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Abstract

ABSTRACT

Subacromial pain is the most common problem among patients with shoulder
complaints seeking primary care. The recommended treatment for these patients is
primarily non-surgical with a focus on exercise treatment. If this treatment fails
arthroscopic subacromial decompression (ASD) followed by exercise treatment is
recommended. Surgical treatment with ASD has increased substantially in Sweden
in recent year even though studies comparing exercise treatment with surgery
report equally positive results. Still, there is a need of evidence based pre- and
postoperative exercise treatments, standardised and described in detail, to guide
treatment of these patients in clinical practice.

The overall aim of this thesis was to evaluate the efficacy of pre- and postoperative
exercise strategies on shoulder function and how the preoperative strategy affects
the need for surgery in patients with long-standing subacromial pain.

This thesis comprises four papers which are based on two randomised controlled
trials. In study A, patients were randomised after ASD surgery to either physical
therapist (PT) supervised strength-endurance exercises for the rotator cuff and
scapula stabilisers or to home-based movement exercises for a period of three
months. Shoulder function and pain, health related quality of life and return to
work was evaluated for 6 months (paper 1). In study B, patients on the waiting list
for ASD surgery were randomised to either specific exercise strategy with strength-
endurance exercises for the rotator cuff and the scapula stabilisers or to control
exercises with movement exercises for the neck and shoulders for a period of three
months. After completing the exercise program and also after 12 months, shoulder
function and pain, need for surgery and health related quality of life was evaluated.
Baseline shoulder function, rotator cuff status and radiological findings were
analysed in relation to the choice of surgery (paper I1, I1I). The minimal important
change (MIC) of the Constant-Murley (CM) score, used as primary outcome in this
thesis, was determined by using a visual anchor-based MIC distribution method

(paper IV).

Six months after ASD surgery, patients who performed PT-supervised strength-
endurance exercises improved significantly more in shoulder function and pain
compared to patients who had performed home-based movement exercises (paper
1). Patients on the waiting list for surgery who performed specific strength-
endurance exercises had significantly greater improvements in shoulder function
and pain compared to patients performing movement exercises (paper 1D). A
significantly lower proportion of those performing specific strength-endurance
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exercises chose surgery at the three and 12 months follow-ups (paper I1, paper 111).
Low baseline values in shoulder function and pain measured with the CM score
and/or having a full thickness rotator cuff rupture were associated with an increased
risk of choosing surgery (paper I11). Regarding the CM score, a change between 17-
24 points seems to be clinically important for patients with long-standing
subacromial pain (paper IV).

Supervised strength-endurance exercises seem to be more effective than home-
based movement exercises after ASD surgery. For patients on the waiting list for
surgery, the specific strategy of strength-endurance exercises was effective in
improving shoulder function and pain and the need of surgery was reduced at 12
months. Low baseline values for shoulder function and pain measured with the CM
score and/or having a full thickness rotator cuff tear seem to be predictors for
choosing surgery. The CM score is able to detect the MIC in individual patients
with long-standing subacromial pain when the rotator cuff is intact. In all patients
with long-standing subacromial pain, the MIC value was dependent on the
subgroup as well as the choice of statistical analysis.
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ABBREVIATIONS AND
DEFINITIONS

Arthroscopic Subacromial Decompression

Confidence Interval

Constant-Murley shoulder assessment score. An outcome measure
used for evaluation of shoulder function and pain with focus on
objective measures of range of motion and strength.

Disability of the Arm Shoulder and Hand score. An outcome
measure used for evaluation of function and pain in the upper
extremity with focus on activity and participation.
Electromyography

European Quality of Life in 5 Dimensions. An outcome measure
used for evaluation of health related quality of life.

Refers to body structures and functions as well as activity and
participation according to the International Classification of
Functioning disability and health (ICF).

Hospital Anxiety Depression scale.

Health Related Quality of Life

International Classification of Functioning, Disability and Health
Minimal Detectable Change. Change beyond measurement error.
Minimal Important Change. The smallest change in score in the
construct to be measured which patients perceive as important.
Patient’s Global Impression of Change

Physical Therapist

Randomised Controlled Trial

Receiver Operating Characteristics

Subacromial Impingement Syndrome

Visual Analogue Scale
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INTRODUCTION

Shoulder pain is the second most common problem among the general population
reporting musculoskeletal pain '®. Values between 6.9 to 26% have been reported
for point prevalence and 7 to 67% for lifetime prevalence . The pain is often of
long duration and only 50% of patients report recovery after 18 months *°. The cost
for society is high and patients with shoulder disorders account for 20% of all
disability payments for musculoskeletal disorders **. Of all patients with shoulder
pain seeking primary care 44-74% suffer from subacromial pain ***7***%,

Subacromial pain is the term used in this thesis because it refers to pain arising
from the structures located in the subacromial space. Many terms have been used
to describe subacromial pain and pathology, including subacromial impingement
syndrome, rotator cuff tendinopathy, subacromial bursitis, supraspinatus
tendinosis, and rotator cuff syndrome. The variety in diagnostic labels reflects the
uncertainty regarding the pathogenesis. The most common source of pain appears
to be the subacromial bursa and the rotator cuff with the diagnostic label
subacromial impingement syndrome (SIS) ****’. SIS is frequently used in the
literature and refers to the pain that arises when structures in the subacromial
space (primarily the rotator cuff tendons and the subacromial bursa) are impinged
between the humeral head and the acromion mainly during arm activity above the
horisontal plane ",

The subacromial space is limited by the coracoacromial arch superiorly and by the
humeral head inferiorly. The subacromial bursa and the tendons of the rotator cuff
are situated within this space (Figure 1). During elevation of the arm the acromion
and humeral head approach each other, narrow the subacromial space and impinge
the subacromial structures ***. Rather than being a medical diagnosis, the
impingement phenomenon may be either a consequence or a cause of rotator cuff
disorders, ranging from rotator cuff tendinopathy to full-thickness rotator cuff
rupture.

The recommended treatment for these patients is primarily non-surgical with a
focus on exercise treatment “»**'¥, If non-surgical intervention fails arthroscopic
subacromial decompression (ASD) surgery followed by exercise treatment is
recommended. Still, there is a need of evidence-based pre- and postoperative
exercise treatments that are standardised and described in detail to guide the
treatment of these patients in clinical practice.
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This thesis will focus on patients with long-standing (>6 months) subacromial pain
and the efficacy of pre- and postoperative exercise treatments on shoulder
function.

Acromion

Coraco-acromial
ligament

Subacromial bursa

Rotator cuff
tendons

Caput longum
tendon of
the biceps brachii

Figure 1 Anatomy of the shoulder illustrating the subacromial bursa and the rotator cuff tendons in
the subacromial space.
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BACKGROUND

ANATOMY AND BIOMECHANICS OF THE SHOULDER

The joints in the shoulder complex result in the largest possible mobility compared
to all joints of the human body. Movements of the shoulder girdle joint involve
combined motions of the sternoclavicular, acromioclavicular, sternothoracic and
glenohumeral articulations *

During normal elevation of the arm the scapula will move in three dimensions:
upward rotation with the inferior angle moving laterally and posterior tilt with the
inferior angle moving anteriorly; external and internal rotation is less consistent
during elevation and depends on the plane of elevation (abduction or flexion).
However, in the end range of each of these planes some external rotation occurs
11614429 (Bigure 2). The scapula serves as a stable base from which the rotator cuff
muscles work. Together with the upper and lower trapezius and rhomboid muscles
the serratus anterior is considered the main stabiliser of the scapula "®. When the
scapula is stable and appropriately positioned in static and dynamic tasks, the
rotator cuff can function at an optimal level. ™

B ’,/‘;:_._; C

5

Figur 2 Scapular movement. A. Downward and upward rotation around an anterior-posterior axis. B.
Scapular anterior and posterior tilting around a medial-lateral axis. C. External and internal rotation
around a superior-inferior axis.
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The rotator cuff consists of four separate muscles: subscapularis, supraspinatus,
infraspinatus and teres minor. These muscles originate from the scapula and their
tendons fuse together and form an aponeurotic tendon that surrounds the humeral
head and stabilise the glenohumeral joint capsule on the ventral, cranial and dorsal
sides 7" (F igure 3). The main function of the rotator cuff is to stabilise the humeral
head in to the glenoid fossa and control humeral head translation. Pre-activation of
the rotator cuff muscles has been demonstrated in a direction specific manner with
anterjor and posterior rotator cuff muscles working individually to oppose rotation
force and maintain a neutral position **. It has also been demonstrated that the
rotator cuff uses a specific activation pattern during flexion and extension in the
glenohumeral joint. During flexion the supraspinatus and the infraspinatus were
significantly more active than the subscapularis; in extension the opposite was the
case. These results support the idea that the rotator cuff works in a direction
specific way rather than as a block to counterbalance the translation of the caput
humeri anteriorly and posteriorly during flexion and extension **’. These
electromyography (EMG) studies on healthy shoulders highlight aspects thought to
be important to consider when designing exercise programs for patients with
rotator cuff dysfunction, as often seen in patients with subacromial pain *5*"%,

Figure 3 The rotator cuff and the deltoid muscle. Arrows show the direction of force generation.
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AETIOLOGY AND PATHOGENESIS OF SUBACROMIAL PAIN

Many factors are involved in the pathogenesis of subacromial pain. The shoulder

condition has a wide spectrum of severity, ranging from bursitis, rotator cuff

tendinitis to rotator cuff tendinopathy, and over time full-thickness rotator cuff

tears can develop **°. The rotator cuff tendons and the subacromial bursa are
. . . 128,166

considered the main sources of pain .

External and internal impingement are terms used in the literature to describe the
location of the impingement phenomenon. External impingement is related to the
upper side (bursal side) of the rotator cuff tendons (Figure 1) and internal
impingement is related to the underside (articular side). The latter is defined as
compression and wear of the rotator cuff tendons at the articular side between the
posterior superior glenoid rim and humerus when the arm is in full external
rotation, abduction and extension ®. This impingement phenomenon has been
described in overhead athletes **"7 but also in non-athletes ***’. External and
internal impingement might interact and internal impingement might lead to
external impingement arising from deficient rotator cuff muscle function ****.

Extrinsic and intrinsic factors are described as involved in the pathogenesis of
subacromial pain. Extrinsic factors are those causing compression of the structures
in the subacromial space while intrinsic factors are those associated with
degeneration of the rotator cuff tendons. Despite the controversy regarding the
pathogenesis of subacromial pain, evidence indicates that the aetiology is
multifactorial and that both intrinsic and extrinsic factors may be involved ****',

Extrinsic factors involved in subacromial pain

Factors thought to narrow the subacromial space, causing impingement of the
structures within this space, are called extrinsic factors. These could be anatomical
as well as biomechanical.

Anatomical factors

Neer refined the concept of the subacromial impingement syndrome and
highlighted the role of the antero-inferior aspect of the acromion impinging on the
rotator cuff tendons thereby causing rotator cuff pathology . Bigliani et al *
divided the shape of the acromion into (type I), curved (type II) or hooked (type
ITII) and described a higher risk of impingement with a type II or III. The
association between acromion shape and the severity of rotator cuff pathology is

II
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well documented "7, Morrison et al “** found that patients with a type I

acromion had better outcome after conservative treatment compared to patients
with a type II or III acromion. Also large subacromial spurs, thickening or
ossification of the attachment of the coracoacromial ligament are associated with
bursal sided partial-thickness tears . However, these ideas mainly focusing on
anatomical variations have been questioned. Patients with anatomic abnormalities
do not necessarily develop rotator cuff pathology, ** and patients with rotator cuff
pathology do not always have acromion abnormalities °. A study in rats showed
that external compression of the rotator cuff tendons alone was insufficient to
cause pathological changes unless overuse activity was added "*’. In summary, these
results suggest that anatomical factors alone may not cause but can rather
predispose to rotator cuff tendinopathy and are further supported by the fact that

symptomatic rotator cuff disease is more commonly seen in the dominant shoulder
214

Biomechanical factors

Biomechanical factors that can lead to extrinsic mechanical rotator cuff tendon
compression include altered scapular and glenohumeral kinematics including
several factors such as: increased thoracic spine flexion, a shortened pectoralis
minor muscle, aberrant scapular muscle performance, aberrant rotator cuff muscle
performance, and posterior shoulder tightness. Alteration or dysfunction of any of
these factors may lead to a functional narrowing of the subacromial space,
impinging the subacromial structures.

Altered scapular kinematics

A reduction of scapular upward rotation, scapular external rotation, and posterior
tilt during elevation has been identified in patients with subacromial impingement
compared to healthy controls *"3+"_ Scapular malpositioning may cause a
narrowing of the subacromial space when the acromion fails to move away from the
humeral head during elevation of the arm leading to compression of the
subacromial structures . To date three studies have attempted to link scapular
kinematics alterations with reduction of the subacromial space ***"* but their
results are conflicting. Further studies are needed to determine which scapular
kinematic alterations are most related to changes in the subacromial space as well
as the magnitude of change needed to affect this space ™. Several mechanisms are
described as being responsible for the alteration in scapular kinematics found in
subacromial pain patients including aberrant scapular and rotator cuff muscle
performance ', posterior capsule tightness *, shortening of the pectoralis minor
muscle ** and an increase in thoracic spine flexion *"*°*,

12
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A shortened pectoralis minor muscle is associated with a decreased posterior tilt
and increased internal scapular rotation during elevation™. This relationship has
been linked to pain and functional limitations attributed to rotator cuff
tendinopathies via scapular kinematic alterations **'. However, to what extent the
pectoralis muscle needs to be shortened to affect the size of the subacromial space
remains unknown.

Increased thoracic flexion has been linked to alterations in subacromial space 7
and a decrease in scapular posterior tilt and upward rotation during glenohumeral
elevation *™. These alterations are the same as those demonstrated in patients
with rotator cuff tendinopathy and may hypothetically cause compression of
structures in the subacromial space during glenohumeral elevation.

Aberrant scapular muscle performance

Several studies have reported aberrant scapular muscle activities in patients with
subacromial pain ¥ and some have directly linked it to scapular kinematics "
Decreased muscle performance of the serratus anterior has been reported when it
comes to force output ¥ muscle balance ratios ** and decreased EMG activity "
Alteration in muscle balance ratio with a delay in muscle activation of the lower
trapezius muscle *°, an increased muscle activation of the upper trapezius * and
alterations in maximal EMG activity in the lower trapezius has also been reported
#0913 Whether the altered scapular kinematics is a cause or a consequence is not
fully understood. Proposals for a causative effect include that the aberrant muscle
performance results in decreased upward rotation and posterior tilt of the scapula,
resulting in impingement of subacromial structures .

Altered glenohumeral kinematics
Aberrant rotator cuff muscle performance

Decreased function in the rotator cuff muscles may contribute to subacromial pain
as a result of increased superior migration of the humeral head *"**'*| causing
extrinsic impingement or intrinsic breakdown of the rotator cuff **"7°. Patients
with rotator cuff tendinopathy have presented greater superior translation of the
humeral head compared to healthy subjects **. Decreased rotator cuff muscle
peak torques (isometric, concentric and eccentric) have been identified in patients
with rotator cuff tendinopathy compared with asymptomatic controls.””"” Also,
decreased EMG activity of the infraspinatus and subscapularis has been
demonstrated during glenohumeral elevation between 30° and 60° **'*. Within
this range of motion, the rotator cuff muscles normally provide an inferiorly

3
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directed force to control the humeral translation *'. In addition, a decreased co-
activation of the subscapularis-infraspinatus and supraspinatus-infraspinatus
muscles during initiation of elevation has been demonstrated in patients with
subacromial impingement. The force couple function plays a vital role in opposing
the superior translation force generated by the deltoid muscle early in elevation,
when the tendency for the deltoid shearing is highest 5o (Figure 3).

Posterior shoulder tightness

Posterior shoulder tightness has been demonstrated in patients with rotator cuff
tendinopathy compared to healthy subjects ™', This tightness could be the result
of capsular tightness and/or muscular contracture. In a cadaver study a decreased
posterior capsular length was directly linked to anterior-superior humeral
translation during passive glenohumeral flexion *. This translation may decrease
the subacromial space, enhancing the risk of impingement.

Intrinsic factors involved in subacromial pain

The hypotheses regarding the intrinsic factors involved in rotator cuff
tendinopathy presume that the demand on the tendon cells at some point exceeds
the ability to repair structural deficits, which result in degeneration, tearing, and
pain usually because of overuse and overload. Several factors are thought to be
involved: age, vascularity, tendon biology, mechanical properties, and genetics "

Degeneration has been found not only on the bursal side of the rotator cuff
tendons but also on the articular side and intratendinous. These changes are
unlikely to be caused by compression from the coracoacromial arch (external
impingement). The degenerative changes identified are those of tendon thinning,
disorientation of fibres, calcification, fatty infiltration and vascular proliferation 86

Underuse or stress shielding may play a role in the development of degeneration °.
The articular-side fibres are reported to be subjected to less strain than the bursal-
side fibres. For example, when moving the arm from adduction to full abduction
the articular-side fibres of the supraspinatus become elongated while the bursal-
side fibers become shortened *°. This stress shielding may cause atrophic changes as
a response to the lack of tensile load. Furthermore, the function of the rotator
cable and crescent presented by Burkhart et al * (Figure 4), promotes stress
shielding. Tendon fibres of the supraspinatus and infraspinatus form a thick bundle
of fibers near the insertion of the rotator cuff on the humerus. This suggested
rotator cable lies at 9o° of the long axis of the supraspinatus fibres. Between the

14
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cable and the humerus is the thinner crescent formed by weaker parts of the
rotator cuff tendons. The muscle and tendon fibers medial to the cable may act
through the cable to produce movement of the humerus and by doing so stress
shield the rotator crescent. Because of the function of the rotator cable, the
crescent is exposed to a reduced load which may lead to increased risk of
degeneration and tearing *.

Age negatively affects tendon properties, and evidence suggests that elasticity

decreases with age, as does the overall tensile strength within tendons *"*°>*" The

prevalence of tendon degeneration, often progressing into partial or full thickness
. . . 147,181,216 .

tears, is reported to increase with age . However, no consensus exists on

whether the changes in tendons are primarily the result of aging or a consequence

of the reduction in mechanical properties making the tendon more fragile ™.

A deficient vascularisation of the rotator cuff tendons has also been proposed in
the pathogenesis of subacromial pain. An increased vascular response has been
demonstrated in patients with degenerative changes and small rotator cuff tears in
patients with rotator cuff tendinopathies 7**. On the other hand, decreased
vascularisation has been presented in patients in whom rotator cuff tendinopathies
progress to complete tendon tears "*°. The exact role of vascularity in the intrinsic
mechanism of rotator cuff tendinopathies is not clear, but it appears to be a factor

that influences or that is influenced by the extent and duration of tendon pathology
181

Altogether, decreased function in the rotator cuff muscles arising from intrinsic
failure may lead to a superior humeral migration with a reduction of the

subacromial space, impinging the subacromial structures, but in interaction with
128,181

extrinsic mechanisms

Figure 4 Superior and posterior view of the rotator cable and crescent. B = the medio-lateral
diameter of the rotator crescent. C = rotator cable. S = Supraspinatus. BT = Biceps tendon. I=
Infraspinatus. TM = Teres minor. (Adapted from Burkbardt 1993 )
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CURRENT CONCEPTS OF EXERCISE TREATMENT IN
PATIENTS WITH SUBACROMIAL PAIN

It is a challenge to find the optimal treatment strategy for patients with
subacromial pain because the cause is multifactorial. Exercise treatment has been
suggested as the first alternative """, Several systematic reviews report that
exercise treatment is effective in reducing pain and improving shoulder function in
patients with subacromial pain 7#**"**#'%_ Different exercise strategies have
proved to be as effective as surgery at short- and long-term follow-ups **7* and
manual therapy in addition to exercises is more effective than exercises alone "7,
The components included in these exercise programs vary considerably and are
seldom described in detail . Furthermore, the wide variety of exercise programs
used and methodological concerns make it difficult to compare and conclude into
evidence-based recommendations. Developing such an evidence-based, exercise
program to recommend in clinical practice requires several steps. To start with
there is a need for well-designed studies evaluating specific strategies described in
detail considering content, dosage and progression to guide treatment for patients
with subacromial pain **"**, In the literature endurance and strengthening
exercises for the rotator cuff muscles and scapula stabilisers along with flexibility
exercises focusing on the posterior shoulder and the pectoralis minor muscle are
recommended ******, The underlying idea is to improve stabilisation of the caput
humeri into the glenoid fossa and normalise the altered scapular kinematics to
avoid impingement and allow healing of the subacromial structures. Pre- and
postoperative exercise treatments for patients with subacromial pain are based on
the same concept of effect mechanisms. However, the postoperative exercise
treatments are adjusted when it comes to dosage and progression because of a
recent ASD surgery, taking the healing process into account.

