging/technical assessment 2
Clinical examination 2
Diagnostic ACJ injection 1
Failed previous treatment 1

ROM: range of motion; ACJ: acromioclavicular joint
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Table 7.2b Categorized exclusion criteria in order of their frequency

Categories Studies (n=)
Frozen shoulder 8
Rotator cuff tear 8
Cervical pain/radiculopathy 7
(Other) Neurological conditions 6
ACJ involvement 5
Traumatic lesions / fractures /previous surgery 5
Previous treatment (physiotherapy, injection) 5
Glenohumeral instability 4
Systemic disease 4
Degenerative signs of the GHJ 4
Compensation claims 3
Calcifying tendinitis 3
(Acute) bursitis 2
Other musculoskeletal disorders 2
Pregnancy 1
Primary scapulothoracic dysfunction 1
Biceps tendinitis 1
Insufficient language skills 1

ACJ: acromioclavicular joint; GHJ: glenohumeral joint

Analyzing the eligibility criteria used in in these studies we identified more than thirty
different inclusion criteria and more than forty different exclusion criteria across all
studies. This was partly due to different names used for the same criteria as for exam-
ple “frozen shoulder” or “adhesive capsulitis”, “rotator cuff tear” or “stage Il im-
pingement”. After categorizing similar criteria and assigning umbrella terms to these
categories still about 15 inclusion and 18 exclusion criteria remained, displayed in table
7.2a,b. One can doubt whether all criteria summarized for example under the umbrella
term “cervical involvement” (table 7.3) do reflect the same thing. Some criteria were
handled conflicting as for example some studies excluded patients who had previously
been treated, in another study previous treatment was used as an inclusion criterion.
Further, important exclusion criteria such as systemic disease, primary scapulothoracic
dysfunction, or insufficient language skills were not addressed in most cases. Altogeth-
er, eligibility criteria were diverse which questions whether the samples investigated in
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the included studies represent the same population of interest. However, some of
these criteria were frequently (painful arc, pain with active movements or on re-
sistance, pain area, pain free passive range of motion and clinical impingement signs)
seem to be, together with the exclusion criteria, the most important to define SIS and
to distinguish it from other pathologies.

Table 7.3 Example for categorized inclusion criteria

Given umbrella term Identified criteria from included RCT’s

e severe neck pain
e cervical pain

cervical syndrome
Cervical involvement e peri-scapular pain

cervical radiculopathy

shoulder symptoms reproduced by cervical assessment

peri-scapular or cervical pain during arm elevation

RCT: randomized controlled trial

Systematic review: Quality assessment of eligible studies

Quality of results from systematic reviews is inevitably dependent on quality of includ-
ed studies; to increase the chance for good quality results it is therefore important to
limit bias.

Thus we included only randomized controlled trials (RCT’s) of sufficient quality in
our review. RCT’s carry a low risk for bias, do rank high in the hierarchy of evidence (5,
6), and were most qualified to answer our research question. Quality of included stud-
ies was appraised with the PEDro tool, designed to critically appraise experimental
studies in physiotherapy (7). PEDro is a reliable tool (8) containing ten criteria mainly
focusing on the internal validity of a study; from these criteria an average score is cal-
culated. The PEDro tool addresses important aspects such as concealment of allocation
(selection bias), blinding of therapists and patients (performance bias), drop-out rates
(attrition bias), and blinding of assessors (detection bias). Although results from sys-
tematic reviews can also be limited by other aspects such as differences in content or
frequency of treatments, different follow up times, missing power calculations or in-
sufficient intervention descriptions, which are not necessarily relevant for the internal
validity of a study, a good internal validity is an essential prerequisite to draw reliable
conclusions for clinical practice (for its generalizability). The average quality score of
included studies in our review was 6.8/10. However, in 12 studies allocation was not
concealed, therapists were not blinded in 12 and patients in 10 studies which in-
creased the risk of selection and performance bias in these studies.
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There is an ongoing discussion about the best way to critically appraise the literature
and the question is not answered yet. Katrak et al. (9) identified 45 different appraisal
tools for experimental studies. Only very few of them were tested for their psychomet-
ric properties. Arguments for choosing the PEDro tool were its good reliability, that it
was designed for the use in allied health research and frequently used in other sys-
tematic reviews.

As long as there is no perfect tool for the quality assessment of RCT’s we think
that being aware of the problems that may occur with different types of measurement
tools, and in this case when using a summary score, helps to consider these flaws
when interpreting results and hence to draw reasonable, and in consequence more
conservative conclusions in most of the cases.

Randomized controlled trial: Defining the population of interest — function-based
(clinically reasoned) versus structure-based (biomedical) diagnosis

As already outlined in the introduction of this thesis, establishing a diagnosis in the
physiotherapeutic context is mainly based on clinical information gained from the
patients’ history and physical examination than on a specific structure or tissue affect-
ed. This clinical pattern defined through the clinical findings determines the focus of
treatment (10). Using such an approach is practical because patients with shoulder
complaints are often referred to physiotherapists on the basis of a pure clinically es-
tablished diagnosis; technical methods of examination as for example MRI or ultraso-
nography are often not available or used in first instance (11). Therefore we believe
that using clinical findings as eligibility criteria would very well reflect clinical practice.
Based on literature (12-21) we then defined in- and exclusion criteria for the RCT which
are displayed in table 7.4.

