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SUMMARY
The primary aim of this research was to evaluate the effectiveness of a physiotherapy-led
exercise program for multidirectional instability (MDI) of the glenohumeral joint. To
achieve this aim, it was necessary to develop and understanding of the incidence,
diagnosis, clinical presentation and current best evidence management of this pathology.
This thesis presents a systematic review of the current evidence for conservation
management of MDI and highlights the limitations of literature. Despite that conservative
management is recommended as the first line treatment for this condition, the evidence for
this recommendation is limited and the literature fails to provide adequate guidance to
clinicians for conservative rehabilitation programs. The paucity of information regarding
rehabilitation programs is addressed in this thesis with documentation of the development
of an exercise program for use in this condition. The rehabilitation program was then
evaluated in a before-and-after study in 43 participants with MDI. The 12-week program
was associated with significant improvements in function, strength and scapular motion.
This study provides preliminary evidence supporting the effectiveness of physiotherapy as
an intervention in MDI. The secondary aim of this thesis was to evaluate the psychometric
properties of three instability-specific outcome scales when administered in an MDI
population. This thesis contrasts the three questionnaires and provides recommendations
for revision based on the analysis of internal consistency, content validity, and
responsiveness.
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CHAPTER 1:

GLENOHUMERAL MULTIDIRECTIONAL INSTABILITY
1.1

Glenohumeral Joint Instability

The glenohumeral joint is inherently lax to allow for maximal placement of the hand. The
ball and socket joint is composed of a moderately flat glenoid cavity that only encases a
third of the humeral head, resulting in low congruency and bony contact and a highly
mobile joint (Kronberg, Nemeth, & Brostrom, 1990; Moore, Dalley, & Agur, 2013).
Stability is reliant on passive structures and functioning dynamic structures. The passive
structures contributing to stability include the ligaments supporting the bony components
and the fibrous capsule encasing the joint, as well as other static mechanisms such as
negative intra articular pressure, the osseous geometry and the fibro-cartilaginous labrum
(Barden, Balyk, Raso, Moreau, & Bagnall, 2004). These passive mechanisms have a
limited ability to adapt to different arm loads and movements, contributing most stability
during extreme ranges of movement (Itoi, Hsu, & An, 1996). The dynamic structures have
the capacity to adapt joint mechanics in response to different limb configurations and
loading conditions (Levangie & Norkin, 2001).

A static-dynamic restraint interaction, mediated by the sensorimotor system, is required for
sufficient glenohumeral stability (Myers, Wassinger, & Lephart, 2006). The shoulder
relies on proprioceptive input from the glenohumeral ligaments and capsule, and
musculotendinous structures to facilitate co-ordinated muscle activity, dynamic tension of
the capsule and reflexive stabilisation. Precise and coordinated muscular activity acts to
centralise the head of humerus in the glenoid fossa, increasing the stability of the
glenohumeral joint throughout upper limb movement (McMahon, Jobe, Pink, Brault, &
Perry, 1996). Where passive stability is deficient, there is a loss of the static-dynamic
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restraint interaction and an increased reliance on these active mechanisms to maintain
stability (Itoi et al., 1996). Optimum functioning of the dynamic muscle stabilising system
is required to allow minor angular and translational adjustments to be made to the
movement of the glenohumeral and scapulothoracic joints preventing impingement,
subluxation and dislocation (Matias & Pascoal, 2006). If this system is chronically
dysfunctional, it could result in symptomatic instability (Pande, Hawkins, & Peat, 1989).

Glenohumeral joint instability represents a spectrum of disorders with overlapping
syndromes ranging from complete dislocation of the glenohumeral joint to excessive
translation of the humeral head (Garth, Allman, & Armstrong, 1987; C. M. Jobe, 1995; A.
Lewis, Kitamura, & Bayley, 2004; Salomonsson, Sforza, Revay, Abbaszadegan, &
Jonsson, 1998; Walch, Boileau, Noel, & Donell, 1992; Yamaguchi & Flatow, 1995). A
number of classification systems for shoulder instability have been proposed, however
none have gained universal acceptance. The only classification system of shoulder
instability that has been tested for reliability and content validity is the FEDS system (J. E
Kuhn, 2010; J. E. Kuhn, Helmer, Dunn, & Throckmorton, 2011). The FEDS system
evaluates the patient perception of Frequency, Etiology, Direction and Severity of
instability in order to classify the condition. The classification is directed towards episodes
of dislocation or subluxation and uses the frequency of such episodes as a measure of
severity of pathology. Severity is also determined by whether the patient has ever required
assistance with reducing a dislocation. The aetiology (traumatic or atraumatic) is useful as
an indicator of treatment direction, as is the perceived direction of instability. This system
has been criticized for eliminating multidirectional instability and pain in the overhead
athlete and for failing to address voluntary instability (Shea, 2013). In the absence of an
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accepted classification system, the difficulties of diagnosis, inter-professional
communications and the evaluation and interpretation of research into instability continue.

A common component across all instability classification systems was described back in
1956 by Rowe. Rowe distinguished between traumatic and atraumatic instability,
highlighting that some forms of glenohumeral joint instability were clearly associated with
specific traumatic onset and structural lesions of the shoulder, while others seemed to be
precipitated by overuse or non-traumatic movements of the shoulder (Rowe, 1956).

The prevailing view in the literature is that traumatic instability has a higher incidence of
significant structural lesions (such as Bankart etc), usually presents with significant
instability symptoms (subluxation / dislocation) and has a greater likelihood of requiring
surgical intervention, particularly if instability episodes are recurrent (Boone & Arciero,
2010; Chahal et al., 2012; Habermeyer, Gleyze, & Rickert, 1999; Handoll, Almaiyah, &
Rangan, 2004; Monk et al., 2013; Ogawa, Yoshida, & Ikegami, 2006). Whereas
atraumatic instability has a lesser likelihood of significant structural lesions, tends to
present with fewer episodes of frank instability events but a greater component of other
associated shoulder symptoms (such a pain, loss of power in specific positions).

Another consideration is the difference between instability and laxity (VandenBerghe,
Hoenecke, & Fronek, 2005). According to Guerrero (2009), laxity of the glenohumeral
joint is an asymptomatic hypermobile joint with the ability to maintain centering of the
humeral head in the glenoid fossa. Laxity describes the passive motion characteristics of
the joint (VandenBerghe et al., 2005). Increased laxity or generalized ligamentous laxity is
part of the normal population spectrum and does not necessarily lead to developing

21

symptomatic instability (Brown, Tan, & Kirkley, 2000) although it may predispose
towards traumatic instability in the active sporting population (Chahal, Leiter, McKee, &
Whelan, 2010). Asymptomatic increased translation has been reported in the adolescent
population with 23% demonstrating multidirectional laxity (Emery & Mullaji, 1991).
Overhead athletes (swimmers, gymnasts, throwers) may exhibit substantially increased
laxity without developing symptomatic instability (VandenBerghe et al., 2005).

Instability is defined as a pathological or abnormal increase in translatory motion that is
symptomatic (Guerrero et al., 2009; VandenBerghe et al., 2005). Instability is usually
associated with translation of the humeral head with respect to the glenoid (subluxation /
dislocation) but may be associated with other symptoms such as pain, paresthesia,
apprehension or sudden loss of function or fatigue (Guerrero et al., 2009; E.G. McFarland,
Kim, Park, Neira, & Gutierrez, 2003; VandenBerghe et al., 2005).

1.2

Multidirectional Instability: Definition

Neer and Foster (1980) originally raised the concept of multidirectional instability (MDI)
of the shoulder. This form of instability was thought to be purely atraumatic
(VandenBerghe et al., 2005). The “quintessential” finding of this clinical condition is the
presence of symptomatic inferior instability (sulcus sign) in addition to anterior and
posterior dislocations or subluxations of the shoulder (Ide, Maeda, Yamaga, Morisawa, &
Takagi, 2003; E.G. McFarland et al., 2003; Neer & Foster, 1980).

The definition and classification of MDI is controversial. According to McFarland (2003)
the term “multidirectional instability” has been used by different authors to mean different
things. As a result, the literature is very confusing and it is very difficult to compare
22

different study’s findings due to variation in inclusion criteria and definition of MDI
utilised in each cohort (J. E. Kuhn et al., 2011; E.G. McFarland et al., 2003).

There are a number of important issues to consider. First, in some studies the diagnosis of
MDI is based on the examiner’s ability to subluxate the shoulder anteriorly or posteriorly,
even if the patient does not have symptomatic instability in one or both of these directions
(Altchek, Warren, Skyhar, & Ortiz, 1991; Bak, Spring, & Henderson, 2000; Cooper &
Brems, 1992; E.G. McFarland et al., 2003; Rowe, 1987). In others, the sulcus sign has
been utilised to define inferior instability, which is now known to be an indication of
inferior laxity and not necessarily of inferior instability (Emery & Mullaji, 1991; Flatow,
Miniaci, Evans, Simonian, & Warren, 1998; E.G McFarland, 2006).

The ability to sublux the humeral head over the glenoid rim is a normal variant and should
only be considered instability if it reproduces symptoms (Emery & Mullaji, 1991; Flatow
et al., 1998; Gerber, 1997; E.G McFarland, 2006). Hence, when examining for the
diagnosis of MDI the clinical tests must be positive for symptomatic instability not just
laxity and the technique and method of laxity grading should be very clearly described
(E.G. McFarland et al., 2003).

Some authors define MDI as instability in at least two directions (Choi & Ogilvie-Harris,
2002; Gerber, 1997; Misamore, Sallay, & Didelot, 2005), while others define it as
instability in three directions (A. Lewis et al., 2004; Neer & Foster, 1980; Pollock, Owens,
Flatow, & Bigliani, 2000). The problem with defining MDI in only two directions (bidirectional) is that it can be very easy to include patients who have a uni-directional
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atraumatic instability superimposed on an asymptomatic sulcus sign (A. Lewis et al., 2004;
E.G. McFarland et al., 2003; VandenBerghe et al., 2005).

It is also important that patients with a significant component of trauma in their history are
identified. In some studies, patients with Bankart lesions are included (Gartsman, Roddey,
& Hammerman, 2000; Massoud, Levy, & Copeland, 2002; Pollock et al., 2000; Treacy,
Savoie, & Field, 1999) suggesting that some patients had traumatic instability as a
component of the MDI (E.G. McFarland et al., 2003). Bankart lesions are typically thought
to be a sign of traumatic, unidirectional instability and more likely to require surgical
intervention (Altchek et al., 1991; Cooper & Brems, 1992; A. Lewis et al., 2004; Pollock et
al., 2000).

For the purpose of this thesis, the accepted definition of MDI was symptomatic
glenohumeral translation, subluxation or dislocation in at least two directions. For
inclusion in the intervention trial however, participants must have displayed shoulder
instability in all three directions.

1.3

Multidirectional Instability: Incidence

There is limited information on the incidence of MDI, however the incidence of anterior
shoulder dislocations has been estimated at 57 dislocations per 100,000 people per year
(Liavaag et al., 2011) and subluxations are estimated as being five times more common
than that (Owens et al., 2007).

The incidence of MDI peaks in the second and third decades of life, with most patients
being younger than 35 years old (Neer & Foster, 1980). Some patients with MDI present
24

with a voluntary component of instability. This is a group of patients who are able to
demonstrate their instability to the clinician. Rowe (1973), administered psychological
profile testing to a group of patients with voluntary instability and determined that those
who scored poorly did not do as well with surgical intervention (J. E. Kuhn et al., 2011;
Rowe et al., 1973). It has been suggested that there are two populations of people who can
demonstrate their shoulder instability. Some are reluctant but can show their instability to
the treating physician, typically with pain or discomfort (“involuntary” or demonstrable
instability) (Huber & Gerber, 1994; J. E. Kuhn et al., 2011; Takwale, Calvert, & Rattue,
2000). Others can demonstrate their instability for secondary gain or other issues
(volitional instability) (J. E. Kuhn et al., 2011; A. Lewis et al., 2004). Children and the
preadolescent population tend to make up a majority of the voluntary dislocators (A. Lewis
et al., 2004; VandenBerghe et al., 2005).

1.4

Multidirectional Instability: Aetiology and Mechanism

The cause of MDI appears to be multifactorial. There is a high incidence of bilateral
findings, anatomical anomalies (Neer & Foster, 1980), and generalised ligamentous laxity
leading to the concept that people may be congenitally predisposed (Bigliani, Kelkar,
Flatow, Pollock, & Mow, 1996; Gerber, 1997; Savoie & Field, 2000; VandenBerghe et al.,
2005). Several anatomical features have been associated with MDI such as glenoid
hypoplasia, deficient or attenuated labrum, patulous capsule, elongation of the rotator cuff
interval and ligamentous complex, and poor collagen structure (Dewing et al., 2008;
Gerber, 1997; Savoie & Field, 2000). The mechanism of onset is however far more
complex than just one anatomical deficiency and has been shown to be associated with
alterations in humeral head centering (Inui et al., 2002; von Eisenhart-Rothe, Jager,
Englmeier, Vogl, & Graichen, 2002), rotator cuff and deltoid deficiencies (Kronberg,
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Brostrom, & Nemeth, 1991; A. D. Morris, Kemp, & Frostick, 2004), as well as altered
scapulothoracic motion (Itoi, Motzkin, Morrey, & An, 1992; Ozaki, 1989).

In classifying MDI with respect to etiology; congenital, acquired and posttraumatic
contributions have been described (Neer & Foster, 1980; VandenBerghe et al., 2005). The
congenital category includes connective tissue disorders such as Marfan’s syndrome and
Ehlers-Danlos, as well as milder forms of generalised ligamentous laxity. A positive
family history can frequently be seen in these patients (VandenBerghe et al., 2005). The
acquired category is usually the result of repetitive stress to the shoulder such as that which
occurs in swimming. Traditionally MDI was thought of as being purely atraumatic,
although this is a misconception. The traumatic event is frequently minor, but when
superimposed on the patient’s increased laxity the resultant laxity becomes more disabling
(VandenBerghe et al., 2005). It is important that this sub-group is identified clinically as
any component of trauma raises the greater likelihood of a concurrent structural lesion
being present. Due to the variety of its presentations, MDI is often thought of as a
continuum (A. Lewis et al., 2004; VandenBerghe et al., 2005).

1.5

Multidirectional Instability: Management

The general consensus in the literature is that the majority of cases of traumatic instability
are likely to require surgical intervention while conservative rehabilitation is the initial
treatment of choice for MDI since surgery has variable reported results (Altchek et al.,
1991; Fronek, Warren, & Bowen, 1989; Hamada, Fukuda, Nakajima, & Yamada, 1999;
Kiss, Damrel, Mackie, Neumann, & Wallace, 2001; A. Lewis et al., 2004; F.A. Matsen,
Thomas, & Rockwood, 1990; Misamore et al., 2005; Neer & Foster, 1980; Nyiri, Illyes,
Kiss, & Kiss, 2010; Pollock et al., 2000; Rowe et al., 1973; Thomas & Matsen, 1989;
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Tibone & Bradley, 1993; Yamaguchi & Flatow, 1995; Zabinski, Callaway, Cohen, &
Warren, 1999).

One of reasons for variability in surgical outcomes is the heterogenous patient populations,
without strict definition or criteria for inclusion, and often a failure to identify important
sub-group factors such as volitional instability or small structural lesions due to mild
traumatic onset. Current best evidence for clinical practice would suggest that
rehabilitation should be trialled first and surgical treatment be considered if rehabilitation
fails. However care should be taken if there is a significant component of volitional
instability or abnormal motor patterning as these have a higher recurrence rate post-surgery
and may even be made worse by surgical intervention (Guerrero et al., 2009; Hamada et
al., 1999; A. Lewis et al., 2004; E.G. McFarland et al., 2003; Neer & Foster, 1980; Nyiri et
al., 2010; Rowe et al., 1973; VandenBerghe et al., 2005; Zabinski et al., 1999).

Most exercise programs prescribed for MDI focus on strengthening the rotator cuff and
scapular stabilising muscles (Brostrom, Kronberg, Nemeth, & Oxelback, 1992; Dines &
Levinson, 1995; football, 1990; F.A. Matsen et al., 1990; Tibone & Bradley, 1993).
Despite claims of up to 80 per cent success with rehabilitation (F.A. Matsen et al., 1990;
Tibone & Bradley, 1993; Warner, Bowen, Deng, Torzilli, & Warren, 1999; Warner &
Caborn, 1992), success rates are based almost entirely on opinion and clinical observation.
There is a paucity of empirical evidence to substantiate the effectiveness of exercise
programs for improving functional outcomes in people with MDI (Warby, Pizzari, Ford,
Hahne, & Watson, 2014). Equally poorly outlined in the literature is exactly which
rehabilitation protocols people are employing clinically. Many papers expose the virtues
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of exercises however very few provide adequate description of the specific exercise drills,
duration, or dosage required (Burkhead & Rockwood, 1992).

Several authors have commented on the importance of scapular stabilisers in MDI and
associated the lack of upward rotation control of the scapula with development of MDI
(Ogston & Ludewig, 2007; Ozaki, 1989; von Eisenhart-Rothe et al., 2002), but none have
objectively documented this in a known population of MDI patients or assessed if there is
capacity to change scapular position with conservative rehabilitation.

1.6

General Aim and Chapter Outlines

The primary aim of this thesis was to therefore investigate the functional and clinical
outcomes of a physiotherapy-led rehabilitation program in patients with glenohumeral
MDI. The development and preliminary assessment of an exercise program could help to
guide the clinician in the management of this complex condition and inform future trials of
the management of MDI. The secondary aim of this thesis was to evaluate the
psychometric properties of three instability-specific functional outcome scales in an MDI
population: the Melbourne Instability Shoulder Scale (MISS), the Western Ontario
Shoulder Instability Index (WOSI) and the Oxford Instability Shoulder Scale (OISS).

Investigating the primary aim of this thesis first required a review of the efficacy of
conservative rehabilitation for the management of MDI. Following the review, the
development of an exercise-based rehabilitation program was required. This program was
then implemented in a MDI patient group and functional scales and clinical tests were
administered before and after the rehabilitation. The instability-specific standardised
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questionnaires used to measure functional outcomes in the participants were further
analysed to satisfy the secondary aim of this thesis.

The steps of the thesis described above are presented in the following Chapters;
Chapter 2 outlines a systematic review with the aim of compiling the evidence on the
effectiveness of conservative rehabilitation in the management of glenohumeral MDI. The
review identifies substantial limitations in the current literature and supports the need to
develop an exercise-based rehabilitation program.

Chapter 3 presents the rehabilitation program developed, modified, and refined for the
management of MDI. The program is derived from a clinical understanding and
experience with treating MDI patients with evidence from the scientific literature where
possible.

Chapter 4 outlines the study testing the primary aim of this thesis. A before and after study
is presented with functional and clinical outcomes examined in a cohort of participants
with MDI undertaking the rehabilitation program outlined in Chapter 3.

Chapter 5 provides an evaluation of the psychometric properties of the three instabilityspecific outcomes measures used in Chapter 4. These scales have never previously been
evaluated in an entirely MDI population and have limited analysis of basic questionnaire
properties overall.

The major findings of the thesis are summarised in Chapter 6 and recommendations are
made for further research.
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CHAPTER 2:

THE EFFECTIVENESS OF REHABILITATION IN TREATING

PATIENTS WITH MULTIDIRECTIONAL INSTABILITY OF THE
GLENOHUMERAL JOINT: A SYSTEMATIC REVIEW
2.1

Introduction and Aim

As described in Chapter 1, the aetiology of MDI is believed to be multifactorial with
congenital factors, anatomical deficiencies, kinematics variations, muscle deficits, overuse
and trauma all implicated as potential factors in its development. Patients with MDI have
been shown to present with reduced scapular upward rotation, an imbalance of muscle
strength, and suboptimal neuromuscular control of shoulder function when compared with
normal subjects (An & Friedman, 2000; Ide et al., 2003; Inui et al., 2002; Itoi et al., 1992;
Jaggi & Lambert, 2010; Kronberg et al., 1991; Mallon & Speer, 1995; A. D. Morris et al.,
2004; Neer & Foster, 1980; Ozaki, 1989; von Eisenhart-Rothe et al., 2002).

The potential contribution of kinematic deviations, poor muscle patterning and muscle
strength deficiencies to the onset and progression of MDI lends itself to an exercise-based
intervention aimed at addressing these factors. Strengthening the scapular and rotator cuff
muscles and retraining movement patterns may compensate for the dysfunctional staticdynamic restraint interaction and assist in maintaining the humeral head centralised in the
glenoid (Beasley, Faryniarz, & Hannafin, 2000; Guerrero et al., 2009; Mallon & Speer,
1995). Considering the crucial role that muscle activity and correct muscle patterning play
in the stability of the shoulder, particularly in MDI (Jaggi & Lambert, 2010; Mallon &
Speer, 1995), exercise-based rehabilitation is considered the primary treatment option for
glenohumeral MDI (Beasley et al., 2000; Guerrero et al., 2009).
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Despite the fact that conservative treatment is recommended, there is a paucity of empirical
evidence to substantiate the effectiveness of exercise programs for improving functional
outcomes in people with MDI. Equally poorly outlined in the literature is a description or
parameters of conservative management. Many papers expose the virtues of exercises
however very few provide adequate description of the specific exercise drills, duration, or
dosage required.
2.1.1

Aim

The primary aim of this systematic review was therefore to determine if exercise
rehabilitation improves functional outcomes in people with MDI. Secondary aims were to
determine the effect of rehabilitation on impairment outcomes, describe rehabilitation
programs used in the included studies, and to identify the outcome measures utilised for
evaluation of MDI within the included studies.

2.2
2.2.1

Methods

Search Strategy for Identification of Studies

2.2.1.1 Electronic Searches
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were followed to guide the method of this review (Moher, Liberati, Tetzlaff,
Altman, & Group, 2009). Studies that examined rehabilitation programs for the
management of MDI were identified by searching the following electronic databases:
Medline (1950 – June 2012), CINAHL (1982 – June 2012), Embase (1988 – 2012),
AMED (1985 – June 2012), SportDiscus (1830 – June 2012), PEDro and Cochrane libraryCochrane Database of Systematic Reviews (CDSR).
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The keywords used in the search were multidirectional instability, shoulder and exercise.
The medical subject headings (MeSH) that best matched these keywords were identified.
Synonyms for the key words were also included in the search strategy (Table 2.1). Checks
for additional keywords were performed by comparing keywords utilised by previous
authors of relevant articles from the databases. Truncation and wildcard symbols were
used as appropriate for each database to retrieve all possible suffix variations for the free
text search terms. Terms used in the search strategy for each of the three keywords were
combined by using the Boolean logic OR. These results were then combined using the
Boolean logic AND.

Table 2.1. Search Terms and Synonyms
Pathology

Anatomic region

Intervention

Multidirectional instability

Shoulder

Physiotherapy

Joint laxity

Glenohumeral

Rehabil*

Joint instability

Nonoperative

Recurr* sublux*

Exercise

Recurrent dislocation

Muscle strengthening

Hypermob*

Conservative treat*

Dislocat*

Conservative manage*

Hyperlaxity

Muscle train*

Congenital instability

Strength

Atraumatic instability

Physical therapy

Note. * Truncation used.

2.2.1.2 Other Sources
Additional studies were identified by a manual search of the reference list from each study
included in the review and from citation tracking on Goggle Scholar. The grey literature
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was searched by reviewing abstracts from conference proceedings of : 9th International
Congress on Surgery of the Shoulder (Washington, DC 2004), 2004 Bi-Annual Shoulder
and Elbow Society of Australia Closed Meeting (Victor Harbour, SA), 2006 Bi-Annual
Shoulder and Elbow Society of Australia Closed Meeting (Yarra Valley, Vic). 2008 BiAnnual Shoulder and Elbow Society Closed Meeting (Perth, WA), 2010 Bi-Annual
Shoulder and Elbow Society Closed Meeting (Sydney, NSW), 2012 Bi-Annual Shoulder
and Elbow Society Closed Meeting (Brisbane, Qld). These conferences were chosen due to
their focus on shoulder pathology and treatment strategies. Known researchers in the area
of MDI were also contacted by email to identify further studies.

2.2.2

Criteria for Considering Studies in This Review

2.2.2.1 Types of Studies
All study designs published in English peer reviewed journals were considered for
inclusion in this review except for single case studies. Case studies do not have sufficient
numbers to allow for evaluation of treatment effect. Review papers that were not
systematic reviews and opinion articles were also excluded.

2.2.2.2 Types of Participants
Studies that included participants with a diagnosis of MDI were included. The diagnosis
of MDI must have been made by a physiotherapist, medical doctor, or surgeon and based
on instability testing. The accepted definition of MDI for this systematic review was
instability in two or more directions. Where studies included a mixed instability
population, separate data for the MDI population must have been presented to allow for the
calculation of the treatment effect for the MDI group.
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2.2.2.3 Types of Interventions
Studies were included if participants were exposed to a conservative rehabilitation program
involving exercise intervention. Studies using only surgical intervention or non-exercise
based management were excluded.

2.2.2.4 Types of Outcomes
Studies were included if they used functional outcomes to evaluate the effectiveness of
rehabilitation. Functional outcomes are patient-centred and highlight what is important to
the patient. Determining the effect of rehabilitation on function in patients with MDI is the
primary aim of this systematic review.

2.2.3

Methods of the Review

2.2.3.1 Selection of Studies
The yield of these searches was downloaded into Endnote (v.17) and duplicates deleted.
The titles and abstracts of articles obtained from the search strategy were independently
reviewed by two authors (LW, TP). Articles that clearly did not meet the inclusion criteria
were eliminated. Where there was a discrepancy between two reviewers regarding
inclusion of an article, an attempt was made to resolve the discrepancy with discussion.

If it could not be determined from the title and abstract whether or not the study met the
inclusion criteria then a full copy of the citation was retrieved and a decision made about
inclusion or exclusion by consensus of reviewers.
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2.2.3.2 Assessment of Risk of Bias / Quality Assessment
Appraisal of the included studies was undertaken using the Quality Index tool for
randomised and non-randomised studies (Downs & Black, 1998). This tool has high
internal consistency (Kuder Richardson KR20 =0.89), high test-retest reliability (r=0.88)
and good inter-rater reliability (r=0.75) (Downs & Black, 1998). The tool has 27 questions
for measuring reporting quality, internal and external validity and power of the study. Four
questions (14, 15, 23, 24) were removed from the scale (Appendix A) because they related
to issues of blinding or randomisation which were not relevant as there were no
randomised controlled trials found that were applicable to our systematic review. Question
27, the power analysis, was modified (Appendix B) to allocate a score of 1 for conducting
a power analysis or commenting on the sample size or power of the study and a score of 0
if this was not completed (Deshpande, Khoja, McKibbon, Rizo, & Jadad, 2008).