Scapular muscle function and exercise implications

The serratus anterior muscle is together with the upper and lower trapezius

muscles and rhomboid muscles considered to be the main stabilisers of the scapula
118

The serratus anterior muscle produces scapular upward rotation, posterior tilt, and
external rotation while stabilising the medial border and inferior angle, preventing
scapular winging "** (Figure 5). The serratus anterior and pectoralis minor also
protract the scapula when working together. In patients with subacromial pain,
decreased serratus anterior activity has been demonstrated compared with healthy
controls . Cools et al have also reported decreased protraction strength in
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patients with subacromial pain compared to healthy controls ¥'. Exercises that have
shown high to very high EMG activity of the serratus anterior are: push up plus,
scapular protraction and retraction exercises, supine upward scapular punch,
scaption above 120° in external rotation, and external and internal rotation in 9o° of

. 66
abduction *+*°.

The main function of the upper portion of the trapezius muscle is scapular upward
rotation and elevation for mid-portion scapular retraction and lower-portion
depression. The inferio-medial fibres of the lower part of the trapezius also
contribute to scapular external rotation and posterior tilt **. The lower portion of
the trapezius also plays an important role in the last phase in elevation by pulling
the upper third of the medial border of the scapula downwards, completing its
upward rotation ™ (Figure 5). An abnormal recruitment timing pattern with a delay
in muscle activation of the middle and lower trapezius muscle has been
demonstrated in patients with subacromial pain compared to healthy controls *.
Also, increased activity in the upper part of trapezius in relation to the middle and
lower parts has been reported . Therefore, exercises to restore scapular stability
should emphasise high activity of the middle and lower trapezius in combination
with minimal activity in the upper trapezius **. Such exercises include: side lying
external rotation, low scapular row exercise, and prone extension and horizontal
abduction **.

The rthomboid’s function is scapular retraction, downward rotation and elevation.

High EMG activity has been demonstrated in the rhomboids during high and low
scapular row, standing external rotation in o° and 9o° of abduction, prone rowing

and scaption above 120° *°
T
“~ >
&T

Figure 5 Scapular rotators. Arrows show the direction of force generation. S A= Serratus Anterior.
U T= Upper trapezius. L T = Lower trapezius.
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Rotator cuff muscle function and exercise implications

The rotator cuff muscles act as internal and external rotators of the glenohumeral
joint """, Furthermore, they stabilise the joint by providing a medial and inferior
force on the humeral head, keeping it central into the glenoid fossa during shoulder
%' (Figure 3). Exercises that show high EMG activity in the rotator
cuff muscles are: internal and external rotation at o° and 9o°of abduction, side-lying
external rotation, standing low scapular row and scaption in “full can” or “empty
can” %>, The ability to generate force while performing scaption with external
rotation (full can) and internal rotation (empty can) has been demonstrated
equivalent. However, several reasons remain for choosing the full can exercise. The
activity of the deltoid is higher in the “empty can” exercise 7 and the internal
rotation in this exercise may cause impingement because of decreased width of the
subacromial space "7*. Also, the empty can exercise produces an increased scapular
anterior tilt and internal rotation both associated with increased risk of
impingement "". The side-lying external rotation exercise stimulates high activity
of the rotator cuff together with high activity of the lower trapezius muscle and
minimises activity in the upper part of the trapezius *. This effect is important
because one of the purposes of the exercise treatment is to restore the aberrant
activation of the scapular muscles.

movements

Fccentric exercises of the rotator cuff muscles

Because intrinsic mechanisms, causing degeneration of the rotator cuff tendons,
have been shown to contribute to subacromial pain it is important to address this
tendon degeneration when treating subacromial pain patients.

Eccentric exercises have yielded positive clinical results for pain and function **™**
and in repairing tendon tissue with increased collagen synthesis " in the
treatment of mid-portion Achilles tendinopathies. Because the histological
changes seen in the Achilles tendon are similar to those seen in the supraspinatus

tendon eccentric exercises might also be effective in patients with subacromial pain
70,107

Two pilot studies evaluating the effect of 12 weeks of eccentric exercises for rotator
cuff tendinopathies have reported positive results with decreased pain and
improved shoulder function ***°. Camargo et al * recently reported decreased pain
and increased shoulder function after six weeks of isokinetic eccentric training of
the rotator cuff. A recent randomised trial compared a traditional rotator cuff
strengthening exercise program with a strategy that added an eccentric exercise for
the supraspinatus muscle to the traditional exercises. The eccentric group showed a
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15% higher gain in abduction strength but no significant group differences in
shoulder function and pain were reported “°. However, the study was
underpowered to detect differences in shoulder function and pain. Overall the
promising results of earlier studies endorse including eccentric exercises as a
component in the exercise strategies used for treatment of these patients.

Posterior shoulder stretching

Increasing the flexibility of the posterior soft tissue structures is recommended in
the treatment of patients with subacromial pain **. The purpose is to restore the
shoulder kinematics and to avoid impingement. A common symptom in patients
with subacromial pain is decreased internal rotation *"***, The posterior shoulder
stretch (cross body stretch) increases internal rotation *>** and a gain in internal
rotation has also been correlated with increased shoulder function ™.
Furthermore, increased internal rotation and acromiohumeral distance develop
after performing stretching of the posterior capsule for six weeks **. In addition a
manual technique with dorsal and caudal gliding has been suggested effective in
increasing internal rotation in patients with subacromial impingement *°.
However, definitive evidence supporting the use of these techniques is lacking, and
this treatment is based mainly on clinical findings.

SURGICAL INTERVENTION AND POSTOPERATIVE
TREATMENT FOR PATIENT WITH SUBACROMIAL
PAIN

Clinical guidelines in Sweden suggest that patients who have had subacromial pain
for at least six months and failed non-surgical treatment at three to six months
should be considered for surgery. The most used technique is ASD. During this
procedure, the surgeon removes part of the subacromial bursa, performs an
acromion bone resection, and resects the attachment for the coraco-acromial
ligament **.

Coghlan et al concluded that little evidence supports or refutes the effect of
surgery in patients with subacromial pain *. Two studies *”* have compared ASD
surgery with a standardised exercise program described by Béhmer et al for
patients with subacromial pain *°. No significant differences between the two
groups were reported at the one and two-and-a-half-year follow-ups *7°.
Regardless, the number of ASD procedures has increased substantially in recent
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years in Sweden (figures from the Swedish board of Health and Welfare 2013) and
also in the USA **°.

Studies are lacking to date that present predictors of a poor result from exercise
treatment indicating the need for surgery. Even though the need for surgery in
these patients is questioned, several studies have reported excellent success rates
after ASD with reduced pain and increased shoulder function +'°*3%"5%'%5,
However, postoperative exercise treatment is seldom evaluated or described. At
the time study A was designed, the usual practice was home-based range of motion
exercises. Today, rehabilitation after surgery with graded strengthening exercises is
common. Nevertheless, evaluation of different postoperative rehabilitation
programs is scarce. General programs have been described in the literature
recommending active assisted exercises directly after surgery and then gradual
loading and strengthening of the rotator cuff muscles and scapula stabilisers *°.
Klintberg et al compared two programs after ASD: early activation versus a more
protective regime. No differences were found between the two groups and the
authors concluded that the more progressive active program was safe to implement
. Andersen et al ‘compared home training versus physical therapist (PT)
supervised exercises after ASD surgery and concluded that home exercises are as
effective as supervised exercises. However, they did not describe the exercises,
dosage and progression in their study making it difficult to interpret and
implement their results in clinical practice.

Because the intention of a surgical procedure with ASD is to remove the presumed
structural pathology and the aim of the exercise program is to restore shoulder
function and prevent recurrence, both aspects are considered important for a
successful outcome. Further studies evaluating the effect of different postoperative
exercise treatments are needed to be able to recommend one exercise treatment or
another.

ASSESSMENT OF FUNCTIONING IN PATIENTS WITH
SUBACROMIAL PAIN

Patients with subacromial pain have limitations such as loss of muscle endurance
and strength " and reduction in range of motion is observed, particularly in
internal rotation ****. These limitations are often associated with limitations in
leisure time activities and difficulties working with weights above their heads as
well as being unable to work full time *. Disturbed sleep and a reduction in quality
of life are also reported 7. Ostor et al ™ presented baseline values of shoulder
function, using both shoulder-specific and generic instruments in patients with
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shoulder pain, mainly with the diagnosis of rotator cuff tendinopathy (85%). They
reported a significantly reduced shoulder function, increased pain intensity and
reduction in health-related quality of life compared to normative data.

Functioning is a broad term and refers to body structures and functions as well as
activity and participation according to the international classification of
functioning disability and health (ICF) *°. To assess all of these aspects, both
generic and disease-specific instruments are accessible. Several disease-specific
instruments measuring shoulder function and pain are available and used in clinical
practice ? but there is no consensus on a gold-standard instrument for measuring
shoulder function and pain in patients with subacromial pain. However, the
Constant-Murley score (CM score) is recommended by the European Society for
Surgery of the Shoulder and Elbow for use in all research involving patients with
shoulder disorders *. This specific shoulder instrument focuses on body structures
and body functions while other instruments frequently used in shoulder research
such as the Disability of the Arm Shoulder and Hand (DASH) score focus more on
aspects of activity and participation. In addition health-related quality of life
(HRQL) is affected in patients with subacromial pain. Piitulanien et al *** reported
that patients with rotator cuff disease having the most difficulties in shoulder
function also had the lowest HRQL. Therefore a combination of shoulder specific
and generic instruments is recommended in the evaluation of patients with

shoulder pain to obtain an overall picture of the patient’s individual situation
13,14,59,164

Instruments that are used for evaluating treatment effects need to be sensitive to
detect changes. Furthermore, the relevance of an observed change needs to be
interpreted in the light of clinical importance because the statistical significance is
partially a matter of sample size *. In large randomised clinical trials even small
changes may be statistically significant, but the interesting question is, are these
changes of clinical relevance for the patients? *°. One way of evaluating and
interpreting changes in scores is to use the minimal important change (MIC) which
relates the change to what the patients and clinicians think is important. It is
defined as “the smallest change in score in the construct to be measured which
patients perceive as important” *°, Still many outcome measures for assessment of
shoulder function and pain lack this reference value.

21



Background

"THE RATIONALE OF THE THESIS

There is a need of standardised pre- and postoperative exercise programs based on
the latest evidence with a thorough description of content, dosage and progression
to guide the treatment of patients with subacromial pain in clinical practice.

Surgical treatment with ASD has increased substantially in Sweden in recent years
(Figures from the Swedish board of Health and Welfare 2013) as well as in the USA
206 . . . .

, even though studies comparing exercise treatment with surgery report equally
positive results at the one and two-and-a-half-year follow-ups *”". If a standardised
exercise program based on latest evidence designed to enable implementation into
clinical practice could be proved effective, the need for surgery might decrease.

Factors that predict outcome and treatment modifiers classifying a possible
“responder” from a “non-responder” to exercise treatment need to be identified to
further decide on the best treatment alternative for subgroups of patients with
subacromial pain.

The intention of the surgical procedure with ASD is to remove the presumed
structural pathology, while the aim of the exercise program is to restore shoulder
function and to prevent recurrence. Therefore, both are important but how the
postoperative exercise strategy should be performed is less evaluated and needs to
be further studied because it is considered important for the outcome.

The minimal important change of the CM score has not been reported. To
interpret changes in outcome measures for shoulder function and pain as a result of
exercise treatment, the importance of the change for the patient needs to be
considered. This value would add useful knowledge and ease the interpretation of
the relevance of the change in research and clinical practice.
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AIMS OF THE THESIS

GENERAL AIM

The overall aim of this thesis was to evaluate the efficacy of pre- and postoperative
exercise strategies on shoulder function and how the preoperative strategy affects
the need for surgery in patients with long-standing subacromial pain.

SPECIFIC AIMS

e to evaluate and compare the efficacy of two postoperative exercise programs
regarding shoulder function, pain and health-related quality of life

e to evaluate the efficacy of a specific exercise strategy regarding shoulder
function, pain, health-related quality of life and the need for surgery

e to analyse if the rotator cuff status, baseline shoulder function and
radiological findings influenced the choice of surgery

e to develop recommendations concerning minimal important changes in the
Constant-Murley score for patients with long-standing subacromial pain
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MATERIALS AND METHODS

DESIGN

The thesis is based on two studies:

Study A - a clinical randomised study that evaluated and compared the
efficacy of two postoperative exercise programs (paper I).

Study B - a clinical randomised study that evaluated the efficacy of a specific
exercise strategy and the need for surgery (papers I1-1V).

OVERVIEW OF THE STUDIES

Study A

Patients with long-standing subacromial pain who had undergone ASD surgery
were randomised to either physical therapist (PT)-supervised exercise treatment
including progressive strength-endurance exercises for the rotator cuff and scapula
stabilisers (PT-group) or to home-based movement exercises (H-group), the
current practice in participating clinics at the time of the study design. Shoulder
function, pain and health-related quality of life were evaluated after 1 week and, 1, 2,
3 and 6 months. These results are presented in paper 1.

Study B

Patients with long-standing subacromial pain on the waiting list for surgery were
randomised to either a specific exercise strategy including strength-endurance
exercises for the rotator cuff and scapula stabilisers (specific exercise group) or to
control exercises including mobility exercises for the neck and shoulders (control
exercise group). Shoulder function, pain, health-related quality of life and the
patient’s own choice about surgery were assessed after completing the
interventions at three months and 12 months after inclusion. The three month
results are presented in paper II. Associations between rotator cuff status, baseline
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shoulder function, radiological findings and the patient’s choice of surgery (yes/no)
were analysed with logistic regressions. These results along with the 12 month
follow-up results are presented in paper III.

A visual anchor-based MIC distribution method was used to determine the MIC in
the primary outcome in this study (CM score). Those results are presented in
paper IV.

PATIENTS

The patient population were those with long-standing subacromial pain (>6
months duration) who were on the waiting list for surgery (study B) and patients
operated with ASD (study A). Before entering the studies all patients had received
verbal and written information about the study and had given their written
informed consent. The regional board of ethics in Link6ping approved the studies
(study A dnr: 02-37 and study B dnr: M124-07).

Study A

Patients were recruited between 2003 and 2006 from the orthopaedic departments
of a university hospital and a local hospital located in two geographical areas of
Sweden. Patients who were scheduled for ASD, ranging in age from 30 to 65 years,
were recruited. An orthopedic surgeon set the following standardised criteria for
surgery: a positive impingement test by Neer (local anaesthetic, 10 mL prilocaine in
the subacromial bursa), a minimum of six months duration of pain, no results or
unsatisfactory results after at least three months of physical therapy, and typical
pain location (C5 dermatome). Inclusion and exclusion criteria are presented in
Table 1 and 2. Thirty-six patients were randomly assigned using a concealed
allocation procedure; 33 fulfilled the exercise treatment, 29 of whom completed all
required follow-ups. Two patients dropped out because of lack of time, and one
had low back pain and could not continue after four weeks. Another four patients
did not attend the six-month follow-up, and gave no reasons (Figure 6).

25



Materials and Methods

Assessed for eligilibility (n=45)

Excluded
Not meeting inclusion criteria (n=1)
Refused to participate (n=8)

Concealed randomisation (n=36)
Area 1 (n=18)
Area 2 (n=18)

Allocated to supervised physical therapy Allocated to home exercises (H group)
(PT group) (n=17) (n=19)
Received allocated intervention (n=17) Received allocated intervention (n=19)
Area 1 (n=9) Area 1 (n=9)
Area 2 (n=8) Area 2 (n=10)
1 ¥
Lost to one month follow up (n=1) Lost to one month follow up (n=1)
= Lack of time to exercise = Low back pain
Lost to three month follow up (n=1) Lost to six month follow up (n=2)
- Chose to drop out - Not able to attend the six month
Lost to six month follow up (n=2) follow up
- Not able to attend the six month
follow up
i 1
Analysed at three month follow up (n=15) Analysed at three month follow up (n=18)
Analysed at six month follow up (n=13) Analysed at six month follow up (n=16)

Figure 6 Flow chart of the participants in study A (paper I).
Study B

Patients, who were scheduled for ASD surgery ranging in ages from 30 to 65 years,
were recruited between 2008 and 2010 from the orthopedic department of a
university hospital in Sweden. An orthopedic surgeon set the following
standardised criteria for surgery: a positive impingement test by Neer (injection of
1 mL of 2omg/mL triamcinolone mixed with 6 mL of 10 mg/mL of romg/mL
mepivacain), a minimum of six months duration of pain, no results or unsatisfactory
results after at least three months of physical therapy including exercise treatment,
and typical pain location (Cs dermatome). Inclusion and exclusion criteria are
presented in Table 1 and 2. A total of 102 met the inclusion criteria and were
randomly assigned using a concealed allocation procedure. Three weeks after
inclusion, five patients were excluded: two patients developed a frozen shoulder
diagnosed by the PT three weeks after inclusion and three patients changed their
mind about participating and declined participation at the first PT visit because of
a lack of time (Figure 7). Ninety seven patients were compliant until the three-
month follow-up and included in the analysis. Two patients, one in each group,
could not attend the one-year follow-up because of medical reasons, non-shoulder
related.
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Table x Inclusion criteria for studies A and B. Differences shown in italics.

Study A Study B
e Age 30-65 years e Age 30-65years
e Duration of pain >6 months e  Duration of pain >6 months
e Unsatisfactory results > 3 months of e  Unsatisfactory results > 3 months of
conservative treatment conservative treatment
e ASDsurgery e  Scheduled for ASD
- Positive impingement test by Neer - Positive impingement test by Neer
- At least 3 positive test results of the following: - At least 3 positive test results of the following:
e Neerimpingement sign e Neer impingement sign
e Hawkins Kennedy impingement sign e Hawkins Kennedy impingement sign
e Jobe supraspinatus test e Jobe supraspinatus test
e Painful arch e  Patte’s manoeuvre

Table 2 Exclusion criteria for studies A and B. Differences shown in italics.

Study A Study B

e Clinically verified: e  Clinically verified:
- shoulder instability - shoulder instability
- symptoms from the cervical spine - symptoms from the cervical spine
- fibromyalgia - fibromyalgia
- frozen shoulder - frozen shoulder
- suspected polyarthritis - suspected polyarthritis
- rheumatoid arthritis - rheumatoid arthritis
- general neck and shoulder pain - pseudoparalysis

- received a corticosteroid injection for the last three
months for the current problem

e Radiologically verified: e Radiologically verified:
- malignancies - malignancies
- osteoarthritis of the glenohumeral joint - osteoarthritis of the glenohumeral joint
- previous fracture or surgery in the shoulder - previous fracture or surgery in the shoulder complex
complex on the affected side on the affected side

- 0s acromiale
- acromioclavicular arthritis
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Assessed for eligilibility (n=152)

Not meeting inclusion criteria (n=50)

Randomised (n=102)

I !