However, using this approach made us unable to assess several criteria that may
contribute to SIS or are predictive for a poor outcome with conservative treatment
such as primary impingement due to structural changes in the subacromial space (e.g.
osteophytes, bone spurs or ACJ osteoarthritis), or the shape of the acromion (17). With
a mean age of 51.8 (11.2) years one could expect at least some patients to have such
degenerative changes. On the one hand this may have impeded the ability to adapt
treatment or even eligibility criteria accordingly and thus decreased the effect of our
interventions, on the other hand our positive study results do suggest, that these fac-
tor had little influence on outcome.
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Inclusion criteria

Exclusion criteria

1. Age between 18 and 75 years 1. Average 24-hours pain of 8/10 or more on a visual
2. Symptoms for more than four weeks numeric rating scale (VNRS)
3. Main complaints in the glenohumeral joint 2. Primary scapulothoracic dysfunction due to paresis
region or the proximal arm 3. Diagnosed instability or previous history of dislocation
4. Presence of one of the following signs 4. Adhesive capsulitis (frozen shoulder)
indicating SIS: Neer impingement test, 5.  More than 1/3 restriction of elevation compared to
Hawkins-Kennedy impingement test, pain- the unaffected side
ful arc with active abduction or flexion 6. Substantial shoulder weakness or loss of active shoul-
5. Pain with one of the following resistance der function
tests: external rotation, internal rotation, 7. Shoulder surgery in the last 12 months on the involved

abduction, or flexion.

side

8. Reproduction of symptoms with active or passive
cervical movements

9. Neurological involvement with sensory and muscular
deficit

10. Inflammatory joint disease (e.g. rheumatoid arthritis)

11. Diabetes mellitus

12. Intake of psychotherapeutic drugs

13. Compensation claims

14. Inability to understand written or spoken German.

Because of its importance for shoulder function we assessed the integrity of the rota-
tor cuff with the lift off test (22), the external rotation lag sign (23), and the hornblow-
ers’ sign (24), which are three commonly used rotator cuff tests. The risk of having a
partial or complete rotator cuff tears seems to increase progressively from the age of
about 49, but existing tears are not necessarily connected with clinical symptoms of
pain or restricted physical function (25). However, impingement symptoms are closely
linked to (partial) rotator cuff tears (3) (table 7.5). Therefore it was surprising that only
two patients were tested positive, one with a positive lag sign and another with a posi-
tive lift off test. As a consequence one might either doubt the usefulness of these tests
or the usefulness of the classification system proposed by Neer (3) in our patient
group. We further think that knowledge about the most often impaired activities
summarized in table 7.6, which we identified through the Generic Patient Specific
Scale (GPSS), may also contribute to a completion of the clinical pattern “subacromial
impingement syndrome”.
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Table 7.5 Staging of impingement lesions according to Neer (1983)

Stage Typical age
| Edema and hemorrhage of the rotator cuff <25
Il Fibrosis and tendinitis of the rotator cuff 25-40
I} Partial or complete tears of the rotator cuff, biceps > 40
ruptures, and bone changes
Table 7.6 Most often impaired activities from the GPSS (n=90)
Activity Frequency
Activities in an upward direction 89
Reaching overhead / upwards 18
Working overhead 19
Lifting above shoulder height 17
Drying / combing or washing hair 11
Getting something down from a cupboard 9
Holding something in front of the body 15
Lying on the affected shoulder 33
Sports activities 24
Playing tennis 2
Swimming 2
Fitness training 4
Other 16
Getting dressed 23
Putting on a jacket 6
Pushing forward with the affected arm 21
Cleaning windows 7
Housework 16
Activities with hand behind back 16
Steering a car 12
Carrying 10
Computer work (with/without a mouse) 10
Body care 5
Leaning on/Stemming 5
To buckle up in the car 3
Other 3
Total 270
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Randomized controlled trial: Blinding

Blinding of patients, therapists and assessors to the treatment received or applied
reduces their influence on outcomes and outcome measures and helps to ensure an
equal distribution of attention, co-interventions or additional diagnostics between
groups. Blinding seems to be of particular importance in the assessment of subjective
outcome measures (26). Due to the nature of most physiotherapeutic interventions,
blinding subjects and therapists is often a problem in physiotherapy trials.

In our study we only used outcome measures where patients also acted as asses-
sors. Together with the nature of our intervention it was therefore not possible for us
to blind either therapists nor patients and thus assessors. We encountered this by
blinding therapists of the control group to assessment and clinical examination results
and we kept patients naive to group allocation.

Randomized controlled trial: Design and effect of manual physiotherapy (MPT)

With the design of our MPT intervention we tried to live up to recent developments in
manual therapy. Therefore, we tried to build up a patient-centered model including
the most important forms of the clinical reasoning process such as diagnostic reason-
ing (pattern recognition, understanding of the patients’ problem, identification of the
patients’ restrictions/abilities according to the ICF), procedural reasoning (basically
reflecting the process displayed in figure 1.1), and interactive/collaborative reasoning
(relationship and interaction between patient and therapist, shared decision making)
(27, 28). To guarantee a uniform application to every patient and thus reproducibility
of MPT we standardized initial clinical examination and the consequences to be drawn
from it (general introduction, figure 1.2) as well as a test-retest-procedure to assist
further decision making. We also standardized number, frequency, and duration of
treatment sessions as well as the overall duration of the intervention.