In addition to the 22 remaining questions from the Downs & Black (1998) scale, 12 new
questions were generated to specifically target and score the interventions of interest for
our review (Appendix C). Three of these new questions (4 – 6) were related to the clarity
of the definition, diagnosis and reproducibility of the testing procedures to clearly establish
the diagnosis of MDI in the participants in the study. This was considered particularly
important considering the poor specificity of diagnosing MDI. Scoring full points on these
items ensured improved external validity and generalisability of the study results to the
MDI population. Three questions (9 – 11) related to the consistency, standardisation and
reproducibility of the physiotherapy or exercise program being administered, as this is the
primary intervention of interest in our review. One question (21) related to having an
independent tester administer the main outcomes of the intervention as it was felt that this
was important to minimise a potential source of bias. Four new questions (24, 26 – 28)
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addressed the type, sensitivity, administration and timing of delivery (pre and post
intervention) of outcome measures utilised in the trial as this could have a major impact on
internal validity and determining whether or not the study was reliably and accurately
measuring true change in the patient population. It is acknowledged that the modification
of Quality Index may impact on the psychometric properties of the scale, however items
selection from this scale has been performed previously for the assessment of study quality
(Freckleton & Pizzari, 2013; Irving, Cook, & Menz, 2006) . The addition of items
considered to be important for the studies in this area is a technique used in other risk of
bias tools (Siegfried et al., 2005; Wells et al., n.d.) that have been recommended by the
Non-randomised Studies Methods Group of the Cochrane Collaboration (Reeves, Deeks,
Higgins, & Wells, 2008)

2.2.3.3 Quality Assessment Procedure
All papers were assessed by one reviewer (LW) using the modified tool and any queries
resolved by consultation and discussion with the second reviewer (TP). The items on the
quality assessment tool were scored 0 if the criterion was not achieved and 1 it was met,
resulting in a maximum score of 35 with the higher scores indicating that the studies were
of better quality.

2.2.3.4 Data Extraction and Analysis
2.2.3.4.1 Data Extraction
A customised data extraction form was developed guided by recommendations from the
Non-Randomised Studies Methods Group (Higgins & Green, 2008) and the Transparent
Reporting of Evaluating with Non Randomised Designs statement (Des Jarlais, Lyles,
Crepaz, & Group, 2004). The key details that were required for the data extraction were
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identified as inclusion / exclusion criteria, criteria for diagnosis of MDI, rehabilitation
parameters and the type of outcome measure utilised in the study. The inclusion /
exclusion criteria and the criteria for diagnosis of MDI were considered pivotal to being
able to determine that patients included in the study were of a consistent clinical population
to minimise factors that may confound the results such as traumatic onset, isolated
instability lesions, and previous surgery. Rehabilitation parameters were considered
important to be able to determine if the program employed strengthening procedures that
could be reproduced by another practitioner. The type of outcome measure utilised in the
study was considered important to determine if the measure was valid, reliable and
sensitive enough to measure change in the population selected. The final form included
the following subsections: full reference details, study objective, study design, inclusion
criteria, exclusion criteria, recruitment procedures, clinical assessment procedures, criteria
for diagnosis of MDI, sample size, sample sex, sample age (mean and range), group
characteristics, description of rehabilitation parameters (program content, frequency and
duration), outcome measures used, results, length of follow up (Appendix D). One
reviewer (LW) extracted the information from the studies included in this review and this
information was then checked by a second reviewer (TP). This method fulfilled the
minimal required standards to ensure accuracy and consistency of the data extraction.

2.2.3.4.2 Data Synthesis
Where pre and post intervention continuous outcome data were reported, effect sizes with
95% confidence intervals (CI) were calculated so that the outcomes of the studies could be
compared. The effect size determines the magnitude of an intervention’s effect. The effect
size is not expressed in any one unit of measurement and hence allows comparison of
results across studies using varying units (Borenstein, Hedges, Higgins, & Rothstein, 2011;
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Conn, Hafdahl, Porock, McDaniel, & Nielsen, 2006). For example the effect size for
measuring change in a patient’s functional status of their shoulder with a Rowe score
(Rowe, Patel, & Southmayd, 1978) could be compared with the subjective shoulder rating
system (Kohn & Geyer, 1997).

The effect size was calculated as described by Becker (1988) by subtracting the mean of
the post rehabilitation measure from that of the pre rehabilitation measure and dividing by
the weighted average standard deviation of each measurement (Ashford, Davids, &
Bennett, 2009). Using this approach treats the pre-rehabilitation scores as a proxy for
control group scores (Kazis, Anderson, & Meenan, 1989). It is acknowledged that the
effect size results of the single group designs of the included studies may be inflated due to
the effect of time not being controlled (S. B. Morris & DeShon, 2002). Considering that
all included studies presented pre-post designs, a comparison between the studies was
reasonable with the knowledge that the studies did not have a control population to
determine the effect of time and other non-treatment effects. The alternative single group
effect size calculation (the Gibbons equation) requires a correlation (r) value between the
pre and post-tests or the reporting of a change score standard deviation to account for the
influence of time (Ashford et al., 2009). These data were not available for the included
studies and therefore the Becker equation was utilised.

The effect size and the 95% CI were calculated by downloading an effect size calculator
from the website for the Curriculum, Evaluation and Management Centre
(http://www.cem.org/effect-size-calculator). A statement about the effect size (d) can be
expressed using Cohen’s convention where a greater small effect size is 0.2 or less, a
medium effect size is between 0.2 and 0.5 and a large effect is greater than 0.8 (Portney &
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Watkins, 2000). The 95% CI estimates the upper and lower range of values that the true
mean effect size will fall within (Portney & Watkins, 2000).

A meta-analysis could not be performed due to the heterogeneity of the patient
populations, lack of pre-intervention measures, the variance in outcome measures utilised
and the recommendation that single group data not be combined (S. B. Morris & DeShon,
2002).
2.3

Results

2.3.1 Selection of Studies
The search yielded 11798 citations that reduced to 6619 after deletion of duplicates. After
application of the inclusion and exclusion criteria to the titles and abstracts this was
reduced to 13 studies. The full text reports of these studies were retrieved. Citation
tracking identified an additional five references, the full texts of which were retrieved.
This produced a total yield of 18 studies. Two independent reviewers (LW, TP) applied
the selection criteria to the full text articles resulting in 12 studies being excluded. Three
studies were excluded as it was not clear if any or how many of the subjects had MDI as
different instability populations were combined (Fronek et al., 1989; Hurley et al., 1992;
Reid, Saboe, & Chepeha, 1996). Three studies were excluded as patients with MDI were a
minority or no separate analyses were conducted (Brostrom et al., 1992; Gibson, Growse,
Korda, Wray, & MacDermid, 2004; Millar, Lasheway, Eaton, & Christensen, 2006), five
papers were excluded as they were review or opinion papers (Abrams, Savoie, Tauro, &
Bradley, 2002; Dang, 2007; Dines & Levinson, 1995; Rowe et al., 1978; Tibone &
Bradley, 1993) and one study was excluded as it was a single case study (Darlow, 2006).
The final yield for the systematic review was 6 studies (Burkhead & Rockwood, 1992; Ide
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et al., 2003; Kiss et al., 2001; Misamore et al., 2005; Takwale et al., 2000; Tillander,
Lysholm, & Norlin, 1998).

2.3.2

Characteristics of Included Studies

The principal characteristics of the six included studies are summarized in Table 2.2. Two
of the studies were prospective clinical case series (Ide et al., 2003; Takwale et al., 2000),
the other four studies were retrospective analyses. The number of patients in each of the
six studies ranged from 32 to 64 patients. Some of the studies included both shoulders if
the patients had bilateral symptoms (Burkhead & Rockwood, 1992; Ide et al., 2003; Kiss et
al., 2001; Takwale et al., 2000). Only two studies (Kiss et al., 2001; Misamore et al.,
2005) outlined their diagnostic criteria for MDI. The other four studies (Burkhead &
Rockwood, 1992; Ide et al., 2003; Takwale et al., 2000; Tillander et al., 1998) outlined
their physical examination to varying degrees, but did not specifically state what their
diagnostic criteria were for MDI. Hence the specifics of the patient population examined
and the presence of any confounding variables is not clear. The studies utilised varying
physiotherapy programs for MDI that are outlined in Table 2.2.

Functional outcome

measures used included the Modified Rowe score, Constant Score, level of sports activity,
categorical grading of functional outcome, visual analogue scale (VAS) rating of function,
numerical rating scales (NRS) of function, and the subjective shoulder rating system.

2.3.3

Risk of Bias

The quality scores of the six included studies are summarized in Table 2.3. Quality
assessment scores ranged from 9 to 17 out of a possible 35. Overall the quality of
reporting of methodology, rehabilitation parameters, and results was low. Only two
studies clearly defined the diagnostic criteria for MDI (item 4) (Kiss et al., 2001; Misamore
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et al., 2005) and only two reported the diagnostic testing procedures (item 5) (Ide et al.,
2003; Misamore et al., 2005). The scores for reporting external validity, items 17 – 20,
were lowered by the fact that the majority of studies did not adequately describe either
their recruitment procedures or where the rehabilitation was delivered. The scores for
reporting internal validity, items 21-34, were negatively affected due to lack of
independent testing (item 21), failure to adjust for different lengths of time or losses to
follow-up (item 23, 34) and inadequate adjustment in the analyses for confounding
variables (item 33). Only two studies (Ide et al., 2003; Takwale et al., 2000) appeared to
administer pre intervention outcome measures and none of the studies utilised outcome
measures that have been shown to be reliable, valid or sensitive to measure change in the
MDI population.
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Table 2.2. Description of Studies, Participants, and Outcomes Measures of Included Studies Within this Review
Study

Study Design

Participants

Diagnostic Criteria MDI

Intervention – Exercise Program

Outcome Measures

Follow-up
Years / Months

Ide et al

Prospective

46 patients

Physical examination described

Two phase

Pre-intervention:

(2003)

clinical series

73 shoulders

No specific criteria for diagnosis

Phase 1

Modified Rowe

given

Isometric rotator cuff / Scapular stabilisers

Isokinetic dynamometer:

8 sec hold / 2 sec rest

Internal / external rotation

Phase 2

strength

8 weeks

Theraband & wall push ups – progressive
resistance

Post-Intervention

Daily in orthosis

Modified Rowe

Duration - 8 weeks

Isokinetic dynamometer

Burkhead et al

Retrospective

115 patients – total

Physical examination described

Two phase

Pre-intervention

(1992)

clinical case series

MDI = 42 patients

No specific criteria for diagnosis

Phase 1

None

(61 shoulders)

given

5 strength exercises, deltoid & rotator cuff
Theraband – 6 progressive resistance

Post- intervention

5 repetitions / 5 sec hold, pain-free, 2-3 x day

Rowe score

Phase 2

Time shoulder become stable

Same exercises - 4-5kg progress to max 7 kg

Time achieve max stability

7 years (5 – 9yrs)

women, 9 – 11kg men
Add push-ups - wall, knees, floor
Duration – 3-4 months
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Table 2.2. Continued
Description of Studies, Participants, and Outcomes Measures of Included Studies Within this Review
Study

Study Design

Participants

Diagnostic Criteria MDI

Intervention – Exercise Program

Outcome Measures

Follow-up
Years / Months

Tillander et al

Retrospective

32 patients

Physical examination described

Four phase

Pre-intervention

2 years 4 months

(1998)

cohort

(mixed surgery &

No specific criteria for diagnosis

Phase 1

None

(0.9 – 4.0 range)

exercise)

given

6 weeks rotator cuff & scapular stabilisers

20 patients

isolated, limited range of motion, pain-free

Post-intervention

exercise only

Phase 2

Constant score

8 weeks active ROM 90° flexion / abduction

Rowe score

free weights / theraband

Level of activity in sports

Phase 3

– rate before and after

6 weeks full ROM elevation, rotation, overhead &

Patient satisfaction

functional exercises

- rate satisfied/ not satisfied

Phase 4
Graduated return activity levels
Takwale et al

Prospective

50 patients

No specific criteria given

Three phase program

Pre-intervention

2 years (0.4 – 5.5

(2000)

clinical case series

58 shoulders

Physical examination described

Phase 1

None

years)

noting subluxation during

Visual analysis muscle patterns - rest & movement

movement & involuntary muscle

Phase 2

contraction

All scapular movements, concentric & eccentric
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Table 2.2. Continued
Description of Studies, Participants, and Outcomes Measures of Included Studies Within this Review
Study

Study Design

Participants

Diagnostic Criteria MDI

Intervention – Exercise Program

Outcome Measures

Follow-up
Years / Months

Therapist guidance & finger palpation

Post-intervention

Re-gain scapular control & glenohumeral motion

Grading of functional outcome by

Progress higher range & function

examiner:

Phase 3

-

Add resistance
High repetitions / Low resistance

no activity restriction),
-

Treatments - 4.5
Home exercises

Excellent (no symptoms &

good (some symptom, no
activity restriction),

-

poor (activity restriction)

VAS shoulder rating form:
-

0 (bad as it could be) 10
(normal)

Rated for present symptoms,
functional activities of daily living
including sports & hobbies)
Rated shoulder out of 10 – before
treatment & after treatment
Time to establish muscle control
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Table 2.2. Continued
Description of Studies, Participants, and Outcomes Measures of Included Studies Within this Review
Study

Study Design

Participants

Diagnostic Criteria MDI

Intervention – Exercise Program

Outcome Measures

Follow-up
Years / Months

Kiss et al

Retrospective

(2001)

cohort

62 shoulders

Symptomatic glenohumeral

Patient education, joint position sense, movement

Pre-intervention

joint instability in at least

retraining for scapular & glenohumeral

None

two directions.

movement patterns, strength & endurance
glenohumeral & scapular stabilisers

Post-intervention

Use mirrors, proprioceptive neuromuscular

Muscle weakness

facilitation, biofeedback, closed kinetic chain,

Rowe score

stamina training, home exercises

Constant score (age adjusted)

No frequency or duration reported

Subjective shoulder rating system

3.7 years (1 – 10)

Patient satisfaction
(1=cured, 2=better, 3=same, 4=worse)

Misamore et

Retrospective

al (2005)

64 patients

Detailed description of

Four phase

Pre-intervention

clinical case

Physical examination

Phase 1

None

series

At least grade translation,

Rest, gentle ROM, reduce pain

with reproduction of

Phase 2

Post-intervention

patient’s feeling of

Rotator cuff & Scapular stabiliser strength

Two years:

instability in at least 2

Progressive resistance - isometric, theraband,

Patient self rating pain, instability,

directions

dumbbells

range of motion, strength and

2 years

All motions
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Table 2.2. Continued
Description of Studies, Participants, and Outcomes Measures of Included Studies Within this Review
Study

Study Design

Participants

Diagnostic Criteria MDI

Intervention – Exercise Program

Outcome Measures

Follow-up
Years / Months

Pain alone during laxity

0º - higher elevation

improvement (most symptomatic

testing not sufficient

Concentric & eccentric motions

shoulder)

Gradual increase speed

Graded pain & instability 0 to 10 (0 –

Push-ups performed

excellent, 10 – poor)

15 – 20 mins

Limitations on daily activities, work

1 x a day

and sports assessed grading: none,

Phase 3

minor, moderate, severe.

Sports specific exercises

Perceived overall status of the

Phase 4

shoulder with status at initial

Returning sports or work

presentation:

Home exercises

Much better, better, same, worse
8 years (7 – 10yrs)
Eight years:
Above rating scales
Modified Rowe Score
(all subjectively rated)

Note. ROM = range of motion, max = maximum, sec = seconds, kg = kilograms, VAS = visual analogue scale
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Table 2.3. Quality Assessment Scores
Reporting items
Study
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Ide et al (2003)

1

0

0

0

1

0

1

0

0

0

1

1

0

0

0

0

Burkhead et al

1

1

0

0

1

0

1

0

0

1

1

0

0

0

0

0

1

1

0

0

1

1

0

0

0

0

0

1

0

0

0

0

1

1

1

0

0

0

1

1

1

1

0

0

0

1

1

0

1

1

1

1

1

1

1

0

1

0

0

0

1

0

0

0

1

0

0

1

0

0

0

1

0

0

0

0

0

1

1

0

(1992)
Tillander et al
(1998)
Takwale et al
(2000)
Misamore et al
(2005)
Kiss et al
(2001)
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Table 2.3 continued. Quality Assessment Scores

External validity

Internal validity

Power

Study

Ide et al

Total
17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

0

0

0

1

0

1

1

1

0

0

0

1

1

0

0

1

0

0

1

13

0

0

0

1

0

0

0

1

0

0

0

0

1

0

0

0

0

0

0

9

0

0

0

1

0

1

0

1

0

0

0

0

1

0

0

0

0

0

0

9

1

1

0

1

1

0

0

0

0

0

1

0

0

0

1

1

0

1

0

17

0

0

1

1

0

1

0

1

0

0

1

0

0

1

0

1

0

0

0

16

0

0

1

1

1

0

0

1

0

0

1

1

1

0

1

1

1

1

1

17

(2003)
Burkhead et al
(1992)
Tillander et al
(1998)
Takwale et al
(2000)
Misamore et al
(2005)
Kiss et al
(2001)
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2.3.4

Efficacy of Rehabilitation

The main aim of this review was to determine if exercise rehabilitation improves
functional outcomes in people with MDI. The results of intervention in the six studies
included in the review are summarized in Table 2.4. In only one study (Ide et al., 2003),
was there adequate pre and post intervention data provided so that statistical analysis could
be conducted. In terms of functional change, a large effect was calculated for the change
in Rowe scores (Figure 2.1). A large effect was also calculated for impairment outcomes
of internal rotation strength and external rotation strength (Figure 2.1). The 95% CIs do
not include zero which indicates that patients were significantly improved after
rehabilitation in pain, numbness, stability and function as measured by the Rowe score, and
internal and external rotation strength.

Table 2.4. Results of Included Studies

Study

Pre-rehabilitation

Post-rehabilitation

Ide et al (2003)

Pre-Intervention Rowe: mean 51.9 +/-

Post-Intervention Rowe: mean 74.9 +/- 13.7

16.7

(p<.001)
No significant difference for range of motion
Significantly improved after rehabilitation for;
pain, numbness & stability (p<.001)

Pre – Fair (59), Poor (14)

Post – Excellent (12), Good (36), Fair (24), Poor
(1)
62 shoulders (84.9%) total scores improved

IR mean peak torque

Post -1.26 +/- 0.27 kg.m (p<.05)

Pre - 1.05 +/- 0.24kg.m

Increase 33.4%

ER peak torque

Post – 1.84 +/- 0.39 kg.m (p<.05)

Pre – 1.33 +/- 0.33kg.m

Mean gain 23.4% p < .05
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Burkhead et al

No measures

Rowe - 87% (53/61) good/excellent results

(1992)

Tendency for those with anterior instability to
not do as well – only 50% (4/8) good/excellent
results
5 (2 – 12) weeks become stable
14 weeks (6 – 36) maximum stability

Tillander et al

Constant score 82 (68 – 98)

No measures

Rowe score 55 (40 – 100)

(1998)

Level of activity –
- decrease sporting participation (7 to 5)
Patient Satisfaction
9 satisfied 45%
11 not satisfied 55%

Takwale et al

VAS score to rate shoulder

VAS score to rate shoulder

(2000)

(retrospective) = mean 3.5

Post = mean 8.7

Function:
Excellent - 62% (31/50)
Good – 42% (21/50)
Poor – 12% (6/50)
None were worse

Time to establish normal muscle control; 2.7
days (0.5 – 10days)
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Misamore et al

No measures

Two years
Conservative treatment only – 39 patients

(2005)

Excellent / Good – 51% (20/39) pain relief
Excellent / Good – 54% (21/39) stability
Much better / better – 72% (28/39)
Participate previous sports – 31% (12 / 39)
Mean duration physiotherapy – 4.3 months (1 –
12)
Linear regression analysis no variable predicting
success of physiotherapy
Eight years – 36 patients
23 persistent problems
8 no symptoms
Excellent / Good – 65% (23/36) pain relief
Excellent / Good – 47% (17/36) stability
Much better / better – 56% ( 20/36)

Rowe
Excellent – 5
Good – 12
(53%)

7 given up all sports due to shoulders
9 lifestyle or employment changes due to
instability

Kiss et al (2001)

No measures

Patient satisfaction:
Cured / Improved – 38/62 (61%)
Remained the same – 23/62 (37%)
Worse - 1/62 (2%)

Constant
38 / 62 – no / mild disability (61%)
9 / 62 – moderate (15%)
15 / 62 – severe or total (24%)
Mean 80 (17)

Rowe
50 (29)

Subjective Shoulder Rating System
79 (14)
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Study

No. of

Effect sizes

participants

(95% Confidence
intervals)

Modified Rowe score
Ide et al

73

-1.51 (-1.86 to -1.13)

External rotation strength
Ide et al

36

-1.41 (-1.91 to -0.88)

Internal rotation strength
Ide et al

36

-0.82 (-1.29 to -0.33)

-2.0

-1.5

-1.0

-0.5

Post test scores better

0

0.5

1.0

Pre-test scores better

Figure 2-1 Effect sizes with 95% confidence intervals for conservative rehabilitation
outcomes.

In four other studies (Burkhead & Rockwood, 1992; Kiss et al., 2001; Misamore et al.,
2005; Tillander et al., 1998) only post intervention Rowe scores were provided. In one of
these studies (Burkhead & Rockwood, 1992) the post intervention Rowe score was very
high (87% of patients reported good / excellent results) and was similar to that described
by Ide et al. (2003). While in the other three studies (Kiss et al., 2001; Misamore et al.,
2005; Tillander et al., 1998) much lower Rowe scores were reported post intervention
(mean scores ranging from 50 –55 and only 53% achieving good / excellent results). In
two studies the Constant score (Constant & Murley, 1987) showed similar findings postintervention. Tillander et al. (1998) demonstrated a mean Constant score of 82 out of a
possible 100 (range = 68 – 98) while Kiss et al. (2001) reported a mean score of 80 (SD =
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17). Kiss et al. also reported a mean score of 79 (SD=14) out of a possible 100 on the
subjective shoulder rating system (Kohn & Geyer, 1997).

In the Takwale et al. (2000) study, the patients rated their shoulder out of 10 for before and
after treatment. However both scores were performed at follow-up (post intervention).
The pre intervention rating of shoulder status was an average of 3.5. The post intervention
rating was an average of 8.5. An effect size could not be calculated as no standard
deviations were reported.

Misamore (2005) also utilised patient self reporting of function using a score of 0 to 10 at 2
and 8 years after rehabilitation. At the 2 year follow-up, little more than 50 per cent of
patients achieved excellent or good results in terms of pain relief and stability and most
patients (72%) felt they were much better after intervention. There was some deterioration
at eight years follow-up with only 56 per cent of patients reporting sustained improvement.
This correlates reasonably well with the findings of Kiss et al. (2001) who found that 61
per cent of patients were cured or improved at 3.7 years, however Tillander et al. (1998)
had a much lower level of patient satisfaction (45%) at 28 months follow-up. These data
are graphically represented in Figure 2.2.
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% of patients satisfied with rehabilitation

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Tillander 2.3 yrs

Misamore 2 yrs

Misamore 8 yrs

Kiss 3.7 yrs

Study and time of follow-up

Figure 2-2. Participant satisfaction with rehabilitation.

2.3.4.1 Rehabilitation Programs
One study very clearly outlined their physiotherapy program (Burkhead & Rockwood,
1992) in terms of dosage, progression and duration. The exercises were targeted at
strengthening the rotator cuff, deltoid and scapular stabilisers (predominantly serratus
anterior) in standardised drills. A second rehabilitation program built on this (Ide et al.,
2003) and performed a very similar program but with the patient wearing an orthosis
during the performance of the exercises aimed at facilitating upward rotation of the
scapula. Misamore et al. (2005) appeared to do a similar type of exercise rehabilitation
program although the specifics of the program were not as clearly outlined. In this program
there was also a progression of exercises gradually further up into shoulder range. More
functional positions, sports specific drills and both concentric / eccentric training was
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emphasized. Two studies highlighted the need for initial specific isolated training of
muscles before progression further up into elevation range and functional movement
patterns (Takwale et al., 2000; Tillander et al., 1998). One of these studies (Takwale et al.,
2000) specifically highlighted the importance of therapist guidance and retraining of the
scapular stabiliser muscles before progression further up into range of motion. The final
study (Kiss et al., 2001) also outlined in principal the importance of patient education, joint
position sense, movement retraining followed by strength and endurance work for both the
scapular stabilisers but gave very little description in terms of specifics of the retraining
process such as exercises utilised, duration, dosage or progression.

2.3.4.2 Outcome Measures
Different outcome measures were utilised by all the studies and are outlined in Table 2.2.
Only one study (Ide et al., 2003) administered a prospective pre and post intervention
score. This study utilised a modified Rowe score (Rowe et al., 1978) and an isokinetic
dynamometer strength test of internal and external rotation. None of the other studies
presented any pre-intervention scores with the exception of Takwale et al. (2000) who
reported a pre-intervention rating score of shoulder status out of 10. However this was
performed retrospectively at a mean of two years follow-up.

Some of the included studies utilised impairment measures such as strength (Ide et al.,
2003), timeline to achieve stability (Burkhead & Rockwood, 1992) and range of motion
(Tillander et al., 1998). All of the studies used a combined impairment / functional
outcome measure such as the Rowe score (Burkhead & Rockwood, 1992; Ide et al., 2003;
Kiss et al., 2001; Misamore et al., 2005; Tillander et al., 1998) the Constant score (Kiss et
al., 2001; Tillander et al., 1998) or the Shoulder rating system (Kiss et al., 2001).
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Rating of patient satisfaction was conducted by three studies (Kiss et al., 2001; Misamore
et al., 2005; Tillander et al., 1998). One study (Takwale et al., 2000) utilised a grading of
functional outcome that was performed by an examiner as well as a patient self-rating for
symptoms and functional activities such as sports & hobbies.

2.4

Discussion

The studies in general revealed a trend that physiotherapy or exercise rehabilitation
improves shoulder function and strength in patients with MDI. Only one study (Tillander
et al., 1998) reported that patients responded moderately to an exercise program but the
patient population in this study had elements of both unidirectional and traumatic
instability.

All of the studies recommended that a trial of physiotherapy be employed prior to any
surgical intervention being considered. Three of the studies (Burkhead & Rockwood,
1992; Misamore et al., 2005; Takwale et al., 2000) found on clinical observation that it
took approximately 3 months to achieve maximum stability with rehabilitation. Aberrant
firing of the rotator cuff (Kronberg et al., 1991; A. D. Morris et al., 2004), insufficient
upward rotation of the scapula (Itoi et al., 1992; Ozaki, 1989), as well as latency in deltoid
(Kronberg et al., 1991; A. D. Morris et al., 2004) have all been demonstrated in MDI. It
would therefore seem logical that rehabilitation programs focussing on re-training these
muscles would be beneficial. The results of the included studies support that a trial of
exercise therapy is warranted prior to embarking on a surgical pathway, the results of
which are variable (Burkhead & Rockwood, 1992; F.A. Matsen et al., 1990; Rowe &
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Zarins, 1981; Warner & Caborn, 1992). Indeed a conservative trial may assist in
establishing which patients may benefit from surgical intervention.