Control exercise group (n=50) Specific exercise group (n=52)

Received allocated intervention (n=46) Received allocated intervention (n=51)
Didn’t receive allocated intervention (n=4) Didn’t receive allocated intervention (n=1)
Three month follow up (n=46) Three month follow up (n=51)

Chose surgical intervention (n=29) —_—m ——————— Chose surgical intervention (n=10)

Lost to follow up (n=0) Lost to follow-up (n=0)

| |

One year follow up (n=45) One year follow up (n=50)
Chose surgical intervention (n=0) Chose surgical intervention (n=2) due to
Lost to follow up (n=1) due to medical recurrent pain and dysfunction
reasons, non shoulder related Surgical intervention Surgical intervention Lost to follow-up (n=1) due to medical
(n=29) (n=12) reason, non shoulder related.
Analysed at one year (n=16) Analysed one year Analysed one year Analysed at one year (n=38)
after surgery (n=29) after surgery (n=12)

Figure 7 Flow chart of participants in study B (paper 11, 111)

CLINICAL ASSESSMENT

A standardised questionnaire was used to collect background data and expectations
of treatment effect were requested (choices were: completely restored, quite
improved, and not improved but some relief of the symptoms or no expectations of
being restored). Furthermore, patients rated their work load on a four-item scale
dichotomised into two categories: light to moderate (not working with arms above
the shoulders) and moderate to heavy (working with arms above the shoulders). All
questions and outcome measures used in studies A and B are presented in Table 3

(page 35).

All patients had a radiological examination to secure inclusion. In study B also signs
of subacromial calcification and subacromial degeneration were recorded.
Subacromial degeneration was considered present with one or more than one of the
following findings; sclerosis, cysts and spur formations on the greater humeral
tuberosity and/or under the acromion. In study B, ultrasound also was performed
between inclusion and the three-month follow-up to investigate the status of the
rotator cuff (intact, partial-tear, or full-thickness tear). A partial tear was defined as
a localised absence of the tendon as seen in two orthogonal imaging planes as a
mixed hyperechogenic and hypoechogenic region on the bursal side, joint side, or
in the intratendinous region that did not penetrate the entire tendon. A full
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thickness tear was defined as non-visualisation of the tendon throughout its
thickness.

Clinical tests

Clinical tests along with the information from the standardised questionnaire were
used to clinically diagnose subacromial pain in patients included in studies A and B.
The tests used can broadly be classified as impingement tests and rotator cuff
strength/provocation tests. Impingement tests are reported to reproduce pain by
reducing the subacromial space compressing the greater tuberosity against the
acromion impinging the subacromial structures ““*"**°°. In addition, the rotator
cuff strength/provocation tests that apply tension to the rotator cuff tendons are
used to assess the function of the individual rotator cuff tendons, and the response
could be either weakness or pain or a combination of both. These clinical tests are
reported to be sensitive but less specific; and therefore combining the results of
several tests is recommended ***>, Michener et al "* reported that three or more
positive tests out of five (those presented below) can confirm the diagnosis of
subacromial pain while fewer than three positive out of five rules out subacromial
pain.

The Neer impingement test was compulsory for inclusion in both studies.
Further, three positive tests out of four was used as a criterion in study A (not
including the Patte’s test) and three out of four (not including painful arch) in study
B to confirm the diagnosis of subacromial pain.

Neer impingement sign

To elicit this sign, the examiner internally rotates the
sitting patient’s shoulder and then forcibly elevates the
arm while scapular movement is prevented by the other
hand, which applies a downward force at the acromion
2, This test is considered positive if pain is present
during the procedure. A sensitivity of 72-89% and a
specificity of 30-60% have been reported reported *°.

Figure 8 Neer impingement sign
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Neer impingement test

The Neer impingement test is positive for having subacromial pain if patients
having a positive Neer impingement sign become free from symptoms after
.. .. . . . . 152 . .
receiving an injection of local anaesthetic in the subacromial space “°. Pain relief
with injection of local anaesthetic in combination with steroids preoperatively has
proved to be a prognostic factor for a successful outcome after ASD surgery *°. In
study B, a combination of local anaesthetics and steroids was used. This test has

been reported to have a high sensitivity of 75-89% but a low specificity of 30—40%
15

Hawkins-Kennedy impingement test

‘ The examiner positions the patient’s arm at

approximately 9o° of forward flexion and forces the arm
into internal rotation while the other hand fixates the
scapula by a depressive force ¥/, This test is considered
positive if pain is present during the procedure. The
sensitivity has been reported to be high at 80—-92% while
the specificity is lower at 25-56% “*°.

Figure 9 Hawkins-Kennedy
impingement test

Painfiil arc of abduction

The patient performs an active abduction with the arm externally rotated. The test
is positive if pain is present in the range between 60-120° of abduction "*. This test
has been reported to have a sensitivity of 75% and a specificity of 67% 16
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Jobe supraspinatus test

The examiner elevates the shoulder to 90° in the scapular plane and then places the
shoulder in internal rotation (thumb facing downward). The patient is instructed to
maintain this position while the examiner applies a downward force aiming to
break through the patient’s
resistance.  The  test s
considered positive if
weakness or pain appears ‘. A
sensitivity of 77-95% and a
specificity of 65-68% have
been reported when weakness
is used to define a positive test.
When pain exacerbation was
used to define a positive test,
the sensitivity (66%) and the
specificity (55%) were lower °.

s

Figure 10 jobe supraspinatus test

Patte s test (infraspinatus and teres minor)

The examiner places the patient’s arm in 9o° of flexion in the glenohumeral joint
with the elbow in 9o° of flexion and internally rotates the arm by lowering the
forearm. The examiner supports the patient’s arm at the elbow and fixates the
F ' scapula by a depressive force.
Then the patient is instructed
to perform external rotation
while the examiner applies a
downward force at the wrist,
resisting the movement. The
patient is instructed to hold
against the resistance. The test
is positive if pain or weakness
is reproduced . A sensitivity
of 76-79% and a specificity of
57—-67% have been reported °.

Figure 11 Patte’s test (infraspinatus and teres minor)
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OUTCOME MEASURES

Constant-Murley score

The Constant-Murley (CM) score (Appendix 1) was used as the primary outcome
for evaluation of shoulder function and pain in studies A and B. This score is a
shoulder-specific assessment tool containing objective measures (range of
movement and shoulder strength) and subjective measures (activity of daily living
and pain). The maximum is 100 points and indicates excellent shoulder function.

The CM score has four subscales: pain (15 points; p); activities of daily living (20p);
range of motion (40p); and strength (25p). Questions and measurements were
standardised according to the original description by Constant and Murley and
further developed and presented in a later publication **. Strength in abduction
was measured with a handheld myometer (Nottingham Mecmesin Myometer®)
with the patient in a standing position with the arm in the scapular plane and 90° of
elevation, with hand and forearm pronated. The measurement should be pain-free
and the highest value out of three is used. This procedure, using the handheld
myometer when measuring strength instead of the spring balance used in the
original version, has been validated by Johansson et al "**. The intra-tester
reliability of the CM score has been reported to be high while the inter-tester
reliability is weaker "7, Responsiveness to treatment in patients with subacromial
pain has been shown to be excellent in the CM score °. Construct convergent
validity has been established between CM score and other shoulder specific
questionnaires such as the Western Ontario Rotator Cuff index and Oxford
shoulder questionnaire and strong correlations (>0.70) have been reported . MIC
values in the CM score are presented in paper IV and established a range of 17-24
points.

Disability of the Arm, Shoulder and Hand

The Disability of the Arm, Shoulder and Hand (DASH) score, used in studies A
and B, is a self-administered region specific outcome instrument assessing
symptoms and function of the entire upper extremity, developed by the American
Academy of Orthopedic Surgeons . The main instrument consists of a 30-item
disability/symptom scale asking about the degree of difficulty in performing
different physical activities (21 items) and the severity of the pain symptoms, such
as activity-related pain, tingling, weakness, and stiffness (5 items), as well as the
effect of these problems on social activities, work, and sleep, and psychological
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impact (4 items). Each item has five response alternatives from “no difficulty” to
“unable to perform activity”. The score for all items is then used to calculate a scale
score ranging from o (no disability) to 100 (severe disability). High correlation with
shoulder-specific scores as well with generic instruments such as the EQ-5D has
been reported ***">. MIC has been established at 10 points in patients with
shoulder disorders ™.

Pain perception

The visual analogue scale (VAS; o-100) first presented by Huskinsson 9% \was used
in both studies to assess the patient’s perceived pain intensity at rest, during arm
activity and at night during the previous 24 hours at each follow-up. An ungraded
100 mm horizontal line with vertical bars at each end, with no pain at one end and
with worst imaginable pain at the other, was presented for the patients. The
patients moved a vertical marker on a plastic VAS ruler to the point on the
horizontal line that represented their perceived pain. A review evaluating different
aspects of reliability and validity in three different pain rating scales (VAS, pain
rating scale, the verbal rating scale) concluded that all three are reliable and valid
and appropriate for use in clinical practice. Further, the VAS was statistically the
most robust because it can present ratio interval data. However, VAS was also
considered as the most difficult of the three scales to use in clinical practice and has
the highest failure rate *°. Responsiveness has been reported to be good using the
VAS in patients with long-standing pain . The MIC for VAS measurements in
patients treated with rotator cuff disease has been reported to be 14 mm “°. Farrar
et al 7 defined a clinically important change in pain as “much improved” or “very
much improved” using the Global Rating Scale, and that related to a 30% reduction
in pain.

Health related quality of life

The Euroqol (EQ-5D) 7 was used in studies A and B for evaluation of health-
related quality of life. The EQ-5D is a self-administered questionnaire that includes
two parts. The first part contains five items covering five dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression. These
dimensions can be graded on three levels: 1, no problems; 2, moderate problems;
and 3, extreme problems. The combinations of the levelled responses to the five
dimensions are then transformed into a five-item index score defining the patient’s
health state. There were 243 possible health states and each had a preference value
attached to it with values that ranged from -0.57 to 1.0 where 1.0 was optimal
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health state. The second part consists of a VAS designed as a thermometer valuing
the current health state, measured on a 20-cm 10-point interval scale. The worst
imaginable health state is scored as o and best imaginable health state scored as
100. Psychometric properties such as construct validity, criterion validity, face
validity, and test-retest reliability have been tested and found acceptable in
patients with musculoskeletal disorders 77",

Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression (HAD) scale was used in study B as a
screening tool for mental distress because anxiety and depression symptoms have
been reported to influence the outcome after treatment in patients with shoulder
pain ?. The HAD is a self-administered instrument with a total of 14 statements,
seven about anxiety and seven about depression. The patients then rate their
experience in the context of these statements by choosing one of four graded
alternatives. The different graded alternatives to each question are then
transformed into a score range, and cut-off values are presented for having no
symptoms (0—6 points), mild symptoms (7-10 points), or likely having anxiety or a
depression diagnosis (>10 points) *7. The HAD has been reported to be valid and
reliable in detecting anxiety and depression in patients visiting a hospital
outpatient clinic *7.

Patient Global Change Questionnaire

A patient self-report global change questionnaire, the patient’s global impression of
change (PGIC) * was used in study B to evaluate the degree of change arising from
treatment according to the patient’s perspective. The question being asked was,
“Since the beginning of the treatment, how would you describe your change (if any)
in activity limitations, symptoms, and overall quality of life related to your painful
shoulder condition?” The patients registered the change on a five-point numerical
scale: 1, recovered; 2, large improvement; 3, small improvement; 4, unchanged; or 3,
worse. Global assessment scales are commonly used but have been questioned
because they seldom are sufficiently investigated when it comes to validity and
reliability ™", However, global assessment scales have proved to be sensitive to
change in several patient populations 7’ and to provide clinically relevant
information about the treatment effect in an individual patient °°. In paper IV, the
MIC in the CM score was determined, and the PGIC was used as an external
criterion (anchor) and compared to the patients’ individual changes in the CM
score.
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Table 3 Overview of questions, outcome measures and screening tools used in this thesis

Variable Studies
Age AB
Sex AB
Dominant side affected AB
Affected side left/right AB
Duration of symptoms AB
Pain location AB
Sick leave at start AB
Sick leave after treatment A
Drugs B
Earlier treatment B
Corticosteroid injections yes/no B
Occupation AB
Work load (1-4) AB
Expectation of treatment (1-4) B
CM score AB
DASH score AB
Pain intensity (VAS mm) AB
EQ-5D AB
EQ-VAS B
HAD B
PGIC B
Yes or no to surgery B
Ultrasound (rotator cuff status) B
Radiographic AB

CM score=Constant Murley score, DASH=Disabilities of the Arm Shoulder and Hand, VAS=Visual
Analogue Scale, EQ-sD=Eurogol, HAD=Hospital Anxiety and Depression scale, PGIC=Patients Global
Impression of Change.

INTERVENTIONS

All patients in study B received a subacromial corticosteroid injection from the
orthopaedic surgeon at the inclusion visit, which is in line with usual procedure.
The exercises were introduced two weeks after the injection. In studies A and B, all
patients in both groups received thorough information about their shoulder
condition, ergonomic practices, and correction of their posture.
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Exercise strategies

Specific exercise strategy

The specific exercise strategy used in study B focused on strength-endurance with
eccentric exercises for the rotator cuff muscles and concentric/eccentric exercises
for the scapula stabilisers and a posterior shoulder stretch (Appendix 2). The
program was recommended to be performed twice daily for the first eight weeks
and after that once a day for another four weeks. The patients were offered a total
of six to seven PT visits during these 12 weeks. The program consisted of a total of
six exercises, and progression was made with increased load and increases in
exercise complexity. The exercises were standardised and the same for all patients
but the load was individually adjusted. To find the proper load the Oddvar Holten
diagram was used ” (Figure 12). A resistance was selected at which the patient could
barely perform 20 repetitions. This resistance was used to fulfil 15 repetitions in
three sets. The pain monitoring model was used to control for pain (Figure 13) *.
The patients were not to exceed 5 on a scale between o-10. If they did, the
resistance was decreased. Manual mobilisation including stretching of the
pectoralis minor * and a manual technique with dorsal gliding of caput humeri *°
was additionally performed if the patient had a limited range of motion or
flexibility in the shoulder. The progression of exercises and load was done during
these supervised sessions. An exercise diary was used to monitor adherence.

Repetitions
100% | 4
R.M
5% [\ ,
4 Strength
7
N |
\ 16 Strength/Endurance

22

25 Endurance

30

Figure 12 Oddvar Holten diagram”. RM =Repetition maximum
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Pain monitoring model

The pain monitoring model was first described by Thomeé "** who used this model
to control pain during exercises in patients with patella-femoral pain syndrome.
Patients rated their pain experience just after performing the exercise on a VAS
from o (no pain) to 10 (pain as bad as it could be) with safe, acceptable, and high-
risk pain zones indicated (Figure 13). This model was used to control pain during
the exercises in study B. Patients were allowed to experience VAS pain levels of 5
while performing an exercise. If this level was exceeded the load was decreased.
Pain after the exercise program was completed was tolerated up to a VAS level of 5,
but all pain triggered by the exercises was to have subsided within the next 12 hours.
The pain monitoring model has been successfully used in areas of pain monitoring
in the treatment of Achilles tendinopathy and rotator cuff tendinopathies ****'**,

Pain Monitoring Model

SAFE ACCEPTABLE HIGH RISK

0 2 5 10

No pain Pain as bad as it could be

Figure 13 Pain monitoring model (Thomee 1997 **)

Range of motion exercises

The control exercise program (Appendix 3) used in study B consisted of six non-
specific range of motion exercises with no progression aiming at restoring shoulder
motion. Each movement exercise was repeated 1o times, and each stretching
exercise 30 seconds times three, twice a day for 12 weeks. Support and guidance for
the exercises was achieved at the supervised PT session (a total of six to seven PT
visits were offered during 12 weeks). The home-based movement exercise program
used in study A was the current practice in participating clinics at the time of the
study design. This program consisted of six exercises with active and active
supported exercises to restore shoulder motion (Appendix 4). Each exercise was
repeated 10 times and performed at home twice a day for 12 weeks without
progression and supervision.
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Postoperative exercise program

In study A, the PT supervised strength-endurance exercise program consisted of
four phases after the first week of home exercises with pendulum and active
supportive and active movements (Appendix 5). This program was also performed
post operatively by the patients in study B who chose surgery. The program focused
on strength-endurance exercises for the rotator cuff muscles and the scapula
stabilisers. The patients were instructed to perform the program twice a day at
home and under PT supervision with progression through the phases twice a week
for eight weeks. During the last four weeks only home exercises were performed.
Each exercise was to be repeated 10-15 times in three sets.

In Phase 1 (week 2), the patients focused on correction of posture and active
movement exercises of the shoulder to restore shoulder motion.

In Phase 2 (week 3), isometric strengthening exercises of the rotator cuff muscles
and scapula stabilisers with the shoulder in a neutral position were performed, as
was dynamic external rotation while lying on the side through the range of motion
against gravity.

In Phase 3 (weeks 4 and 5), dynamic strength-endurance exercises of the rotator cuff
muscles and the scapula stabilisers (eccentric as well as concentric) with the
shoulder in a neutral position, using rubber bands and weights, was conducted. In
addition, movement exercises in full range of motion were performed

In Phase 4 (weeks 6-8), dynamic strength-endurance of the rotator cuff and the
scapular muscles continued but was performed in different positions (shoulder in
45" of abduction and progression with 9o° of abduction), while gradually increasing
the load. At the end of this phase (week 9-12) progression of exercises was
conducted with increased load and more complex exercises individually designed
for patients, considering work situation and leisure time activities.

VISUAL ANCHOR-BASED MIC DISTRIBUTION
METHOD (PAPERIV)

The analysis in paper IV was based on 93 patients because 2 of the 97 patients
included in study B lacked complete data on the CM change score and the PGIC.
Furthermore, two patients were excluded because of deterioration, which is in line
with earlier studies *>'®. The anchor-based distribution method was used to
determine the MIC, which integrates anchor- and distribution-based approaches.
The PGIC was used as an anchor. This scale was dichotomized, and patients who
indicated that they were unchanged or had a small improvement were labelled as
“not importantly changed”, and patients who indicated that they had a large
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improvement or that they were recovered were labeled “importantly improved”.
The individual changes in the CM score (baseline to three months) was compared
to the PGIC categories in all the included patients. This method is further
described under data analysis (page 41).

STATISTICAL METHODS

Paper I

To compare independent variables between the two groups at baseline, the
Student’s t-test was used for continuous data and the y” test for categorical data.
Changes in continuous dependent variables over time were assessed by repeated
measures analysis of variance (ANOVA). Four separate analyses were performed
(CM score, the DASH score, the EQ-5D, and the VAS); the within-subjects factor
was time and the between-subject factor was treatment for all four analysis. Paired
t-tests with Bonferroni correction were used for post-hoc analysis. Statistical
significance was defined as p <0.05 for all tests. A change of 10 points in the CM
score as previously suggested was considered to be clinically relevant between
groups *.

Paper Il

A sample size calculation was performed based on the CM score. The calculation
estimated that a total of 82 patients would be required to detect a 10 point mean
group difference with a variability of 16 points (p=.80, o=.05 two-sided). To
compensate for drop outs an additional 20 patients were recruited. To compare
independent variables between the two groups at baseline, the Student’s #-test was
used for continuous data and the y* test for categorical data. One-way ANOVA was
used for group differences at the three-month follow-up in primary and secondary
outcomes using continuous scales; the dependent variable was adjustment for
baseline levels of outcomes using group differences in mean change from baseline
to the three-month follow-up. The patient’s global impression of change in
symptoms because of treatment was dichotomised into large improvement (large
improvement or recovered) or unimproved (slightly recovered, unchanged, or
worse). Pearson’s * test was used to compare changes between groups, as well as
the proportion of patients who still wanted or thought they needed surgery in the
respective groups at the three-month follow-up. We compared the percentage of
successful outcomes between groups by calculating the odds ratios and their 95%
confidence intervals (CIs) with logistic regression.
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Paper 111

The patients were the same as in paper II. Parametric and non-parametric tests
were used for comparison of baseline variables. For within-group comparisons,
paired z-tests were used to calculate differences in total scores (primary and
secondary outcome measures) from the three-month to one-year follow-ups. The
number of patients choosing surgery in each group was calculated and compared
with Pearson’s ¥ test. The proportions of radiologic and ultrasound findings were
examined using Fisher’s exact test. Any associations among radiologic and
ultrasound findings, baseline CM score, and the patient’s choice of surgery (yes/no)
were analysed with logistic regressions. In the logistic regression analysis, the CM
score at baseline was divided into quartiles (25% of the values in each quartile, 0-33,
36-44, 45—58, and 59-100 points). Subacromial degeneration findings were
dichotomized into two categories: yes (one or more signs) and no (zero signs).
Gender was adjusted for. A p <0.05 was considered significant in papers I-III.