However, standardization seems to be at least to some degree restrictive to a
patient centered approach. At this point we saw ourselves confronted with the difficul-
ty of reproducing the complexity of an individualized examination and treatment pro-
cess without having too much variance in the process itself. Especially in a research
design that tries to control for possible influencing factors besides the planned inter-
vention. Within this context the general question appears whether or not a RCT design
is sufficient to investigate such complex interventions often used in physiotherapy.

Standardization itself but also the complexity of the intervention might have re-
duced the effect of MPT. Although research therapists were experienced and well
trained, we had to extend contact times during the first few visits to guarantee a suffi-
cient application of the planned intervention.
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Another important point that might explain the lack of effect of MPT was the exercise
program we used as the basic intervention in both groups. It was designed to restore
muscular deficits in strength, mobility, or coordination of the rotator cuff and the
shoulder girdle, to unload the subacromial space, and improve centering of the hu-
meral head in the glenoid fossa during active movements. To achieve this aim, exercise
were selected from papers investigating exercises for shoulder rehabilitation (29-46),
and exercises specifically addressing muscular deficits in patients with SIS (47-53).
Further selection of exercises was determined by their practicability, their potential for
pain provocation, and the possibility to perform these exercises at home. Patients
were supervised during their contact sessions and parameters such as resistance,
number of repetitions or sets, and range of movement could be adapted to the pa-
tients” momentary situation. This adaptation was guided by a standardized reassess-
ment of the patients’ reaction to the program (figure 7.2) leading also to an adapted
continuous progression of the program. Thus the program was to a certain degree
“individualized”.

1. * Complaints during /after exercises?
Reassessment « Difficulties with performance?

2.
MOd ifcation / * Speed, repetitions, resistance, sets...

* Add or replace exercises

Progression

3. o Give clear instructions and train new exercises
|nStrU Ction * check exercise manual and shoulder log-book

Figure 7.2 Course of a supervised exercise session

Comparing our program to exercise programs used in other studies on the same topic
we think that design and application of our program was much more qualified to reach
maximum effect and hence may not have left enough space for MPT to add a signifi-
cant effect to it. After having analyzed our short term results we now question the
conclusion about the additional effect of manual therapy in our systematic review
which in our opinion was only possible because of the insufficient exercise regimen
used in the included studies. Our results suggest that exercises alone are an effective
treatment for this patient group showing continuous improvement up to one year.
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Influence of fear avoidance beliefs on pain and disability at the time of inclusion

At the moment little is known about the importance of these factors in patients with
SIS. The assumption that pain and disability are caused by musculoskeletal disorders
consists of two parts, namely organic and non-organic factors. We therefore analyzed
the contribution of fear avoidance beliefs and catastrophizing to pain and disability in
our patient group at the time of inclusion. We further interpreted our findings against
the background of pain mechanisms. Despite the fact that both psychological factors
contributed significantly to disability and pain levels, clinical factors such as disability
or pain were still stronger contributors indicating that SIS, even if long lasting or epi-
sodic, is a dominantly mechanical and nociceptive driven event.

However, although MPT treatment incorporated aspects like individually adapted
patient education, information giving, partly addressing these factors this had no sig-
nificant influence on group differences.

Unfortunately we did not reassess these factors so we were not able to analyse
their development with treatment over time and a possible association between them
and outcomes for pain and disability.

1. IMPLICATIONS FOR FURTHER RESEARCH

From the systematic review, the randomized controlled trial and the analysis done on
the psychological factors the following implications for further research can be sum-
marized:

i. Because physiotherapy interventions are often complex in their composition a
detailed description of examination and treatment modalities should be provided
together with the publication of the results. Furthermore the underlying decision
making process and criteria on how these modalities are applied should be clearly
defined. This would help to transfer research results into clinical practice.

ii. To reflect clinical practice and to define the population seen in primary care, eligi-
bility criteria for studies investigating physiotherapeutic interventions should be
based on a functional diagnosis (clinical pattern) instead on a structural based di-
agnosis.

iii. A standard set of shoulder specific outcome measures for pain and activi-
ty/participation restrictions should be defined and an agreement about the meas-
urement points should be reached to facilitate comparability of study results and
pooling of data.

iv. In clinical trials investigating the effect of different physiotherapy interventions,
potential prognostic factors need to be analyzed to clarify their contribution to
baseline scores and treatment effects. Two of these, namely fear avoidance beliefs
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and catastrophizing, should be standardly assessed in future studies on shoulder
impingement syndrome as they seem to have a significant influence on pain and
disability levels. Because little is known about their development over time or
about their influence on treatment outcome we further suggest to prospectively
investigating their influence on these outcomes.

v. Regarding the exercise program used in the randomized controlled trial further
research is needed to confirm its effect, to investigate how the program can be im-
proved, how the distribution of contact sessions over time can be optimized, or to
what degree contact sessions can be reduced without losing effect.

vi. Our interventions had a significant effect on outcome in our sample. However,
there are long term results from other studies comparing exercises to other treat-
ments such as surgery, shock-wave therapy, or steroid injections that found no sig-
nificant differences, even if short term results favored exercises. An interesting
question to answer with further research is the one about the mechanism shared
by all these interventions leading to a similar improvement over time.