The positive result of conservative rehabilitation reported by this review should be viewed
with some caution given the generally poor methodological quality of the included studies.
Importantly the generalisability of the results is questionable due to the variability in the
diagnostic criteria of MDI used in each study. One study in this systematic review
(Misamore et al., 2005) provided clear inclusion, exclusion and diagnostic criteria. All
other studies described elements of the physical examination process and most stated
important clinical findings in their patient populations (Ide et al., 2003; Kiss et al., 2001;
Takwale et al., 2000; Tillander et al., 1998) but failed to specifically outline inclusion
criteria. One key area of concern was that two papers (Kiss et al., 2001; Tillander et al.,
1998) included patients in their study population that had significant traumatic history and
potentially structural ligamentous lesions of their shoulder. Two studies (Takwale et al.,
2000; Tillander et al., 1998) also included patients that had previously undergone surgery.
The populations in these studies were therefore heterogeneous and confounding variables
potentially existed that might affect the results. Traumatically induced instability is more
likely to result in a patient falling within the unidirectional instability end of the spectrum
of the disorder. Such patients are more likely to have a substantial anatomical structural
lesion and less likely to do well with conservative rehabilitation and require surgery to
correct the defect (Burkhead & Rockwood, 1992; Salomonsson et al., 1998; Thomas &
Matsen, 1989). Patients that have previously failed surgery will also have structural
changes in their shoulder due to the surgical process which is a major confounding
variable. These patients should have been excluded from the study populations.
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Clinically, MDI can be difficult to diagnose as the differentiation between what is MDI
versus normal hyperlaxity in the joint can be hard to determine (Gerber, 1997). The
literature demonstrates wide variation in the diagnostic criteria of MDI (Gerber, 1997;
Warner & Caborn, 1992). It is essential that studies provide clear diagnostic, inclusion and
exclusion criteria so that the characteristics of the patient population being tested is known.
Only then can the reader draw any meaningful conclusions about when and to whom the
intervention being examined should be applied.

Of considerable methodological concern is that only one study (Ide et al., 2003) utilised a
pre and post intervention measure. There is substantial bias introduced by the lack of any
baseline data for comparison. Without established baseline figures, the reader cannot
know if the intervention has assisted, detracted or simply had no impact at all on the
patient’s status.

The poor standard of methodology in the included studies was also evident in the selection
of outcome measures. The Rowe score was used in five studies (Burkhead & Rockwood,
1992; Ide et al., 2003; Kiss et al., 2001; Misamore et al., 2005; Tillander et al., 1998) in an
attempt to identify improvements in stability and function. The Rowe score (Rowe et al.,
1978) consists of two items of patient subjective evaluation (pain and function) and two
items of physical examination (range of motion and stability) in a combined score.
Combining two different methods of patient assessment (subjective and examiner)
introduces reliability and validity issues as well as a potential source of bias to the score
(Kirkley, Griffin, & Dainty, 2003). Psychometric data is lacking and there are no
published reports on the development of the Rowe system (Dawson, Fitzpatrick, & Carr,
1999; Kirkley et al., 2003). The Rowe score is also a questionable outcome measure to
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utilise in this patient population as it was developed specifically for evaluating
postoperative patients with anterior instability and has never been validated or shown to be
sensitive enough to measure change in either a MDI population or for use in a conservative
treatment trial. Two of the included studies (Kiss et al., 2001; Tillander et al., 1998) also
used a Constant score (Constant & Murley, 1987) to measure the functional status of
participants. This measure has been shown to be insufficiently sensitive to discriminate
outcomes in instability populations (Conboy, Morris, Kiss, & Carr, 1996). One study (Kiss
et al., 2001) also utilised the subjective shoulder rating system (Kohn & Geyer, 1997)
which has not been validated in a MDI patient population. Two studies employed
elements of rating shoulder status on VAS or NRS out of 10 (Misamore et al., 2005;
Takwale et al., 2000) however these methods and their correlation to assessment of
shoulder function has not been validated in the literature. Without reliable, valid and
sensitive outcome measures the true effect of rehabilitation on function in patient with
MDI cannot be fully determined.

Overall the methodology applied to the studies was poor in terms of the inconsistent
subject characteristic descriptions, retrospective nature, lack of inclusion / exclusion and
diagnostic criteria, inadequate descriptions of recruitment procedures, inclusion of mixed
traumatic and prior surgery patients in their patient populations. These issues make it
difficult to have confidence in the outcomes reported.

The description of physiotherapy programs utilised in the studies was also of relatively
poor quality. Two studies provided detailed programs (Burkhead & Rockwood, 1992; Ide
et al., 2003). The others provided details on the principals of rehabilitation techniques
employed, but insufficient description of the actual exercises, duration or dosage was
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provided in a standardised format that would allow them to be reproduced by an external
source.
2.4.1

Limitations

There are a number of methodological issues within included studies and within this
review that should be considered when evaluating the results of this review. The
methodological limitations have been described above and include the limited diagnostic
criteria used for screening MDI participants, the lack of pre-intervention baseline testing,
the limited description of intervention protocols and the inappropriate use of outcome
measures to evaluate functional change. The review was limited since a meta-analysis
could not be conducted due to the pre-post designs of included studies and heterogeneity of
the methods. In addition, the effect sizes calculated may be inflated considering the lack of
a control group to account for the effects of time and non-treatment effects. The strength
of the review is limited due to the low level of evidence synthesized in included studies.

2.4.2

Directions for Future Research

Recommendations for future research are that there is firstly a need to clearly establish
clinical criteria for the diagnosis of MDI. Secondly it is essential that clinical outcome
measures are developed or examined further to determine that they are reliable, valid and
sensitive enough to measure change with intervention in the MDI population. Following
this, the undertaking of pre-post intervention studies that utilise standardised, well
described rehabilitation protocols and pre and post-intervention measures would be useful
to evaluate the association between treatment and patient outcomes. Such pre-post
intervention designs can helpful for informing the methodology of randomised controlled
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trials (RCTs), attracting funding for trials, providing data for sample size estimations and
educating clinicians on practical exercise-based guidelines for management of MDI.

2.5

Conclusion

In conclusion, this systematic review found weak evidence that rehabilitation can improve
function in patients with MDI of the glenohumeral joint. It also found evidence that
glenohumeral joint internal and external rotation strength could be increased post
rehabilitation. However this evidence is based on the findings of only one paper as the
methodological quality of the other studies was too poor to determine any other outcomes.
Due to the paucity of data available in the literature it is not clear which outcome measures
are the best for assessing clinical outcomes in MDI. Due to lack of evidence it could not
be determined if any rehabilitation program was more effective than any other in assisting
patients with MDI of the glenohumeral joint.
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CHAPTER 3:

THE DEVELOPMENT OF AN EXERCISE PROTOCOL FOR

THE TREATMENT OF MULTIDIRECTIONAL INSTABILITY OF THE
SHOULDER
3.1

Overview

As demonstrated in Chapter 2, there is low quality evidence that conservative rehabilitation
is efficacious for the treatment of MDI. Only two papers included in the systematic review
disclosed relevant information regarding the rehabilitation programs used (Burkhead &
Rockwood, 1992; Ide et al., 2003). Both utilise version of the Rockwood program, a two
phase program that commences with theraband resisted exercise that are progressively
loaded with heavier theraband and then a weight-resisted phase that uses the same
exercises with resistance from a weighted pulley system. The exercises utilised in both
phases are a forward punch (anterior deltoid), row (posterior deltoid), abduction to 45°
(middle deltoid), internal rotation at 0°, external rotation at 0° and a push-up. The
potential limitation of this program is that it does not have a focus on scapular stability and
movement, a recognised issue in MDI patients, and does not rehabilitate the patient above
45° of elevation. Since MDI symptom onset is often in patients aged 20-30 years
(Giovanni Merolla et al., 2015), overhead activities are an important consideration for
occupational, sport and leisure activities. Given these limitations, it was determined that
development of a new rehabilitation protocol was required for the management of MDI.

The rehabilitation protocol developed for this trial was generated predominantly from
clinical experience in treating the MDI patient population in a multidisciplinary team
environment involving input from physiotherapists, sports physicians and surgeons.
Throughout the development process, information has been incorporated from the
scientific literature and our own findings. As new information has become available over
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the years the program has been developed and moulded into its current form. It is
anticipated that the current program will continue to be adapted as further evidence
becomes available.

The rehabilitation program has two primary components: Assessment and Intervention.
There are five principles within the assessment component: Pain parameters, humeral head
position and control, scapular position and control, resisted testing, and the effect of
correction of the scapula and/or humeral head. The assessment will initially determine
where intervention should begin, but at all phases of the program, assessment is
continually undertaken to determine when the patient is ready for a new intervention stage.
There are seven stages within the intervention program. In each stage there is a large
emphasis on the impact of re-training scapular control. The fundamentals of the program
are described below. It should be noted that neither the components, principles, nor stages
within the protocol are exclusionary or strictly sequential.

3.2
3.2.1

Assessment

Principle 1 – Establish Pain Parameters

In MDI the predominant symptom is shoulder instability. Some patients are clearly able to
define and even demonstrate the direction/s of their instability and may be able to selfreduce their glenohumeral joint. Others may not be able to accurately determine the
direction of subluxation when the sense of instability is present (Fischer, 2004; Guerrero et
al., 2009; VandenBerghe et al., 2005). Ill-defined pain and weakness in the shoulder are
common presentations in this population (Fischer, 2004).
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Patients with MDI can present with variable levels of pain (A. Lewis et al., 2004). In
many patients the symptoms can be global shoulder pain, rather vague in location, and
often activity or position specific (Bahu, Trentacosta, Vorys, Covey, & Ahmad, 2008;
Guerrero et al., 2009). In some patients, particularly those with a chronic condition that
have continued playing overhead sports, the clinical picture becomes more complicated as
they may develop signs of secondary rotator cuff irritation superimposed on a combined
background of instability and laxity (Guerrero et al., 2009; J. E. Kuhn et al., 2011).

In patients with a significant inferior component to their instability pattern, tractional
paraesthesias can develop, especially with use of the arm by the side (such as carrying an
object or writing for sustained periods of time) (VandenBerghe et al., 2005). Others present
with more vague, generalized tractional type pain around their cervical spine and medial
scapula bought on by sustained use of their arm by their side.

It is well documented that pain can inhibit or alter motor control and muscle development
(Graven-Nielsen, Lund, Arendt-Nielsen, Danneskiold-Samsøe, & Bliddal, 2002; Hodges &
Tucker, 2011). It is therefore important that there is accurate assessment of the patient’s
level and pattern of pain in order to determine which additional interventions may be
required to assist with pain management and to what extent the exercise program may need
to be modified to minimise any aggravation of the patient’s symptoms.

It is important to establish the patient’s pain pattern (e.g. shoulder, upper limb, contralateral side, irritability/sensitivity) and determine whether local treatments (ie. massage,
dry needling, shoulder taping etc.) may be required to assist with the pain. Part of the
assessment is to consider any structures that may be aggravated or require monitoring as a

64

result of the exercises. For example rotator cuff pain, neural tension, cervical spine or
medial scapula pain may require monitoring and local treatment.

3.2.2

Principle 2 – Humeral Head Position and Control

Patients with MDI have been reported as being unable to maintain the humeral head
centred in the glenoid and this is considered to be related to clinical symptoms (Inui et al.,
2002; Lazarus, Sidles, Harryman, & Matsen, 1996; F. A. Matsen, Harryman, & Sidles,
1991). Ozaki (1989) and Inui et al. (2002) have demonstrated that patients with MDI are
unable to maintain the humeral head control during elevation in the scapular plane
compared to normals. Evaluation of humeral head control will give insight into the
direction and degree of instability and inform the examination and rehabilitation (Guerrero
et al., 2009; J. E. Kuhn et al., 2011; VandenBerghe et al., 2005).

The assessment of humeral head position during active range of motion and during
performance of clinical tests has been described by several authors (F. Jobe, Tibone, Jobe,
& Kvitne, 1990; F. W. Jobe, Kvitne, & Giangarra, 1989; Kim, Noh, Park, Ryu, & Oh,
2005; R. D. Leffert & Gumley, 1987; J. S. Lewis, 2009; Magarey & Jones, 2003; L. A.
Watson, Pizzari, & Balster, 2009). Examining humeral head position allows the
determination of where in the range of motion the humeral head subluxes, dislocates or
translates excessively for all directions of instability (ie anterior, posterior and inferior).
This can be achieved by performing all active shoulder range of motions while observing
or palpating the humeral head. In particular abduction, flexion, horizontal flexion (in
varying ranges of flexion) and external rotation (through varying ranges of abduction)
since these commonly demonstrate through-range subluxations (Figure 3.1) (Inui et al.,
2002; F. W. Jobe et al., 1989; Kim et al., 2005; Neer & Foster, 1980; Ozaki, 1989).
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Despite being used in research and clinically, there is no information regarding the
reliability and validity of assessing humeral head position and translation.

B

A

C

D

Figure 3-1. A&B: Palpation of humeral head. C: During external rotation at 90°
abduction. D: During horizontal flexion.

Specific clinical tests of laxity and instability can also be performed and graded. The
sulcus test in neutral and in external rotation of the arm (Bahk, Keyurapan, Tasaki, Sauers,
& McFarland, 2007) to examine inferior laxity (Tzannes, Paxinos, Callanan, & Murrell,
2004). The anterior and posterior draw tests through ranges of abduction (Bahk et al.,
2007; Gerber & Ganz, 1984; Tzannes et al., 2004) and the anterior and posterior
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apprehension tests are accepted clinical tests of instability (Kessel, 1982; E.G McFarland,
2006; Rowe, 1988; Tzannes et al., 2004). The sulcus test has high specificity for MDI and
fair to good inter-rater reliability (Tzannes et al., 2004), the anterior and posterior draw
tests have moderate reproducibility (Levy, Lintner, Kenter, & Speer, 1999) and diagnostic
value in symptomatic subluxers (Farber, Castillo, Clough, Bahk, & McFarland, 2006; E.G
McFarland, 2006), the anterior apprehension test is reliable in symptomatic patients
(Tzannes et al., 2004), and the posterior apprehension test has high sensitivity (Jia et al.,
2009).

Inspection of both shoulders for comparison is important to determine differences between
the symptomatic and asymptomatic shoulder. Examination commencing with the nonsymptomatic or least symptomatic limb is useful to establish underlying joint laxity and
gain patient’s confidence (Guerrero et al., 2009).

Feedback from the patient about position or movements that feel the most provocative for
pain, instability or apprehension can also provide insight into the primary direction of
instability (Guerrero et al., 2009; J. E. Kuhn et al., 2011; VandenBerghe et al., 2005).
Such feedback may help to establish the safe limits of motion to use for the initial
prescription of exercises and for examination. For example for throwing, pain during the
follow-through phase could indicate posterior instability, as opposed to pain during the
cocking motion which may indicate anterior/inferior instability (Guerrero et al., 2009;
VandenBerghe et al., 2005). Inferior instability tends to be aggravated by carrying objects
by the side and can create “traction paresthesias” (VandenBerghe et al., 2005).
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Multidirectional instability patients can present with involuntary or voluntary subluxations,
although patients are most likely to present due to involuntary or “demonstrable” positional
subluxations that are either causing pain or discomfort or interfering with the patient’s
function (Fronek et al., 1989; J. E. Kuhn et al., 2011; A. Lewis et al., 2004; Rowe et al.,
1973; VandenBerghe et al., 2005). Careful attention should be made of any voluntary
patterns of instability the patient can demonstrate, particularly if it is without pain or
discomfort. This is usually a selective muscle activation that enables the patient to sublux
or dislocate their shoulder at will (voluntarily) (A. Lewis et al., 2004; VandenBerghe et al.,
2005). This has been associated with increased likelihood of poor scoring on
psychological profile testing, secondary gain and “other issues” (J. E. Kuhn et al., 2011;
Rowe et al., 1973). Other authors have suggested that poor scores identified on
psychological profiling in this group have been significantly overestimated and no
different to the normative adolescent population (A. Lewis et al., 2004). Noting the pattern
of motor control or position the patient is utilising to create the subluxation is important.
This may direct the rehabilitation towards recruitment patterns or positions to avoid
initially during exercise prescription.

3.2.3

Principle 3 – Scapular Position and Control

An abnormal position or movement of the scapula with active motion has been termed
scapular dyskinesis (Kibler, 1998, 2003; Kibler & Sciascia, 2010). Altered scapular control
has been linked to shoulder pathology including shoulder impingement syndrome (Cools,
Witvrouw, Declercq, Danneels, & Cambier, 2003; Graichen et al., 2001; Hebert, Moffet,
McFadyen, & Dionne, 2002; Kibler, Sciascia, & Dome, 2006; Laudner, Myers, Pasquale,
Bradley, & Lephart, 2006; Lin et al., 2005; Ludewig & Braman, 2011; Ludewig & Cook,
2000; Ludewig & Reynolds, 2009; Lukasiewicz, McClure, Michener, Pratt, & Sennett,
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1999; P. W. McClure, Michener, & Karduna, 2006; Seitz, McClure, Lynch, Ketchum, &
Michener, 2012; Struyf, Nijs, Baeyens, Mottram, & Meeusen, 2011; Struyf et al., 2014;
Warner, Micheli, Arslanian, Kennedy, & Kennedy, 1992), atraumatic shoulder instability
(von Eisenhart-Rothe, Matsen III, Eckstein, Vogl, & Graichen, 2005) and MDI (Illyes &
Kiss, 2006; Ogston & Ludewig, 2007; Ozaki, 1989; Warner et al., 1992).

Assessment of the MDI patient requires the evaluation of scapulothoracic motion and
recording of any dysfunction (Guerrero et al., 2009; Itoi et al., 1992; Kibler, 1998; Neer &
Foster, 1980; Uhl, Kibler, Gecewich, & Tripp, 2009). Assessment includes the resting
position of the scapula and the scapular pattern of motion during all active ranges of
motion. In particular close attention should be paid to active abduction and flexion as
these have the greatest contribution of scapular motion and usually demonstrate the most
obvious scapular dysfunction (Culham & Peat, 1993; Kibler, 1998; Ludewig & Reynolds,
2009; Matsuki et al., 2011; P. W. McClure, Michener, Sennett, & Karduna, 2001; Ogston
& Ludewig, 2007; Ozaki, 1989; Struyf et al., 2014; Uhl et al., 2009; von Eisenhart-Rothe
et al., 2005; Yano et al., 2010).

Abduction is assessed by having the patient elevate the arms simultaneously, while
observing if both scapulae move in symmetry. Shoulder motion is performed while closely
observing or palpating scapular contribution (Figure 3.2), noting pain / instability /
symptom onset, range and quality of motion. The muscles observed and palpated are the
upper trapezius, levator scapulae, middle trapezius, rhomboids, lower trapezius, latissimus
dorsi, pectoralis minor, pectoralis major, and serratus anterior.
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Figure 3-2. Observing and palpating scapular movement during abduction.

Feedback from the patient about the positions or motions that are provocative can assist
with identifying scapular movement dysfunction at these times. The observation and
palpation of scapular stabilisers to determine activation strategies and identify potential
areas of weakness/dyskinesia or altered recruitment strategies helps to direct the
rehabilitation strategy.

3.2.4

Principle 4 – Resisted Testing

The resisted testing stage has three sub-components. First, resisted tests can be performed
to determine strength in the primary shoulder muscle groups (rotator cuff and deltoid).
Second, resisted testing can be applied through-motion to determine the pattern of scapular
motor control being utilised. Third, resisted testing can be applied through-motion to
determine what pattern of humeral head control the patient is or is not utilising.
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At all stages, resisted testing should remain comfortable. If a patient cannot or is unwilling
to put their arm in a certain position (such as 90° abduction / 90° external rotation) or if it
is perceived that there is any risk of exacerbating a patient’s symptoms then loading should
not be applied. In severe cases of MDI, loading testing (especially in higher ranges of
motion) may not initially be applicable and only shoulder active range of motion phases
should be performed.

3.2.4.1 Rotator Cuff and Deltoid Muscle Weakness
All components of the rotator cuff are tested. The supraspinatus can be tested using the
empty can (F. W. Jobe & Moynes, 1982) and full can test (Kelly, Kadrmas, & Speer,
1996). The infraspinatus is measured in resisted external rotation (Kelly et al., 1996), long
head biceps using Speed’s test (Crenshaw & Kilgore, 1966), and subscapularis using the
belly–press (Tokish, Decker, Ellis, Torry, & Hawkins, 2003), lift-off (Gerber & Krushell,
1991) and resisted internal rotation in 0° abduction. Internal and external rotation at 90°
abduction are also performed. Symptoms of pain and/or weakness are noted.

All three components of deltoid are tested for weakness and the reproduction of pain.
Posterior deltoid is measured using resisted shoulder extension, anterior resisting flexion
and middle using abduction at 0 degrees with the elbow flexed to 90 (Figure 3.3).
Ideally strength is measured objectively with a hand held dynamometer. This technique
has been shown to be clinically reliable (Hayes, Walton, Szomor, & Murrell, 2002; L. A.
Michener, Boardman, Pidcoe, & Frith, 2005; Riemann, Davies, Ludwig, & Gardenhour,
2010).
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During the performance of all rotator cuff and deltoid tests, it should be noted if there is
any obvious deviation or alteration in scapular position during the performance of the test
(such as the scapula pulling into downward rotation or increased anterior tilt). Any
increase or alteration in translation of the humeral head is also noted (such as excessive
posterior humeral head translation on supraspinatus testing).

A

B

C

Figure 3-3. Testing deltoid strength. A: Anterior deltoid. B: Middle deltoid. C: Posterior
deltoid.
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3.2.4.2 Resisted Scapular Motor Pattern Control
Resistance can be applied to any movement pattern or muscle test. Research has
demonstrated that while there is variability within normative populations, in abduction the
middle trapezius activity is consistently pre-emptive and upper trapezius and serratus
anterior activate either pre-emptively or at the initiation of abduction in order to facilitate
upward rotation of the scapula in early phases of the motion (Wickham, Pizzari, Stansfeld,
Burnside, & Watson, 2010). Palpation can determine which muscles are activating to
stabilise the scapula.

Although individuals may vary in their resting position of the scapula, once abduction has
commenced there should be no more than 5° difference side to side in upward rotation of
the scapula (Yano et al., 2010) and by 30° of abduction normal subjects should all be in
upward rotation of the scapula (Matsuki et al., 2011; Yano et al., 2010). By 45° of
abduction there should be 15° of upward rotation superimposed on the resting position of
the scapula (P. W. McClure et al., 2006). Muscles observed and palpated are upper
trapezius, levator scapulae, middle trapezius, rhomboids, lower trapezius, serratus anterior,
latissimus dorsi, pectoralis minor and pectoralis major. The presence of pain, weakness
and in particular the pattern of scapular motion occurring during the resisted tests is
monitored. The position of scapula during resisted testing using inclinometer +/- a tape
measure can be measured and strength can be measured with a hand held dynamometer.

3.2.4.3 Scapular Shrug test
This is a modification of test originally described by Kendall, McCreary and Provance
(1993) as the shrug test in 0° of abduction. The shrug test performed in 30° abduction
versus 0° has been shown to have significantly greater contribution from upper, middle and
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lower trapezius and serratus anterior in the normal population and all parts of the trapezius
in an MDI population (T. Pizzari, Wickham, Balster, Ganderton, & Watson, 2014) (Figure
3.4).

Figure 3-4. Shrug in abduction

The strength of the shrug motion is evaluated by resisting the patient performing the
motion. This can be objectively documented with a hand held dynamometer placed on top
of the shoulder. The pattern of scapular elevation should also be noted. Ideally the scapula
should elevate with upward rotation indicating sufficient control of the upward rotators of
the scapula are present. If the scapula elevates into a pattern of downward rotation,
retraction or anterior tilt, this indicates that other muscles such as levator scapulae,
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rhomboids or pectoralis minor are the dominant stabilisers and insufficient upward rotation
control / strength may be present in the lower ranges of abduction.

3.2.4.4 Scapular Stability Testing
Scapular stability testing aims to challenge the patient to demonstrate what scapular
stabilising strategies are being utilised while generating external and internal rotation force
(Kibler, 1998; P. W. McClure et al., 2006; G. Merolla, De Santis, Campi, Paladini, &
Porcellini, 2010; Odom, Taylor, Hurd, & Denegar, 2001; Rabin, Irrgang, Fitzgerald, &
Eubanks, 2006). In all tests any pain, weakness and scapular dyskinesis is noted. It has
been shown on EMG testing that scapular stabilisers are at least equally as active as the
rotator cuff muscles during both internal and external rotation of the shoulder (Boettcher,
Cathers, & Ginn, 2010; Schachter et al., 2010; Tardo, Halaki, Cathers, & Ginn, 2013) and
testing the shoulder in these positions will reflect how well the coupled movement is being
controlled.

While the set positions described below are a recommended minimum for assessing
scapular stability, loading can be performed and scapular activation noted anywhere
through range of any shoulder movement or test. Indeed in the intervention phase of the
program, scapular control or stability is tested at various angles through a range of motion
(such as abduction / external rotation) to see where scapular asymmetry commences as this
will have an impact on where rehabilitation drills commence.

Common patterns of scapular dysfunction seen in MDI in lower ranges of abduction are
increased downward rotation +/- retraction, increased anterior tilt, winging or excessive
depression of the scapula (Illyes & Kiss, 2006; Nyiri et al., 2010; Ogston & Ludewig,
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2007; Ozaki, 1989; Park et al., 2014; von Eisenhart-Rothe et al., 2005; Warner et al.,
1992). Increased internal rotation of the scapula has also been documented in instability
populations (Ogston & Ludewig, 2007; Warner et al., 1992). In higher ranges of elevation
increased lateral sliding or excessive scapular contribution has been documented in
anterior instability and MDI (Nyiri et al., 2010; Paletta, Warner, Warren, Deutsch, &
Altchek, 1997). Winging of the scapula or increased anterior tilt +/- downward rotation
may be seen on the flexion loading tests.

Scapular stability tests should therefore include:
a. Resisted ER at 0° with elbow flexed to 90 (Figure 3.5A)
b. Resisted IR at 0 with elbow flexed to 90 (Figure 3.5B)
c. Resisted ER/ IR at 90 abduction / external rotation (Figure 3.5C&D)
d. Resisted ER/ IR at 120 abduction / external rotation
e. Resisted flexion (Figure 3.4E) and extension (Figure 3.5F) and a pushing
forwards motion in 90 of flexion with elbow extension and forearm
pronated.
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Figure 3-5. Scapular stability tests. A: Resisted ER at 0°. B: Resisted IR at 0. C:
Resisted external rotation at 90 abduction. D: Resisted internal rotation at 90 abduction.
E: Resisted flexion. F: Resisted extension.

The tests at 90 and above are only performed where possible (ie. where pain, range of
motion, and apprehension allow) and safe. Any pain or strength deficits are noted.
Initially only light force may be able to be applied depending on the degree of the patient’s
symptoms. If the patient is clearly subluxing or is painful or guarding in this position then
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the test should not be performed. Another option is to bring the patient’s arm forward or
backward (as appropriate) into the plane of the scapula and perform the tests there.

3.2.4.5 Resisted Humeral Head Control
In addition to assessing humeral head control as described above (Section 3.2.2),
assessment of humeral head position and translation during performance of resisted
shoulder motions can provide additional information regarding the degree and direction of
instability. Control of the humeral head is made more difficult by the application of
resistance and excessive translation of the humeral head is more likely to be exposed in
these tests. Resisted humeral head control testing has been noted by several authors (F. W.
Jobe et al., 1989; R. D. Leffert & Gumley, 1987; Magarey & Jones, 2003; L. A. Watson,
Pizzari, & Balster, 2010).