Paper IV

The patients were the same as in paper II and III. Two values for MIC were
calculated: the optimal cut-off point of the receiver operator characteristic curve
ROC) MICroe) and the 95% limit cut- off point (MICy iimi). The study
population was considered as a cohort, ignoring the two different treatment
groups. The correlation between the changes in the CM score and the anchor
(PGIC) was analysed using Spearman’s rho to determine if the choice of the anchor
was adequate. A correlation coefficient of at least 0.5 has been recommended®.
The individual changes in the CM score (baseline to three months) were compared
to the PGIC categories in all of the included patients. The anchor function of
PGIC was to discriminate between patients who experienced that they had
undergone a clinically important change from those who did not. The MICgoc
considered the CM score as a diagnostic test to distinguish between “importantly
improved” and “not importantly changed” patients. The ROC cut-off point for
each change in the CM score was determined by calculating the sensitivity and
specificity. The sensitivity is the proportion of patients correctly classified as
“importantly improved” by the CM score. The specificity is the proportion of
patients correctly classified as “not importantly changed” by the CM score. The
MICiroc is the value found at the point closest to the upper left corner on the ROC
curve (Figure 16). This value corresponds to where the sum of the percentages of
misclassified patients is lowest. The MICyoiimic Was calculated by using mean
change*1.645*SD change Of the “not importantly changed” group **. A subgroup analysis
using the same methods as described above was done in patients with and without
rotator cuff ruptures. Patients were divided into two groups: those with an intact
rotator cuff and those with partial and full-thickness rotator cuff tears.
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RESULTS

STUDY A — PAPER]

The patients were comparable at baseline for background variables and outcome
measures except that the PT-group had a higher percentage of dominant affected
shoulders compared with the H-group (Table 4 and 5). Patients from the two
hospitals were equally distributed in the two treatment groups. All patients in the
PT-group were regarded as compliant with the study protocol and had a minimum
of 12 supervised exercise visits.

Table 4 Background variables presented for the supervised physical therapy group (PT-group) and for the
home exercise group (H-group) respectively. All in numbers if not stated otherwise.

PT-group H-group Statistical Analysis

(n=15) (n=18)
Sex, male/female 7/8 10/8 NS, Pearson Chi-square
Age in years, mean (SD) 51 (10) 55(7) NS, Student’s t- test
Duration of shoulder pain before surgery 38 (35) 23 (25) NS, Student’s t- test
in months, mean (SD)
Dominant shoulder affected, n (%) 14 (86) 7 (44) p=0.001, Fischer’s exact
Sick-leave before surgery, (yes/no) 9/6 11/7 NS, Fischer’s exact
Duration of sick leave in months, 18 (33) 17 (11) NS, Student’s t-test

mean (SD)

NS=non-significant
Six-month follow-up

The PT-group had a significantly larger improvement over time in shoulder
function and pain as measured with the CM score (p = 0.02), presented in Figure 14.
They improved from 47.4 points at baseline (preoperatively) to 72.8 points at the
six-month follow- up, compared with the H-group, which improved from 46.0 to
59.1 (Table 5). After completion of the treatment period, the between-groups mean
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difference in CM score was 14.2 p and the PT-group had a significantly larger
improvement (p = 0.03) (Figure 14).

The PT-group also had a significantly larger improvement over time in the DASH
score (p = 0.05) compared to the H-group, as presented in Figure 15. They improved
from 36 points at baseline (preoperatively) down to 12 points at the six-month
follow-up, compared with the H-group which improved from 38 points to 25 points
(Table 5). At the six-month follow-up the between-group mean difference in the
DASH score was 13.4 points and the PT-group had a significantly larger
improvement (p = 0.05).

CMscore
max 100 p

90 7
#A

80 A *p=.03 p=.02
70 4

60 1

—A— H-group

50 7 PT-group

ol N
30 - ’ \//J
20 .

10 4 Time of assessment

Baseline 1w 1m 2m  3m 6m
Figure 14. The mean CM score presented with 95 % CI at each follow-up, baseline (preoperative),

1 week and 1, 2, 3 and 6 montbs after surgery in both groups respectively. Higher score, better shoulder
function. *Significant at three-month endpoint. *'Significant over time (ANOV A analysis).
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60 1

50 A

*P=.05

AN
40 A ‘/ ]
l o H-group

30 1 1 PT-group
20 A1

10

DASH 0- Time of assessment

score Baseline W Im 2m 3m 6m

Figure 15 The mean D ASH score presented with 95% CI at each follow-up, baseline (preoperative),
I week and 1, 2, 3 and 6 months after surgery in both groups respectively. Lower score, better shoulder
Sfunction. *Significant at six-month endpoint and significant over time (ANOV A analysis).

There was no statistical difference in EQ-5D between the groups over time
(p = 0.20), although both improved (Table ).

Both groups reported significantly decreased pain over time (VAS) during rest
(p<0.001), arm activity (p<o.001), and at night (p<0.05), but there was no significant
difference between the two groups (Table 5).

After three months, 10 out of 15 patients in the PT-group had returned to full-time

work, compared with 6 out of 18 patients in the H-group. At the time of the six-
month follow-up, one additional patient in each group had returned to work.
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Results

STUDY B — PAPERS II AND I11

There were no statistical differences in the background variables at baseline, except
for there being more men in the specific exercise group. Both groups had a low
mean score in the HAD, indicating limited mental distress (Table 6). The groups
did not differ statistically in any of the outcome measures at baseline (Table 7).

Most of the patients in each group (80%) attended five to six PT visits (six to seven
were offered) during the 12-week exercise period. In the specific exercise group, 45
of the 51 (88%) patients completed their exercise diaries, and 44 of them missed
fewer than 15 days of exercise out of 84. A total of 41 patients out of the 46 (89%) in
the control exercise group fulfilled their exercise diaries, and 40 of them missed
fewer than 15 days of exercise out of 84.

Table 6 Baseline variables for the two groups of patients with subacromial pain according to the

treatment allocation. Values are numbers (percentages) unless stated otherwise.

Groups Specific exercises (n=51) Control exercises (n=46)
Male 37* 24
Age (years) mean (range) 52 (33-65) 52 (37-65)
Duration of pain (months), median (range) 24 (6-120) 12 (6-156)
Dominant side affected 30(59) 22 (48)
Affected shoulder (right:left) 32:18 22:24
Occupation
Heavy load 22 (43) 21 (46)
Light load 29 (57) 25 (55)
On sick leave at start 9(18) 9(20)
Rotator cuff status®
affected shoulder
Intact cuff 33 (65) 34 (74)
Partial tear 15 (29) 6(13)
Full-thickness tear 3(6) 6(13)

contralateral shoulder

Intact 42 (88) 39 (87)

Partial-tear 5(10) 3(7)

Full-thickness tear 1(2) 3(7)
Radiology

Subacromial calcification 9(18) 11 (24)

Subacromial degeneration 7 (14) 9(18)
HAD" (0-21)

Anxiety, mean (SD) 3.3(3.1) 3.9(3.0)

Depression, mean (SD) 2.2(2.3) 2.5(2.6)

* Significantly more men (p = 0.04), © Ultrasonographic examination ® HAD, Hospital Anxiety
Depression Scale
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"Three-month follow-up (paper II)

At the three-month follow-up the specific exercise group had significantly greater
improvement (from baseline to three months) than the control exercise group in
shoulder function and pain, measured with the CM score. The mean difference
between groups was 15 points (95% CI 8.5 to 20.6). The mean change was 24 points
(95% CI 19 to 28) in the specific exercise group and 9 points (95% CI § to 13) in the
control exercise group (Table 7).

The mean change in the DASH score was significantly higher in the specific
exercise group than in the control exercise group, with a mean difference between
groups of 8 points (95% CI 2.3 to 13.7) (Table 7).

The mean change in VAS was significantly greater in the specific exercise group
than in the control exercise group during the night, with a mean difference
between groups of 20 points (95% CI -30.9 to -7.2). No significant differences in
VAS between the groups for the mean change in pain during activity or at rest were
found (Table 7).

Health related quality of life, measured with the EQ-sD, was significantly higher
(p<0.001) in the specific exercise group than in the control exercise group at the
three-month follow-up, but no significant group difference was found in mean
change from baseline to the three-month follow-up (Table 7).

Significantly more patients in the specific exercise group reported a large
improvement or that they were recovered according to the PGIC due to treatment
(69% (35/51) v 24% (11/45); odds ratio 7.6; 95% CI 3.1 to 18.9; p<o.oor). A
significantly lower proportion of patients in the specific exercise group
subsequently chose surgery (20% (10/51) v 63% (29/46); odds ratio 7.7; 95% CI 3.1 to
19.4; p<0.001).
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One-year follow-up (paper III)

At the one-year follow-up the three-month results were maintained and a
significantly lower proportion of patients in the specific exercise group had chosen
surgery, 12 out of 51 (24%) compared to 29 out of 46 (63%), (p<0.0001) in the
control exercise group.

Patients from both groups improved significantly in the CM score (Table 8) as well
as in all secondary outcomes (DASH, VAS at rest, activity and night, EQ-5D, and
EQ VAYS) (p<o.05 for all secondary outcomes) from the three month follow-up to
the one year follow-up. All patients treated with exercises only, 39 from the specific
group and 17 from the control exercise group, had significantly higher CM score
than patients treated with ASD surgery, (p=0.002). A significantly larger
proportion of patients with radiographic signs of subacromial degeneration also
had a full-thickness tear (p=0.03). The presence of subacromial calcification or
degeneration did not independently influence the choice of surgery.

Table 8 Mean (SD) values in Constant-Murley score, the original two groups at baseline and three-month
follow-up and the four groups appearing after the choice of surgery at three-month and one-year follow-up.

Groups Baseline 3-month Groups 3-month 1-year
CM score CM score CM score CM score
Specific 48 (15) 72 (19) Specific 78 (13)1 84 (14)
(n=51) Non-surgery (n=39)
Specific 53 (22) 79(12)
Surgery (n=12°)
Control 43 (15) 52 (23) Control 75 (14) 85 (13)
(n=46) Non-surgery (n=17)
Control 40 (16) 72 (18)
Surgery (n=29)

In the period from three-month to one-year follow-up two additional patients in the specific exercise group
chose surgery” n=41” n =10

Patients presenting baseline CM scores at the lower quartile (0—35 points) had a
higher risk of choosing surgery, independently of treatment group, sex, and rotator
cuff status compared to the patients in the highest quartile (odds ratio 7.7; 95% CI
1.67 to 33.3; p=0.007). Also, patients having a full-thickness tear had an increased
risk of choosing surgery compared to those with intact tendons (odds ratio 5.5; 95%
CI 1.1 to 29; p=0.04). No increased risk for choosing surgery was seen in patients
with a partial tear (Table 9).
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Table 9 The influence of rotator cuff status in relation to the patient’s choice of surgery (yes/no) during the
Sfollow-up period analysed with logistic regression. The reference group was patients with an intact rotator

cuff.

N Rotator cuff status | Odds Ratio 95% Confidence interval | p-value
67 Intact 1 - -

21 PTT 1 0.4t02.7 0.95

9 FTT 5.5 1.1to 28.6 0.04

PTT = partial-thickness tear, FTT= full-thickness tear. Statistical level of significance p<o.05

STUDY B — PAPER IV

The mean changes in the CM score for each PGIC category are presented in Table
10. Spearman’s rho between the changes in the CM score and the PGIC categories
was 0.72. The sensitivity and specificity for various changes in the CM scores are
presented in Figure 16. The MICroc was found at a mean change of 17 points in the
CM score, which corresponds to a sensitivity of 91% and a specificity of 79% which
resulted in 30% of misclassified patients. The MICy, imic Was found at a mean
change of 24 points in the CM score (Figure 17). The distribution of the “not
importantly changed” and the” importantly improved” patients, with the MICroc
and the MIC,,y, jimic cut-off points indicated, are presented in Figure r7. The ROC
cut-off point for MICcrcentage from baseline to three months was 22%, which
corresponds to a sensitivity of 71% and a specificity of 90% and 39% misclassified
patients.

Table x0 Mean score (SD) at baseline and after three months in the Constant-Murley score for the different
categories in the Patients global impression of change due to treatment (PGIC).

Constant-Murley score

Categories of PGIC Baseline 3 month Mean change
*Completely recovered (n=9) 58.6 (19.6) 93.9 (5) 35.3(11.8)
*Much improved (n=40) 50.2 (10.9) 76.5 (10.5) 26.3 (11.8)
*tSmall improvement( n=19) 44.0 (14.8) 54.8 (18.0) 10.8 (12.2)
tUnchanged( n=26) 38.4(13.2) 40.3(17.6) 1.9 (8.2)

*Categories “completely recovered” and “much improved” were considered importantly improved.
tCategories “small improvement” and “unchanged” were considered not importantly changed.
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Figure 16 Receiver operating characteristic (ROC) curve for different cut off points for changes
in the Constant-Murley score, including specificity, sensitrvity and sum of percentages of
misclassification (n=93).
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Figure 17 Distribution of changes in the CM score for patients (n=93) who reported that they were
“importantly improved” (much improved or completely recovered) and those who reported that they were
“not importantly changed” (slightly improved or bad no change). Presented with the optimal ROC- and
95% limit cut-off points.
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A sub-group analysis was made in patients who had rotator cuff ruptures (n=28) and
patients who had an intact rotator cuff (n=65). The mean changes in the CM score
for the PGIC categories in both subgroups are presented in Table 11. Spearman’s
rho between the changes in the CM score and the PGIC categories was 0.65 in the
group of patients with rotator cuff ruptures and o0.75 for patients with an intact
rotator cuff. The MICgoc was 15 points for the group with rotator cuff ruptures
which corresponds to a sensitivity of 82% and a specificity of 91%. The group with
an intact rotator cuff had a MICgoc of 19 points which corresponds to a sensitivity
of 100% and a specificity of 70%. In both subgroups, the corresponding
misclassification rate was 27%. The MICgqiimic Was 18 points in the group with an
intact rotator cuff and 30 points in the group of patients with rotator cuff ruptures.
The distribution of the “not importantly changed” relative to the “importantly
improved” patients with rotator cuff rupture is presented in Figure 18 with MIC
roc and MIC o imie cut-off points indicated. The same data are presented in
Figure 19 for patients that had an intact rotator cuff.

Table xx Mean score (SD) at baseline and after three montbs in the Constant-Murley score for the different
categories in the Patients global impression of change (PGIC) due to treatment in patients with and without
ruptures.

Constant-Murley score

Categories of PGIC Baseline 3 month Mean change

TNot importantly changed 429 (15.4) 47.8 (20.0) 4.9 (8.6)
No cuff rupture( n=28)

TNot importantly changed 37.4 (10.9) 44.2 (17.6) 6.9 (14.0)
Cuff rupture( n=17)

*Importantly improved 52.6 (14.1) 80.6(12.1) 28.0(14.1)
No cuff rupture( n=37)

*Importantly improved 48.7 (8.9) 76.8 (11.2) 28.1(11.4)
Cuff rupture (n=11)

T The categories “small improvement” and “unchanged” were considered as not importantly changed.
* The categories “completely recovered” and “much improved” were considered importantly improved.
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Figure 18 Distribution of changes in the CM score for patients who bad rotator cuff ruptures (n=28) who
reported that they were “importantly improved” (much improved or completely recovered) and those who
were “not importantly changed” (reported slightly improved or no change). Presented with the optimal
ROC - and 95% cut-off limits.
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Figure 19 Distribution of changes in the CM score for patients who had an intact rotator cuff (n=65)
who reported that they were “importantly improved” (much improved or completely recovered) and those
who were “not importantly changed” (slightly improved or no change). Presented with the optimal ROC-
and 95% cut-off limit.
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GENERAL DISCUSSION

MAIN FINDINGS

The main findings in this thesis are the positive effect of the pre- and postoperative
supervised strength-endurance exercise programs with improved shoulder function
in patients with long-standing subacromial pain. After having ASD surgery,
rehabilitation with a focus on strength-endurance with exercises for the rotator
cuff and scapula stabilisers seems to be more effective than a home-based
movement exercise program. The positive effect of the specific exercise strategy
significantly reduced the need for surgery in patients on the waiting list for ASD
surgery despite the fact that all patients were “failures” of at least three months of
exercise treatment and had at least a six-month symptom duration before entering
the study. Low baseline values in shoulder function and pain measured with the
CM score and/or the presence of a full-thickness tear were factors associated with
an increased risk of choosing surgery. Even though these results should be
interpreted with caution because of the small sample, they are similar to those
reported in the limited number of previous studies of predictors. The clinical
importance of a change in an outcome after treatment is of value when interpreting
treatment results in clinical practice. In the CM score, a range of 17-24 points of
change is considered a clinically important change for patients with subacromial
pain after 3 months of guided exercise treatment.

Interpretation of the results in study A

In study A, there was a significant difference between groups with greater
improvements in shoulder function and pain in the group performing PT
supervised strengthening-endurance exercises. Although the results should be
interpreted with some caution because of the small sample size, the current study
in combination with existing research suggests that performing strength-endurance
exercises for the rotator cuff and scapula stabilisers is superior to instructions for
home-based movement exercises and could be safely implemented into clinical
practice. There are, however, some methodological considerations. Because
attention is one factor that might affect treatment outcome "' the lesser attention
given to the patients in the home exercise group needs to be considered. However,
there were many follow-ups during which patients in the home exercise group had
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the opportunity to ask questions of an independent PT about their exercise
program and shoulder condition, which was thought to compensate for this.

In addition adherence to treatment is important for a positive effect **. Patients in
the PT supervised group were adherent to the study protocol and attended 12 PT
supervised exercise sessions. The patients in the home-exercise group received a
phone call to stimulate adherence, but because we did not use an exercise diary, the
adherence was not monitored and remains unknown. However, this design was
according to clinical practice at the time the study started.

Both groups reached significantly decreased pain intensity as assessed with VAS in
activity and at rest at the one-month follow-up compared to baseline values. This
decrease was probably an effect of the surgical procedure, removing structural
pathology. Shoulder function and pain measured with CM score and the DASH
score was back to preoperative levels after one month and continued to improve
after this point. This initial improvement was also similar in both groups and
probably a response to the surgical treatment. Starting at three months after
surgery, the PT-supervised group began to show significantly greater improvement
in functional status compared with the home-exercise group, and this effect may
have been the result of PT-supervised strength-endurance exercises. The latter
response and improvement in shoulder function is in line with the results from
other studies **.

In summary, the positive results observed with the PT-supervised strength-
endurance exercise treatment are likely attributable to a combination of placebo,
attention, and the specific treatment effect.

Interpretation of the results in study B

The significant improvement in shoulder function and pain seen in the specific
exercise group was likely a response to the treatment. Little is known about natural
recovery in patients with subacromial pain and because a third group with no
treatment was not included, the influence of natural recovery cannot be evaluated.
The patients included had long-standing symptoms (>6 months) with high
disability at baseline, which has been associated with a poorer prognosis .
Therefore, natural recovery is unlikely to explain the whole treatment effect, which
is further supported by the differences between groups.

The total treatment effect is also influenced by other factors such as attention '
and expectations about treatment **. Positive expectations have been associated
with a more successful outcome **'’. Because the patients were blinded to
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treatment assignment and had the same number of individual sessions, including
support and attention by the PT, this expectation could not explain the superior
effect of the specific exercise strategy. In addition, all patients expected a
moderate to large effect of the exercise treatment, and no differences between the
groups can explain the significantly greater results of the specific exercise strategy.
However, only one PT, not blinded to group assignment treated patients in both
groups. This might increase the risk of bias and also affect external validity.
Nevertheless, because all patients had tried exercise treatment prior to inclusion
and had a long duration of pain it is not likely that the patients would decline
surgery solely because of a convincing PT.