IV. EXTERNAL GENERALIZABILITY AND IMPLICATIONS FOR CLINICAL PRACTICE

Results presented in this thesis are mainly derived from our randomized controlled
trial investigating the effect of physiotherapy in patients with SIS. Besides a sound
statistical analysis study results are based on good study power and a nearly complete
data set. The population as well as all interventions and effect measures are described
in detail and thus can easily be reproduced. From the results of this thesis we can
therefore derive some interesting and strong implications for clinical practice.

First, manual physiotherapy (MPT) had only a minor effect on pain intensity after
five weeks when added to an exercise program. This effect was already lost after 3
months with no difference between groups after 3 or 12 months. Therefore MPT can-
not be recommended as an additional treatment to exercises in patients with SIS.

Second, the supervised exercise program used in our RCT can be recommended as
a sufficient treatment for SIS as it resulted in significant and clinically important im-
provements in pain and functioning in our sample.

Third, a progressive improvement of pain and functioning over time could be
detected after the intervention has ceased. Thus we recommend that patients should
be observed for a certain time period after the physiotherapy intervention before
another treatment is tested out.

Fourth, the third statement is of particular importance in patients not showing an
immediate effect after the intervention because this is often interpreted as “failed
physiotherapy” and used as an indication for immediate surgery. Although this was
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indeed one of the conclusions drawn from our systematic review we now think that it
is reasonable to wait with surgery for about three to six months and to monitor the
development of these patients before schedule them for surgery.

Fifth, we encourage clinicians to pay more attention on psychological factors such
as fear avoidance beliefs or catastrophizing as they seem to contribute significantly to
the clinical presentation of SIS even if their final role is not clear yet. This will lead to
more insight into and clinical experience with these factors and from there useful re-
search questions can be formulated.

V. PERSONAL VIEW AND FINAL CONCLUSION

To our knowledge this thesis delivers the first results about the long term effect of
physiotherapy in patients with subacromial impingement syndrome and gives a first
insight into the role of fear avoidance beliefs and catastrophizing in this patient group.
We finally conclude that exercises can be recommended as a first line treatment.
Manual physiotherapy did not contribute significantly to the treatment effect and can
therefore not be recommended. In case of an insufficient improvement at the end of
the intervention period we recommend to monitor a patients’ development for about
three to six months before another treatment is started. Although further research is
necessary to confirm these conclusions we welcome these results because a specific
qualification in manual therapy is not needed and hence the described exercise pro-
gram can be easily applied by most physiotherapists working in the musculoskeletal
field. This increases the generalizability of our results and may at the same time de-
crease costs for their implementation. Further research is also necessary to evaluate
whether addressing psychological factors would further improve the effect of the ex-
ercises.
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Summary

Chapter 1 introduces the theme of shoulder complaints, which are often seen in pri-
mary care. The reported incidence and 1-year prevalence ranges from 0.9 to 2.5% and
from 4.7% to 46.7% respectively. About 75% to 80% of patients with shoulder pain
show clinical signs of subacromial impingement, characterized by pain and functional
restrictions mostly during overhead activities in daily life or sporting activities. Physio-
therapy is often the first choice of treatment for SIS. Conclusions from systematic re-
views favour the use of both, exercises and manual therapy, often as a combined
treatment. Although short term results suggest that patients benefit from these inter-
ventions, evidence is scarce and information about the long term effect of manual
therapy is lacking. The main focus of this thesis was to provide evidence about the
short and long term effect of manual physiotherapy and exercises in the treatment of
patients with subacromial impingement syndrome of the shoulder.

In chapter 2 results of a systematic review are presented and discussed. This re-
view was conducted to get a comprehensive overview about the topic and to analyze
the state of current evidence at that point in time in the field of interest. Our review
identified 16 trials with sufficient quality investigating a great variety of interventions.
A first surprising result was the strong evidence for an equal effect of exercise therapy
and surgery which led to the statement, that patients with SIS should not undergo
surgery unless having tried exercises beforehand. Secondly we found moderate evi-
dence for an additional effect of manual therapy on pain when added to an exercise
program and for a similar effect of physiotherapy and exercises of which both seem to
be more effective than no intervention. However, conclusions made from the results
of this review were limited by low study numbers, methodological flaws, short follow
ups, and low sample sizes. It became obvious that more high quality trials and longer
follow up times are needed to answer the question about the effect of physiotherapy
in SIS. Results also pointed out that besides good quality future studies should provide
a detailed description of applied interventions to guarantee a transfer of research
results into clinical practice.

Chapter 3 presents the design of the randomized controlled trial (RCT). Our first
aim was to investigate the effect of individualized manual physiotherapy (IMPT) on
pain and functioning compared to a standard exercise protocol (SEP) in patients pre-
senting with clinical signs of SIS. The second aim was to compare direct and indirect
costs between both interventions. When planning the RCT we followed the CONSORT
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statement to guarantee a good quality of the trial. It was important for us to embed
the trial in a regular outpatient physiotherapy setting in Germany to increase external
validity of results. Besides scientific aspects, decisions about eligibility criteria, meas-
urement instruments, interventions and equipment were therefore also based on the
availability and practical applicability of these aspects in this setting. To apply a high
quality IMPT protocol, we chose research therapists with an international qualification
for manual therapy according to the standard of the International Federation of Or-
thopaedic Manipulative Physical Therapists (IFOMPT) and several years of experience
in this field. In a handbook we described all procedures, assessments and treatments
in detail and therapists were trained intensively before commencement of the study.
According to our power calculation we aimed to include 90 patients in this trial.