The dynamic anterior stability test is performed by resisting external and internal rotation
at 0 and 90 of abduction with elbow flexed to 90 and the forearm neutral (Figure 3.6).
For dynamic stability testing at 0 abduction, the humeral head is palpated with the thumb
on the posterior aspect of the humeral head, the middle finger palpating the anterior
humeral head and the index finger placed on the coracoid process (R. D. Leffert &
Gumley, 1987). The patient performs external and internal rotation at 0 of abduction. The
therapist monitors the humeral head position, looking for any alteration in translation or
subluxation and presence of pain or guarding. Any pain or strength deficit or aberrant
translation of the humeral head is noted. Initially only light force may be able to be
applied depending on the degree of the patients symptoms. If safe to do so, increased
resistance can be applied and the force of the rotation can be objectively documented with
a hand held dynamometer.
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Figure 3-6. Humeral head anterior stability test. A: External rotation at 0. B: External
rotation at 90 of abduction. C: Internal rotation at 90 of abduction.

If possible, dynamic stability should then be examined at 90 abduction. For this test the
palpation of the humeral head utilises the grip described above (R. D. Leffert & Gumley,
1987). The patient is asked to take their arm into the abduction / external rotation position
at 90 abduction as far as pain and apprehension allows. The humeral head position is
monitored, looking for any increase in anterior translation or subluxation and presence of
pain or guarding. If it is safe to do so, the therapist then applies resisted external rotation
force and internal rotation force. Any pain or strength deficit or aberrant translation of the
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humeral head is noted. Initially only light force may be able to be applied depending on
the degree of the patients symptoms. If the patient is clearly subluxing or is painful or
guarding in this position then the test should not be performed. Another option is to bring
the patient’s arm forward into the plane of the scapula and perform the tests there. If
greater resistance can be applied then objective documentation of the internal / external
rotation force can be performed with a hand held dynamometer.

To test for posterior instability, the dynamic posterior stability test is performed (Gerber &
Ganz, 1984; Kim, Park, Park, & Oh, 2004). Palpation of the humeral head utilises a grip
whereby the thumb palpates the posterior aspect of the humeral head. The patient takes
their arm forward into flexion to 90 and then across the body into full horizontal flexion
(Figure 3.7). The therapist monitors the humeral head position, looking for any increase or
alteration in posterior translation or subluxation and presence of pain or guarding. If it is
safe to do so, the therapist then applies resistance. The motions resisted are flexion,
extension and a pushing forwards motion in shoulder flexion with elbow extension and
forearm pronated (Figure 3.8). Any pain or strength deficit or aberrant translation of the
humeral head is noted. Initially only light force may be able to be applied depending on
the degree of the patients symptoms. If the patient is clearly subluxing or is painful or
guarding in this position then the test should not be performed or position the arm in the
scapular plane and perform the test there.
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Figure 3-7. Assessing humeral head posterior stability in horizontal flexion.

Figure 3-8. Resistance tests for posterior instability. Resisting flexion, extension and
forward push.

3.2.5

Principle 5 – The Effect of Correction

A critical part of this rehabilitation program is to determine if correction of the scapula and
or humeral head improves the patient’s movement strategies and/or instability symptoms.
This phase of the assessment is to ascertain if scapular and or humeral head biomechanical
correction will improve symptoms, instability and functional movement. This is achieved
by re-assessing a symptomatic movement or test while manually correcting and facilitating
the scapula (Figure 3.9), humeral head (Figure 3.10) or a combination of both. If abnormal
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patterning cannot be improved by correction of scapula or humeral head, then the patient
may not be appropriate for this program. Usually scapular correction is tried first as this
will alter the glenoid position under the humeral head which may improve instability
symptoms.

Figure 3-9. The effect of scapular correction

Figure 3-10. The effect of humeral head correction

3.3

Intervention

After examining an MDI patient utilising the five principles described above it should be
clear whether there needs to be consideration of the starting point of the program, based on
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degree of symptoms, direction of instability and current weaknesses and movement
patterns. Any positions and movement patterns to be avoided in the initial stages of the
rehabilitation will also be known.
3.3.1 Timeframes
Patients can be progressed as rapidly or slowly through the phases as pain and control
allows. Often the key to managing pain is simply to establish enough scapular control and
strength that cuff overload symptoms are alleviated. Once pain has settled, this program
will require 3-6 months to get a patient fully functional for return to full competitive sport.
Improvement in activities of daily living, occupation and some sporting activities should
be seen by 12 weeks.
3.3.2

Dosage

The initial focus is on recruitment of muscles and motor control so the dosage is up to 2
sets of 20 repetitions, 3 times per day. Following this, the progression is towards
endurance repetitions against light weights and/or theraband resistance (½ kg increments
progressing to a maximum of 2kg or red theraband progressing to green) twice a day.
Once the patient is performing higher resistance then hypertrophy sets are utilised: once
every day or every second day 3-4 kg, 8 repetitions, 4–6 sets. After this stage there is a
need to consider more advanced strength and conditioning programs (ie. gym programs) as
required by the patient.
3.3.3

Maximum Load Guidelines

Not all patients will achieve all of these loading levels and the therapist must select and
progress as control allows or is functionally relevant. Higher weight levels are more
directed to the sporting population or manual working population. As an example, the
maximum load for the shrug exercise is 3-4kg, for sidelying external rotation at 0°
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abduction it’s 2–3kg, and anterior, posterior, and middle deltoid strengthening to 2–4kg.
For theraband combinations it is common to start with a yellow or red rubber and progress
to green, and on occasions it may be possible to progress to blue / black if increased
strength is required.
3.3.4

Starting Position

The coronal plane is usually utilised as the initial position for exercise since loading into
flexion tends to increase pectoralis muscle activation (Lunden, Braman, Laprade, &
Ludewig, 2010) and can provoke posterior instability. Sagittal plane exercise should be
avoided until the patient has sufficient posterior scapular muscle control to resist the
increased anterior tilt of the scapula.

Training in the plane of the scapula may be the best position to initiate drills in patients
who over-retract the scapula when performing coronal plane exercises and create issues
around the sternoclavicular joint if there is any concurrent laxity.

Many patients can commence exercises in standing or sitting, however some patients may
not have enough strength or control for this and trying to exercise in these positions may
provoke the primary symptoms in their shoulder, or rotator cuff and/or may provoke
symptoms in secondary areas such as cervical spine, medial scapula or neural symptoms.
In these circumstances, the patient may need to commence exercises in sidelying initially
until sufficient control is established.

Before any exercise is commenced it is necessary to consider three key points:
1) Which scapular position improved the patient’s symptoms?
o Set the scapula into this position before initiating the exercise.
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o Can theraband around the scapula be used to assist with scapular control?
2) What humeral head translation is required in this position or exercise?
o Make sure patient does not move too far into range that they lose humeral
head control.
o Does adding co-contraction theraband around the patient’s humeral head
help control humeral head?
3) Is there a pathological limitation that might affect whether or not the exercise is
appropriate or how it is performed?

3.3.5

Guidelines for Pathological Limitations

How much any of the components of instability limit exercise selection or modification
will be individually determined depending on the predominance of the patient’s pattern of
instability.

3.3.5.1 Anterior Instability Component
The therapist needs to monitor the patient when loading into abduction with external
rotation positions and should ensure that the patient does not lose control of their humeral
head and allow excessive anterior translation or articulation. Initially short arcs of motion
are emphasised until sufficient motor control and strength have been established that
greater arcs of motion can be added. The patient may even need to start loading initially in
the plane of the scapula, until sufficient control is established and they can progress further
back into the coronal plane.
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3.3.5.2 Posterior Instability
The therapist needs to be careful not to load into flexion or horizontal flexion positions
until the patient has sufficient control. This may be relevant particularly when
commencing external rotation strength work in sidelying. The exercise may need to be
performed initially off a support to prevent the arm falling into horizontal flexion. It may
be necessary to commence strength and control work in lower ranges of abduction initially,
emphasising small arcs of motion with particular emphasis on posterior cuff and posterior
deltoid. This is to develop sufficient posterior musculature to act as a mechanical
“buttress” to prevent posterior humeral head migration in flexion (Wattanaprakornkul,
Halaki, Boettcher, Cathers, & Ginn, 2011). It is recommended to commence rehabilitation
in the coronal plane and work around into flexion / horizontal flexion as control develops.

3.3.5.3 Inferior Instability
The patient may have difficulty initially doing exercises involving holding a weight. If so,
utilise the theraband for resistance (either over the scapula as a loop or in the hand) until
the patient has sufficient control. Monitor to ensure no tractional paraesthesia is provoked.

3.3.6

Potential Concurrent Shoulder Symptoms

Multidirectional instability patients frequently present clinically with having trialled and
failed rehabilitation regimes due to their symptoms being aggravated (A. Lewis et al.,
2004). It is crucial that the therapist does not give a patient exercises that they cannot
control or that create pain. A frequent complaint is of rotator cuff strengthening drills
aggravating pain.
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The therapist needs to closely monitor all drills to make sure there is no aggravation or
creation of rotator cuff pain. Upward rotation shrugs may create a superior migration of
the humeral head (Karduna, McClure, Michener, & Sennett, 2001) which would be
beneficial if the humeral head is inferiorly placed creating a tractional stress on the rotator
cuff. However, excessive superior migration of humeral head may create compression of
the rotator cuff (Ludewig & Reynolds, 2009; P. W. McClure et al., 2006; Lori A Michener,
McClure, & Karduna, 2003). Care must be taken not to over elevate or upwardly rotate the
scapula. The patient may need to perform the shrug in sidelying initially if they are unable
to complete the drill without pain.

Adding a weight into the shrug, especially if it is performed in 30° abduction, may increase
the load on the supraspinatus muscle (N. K. Poppen & Walker, 1976; Wickham et al.,
2010). The therapist should monitor that there is no lateral arm pain referral, which would
indicate supraspinatus fatigue. If this occurs, either an alternate position (such as
sidelying) or a resistance source (such as theraband over the shoulder girdle) should be
utilised.

Compression positions for the rotator cuff (such as 90° abduction /external rotation, 90°
flexion / horizontal and internal rotation combinations) will need to be monitored if
strength work is being performed into or near these ranges to make sure no overstraining of
the rotator cuff occurs.

Cervical strain or mild pain has been reported by some patients when performing the
upward rotation shrug, particularly when weight is added. Upper trapezius has attachment
at the cervical spine and creates rotational forces at C5 and C6 (Johnson, Bogduk,
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Nowitzke, & House, 1994). Hence the therapist may need to ensure that patient has
sufficient neck control to cope with the shoulder drills set. When performing shoulder
strength work (especially shrugs) the therapist needs to ensure: no neck pain is produced,
the patient nods their head slightly and controls neck position whilst performing shoulder
drills, and no poking chin posture or tightening up of sternocleidomastoid muscles occurs.
If patient cannot control neck position then some deep cervical neck flexors re-training
may need to be performed prior to commencing shoulder intervention.

For concurrent neural tension or tractional paraesthesias (usually in C8-T1 distribution),
positions that reproduce neural symptoms need to be avoided. In particular, care is
required to ensure such patients do not over-retract the scapula or provoke symptoms when
a weight is added into the shrug drill. If provocative, an alternative position (sidelying) or
resistance (theraband loop over the scapula) will need to be trialled.

3.3.7 Progression
Progression is judged through continual re-assessment of the patient’s active range of
motion and applying the assessment principles outlined above. While determining if a
patient has sufficient motor control to progress to the next stage of the program can be very
subjective, some clinical indicators will assist.

Clinical indicators include:


The patient reports no pain while performing exercises.



Is able to perform the prescribed sets and repetitions with no reported feeling of
muscle fatigue or muscle pain/tightness in other areas that may indicate substitution
patterns (such as pectorals, latissimus dorsi, rhomboids, levator scapulae).
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No loss of control when performing exercise even when fatigued.



Patient maintains adequate scapular or humeral head control when assessed for the
next movement drill to be prescribed. If the patient either losses control of the
scapula (scapula pulls into excessive depression / downward rotation or anterior
tilt) or subluxes the humeral head, then they are not ready to progress to the next
exercise.



If the patient does an exercise and can only perform 5 repetitions or less until they
feel fatigue, or loses control of the motion, then they are not yet ready to perform
the exercise being prescribed.
3.3.8

Tape (axillary sling)

This is used if patients have significant resting pain. The technique can be useful to reduce
humeral head subluxations in lower ranges of abduction and to demonstrate to the patient
what rehabilitation can achieve (Figure 3.11). The taping may increase the inclination of
the glenoid fossa by upwardly rotating the scapula, this increased inclination acts as a bony
block preventing inferior displacement of the humeral head and the upward rotation
tightens superior structures overlying the joint (Illyes & Kiss, 2006). The tape may also
have an effect on proprioception by changing tension of capsulolabral structures.
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Figure 3-11. Axillary sling taping technique

3.4

Rehabilitation Protocol

There are seven stages to the protocol. Although the stages are described sequentially they
are not exclusionary in that patients may be performing drills from varying stages
concurrently. Patients may perform drills from any phase as long as they can control it and
it is functionally relevant. Typically patients will be required to gain movement control in
lower ranges of abduction and flexion before they can cope with loaded exercises in higher
ranges. Not all patients need to perform all phases to complete the program. If a patient is
asymptomatic and fully functional within their requirements then they may not need to
complete the more advanced stages of the program. Similarly, not all muscle groups may
need to be specifically strengthened and this will depend on what the assessment findings
indicate. As noted, the program usually commences in coronal plane but rehabilitation into
any plane can be commenced as movement control allows.
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3.4.1

Stage 1: Coronal Plane Control between 0-45 Abduction

The aim of Stage 1 is to develop scapular and humeral head control in 0-45° of abduction.
Stage 1 is divided into the scapular setting phase and the arc of motion phase.

3.4.1.1 Scapular Phase
The aim of the scapular setting phase is to develop adequate scapular stability in order to
centralize the humeral head (Mallon & Speer, 1995; Ogston & Ludewig, 2007), and
prepare for the arcs of motion. Multidirectional instability patients often have insufficient
control and strength of upward rotation of the scapula in the initial phases of abduction
(Cordasco, 2000; Inui et al., 2002; Ogston & Ludewig, 2007; Ozaki, 1989; von EisenhartRothe et al., 2005). This might be a result of strength deficits, altered muscle patterning,
capsular laxity, or any combination of these. Frequently the scapular correction that assists
patients most is an upward rotation / elevation combination, with a slight amount of
posterior tilt as required, taking care not to over-retract.

The first exercise (scapular setting) involves the patient moving their scapula into the
position that best controls resting pain, improves humeral head stability and/or gives
improved scapulo-humeral motion. The optimal ‘scapular setting’ position is derived from
the assessment. The patient is asked to perform this exercise without the scapula pulling
into aberrant movement patterns (such as depression, downward rotation and/or anterior
tilt); or allowing excessive humeral head translation (Mottram, Woledge, & Morrissey,
2009). The ideal starting position is in standing with the arm by the side and if possible
abducted to 20-30°, with the palm facing forwards. This scapular setting position has been
shown to recruit the upward rotators of the scapula significantly more than compared to
with the arm by the side (T. Pizzari et al., 2014). The exercise usually involves an upward
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rotation of about 5-10 and/or posterior tilt. It is important that there is not excessive
scapular elevation and or excessive inferior humeral head translation. It should also be
considered that holding the arm in abduction may aggravate a patient with supraspinatus
pain and the upward rotation setting drill will need to be performed in neutral abduction.

The patient can use a mirror for visual feedback (which has been shown to assist in
memory retention of rehabilitation drills) (J.-S. Roy, Moffet, Hébert, & Lirette, 2009) and /
or self palpate the upper trapezius muscle or acromion to feel the upward rotation action
(Figure 3.12A). A recruitment dosage is usually utilised for this stage, as altering faulty
motor patterns is the aim (Dettmers, Stephan, Lemon, & Frackowiak, 1997). Ideally the
patient is asked to achieve 3 sets of 20 repetitions in a 10 minutes period, 1 to 2 times a
day, as there is evidence to suggest that this dosage may assist in motor reorganization
(Boudreau, Farina, & Falla, 2010). Once the patient can achieve this with the weight of
the arm, the exercise can be progressed by either increasing sets or repetitions or resistance
(usually get patient up to 20 repetition and then increase resistance). Resistance can be
applied by holding a weight in the hand or by theraband looped over the shoulder.
Altering the direction of the rubber or placement of the loop can emphasise different
components of the set (upward rotation versus posterior tilt) (Figure 3.12B). If a patient
requires the combination of posterior tilt and upward rotation then the exercise can utilise
both a band and a weight at once. Patients who are unable to perform at least five
repetitions in standing due to very poor scapular upward rotation or deep neck flexor
strength may need to start this drill in side lying until they have built up enough strength to
recommence the drill in standing (Figure 3.12C).
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C

A

B
Figure 3-12. Scapular setting; A: with self-palpation, B: using theraband resistance; C:
in sidelying against theraband resistance.

The patient is generally able to progress to the arc of motion stage when they can perform
the scapular setting drill with 0.5 to 1 kg in the hand at 3 sets of 20 repetitions. The patient
should demonstrate improved resting position symptoms, improved scapular position at
rest and control of the scapula and humeral head on assessment of isometric external
rotation or extension in neutral abduction when they are ready to begin to add arcs of
motion into their exercise drills (Table 3.1).

Table 3.1. Stage 1: Scapular setting phase
Main

Timing

Potential Drills

Parameters

Goal of Phase

Considerations

1-3 weeks

Scapular UR in

Dosage:

3 x 20 with

Side lie drill if < 5

standing

1-3 x 20, 2x day

0.5-1 kg

standing UR

Load:

+/- red/green

Abduction may

red - green TB

TB for tilt

aggravate SS pain

Focus
Retrain
scapular
control

+/-20-30° Abduction
+/- posterior tilt

Scapular elevation

for tilt

+/- posterior tilt

Side lie upward

DCF rehabilitation
0.5-1kg for

may need to be

UR/elevation

addressed prior to

rotation/elevation/tilt

standing drills

Note. DCF=deep cervical flexors, kg= kilograms, TB=theraband, UR= upward rotation, SS=supraspinatus

93

3.4.1.2 Arc of Motion Phase
The aim of this phase is to gain control in 0 to 45° of abduction in the coronal plane while
maintaining scapular control. The initial motion performed is external rotation in lower
ranges of abduction. Some patients may initially just perform the range of motion drill
against no resistance, others are ready to perform against light resistance (yellow or red
theraband) right away. The patient performs the scapular setting action as a small
movement against theraband resistance prior to executing the drill. The theraband loop
around the shoulder blade is used to facilitate scapular control and another band is held in
the hand to apply resistance to motion. It is preferable to commence in the lower ranges
of abduction (0 - 20°) and progress up towards 45° as tolerated. Patients with MDI often
have problems controlling a full arc of motion (e.g. external rotation to end range),
therefore exercises can be progressed from small arcs of motion in the middle of range to
larger arcs of motion as the patient gains control. The patient should only perform the arc
of motion that the scapula (and humeral head) can control. There are two parts of the arc
of motion phase; internal and external rotation (ER) control and ER strengthening.

3.4.1.2.1 External Rotation, Internal Rotation and Extension Control
These drills are utilised primarily for scapular control with added motion however
strengthening of rotator cuff and scapular muscles also occurs. External rotation drills are
commenced in standing at 0° abduction with a theraband. If the patient has difficulty
controlling external rotation into lower ranges of abduction, then an extension drill (usually
with a short lever) is commenced prior to performing external rotation (Figure 3.13A).
Another option to make external rotation drills easier is for the patient to face the
theraband attachment, rather than turn on the side to the attachment (Figure 3.13B).
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A

B

Figure 3-13. A: Short lever extension. B: External rotation facing theraband attachment

For some patients, short range arcs of motion (20-30°) or less, or movement into extension
and then external rotation will need to be performed against incremental theraband
resistance until enough strength and range of motion control is established that the arc can
be expanded.

Humeral head control is also a focus in this phase if the assessment has determined that
controlling the humeral head helps a movement pattern. If this is the case for a patient,
then emphasising humeral head control may be incorporated into any exercise. Humeral
head stability may be optimised by promoting co-contraction of the rotator cuff by
performing a moderate level isometric extension contraction against a theraband looped
around the proximal humerus (Figure 3.14). This has been shown to significantly recruit
more muscle activity of the subscapularis during resisted external rotation exercises
compared to the same exercise without a co-contraction band (T Pizzari, Ganderton,
Watson, & Balster, 2013), which may make it particularly useful for resisting anterior
humeral head translation. Most commonly it is found that controlling the humeral head
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from translating too far anteriorly in abduction / external rotation movements is required.
Hence using a theraband loop around the humeral head can be helpful to resist excessive
humeral head translation. However not all patients benefit from this and in some extreme
cases may facilitate overcorrection so careful assessment is required. In some patients the
drill may need to commence slightly forward into the plane of the scapula until control is
established.

Figure 3-14. Humeral head band to facilitate stability

Internal rotation drills often commence once external rotation control is established (x 20
repetitions ER with red theraband) since internal rotation can result in anterior tilt of the
scapula and pectoralis dominance if commenced too early. A second theraband looped
over the shoulder (red or green band) can facilitate posterior tilt of the scapula and
minimise substitution from pectoral muscles (Figure 3.15).
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Figure 3-15. Internal rotation with scapular band.

Internal rotation drills are particularly important in the presence of subscapularis weakness
(Chandler, Kibler, Stracener, Ziegler, & Pace, 1992; Escamilla, Yamashiro, Paulos, &
Andrews, 2009; Hintermeister, Lange, Schultheis, Bey, & Hawkins, 1998; F. W. Jobe &
Moynes, 1982; McCann, Wootten, Kadaba, & Bigliani, 1993). As with external rotation
drills, the patient must perform only the arc of the motion they can control.

If arc of motion drills are proving too difficult to control or provoke rotator cuff pain,
isometrics of external and internal rotation or extension can be performed prior. Once
scapular and humeral head positioning and control is established, specific rotator cuff
strengthening drills can be commenced as individually required.
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3.4.1.2.2 External Rotation
This drill is performed in side lying and is utilised for supraspinatus and infraspinatus
strength deficits as well as building posterior glenohumeral muscle bulk (Figure 3.16).
The neck must be supported and a rolled up towel under the arm (Boettcher et al., 2010;
Escamilla et al., 2009; Reinold, Escamilla, & Wilk, 2009; Reinold et al., 2004). The
majority of patients need to perform this drill off a support from neutral to 45° of external
rotation, as lowing the arm past neutral may cause excessive posterior translation of the
humeral head.

Figure 3-16. Side lying external rotation.

The patient is instructed to always set the scapula first (into the pattern determined from
assessment), then perform the arc of motion where the scapula and humeral head remain
controlled. Uncontrolled motion into external rotation may cause excessive anterior
humeral head translation to occur and uncontrolled motion into internal rotation may cause
posterior humeral head translation to occur. A pillow supporting under the hand is an
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option to prevent excessive internal rotation and is also useful if the patient is too weak and
cannot comfortably perform the full arc of motion, because it keeps the arc in mid-range.

Initially the drill is commenced with no weight in the hand. If this is too hard then it can be
performed in supine with yellow theraband; or in standing performing isometric external
rotation against the wall at 20-30% maximum contraction (Jenp, Malanga, Growney, &
An, 1996; McCann et al., 1993).

In order to establish a good ‘baseline’ strength, resistance is progressed gradually to
holding a 0.5kg – 1kg weight in the sidelying position with no support under the hand. If
humeral head control is required then this can be facilitated using co-contraction drills for
the rotator cuff by placing a red theraband loop around the proximal humeral head and the
patient performing a sub-maximal isometric extension contraction followed by the external
rotation movement. It is important to observe the humeral head to ensure that there is not
excessive correction and resultant translation posteriorly. The goal weight for sidelying
external rotation is 1.5-3kg total (Table 3.2).

99

Table 3.2. Stage 1: Arc of motion phase

Main

Timing

Potential Drills

Parameters

Goals of Phase

Considerations

ER/IR/Ext

2-3

For ER/IR/Ext

For ER/IR/Ext control

control

weeks

control:

Isometrics: 5-10 x 5

1-2 x 20 ER red/ green

harder to control

and

ER/IR/Ext

second holds (20-30%

TB

than standing

ER

isometrics

MVC), 2-3 x day

1-2 x 20 IR, red/green

extension

strength

Ext to neutral with

Focus
ER with TB is

TB

TB

TB drills:

1-2x 20 extension row

ER easier with

ER with TB

Dosage:1-3 x 20, 2x

green TB

patient facing

ER with TB +

day

1-2x20 side lie ER

band or assistance

assistance

Load: yellow-red TB

1kg

with other hand.

ER facing TB
IR with TB

IR after ER
control

For ER strength

For ER strength

Side lie off support

Dosage: 1-3 x 20, 2x

established

day

Isometrics if arc

Load: 0-0.5-1kg

cannot be
controlled/drill is
pain provoking

Side lie off a
support and rolled
up towel under
arm

Note. Abd= abduction, Ext: Extension, ER= external rotation, IR= external rotation, kg= kilograms, TB=theraband,
MVC=maximal voluntary contraction.

3.4.2

Stage 2: Posterior Musculature Development

The aim of Stage 2 is to develop more posterior musculature to act at a buttress
(Wattanaprakornkul et al., 2011) to prevent the posterior humeral head translation that can
occur in flexion. Scapular drills, external rotation in standing and side lying are all
progressed by an increase in load. In addition standing extension in 45° of abduction is
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performed to commence control in a higher range of elevation (Figure 3.17). The patient
may start in lower ranges of abduction (ie. elbow close to body) and progress up as able
(up to 45 and 90° of abduction). Usually the patient will not be able to perform drills at
45° or 90° until they can demonstrate good control of scapula and humeral head against red
theraband resistance in these higher ranges of abduction. The posterior musculature
exercises are commenced once scapular and humeral head control is sufficient. Generally
when the patient is able to comfortably achieved 20 repetitions, 5 sec holds, 2x/day of a
1kg scapular shrug in standing and 0.5kg external rotation in sidelying then they are ready
to commence posterior musculature drills (Table 3.3).

Figure 3-17. Extension (row) at 45° abduction.
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Table 3.3. Stage 2: Posterior Musculature Development

Main Focus

Timing

Potential Drills

Parameters

Goals of Phase

Scapular UR in

Dosage:

Goals:

standing +/- posterior

1-3 x 20, 1-2

3 x 20 scapular UR/tilt

musculature for

tilt

times a day

drills 2kg

flexion

ER with TB

Develop
posterior

2-4 weeks

2-3 x 20 side lie 1.5- 2kg

Row with TB at 45°

Load:

2-3 x ER with green TB

abd

TB drills: green

Standing ext. in 45° abd

Side lie off support

Side lie: 1-1.5-

green TB

2kg
Note. Abd= abduction, ER= external rotation, UR= upward rotation, kg= kilograms, TB=theraband.