After one year, patients treated with exercises alone achieved significantly better
results in the CM score compared to the patients who chose ASD surgery,
regardless of whether they were initially in the specific or control exercise group.
However, 70% of the non-operated patients had performed the specific exercise
strategy. Some patients in the control exercise group (n = 17) were satisfied and did
not choose surgery. This result was not unexpected because all patients,
independent of randomisation, received a corticosteroid injection and thorough
information about the condition, ergonomic practices, and posture correction.
Corticosteroid injections have proved effective in reducing pain in patients with
subacromial pain in the short-term ***” and a combination of corticosteroids and
exercise treatment has proved more effective compared to exercise treatment
alone at short-term follow-ups “*¥. Shoulder pain inhibits rotator cuff muscle
function and effective pain relief improves rotator cuff function *°. Reduced pain
might enhance arm activity with improved shoulder kinematics which may be
sufficient in reducing symptoms of impingement in subgroups of patients with
subacromial pain. In addition the attention and hands-on guidance from the PT
might have contributed to the positive results . Dickens et al *** had a similar
study design but included true controls, who were requested to wait for surgery and
continue with normal activity. They reported that all patients in the control group
still wanted surgery.

Significantly fewer patients chose surgery in the specific exercise group (12 out of
51) than in the control exercise group (29 out of 46) at the one-year follow-up. The
patient’s choice of surgery may be influenced by other factors. It may be affected
by earlier experience of treatment or the information given by the orthopaedic
surgeon, as well as the demands the patient places on their shoulders. Therefore,
the orthopaedic surgeon was blinded for group assignment, and the information
about surgery was standardised. Because the groups did not differ in self-reported
work load or sick leave, the patient’s own choice of surgery was thought to be
related to a positive response to specific exercises. This conclusion is further
supported by the fact that patients with a large improvement in CM score did
choose surgery to a lesser extent.
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Generalisability of results

The inclusion criteria used in studies A and B are similar to those recommended in
earlier studies that included patients with subacromial pain *7*'*. To confirm the
subacromial pain diagnosis a combination of several positive clinical tests was used
in both studies as recommended in recent systematic reviews 7**°. The inclusion
criteria together with the strict criteria for exclusion were believed to identify a
rather homogeneous group of patients having long-standing subacromial pain.

One important factor that affects generalisability is sample size. The
generalisability of study A is limited in this context, but to some extent, the
external validity was improved because the patients were recruited from two
hospitals in different geographical areas and several blinded PTs were involved in
the follow-ups as well as in supervision of the postoperative exercise treatment.

In study B, the patients were recruited from the surgical waiting list of one
orthopaedic clinic, which might have affected the external validity. However,
patients referred to an orthopaedic specialist for surgery from a primary care
physician in the region of Ostergdtland (population 427 106, Central Bureau of
Statistics 2009) are thought to be representative of the studied population. Because
all included patients were on the waiting list for surgery, this factor might have
affected the generalisability of the results to the subacromial pain population in
primary care. Patients in primary care are thought to be more heterogeneous, with
a larger proportion reporting a shorter duration of symptoms '”. Because shorter
duration of symptoms is associated with a greater treatment response ' the
specific exercise strategy could be effective also in this population.

Content in the preoperative specific exercise strategy

The content of the specific exercise strategy in study B was based on the current
concepts in the treatment of patients with subacromial pain **®%%
combination with clinical experience and was standardised for content, dosage and
progression. This standardisation along with the pragmatic design of the program,
with few exercises and relatively few PT supervised sessions, enables
implementation into every day practice. Few of the exercise programs presented in
the literature to date are well described when it comes to content, load, dosage and
progression ***, Consequently, implementation of these earlier programs into
clinical practice is difficult. However, the majority of the programs presented in
these studies focus on strength-endurance exercises for the rotator cuff and scapula
stabilisers, as recommended in the literature *%"*,
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The specific exercise group reported positive results despite the fact that all
patients were “failures” of at least three months of conservative treatment
(including exercises) and had experienced a pain duration of at least 6 months
before entering the study. These factors imply that the specific exercise strategy is
better than the current clinical practice. In addition to the thorough description,
the content in the specific exercise strategy also differs from other traditional
programs *%7%55°2% reoarding two major aspects: eccentric exercises for the
rotator cuff were included and pain during exercise was accepted to a certain
extent, monitored and controlled using the pain monitoring model. These two
components could be the reason why these patients had a superior result compared
to earlier treatment. Still, questions remain regarding whether another dosage and
progression could produce even larger effects.

In earlier studies, eccentric exercises for the rotator cuff have yielded positive
results in terms of decreasing pain and improving shoulder function ",
suggesting that this component could be important to include in exercise strategies
for patients with subacromial pain. The effect mechanism of eccentric exercises in
the treatment of tendinopathies is not fully understood although several
hypotheses have been presented. A reduction of neovessels and nerve ingrowth in
the affected tendon along with decreased pain has been demonstrated after an
eccentric exercise program in patients with midportion Achilles tendinopathies
#¥57 Neovascularisation has also been associated with subacromial pain * and
sclerosing treatment aiming for a reduction of pathological nerve endings and
vessels has significantly reduced shoulder pain *. These findings suggest increased
vascularity and sensory nerve endings as contributing to the subacromial pain and
thus being a possible site of action for eccentric exercises.

An increased collagen synthesis together with reduced pain has been demonstrated
after eccentric exercises in patients with Achilles tendinopathies ****. During
eccentric exercises, the tendon is subjected to greater force than during concentric
exercises, thus inducing a greater remodelling stimulus ™. This might stimulate
tenocytes and restart the halted healing process seen in patients with
tendionopathies 7". EMG studies comparing eccentric and concentric contractions
have demonstrated greater fluctuations in force in eccentric exercises. These
fluctuations have also been suggested to constitute a greater remodeling stimulus of
tendons and as the reason for successful results with eccentric exercises 7°. Tendon
loading seems to be the key factor and type of loading might be of secondary

. II
importance™’.

Controlled, graded, tendon reloading exercise programs together with pain

management are recommended in the management of rotator cuff tendinopathies
7. In study B guided eccentric loading of the rotator cuff was performed and pain
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was controlled and monitored by using the pain monitoring model. Conclusions
considering the sole effect of the eccentric component could not be drawn but our
results suggest that this component might contribute to the positive effects.

Strength-endurance exercises for the rotator cuff and scapula stabilisers were the
key feature in both of the strengthening exercise programs used in studies A and B.
These exercises are aimed at restoring the altered scapular and glenohumeral
kinematics observed ***7%"# o prevent further impingement. However,
structured evaluation of the scapular or glenohumeral kinematics was not
conducted, although objective measurements of strength and range of motion are
included in the CM score and was significantly increased. To date, two studies
could be found that evaluated scapular kinematics before and after an exercise
program in patients with subacromial pain *'*’. Both studies reported improved
shoulder function and pain after treatment but the results considering alteration in
scapular kinematics differed. McClure et al " did not find any differences while De
Mey et al ¥ identified a difference in scapular muscle activation levels before and
after exercises although the onset timing in muscles was unchanged. However,
these studies lacked a control group, and randomised studies evaluating the effect
of specific exercises on changes in muscular patterns and scapular kinematics are
needed to further explain the effect mechanism of these exercises.

In study B, manual therapy targeting increased flexibility of the posterior capsule
was added if patients had decreased range of motion. This approach was
standardised as described in the literature **** and a pragmatic choice reflecting the
treatment in clinical practice, as further supported by studies reporting superior
results when adding manual mobilisation™”"", Approximately 10 % of the patients
had this additional treatment at a limited number of PT sessions. However, the
possible additional effect of manual treatments remains unknown. A pragmatic
approach is recommended in the treatment of patients with subcacromial pain ***,
However, the balance between standardisation and individualisation is challenging
and highlights the importance of a detailed description of the specific exercise
strategy to guide PT's in clinical practice.

In summary, the specific exercise strategy focusing on strength—endurance with
eccentric exercises for the rotator cuff and concentric/eccentric exercises for the
scapula stabilisers includes several components thought to be important for a
positive effect. Consequently, it is impossible to draw conclusions about any
specific effect of each component. However, because the aetiology of subacromial
pain is multifactorial™"" all of these factors were considered important during the
design of the specific exercise strategy to achieve an optimal effect.
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Content in the postoperative exercise strategy

The aim of the postoperative exercise program is to restore shoulder function and
prevent recurrence. Even if the surgical procedure removes the structural
pathology, the function of the rotator cuff muscles and scapula stabilisers needs to
be restored for an optimal shoulder function. Therefore, the key content in the
postoperative exercise program is similar to the preoperative programs for patients
with subacromial pain but is adjusted because the patients are newly postoperative.
In study A, the content in the program was based on the existing recommendations
by Jackins et al * but involved a more progressive approach with early activation of
the rotator cuff (after 4 weeks) thought to hasten recovery and promote an earlier
return to work compared to the ordinary postoperative program used. Klintberg et
al. ** featured a rehabilitation program with a similar design and progression to
supervised rehabilitation. They also reported that patients tolerated the
progression, further supporting early postoperative activation of the rotator cuff.
The design of study A makes conclusions impossible regarding supervision as a key
component for success. However, some reports emphasise the importance of
guidance and support for patients during their rehabilitation . Because a correct
starting position and qualitative performance of the exercises are important for
optimal treatment effect guidance from a PT is thought to be essential
Additionally, PT supervision may facilitate good adherence *.

Measurement of shoulder function and clinically relevant
changes

The CM score was used as primary outcome and the DASH as the secondary
outcome for evaluation of shoulder function and pain in both studies. The
combination of these instruments was used to obtain a broader overall picture of
functioning according to the ICF definition *?. DASH includes more questions
concerning activity of daily living and also questions regarding the ability to
participate in different activities. The correlation between CM score and DASH is
weaker (0.3-0.7) than those between CM score and other shoulder-specific
instruments indicating that DASH captures other aspects /. However, because
DASH is a purely self-assessed instrument developed to evaluate upper extremity
function it is not as sensitive as the CM score when it comes to evaluation of
change arising from treatment in shoulder patients 7.

The European Society for Surgery of the Shoulder and Elbow recommends using

. 8 . .
the CM score in shoulder research ** and its common use thus makes comparison of
research results possible. Furthermore, responsiveness to change in patients with
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subacromial pain has been shown to be excellent in the CM score. In addition the
ability to distinguish between patient’s self-assessment of being slightly better from
being much better on a global assessment score has been shown in patients with
subacromial pain >. The CM score incorporates objective measures of range of
motion and strength, which is useful when quantifying improvements after
shoulder exercises. However, as described earlier in the methodological section,
the CM score also has been criticised for low inter-rater reliability. The poor
descriptions of how to use the score in the original version in combination with
lack of standardisation are contributing factors .

To secure reliability in studies A and B we used the same assessor, the same
equipment, and a standardised protocol from the original version of the CM score
. Age and sex have also been reported to influence the CM score at a specific time
point, with higher scores in men and decreasing scores after the age of 50 "**””. The
mean baseline score in the control group in study B was 5 points lower than in the
specific exercise group because of significantly more women in the control exercise
group. Adjustment for baseline levels of outcomes was done by using the mean
change from baseline to the three-month follow-up as a dependent variable in
group differences. Therefore, this sex-based difference was not expected to affect
the results.

To evaluate the importance of the change from a patient’s perspective a global
assessment scale, the PGIC, was used in study B. Global assessment scales are
thought to capture the importance of a change from the patient’s perspective '**
These scales have been questioned, however, because they seldom are adequately
evaluated for validity and reliability "*. It has been debated whether patients can
recall their previous status, and these scales are influenced more by recent events
and the patient’s current mood state rather than the change arising from treatment
%' However, such scales have also proved to be sensitive to change ” and to provide

clinically relevant information about the treatment effect in an individual patient
96

The estimated MIC could be used as an indication for relevant individual changes
in a score to guide the clinician in interpreting response to a specific treatment.
Furthermore, using the MIC as a benchmark for clinically important changes may
also improve results interpretation in future studies . Instead of relying solely on
significant statistical differences when comparing the effect of treatments in RCT
studies, the use and interpretation of MIC values in clinical trials at a group level
has been presented 7. One method is to determine the proportion of patients who
show larger changes than the MIC in each treatment group and then to compare
these proportions.
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Distribution-based and anchor-based approaches are used to determine the MIC*".
Distribution-based approaches rely on the distributional characteristics of a sample
and express the change in the outcome measure relative to a parameter of
measurement error. Anchor-based approaches use an external criterion (anchor) to
determine what patients or clinicians consider as important improvement or
deterioration. A combination of both approaches that was used and presented in
paper IV is recommended in the literature *"".

A MIC range of 17-24 points was presented in paper IV as being a clinical relevant
change in the CM score in patients with long-standing subacromial pain. Because
different methods will result in different MIC values, some argue for a range
instead of single value ******°, In study B, the specific exercise group had a mean
change of 24 points (95% CI 19-28) in the CM score after completing the exercise
treatment compared to the control exercise group that had a change of 9 points
(95% CI 5-13). Hereby, the specific exercise group not only reached significantly
greater improvement but also the changes in this group were clinically important
for the patients.

Comparison with postoperative results in relation to MIC is also interesting;
however with some caution since the MIC values are related to the population
studied and performed treatment. In study A, the change was 26 points (95% CI 16-
3%) in patients with postoperative strength-endurance exercises while patients with
home-based movement exercise changed 14 points (95% CI 7-23). Those results
indicate that the latter did not reach the lower limit for a clinical important
improvement due to calculated MIC for the CM score. The important changes in
both studies were also comparable with earlier reported results one year after ASD
surgery followed by postoperative exercise treatment .

The MIC in the DASH score has been established at 10 points in a heterogeneous
shoulder population with non-surgical treatment 7. In study B, the specific
exercise group reached above this value but the control group did not. In study A,
both groups reached this MIC level, however the PT-supervised group reached
significantly higher.

Since the MIC value refers to the patient’s individual change presenting
proportions of patients reaching MIC is another way to report clinical relevant
changes. For example in study B 63% of the patients in the specific exercise group
reached the MIC compared to 25% in the control exercise group. Still, specific
clinical results and MIC needs to be interpreted in the light of economical as well
as safety perspectives '*°
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Predictors of treatment outcome

Studies evaluating factors that influence treatment effect are scarce. Low baseline
values and a long duration of pain have been reported as the strongest predictors
for failing conservative treatment in a general shoulder population in primary care
7219 This finding is in line with the results presented in paper I1II in which low
baseline CM scores were associated with increased risk of choosing surgery after
three months of exercises independently of sex, rotator cuff status, or treatment

group.

The knowledge of the influence of the rotator cuff structural status on treatment
effect is limited. Patients with a full thickness tear have been reported to have less
satisfactory results after exercise treatment ** and also after ASD surgery “. This
finding is in line with that from paper III in which having a full thickness rotator
cuff rupture was significantly associated with failure of exercises treatment and
choosing surgery. However, some of the patients with full thickness rotator cuff
rupture were responding to exercise treatment which might be explained by the
location of the rupture and that none of the ruptured supraspinatus tendon
extended into the infraspinatus tendon. A patient with an intact rotator cable
might have a rotator cuff that is biomechanically functioning despite having a

rupture .

The results of the effect of conservative treatment including exercise treatment for
patients with full-thickness tears vary and success rates between 33-88% are
reported »**. This variability may reflect the lack of standardised inclusion criteria,
treatment and methods of evaluation. In a study by Tanaka et al, who investigated
factors predicting a successful outcome of conservative treatment in patients with
full thickness tears, an intact intramuscular tendon of the supraspinatus, no or little
atrophy, negative impingement signs and preserved motion in external rotation
predicted a successful outcome of conservative treatment. This outcome is not,
however, in line with the result in paper III in which the signs of radiographic
subacromial degeneration did not influence the choice of surgery. However, a
significantly larger proportion of patients with radiographic signs of subacromial
degeneration had a full-thickness tear. The results of the logistic regression analysis
in paper III should be interpreted with caution because of the small number of
included patients with rotator cuff ruptures.
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Conclusions

CONCLUSIONS

Postoperative treatment with PT-supervised strength-endurance exercises,
focusing on the rotator cuff and scapula stabilisers, seems to be more effective than
home-based movement exercises after ASD surgery.

The progressive approach with early activation of the rotator cuff muscles, used in
the PT-supervised strength-endurance exercises after ASD surgery, seems to be
well tolerated because no adverse effects were reported.

The specific exercise strategy, focusing on strength-endurance for the rotator cuff
and scapula stabilisers, is effective in improving shoulder function and pain in
patients with long-standing subacromial pain. This approach reduces the need for
ASD surgery at three months.

Pain while performing the specific exercises can be accepted since no adverse
effects were reported.

The positive three month results with improved shoulder function and pain after a
specific exercise strategy were maintained at one year and significantly reduced the
need of ASD surgery at 12 months.

Low baseline values in shoulder function and pain as measured with the Constant-
Murtley score and/or having a full-thickness rotator cuff tear seem to be predictors
for choosing surgery.

The CM score is able to detect the minimal important change in individual
patients with long-standing subacromial pain when the rotator cuff is intact. In all
patients with long-standing subacromial pain, the MIC value was dependent on the
subgroup as well as the choice of statistical analysis.
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Clinical implication

CLINICAL IMPLICATIONS

The conclusions of this thesis results in the following clinical implications from
preoperative treatments to postoperative treatment:

The standardised exercise protocol used in the specific exercise strategy provides
guidance about content, dosage, and progression, which enables implementation
into clinical practice. This strategy could be recommended for patients with long-
standing subacromial pain also those with a non-acute rotator cuff rupture. Non-
responders to this strategy might be those who need surgery for a more satisfactory
outcome.

Supervision by a PT with hands on guidance seems to be important and may
improve the quality of performance of the exercises. Supervision along with few
exercises performed in a rather short time may also facilitate good adherence.
Because good adherence is essential for a positive treatment result it is important
to consider this aspect when treating patients with subacromial pain in clinical
practice.

ASD surgery followed by a progressive strength-endurance exercise treatment
seems to be better than home-based movement exercises. These results indicate
that the surgical procedure followed by home-based movement exercises is not
enough. To restore shoulder function specific exercises, aiming to restore muscle
performance, seem important. Furthermore, the progressive approach with early
activation of the rotator cuff muscles was well tolerated and could be safely
implemented into clinical practice.

64



Future research

FUTURE RESEARCH

A randomised study evaluating the effects of the specific exercise strategy in a
primary care setting has already started. Because patients with subacromial pain
who seek primary care are a more heterogeneous population than the one in the
current study the positive results need to be repeated in this context before
implementation of this strategy could be done early in the rehabilitation process. A
secondary purpose with this study is to identify predictors for being a “responder”
or a “non-responder” to the specific exercise strategy. Identifying such factors
could enable classification of subgroups to further guide the initial choice of
treatment.

Experimental studies evaluating the effect of specific exercises in changing
muscular patterns and shoulder kinematics are needed to further understand the
effect mechanism of the recommended exercise treatments available in the
literature. Also, studies evaluating the effect of each component included in the
specific exercise strategy are needed to further understand the contribution of each
component.

It would be of interest to further explore the effect of eccentric exercises on the
structural status of the rotator cuff tendons. Such research would add information
about the underlying effect mechanism of eccentric exercises in the treatment of
tendinopathies.

Little is known about dosage and response in exercise treatment in patients with
subacromial pain. The dose and progression used are based on clinical experience
rather than on evidence. Studies evaluating the effect of standardised exercises
with different doses are needed to develop recommendations for optimal dosage
and progression.
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SUMMARY IN SWEDISH

Subacromial smirta ér det vanligast férekommande problemet bland patienter som
soker for skulderbesvir i priméirvarden. Icke kirurgisk behandling rekommenderas
primirt och innefattar oftast sjukgymnastiska triningsprogram. Om denna
behandling inte nar 6nskad effekt sd rekommenderas kirurgi med artroskopisk
subacromial dekompression (ASD) med efterfoljande trining. Antalet ASD-
operationer har 6kat kraftigt senaste dren i Sverige trots att studier har rapporterat
likvirdiga resultat vid jamforlse av trining och ASD-operation. Det finns
fortfarande ett behov av evidensbaserade pre- och postoperativa triningsprogram
som ir standardiserade och detaljerat beskrivna for att vigleda behandlingen av
dessa patienter.