Chapter 4 presents and discusses the short-term results of the RCT about the
additional effect of IMPT to exercises on pain and functioning compared to exercises
alone in patients with shoulder impingement syndrome. 90 patients presenting with
shoulder impingement of more than 4 weeks duration were included by 6 physiother-
apy clinics in Germany. Eligibility criteria were solely based on clinical findings without
concerning technical diagnostics. The intervention group was treated with individually
adapted exercises and examination-based IMPT, controls with individually adapted
exercises only. During the first 5 weeks both groups had two treatment sessions per
week. This frequency was mainly determined by the regulations of the German health
system for physiotherapy prescriptions. In a second step patients of both groups con-
tinued their exercises at home for another 7 weeks. Compliance with treatment, addi-
tional diagnostics, co-interventions, and sick leave were assessed with the help of a
shoulder logbook. Compliance of therapists with the treatment guidelines was moni-
tored with the help of group meetings and regular interviews. Primary outcome
measures were the Shoulder Pain and Disability Index and Patient’s Global Impression
of Change. Secondary outcome measures were the mean weekly pain score, the Ge-
neric Patient-Specific Scale and Patient’s Satisfaction with Treatment. We finally ran-
domized 46 patients to the intervention and 44 to the control group respectively. After
5 and 12 weeks both groups showed significant improvements in all outcome
measures but without any differences between groups for any outcome at any time.
Only results for mean pain differed at 5 weeks in favour of the intervention group, but
this effect was already lost at 12 weeks. Therefore we concluded that IMPT had no
worthwhile additional effect on outcome compared to exercises alone and that indi-
vidually adapted exercises are an effective treatment of patients with SIS. However,
these conclusions need to be confirmed by future research before definite recommen-
dations can be made.

Chapter 5 presents and discusses the long-term results of the RCT as well as the
analysis of direct and indirect costs. Because at that point in time no information exist-
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ed about the long-term effect of the tested interventions, these results were of partic-
ular interest and certainly one of the most important findings of this dissertation. Due
to the nature of our repeated-measure design we used a linear mixed models ap-
proach for calculating differences between baseline and our final follow up at 52
weeks. Data were available from 87 patients, 44 in the intervention and 43 in the con-
trol group. Both groups showed significant improvements in all outcome measures but
again without any differences between them. Individualized manual physiotherapy as
an additional intervention did not influence these results (p = 0.38, 95%Cl = -7.45 to
2.85) and thus, these long-term results confirm our conclusions drawn from the short-
term results. Interestingly, the total group showed a remarkable improvement over
the follow up period which was approved by the subjective impression of the partici-
pants themselves. We therefore suggest waiting with further treatments in patients
who do not show satisfactory results after the intervention phase and monitor their
development over a few months. This is of particular importance because “failed phys-
iotherapy” is often used as an indication for immediate surgery. The only significant
difference between groups was found for direct costs after 5 weeks in favour of the
control group (p=0.03) but not for any other follow up point. Although the difference
in indirect costs was not significant between groups due to a high standard deviation,
the absolute difference was enormous and clearly higher in the control group.

In chapter 6 results about the influence of fear avoidance beliefs (FAB) and
catastrophizing on pain and disability at the time of inclusion are presented. The nega-
tive influence of these factors in patients with low back pain (LBP) is widely accepted
and summarized in the fear avoidance model (FAM). However, little is known about
the role of them in patients with shoulder complaints. Therefore we firstly investigated
the association between fear, pain and disability, and secondly the influence of a se-
lected set of clinical and psychological variables on pain and disability levels in our
sample with separate multivariable linear regression analyses for function and disabil-
ity. 90 patients were included in these analyses. FAB were assessed with a modified
version of physical activity sub-scale of the Fear Avoidance Beliefs Questionnaire-
(FABQ-PA), catastrophizing with the Pain Catastrophizing Scale (PCS). Shoulder func-
tion was measured with the sub-scale for function of the Shoulder Pain and Disability
Index (SPADI-F), pain intensity was rated on a visual numeric rating scale (VNRS). Re-
sults revealed a direct and independent association of pain and FAB on disability which
is different to the consecutive order described in the FAM. Therefore results from LBP
patients cannot be transferred to patients with shoulder complaints. Our multivariable
regression analysis revealed a significant contribution of FAB and catastrophizing to
pain and disability. This contribution was still less than the contributions of pain to
disability and of disability to pain. Together with the eligibility criteria set for the trial,
small numbers of sick days, low ratings on the FABQ-PA, the PCS, high activity levels,
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pain clearly connected to specific activities, and last but not least with the significant
improvement our patients in the RCT this would support a dominantly nociceptive and
therefore tissue based pattern in our group even after a longer period of existing com-
plaints. However, FAB and catastrophizing were significantly influencing pain and disa-
bility levels and, in our opinion, are therefore parts of the nociceptive pattern. We
therefore recommend the assessment of fear avoidance beliefs and catastrophizing in
patients with shoulder impingement syndrome as a standard feature in primary care.