3.4.3

Stage 3: Flexion Control from 0 to 45 Degrees of Elevation

The aim of Stage 3 is to achieve control in the sagittal plane (flexion) from 0 to 45° of
elevation. Flexion is important to introduce, as it is a very functional motion and can
usually commence once standing extension at 45° of abduction (to neutral) has been
established against a green theraband for 20 repetitions. Flexion has a high activation of
serratus anterior so is essential for improving serratus anterior strength and therefore
upward rotation of the scapula (Decker, Hintermeister, Faber, & Hawkins, 1999; Moseley,
Jobe, Pink, Perry, & Tibone, 1992). Flexion drills may be performed bilaterally.

Care must be taken in patients with a component of posterior instability as flexion drills
can cause an increased translation of the humeral head if an adequate posterior buttress and
control has not been established. The therapist should palpate the humeral head carefully
during flexion to see if this occurs. Stage 3 is divided into 2 phases: the scapular phase and
the arc of motion phase.
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3.4.3.1 Scapular Phase
The scapular setting drill that was established in Stage 1 is progressed in increments from a
standing position in the coronal plane to a standing position in the sagittal plane. The load
for this drill may need to recommence with the weight of the arm and be progressed in
0.5kg increments as control is established. Not all patients need this drill as some can
move into the sagittal plane without loss of scapular or humeral head control.

3.4.3.2 Arc of Motion Phase
Assessment of isometric flexion in standing determines if the patient is ready to progress
into the Stage 3 arc of motion phase. Flexion drills are performed with a theraband tied
behind the patient while they perform a forward punching motion (Figure 3.18). Short arcs
of motion are performed with a yellow or red theraband and progressed to a green
theraband prior to extending the arc. The flexion drills begin at approximately 20 to 30° of
shoulder flexion and are progressed to 45° of shoulder flexion. Patients with a large
component of posterior instability may have to commence flexion drills in the scapular
plane and progress in increments around to the sagittal plane (Table 3.4).

Figure 3-18. Flexion 0-45° drills
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Table 3.4. Stage 3: Flexion Control

Main Focus

Timing

Scapular
control in

4-6 weeks

Potential Drills

Parameters

Goal of Phase

Scapular UR in

Dosage: 1-3 x 20,

2 x 20 scapular

standing +/-

2 x day

UR +/- tilt with

sagittal

posterior tilt

1-2kg in sagittal

plane

working from

plane

coronal plane to

Load: 0-0.5-1-1.5-

sagittal plane

2 kg +/- red-green

Considerations

TB for tilt

Arc of
motion

4-6 weeks

control in

Flexion in the

Dosage:

1-2 x 20 flexion

If patient loses

scapular plane 0-

1-3 x 20, 2 x day*

drill in the

scapular or HH

sagittal plane to

control regress to

Load:

45 degrees with

stage 2 for more

Flexion in the

yellow-red-green

load appropriate

strengthening

sagittal plane 0-

TB*

for function

45° elevation

sagittal
plane

45° elevation

Progress load to
blue/black TB if
functionally
required

Note. kg= kilograms, HH= humeral head, kg= kilograms, TB=theraband, UR= upward rotation, * Dosage and load can
be progressed from a recruitment and endurance dosage, to a dosage and load functionally required by the patient.

3.4.4 Stage 4: Sagittal Plane and Coronal Plane Control from 45 to 90 Degrees
The aim of Stage 4 is to progress movement control to 90° of elevation in the coronal and
sagittal plane and commences once sufficient control and strength has been achieved in the
lower ranges of abduction. Stage 4 is also divided into 2 phases: the scapular phase and
the arc of motion phase.
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3.4.4.1 Scapular Phase
In this phase the patient needs to practice setting their scapula (usually into upward rotation
and posterior tilt) and then hold this position reasonably stable while they move their arm
into extension at 45° (a rowing motion) ensuring the arm does not go past plane of the
body. This rowing exercise can be performed bilaterally, or if scapular stability is an issue
it can be done unilaterally with theraband looped around the affected shoulder blade to
facilitate scapular setting and another band in hand to apply resistance to the exercise.
Once the patient can control the motion in 45° then the row drill at 90° of abduction is
commenced (Figure 3.19).

Figure 3-19. Extension (row) at 90° abduction with scapular band

3.4.4.2 Arc of Motion Phase
The arc of motion phase is subdivided into three parts: IR and ER at 90° of elevation,
flexion at 90° of elevation, and horizontal flexion.
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3.4.4.2.1 Internal Rotation and External Rotation at 90° Abduction
The extension drill at 90° of abduction prepares the patients for ER at 90° abduction.
Progression into combining extension and external rotation patterns is used as functionally
required. External rotation is usually the first drill to commence (Figure 3.20A). Patients
with significant anterior instability may need to initially reduce their arc of ER or bring the
arm forward into the plane of the scapula (Figure 3.20B), working around into the coronal
plane once control of the humeral head is sufficient. The drill can also be made easier to
perform with the patient’s abducted arm supported on a chair or bed with the patient sitting
or kneeling. Internal rotation at 90° abduction is usually commenced once the patient can
perform 20 repetitions of ER at 90° abduction with a red theraband.

If required, movement control of the humeral head can be facilitated through theraband cocontraction of humeral head (Figure 3.20C). This involves either the use of a third
theraband or moving the theraband from scapula down to the humeral head if the scapula
no longer needs this facilitation. Not all patients require this as by the time the drills are
being performed in these higher ranges reasonable humeral head control has been
established.

B
Figure 3-20. External rotation at 90° abduction. A: with scapular band. B: in plane of
scapula. C: with humeral head band.
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C

3.4.4.2.2 Flexion at 90°
Flexion drills are performed to 90° of elevation. Load is determined by the functional and
sporting requirements of the patient. The patient can progress from light theraband
resistance (yellow) up to thicker bands (red and then green). Then the patient can progress
onto light hand weights if required (0.5kg through to 4 kg) (Figure 3.21).

Figure 3-21. Flexion drills to 90° with theraband and weights.

3.4.4.2.2.1 Horizontal flexion

Horizontal flexion causes a large degree of posterior humeral head translation and needs to
be controlled for activates such as taking off a tight top, driving a car, and sporting actions
such as a backhand in tennis. The horizontal flexion drill is a progression from standing
extension at 90º elevation. The patient performs the extension action in increasing
increments of horizontal flexion by gradually stepping their body around until they are in a
position with their arm across their chest (Figure 3.22). Theraband resistance is slowly
increased at each angle of horizontal flexion until a load is achieved that is comparable
with the patient’s functional requirements (Table 3.5).
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Figure 3-22. Horizontal extension strengthening in increasing angles of horizontal flexion.

Each time an exercise is added the clinician should monitor scapular and humeral head
position carefully and ensure the patient can control the drills. If the patient cannot control
the exercise effectively, then it might be necessary to leave it for a couple of weeks and try
again once movement control is more established (Table 3.5).
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Table 3.5. Stage 4: Sagittal Plane and Coronal Plane Control from 45 to 90°

Main Focus

Timing

Potential

Parameters

Goal of Phase

Standing ext

Dosage:

1-3x 20 green
ext. row 90° abd

Considerations

Drills
Scapular
control to 90°

6-9

row from 45-

1-3 x 20, 2 x

abd

weeks

90° abd

day*
Load:
red-green TB*

Arc of

ER/IR drills

ER/IR can be

motion

6-9

ER at 90°

Dosage:

1-3 x 20 ER/IR

performed between

control to 90°

weeks

IR at 90°

1-3 x 20, 2 x

at 90° red/green

0 and 90° (e.g. 45°

day*

1-3 x20 flexion

abd) if functionally

Flexion drills:

Load:

to 90° red/green

required by the

Flexion to 90°

red-green TB*

1-3 x 20 HF

patient.

weights: 0.5-

red/green

abd

ER/IR

Flexion

HF drills

4kg*

ER at 90°

Standing ext.

performed initially

Horizontal

at 90° working

in scapular plane if

flexion

around to HF

anterior instability

Load can be
progressed to
blue/black TB
and/or weights

Note. Abd= abduction, ext= extension, ER= external rotation, IR=internal rotation, HH= humeral head, HF=horizontal
flexion, TB=theraband, UR= upward rotation, * Dosage and load can be progressed from a recruitment and endurance
dosage, to a dosage and load functionally required by the patient.

3.4.5

Stage 5: Isolated Deltoid Drills

The aim of Stage 5 is to develop specific strength in the anterior, middle and posterior
deltoid, while maintaining scapular and humeral head control. Deltoid muscle strength
contributes to centering of the humeral head as well as normal shoulder kinematics (Chen,
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Simonian, Wickiewicz, Otis, & Warren, 1999; Wickham et al., 2010). Guidelines for Stage
5 are outlined in Table 3.6, however drills may commence in conjunction with earlier
stages of the program for some patients and not all deltoid exercises are required for all
patients. Before prescribing these exercises the individual strength deficits and functional
requirements of each patient must be assessed.

Posterior deltoid drills are performed as a bent over rowing (Kronberg et al., 1990) action,
commencing at 0° of abduction and progressing in increments to a bent over row at 90° of
abduction (Figure 3.23A). Posterior deltoid drills are usually commenced prior to other
deltoid drills as the short lever extension may be easier to control and posterior translation
of the humeral head is limited when compared to other deltoid drills.

Anterior deltoid drills are performed as a flexion action (Kronberg et al., 1990) in supine or
standing (Figure 3.23B). Care must be taken prescribing supine drills as they can cause
posterior humeral head translation if they are not well controlled. A rolled up towel behind
the humerus can provide additional posterior support. The therapist should also watch for
excessive pectoral substitution present if the shoulder tilts up off the floor.

Middle deltoid drills are performed in sitting initially in small ranges of abduction to 4560º with a short lever, working to ranges that are required by the patient (Figure 3.23C).
Usually this exercise is not prescribed until other exercises are being comfortably
performed at 45º of abduction (Reinold et al., 2004).
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A

B

C

Figure 3-23. Deltoid exercises A: Posterior deltoid, B: Anterior deltoid, C: Middle deltoid.

Deltoid exercises can all be performed with weights or theraband, or can be performed
with weights and theraband simultaneously. The theraband can provide resistance to
scapula or humeral head, while weights are used as the resistance for the specific muscle
(Escamilla et al., 2009; Hintermeister et al., 1998; McCann et al., 1993; Townsend, Jobe,
Pink, & Perry, 1991). Weights for most deltoid drills are progressed from 0kg in ½ kg
increments up to approximately 3-4kgs and heavier if needed for the patient’s function
(Table 3.6).
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Table 3.6. Stage 5: Isolated Deltoid Drills

Main focus

Timing

Potential drills

Parameters

Goals

Considerations

Posterior

4-9 weeks

Bent row at 0°

Dosage:

1-3x 8-20, 3kg at 0, 2

Bent rows performed to neutral ext.

deltoid muscle

Bent row at 45°

1-3x 8-20

kg at 45, 1.5 at 90° *

bulk

Bent Row at 90°

1 x day-3 x week*
Load:
0-0.5-1-4-8*kg

Anterior deltoid

5-9 weeks

muscle bulk

Flexion with TB (stage

Dosage:

1-3x 8-20, 2– 5kg*

Supine flexion causes posterior HH translation.

3)

1-3x 8-20

Use a support for patient with posterior

supine short lever

1 x day-3 x week*

instability.

flexion

Load:

seated short lever

red-green-blue-black*

flexion

0-0.5-1-4*kg

standing short lever
flexion
Middle deltoid
muscle bulk

6-9 weeks

Short lever abd to 30°-

Dosage:

90°*

1-3x 8-20

1-3x 8-20, 2– 4kg*

1 x day-3 x week*
Load:
0-0.5-1-4*kg
Note. Abd= abduction, ext= extension, HH= humeral head, HF=horizontal flexion, TB=theraband, kg = kilograms, * Dosage and load can be progressed from a recruitment and endurance
dosage, to a dosage and load functionally required by the patient.
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3.4.6

Stage 6: Sports Specific and Functional Specific Stage

Many patients with MDI are young and active and often require this phase of progression
in order to be able to perform their sport, occupation and leisure activities. The aim of
Stage 6 is to progress arcs of motion beyond 90° and them into task specific, occupational
specific and sports specific drills. Stage 6 is divided into the arc of motion phase and then
the sports specific/functional specific phase. Before introducing this stage of exercise
prescription, the patient should have ideally reached the following goals;



Deltoid weights of 3-4kgs in lower and mid ranges of elevation



External rotation weight of 1.5-2.5kg



90° of abduction external rotation and internal rotation (red or green theraband)



Overhead flexion (with theraband or light weight of 2-4kg).

Although the exercises in this stage will be functional and should closely mimic the
sport/activity, the principles discussed thus far all still apply. That is, gradual progression
through range and resistance, scapular and humeral head facilitation as required, and
control of motion before strength.

3.4.6.1 Arc of Motion Phase
Prior to commencing exercises that mimic the details of a specific movement (i.e. tennis
serve) patients may need further steps of progression. This often involves IR, ER, deltoid
and flexion drill from 120° and up to end of range of abduction with theraband in varying
positions emphasising end of range upward rotation control and scapular setting (Figure
3.24).
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Figure 3-24. Drills above 120° elevation.

3.4.6.2 Sports Specific and Functional Specific Ranges
3.4.6.2.1 Part Practice
This stage requires the exercises to be functional and should closely mimic the
sport/activity. Breaking down drills into subcomponents, can be useful for the patient to
gain control over the entire motion. For example, a swim stroke can be broken down into
the catch and pull phase and follow through and recovery phase over a swiss ball with the
appropriate resistance applied at different angles to the movement (Figure 3.25). Control
at a computer can be mimicked with theraband tied in front of the patient (Figure 3.26A).
Dosage at this phase needs to represent what is functionally required of the patient.
Consider the differences between part practice drills for someone needing control at a
computer (low load, high repetitions), compared to a person who needs to lift the
occasional heavy weight overhead for work (high load, lower repetitions). Extra bands can
be utilised to facilitate either scapular or humeral head control. Depending on the sporting
and occupational demands of the patient, the program can emphasise concentric and/or
eccentric or ballistic (plyometric) actions. Weight bearing exercises (Figure 3.26B&C)
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(progressing from wall weight bearing drills to full weight bearing drills) can be utilised if
the patient functionally requires them. Weight bearing drills should not be prescribed while
any component of posterior instability remains.

Figure 3-25. Part practice examples for swimming stroke.

B

A

C

Figure 3-26. A: retraining control at a computer. B: Weight bearing control using a wall.
C: Weight bearing control on knees.

3.4.6.2.2 Whole Practice
Once the patient has gained control of part practice drills, then whole practice execution of
the drills can be emphasised, with gradual return to training and work and gradual
increases in volume, as the therapist deems appropriate (Table 3.7).
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Table 3.7. Stage 6 Sports Specific and Functional Specific Stage

Main Focus

Timing

Potential Drills

Parameters

Goals

Arc of motion

9-16

ER > 90° - EROM*

Dosage:

x 20 ER/IR/flex/ in

control > 90°

weeks

IR> 90° - EROM*

Recruitment/endurance (1-

range/load to mimic

Flex> 90° - EROM*

2 x 20, 2, x day) to

part practice

Abd/elevation

strength (3 x 10-12) to
ballistic (1-2 x 10+)*
Deltoid drills > 90*
Load:
Yellow-red-green-blue
TB*
Weight for deltoid: 0kg5kg*
Part practice for

10-16

Examples:

Dosage and Load: depends

Return to

function

weeks

Catch phase of swim

on requirements of patient.

sport/occupation

stroke over ball

/function

High overhead tap of ball
Simulated movement of
mouse with TB

Whole practice of

Whole practice progressed

function

from small volume to
larger volume

Note. Abd= abduction, ER= external rotation, IR=internal rotation, Flex= flexion, EROM= end range of motion,
TB=theraband, kg=kilograms, * Dosage and load can be progressed from a recruitment and endurance dosage, to a dosage
and load functionally required by the patient.

3.4.7

Stage 7: Maintenance Program

Once a patient has reached their goals and has completed the program they are encouraged
to continue a maintenance program 2-3 times a week consisting of 4 to 8 exercises in order
to maintain their level of function. Often this involves the patient performing their weights
exercises on one day and band exercises on another day. It is important that the patient
understands any limitations that they may have due to their condition. For example, some
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more severe cases of MDI require strict activity limitations and the patient should be
advised not to return to certain activities (e.g. contact sports) or should be advised to limit
activities (e.g. some gym exercises, amount weight used and/or higher volumes of specific
activities).
3.5

Conclusion

This chapter outlines a comprehensive rehabilitation protocol developed specifically for
MDI patients based on known deficits identified in the literature and their common clinical
presentations. Although somewhat prescriptive, the principle of using assessment to
determine the direction and progression of the rehabilitation program allows for a
pragmatic approach and clinical decision making.
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CHAPTER 4:

THE EFFECTS OF A CONSERVATIVE REHABILITATION FOR
MULTIDIRECTIONAL INSTABILITY
4.1

Introduction and Aim

As noted in previous chapters, conservative rehabilitation is generally considered to be the
best management strategy for MDI of the glenohumeral joint (An & Friedman, 2000; Bahu
et al., 2008; Beasley et al., 2000; Burkhead & Rockwood, 1992; Finnoff, Doucette, &
Hicken, 2004; Guerrero et al., 2009; A. Lewis et al., 2004; Mallon & Speer, 1995;
Tillander et al., 1998). Retraining of the dynamic shoulder stabilisers to maintain the
humeral head centered in the glenoid is feasibly optimal management for patients with
MDI. Routinely articles quote that physiotherapy is met with 80% to 90% success rates
(Beasley et al., 2000; Burkhead & Rockwood, 1992; Jaggi & Lambert, 2010; A. Lewis et
al., 2004; Mallon & Speer, 1995), however as demonstrated in Chapter 2 there is a paucity
of evidence to support this premise. The research to date on conservative management of
MDI has been of poor methodological quality with a lack of pre intervention outcome
measures, inappropriate outcome measure selection, limited description of interventions
and issues surrounding the diagnosis of MDI and the homogeneity of included samples.

Traditionally conservative rehabilitation programs recommended for MDI have focussed
on the rotator cuff (Guerrero et al., 2009; Hayes et al., 2002; Ide et al., 2003; R. Leffert &
Rowe, 1988). Others, such as the Rockwood program, have added exercises for deltoid
and scapular stabilisers in a standardised format (Burkhead & Rockwood, 1992). Several
authors have commented on the importance of scapular stabilisers in MDI (Bahu et al.,
2008; Beasley et al., 2000; Magarey & Jones, 2003) and the lack scapular of upward
rotation considered a feature in this population has been implicated in the development of
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MDI (Cordasco, 2000; Inui et al., 2002; Ogston & Ludewig, 2007; Ozaki, 1989; von
Eisenhart-Rothe et al., 2005). However, none have objectively documented this in a
known population of MDI patients and assessed its relevance or capacity to change with
conservative rehabilitation.

To date, no research has utilised a pre and post intervention design with outcome measures
that have been shown to have good psychometric properties for assessing instability.
There are no RCTs evaluating the conservative management of MDI. As a first step to
evaluating the impact of conservative rehabilitation, it was considered that a pre-post study
design evaluating the effect of a rehabilitation program designed specifically for the MDI
population, with outcomes measured using instability-specific scales would be appropriate.
Evaluation of the treatment protocol using a pre-post study allows the collection of
evidence for treatment efficacy (or otherwise), prior to embarking on an RCT. Conducting
an RCT is a costly and time consuming process.
4.1.1

Aim

The aim of this study was therefore to examine the effects of a conservative rehabilitation
program (as outlined in Chapter 3) on shoulder function, muscle strength, scapular position
and scapular motion in a group of patients with confirmed MDI of the glenohumeral joint.

4.2

Methods

This was a single group, pre-post study design with a blinded assessor and one expert
treating physiotherapist.

119

4.2.1 Ethical Approval
Ethical approval was obtained from the Human Ethics Committee of Latrobe University
(Application number: 09-027) (Appendix E). All patients, and guardians, where relevant,
provided written informed consent (Appendix F).
4.2.1

Recruitment of Participants

Participants were recruited for the study from patients presenting to or referred to Lifecare,
Prahran Sports Medicine Centre or Melbourne Orthopaedic Group, Melbourne, Australia.
These patients were assessed by and referred from orthopaedic surgeons and sports
physicians around Melbourne.

4.2.1.1 Inclusion Criteria
Participants were aged between 12 and 35 years of age, were willing and able to provide
informed consent, and were diagnosed with MDI of at least one shoulder. The lower age
limit was set at 12 years since MDI is a condition commonly observed in teenagers and
young adults. The upper age limit minimised the potential confounder of secondary
degenerative compensation (Bonsell et al., 2000).

Diagnosis of MDI was made by one of two experienced shoulder orthopaedic surgeons.
For the purposes of this trial, MDI was defined as symptomatic instability in three
directions (Altchek et al., 1991; Illyes & Kiss, 2006; A. Lewis et al., 2004; Neer & Foster,
1980; Pollock et al., 2000). Symptomatic included discomfort, pain, apprehension or
guarding during instability tests. The presence of symptoms ensures that included
participants were not presenting with only generalised ligamentous laxity.
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The diagnosis of MDI was made by:
i.

A positive sulcus sign. The sulcus test was performed in neutral and in external
rotation of the arm (Bahk et al., 2007). The sulcus test is a valid and reliable test for
inferior laxity (Tzannes et al., 2004) with a fair to good inter-examiner reliability
(E.G McFarland, 2006; Tzannes et al., 2004).

And
ii.

Positive findings on anterior and posterior instability testing;
•

Anterior and posterior draw tests (10 to 30° abduction) (Gerber & Ganz, 1984;
Tzannes et al., 2004).

•

Anterior and posterior draw tests in (80 to 120° abduction) (Bahk et al., 2007;
Gerber & Ganz, 1984).

•

Anterior (Kessel, 1982; E.G McFarland, 2006; Rowe, 1988; Tzannes et al., 2004)
and posterior apprehension tests.

The anterior draw test has a moderate reproducibility (Levy et al., 1999) and diagnostic
value for anterior instability (Farber et al., 2006). The posterior draw test has moderate
reproducibility (Levy et al., 1999) and has a sensitivity of 42% and specificity of 92% for
the diagnosis of symptomatic subluxation (E.G McFarland, 2006). The anterior
apprehension tests is reliable for evaluating the presence of apprehension (Tzannes et al.,
2004) and the posterior apprehension test is reported to be highly sensitive when
apprehension is used as the criteria for a positive test (Jia et al., 2009).

4.2.1.2 Exclusion Criteria
Participants were excluded if there was any evidence of neurological deficit, previous
shoulder surgery, connective tissue disorder, predominance of volitional instability, history
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of significant shoulder trauma or evidence of bony, labral or significant tendon lesion on
magnetic resonance imaging (MRI). Individuals with a significant history of trauma are
more likely to have a structural lesion and predominantly unidirectional pathology (A.
Lewis et al., 2004). All participants underwent MRI and all imaging was undertaken at
Imaging @ Olympic Park, Richmond, Victoria and all films were read and reported on by
the same senior radiologist. Participants with bony lesion (Hill Sachs or bony Bankart),
labral lesion (SLAP, labral Bankart, frank tears) or significant tendon lesions (full
thickness rotator cuff or biceps tendon tears) were excluded. Normal anatomical variants
on MRI such as labral deficiency, labral recess, and glenoid dysplasia were acceptable.
Labral fraying and small rotator cuff tears were also acceptable.

Participants with a predominance of volitional instability were excluded since treatment for
this type of instability primarily focusses on counselling to cease the habitual subluxation
(A. Lewis et al., 2004). Participants with connective tissue disorders such as EhlersDanlos Syndrome and Marfan syndrome were also excluded since treatment of these forms
of instability would not fit within the timeframes of this study and additional interventions
might also be required.

4.2.2 Baseline Assessment
4.2.2.1 Subjective Examination
All participants were examined by a single independent experienced shoulder
physiotherapist. During this examination the participants’ presenting history, duration of
symptoms, mechanism of onset, previous treatment, occupation, impact on occupation and
demographic data (age, sex, height, weight, affected side, arm dominance) were recorded.
Patients were also questioned about their sporting participation (type, level, frequency and
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if currently able to perform). Patients were asked to rate their level of disability in their
general daily activities using a 10-point numerical rating scale (NRS). Patients were asked
about their instability symptoms; the direction, frequency, degree of instability and
whether they could voluntarily sublux or dislocate their shoulder.

4.2.2.2 Primary Outcome Measures – Questionnaires
At this initial measurement session, each participant was also asked to complete three
shoulder instability questionnaires; The Melbourne Instability Shoulder Score (MISS),
Western Ontario Shoulder Instability Index (WOSI) and Oxford Shoulder Instability Score
(OISS) (Kirkley, Griffin, McLintock, & Ng, 1998; Moser, Barker, Doll, & Carr, 2008; L.
Watson, Story, et al., 2005). These three glenohumeral joint instability-specific
questionnaires have been identified as the only three validated self-report scales specific to
shoulder instability (Rouleau, Faber, & MacDermid, 2010).

4.2.2.2.1 Melbourne Instability Shoulder Score
The MISS is a self-administered tool with a total of 100 points divided into four categories
that assess pain, instability, function, and occupational and sporting demands (Appendix
G). The total score for the MISS can range between 0 and 100 points (where 0 represents
no deficit and 100 the worst impairment). The MISS is a valid and reliable tool, with an
ability to accurately highlight the severity of a person’s instability (Plancher & Lipnick,
2009) and has also been shown to have a high test-retest reliability (L. Watson, Story, et
al., 2005).
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4.2.2.2.2 Western Ontario Instability Index
The WOSI is a self-administered tool with 21 items over the four domains of physical
symptoms, sport/recreation/work, lifestyle function and emotional (Kirkley, Werstine,
Ratjek, & Griffin, 2005). Each question results in a number between 0 and 100, with a
total score between 0 and 2,100 points (where 0 represents no deficit and 2,100 the worst)
(Appendix X). The WOSI has been shown to be responsive (Plancher & Lipnick, 2009)
and sensitive to change as well as being a reliable and valid tool, with a high test-retest
reliability (Salomonsson, Ahlstrom, Dalen, & Lillkrona, 2009).

4.2.2.2.3 Oxford Shoulder Instability Score
The OISS is a self-administered tool with 12 items each of which has five response
alternatives, ranked from least to most difficult (1 to 5 points) The total score ranges from
12 (optimal function) to 60 (worst function) (Dawson et al., 1999). The OISS has been
shown to have good responsiveness in instability patients undergoing surgery (Dawson et
al., 1999) and undertaking conservative management, and high test-retest reliability
(ICC=0.90) (Moser et al., 2008).
4.2.3

Secondary Outcome Measures

4.2.3.1 Scapular Upward Rotation
Scapular position at rest and upward rotation through abduction range of motion was
measured according to a standardised protocol (L. Watson, Balster, Finch, & Dalziel,
2005). The technique uses two Plurimeter-V gravity referenced inclinometers (Dr
Rippstein Zurich, Switzerland). One inclinometer was positioned perpendicular to the
shaft of the humerus and the other placed on the superior scapular spine. The angle
displayed by the inclinometer on the superior scapular spine recorded the degree of
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scapular upward rotation at rest, at 30, 45, 60, 90, 120, 135° and end range of motion of
glenohumeral abduction (L. Watson, Balster, et al., 2005). This technique has been shown
to have good overall intra-tester reliability (ICC =0.88) across the positions of abduction
(range ICC= from 0.81 to 0.94) (L. Watson, Balster, et al., 2005).