Det 6vergripande syftet med avhandlingen var att utvirdera effekterna av pre- och
postoperativa triningsprogram med avseende pa skulderfunktion och smirta samt
hur det preoperativa programmet paverkar behovet av kirurgi for patienter med
langvarig subacromial smirta.

Avhandlingen i4r baserad pa tva randomiserade kliniska studier som redovisas i fyra
artiklar. I studie A randomiserades patienterna efter ASD-kirurgi till antingen
styrke-uthallighetstrining med fokus pd rotatorkuff- och skapulamuskulatur
6vervakad av sjukgymnast eller till hemtridning med fokus pé rorlighetstrining for
skuldran. Skulderfunktion, smirta och hilsorelaterad livskvalitet samt dtergang till
arbetet utvirderades upp till 6 ménader (artike/ I). 1 studie B randomiserades
patienter som stod pd vintelista for ASD-kirurgi till antingen en specifik
triningsstrategi med styrke-uthallighetstrining med fokus pé rotatorkuffen och
skapulamuskulaturen eller till generell rorlighetstrining f6r skuldran.
Skulderfunktion, smirta och hilsorelaterad livskvalitet och behov av kirurgi
utvirderades efter avslutad triningsperiod vid 3 ménader (artike/ 1) och éven efter
12 manader (a@rtikel I11). Vidare undersoktes sambandet mellan skulderfunktion vid
inklusion, rotatorkuffstatus och réntgenfynd i relation till val av kirurgi (artike! 111).
Den kliniskt relevanta skillnaden i det primira utfallsmittet, Constant-Murley
score (CM-score), faststilldes med hjilp av en metod som tog hinsyn till bade
patientens perspektiv och statistisk signifikans (artzkel IV).

Efter kirurgi hade patienterna som genomférde styrke-uthallighetstrining
6vervakad av sjukgymnast signifikant storre forbéttring i skulderfunktion och
smirta jamfort med gruppen som utfort rorelsetrining i hemmet. Patienterna pa
vintelistan for kirurgi som utforde den specifika traningsstrategin hade en
signifikant storre forbittring i skulderfunktion och smirta jimfért med gruppen
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som genomférde rorelsetraning. Signifikant firre patienter i den specifika
triningsgruppen valde kirurgi efter tre manader. Detta resultat kvarstod vid 12
manader. Liga virden i skulderfunktion vid inklusion samt férekomst av en
genomgiende rotatorkuffruptur var faktorer som 6kade risken att vilja kirurgi.
Den kliniskt relevanta forindringen i CM-score for patienter med langvarig
subacromial smirta ligger mellan 17-24 poing.

Efter kirurgi verkar styrke-uthdllighetstrining for rotatorcuff- och
skapulamuskulaturen vara mer effektiv in hembaserad rorelsetraning. For patienter
pa vintelistan for kirurgi var styrke-uthallighetstrining av rotatorkuffen och
skapulamuskulaturen effektiv for att forbittra skulderfunktion och minskade
behovet av kirurgi upp till 12 manader. Patienter med storst funktionsnedsittning
vid inklusion samt de med genomgdende rotatorkuffruptur valde i storre
utstrickning kirurgi. CM-score kan detektera kliniskt relevanta skillnader hos
individuella patienter med subacromial smirta med en intakt rotatorkuff. I hela
patientgruppen med subacromial smirta berodde det kliniskt relevanta virdet pa
vilken undergrupp som studerades samt val av statistisk analys.

67



Acknowledgments

ACKNOWLEDGMENTS

I wish to express my appreciation and gratitude to all of you who have supported me in
various ways during the process of this thesis. I would especially like to thank the
following:

Professor Birgitta Oberg, my main tutor and co-author. Thank you for sharing your
great scientific knowledge and wisdom. You have an amazing ability to capture the
essence and organise confusion into lucidity. Thank you for challenging me, enhancing my
scientific learning process and for inspiring me to continue with research.

PhD Kajsa Johansson, my tutor and co-author, for being an amazing support from the
beginning and during every single step of the way. Thank you for your excellent
methodological skills, your great knowledge in the field of subacromial pain and your
valuable comments and thorough feedback. Our endless fruitful discussions, appreciated
only by shoulder nerds, have had a great impact on my progression in the field of shoulder
research.

Professor Lars Adolfsson, my tutor and co-author, for your support and great
knowledge in the field of subacromial pain. Thank you for your valuable comments during
the final work with my thesis.

Rafael, my beloved husband and companion. Thank you for all the hours you have spent
with me and my thesis in creating tables, figures and illustrations. Your endless support,
love and encouragement through this process have been amazing. Without you this thesis
would have been postponed to the future!

PhD Hanna Bjornsson Hallgren, co-author and companion. Thank you for great
cooperation, hard work and for being so diligent in patient inclusion.

My colleagues at the Division of Physiotherapy, for your kind support through all
these years. Thanks for taking part in my research, reading manuscripts, giving me
valuable and constructive criticism as well as encouragement. I especially would like to
thank my current PhD-student colleagues for nice cooperation: Annika Osterberg,
Jenny Nordqvist, Emma Nilsing Strid, Christina Engstrand, Anna Hermansen,
Maria Landén Ludvigsson, Gunnel Peterson, Johanna Wibault, Anne Filtstr6m
and Susanne Bernhardsson.

Henrik Magnusson, for your excellent statistical guidance and for being so rigorous and

precise in your work. I have learned a lot from our statistical discussions. A special thanks
for great co-operation regarding paper I'V.

68



Acknowledgments

To the administrators, whose professional and kind support has been very valuable to
me during the years: Asa Fahlstedt, Ulrika Lisell, Lisbeth Olsson, Maria Hedtjirn,
Kajsa Bendtsen, Elin Winquist and Emma Busk Winquist. A special thanks to
Sussanne A. Larsson for your technical skills and your support during the final work with
my thesis.

Jenny Betmark, for your technical skills and great support in helping me with the
references.

The physiotherapists working at the Orthopaedic department at the University
hospital in Link6ping for your kindness and hospitability in lending me a room for treating
the patients.

Jenny Sj6dahl and Jenny Nordqvist, for being the most precious friends and also for
fruitful discussions about shoulders, research and many important things in life.

Jenny Sjédahl for great support and valuable comments during my research process and
for being my role model as a PhD-student. Jenny Nordqvist for being my top model in
the photos!

Irene Sjoberg, co-author, for excellent collaboration in study A.

Lena Rydberg, for great help with patient follow-ups in study A.

Hans Strém, for your beautiful artistic interpretation of a painful shoulder.

All the participants in the studies.

I would like to embrace the following persons:

Rafael, Adam, Simon and Ludvig, my lovely boys, the sunshine of my life and meaning
the world to me.

My parents with spouses, for all your love and endless support and always believing in
me. For being there for me and my boys.

My brother with family, for love, support and friendship.
Jadwiga and Patric, for love, support and being there for our family.

Lotta Ruchatz and Ninnie Adrian, for being my best friends, always being there for me,
supporting and cheering me on.

69



References

REFERENCES

(1) EuroQol--a new facility for the measurement of health-related quality of life.
The EuroQol Group. Health Policy 1990;16:199-208.

(2) Ainsworth R, Lewis JS. Exercise therapy for the conservative management of
full thickness tears of the rotator cuff: a systematic review. Br.J.Sports Med.
2007;41:200-210.

(3) Alfredson H. Chronic midportion Achilles tendinopathy: an update on research
and treatment. Clin.Sports Med. 2003;22:727-741.

(4) Alfredson H, Harstad H, Haugen S, Ohberg L. Sclerosing polidocanol injections
to treat chronic painful shoulder impingement syndrome-results of a two-centre
collaborative pilot study. Knee Surg.Sports Traumatol. Arthrosc. 2006;14:1321-1326.

(5) Alfredson H, Ohberg L, Forsgren S. Is vasculo-neural ingrowth the cause of pain
in chronic Achilles tendinosis? An investigation using ultrasonography and colour
Doppler, immunohistochemistry, and diagnostic injections. Knee Surg.Sports
Traumatol.Arthrosc. 2003;11:334-338.

(6) Almekinders LC, Weinhold PS, Maffulli N. Compression etiology in
tendinopathy. Clin.Sports Med. 2003;22:703-710.

(7) Alqunaee M, Galvin R, Fahey T. Diagnostic accuracy of clinical tests for
subacromial impingement syndrome: a systematic review and meta-analysis.
Arch.Phys.Med.Rehabil. 2012;93:229-236.

(8) Andersen NH, Sojbjerg JO, Johannsen HV, Sneppen O. Self-training versus
physiotherapist-supervised rehabilitation of the shoulder in patients treated with
arthroscopic subacromial decompression: a clinical randomized study. J.Shoulder
Elbow Surg. 1999;8:99-101.

(9) Angst F, Schwyzer HK, Aeschlimann A, Simmen BR, Goldhahn J. Measures of
adult shoulder function: Disabilities of the Arm, Shoulder, and Hand
Questionnaire (DASH) and its short version (Quick DASH), Shoulder Pain and
Disability Index (SPADI), American Shoulder and Elbow Surgeons (ASES) Society
standardized shoulder assessment form, Constant (Murley) Score (CS), Simple
Shoulder Test (SST), Oxford Shoulder Score (OSS), Shoulder Disability
Questionnaire (SDQ), and Western Ontario Shoulder Instability Index (WOSI).
Arthritis Care Res (Hoboken) 2011;63 Suppl 11:S174-88.

70



References

(10) Atroshi I, Gummesson C, Andersson B, Dahlgren E, Johansson A. The
disabilities of the arm, shoulder and hand (DASH) outcome questionnaire:
reliability and validity of the Swedish version evaluated in 176 patients. Acta
Orthop.Scand. 2000;71:613-618.

(11) Bang MD, Deyle GD. Comparison of supervised exercise with and without
manual physical therapy for patients with shoulder impingement syndrome.
J.Orthop.Sports Phys. Ther. 2000;30:126-137.

(12) Beaton DE, Katz JN, Fossel AH, Wright JG, Tarasuk V, Bombardier C.
Measuring the whole or the parts? Validity, reliability, and responsiveness of the
Disabilities of the Arm, Shoulder and Hand outcome measure in different regions
of the upper extremity. J.Hand Ther. 2001;14:128-146.

(13) Beaton DE, Richards RR. Measuring function of the shoulder. A cross-
sectional comparison of five questionnaires. J.Bone Joint Surg.Am. 1996;78:882-
890.

(14) Beaton DE, Schemitsch E. Measures of health-related quality of life and
physical function. Clin.Orthop.Relat.Res. 2003;(413):90-105.

(15) Beaudreuil J, Nizard R, Thomas T, Peyre M, Liotard JP, Boileau P, et al.
Contribution of clinical tests to the diagnosis of rotator cuff disease: a systematic
literature review. Joint Bone Spine 2009;76:15-19.

(16) Bennell K, Wee E, Coburn S, Green S, Harris A, Staples M, et al. Efficacy of
standardised manual therapy and home exercise programme for chronic rotator
cuff disease: randomised placebo controlled trial. BMJ 2010;340:¢2756.

(17) Benson RT, McDonnell SM, Rees JL, Athanasou NA, Carr AJ. The
morphological and immunocytochemical features of impingement syndrome and
partial-thickness rotator-cuff tear in relation to outcome after subacromial
decompression. J.Bone Joint Surg.Br. 2009;91:119-123.

(18) Bernhardsson S, Klintberg IH, Wendt GK. Evaluation of an exercise concept
focusing on eccentric strength training of the rotator cuff for patients with
subacromial impingement syndrome. Clin.Rehabil. 2011;25:69-78.

(19) Bigliani LU, Ticker J B, Flatow EL, Soslowsky LJ, Mow VC. The relationship of
acromial architecture to rotator cuff disease. Clin.Sports Med. 1991;10:823-838.

(20) Bohmer AS, Staff PH, Brox JI. Technical clinical note. Supervised exercises in
relation to rotator cuff disease (impingement syndrome stages I and I1I): a
treatment regimen and its rationale. Physiother. Theory Pract. 1998;14:93-105.

71



References

(21) Borich MR, Bright JM, Lorello DJ, Cieminski CJ, Buisman T, Ludewig PM.
Scapular angular positioning at end range internal rotation in cases of glenohumeral
internal rotation deficit. J.Orthop.Sports Phys. Ther. 2006;36:926-934.

(22) Borstad JD, Ludewig PM. The effect of long versus short pectoralis minor
resting length on scapular kinematics in healthy individuals. J.Orthop.Sports
Phys. Ther. 2005;35:227-238.

(23) Bot SD, van der Waal JM, Terwee CB, van der Windt DA, Scholten RJ, Bouter
LM, et al. Predictors of outcome in neck and shoulder symptoms: a cohort study in
general practice. Spine (Phila Pa.1976) 2005;30:E459-70.

(24) Brossmann J, Preidler KW, Pedowitz RA, White LM, Trudell D, Resnick D.
Shoulder impingement syndrome: influence of shoulder position on rotator cuff
impingement--an anatomic study. AJR Am.J.Roentgenol. 1996;167:1511-1515.

(25) Brox JI, Gjengedal E, Uppheim G, Bohmer AS, Brevik JI, Ljunggren AE, et al.
Arthroscopic surgery versus supervised exercises in patients with rotator cuff
disease (stage II impingement syndrome): a prospective, randomized, controlled
study in 125 patients with a 2 1/2-year follow-up. J.Shoulder Elbow Surg. 1999;8:102-
III.

(26) Brox JI, Roe C, Saugen E, Vollestad NK. Isometric abduction muscle
activation in patients with rotator tendinosis of the shoulder.
Arch.Phys.Med.Rehabil. 1997;78:1260-1267.

(27) Buchbinder R, Green S, Youd JM. Corticosteroid injections for shoulder pain.
Cochrane Database Syst.Rev. 2003;(1):CD004016.

(28) Budoft JE, Nirschl RP, Ilahi OA, Rodin DM. Internal impingement in the
etiology of rotator cuff tendinosis revisited. Arthroscopy 2003;19:810-814.

(29) Burkhart SS, Esch JC, Jolson RS. The rotator crescent and rotator cable: an
anatomic description of the shoulder's "suspension bridge". Arthroscopy
1993;9:611-6106.

(30) Burkhart SS, Morgan CD, Kibler WB. The disabled throwing shoulder:
spectrum of pathology Part I: pathoanatomy and biomechanics. Arthroscopy

2003;19:404-420.

(31) Camargo PR, Avila MA, Alburquerque-Sendin F, Asso NA, Hashimoto LH,
Salvini TF. Eccentric training for shoulder abductors improves pain, function and
isokinetic performance in subjects with shoulder impingement syndrome: a case
series. Rev.Bras.Fisioter 2012;16:74-83.

72



References

(32) Camargo PR, Haik MN, Ludewig PM, Filho RB, Mattiello-Rosa SM, Salvini
TF. Effects of strengthening and stretching exercises applied during working hours
on pain and physical impairment in workers with subacromial impingement
syndrome. Physiother. Theory Pract. 2009;25:463-475.

(33) Chansky HA, Iannotti JP. The vascularity of the rotator cuff. Clin.Sports Med.
1991;10:807-822.

(34) Chen SK, Simonian PT, Wickiewicz TL, Otis JC, Warren RF. Radiographic
evaluation of glenohumeral kinematics: a muscle fatigue model. J.Shoulder Elbow

Surg. 1999;8:49-52.

(35) Chipchase LS, O'Connor DA, Costi JJ, Krishnan J. Shoulder impingement
syndrome: preoperative health status. J.Shoulder Elbow Surg. 2000;9:12-15.

(36) Coghlan JA, Buchbinder R, Green S, Johnston RV, Bell SN. Surgery for rotator
cuff disease. Cochrane Database Syst.Rev. 2008;(1):CDo05619.

(37) Conroy DE, Hayes KW. The effect of joint mobilization as a component of
comprehensive treatment for primary shoulder impingement syndrome.
J.Orthop.Sports Phys. Ther. 1998;28:3-14.

(38) Constant CR, Gerber C, Emery RJ, Sojbjerg JO, Gohlke F, Boileau P. A review
of the Constant score: modifications and guidelines for its use. J Shoulder Elbow
Surg 2008;17:355-361.

(39) Constant CR, Murley AH. A clinical method of functional assessment of the
shoulder. Clin Orthop Relat Res 1987:160-164.

(40) Cools A, Johansson F, Cagnie B, Cambier D, Witvrouw E. Stretching the
posterior shoulder structures in subjects with internal rotation deficit: comparison
of two stretching techniques. Shoulder and Elbow 2012;4:56-63. 2012:56.

(41) Cools AM, Cambier D, Witvrouw EE. Screening the athlete's shoulder for
impingement symptoms: a clinical reasoning algorithm for early detection of
shoulder pathology. Br.J.Sports Med. 2008;42:628-635.

(42) Cools AM, Declercq G, Cagnie B, Cambier D, Witvrouw E. Internal
impingement in the tennis player: rehabilitation guidelines. Br.J.Sports Med.
2008;42:165-171.

(43) Cools AM, Declercq GA, Cambier DC, Mahieu NN, Witvrouw EE. Trapezius
activity and intramuscular balance during isokinetic exercise in overhead athletes
with impingement symptoms. Scand.J.Med.Sci.Sports 2007;17:25-33.

73



References

(44) Cools AM, Dewitte V, Lanszweert F, Notebaert D, Roets A, Soetens B, et al.
Rehabilitation of scapular muscle balance: which exercises to prescribe?
Am.J.Sports Med. 2007;35:1744-1751.

(45) Cools AM, Witvrouw EE, De Clercq GA, Danneels LA, Willems TM,
Cambier DC, et al. Scapular muscle recruitment pattern: electromyographic
response of the trapezius muscle to sudden shoulder movement before and after a
fatiguing exercise. J.Orthop.Sports Phys. Ther. 2002;32:221-229.

(46) Cools AM, Witvrouw EE, Declercq GA, Danneels LA, Cambier DC. Scapular
muscle recruitment patterns: trapezius muscle latency with and without
impingement symptoms. Am.J.Sports Med. 2003;31:542-549.

(47) Cools AM, Witvrouw EE, Mahieu NN, Danneels LA. Isokinetic Scapular
Muscle Performance in Overhead Athletes With and Without Impingement
Symptoms. J.Athl Train. 2005;40:104-110.

(48) Coombes BK, Bisset L, Vicenzino B. Efficacy and safety of corticosteroid
injections and other injections for management of tendinopathy: a systematic
review of randomised controlled trials. Lancet 2010;376:1751-1767.

(49) Crawshaw DP, Helliwell PS, Hensor EM, Hay EM, Aldous SJ, Conaghan PG.
Exercise therapy after corticosteroid injection for moderate to severe shoulder
pain: large pragmatic randomised trial. BMJ 2010;340:¢3037.

(50) Croft P, Pope D, Silman A. The clinical course of shoulder pain: prospective
cohort study in primary care. Primary Care Rheumatology Society Shoulder Study
Group. BMJ 1996;313:601-602.

(51) Crosby RD, Kolotkin RL, Williams GR. Defining clinically meaningful change
in health-related quality of life. J.Clin.Epidemiol. 2003;56:395-407.

(52) Crow R, Gage H, Hampson S, Hart J, Kimber A, Thomas H. The role of
expectancies in the placebo effect and their use in the delivery of health care: a
systematic review. Health Technol.Assess. 1999;3:1-96.

(53) Dark A, Ginn KA, Halaki M. Shoulder muscle recruitment patterns during
commonly used rotator cuff exercises: an electromyographic study. Phys. Ther.
2007;87:1039-1046.

(54) Day A, Taylor NF, Green RA. The stabilizing role of the rotator cuff at the
shoulder--responses to external perturbations. Clin.Biomech.(Bristol, Avon)
2012;27:551-556.

74



References

(55) De Mey K, Danneels L, Cagnie B, Cools AM. Scapular muscle rehabilitation
exercises in overhead athletes with impingement symptoms: effect of a 6-week
training program on muscle recruitment and functional outcome. Am.]J.Sports
Med. 2012;40:1906-1915.

(56) De Vet H, Terwee C, Mokkink L, Knol D. Measurement in Medicine.
Cambridge: Cambridge University Press; 2011. ISBN No. 9780521133852).