Despite several limitations, discussed in detail in Chapter 7, this thesis provides
important and new information about the effect of manual physiotherapy and exercis-
es in the treatment of patients with subacromial shoulder pain showing that exercises
alone seem to be a sufficient and effective treatment for SIS. It was further shown that
the improvement seen during the intervention phase progressively continued during
the follow up period which may help to prevent unnecessary surgery in the future. This
thesis also delivers first results about the role of fear avoidance beliefs and catastro-
phizing in this patient group. These factors were identified as significant contributors
to pain and disability and are therefore worth to be considered in clinical practice and
future research. As the bio-psycho-social view relentlessly moves forward, these re-
sults are of particular interest, because they are little explored in shoulder disorders
(and in other upper or lower extremity disorders, either) but growing knowledge about
the psycho-social aspects may heavily challenge physiotherapists, still walking the
biomedical path.

However, further research is necessary to confirm or to refute our results and to
gain further insight into the factors and mechanisms contributing to subacromial
shoulder pain and shoulder pain in general.
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Zusammenfassung

Kapitel 1 fihrt in das Thema Schulterbeschwerden ein, welche in der Primarversor-
gung haufig vorkommen. Angaben Uber Inzidenz und 1-Jahres Pravalenz variieren zwi-
schen 0,9% und 2,5%, beziehungsweise zwischen 4,7% und 46,7%. In etwa 75-80% aller
Patienten mit Schulterbeschwerden findet man klinisch-diagnostische Zeichen fiir ein
subakromiales Impingement (auch als ,subakromiales Engpasssyndrom” bezeichnet),
welches durch Schmerzen und funktionelle Einschrankungen im Alltag oder Sport,
meist bei Tatigkeiten tber Schulterhéhe charakterisiert sind. Physiotherapie ist haufig
einer der ersten TherapiemalRnahmen, die dafiir verordnet werden. Ergebnisse syste-
matischer Literaturarbeiten zu diesem Thema empfehlen sowohl Ubungstherapie als
auch Manuelle Therapie, oder auch beides in Kombination. Obwohl diese MalRnahmen
kurzfristig positive Ergebnisse zeigen ist die Evidenz dafiir noch diinn und fiir einen
langfristigen positiven Effekt im Moment nicht existent. Das Ziel dieser Dissertation
war es daher, Evidenz Uber die kurz- und langfristigen Effekte von Manueller Therapie
und Ubungstherapie in der Behandlung von Patienten mit Schulterimpingement be-
reitzustellen.

In Kapitel 2 werden die Ergebnisse einer systematischen Literaturarbeit vorge-
stellt und diskutiert. Diese Arbeit diente uns dazu, einen umfassenden und aktuellen
Uberblick iber das Gebiet zu erhalten. Wir konnten 16 Studien mit guter Qualitat fin-
den, welche allerdings eine groRe Bandbreite an Interventionen untersuchten. Ein
erstes (iberraschendes Ergebnis war, dass sowohl kurz- als auch langfristig Ubungsthe-
rapie genauso effektiv zu sein scheint wie ein operatives Vorgehen. Dies veranlasste
uns zu der Empfehlung, Patienten nicht zu operieren bevor sie nicht mit Ubungsthera-
pie behandelt worden sind. Des Weiteren fanden wir moderate Evidenz fiir einen zu-
satzlichen schmerzlindernden Effekt von Manueller Therapie in Kombination mit
Ubungstherapie. Moderat war auch die Evidenz fiir einen vergleichbaren Effekt von
allgemeiner Physiotherapie und Ubungstherapie, wobei beide Interventionen auch
effektiver zu sein scheinen als keine Behandlung zu applizieren und nur abzuwarten.
Allerdings ist zu bedenken, dass die Aussagekraft unserer Ergebnisse durch kleine Pati-
entenzahlen, methodische Unzulanglichkeiten, wenig Studien pro Intervention und
kurze Nachuntersuchungszeitraume limitiert wurde. Es wurde somit auch deutlich,
dass mehr Studien mit besserer Qualitdt sowie Langzeitergebnisse notwendig sind, um
die Frage nach dem Effekt von Physiotherapie bei dieser Pathologie ausreichend be-
antworten zu kdnnen. Ein weiteres Fazit aus dieser Arbeit war, dass nur eine detaillier-
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te Beschreibung der untersuchten Interventionen dazu fiihren kann, Ergebnisse in die
Praxis umzusetzen.

Kapitel 3 prasentiert das Design der randomisierten kontrollierten Studie (RCT).
Ziel damit war es herauszufinden, ob individuelle manuelle Physiotherapie (IMPT)
einen zusatzlichen Effekt auf Schmerz und Funktion bei Patienten mit Schulterimpin-
gement hat, wenn sie zusitzlich zu einem Ubungsprogramm appliziert wird im Ver-
gleich zu ausschlieBlich einem Ubungsprogramm. Weiterhin wollten wir die direkten
und indirekten Kosten zwischen diesen beiden Interventionen vergleichen. Um eine
gute Qualitdt der Studie zu garantieren, erfolgte die Planung eng angelehnt an das
CONSORT Statement. Wichtig war uns dabei, die Studie in den typischen deutschen
Physiotherapiealltag einzubetten, um dadurch die externe Validitat der Ergebnisse zu
erhohen. Daher spielten fiir die Auswahl der Einschlusskriterien, der Messinstrumente
und der Interventionen neben den wissenschaftlichen Kriterien auch praktische Aspek-
te eine wichtige Rolle. Um eine gute Qualitdt der IMPT zu erreichen, wahlten wir
Therapeuten mit einer internationalen Qualifikation in Manueller Therapie nach
IFOMPT-Standard (International Federation of Orthopaedic Manipulative Physical
Therapists) und mit mehrjahriger Berufserfahrung. In einem Studienhandbuch wurden
alle Abldufe und Prozesse, die Untersuchungsgange und Behandlungen im Detail be-
schrieben und alle Therapeuten wurden vor Beginn der Studie intensiv geschult. Ent-
sprechend den Ergebnissen unserer Powerkalkulation hatten wir zum Ziel, 90 Patien-
ten einzuschlieRen.