Figure 4-1 Measuring scapular upward rotation. Positioning of the two Plurimeter-V
gravity inclinometers during data collection. One inclinometer, velco taped to the distal
humerus, was used to determine total shoulder abduction while the other inclinometer was
manually positioned along the spine to the scapula to measure the degree of scapular
upward rotation.
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4.2.3.2 Scapular Co-ordinates
Bilateral scapular co-ordinates at rest, 90 and end range of motion of glenohumeral
abduction were measured in centimetres with a tape measure (L. A. Watson et al., 2010).
There have been various protocols reported for measuring scapular elevation / depression
and medial / lateral shift (da Costa et al., 2010; J. S. Lewis & Valentine, 2008) and the
majority of these linear measurements have been found to have good intra and intertester
reliability (da Costa et al., 2010; J. Lewis, Green, Reichard, & Wright, 2002; J. S. Lewis &
Valentine, 2008).

The protocol used in the current study was a modification of previously published methods
and allowed for a measure on the y-axis as well as the x-axis. Traditional methods utilise
x-axis measurement of the distance from the spine to the medial spine of the scapula, the
spine to the acromioclavicular joint and the spine to the inferior angle (Figure 4.2). The yaxis is either not assessed, or measured according to the level of spinous process, which
might not be a reliable estimation (Billis, Foster, & Wright, 2003). The current study used
a tape measure along the spine to allow for the measurement of scapular position relative
to the x and y-axes. The end of the vertical tape measure was positioned of the C7 spinous
process of the participants.
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Figure 4-2. Scapular co-ordinates. A, Spinous process corresponding with the root of the
spine of the scapula; B, root of the spine of the scapula; C, lateral end of the spine of the
scapula; D, spinous process corresponding with the inferior angle of the scapula; E,
inferior angle of the scapula; F, T12 spinous process. From: Lewis and Valentine (2008, p.
1798).

The examiner palpated the participants’ C7 spinous process and then taped a tape measure
to the skin overlying this spinous process so that the tape measure hung vertically like a
plumb-bob. The tester then palpated the inferior angle of the scapula and used a second
measuring tape to measure the horizontal distance from the inferior scapula angle back to
the spine and the vertically hanging measuring tape. The intersection of these two
measuring tapes provided a vertical (y axis) and horizontal position (x axis) of the inferior
scapula angle relative to the C7 spinous process (Figure 4.3). This measuring protocol was
then repeated for the medial root of the scapula spine and the posterior acromioclavicular
joint to obtain similar vertical and horizontal distances from the C7 spinous process.
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Y axis

X axis

Figure 4-3. Measuring co-ordinates of the inferior angle. One measuring tape was
affixed to the skin overlying the C7 spinous process and was using to determine vertical
distance from C7 while the other measuring tape was manually positioned horizontally
from the inferior scapula angle back to the spine and the vertical tape measure to
measure the horizontal distance of the inferior angle from the spine.

These co-ordinates were taken from the y-axis of the transverse processes of the spine to
the x-axis of the i) tip of the inferior scapula angle, ii) medial root of the scapula spine and
the iii) most posterior portion of the acromioclavicular joint (ACJ) (L. A. Watson et al.,
2010). The angle of abduction was measured by using an inclinometer velcro taped
perpendicular to the shaft of the humerus, just above the lateral humeral epicondyle.

4.2.3.3 Muscle Strength Assessment
Muscle strength was assessed using a Powertrack II Commander, Handheld Dynamometer
(JTech Medical, Salt Lake City, Utah) and recorded in Newtons. Maximal isometric
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muscle strength was obtained during “make” tests for the shoulder external rotation with
the arm by their side and at 90 abduction, internal rotation at 90 abduction, shoulder
extension, shoulder abduction, shoulder flexion (short lever) and shrugging (Figure 4.4).
The positions chosen for testing were based on Kendall, McCreary, and Provance (1993).
The muscle strength was also assessed during performance of clinical tests for the rotator
cuff: Empty can test, Speed Test and hand-behind-back lift-off test (Figure 4.5).

The resisted internal and external rotation tests at 0 and 90 abduction are commonly used
positions to measure strength of the rotator cuff muscles (Ganderton & Pizzari, 2013).
Shoulder extension, short-lever shoulder flexion and shoulder abduction were considered
to be indicators of posterior, anterior and middle deltoid strength respectively. The shrug
was used as an indicator of upper trapezius muscle strength and performed in 20-30 of
shoulder abduction (T. Pizzari et al., 2014). The empty can test has been shown to elicited
a large amount of supraspinatus muscle activity (Ganderton & Pizzari, 2013) and was used
to indicate supraspinatus strength. During the Speed Test, downward resistance was
applied to the shoulder while positioned at 90 flexion, elbow extension and forearm
supination (Oh, Kim, Kim, Gong, & Lee, 2008). This commonly used test highlights long
head of bicep pathology and superior labral conditions. Since the biceps activity at the
shoulder was of particular interest in the current study, this test was used to indicate biceps
strength. The hand-behind-back lift off test was used to measure subscapularis activity
without the contribution of other shoulder internal rotators that may occur during other
internal rotation tests. The hand-behind-back position with the lift off has been shown to
produce high levels of subscapularis activity with limited activation of other shoulder
internal rotators (Greis, Kuhn, Schultheis, Hintermeister, & Hawkins, 1996).
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Figure 4-4. Muscle strength assessment. A: External rotation at 0°. B: internal rotation
at 90. C: Extension. D: Abduction. E: Short lever flexion. F: Shrug.
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Figure 4-5. Muscle strength assessment. A: Empty can test. B: Speed test. C: Hand behind
back (push off) test.

“Make” testing was used rather than “break” testing due to its improved reliability and
lower injury risk (R. W. Bohannon, 1999; Seagraves & Horvat, 1995). Participants were
instructed to build their effort to their maximum and hold this maximum for 5 seconds. A
single, good quality, contraction was recorded for each of the muscle tests as this has been
shown to accurately measure maximal strength (R. Bohannon & Saunders, 1990; Turner,
Ferguson, Mobley, Riemann, & Davies, 2009). If the subject did not perform an
appropriate, consistent, muscle contraction the test was repeated.

The testing protocol order was randomised for test positions but tests alternated between
sides to allow for some recovery between muscle contractions and prevent development of
fatigue which could affect the strength results. The tester was blinded to the device screen
during testing to prevent bias.

4.2.3.4 Clinical Examination – Other Measures
Each participant was screened for the presence of generalised ligamentous laxity (GLL)
according to the protocol described by Beighton et al. (1973) that measures the five
following elements;
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•

Elbow extension > 195° (1 point for each arm);

•

Passive hyperextension of the 5th metacarpophalangeal joint beyond 90° (1 point
for each hand);

•

Passive opposition of the thumb to the flexor aspect of the forearm (1 point for each
thumb);

•

Hands flat on floor with knees straight (1 point);

•

Knee extension > 180º (1 point for each knee).

The score was summed to give an overall ligamentous laxity score ranging from 0 (tight)
to 9 (extremely hyperlax). The presence of GLL was considered with a score greater than
4 using this scale (Beighton & Horan, 1969).

4.2.4

Procedure

After recruitment, participants attended the baseline testing session for recording of
scapular position, strength measures and to complete standardised outcome measures.
Following this, participants undertook a rehabilitation program that focused on regaining
stability and control of muscles acting on the glenohumeral joint and scapulothoracic
joints. The program (as described in Chapter 3) was advised and monitored by the author
(LW) and required participants to attend rehabilitation once per week over 12 weeks.

The rehabilitation program was primarily based around maintaining good scapular and
humeral head control through all stages of the program. The program has two primary
components: assessment and intervention. With the assessment determining what scapular
and humeral head position the participant will need to retrain and maintain throughout the
intervention component. The intervention program was divided into seven stages that
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progressed the participants from scapular control and humeral head control below shoulder
level to control at and above shoulder level. Strengthening of the scapular stabiliser,
rotator cuff and deltoid also progressed from low ranges to higher ranges of elevation.
Load was applied to each exercise with either the weight of the participant’s arm, a
theraband or a dumbbell. Load was progressed as each stage was progressed. A
recruitment dosage was utilised initially, followed by an endurance dosage and moving
onto a strengthening / hypertrophy dosage. Clinical assessment was used to determine the
stage of entry into the rehabilitation program, type of exercises performed and dosage.

At the conclusion of the 12 weeks of rehabilitation a follow-up assessment was performed
by the independent physiotherapist examiner to measure changes in scapular position and
motion, muscle strength, and standardised outcomes measures.

A subgroup of MDI participants (n=11) from the current study cohort undertook
electromyographic (EMG) analysis of muscles pre and post rehabilitation as part of another
research project (T. Pizzari, 2011). This project compared the activation of the shoulder
muscles (supraspinatus, subscapularis, infraspinatus, trapezius, deltoid, rhomboids,
latissimus dorsi, pectoralis major, pectoralis minor, and serratus anterior) in the MDI
participants with control participants. Comparisons were made within-group for MDI
participants pre and post rehabilitation and between the MDI and control group. The
results are not presented in this thesis, however the results contribute to the discussion of
the findings of this Chapter.
4.2.5

Data Analysis

The data were examined for violations of normality assumptions using the Shapiro-Wilks
test. Dependent groups t-tests (paired t-tests) were used to compare the means (SD) of pre
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and post-rehabilitation outcome measures. Where normality was violated, the nonparametric Wilcoxon signed rank test was used to compare between pre and postrehabilitation scores. Typically a p-value of less than 0.05 would indicate a significant
difference between pre and post measures, however considering the number of
comparisons performed a Bonferroni correction was undertaken for each outcome measure
to reduce the chance of making a type II error (Portney & Watkins, 2000). For example, to
compare strength tests between time points, 10 paired t-tests were performed. Without
correction of the alpha level, the chance of making a Type II error is 40%, it was therefore
important to perform this correction.

To provide a measure of the magnitude of the difference between pre and post test results,
a standardised mean difference (mean difference/standard deviation of the mean
difference) was calculated for all significant outcomes (Ashford et al., 2009). This singlegroup effect size calculation of the paired difference between pre and post measures is
considered appropriate to account for the influence of time that is not measured by such a
study design. Cohen’s benchmarks for interpreting the magnitude of the standardised
mean difference (SMD) scores were used, where a result of 0.20 or less is considered a
small effect, 0.50 is defined as moderate and a large effect is greater than 0.80 (Portney &
Watkins, 2000).
4.3
4.3.1

Results

Group Characteristics

Forty three patients were recruited into the study. Thirty-nine patients were available for
follow up at an average of 4.6 months (range 3 – 6 month). Four patients were lost to
follow up; one due to relocation overseas, one due to a fall resulting in a full dislocation of

134

the shoulder, two due to a lack of compliance in the rehabilitation program and failure to
attend re-assessment sessions. Sixteen males and twenty-seven females, mean age 19.8
years (SD 4.9 years) were included. Participant details can be viewed in Table 4.1.

4.3.2

Standardised Outcome Measures

On normality testing using the Shapiro-Wilks all questionnaire data violated the
assumption of normality at post-test and thus a non-parametric Wilcoxin signed rank test
was used to calculate the difference between pre and post questionnaire scores. A
Bonferroni correction was applied, considering the use of four tests, resulting in an alpha
value of 0.013. Table 4.2 demonstrates that there was a statistically significant
improvement in all of the instability-specific outcome measures and the NRS of disability.
Large effects were found between pre and post rehabilitation scores on all questionnaires,
with the WOSI demonstrating the largest effect.
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Table 4.1. Participant Characteristics

Characteristic
Gender

27 female, 16 male

Mean age (range)

19.8 years (12.5 – 31)

Shoulder side

21 right, 22 left
23 dominant, 20 non-dominant

Generalised hypermobility (n)

22

Duration of symptoms in months (range)

38.2 months (1-192)

Presence of voluntary instability (n)

18

4.3.3

Scapular Upward Rotation

The difference between pre and post rehabilitation scapular upward rotation was calculated
using paired t-tests. A Bonferroni correction was applied considering the use of eight
calculations resulting in a significance level of 0.006. At rest and in the early phases of
abduction there was a significant improvement in upward rotation (p<0.006) (Table 4.3,
Figure 4.6).
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Table 4.2. Means, Standard deviations, Range, Median, Interquartile Range for MISS, WOSI, OISS and Shoulder Rating.

Pre-Rehabilitation

Post-Rehabilitation

p

SMD

Mean

SD

Range

Median

IQR

Mean

SD

Range

Median

IQR

WOSI

1264.63

327.95

465-1820

1285.0

520.0

482.23

252.11

105-1285

492.0

265.0

<.001*

-3.04

MISS

46.95

15.75

19-81

46.5

23.3

76.32

12.20

35.5-92

79.5

13.2

<.001*

2.15

OISS

35.76

8.59

20-53

36.0

14

20.67

6.97

13-40

19.0

8.0

<.001*

-1.90

NRS

4

1.8

0-7.5

4.0

2.0

1.6

.93

0-3

1.5

1.0

<.001*

-1.73

Note. SD = standard deviation, WOSI = Western Ontario Shoulder Instability, MISS = Melbourne Instability Shoulder Score, OISS: Oxford
Instability Shoulder Score, IQR = Interquartile range, NRS = Numerical Rating Scale. * Wilcoxon signed rank test. p = significance level, SMD
= standardised mean difference.

137

Table 4.3. Scapular Upward Rotation: Pre and Post Rehabilitation Means, Standard
Deviations, Standardised Mean Differences and p Values.

Pre-Rehabilitation

Post-Rehabilitation

p

SMD

Mean (SD)

Mean (SD)

Rest

5.3 (8.8)

12.3 (5.5)

<.001

0.95

30 degrees

11.2 (10.4)

17.6 (5.9)

<.001

0.87

45 degrees

18.1 (11.9)

23.8 (6.5)

0.001

0.61

60 degrees

26.8 (12.7)

31.5 (8.3)

0.002

0.54

90 degrees

41.9 (11.4)

42.9 (8.4)

0.232

0.31

120 degrees

55.5 (9.6)

54.6 (7.5)

0.715

0.08

135 degrees

59.5 (9.3)

60.5 (6.5)

0.534

0.10

EOR

68.9 (9.2)

67.1 (5.7)

0.082

-0.32

Note. EOR=End of range, SD=Standard deviation, p=alpha, SMD= standardised mean
difference (effect size).
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Figure 4-6. Scapular upward rotation graph.

4.3.4

Scapular Co-Ordinates

The difference between pre and post rehabilitation scapular position was calculated using
paired t-tests. A Bonferroni correction was applied considering the use of eighteen tests
resulting in a significance level of 0.003. There were no significant difference found for
any co-ordinate measure at rest, 90° abduction, or at end of range of abduction (Table 4.4).
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Table 4.4. Scapular Co-ordinates: Pre and Post Rehabilitation Means, Standard
Deviations, and p Values.

Pre-Rehabilitation (cm)

Post-Rehabilitation (cm)

p

Mean (SD)

Mean (SD)

Rest – Inf X

8.1 (1.7)

8.6 (3.2)

0.24

Rest – Inf Y

21.2 (1.9)

20.6 (2.6)

0.27

Rest- Med X

6.4 (1.5)

6.5 (1.7)

0.65

Rest – Med Y

8.5 (1.7)

8.7 (1.8)

0.79

Rest – ACJ X

18.8 (2.4)

18.1 (3.1)

0.20

Rest – ACJ Y

5.1 (1.6)

4.6 (2.7)

0.36

90°- Inf X

13.2 (2.2)

13.4 (3.6)

0.24

90°- Inf Y

21.2 (1.8)

20.7 (2.3)

0.33

90°- Med X

6.1 (1.5)

5.7 (2.0)

0.13

90°- Med Y

11.3 (1.6)

10.9 (1.8)

0.77

90°- ACJ X

14.5 (1.7)

13.8 (2.5)

0.08

90°- ACJ Y

2.2 (2.5)

2.1 (2.5)

0.28

EOR – Inf X

17.8 (2.2)

17.6 (1.9)

0.56

EOR – Inf Y

20.7 (2.0)

20.4 (2.0)

0.42

EOR – Med X

8.1 (1.5)

7.7 (1.6)

0.02

EOR – Med Y

12.9 (1.6)

13.3 (1.5)

0.07

EOR – ACJ X

13.3 (1.7)

13.2 (1.6)

0.52

EOR – ACJ Y

1.4 (1.5)

1.2 (1.6)

0.64

Note. SD=Standard deviation, p=alpha, Inf X= Inferior scapular angle x-axis, Inf Y=
Inferior scapular angle position on the y-axis, Med X=Medial root of the scapular spine xaxis, Med Y=Medial root of the scapular spine position on the y-axis, ACJ X=Posterior
acromioclavicular joint x-axis, ACJ Y=Posterior acromioclavicular joint position on the yaxis.

140

4.3.5

Muscle Strength

The difference between pre and post rehabilitation muscle strength was calculated using
paired t-tests. A Bonferroni correction was applied considering the use of 10 tests
resulting in a significance level of 0.005. All strength measures improved significantly
following rehabilitation (Figure 4.7, Table 4.5). The standardised mean differences
demonstrated large effects between pre and post rehabilitation measures for the empty can
test, external rotation at 0° and 90°, lift off (hand behind back), posterior deltoid, and the
shrug. Moderate effects were demonstrated for internal rotation at 90° abduction, bicep
strength, anterior deltoid, and middle deltoid.

300

250
Pre Rehab

Post Rehab

Newtons

200

150

100

50

0
Empty
Can

ER 0°

ER 90°

IR 90°

Lift Off

Biceps

Ant Delt Mid Delt Post Delt

Shrug

Muscle Strength Tests

Figure 4-7. Muscle strength pre and post rehabilitation. ER = external rotation, IR =
internal rotation, Ant delt = anterior deltoid, Mid delt = middle deltoid, Post delt =
posterior deltoid.
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Table 4.5. Muscle Strength: Pre and Post Rehabilitation Means, Standard Deviations,
Medians, Interquartile Range, Standardised Mean Differences, and p Values.

Pre-Rehabilitation (N)

Post-Rehabilitation (N)

p

SMD

Mean (SD)

Median (IQR)

Mean (SD)

Median (IQR)

Empty Can

53.6 (22.5)

50.6 (24.2)

68.6 (22.5)

68.2 (29.1)

<.001*

0.93

0° Ext Rot

84.4 (34.5)

83.6 (41.4)

101.0 (25.4)

101.0 (37.0)

<.001*

0.90

90° Ext Rot

52.1 (23.7)

48.4 (24.2)

79.4 (27.7)

72.6 (30.3)

<.001*

1.41

Lift off HBB

47.3 (22.0)

42.9 (27.5)

59.1 (27.0)

53.5 (28.8)

<.001*

1.21

90° Int Rot

81.0 (41.6)

68.2 (52.4)

122.2 (45.9)

121.0 (44.3)

<.001*

0.69

Biceps

58.6 (27.0)

59.4 (39.8)

68.8 (24.4)

66.0 (29.8)

<.001*

0.74

Ant Deltoid

137.6 (65.3)

125.0 (59.0)

168.8 (58.0)

154.5 (62.5)

<.001*

0.71

Mid Deltoid

98.9 (40.7)

97.0 (48.4)

120.9 (37.9)

112.0 (42.3)

<.001*

0.71

Post Deltoid

154.4 (68.0)

143.0 (111.8)

212.4 (52.8)

205.5 (77.4)

<.001*

1.22

Shrug

196.4 (61.4)

173.0 (66.0)

288.8 (64.8)

281.0 (90.0)

<.001*

2.08

(Speed test)

Note. N = newtons, HBB = hand-behind-back, N = newtons, SD = standard deviation, IQR
= interquartile range, p = alpha, SMD = standardised mean difference, Ant = anterior, Post
= posterior, Mid = middle, Int = internal rotation, Ext = external, Rot = rotation
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4.4

Discussion

The results of this study demonstrate that at follow-up, post rehabilitation, participants
reported significant improvements in functional status, demonstrated improved scapular
upward rotation in the initial stages of abduction, and increased shoulder muscle strength
overall. Since this study was a single-group design, the rehabilitation cannot be presumed
to be the cause of the improvements, however there appears to be an association with
participating in this trial of rehabilitation and an improved outcome. This is an important
finding considering the low quality of evidence for the conservative management of MDI
to date. This association allows for greater confidence in the value of conservative
management and informs further research by way of clinical trials into the area. Despite
that the effect of time was not controlled, it is considered unlikely that substantial natural
healing occurred over the duration of the study given the chronicity of symptoms and the
typical clinical pathway of the disorder. However the bias introduced by the effect of
being studied, the Hawthorne effect (McCarney et al., 2007), cannot be underestimated.

This current study is the first trial of conservative management that has utilised three
instability specific outcome scores to assess the effectiveness of physiotherapy and has
been able to demonstrate significant improvements in function in a group of patients with
MDI.
4.4.1

Primary Outcome Measures

The primary outcome measures utilised in this study, the MISS, WOSI and OISS, have all
have been recommended for use in instability patient populations (Boileau et al., 2006;
Plancher & Lipnick, 2009; Rouleau et al., 2010). The significant change in these outcome
measures reflect an association with participation in the rehabilitation program and a
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reduction in participants’ pain and improvements in function. The three instability scales
measure perceptions of instability and the impact of instability on work, sport and social
activities as well as pain levels. The WOSI also measures emotions associated with
instability. These results should be all be considered in light of the limitations of the prepost design of this study.

The mean improvement on the MISS was almost 30 points for participants in this trial
which exceeds the calculated minimal detectable change (MDC) of 4.5 points and the
minimal clinical important difference (MCID) of 5 points (L. Watson, Story, et al., 2005).
This mean difference is similar to the findings demonstrated in a mixed instability
population who underwent surgical stabilisation and were followed up 6 months postsurgery (L. Watson, Story, et al., 2005). The MCID is defined as the smallest change in a
score that a patient would perceive as beneficial or detrimental and that could justify a
change in management. The mean change on the WOSI in the current study was 782
points and this exceeds the MCID of 220 points (10.4%) and the recognised threshold of a
large difference change in total score of 527.46 points (25%) (Kirkley et al., 2005). The
mean change on the OISS for participants in this study was 15 points which is more than
double the 7 point MCID identified in a large group of patients with a range of shoulder
instabilities (Moser et al., 2008). The effect sizes depict an excellent effect across the three
primary outcome measures and also for the NRS for level of disability.

4.4.2

Secondary Outcome Measures

The secondary outcome measures displayed significant changes from the pre rehabilitation
measures to the post rehabilitation measures for strength and scapular upward rotation in
the lower ranges of abduction. The effect size of this change in early abduction was
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moderate to large (Portney & Watkins, 2000). The scapular co-ordinates failed to show a
significant change.

4.4.2.1 Scapular Upward Rotation

The improvements in scapular upward rotation movements are important since downward
rotation, or insufficient upward rotation, or “drooping” of the scapulae has been implicated
by several authors as being involved in the development and progression of MDI
(Cordasco, 2000; Inui et al., 2002; Ogston & Ludewig, 2007; Ozaki, 1989; von EisenhartRothe et al., 2005). The downward rotation and depression coupled with the insufficient
upward rotation of the scapula seen in the MDI population potentially leads to the glenoid
being poorly positioned. Downward facement of the glenoid may predispose the humeral
head to sublux (Ozaki, 1989) creating potentially altered activation strategies of the rotator
cuff.

Previous research utilising the same measurement technique incorporated in this study
demonstrated that the average resting position of the scapula in an asymptomatic shoulder
is 10° upward rotation (range: 0-20) with an average of 70.3° (range: 57-83) upward
rotation occurring through range of abduction (L. Watson, Balster, et al., 2005). Similar
findings have been reported by a number of authors (Ludewig & Reynolds, 2009; P. W.
McClure et al., 2001; Schwartz et al., 2014). The current study found that the scapula at
rest in the MDI population prior to intervention was 5.3° (SD = 8.8) upward rotation and
demonstrated 68.9° upward rotation by the end of range. This suggests that although the
MDI participants commenced in less upward rotation, the final degree of motion was
similar to previously reported estimates of normal motion. Although the interpretation of
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these measurements is not truly accurate without age and gender matched asymptomatic
controls for comparison.

Post rehabilitation the scapula demonstrated a significant change in upward rotation at rest
and a significant increase in upward rotation of the scapula through the early range of
elevation. This will produce a more superior facement of the glenoid fossa that could
contribute towards stability of the humeral head. The increased slope of the glenoid fossa
acts as a bony cam preventing inferior displacement of the humeral head and the upward
rotation tightens superior structures overlying the joint and maintains the humeral head in
the glenoid fossa (Illyes & Kiss, 2006). Considering that subluxation or instability through
range, rather than at the end of range, is more of an issue in MDI (Beasley et al., 2000),
this improvement in glenoid orientation may be of substantial benefit for this population.
Observable through range subluxations seen during abduction prior to rehabilitation were
eliminated post rehabilitation in participants. The significant improvement in upward
rotation in the early part of abduction and not the later range of abduction might reflect that
the participants produced sufficient upward rotation at the end of range (based on previous
scapular motion estimates), or could be a derivative of the stage of rehabilitation reached at
follow-up. Some participants might not have attained the higher stages of rehabilitation
and arcs of motion by the follow-up time and upward rotation may not have been trained
yet in the higher ranges of abduction. Alternatively, the changes only in the early ranges of
abduction might reflect a progression towards more normal scapulo-humeral rhythm, since
MDI patients have previously been shown to have increased scapulo-thoracic movements
from 90° until end of range shoulder elevation (Giovanni Merolla et al., 2015). Increasing
the early scapulo-thoracic may ensure a more uniform linear relationship between
glenohumeral and scapulo-thoracic motion throughout the entire range and reduce the
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displacement between rotation axes of the humerus and scapula proposed to contribute to
destabilising the humeral head (Illyes & Kiss, 2006). The calculated effect sizes, or SMDs,
demonstrated a diminishing effect with higher range of abduction, with large effects shown
at rest and 30°, moderate effects at 45 and 60° and small effects or no effect above 90° and
an inverse small effect at the end of range.

Altered position of the glenoid will also affect the lines of force created by the cuff
activation, possibly impacting on the effectiveness of the cuff compressive action and
ability to control translation of the humeral head (Howell, Imobersteg, Seger, & Marone,
1986; Kedgley et al., 2008; McQuade & Murthi, 2004; San Juan & Karduna, 2010). For
all of these reasons it is logical that in order to maximize the rotator cuff’s efficiency and
effectiveness it would be ideal for the scapula to be orientated in a position that optimised
glenoid fossa placement so that the humeral head stayed centered within the glenoid. This
is reflected in the rehabilitation program where time is taken to find the best position for
the scapula to maximise the rotator cuff strength and decrease the patient’s symptoms.
Time is then taken to ensure the patient can perform this recruitment strategy and can “set”
and control the scapula prior to progression to loading the rotator cuff or movement further
on into range of elevation.