(57) de Vet HC, Ostelo RW, Terwee CB, van der Roer N, Knol DL, Beckerman H,
et al. Minimally important change determined by a visual method integrating an
anchor-based and a distribution-based approach. Qual.Life Res. 2007;16:131-142.

(58) Deutscher D, Horn SD, Dickstein R, Hart DL, Smout RJ, Gutvirtz M, et al.
Associations between treatment processes, patient characteristics, and outcomes
in outpatient physical therapy practice. Arch.Phys.Med.Rehabil. 2009;90:1349-

1363.

(59) Di Fabio RP, Boissonnault W. Physical therapy and health-related outcomes
for patients with common orthopaedic diagnoses. J.Orthop.Sports Phys.Ther.

1998;27:219-230.

(60) Diederichsen LP, Norregaard J, Dyhre-Poulsen P, Winther A, Tufekovic G,
Bandholm T, et al. The activity pattern of shoulder muscles in subjects with and
without subacromial impingement. J.Electromyogr.Kinesiol. 2009;19:789-799.

(61) Dorrestijn O, Stevens M, Winters JC, van der Meer K, Diercks RL.
Conservative or surgical treatment for subacromial impingement syndrome? A
systematic review J.Shoulder Elbow Surg. 2009;18:652-660.

(62) Edelson G, Teitz C. Internal impingement in the shoulder. J.Shoulder Elbow
Surg. 2000;9:308-315.

(63) Ellenbecker TS, Cools A. Rehabilitation of shoulder impingement syndrome
and rotator cuff injuries: an evidence-based review. Br.J.Sports Med. 2010;44:319-

327.

(64) Ellman H. Arthroscopic subacromial decompression: analysis of one- to three-
year results. Arthroscopy 1987;3:173-181.

(65) Endo K, Ikata T, Katoh S, Takeda Y. Radiographic assessment of scapular
rotational tilt in chronic shoulder impingement syndrome. J.Orthop.Sci. 2001;6:3-
(e}

75



References

(66) Escamilla RF, Yamashiro K, Paulos L, Andrews JR. Shoulder muscle activity
and function in common shoulder rehabilitation exercises. Sports Med.
2009;39:663-685.

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

(68) Finley MA, Lee RY. Effect of sitting posture on 3-dimensional scapular
kinematics measured by skin-mounted electromagnetic tracking sensors.
Arch.Phys.Med.Rehabil. 2003;84:563-568.

(69) Flatow EL, Soslowsky LJ, Ticker JB, Pawluk RJ, Hepler M, Ark J, et al.
Excursion of the rotator cuff under the acromion. Patterns of subacromial contact.
Am.J.Sports Med. 1994;22:779-788.

(70) Fukuda H. The management of partial-thickness tears of the rotator cuff.
J.Bone Joint Surg.Br. 2003;85:3-11.

(7D Fukuda H, Hamada K, Yamanaka K. Pathology and pathogenesis of bursal-side
rotator cuff tears viewed from en bloc histologic sections. Clin.Orthop.Relat.Res.

19905(254):75-80.

(72) Gill TJ, McIrvin E, Kocher MS, Homa K, Mair SD, Hawkins RJ. The relative
importance of acromial morphology and age with respect to rotator cuff pathology.
J.Shoulder Elbow Surg. 2002;11:327-330.

(73) Green S, Buchbinder R, Glazier R, Forbes A. Interventions for shoulder pain.
Cochrane Database Syst.Rev. 2000;(2):CDoor156.

(74) Green S, Buchbinder R, Hetrick S. Physiotherapy interventions for shoulder
pain. Cochrane Database Syst.Rev. 2003;(2):CDoo04258.

(75) Grimsby O. Scientific-Therapeuitc-Exercise-Progression. the journal of
manual and manupulative therapy 1994;2:94-101.

(76) Gumina S, Di Giorgio G, Postacchini F, Postacchini R. Subacromial space in
adult patients with thoracic hyperkyphosis and in healthy volunteers.
Chir.Organi.Mov. 2008;91:93-96.

(77) Guyatt GH, Osoba D, Wu AW, Wyrwich KW, Norman GR, Clinical
Significance Consensus Meeting Group. Methods to explain the clinical
significance of health status measures. Mayo Clin.Proc. 2002;77:371-383.

76



References

(78) Haahr JP, Ostergaard S, Dalsgaard J, Norup K, Frost P, Lausen S, et al.
Exercises versus arthroscopic decompression in patients with subacromial
impingement: a randomised, controlled study in 9o cases with a one year follow up.
Ann.Rheum.Dis. 2005;64:760-76 4.

(79) Hagg O, Fritzell P, Oden A, Nordwall A, Swedish Lumbar Spine Study Group.
Simplifying outcome measurement: evaluation of instruments for measuring
outcome after fusion surgery for chronic low back pain. Spine (Phila Pa.1976)
2002;27:1213-1222.

(80) Halder AM, Itoi E, An KN. Anatomy and biomechanics of the shoulder.
Orthop.Clin.North Am. 2000;31:159-176.

(81) Halder AM, Zhao KD, Odriscoll SW, Morrey BF, An KN. Dynamic
contributions to superior shoulder stability. J.Orthop.Res. 2001;19:206-212.

(82) Hallstrom E, Karrholm J. Shoulder kinematics in 25 patients with impingement
and 12 controls. Clin.Orthop.Relat.Res. 2006;448:22-27.

(83) Hanratty CE, McVeigh JG, Kerr DP, Basford JR, Finch MB, Pendleton A, et
al. The effectiveness of physiotherapy exercises in subacromial impingement
syndrome: a systematic review and meta-analysis. Semin.Arthritis Rheum.
2012;42:297-316.

(84) Harryman DT,2nd, Sidles JA, Clark JM, McQuade KJ, Gibb TD, Matsen
FA,3rd. Translation of the humeral head on the glenoid with passive glenohumeral
motion. J.Bone Joint Surg. Am. 1990;72:1334-1343.

(85) Hart L. Corticosteroid and other injections in the management of
tendinopathies: a review. Clin,J.Sport Med. 2011;21:540-541.

(86) Hashimoto T, Nobuhara K, Hamada T. Pathologic evidence of degeneration
as a primary cause of rotator cuff tear. Clin.Orthop.Relat.Res. 2003;(415):111-120.

(87) Hawkins RJ, Kennedy JC. Impingement syndrome in athletes. Am_J.Sports
Med. 1980;8:151-158.

(88) Hays RD, Farivar SS, Liu H. Approaches and recommendations for estimating
minimally important differences for health-related quality of life measures. COPD
2005%;2:63-67.

(89) Hebert LJ, Moffet H, McFadyen BJ, Dionne CE. Scapular behavior in
shoulder impingement syndrome. Arch.Phys.Med.Rehabil. 2002;83:60-69.

77



References

(90) Hegedus EJ, Goode AP, Cook CE, Michener L, Myer CA, Myer DM, et al.
Which physical examination tests provide clinicians with the most value when
examining the shoulder? Update of a systematic review with meta-analysis of
individual tests. Br.J.Sports Med. 2012;46:964-978.

(91) Henn RF,3rd, Kang L, Tashjian RZ, Green A. Patients' preoperative
expectations predict the outcome of rotator cuff repair. J.Bone Joint Surg. Am.

2007;89:1913-1919.

(92) Huang CY, Wang VM, Pawluk RJ, Bucchieri JS, Levine WN, Bigliani LU, et
al. Inhomogeneous mechanical behavior of the human supraspinatus tendon under
uniaxial loading. J.Orthop.Res. 2005;23:924-930.

(93) Hudak PL, Amadio PC, Bombardier C. Development of an upper extremity
outcome measure: the DASH (disabilities of the arm, shoulder and hand)
[corrected}. The Upper Extremity Collaborative Group (UECG). Am.J.Ind. Med.
1996;29:602-608.

(94) Hultenheim Klintberg I, Gunnarsson AC, Styf J, Karlsson J. Early activation
or a more protective regime after arthroscopic subacromial decompression--a
description of clinical changes with two different physiotherapy treatment
protocols--a prospective, randomized pilot study with a two-year follow-up.
Clin.Rehabil. 2008;22:951-965.

(95) Hurschler C, Wulker N, Mendila M. The effect of negative intraarticular
pressure and rotator cuff force on glenohumeral translation during simulated active
elevation. Clin.Biomech.(Bristol, Avon) 2000;15:306-314.

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

(97) Hurst NP, Kind P, Ruta D, Hunter M, Stubbings A. Measuring health-related
quality of life in rheumatoid arthritis: validity, responsiveness and reliability of
EuroQol (EQ-5D). Br.J.Rheumatol. 1997;36:551-559.

(98) Huskisson EC. Measurement of pain. Lancet 1974;2:1127-1131.

(99) Jackins S. Postoperative shoulder rehabilitation.
Phys.Med.Rehabil.Clin.N.Am. 2004;15:643-82.

(100) Jarvela S, Jarvela T, Aho H, Kiviranta I. Arthroscopic subacromial

decompression: outcome comparison between outpatient and hospitalized patients
with 2- to 5-year follow-up. Scand.J.Surg. 2010;99:50-54.

78



References

(1o1) Jenp YN, Malanga GA, Growney ES, An KIN. Activation of the rotator cuff in
generating isometric shoulder rotation torque. Am.J.Sports Med. 1996;24:477-485.

(102) Jobe CM, Coen MJ, Screnar P. Evaluation of impingement syndromes in the
overhead-throwing athlete. J.Athl Train. 2000;35:293-299.

(103) Jobe FW, Jobe CM. Painful athletic injuries of the shoulder.
Clin.Orthop.Relat.Res. 1983;(173):117-124.

(104) Johansson KM, Adolfsson LE. Intraobserver and interobserver reliability for
the strength test in the Constant-Murley shoulder assessment. J.Shoulder Elbow
Surg. 2005;14:273-278.

(105) Johansson KM, Adolfsson LE, Foldevi MO. Effects of acupuncture versus
ultrasound in patients with impingement syndrome: randomized clinical trial.

Phys.Ther. 2005;85:490-501.

(106) Jonsson P, Wahlstrom P, Ohberg L, Alfredson H. Eccentric training in
chronic painful impingement syndrome of the shoulder: results of a pilot study.
Knee Surg.Sports Traumatol. Arthrosc. 2006;14:76-81.

(107) Kahn K, Cook J, Bonar F, Hardcourt P, Astrém M. Histiopathology of
commontendionphaties. 1999:188-201.

(108) Kamper §J, Ostelo RW, Knol DL, Maher CG, de Vet HC, Hancock MJ.
Global Perceived Effect scales provided reliable assessments of health transition in
people with musculoskeletal disorders, but ratings are strongly influenced by
current status. J.Clin.Epidemiol. 2010;63:760-766.e1.

(109) Karduna AR, Kerner PJ, Lazarus MD. Contact forces in the subacromial
space: effects of scapular orientation. J.Shoulder Elbow Surg. 2005;14:393-399.

(110) Katolik LI, Romeo AA, Cole BJ, Verma NN, Hayden JK, Bach BR.
Normalization of the Constant score. J.Shoulder Elbow Surg. 2005;14:279-285.

(111) Kebaetse M, McClure P, Pratt NA. Thoracic position effect on shoulder
range of motion, strength, and three-dimensional scapular kinematics.
Arch.Phys.Med.Rehabil. 1999;80:945-950.

(112) Kelly BT, Kadrmas WR, Speer KP. The manual muscle examination for
rotator cuff strength. An electromyographic investigation. Am.J.Sports Med.
1996;24:581-588.

79



References

(113) Kelly SM, Wrightson PA, Meads CA. Clinical outcomes of exercise in the
management of subacromial impingement syndrome: a systematic review.
Clin.Rehabil. 2010;24:99-109.

(114) Kessel L, Watson M. The painful arc syndrome. Clinical classification as a
guide to management. J.Bone Joint Surg.Br. 1977;59:166-172.

(115) Ketola S, Lehtinen J, Arnala I, Nissinen M, Westenius H, Sintonen H, et al.
Does arthroscopic acromioplasty provide any additional value in the treatment of
shoulder impingement syndrome?: a two-year randomised controlled trial. ].Bone
Joint Surg.Br. 2009;91:1326-1334.

(116) Kibler WB. The scapula in rotator cuff disease. Med.Sport.Sci. 2012;57:27-40.

(117) Kibler WB. The role of the scapula in athletic shoulder function. Am.J.Sports
Med. 1998;26:325-337.

(118) Kibler WB, Sciascia A. Current concepts: scapular dyskinesis. Br.J.Sports
Med. 2010;44:300-305.

(119) Kongsgaard M, Kovanen V, Aagaard P, Doessing S, Hansen P, Laursen AH, et
al. Corticosteroid injections, eccentric decline squat training and heavy slow
resistance training in patellar tendinopathy. Scand.].Med.Sci.Sports 2009;19:790-
802.

(120) Kosinski M, Zhao SZ, Dedhiya S, Osterhaus JT, Ware JE Jr. Determining
minimally important changes in generic and disease-specific health-related quality
of life questionnaires in clinical trials of rheumatoid arthritis. Arthritis Rheum.

2000;43:1478-1487.

(121) Krogsboll LT, Hrobjartsson A, Gotzsche PC. Spontaneous improvement in
randomised clinical trials: meta-analysis of three-armed trials comparing no
treatment, placebo and active intervention. BMC Med.Res.Methodol. 2009;9:1.

(122) Kromer TO, de Bie RA, Bastiaenen CH. 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 Musculoskelet.Disord. 2010;11:114-2474-11-114.

(123) Kromer TO, Tautenhahn UG, de Bie RA, Staal JB, Bastiaenen CH. Effects of
physiotherapy in patients with shoulder impingement syndrome: a systematic
review of the literature. J.Rehabil. Med. 2009;41:870-880.

8o



References

(124) Kuhn JE. Exercise in the treatment of rotator cuff impingement: a systematic
review and a synthesized evidence-based rehabilitation protocol. J.Shoulder Elbow
Surg. 20009;18:138-160.

(125) Langberg H, Ellingsgaard H, Madsen T, Jansson J, Magnusson SP, Aagaard P,
et al. Eccentric rehabilitation exercise increases peritendinous type I collagen
synthesis in humans with Achilles tendinosis. Scand.J.Med.Sci.Sports 2007;17:61-
66.

(126) Leroux JL, Thomas E, Bonnel F, Blotman F. Diagnostic value of clinical tests
for shoulder impingement syndrome. Rev.Rhum.Engl.Ed. 1995;62:423-428.

(127) Lewis JS. Rotator cuff tendinopathy: a model for the continuum of pathology
and related management. Br.J.Sports Med. 2010;44:918-923.

(128) Lewis JS. Rotator cuff tendinopathy. Br.J.Sports Med. 2009;43:236-241.

(129) Lim JT, Acornley A, Dodenhoff RM. Recovery after arthroscopic
subacromial decompression: prognostic value of the subacromial injection test.
Arthroscopy 2005;21:680-683.

(130) Lombardi I,Jr, Magri AG, Fleury AM, Da Silva AC, Natour J. Progressive
resistance training in patients with shoulder impingement syndrome: a randomized
controlled trial. Arthritis Rheum. 2008;59:615-622.

(131) Ludewig PM, Cook TM. Alterations in shoulder kinematics and associated
muscle activity in people with symptoms of shoulder impingement. Phys. Ther.
2000;80:276-291.

(132) Ludewig PM, Cook TM, Nawoczenski DA. Three-dimensional scapular
orientation and muscle activity at selected positions of humeral elevation.
J.Orthop.Sports Phys. Ther. 1996;24:57-65.

(133) Luime JJ, Koes BW, Hendriksen IJ, Burdorf A, Verhagen AP, Miedema HS,
et al. Prevalence and incidence of shoulder pain in the general population; a
systematic review. Scand.].Rheumatol. 2004;33:73-81.

(134) Lukasiewicz AC, McClure P, Michener L, Pratt N, Sennett B. Comparison of
3-dimensional scapular position and orientation between subjects with and without
shoulder impingement. J.Orthop.Sports Phys. Ther. 1999;29:574-83; discussion 584-
6.

81



References

(135) Lundeberg T, Lund I, Dahlin L, Borg E, Gustafsson C, Sandin L, et al.
Reliability and responsiveness of three different pain assessments. J.Rehabil. Med.
2001;33:279-283.

(136) Lunsjo K, Bengtsson M, Nordqvist A, Abu-Zidan FM. Patients with shoulder
impingement remain satisfied 6 years after arthroscopic subacromial
decompression: a prospective study of 46 patients. Acta Orthop. 2011;82:711-713.

(137) MacDermid JC, Ramos J, Drosdowech D, Faber K, Patterson S. The impact
of rotator cuff pathology on isometric and isokinetic strength, function, and quality
of life. J.Shoulder Elbow Surg. 2004;13:593-598.

(138) Maenhout A, Van Eessel V, Van Dyck L, Vanraes A, Cools A. Quantifying
acromiohumeral distance in overhead athletes with glenohumeral internal rotation
loss and the influence of a stretching program. Am.J.Sports Med. 2012;40:2105-2112.

(139) Maenhout AG, Mahieu NN, De Muynck M, De Wilde LF, Cools AM. Does
adding heavy load eccentric training to rehabilitation of patients with unilateral
subacromial impingement result in better outcome? A randomized, clinical trial.
Knee Surg.Sports Traumatol. Arthrosc. 2012.

(140) Matthews TJ, Hand GC, Rees JL, Athanasou NA, Carr AJ. Pathology of the
torn rotator cuff tendon. Reduction in potential for repair as tear size increases.
J.Bone Joint Surg.Br. 2006;88:489-495.

(141) McClure P, Balaicuis J, Heiland D, Broersma ME, Thorndike CK, Wood A. A
randomized controlled comparison of stretching procedures for posterior shoulder
tightness. J.Orthop.Sports Phys. Ther. 2007;37:108-114.

(142) McClure PW, Bialker J, Neff N, Williams G, Karduna A. Shoulder function
and 3-dimensional kinematics in people with shoulder impingement syndrome
before and after a 6-week exercise program. Phys. Ther. 2004;84:832-848.

(143) McClure PW, Michener LA, Karduna AR. Shoulder function and 3-
dimensional scapular kinematics in people with and without shoulder impingement
syndrome. Phys.Ther. 2006;86:1075-1090.

(144) Michener LA, McClure PW, Karduna AR. Anatomical and biomechanical
mechanisms of subacromial impingement syndrome. Clin.Biomech.(Bristol, Avon)

2003;18:369-379.

(145) Michener LA, Walsworth MK, Burnet EN. Effectiveness of rehabilitation for
patients with subacromial impingement syndrome: a systematic review. J.Hand
Ther. 2004;17:152-164.

82



References

(146) Michener LA, Walsworth MK, Doukas WC, Murphy KP. Reliability and
diagnostic accuracy of § physical examination tests and combination of tests for
subacromial impingement. Arch.Phys.Med.Rehabil. 2009;90:1898-1903.

(147) Milgrom C, Schaffler M, Gilbert S, van Holsbeeck M. Rotator-cuff changes in
asymptomatic adults. The effect of age, hand dominance and gender. J.Bone Joint
Surg.Br. 1995;77:296-298.

(148) Morrison DS, Frogameni AD, Woodworth P. Non-operative treatment of
subacromial impingement syndrome. J.Bone Joint Surg.Am. 1997;79:732-737.

(149) Mura N, O'Driscoll SW, Zobitz ME, Heers G, Jenkyn TR, Chou SM, et al.
The effect of infraspinatus disruption on glenohumeral torque and superior
migration of the humeral head: a biomechanical study. J.Shoulder Elbow Surg.
2003;12:179-184.

(150) Myers JB, Hwang JH, Pasquale MR, Blackburn JT, Lephart SM. Rotator cuff
coactivation ratios in participants with subacromial impingement syndrome.

J.Sci.Med.Sport 2009;12:603-608.

(151) Myers JB, Laudner KG, Pasquale MR, Bradley JP, Lephart SM. Glenohumeral
range of motion deficits and posterior shoulder tightness in throwers with
pathologic internal impingement. Am.J.Sports Med. 2006;34:385-391.

(152) Neer CS,2nd. Impingement lesions. Clin.Orthop.Relat.Res. 1983;(173):70-77.