Kapitel 4 prasentiert und diskutiert die Kurzzeitergebnisse des oben beschriebe-
nen RCTs. 90 Patienten mit mehr als 4 Wochen Beschwerden wurden von insgesamt 6
Praxen in die Studie eingeschlossen. Die weiteren Einschlusskriterien basierten aus-
schlielich auf klinische Zeichen ohne dabei technische Untersuchungsergebnisse zu
beriicksichtigen. Die Interventionsgruppe wurde mit individuell angepassten Ubungen
und IMPT, die Kontrollgruppe ausschlieRlich mit individuell angepassten Ubungen
behandelt. In den ersten 5 Wochen hatten alle Patienten 2 Behandlungseinheiten pro
Woche; diese Frequenz wurde im Wesentlichen aufgrund der gesetzlichen Regelungen
dafiir festgelegt. Wihrend der folgenden 7 Wochen fiihrten beide Gruppen ihre Ubun-
gen zu Hause selbstdndig weiter. Entsprechende Mitarbeit, zusatzliche diagnostische
oder therapeutische MaBnahmen und Krankheitstage in dieser Zeit wurden mithilfe
eines Schultertagebuches erfasst und ausgewertet. Die Compliance der Therapeuten
mit den vorgegebenen Behandlungsrichtlinien wurde mittels Teamsitzungen und re-
gelmassigen Gesprdchen sichergestellt. Als primdre Messinstrumente benutzten wird
den Shoulder Pain and Disability Index (SPADI) und den persénlichen Gesamteindruck
der Patienten (ber die Veranderungen. Als sekundare Messinstrumente wahlten wir
den durchschnittlichen wochentlichen Schmerz, eine Patienten-spezifische Aktivitats-
skala und die Zufriedenheit der Patienten mit den Behandlungen. Letztendlich konnten
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wir mittels Losverfahren 46 Patienten zur Interventions- und 44 Patienten zur Kontroll-
gruppe zuordnen. Nach 5 und 12 Wochen zeigten beide Gruppen zwar eine signifikan-
te Verbesserung in allen Messparametern, zu keinem Zeitpunkt gab es allerdings eine
Differenz zwischen den Gruppen. Nur die durchschnittliche Schmerzintensitat unter-
schied sich nach 5 Wochen signifikant zu Gunsten der Interventionsgruppe, was aller-
dings nach 12 Wochen nicht mehr feststellbar war. Aus diesen Ergebnissen schlussfol-
gerten wir, dass IMPT keinen zusitzlichen Nutzen hat und dass Ubungstherapie eine
ausreichende und effektive Behandlungsform fir Patienten mit subakromialem Impin-
gement darstellt. Nichtsdestotrotz missen dieser Ergebnisse mit weiteren Studien
belegt werden bevor es moglich ist, definitive Empfehlungen auszusprechen.

Kapitel 5 prasentiert und diskutiert zum einen die Langzeitergebnisses des RCTs,
zum anderen die direkten und indirekten Kosten. Da zum Zeitpunkt der Analyse keine
anderen Daten Uber den Langzeiteffekt der untersuchten Interventionen vorlagen, sind
diese Ergebnisse natiirlich von besonderem Interesse und stellen daher eine der wich-
tigsten Resultate dieser Thesis dar. Aufgrund unseres gewahlten Studiendesigns analy-
sierten wir die 1-Jahres-Ergebnisse mithilfe eines linearen gemischten Modells. Nach
einem Jahr konnten Daten von 87 Patienten, 44 aus der Interventions- und 43 aus der
Kontrollgruppe, ausgewertet werden. Beide Gruppen verbesserten sich signifikant,
jedoch wiederum ohne Unterschiede zwischen den beiden Gruppen. Die zusatzlich
applizierte IMPT hatte keinen Einfluss auf diese Ergebnisse (p = 0,38, 95%CI = -7,45 —
2,85), was die Schlussfolgerungen aus den Kurzzeitergebnissen bestétigte. Interessan-
terweise zeigte die ganze Gruppe eine bemerkenswerte Verbesserung liber den Be-
obachtungszeitraum, welche durch den subjektiven Eindruck der Patienten bestétigt
wurde. Daher empfehlen wir bei Patienten, welche keine zufriedenstellenden Fort-
schritte wahrend der Therapie machen mit weiteren MaRnahmen trotzdem zu warten
und die weitere Entwicklung fir einige Monate zu beobachten. Das ist besonders des-
halb wichtig, weil ,ineffektive Physiotherapie” als klare Indikation flr eine sofortige
Operation steht. Der einzig signifikante Unterschied zwischen den Gruppen fanden wir
nach 5 Wochen fiir die direkten Kosten zu Gunsten der Kontrollgruppe (p=0,03), aber
zu keinem anderen Zeitpunkt. Obwohl sich die indirekten Kosten aufgrund einer hohen
Standardabweichung nicht signifikant unterschieden, war deren absolute Differenz
jedoch enorm und in der Kontrollgruppe eindeutig héher als in der Interventionsgrup-
pe.