A key component of the current rehabilitation program was to teach the patients to be able
to perform an upward rotation setting drill of the scapula in 20-30° of shoulder abduction
while maintaining the humeral head in a centered position. Gradual resistance was
progressively added. The original aim of this exercise was to specifically strengthen the
upper trapezius to facilitate upward rotation of the scapula as clinical observation had
shown insufficient upward rotation of the scapula, especially in the lower ranges of
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abduction, and weakness in manual muscle testing of the shrug in 20-30° abduction. The
upward rotation shrug or scapular setting performed at 20-30° of abduction has now been
shown to recruit all of the scapular upward rotators (upper, middle and lower trapezius and
serratus anterior) to a greater degree than a shrug performed at 0° abduction in normal
participants and MDI participants (T. Pizzari et al., 2014).

4.4.2.2 Muscle Strength

All of the muscle strength tests evaluated in the current study demonstrated significant
improvements at follow-up. Strength deficits are frequently cited as having a potential role
to play in MDI (An & Friedman, 2000; Bahu et al., 2008; Burkhead & Rockwood, 1992;
Gerber, 1997; Guerrero et al., 2009; Ide et al., 2003; A. Lewis et al., 2004) although
strength measures in MDI are rarely documented objectively. It is impossible to determine
if strength deficits existed initially in the current group of MDI participants without an age
and gender matched asymptomatic control group to compare data against. It is not
possible to compare between limbs in an MDI population since bilateral findings are
common (Neer & Foster, 1980).

The SMDs for strength measures showed large effects for empty-can test (supraspinatus),
external rotation at 0 and 90° abduction, lift-off test, posterior deltoid, and the shrug.
Moderate effects between 0.69 and 0.74 were identified for internal rotation at 90°
abduction, biceps (Speed Test), anterior deltoid, and middle deltoid. The large effects
identified in the former muscles/tests compared with the latter muscles/test reflect the
focus of the rehabilitation, particularly in the early phases. The movements trained first are
scapular setting and external rotation. These drills will influence the strength of the shrug
motion and the external rotators. The early introduction of shoulder extension and
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posterior deltoid strength drills in the rehabilitation would contribute to the large strength
effect of the posterior deltoid shown. Internal rotation, anterior deltoid and middle deltoid
are generally introduced later in the rehabilitation program. At the time of follow-up,
participants may have had less stimulus of these muscles, and may not have reached a
strengthening dosage. Nonetheless, all strength measures improved significantly with
moderate to large effects.

The only previous study to evaluate muscle strength changes following conservative
management was Ide at al. (2003). This study also found large effects for internal rotation
peak torque (SMD=0.82) and external rotation peak torque (SMD=1.51) measured at 0°
abduction in standing using an isokinetic dynamometer at speeds of 60°/second. The
authors described a mean gain of 33.4% for internal rotation peak torque and 23.4% for
external rotation peak torque following an 8 week training schedule. All of the rotator
muscle strength measures in the current study (external rotation at 0 and 90° abduction,
lift-off test and internal rotation at 90°) demonstrated mean percentage gains between 16
and 35%. A subgroup of MDI participants (n=11) from the current study cohort undertook
electromyographic (EMG) analysis of muscles pre and post rehabilitation and there was a
trend toward a significant difference in intensity measures for middle trapezius, upper
trapezius and supraspinatus when compared to control participants. Following the
rehabilitation outlined in Chapter 3, the MDI participant muscle intensity normalised (T.
Pizzari, 2011).

There is some inconsistent information as to the muscle deficits that exist in MDI and most
of the studies encompass EMG findings to outline these deficits (Zika, Watson, Pizzari,
Hill, & Wickham, 2008). The most consistent and significant alterations in muscle
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activation are decreased intensity and duration of all parts of deltoid and decreased
latissimus dorsi intensity. Atypical findings in the rotator cuff and other shoulder muscles
are inconsistent between studies (Barden, Balyk, Raso, Moreau, & Bagnall, 2005; Illyes &
Kiss, 2006; Kronberg & Brostrom, 1995; Kronberg et al., 1991; Santos, Belangero, &
Almeida, 2007). The differences in amplitude reported by these studies tended to be most
prominent during the middle ranges of movement which supports the anatomical basis of
stability relating to heightened demand for muscular control to maintain joint stability
when ligaments and joint capsule are least taut and the glenoid inclination is delayed.

Various authors have suggested that the rotator cuff should be targeted in rehabilitation
protocols for MDI (An & Friedman, 2000; Bahu et al., 2008; Beasley et al., 2000;
Burkhead & Rockwood, 1992; Finnoff et al., 2004; Gerber, 1997; Guerrero et al., 2009;
Ide et al., 2003; A. Lewis et al., 2004; Mallon & Speer, 1995; Tillander et al., 1998).
However, the relevance of the rotator cuff’s role in MDI has been unclear since several
studies have not been able to identify any clear deficit in rotator cuff function in MDI
populations. The EMG analysis of a subgroup of the current MDI participants was the first
study to identify a deficit in supraspinatus activity that was ameliorated with rehabilitation
(T. Pizzari, 2011). These data, combined with the current study findings of improvements
in supraspinatus strength in the empty can test provide some evidence that the
supraspinatus is an important muscle in MDI patients.

The EMG data also identified a trend towards decreased average intensity of upper and
middle trapezius (T. Pizzari, 2011). This trend towards decreased intensity of the upward
rotators of the scapula is consistent with the clinical measurements of depression and
downward rotation of the scapula at rest and insufficient upward rotation of the scapula in
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the early ranges of abduction. Post rehabilitation the decrease in intensity of the upward
rotators of the scapula was no longer present (T. Pizzari, 2011). This relates to the increase
in upward rotation of the scapula seen at rest and in the early range of motion demonstrated
in the clinical measures of scapular position with the inclinometer in the entire sample.

The consistent deficits described in all components of the deltoid in MDI patients (An &
Friedman, 2000; Bahu et al., 2008; Beasley et al., 2000; Burkhead & Rockwood, 1992;
Finnoff et al., 2004; Gerber, 1997; Guerrero et al., 2009; Ide et al., 2003; A. Lewis et al.,
2004; Mallon & Speer, 1995; Tillander et al., 1998) may highlight a need to strengthen the
deltoid during rehabilitation.

The deltoid is known to provide a superior compressive force to the humeral head
(Moynes, Perry, Antonelli, & Jobe, 1986; N. Poppen & Walker, 1978) which could resist
the inferior translation seen in MDI. Conversely, the reduced activity and shorter duration
of activation of deltoid in MDI have also been postulated to be a compensation strategies
to ensure that the humeral head remains centralised in the glenoid fossa. The increases in
deltoid strength demonstrated in the current study occurred along with functional
improvements, suggesting that increasing deltoid activity may be of benefit to MDI
patients. The delayed introduction of deltoid activity, particularly the middle and anterior
deltoid, in the rehabilitation protocol highlight that excessive deltoid activity before
scapular stability and rotator cuff co-ordination might be detrimental in MDI. This clinical
acumen is in agreement with Illyes and Kiss (2006), that the reduced deltoid activity and
short duration may increase stability in patients pre-intervention.
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4.4.2.3 Scapular Co-ordinates
There were no significant changes in post-rehabilitation scores when compared to prerehabilitation scores. This is despite identified changes in scapular upward rotation from
rest to 60° abduction. The validity of this method of measuring scapular position and
movement has not been tested and this may partly explain the lack of a change postrehabilitation. Similar measurement techniques have been shown to have good intra and
intertester reliability (da Costa et al., 2010; J. Lewis et al., 2002; J. S. Lewis & Valentine,
2008), however the validity of scapular position measurements has also been questioned
with asymmetries and deficits in scapular position common in asymptomatic individuals.
Similarly, McClure, Bialker, Neff, Williams, and Karduna (2004) found no change in
scapular kinematics in a group of subacromial syndrome patients following rehabilitation
despite improvements in functional outcomes.
4.4.3

Other Considerations

One of the most striking findings of the EMG study performed on a subgroup of the
current participants was that the MDI group demonstrated remarkably less variability
across all muscles and across all EMG characteristics in every performance of an
abduction drill compared to controls (T. Pizzari, 2011). This variability was restored post
rehabilitation in all muscle groups. Movement variability is considered a functional ideal
that reduces injury risk by modifying repetitive tissue loads (Bartlett, Wheat, & Robins,
2007; Davids, Shuttleworth, Button, Renshaw, & Glazier, 2004; Hamill, Palmer, & Van
Emmerik, 2012). Variability in movement control and movement patterns allows for
adaptation of muscles and joint positions to changing environments. Movement systems
show loss of complexity due to aging, illness, and injury (pain). In the presence of pain,
the movement system can create protection through increasing mechanical stiffness and
decreasing the variability of movement. This can have short terms benefits in the acute
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setting, but could be detrimental in the long term (Hodges & Smeets, 2015). Other
musculoskeletal conditions have been associated with reduced movement variability in the
literature, including lower back pain (Falla, Gizzi, Tschapek, Erlenwein, & Petzke, 2014)
and Achilles tendinopathy (Donoghue, Harrison, Coffey, & Hayes, 2008). Interventions to
address this reduced variability are recommended to use a ‘top-down’ cognitive-emotional
model in conjunction with a “bottom-up” afferent input model to address the learned
memory for pain and its responses (Zusman, 2008).

In Neer and Foster’s (1980) original paper on MDI, they proposed that MDI was caused by
poor motor patterning. Perhaps the limited variability seen in the muscles of the prerehabilitation MDI sample is a reflection of this poor motor patterning and learned
behavioural response. One of the focuses of the rehabilitation program utilised in this
current study was to re-train movement control by participants performing repeated range
of motion drills against graduated resistance. Participants were only allowed to perform
the arc of motion that they could control in terms of scapular and humeral head position.
Drills were modified if pain was elicited and it was essential that all exercises were painfree. Such graded exposure to arcs of motion and loads with the absence of pain may alter
pain memories (Nijs, Lluch Girbes, Lundberg, Malfliet, & Sterling, 2015) and may have
influenced the increased variability seen post-rehabilitation and ultimately improvements
in motor patterning and function.

The ability to maintain scapular and humeral head position may be considered to be not
only dependent on muscle strength but also on proprioceptive control (Forwell &
Carnahan, 1996; Lephart, Pincivero, Giraldo, & Fu, 1997; Lephart, Warner, Borsa, & Fu,
1994; Myers, Guskiewicz, Schneider, & Prentice, 1999; Warner, Lephart, & Fu, 1996;
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Zuckerman, Gallagher, Cuomo, & Rokito, 2003). Proprioception has been reported to be
adversely affected in MDI (Barden et al., 2004; Forwell & Carnahan, 1996; Lephart et al.,
1994). The functional gains achieved by the current group of MDI patients may
potentially have been facilitated through improved proprioceptive control and altered
motor patterning.

4.4.3.1 Limitations of the Current Study
The biggest consideration when interpreting the results of the study is the single group
design, which is susceptible to bias due to its uncontrolled nature. The impact of time or
placebo is not accounted for and their impact on the outcome is unknown. In single-group
designs the intervention cannot be presumed to cause the outcome, only associations may
be claimed. As noted above, it is considered unlikely that time (or natural healing) was a
substantial influence on results given the chronicity of the symptoms, the altered
movement patterns and the typical clinical pathway of the disorder. Fortunately the
positive findings of the current study have allowed for the treatment protocol to be
included in an RCT to accurately evaluate treatment efficacy (Australian New Zealand
Clinical Trials Registry #ACTRN12613001240730). The bias introduced by the effect of
being studied (McCarney et al., 2007), may have impacted on results both through an
increase in compliance with the rehabilitation program and an influence on responses in
outcome measurement scales. Adherence to the program was not measured in the current
study, so it is not known if this was increased as a result of monitoring in the study. The
current program was well received by participants, with only two drop-outs without valid
reason.
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Another limitation is that all participants were treated by only one therapist. It is therefore
not known if the rehabilitation program can be successfully implemented by other
therapists.

While the participants in the study were significantly improved by 12 weeks of
rehabilitation, it is important to note that some participants required additional time to
reach the functional stage of the rehabilitation program. The majority of patients went on
to improve beyond the 12 weeks and they continued on with their rehabilitation program.
Once discharged from formal physiotherapy patients were encouraged to perform
maintenance shoulder exercises 3 to 4 times per week. It is unknown, without long-term
follow up, how well patients maintained their levels of improvement. Kiss et al. (2001)
suggested that patients with MDI achieve only short term benefit from physiotherapy and
that results deteriorate over time requiring a combination of surgery plus physiotherapy to
achieve long term gains. Long term follow-up of the current participants would be useful
to test this theory.

4.4.3.2 Strengths of the Current Study
Previous rehabilitation protocols for MDI described in the literature are often difficult to
interpret and hard to reproduce (Kiss et al., 2001; Takwale et al., 2000). Others can be
somewhat generic and non-specific (Burkhead & Rockwood, 1992). Very few published
programs have been coupled with pre-post intervention outcome studies, hence it is
difficult to determine their effectiveness. The exception is the Rockwood program utilised
in the study by Ide et al. (2003). The efficacy of this program for functional outcomes is
yet to be established in MDI since Ide et al. used the Rowe score, which has not been
validated for use in instability. The Rowe score has been questioned due to issues with
reliability, validity, responsiveness and is not considered the ideal choice for evaluating
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patients in research or the clinical environment (Bot et al., 2004; Plancher & Lipnick,
2009; Romeo, Bach, & O'Halloran, 1996). The current study protocol outlined a specific
rehabilitation protocol for MDI (Chapter 3) and has demonstrated an association with
improvements in function as measured by instability-specific functional outcome
measures. The three primary outcome questionnaires used are the only scales to be
validated for use in shoulder instability and the change over time in these measures is
potentially most relevant to the functional capacity of an MDI population.

The participant population in this study was well defined. All had symptoms of instability
in all three directions. Some authors have proposed that MDI can be considered as a
diagnosis if the patient has symptoms of instability in at two least two directions (Choi &
Ogilvie-Harris, 2002; Gerber, 1997; Misamore et al., 2005). The potential risk of this
classification is that subjects may be included that really only have unidirectional
instability superimposed on generalized laxity and may have a higher risk of structural
lesions, particularly if any trauma in the history is not carefully excluded (A. Lewis et al.,
2004). These patients may not do as well with rehabilitation and may be more likely to
require surgical intervention (A. Lewis et al., 2004). By including MRI investigations as
well as strict inclusion criteria this study endeavoured to have a homogenous patient
population that would potentially maximise the chances of selecting patients who would do
well with rehabilitation.

The participant population in the current trial were a mixed sporting and non-athletic
patient population. Hence the rehabilitation program utilised in this study can be applied
to both athletic and non-athletic patient populations. It is also of potential clinical
significance that all of the participants included in the study had improvement in their
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subluxation symptoms on clinical examination by manual correction of the scapula. This
is part of the assessment procedure utilised in determining which rehabilitation strategy to
use but may be a relevant clinical test to utilise to determine which patients are likely to
benefit from scapular rehabilitation as part of their treatment protocol.

4.4.3.3 Future Research
Ultimately RCTs are required to better justify conservative rehabilitation in MDI. A
randomised trial comparing general shoulder strengthening or traditional physiotherapy
incorporating manual and adjunct therapies with an instability specific rehabilitation
program such as the program included in Chapter 3 would allow a greater understanding of
treatment efficacy. Our research group is currently undertaking an RCT comparing the
Rockwood program (Burkhead & Rockwood, 1992) and the rehabilitation program utilised
in this study. It may not be ethical to run a controlled trial with a placebo control or nointervention group since MDI patients are symptomatic and seeking management of their
condition. The risks and benefit of surgical management for the MDI population also
requires further analysis using good quality research methodology.

4.5

Chapter Summary and Conclusion

In summary, this trial identified functional improvements, increased scapular upward
rotation at rest and in early abduction, and increased shoulder muscle strength in a group of
participants with MDI who performed a 12-week conservative rehabilitation program. All
three of the instability specific outcome questionnaires demonstrated large and significant
changes post-rehabilitation suggesting that conservative rehabilitation was associated with
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positive changes in pain, perception of instability and its impact on participants in work,
sport and leisure activities.
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CHAPTER 5:

SHOULDER SCALES FOR INSTABILITY – CONSERVATIVE
MANAGEMENT

Chapter 4 reported improvements in participants with MDI on three standardised
functional outcome measures following rehabilitation. The MISS, WOSI and OISS are
instability specific outcome measures and the significant improvements shown in Chapter
4 indicate probable responsiveness of the questionnaires in this population. The aim of this
chapter was to further examine the responsiveness, validity, and internal consistency of the
questionnaires using outcome data collected in the previous chapter.

5.1

Introduction and Aim

There are a number of shoulder scoring systems available to allow for the evaluation of a
variety of shoulder conditions (Kirkley et al., 2003; J.S. Roy & Esculier, 2011). Scales
commonly assess pain, disability, function and health-related quality of life and can be
divided three categories; upper extremity-specific, shoulder-specific and conditionspecific. Condition-specific scales are advocated for use in the shoulder instability
population since general shoulder and upper limb questionnaires fail to evaluate the impact
of instability or apprehension on function and quality of life (Rouleau et al., 2010). The
most common complaints in shoulder joint instability patients are apprehension or loss of
confidence in the shoulder, and reduced participation in activities to avoid instability
episodes (Dawson et al., 1999; L. Watson, Story, et al., 2005). The use of non-conditionspecific questionnaires to evaluate instability might underestimate the impact of the
condition on the lives of patients and fail to accurately measure the effect of any
intervention. As identified in the systematic review (Chapter 2), current trials in the area
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of MDI have not utilised condition-specific shoulder scales and this may influence the
outcomes of the research.

In addition to appropriate scale selection, evaluating the impact of an intervention or the
outcomes of any trial relies on adequate measurement properties of the outcome measures
(C. B. Terwee et al., 2007). A scale should be reliable, valid, responsive, and interpretable,
with manageable administrative burden to be considered to have adequate measurement
properties (C. B. Terwee et al., 2007).

5.1.1 Scale Reliability
Reliability concerns the consistency of the scale’s outcome when measured on more than
one occasion in a stable person. Reliability is a ratio and expressed as a number between 0
and 1, with 0 indicating no reliability and 1 indicating perfect reliability (Streiner, Norman,
& Cairney, 2014). Without reliability, a change in the score of a scale following an
intervention cannot be considered a true change in status.

5.1.1.1 Internal Consistency
Internal consistency is the degree to which the items of a (sub)scale of a questionnaire are
correlated. This represents the average of the correlations among all the items on the scale,
or within a subscale (Streiner et al., 2014). Items that propose to measure the same general
construct should produce similar scores were there is adequate internal consistency.
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5.1.2 Scale Validity
Content, criterion and construct validity are all important properties of any measurement
scale. Content validity refers to the items of the scale representing the concept of interest
and these items being easily interpreted by the target population (C. B. Terwee et al.,
2007). Scores on a measure should also be related to a gold standard instrument if the
scale has criterion validity (Streiner et al., 2014). Construct validity is concerned with
whether the theoretical concepts that are being measured match up with a specific scale
being used and whether the scale measures the construct adequately (C. B. Terwee et al.,
2007). The construct validity of a scale is examined over time, across a number of studies.

5.1.3

Scale Responsiveness to Change

The responsiveness of a scale, or its sensitivity to change, refers to the ability of a scale to
detect clinically important changes in the target population over time (Streiner et al., 2014).
Importantly, a scale should be able to detect even small changes and distinguish these
changes from measurement error (C. B. Terwee et al., 2007).

5.2

Shoulder Instability Scales – Psychometric Properties

Most of the more widely utilised outcome scores have been shown to be appropriate for
use in other shoulder pathologies (J. S. Roy, MacDermid, & Woodhouse, 2009), but are
demonstrated to be lacking in several key aspects required for statistical analysis when
applied to an instability population. Plancher & Lipnick (2009) evaluated the published
psychometric properties of 11 shoulder outcome measures for use in shoulder instability.
The American Shoulder and Elbow Score (ASES) (Richards et al., 1994) had moderate
reliability in a mixed shoulder population that included instability patients, but poor

161

reliability in instability patients alone (Plancher & Lipnick, 2009). The Rowe (Rowe et al.,
1978), DASH (Hudak, Amadio, & Bombardier, 1996), Constant Morley Score (CMS)
(Constant & Murley, 1987), Athletic Shoulder Outcome Rating Score (ASORS) (Tibone &
Bradley, 1993) and UCLA (Amstutz, Sew Hoy, & Clarke, 1981) scales have also not been
assessed for reliability specifically in instability shoulder populations (Plancher & Lipnick,
2009). The Simple Shoulder Test (SST) (Lippitt, Harryman, & Matsen, 1993) and the
Shoulder Rating Questionnaire (SRQ) (L'Insalata, Warren, Cohen, Altchek, & Peterson,
1997) have demonstrated good reliability in instability (ICCs >0.94), however the most
reliable scales for use in an instability population are the MISS (L. Watson, Story, et al.,
2005), WOSI (Kirkley et al., 1998), and OISS (Dawson et al., 1999; Moser et al., 2008).

For an instability population, there is limited information on all aspects of validity of the
Rowe, DASH, CMS, ASORS or UCLA scales from current published literature (Plancher
& Lipnick, 2009). The SRQ, SST, MISS, OISS were described to have moderate validity
for use in an instability and the WOSI and ASES were reported to have large validity
(Plancher & Lipnick, 2009). Despite this, the authors cautioned against the use of the
ASES in instability as it does not appear to be able to determine outcome, is less
responsive in patients with instability compared to other pathologies and has poor
reliability in instability patients.

When reviewing the responsiveness of the scales, Plancher & Lipnick (2009) reported that
the Rowe, DASH (Hudak et al., 1996), Constant Murley Score (CMS) and SST had only
demonstrated moderate responsiveness when both effects size and standardised response
mean (SRM) were considered, the UCLA score was minimally responsive (SRM = 0.35)
while the ASORS has not been evaluated. The ASES score was been shown to be largely
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responsive by Kocher et al. (2005) (SRM = 0.93), however a study by Kirkley (1998)
found only moderate responsiveness in the ASES (SRM = 0.54). Scoring systems found to
be largely responsive in instability populations include the SRQ, MISS, WOSI and OISS.
However both the MISS and the OISS have demonstrated greater responsiveness than
either the ASES or the SRQ in instability patient populations (Moser et al., 2008; L.
Watson, Story, et al., 2005).

The three glenohumeral joint instability specific questionnaires utilised in our evaluation of
MDI rehabilitation (Chapter 4) have been identified as the only three validated self-report
scales specific to shoulder instability (Rouleau et al., 2010). All three questionnaires have
some published psychometric properties, however none have been evaluated when
administered in an exclusively MDI population. Since psychometric properties are
population-specific, it is important that appropriate outcome measures are selected that
have been shown to be valid and sensitive enough to detect change in the patient
population being tested.

5.2.1

Western Ontario Shoulder Instability (WOSI) Index

The WOSI has been shown to have excellent reliability and is highly responsive to change
in both non-operative and operative treatment groups (Kirkley et al., 1998; Salomonsson et
al., 2009). The WOSI has been determined to be more responsive than other shoulder
outcome tools such as Rowe, DASH, Constant Morley Score, ASES, UCLA and SF-12
(Kirkley et al., 1998). However there is no published analysis of its responsiveness
specifically in a MDI population. In the original patient population described by Kirkley et
al. (1998), some patients were classified as MDI however it was not clear how many had
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this diagnosis. Over the years the WOSI has been translated and validated for use in
Sweden, Germany, Italy, Japan and in a Dutch population (Wiertsema et al., 2014).
5.2.2

Oxford Instability Shoulder Score (OISS)

The OISS, in the original publication, was developed by interviewing 20 patients with
shoulder instability at an outpatient clinic (Dawson et al., 1999). It is unknown if patients
represented all types of instability categories, age, gender and treatment experiences. In a
more recent study by Moser et al. (2008), the OISS has been shown to be able to detect
change in patients with shoulder instability managed non-operatively although only 4% of
the patient population represented patients with MDI. Moser et al. compared the OISS and
the SRQ and found the OISS to be the superior instrument which is not surprising given
the OISS is an instability specific questionnaire.
5.2.3

Melbourne Instability Shoulder Scale (MISS)

The MISS has been shown to be reliable, valid and responsive in mixed instability
populations. The original paper does not specify how many patients with MDI were
included in the development process although a mixed instability population was tested.
At a six month follow-up of a post operative group 34% patients had MDI (L. Watson,
Story, et al., 2005) and at two year post surgical intervention in another group of patients,
20% had MDI (L. A. Watson et al., 2010). However no separate analysis has been
attempted on this sub-group versus other forms of glenohumeral joint instability. The
MISS has not been tested in a group of patients managed with conservative rehabilitation.

Recently the OISS and WOSI were evaluated in a head-to-head comparison in 71
instability patients (33 anterior dislocators, 38 SLAP lesions), with both questionnaires
translated to Norwegian for the comparison (Skare, Liavaag, Reikeras, Mowinckel, &
Brox, 2013). The correlation between the two questionnaires in the SLAP group was
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moderate r = 0.64 (95%CI 0.41 to 0.80) and high in the recurrent dislocation group r= 0.80
(95%CI 0.62 to 0.69). The internal consistency, test-retest reliability, agreement, content
validity and construct validity were comparable for both questionnaires across both groups.
The OISS demonstrated floor and ceiling effects for single items, however there were no
floor or ceiling effects for the total score. To date, there has been no head-to-head
comparison of the WOSI, MISS and OISS in their original forms. Such an analysis could
assist with identifying advantages between scales (Rouleau et al., 2010) and inform any
required modification and improvements to enhance the measurement properties of the
scales. The evaluation of the scales when administered to an entirely MDI population has
also not been performed.

5.2.4

Aims

The primary aim of this study was to compare the psychometric properties of the WOSI,
OISS and the MISS in a patient population with MDI of the glenohumeral joint managed
conservatively.

5.3
5.3.1

Methods
Participants

Forty three patients recruited into the study outlined in Chapter 4 were included in this
evaluation. The 43 sets of questionnaires pre-rehabilitation and the 39 sets of
questionnaires post-rehabilitation were included for analysis. As noted in Section 4.3.1, 16
males and 27 females, mean age 19.8 years (SD 4.9 years) were included. Participants
reported symptom duration from 1 month to 192 months and all were classified as being
unstable in all three directions.
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5.3.2

Questionnaires

The WOSI, MISS and OISS were administered at baseline and following conservative
rehabilitation. Both the pre and post-rehabilitation questionnaires were analysed to
evaluate the measurement properties of each instability questionnaire. Participants also
rated their level of shoulder disability on a 10-point NRS, where 10 represented completely
disabled and 0 represented normal function. Data from Section F of the MISS
questionnaire, a single question not included in the final total score of the scale, were also
extracted for a comparison with the questionnaire results. Section F asks: Overall, what
score would you give your shoulder (%) compared to what you consider a “normal”
shoulder. A rating of 100% represents a normal shoulder.