(153) Neer CS,2nd. Anterior acromioplasty for the chronic impingement syndrome
in the shoulder: a preliminary report. J.Bone Joint Surg. Am. 1972;54:41-50.

(154) Nygren A, Berglund A, von Koch M. Neck-and-shoulder pain, an increasing
problem. Strategies for using insurance material to follow trends.
Scand.J.Rehabil. Med.Suppl. 1995;32:107-112.

(155) Odenbring S, Wagner P, Atroshi I. Long-term outcomes of arthroscopic
acromioplasty for chronic shoulder impingement syndrome: a prospective cohort
study with a minimum of 12 years' follow-up. Arthroscopy 2008;24:1092-1098.

(156) Ogawa K, Yoshida A, Inokuchi W, Naniwa T. Acromial spur: relationship to
aging and morphologic changes in the rotator cuff. J.Shoulder Elbow Surg.

200%;14:591-598.

(157) Ohberg L, Alfredson H. Effects on neovascularisation behind the good results
with eccentric training in chronic mid-portion Achilles tendinosis? Knee
Surg.Sports Traumatol. Arthrosc. 2004;12:465-470.

83



References

(158) Ohberg L, Lorentzon R, Alfredson H. Eccentric training in patients with
chronic Achilles tendinosis: normalised tendon structure and decreased thickness
at follow up. Br.J.Sports Med. 2004;38:8-11; discussion 11.

(159) Ostelo RW, de Vet HC. Clinically important outcomes in low back pain. Best
Pract.Res.Clin.Rheumatol. 2005;19:593-607.

(160) Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M, et al.
Interpreting change scores for pain and functional status in low back pain: towards
international consensus regarding minimal important change. Spine (Phila Pa.1976)

2008;33:90-94.

(161) Ostor AJ, Richards CA, Prevost AT, Speed CA, Hazleman BL. Diagnosis and
relation to general health of shoulder disorders presenting to primary care.
Rheumatology (Oxford) 2005;44:800-805.

(162) Park HB, Yokota A, Gill HS, El Rassi G, McFarland EG. Diagnostic accuracy
of clinical tests for the different degrees of subacromial impingement syndrome.
J.Bone Joint Surg. Am. 2005;87:1446-1455.

(163) Picavet HS, Schouten JS. Musculoskeletal pain in the Netherlands:
prevalences, consequences and risk groups, the DMC(3)-study. Pain 2003;102:167-
178.

(164) Piitulainen K, Ylinen J, Kautiainen H, Hakkinen A. The relationship
between functional disability and health-related quality of life in patients with a
rotator cuff tear. Disabil.Rehabil. 2012;34:2071-2075.

(165) Pool JJ, Ostelo RW, Hoving JL, Bouter LM, de Vet HC. Minimal clinically
important change of the Neck Disability Index and the Numerical Rating Scale for
patients with neck pain. Spine (Phila Pa.1976) 2007;32:3047-3051.

(166) Pribicevic M, Pollard H, Bonello R. An epidemiologic survey of shoulder pain
in chiropractic practice in australia. J].Manipulative Physiol. Ther. 2009;32:107-117.

(167) Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol
Group. Ann.Med. 2001;33:337-343.

(168) Rahme H, Solem-Bertoft E, Westerberg CE, Lundberg E, Sorensen S,
Hilding S. The subacromial impingement syndrome. A study of results of
treatment with special emphasis on predictive factors and pain-generating
mechanisms. Scand.J.Rehabil. Med. 1998;30:253-262.

84



References

(169) Reddy AS, Mohr KJ, Pink MM, Jobe FW. Electromyographic analysis of the
deltoid and rotator cuff muscles in persons with subacromial impingement.
J.Shoulder Elbow Surg. 2000;9:519-523.

(170) Rees JD, Lichtwark GA, Wolman RL, Wilson AM. The mechanism for
efficacy of eccentric loading in Achilles tendon injury; an in vivo study in humans.
Rheumatology (Oxford) 2008;47:1493-1497.

(171) Rees JD, Wolman RL, Wilson A. Eccentric exercises; why do they work, what
are the problems and how can we improve them? Br.J.Sports Med. 2009;43:242-
246.

(172) Reilingh ML, Kuijpers T, Tanja-Harfterkamp AM, van der Windt DA.
Course and prognosis of shoulder symptoms in general practice. Rheumatology
(Oxford) 2008;47:724-730.

(173) Reinold MM, Macrina LC, Wilk KE, Fleisig GS, Dun S, Barrentine SW, et al.
Electromyographic analysis of the supraspinatus and deltoid muscles during 3
common rehabilitation exercises. J.Athl Train. 2007;42:464-469.

(174) Roberts CS, Davila JN, Hushek SG, Tillett ED, Corrigan TM. Magnetic
resonance imaging analysis of the subacromial space in the impingement sign
positions. J.Shoulder Elbow Surg. 2002;11:595-599.

(175) Rocourt MH, Radlinger L, Kalberer F, Sanavi S, Schmid NS, Leunig M, et al.
Evaluation of intratester and intertester reliability of the Constant-Murley
shoulder assessment. J.Shoulder Elbow Surg. 2008;17:364-369.

(176) Roquelaure Y, Ha C, Rouillon C, Fouquet N, Leclerc A, Descatha A, et al.
Risk factors for upper-extremity musculoskeletal disorders in the working
population. Arthritis Rheum. 2009;61:1425-1434.

(177) Roy JS, MacDermid JC, Woodhouse LJ. A systematic review of the
psychometric properties of the Constant-Murley score. J.Shoulder Elbow Surg.
2010;19:1§7-104.

(178) Roy JS, MacDermid JC, Woodhouse LJ. Measuring shoulder function: a
systematic review of four questionnaires. Arthritis Rheum. 2009;61:623-632.

(179) Royer PJ, Kane EJ, Parks KE, Morrow JC, Moravec RR, Christie DS, et al.
Fluoroscopic assessment of rotator cuff fatigue on glenohumeral arthrokinematics
in shoulder impingement syndrome. J.Shoulder Elbow Surg. 2009;18:968-975.

85



References

(180) Schmitt JS, Di Fabio RP. Reliable change and minimum important difference
(MID) proportions facilitated group responsiveness comparisons using individual
threshold criteria. J.Clin.Epidemiol. 2004;57:1008-1018.

(181) Seitz AL, McClure PW, Finucane S, Boardman ND,3rd, Michener LA.
Mechanisms of rotator cuff tendinopathy: intrinsic, extrinsic, or both?
Clin.Biomech.(Bristol, Avon) 2011;26:1-12.

(182) Senbursa G, Baltaci G, Atay A. Comparison of conservative treatment with
and without manual physical therapy for patients with shoulder impingement
syndrome: a prospective, randomized clinical trial. Knee Surg.Sports
Traumatol.Arthrosc. 2007;15:915-921.

(183) Sharkey NA, Marder RA, Hanson PB. The entire rotator cuff contributes to
elevation of the arm. J.Orthop.Res. 1994;12:699-708.

(184) Silbernagel KG, Thomee R, Eriksson BI, Karlsson J. Continued sports
activity, using a pain-monitoring model, during rehabilitation in patients with
Achilles tendinopathy: a randomized controlled study. Am.J.Sports Med.
2007;35:897-906.

(185) Silva RT, Hartmann LG, Laurino CF, Bilo JP. Clinical and ultrasonographic
correlation between scapular dyskinesia and subacromial space measurement
among junior elite tennis players. Br.J.Sports Med. 2010;44:407-410.

(186) Solem-Bertoft E, Thuomas KA, Westerberg CE. The influence of scapular
retraction and protraction on the width of the subacromial space. An MRI study.
Clin.Orthop.Relat.Res. 1993;(296):99-103.

(187) Soslowsky LJ, Thomopoulos S, Esmail A, Flanagan CL, Iannotti JP,
Wailliamson JD,3rd, et al. Rotator cuff tendinosis in an animal model: role of
extrinsic and overuse factors. Ann.Biomed.Eng. 2002;30:1057-1063.

(188) Stanish WD, Rubinovich RM, Curwin S. Eccentric exercise in chronic
tendinitis. Clin.Orthop.Relat.Res. 1986;(208):65-68.

(189) Tanaka M, Itoi E, Sato K, Hamada J, Hitachi S, Tojo Y, et al. Factors related
to successful outcome of conservative treatment for rotator cuff tears.
Ups.J.Med.Sci. 20105115:193-200.

(190) Tashjian RZ, Deloach J, Porucznik CA, Powell AP. Minimal clinically
important differences (MCID) and patient acceptable symptomatic state (PASS)
for visual analog scales (VAS) measuring pain in patients treated for rotator cuff
disease. J.Shoulder Elbow Surg. 2009;18:927-932.

86



References

(191) Thigpen CA, Padua DA, Morgan N, Kreps C, Karas SG. Scapular kinematics
during supraspinatus rehabilitation exercise: a comparison of full-can versus empty-
can techniques. Am.J.Sports Med. 2006;34:644-652.

(192) Thomas E, Croft PR, Paterson SM, Dziedzic K, Hay EM. What influences
participants' treatment preference and can it influence outcome? Results from a
primary care-based randomised trial for shoulder pain. Br.J.Gen.Pract. 2004;54:93-
96.

(193) Thomas E, van der Windt DA, Hay EM, Smidt N, Dziedzic K, Bouter LM, et
al. Two pragmatic trials of treatment for shoulder disorders in primary care:
generalisability, course, and prognostic indicators. Ann.Rheum.Dis. 2005;64:1056-
1001.

(194) Thomee R. A comprehensive treatment approach for patellofemoral pain
syndrome in young women. Phys.Ther. 1997;77:1690-1703.

(195) Thorstensson CA, Roos EM, Petersson IF, Arvidsson B. How do middle-aged
patients conceive exercise as a form of treatment for knee osteoarthritis?
Disabil.Rehabil. 2006;28:51-59.

(196) Timmons MK, Thigpen CA, Seitz AL, Karduna AR, Arnold BL, Michener
LA. Scapular kinematics and subacromial-impingement syndrome: a meta-analysis.
J.Sport.Rehabil. 2012;21:354-370.

(197) Tyler TF, Nahow RC, Nicholas SJ, McHugh MP. Quantifying shoulder
rotation weakness in patients with shoulder impingement. J.Shoulder Elbow Surg.

2005314:570-574.

(198) Tyler TF, Nicholas SJ, Roy T, Gleim GW. Quantification of posterior
capsule tightness and motion loss in patients with shoulder impingement.
Am.J.Sports Med. 2000;28:668-673.

(199) Umer M, Qadir I, Azam M. Subacromial impingement syndrome.
Orthop.Rev.(Pavia) 2012;4:€18.

(200) Valadie AL,3rd, Jobe CM, Pink MM, Ekman EF, Jobe FW. Anatomy of
provocative tests for impingement syndrome of the shoulder. J.Shoulder Elbow
Surg. 2000;9:36-46.

(201) van der Helm FC, Pronk GM. Three-dimensional recording and description
of motions of the shoulder mechanism. J.Biomech.Eng. 1995;117:27-40.

87



References

(202) van der Windt DA, Koes BW, Boeke AJ, Deville W, De Jong BA, Bouter
LM. Shoulder disorders in general practice: prognostic indicators of outcome.
Br.J.Gen.Pract. 1996;46:519-523.

(203) Vecchio P, Kavanagh R, Hazleman BL, King RH. Shoulder painina
community-based rheumatology clinic. Br.J.Rheumatol. 1995;34:440-442.

(204) Victoria A Dickens, james L. Williams, Manjit S. Bhamra. Role of
physiotherapy in the treatment of subacromial impingement syndrome: a
prospective study. 2005:159-16 4.

(205) Virta L, Mortensen M, Eriksson R, Moéller M. How many patients with
subacromial impingement syndrome recover with physiotherapy? A follow-up
study of a supervised exercise programme. Advances in Physiotherapy 2009;11:166-

173.

(206) Vitale MA, Arons RR, Hurwitz S, Ahmad CS, Levine WN. The rising
incidence of acromioplasty. J.Bone Joint Surg.Am. 2010;92:1842-1850.

(207) Walton MJ, Walton JC, Honorez LA, Harding VF, Wallace WA. A
comparison of methods for shoulder strength assessment and analysis of Constant
score change in patients aged over fifty years in the United Kingdom. J.Shoulder
Elbow Surg. 2007;16:285-289.

(208) Wang CH, McClure P, Pratt NE, Nobilini R. Stretching and strengthening
exercises: their effect on three-dimensional scapular kinematics.
Arch.Phys.Med.Rehabil. 1999;80:923-929.

(209) Wattanaprakornkul D, Cathers I, Halaki M, Ginn KA. The rotator cuff
muscles have a direction specific recruitment pattern during shoulder flexion and
extension exercises. J.Sci.Med.Sport 2011;14:376-382.

(210) Williamson A, Hoggart B. Pain: a review of three commonly used pain rating
scales. J.Clin.Nurs. 2005;14:798-804.

(211) Woo SL, Debski RE, Zeminski J, Abramowitch SD, Saw SS, Fenwick JA.
Injury and repair of ligaments and tendons. Annu.Rev.Biomed.Eng. 2000;2:83-118.

(212) Worland RL, Lee D, Orozco CG, SozaRex F, Keenan J. Correlation of age,
acromial morphology, and rotator cuff tear pathology diagnosed by ultrasound in
asymptomatic patients. J.South.Orthop.Assoc. 2003;12:23-26.

(213) World Health Organisation e. ICF - International classification of
functioning, disability and health. Geneve: World Health Organisation; 2001.

88



References

(214) Yamaguchi K, Ditsios K, Middleton WD, Hildebolt CF, Galatz LM, Teefey
SA. The demographic and morphological features of rotator cuff disease. A
comparison of asymptomatic and symptomatic shoulders. J.Bone Joint Surg. Am.
2006;88:1699-1704.

(215) Yamaguchi K, Sher JS, Andersen WK, Garretson R, Uribe JW, Hechtman K,
et al. Glenohumeral motion in patients with rotator cuff tears: a comparison of
asymptomatic and symptomatic shoulders. J.Shoulder Elbow Surg. 2000;9:6-11.

(216) Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey SA, Middleton WD.
Natural history of asymptomatic rotator cuff tears: a longitudinal analysis of
asymptomatic tears detected sonographically. J.Shoulder Elbow Surg. 2001;10:199-
203.

(217) Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr.Scand. 1983;67:361-370.

89



Appendicis(t-5)

APPENDICES (1-5)

Appendix 1 7The Constant-Murley shoulder assessment score (Swedish
version). Used in studies A and B.
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Appendix 2 7he specific exercise strategy used in study B

Specific exercise program
To perform twice a day for the first 8§ weeks then once a day for the last 4 weeks

Exercise 1: Week 1-12 - Shoulder retraction, low scapular row 15 repetitions x 3

Exercise 2: Week 1-8 - Full can eccentric exercise in the scapular plane for m. supraspinatus, 15 repetitions x 3
‘Week 9-12 - Full can concentric/eccentric exercise for m. supraspinatus , 10 repetitions x 3 — 15 repetitions x 3

Exercise 3: Week 1-8 - Eccentric exercise for m. infraspinatus and m. teres minor, 15 repetitions x 3
Week 9-12 - Concentric/eccentric exercise, 10 repetitions x 3 — I3 repetitions x 3
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~—— |

Exercise 4: Week 1-8 - Concentric/eccentric exercise for m. serratus anterior, 15 repetitions x 3
Week 9-12 - Push up plus exercise, 10 repetitions x 3 — 15 repetitions x 3

Exercise 5: Week 5-8 - Bilateral external rotation; a combined exercise for the rotator cuff and the scapula
stabilizers, 10 repetitions x 3 — 15 repetitions x 3
‘Week 9-12 - Elevation with bilateral external rotation, 10 repetitions x 3

Exercise 6: Week 1-12 - Posterior shoulder stretch, 30-45 seconds x 3

Link to the video of specific exercise strategy:
http://www.imh.liu.se/sjukgymnastik/forskning/the-specific-exercise-program-
theresa-holmgren?l=sv
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Appendix 3 Control exercises used in study B. The program was performed twice daily.

Exercise 1 Retraction of the neck.
IO repetitions.

Exercise 2 Retraction of shoulders.
10 repetitions.

Exercise 3 Shoulder elevation.
10 repetitions.

Exercise 4 Shoulder abduction
IO repetitions.

Exercise 5 Stretch of the trapezius
muscle. 30-45 seconds x 3.

Exercise 6 Stretch of the pectoralis
muscles. 30-45 seconds x 3.
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Appendix 4 Mobility exercises used in the home exercise group in study A.
T his program was performed at home twice daily.

Exercises for the H-group
e Active assisted/active bilateral abduction with a stick §-10 repetitions x 2.
e Active assisted/active bilateral flexion with a stick 5-10 repetitions x 2.
e Active assisted unilateral external rotation with a stick §-10 repetitions x 2.
e Active bilateral external rotation 5-10 repetitions x 2.
e Active scapula retraction 5-10 repetitions x 2.

Exercises aetraction and depression of shoulders) for correct posture in front of a
mirror.

94



Appendices (1-5)

Appendix 5 Strength-endurance exercises used in the P1-supervised
group in study A.
Exercises for the PT supervised group
Week 1
e Active assisted/active bilateral abduction with a stick in the frontal plane 5-10 repetitions x 2.
e Active assisted/active bilateral flexion with a stick 5-10 repetitions x 2.
e Active assisted external rotation with a stick §-10 repetitions x 2.
e Active bilateral external rotation §-10 repetitions x 2.
e Active scapula retraction 5-10 repetitions x 2.

e Exercises (retraction and depression of shoulders) for correct posture in front of a mirror.

Phase 1 (Week 2)
e Continue with active assisted /active exercises from week 1.
e PT assisted passive range of motion in flexion, abduction and external rotation.
e Active external rotation lying on the side, 5-10 repetitions x 3, 3 times daily.
e Exercises for correct posture, scapula retraction with straight arms 5-10 repetitions x 3, 3 times daily.
The exercises were performed at the PT practice 2 times a week combined with home exercises twice daily.
Some of the exercises above were carried out three times a day.

Phase 2 (Week 3)

e Active exercises bilateral in shoulder flexion, scaption, extension, external/internal rotation 5-10 repetitions x3.

e Active external rotation lying on the side 10-15 repetitions x 3.

e Manually resisted isometric external rotation, internal rotation, abduction, flexion and extension 5-10
repetitions x 3.

e Active bilateral flexion in sitting focusing on depression of the shoulders 10 repetition x 3.

e Posterior shoulder stretch 30 seconds x 3.
The exercises were performed at the PT practice 2 times a week combined with home exercises twice daily.

Phase 3 (Week 4-5)

e Active exercises bilateral in shoulder flexion, scaption, extension, external/internal rotation §-10 repetitions x2.

e Dynamic strengthening exercises of the rotator cuff and scapula stabilizers with a elastic rubber band in
standing with shoulder in neutral position (0° of abduction) in external rotation, internal rotation, scaption o-
45", shoulder. extension and scapula retraction with straight arms 10-15 repetitions x 3.

e Press up (protraction and retraction) with straight arm and a weight in your hand, lying on the back 10-15
repetitions x 3.

e  Posterior shoulder stretch 30 seconds x 3.
The exercises were performed at the PT practice 2 times a week combined with home exercises twice daily.

Phase 4 (Week 6-8)

e Dynamic strengthening exercises concentric and eccentric of the rotator cuff and scapula stabilizers with a
elastic rubber band in standing with shoulder in different positions of elevation (30°, 45°, 90°) external
rotation, internal rotation. Scaption 0-9o° and scapula retraction with rows in sitting 10-15 repetitions*3.

e Unilateral exercises, upright row with weight 1o-15repetitions x 3.

e Push-ups against wall and progression on the floor with push-up plus 10-15repetitions x 3.

e Posterior shoulder stretch 30 seconds x 3.

The exercises were performed at the PT practice 2 times a week combined with home exercises twice daily.

(Week 9-12)
e Progression of exercises in phase 4 with increased load and more complex coordination for the rotator cuff and
scapula stabilizers individually designed for patients considering work situation and leisure time activities.
The exercises were performed as home exercises twice daily.
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