In Kapitel 6 werden Ergebnisse tGber den Einfluss von Angst und katastrophisie-
renden Gedanken auf das Schmerzerleben und die Funktionseinschrankung darge-
stellt. Der negative Einfluss dieser Faktoren bei Patienten mit unspezifischem Riicken-
schmerz ist weitestgehend akzeptiert und im sogenannten , Fear Avoidance Model”
(FAM) zusammengefasst. Ungeachtet dessen ist wenig lber die Rolle dieser Faktoren
bei Patienten mit Schulterschmerzen bekannt. Daher haben wir zuerst die Wechselbe-
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ziehungen zwischen Angst, Schmerz und Funktionseinschrankung untersucht und in
einem zweiten Schritt mithilfe separater Regressionsanalysen den Einfluss einer ausge-
suchten Anzahl klinischer und psychologischer Faktoren auf Schmerz und Funktion
analysiert. In diese Analyse wurden 90 Patienten eingeschlossen. Angstvermeidung
wurde mit einer modifizierten Version des Fear ,Avoidance Beliefs Questionnaires”
(FABQ) gemessen, Katastrophisierung mit der ,Pain Catastrophizing Scale“ (PCS).
Schulterfunktion wurde gemessen mit dem ,Shoulder Pain and Disability Index”
(SPADI), Schmerz mit einer numerischen Analogskala. Die Ergebnisse zeigten einen
direkten und unabhangigen Einfluss von Schmerz und Angstvermeidung auf Funktion,
was deutlich von der konsekutiven Abfolge wie sie im FAM beschrieben ist, abweicht.
Daher kdnnen Ergebnisse, welche aus Untersuchungen an Riickenpatienten gewonnen
worden sind nicht einfach auf Schulterpatienten libertragen werden. Unsere Regressi-
onsanalysen zeigten einem signifikanten Beitrag von Angstvermeidung und Katastro-
phisierung zu sowohl Schmerz als auch zur Funktionseinschrankung. Dieser Beitrag war
allerdings kleiner als der Einfluss von Schmerz auf Funktion und umgekehrt. Das, zu-
sammen mit den Einschlusskriterien, wenigen Kranktagen, niedrigen Werten im FABQ
und der PCS, einem hohen Aktivitdtslevel, einem klaren Zusammenhang von Schmerz
mit spezifischen Aktivitdten und nicht zuletzt mit der signifikanten Verbesserung der
Patienten im RCT bestdrken die Annahme, dass unsere Patienten auch nach einer lan-
geren Zeit an Beschwerden immer noch ein dominant nozizeptives, strukturbasiertes
Muster zeigen. Trotzdem haben Angstvermeidung und Katastrophisierung einen signi-
fikanten Einfluss auf Schmerz und Funktion und sind unserer Meinung nach daher
ebenfalls Teilaspekte des nozizeptiven Muster. Basierend auf unseren Ergebnissen
empfehlen wir deshalb, diese beiden Faktoren standardmassig bei der Untersuchung
von Patienten mit subakromialem Impingement zu messen.

Trotz einiger Einschrankungen, welche detailliert im Kapitel 7 diskutiert werden,
liefert diese Dissertation wichtige und neue Ergebnisse lber den Effekt von IMPT und
Ubungstherapie bei der Behandlung von Patienten mit subakromialem Impingement.
Diese zeigen, dass Ubungstherapie fiir diese Pathologie eine effektive Intervention
darstellt. Sie zeigen weiterhin, dass die Verbesserung auch nach der eigentlichen Inter-
vention progressiv fortschreitet was zukiinftig dazu beitragen mag, unnétige Behand-
lungen oder Operationen zu reduzieren. Diese Dissertation liefert auBerdem erste
Ergebnisse Uber die Rolle von Angstvermeidung und Katastrophisierung in dieser Pati-
entengruppe. Beide Faktoren wurden als wichtige beitragende Faktoren fir Schmerz
und Funktionseinschrankungen identifiziert und sollten daher sowohl in der klinischen
Praxis als auch bei weiteren wissenschaftlichen Untersuchungen bericksichtigt wer-
den. Da sich die bio-psycho-soziale Sichtweise mehr und mehr verbreitet, sind diese
Ergebnisse von besonderer Bedeutung, da sie bei Schulterproblemen (und bei anderen
Problemen an der unteren oder oberen Extremitdt) nur wenig erforscht sind. Zuneh-
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mendes Wissen lber die psycho-sozialen Aspekte wird allerdings die Arbeit derjenigen
Physiotherapeuten in Frage stellen, welche ausschlieRlich auf den biomedizinischen
Aspekt fokussieren. Weitere Studien sind jetzt notwendig, um unsere Ergebnisse zu
bestatigen oder zu widerlegen und einen umfassenderen Uberblick {iber die Faktoren
und Mechanismen zu bekommen, die zum subakromialen Impingement der Schulter
und zum Schulterschmerz im Allgemeinen beitragen.
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