5.3.2.1 Correlation between the Questionnaires
The correlation between the three questionnaires and between the shoulder disability NRS
and MISS Section F was performed using Pearson’s product moment correlation
coefficient (r). Questionnaires were compared pre-rehabilitation and post-rehabilitation.

5.3.2.2 Internal Consistency
Internal consistency is the degree to which the items of the scale in each subscale of the
questionnaire are correlated (C. B. Terwee et al., 2007). Cronbach’s alpha (α) of >0.70
was considered acceptable (Kocher et al., 2005). The corrected item-total correlation was
also examined as a measure of internal consistency. This method of reviewing the item
consistency calculates the correlation of the individual items with the subscale or scale
total omitting that item (Ferketich, 1991). It is recommended that corrected item-total
correlations range between 0.30 and 0.70 for a good scale and that items with correlations
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<0.20 be discarded (Kline, 1986). High corrected inter-item correlations (>0.80) might
suggest that items are redundant and are essentially asking the same question.

5.3.2.3 Content validity
Content validity was established using pre rehabilitation and post rehabilitation scores for
the three questionnaires. Floor effects (the lowest possible scores) and ceiling effects (the
highest possible score) were determined for the subsections and overall scores of the MISS
and WOSI. For the OISS this was performed only for the total score since there are no
subsections. Floor and ceiling effects were predefined as present if more than 15% of
participants had the highest or lowest possible score (Skare et al., 2013).

5.3.2.4 Criterion validity
Pearson product moment correlation coefficients were used to analyse the correlation
between the three questionnaires and the NRS of shoulder disability and Section F on the
MISS. It is accepted that criterion validity is present if an instrument correlates well
(>0.70) with the gold standard instrument (C. B. Terwee et al., 2007). Since a true gold
standard for measuring shoulder instability is not well established it was expected that the
correlation between the three questionnaires and the two other ratings would be at least
0.60.

5.3.2.5 Responsiveness
Responsiveness to change was assessed by comparing pre rehabilitation scores with post
rehabilitation scores. The mean duration of follow up was 4.6 months days (range 3-6
months) for the MDI participants.
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Effect sizes were calculated with the following formula: (mean post-rehabilitation scale –
mean pre-rehabilitation scale)/standard deviation of the pre-rehabilitation scale. The
standard response mean was calculated with the following formula: (mean postrehabilitation scale – mean pre-rehabilitation scale)/standard deviation of the change in
scale. The interpretation of the effect sizes and standardised response mean were as
follows; Poor >0.50, Adequate 0.50-0.79, Excellent >0.80 (Salomonsson et al., 2009).

5.4

Results

5.4.1.1 Questionnaire results, correlation between the questionnaires
Questionnaires from 43 participants pre-rehabilitation and 39 participants post-rehabilitation
were obtained. An overview of the results can be seen in Table 5.1.

Table 5.1. Means, Standard deviations, Range for MISS, WOSI, OISS and Shoulder Rating.

Pre-Rehabilitation
Questionnaire Mean

SD

Post-Rehabilitation
Range

Mean

SD

Range

WOSI

1264.63 327.95

465-1820

482.23

252.11

105-1285

MISS

46.95

15.75

19-81

76.32

12.20

35.5-92

OISS

35.76

8.59

20-53

20.67

6.97

13-40

NRS

4

1.8

0-7.5

1.6

.93

0-3

51.10

15.53

20-80

82.10

10.61

50-100

disability
MISS F

Note. SD = standard deviation, WOSI = Western Ontario Shoulder Instability, MISS =
Melbourne Instability Shoulder Score, OISS: Oxford Instability Shoulder Score, NRS =
Numerical Rating Scale, F = section F.
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All questionnaires were significantly correlated pre-rehabilitation (Table 5.2), with the MISS
and OISS the most highly correlated. The negative correlations with the MISS demonstrate
the opposite scoring direction of the other questionnaires with scores on the MISS increasing
with improvements in pain and function. The three instability questionnaires demonstrated
moderate correlations between them and the WOSI and MISS were moderately correlated
with the participants overall shoulder disability on the 10-point scale and the MISS Section F
question. Pre-rehabilitation, only the MISS demonstrated correlations >0.60 with all
questionnaires except the 10-point NRS.

Table 5.2. Correlations between Pre-rehab Questionnaires – Pearson’s r Values

MISS

WOSI

OISS

MISS

1.00

WOSI

-.600*

1.00

OISS

-.610*

.566*

1.00

NRS disability

-.544*

.544*

.356^

-.550*

-.433^

MISS F

.604*

Note. * = p<0.01, ^ = p<0.03. WOSI = Western Ontario Shoulder Instability, MISS =
Melbourne Instability Shoulder Score, OISS: Oxford Instability Shoulder Score, NRS =
Numerical Rating Scale, F = section F.

Post-rehabilitation, the correlations between the questionnaires increased (Table 5.3),
although the correlations with the NRS for shoulder disability decreased and was only
significant for the MISS. This most likely demonstrates a limitation in the responsiveness of
the NRS. The WOSI and OISS were also correlated above the 0.60 range expected a priori.
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Table 5.3. Correlations between Post-rehab Questionnaires – Pearson’s r Values

MISS

WOSI

OISS

MISS

1.00

WOSI

-.657*

1.00

OISS

-.761*

.681*

1.00

NRS disability

-.367^

.322

.274

-.397^

-.533*

MISS Q1

.642*

Note. * = p<0.01, ^ = p<0.03

5.4.1.2 Internal Consistency
For the MISS questionnaire, the Cronbach’s α was calculated for the four subsections and all
of the items as a whole (Table 5.4). Section A (Pain), Section C (function) and Section D
(occupation and sporting demands) demonstrated high internal consistency (α>0.70). The
subsection for instability (Section B) was moderate and the Cronbach’s α of the subsection
could be improved to α = 0.54 and the entire questionnaire could be improved to α = 0.92 by
exclusion of item B3 in the instability subsection (B3: Do you still feel anxious that your
shoulder will actually come out of joint when playing sport?).
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Table 5.4. Cronbach’s alpha for MISS Questionnaire and Subsections

Number of items

Cronbach’s α

Pain

3

0.84

Instability

5

0.51

Function

8

0.92

Occupation & Sport

5

0.80

Total Score

21

0.90

The corrected item-total correlations for the MISS sub-sections are shown in Table 5.5. The
majority of correlations are with the acceptable range (0.3 – 0.7). Question B5 has a lower
than acceptable correlation (0.2) and a number of the function questions (Section C) are near
to, or reached the 0.8 level correlation, which might indicate redundant items.

Table 5.5. Corrected Item-Total Correlations MISS Subsections

Pain (A)

Corrected
item-total

Instability
(B)

Corrected Function
item-total (C)

Corrected Work
item-total Sport (D)

Corrected
item-total

Q.A2

0.67

Q.B1

0.42

Q.C1

0.63

Q.D1

0.53

Q.A3

0.79

Q.B2

0.32

Q.C2

0.80

Q.D2

0.71

Q.A4

0.71

Q.B3

0.26

Q.C3

0.79

Q.D3

0.64

Q.B4

0.40

Q.C4

0.71

Q.D4

0.51

Q.B5

0.20

Q.C5

0.76

Q.D5

0.53

Q.C6

0.79

Q.C7

0.72

Q.C8

0.74
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For the WOSI questionnaire, the Cronbach’s α was calculated for the four subsections and all
of the items as a whole (Table 5.6). All sections and the total score demonstrated high
internal consistency (α>0.70). The Cronbach’s α could not be improved with the removal of
any item.

Table 5.6. Cronbach’s alpha for WOSI Questionnaire and Subsections

Number of items

Cronbach’s α

Physical Symptoms

10

0.96

Sports/Recreation/Work

4

0.93

Lifestyle

4

0.84

Emotions

3

0.95

Total Score

21

0.97

The corrected item-total correlations for the WOSI sub-sections are shown in Table 5.7. The
majority of correlations are higher than the acceptable range and exceed the 0.8 level of
correlation, suggesting redundant items within the subsections.

For the OISS questionnaire, the Cronbach’s α was calculated only for the total score since the
scale does not contain subsections. The scale demonstrated high internal consistency (α =
0.92, 12 items) and could only be improved to reach α = 0.93 by removal of item 1 (Q1.
During the last 6 months …how many times has your shoulder slipped out of joint (or
dislocated)?). The item-total correlations ranged from 0.34 for Q.1 up to 0.81 for Q.9 (Table
5.8).
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Table 5.7. Corrected Item-Total Correlations WOSI Subsections

Physical
Symptom

Corrected
item-total

Sport
Work

Corrected Lifestyles Corrected Emotions
item-total
item-total

Corrected
item-total

Q.1

0.80

Q.11

0.84

Q.15

0.68

Q.19

0.92

Q.2

0.86

Q.12

0.90

Q.16

0.55

Q.20

0.91

Q.3

0.93

Q.13

0.81

Q.17

0.83

Q.21

0.86

Q.4

0.87

Q.14

0.80

Q.18

0.66

Q.5

0.88

Q.6

0.72

Q.7

0.84

Q.8

0.88

Q.9

0.82

Q.10

0.79
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Table 5.8. Corrected Item-Total Correlations OISS Subsections

OISS

Corrected item-total

Q.1

0.33

Q.2

0.62

Q.3

0.70

Q.4

0.79

Q.5

0.77

Q.6

0.74

Q.7

0.68

Q.8

0.72

Q.9

0.81

Q.10

0.78

Q.11

0.75

Q.12

0.54

5.4.1.3 Content Validity
The numbers of participants that recorded the lowest possible score (floor effect) and the
highest possible score (ceiling effect) for each subsection and total of the instability
questionnaires was calculated. Ceiling effects were present in the pain subsection (A) of the
post rehabilitation MISS with 23% of participants having a resolution of pain and recording
the highest possible outcome. No other floor or ceiling effects were demonstrated (Table
5.9).
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Table 5.9. Floor and Ceiling Effects for MISS, WOSI, OISS Pre Rehabilitation and Post
Rehabilitation Totals and Subsections.

Mean

SD

Floor effects

Ceiling effects

9.03

2.98

0

2 (4.6%)

Instability

18.14

7.87

0

1 (2.3%)

Function

11.49

6.43

1 (2.3%)

0

Occupation & Sport

8.30

3.61

0

0

Total Score

46.95

15.75

0

0

Pain

12.96

1.72

0

9 (23%)

Instability

26.92

4.64

0

4 (10.3%)

Function

22.62

5.80

0

0

Occupation & Sport

13.82

2.98

0

0

Total Score

76.32

12.20

0

0

Physical Symptoms

602.07

141.43

0

0

Sports/Recreation/Work

252.91

94.51

0

0

Lifestyle

183.26

96.77

0

0

Emotions

226.40

62.88

0

0

Total Score

1264.63

327.95

0

0

Physical Symptoms

217.74

114.11

0

0

Sports/Recreation/Work

105.13

68.14

0

0

Lifestyle

68.85

49.42

1 (2.6%)

0

Emotions

90.51

56.56

1 (2.6%)

0

Total Score

482.23

252.11

0

0

OISS (pre rehabilitation)

35.76

8.59

0

0

OISS (post rehabilitation)

20.67

6.97

0

0

MISS (pre rehabilitation)
Pain

MISS (post rehabilitation)

WOSI (pre rehabilitation)

WOSI (post rehabilitation)

Notes. MISS = Melbourne Instability Shoulder Scale, WOSI = Western Ontario Shoulder
Instability Index, OISS = Oxford Instability Shoulder Scale, SD = Standard deviation.
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5.4.1.4 Responsiveness
The responsiveness of all three questionnaires in the MDI population was high, with effect
sizes and standardised response means classified as excellent (Table 5.10).

Table 5.10. Effect Sizes and Standardised Response Means for Instability Questionnaires

Effect size

Standardised response mean

MISS

1.86

2.15

WOSI

-2.39

-3.04

OISS

-1.76

-1.90

Notes. MISS = Melbourne Instability Shoulder Scale, WOSI = Western Ontario Shoulder
Instability Index, OISS = Oxford Instability Shoulder Scale,

5.5

Discussion

The primary aim of this chapter was to compare the psychometric properties of the WOSI,
OISS and the MISS in a patient population with MDI of the glenohumeral joint managed
conservatively. Overall all three questionnaires performed well, demonstrating good internal
consistency, content validity, criterion validity and responsiveness to change.

5.5.1

Internal Consistency

The Cronbach alpha of the total scores of all three scales exceeded the minimum acceptable
score of 0.70 (C. B. Terwee et al., 2007) demonstrating good internal consistency, although
the high Cronbach alpha of the WOSI (0.97) might indicate redundancy of one or more items
in the scale (Nunnally & Bernstein, 1994). The Cronbach alpha results were also high for the
WOSI subsections physical symptoms (0.96) and emotions (0.95). The majority of corrected
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item-total correlations of the WOSI were also higher than the acceptable range, again
indicating redundancy of items. For measuring outcomes in an MDI population, the 21 items
of the WOSI could potentially be reduced without impacting on the clinimetrics of the scale.
The high Cronbach alpha scores have been identified in previous investigations of SLAP
patients and anterior instability (0.96), particularly in the physical symptoms section (0.96)
(Skare et al., 2013) using a Norwegian version of the WOSI. The Dutch version of the WOSI
used in a mixed group of instability patients also found high Cronbach alpha scores (0.95),
highest in the Physical symptoms section (0.95) (Wiertsema et al., 2014). Similarly the
Swedish version of the WOSI when used in 32 patients with previous traumatic dislocations
found a Cronbach alpha of 0.95 post operatively. The Italian version of the WOSI recorded
0.93 in a group of 64 patients with anterior instability (Cacchio et al., 2012) and the German
version Cronbach alpha was 0.92 in 86 mixed instability patients (Hofstaetter, HanslikSchnabel, Hofstaetter, Wurnig, & Huber, 2010). The Japanese version produced a lower
Cronbach alpha of 0.84 in 85 patients with non-traumatic and traumatic shoulder instability.
The previous literature lends support to the current findings that redundancy of items may be
an issue for the WOSI instrument. Further research using the English version is required
since the internal consistency has not been evaluated in the literature to date using this
version.

For the MISS, three of the four subsections and the overall scale demonstrated acceptable
consistency between items. The instability subsection (section B) of the MISS had a
Cronbach alpha of 0.51 which is considered low (Streiner et al., 2014) and indicates that the
items are not well correlated and it may not be justified to combine scores of this section (C.
B. Terwee et al., 2007). The corrected item-total correlations for the instability section of the
scale were also low, with two items (Q.B3 and Q.B5) below the acceptable range. It is
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recommended that items below 0.20 be discarded and Q.B5 achieved only 0.20. Question 5
in section B (instability) asks: Are there daily personal and household activities (such as
dressing, washing and driving) which you actually avoid because of fear of dislocation or a
feeling of instability of your shoulder? The response to the item allows a selection of yes or
no. The dichotomous response may limit the item’s responsiveness and ability to classify
levels of instability. The instability section B of the MISS contains variable scoring systems,
ranging from dichotomous answers to ratings out of five. Question 3 in the instability section
includes responses that do not directly answer the question. The question asks: Do you still
feel anxious that your shoulder will actually come out of joint when playing sport? The
possible responses include: Yes (I feel anxious), No (I do not feel anxious), Don’t play sport
because of my shoulder, Don’t play sport for other reasons, Can only play modified sport due
to my shoulder feeling unstable. The weighting of responses to questions 3-5 in this section
are somewhat arbitrary and need to be further investigated. The internal consistency of the
MISS has not been previously examined in the literature.

The internal consistency of the items on the OISS was good and the corrected item-total
correlations all fell within acceptable levels, indicating that summarising the items for patients
with MDI is justified. The original paper reporting on the development of this scale also
identified a Cronbach alpha of 0.91 pre-treatment and 0.92 post-treatment and the item-total
correlations to be within acceptable levels in a group of instability patients, the majority with
unidirectional instability (Dawson et al., 1999). Previous research using a Norwegian version
of the OISS in patients with SLAP lesion and anterior instability found a slightly higher
Cronbach alpha (0.95) (Skare et al., 2013), which might indicate redundant items for
measuring these populations or limitations in the cross-cultural adaptation of the scale.
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5.5.2

Content Validity

The content validity of the scales, as measured by the floor and ceiling effects, showed for the
total scores of all three questionnaires pre-rehabilitation and post-rehabilitation there were no
concerns. A ceiling effect was apparent for the post-rehabilitation pain subscale of the MISS.
Nine participants (23%) recorded the maximum score, recording no pain at follow-up on the
three items in the subscale. Pain may not be the primary problem for patients with unstable
shoulders (Rouleau et al., 2010) and this ceiling might reflect this. On the other hand, the
resolution of pain post-rehabilitation is a desirable outcome. The mean pre-rehabilitation
score for this section was 9.03 (out of a possible 15) so there is some evidence that pain was
an issue for these MDI participants. The WOSI and OISS focus less on pain symptoms when
compared with the three questions included in the MISS. Ceiling effects were not apparent in
a previous evaluation of the total MISS score in a cohort of 80 mixed instability patients (L.
Watson, Story, et al., 2005). However information on whether floor or ceiling effects existed
within the subsections of the scale was not provided. Previous research on the Norweigian
versions of the WOSI and OISS have demonstrated no evidence of floor or ceiling effects in
SLAP and anterior instability patients (Skare et al., 2013). The German version of the WOSI
also showed no floor or ceiling effects (Hofstaetter et al., 2010). The Swedish WOSI had
14% of participants reaching the ceiling of the total score following surgery (Salomonsson et
al., 2009) and the Dutch version demonstrated a mild floor effect (15.4%) in the lifestyle
domain of the WOSI. It is difficult to determine if these effects are due to differences in the
populations included or a result of translating the instrument.

5.5.3

Criterion Validity

Preliminary evidence of criterion validity for the MISS was found. It was determined a priori
that correlations should be above 0.60 between the questionnaires and with the shoulder
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disability rating and the MISS section F question (% rating compared with a normal shoulder)
to be considered adequate. Ultimately, criterion validity is determined by correlation with a
gold standard, however the true gold standard for measuring outcomes in MDI is not clear.
The MISS correlated above the expected value (0.60) with the WOSI, OISS, and the MISS
section F at pre and post rehabilitation. Correlations with the shoulder disability NRS and all
questionnaires were below 0.60 and likely reflects the limitations of a 10-point scale for
discriminating status in a complex condition such as MDI. The correlation between the WOSI
and the OISS reached the expected level only at post-rehabilitation and neither the WOSI nor
the OISS correlated above 0.60 with Section F of the MISS. Previous correlations between
the Norwegian WOSI and OISS has been calculated as 0.64 for a group of patients with
SLAP lesions and 0.80 for patients with recurrent dislocation.

The English WOSI has been moderately correlated with the Rowe score (0.61), DASH (0.77),
UCLA shoulder rating scale (0.65), Constant score (0.59), ASES (0.55), and the SF-12
physical score (0.66) (Kirkley et al., 1998). The OISS has been moderately correlated with
the Constant score (-0.56) and the Rowe score (-0.51) in a group of predominantly
unidirectional instability patients at baseline and highly correlated at follow-up after 6
months: Rowe -0.84, Constant -0.76 (Dawson et al., 1999). The MISS was found to be poorly
correlated with the SRQ at baseline (0.33) and moderately correlated at 6-month following
shoulder reconstructive surgery. Considering that these other scales have not been validated
in an instability population these findings do not greatly advance the criterion validity of the
instability specific questionnaires.
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5.5.4

Responsiveness

All questionnaires demonstrated large effect sizes and standardised response means,
highlighting excellent responsiveness in this population of MDI participants. The WOSI
demonstrated the greatest effect sizes, suggesting it was most sensitive to identifying change
in this group of patients. The values identified in the current study are substantially greater
than values calculated in other studies. For example the original OISS validation study
reported an effect size of 0.8 following stabilisation surgery (Dawson et al., 1999) and 1.16
following conservative management in a mixed instability population (Moser et al., 2008).
The standardised response mean of the WOSI in the development paper was 0.93 (Kirkley et
al., 1998) and standardised response means for the translated versions of the WOSI include;
1.94 for the Italian version (Cacchio et al., 2012), 1.40 for the Swedish version (Salomonsson
et al., 2009), and 1.55 for the French version (Gaudelli et al., 2014). The responsiveness of
the MISS has not previously been calculated.

The differences in responsiveness between studies reflects that effect size is not a property of
the questionnaire but rather of the treatment intervention (Moser et al., 2008) and therefore
being dependent on the intervention provided, the time from the intervention and the patient
population (Beaton & Richards, 1998). Hence, it is difficult in reality to compare different
effect sizes found in different outcome measures across different patient populations applied
at different times.

The elevated standardised response means in the current study might be indicative of the
included sample having symptomatic MDI in all three directions, thus starting from a low
functional base with considerable room for improvement and undertaking a pragmatic
rehabilitation program designed and modified specifically for their presenting issues. Since
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glenohumeral joint instability represents a spectrum of disorders and the included participants
were likely at the more severe end of the spectrum, the three instability-specific
questionnaires may be expected to be more sensitive to change in this group.

One of the advantages of a highly responsive score is that in clinical trials fewer subjects are
required to show statistically significant difference between treatment groups (Kirkley et al.,
1998). In comparison with other shoulder scores that have been investigated, the WOSI,
MISS and OISS scores are superior for sensitivity to change for instability disorders of the
shoulder (Romeo et al., 1996; Rouleau et al., 2010; Wylie, Beckman, Granger, & Tashijan,
2014).

5.5.5

Clinical Utility

The clinical utility of the three questionnaires should also be considered. The readability,
administration burden, and interpretability of the three questionnaires have been previously
discussed by Rouleau et al. (2010). The readability of the MISS was criticised for small text
and the variations in scoring format. The inconsistent scoring formats and variable anchors
on the MISS, particularly in section B, might impact on the internal consistency of the scale.

The administrative burden is least for the 12-item OISS and is considered moderate for the
WOSI and MISS (Rouleau et al., 2010). The WOSI uses 100mm VAS responses for each
item, requiring measuring of each response, with the mean time to calculate the total score
estimated to be 6 minutes (Angst, Schwyzer, Aeschlimann, Simmen, & Goldhahn, 2011).
The MISS requires the use of a scoring sheet to calculate the weighted score. The respondent
burden is also least for the OISS with the 12-items and the consistent 5 point tick-box
responses. The MISS has been estimated to take a mean of 4 minutes and 45 seconds to
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complete (Rouleau et al., 2010), while the WOSI has been estimated to take 3 minutes (Angst
et al., 2011). Improvements in the MISS readability, lay out and greater consistency of
response items could improve this respondent burden.

The interpretability of WOSI and OISS are negatively influenced by their total scores. The
total score on the WOSI is 2100 and the OISS is 60 which are not intuitive for users. This
reduces the ease of interpretation when compared with the MISS which is expressed out of
100%. It has been recommended that the WOSI score is converted to a percentage and
transformed such that 0 is the worst possible score and 100 the best (Angst et al., 2011).
Although this improves interpretability, it increases the burden on the administrator. There are
no classifications yet for any of the scales to interpret total scores according to categorical
outcomes such as poor, fair, good or excellent (Angst et al., 2011; Rouleau et al., 2010).

The WOSI and MISS are the two most rigorously designed & evaluated instability outcome
scores according to Plancher and Lipnick (2009). The WOSI is the most well defined and
follows stringent development and evaluation methodology as described by Kirshner and
Guyatt (1985) on a patient population that covered the diverse range of glenohumeral joint
instability. Out of all of the outcome measures described for glenohumeral joint instability
this has the most rigorously described and reproducible process of item generation and
reduction (Plancher & Lipnick, 2009). However neither the WOSI nor the MISS are as
widely used as more shoulder outcome scores (Rowe, UCLA, ASES, SST, DASH, SPADI,
CMS) which have major deficiencies when applied to instability populations (Plancher &
Lipnick, 2009; Romeo et al., 1996; J. S. Roy et al., 2009).
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5.5.6 Other Considerations
This study did not evaluate the test-retest reliability of the three scales, however satisfactory
reliability has been shown in previous studies for all three scales (Angst et al., 2011; Rouleau
et al., 2010; Wylie et al., 2014). A disadvantage of not assessing reliability in the current
population is that it precludes the calculation of MID and MCID values relevant to an MDI
patient. As noted in section 4.4.1, the MCID for the WOSI, MISS and OISS are 220 points, 5
points and 7 points respectively according to previous studies. These values might not be
applicable in MDI since MCID is not a fixed property and will vary across populations and
studies (C. Terwee, Dekker, Wiersinga, Prummel, & Bossuyt, 2003).

The need for a standardised outcome measure for glenohumeral joint instability so that
comparison across studies can be performed has long been recognised (Plancher & Lipnick,
2009; Romeo et al., 1996). It is necessary that such a measure is highly sensitive to all
aspects of clinical change. Instead of continuing to develop yet more outcome measures it is
important the existing measures are rigorously assessed to see if they are of sufficient
psychometric quality to be utilised in assessing outcome in instability populations and to be
adapted where appropriate. There is also a need to compare shoulder instability scores
against some other external source of assessment of patient functional status in order to
strengthen the argument that these outcome scores, as they currently stand, do truly reflect
functional status.

It is important to consider what the “normative outcome scores” are for these measures.
There is an assumption that “normal” is 100% however the mean WOSI score for a group of
45 normal healthy shoulders was 96%. There were no floor but high ceiling effects as was
anticipated as these were “normal healthy shoulders”. However the fact that some subjects
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returned non-optimal scores when they had no shoulder problems is reflective that several
items on the WOSI relate to symptoms that are not entirely specific to shoulder instability and
may be present in subjects without specific shoulder disorders (for example questions relating
to clicking, stiffness and symptoms from neck muscles) (Salomonsson et al., 2009). This also
reflects that the WOSI is a highly sensitive instrument (Salomonsson et al., 2009). However
it also means that care is required when interpreting outcome scores post intervention. If the
assumption is made that 100 is the ultimate outcome point post-surgical intervention when
really it is 96, then there is some risk a patient’s outcome may be underestimated. The MISS
and the OISS have no published normative scores.

A recommendation for the best questionnaire for use in the MDI population is not entirely
clear. The WOSI demonstrated greatest responsiveness, although both the MISS and OISS
were also very high. There appears to be some potential redundancy in the WOSI instrument
and content validity (ceiling effects) in the pain domain of the MISS. Further study of all
three questionnaires is warranted and further modifications of the WOSI and MISS in the
future may improve the measurement properties and establish a true gold standard. The OISS
demonstrated good psychometric properties when applied in an MDI population and has the
least administration and respondent burden. Further research into the criterion validity and
responsiveness of this simple scale is warranted as well as calculation of the MCID in MDI.
There has been some criticism of the OISS, with Plancher and Lipnick (2009) questioning the
development process and the fact that the Rowe score (which has serious limitations) has been
shown to have a larger effect size after direct comparison (Dawson et al., 1999). In addition,
they expressed concern that compilation of the small number of items may potentially reduce
its responsiveness. The OISS had the lowest responsiveness in the current study, however
still reach the threshold of excellent (Salomonsson et al., 2009).
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5.5.6.1 Strengths of the Current Study
A strength of this study is the homogeneity of the patient population, this ensures that stronger
conclusions can be drawn regarding the application of these questionnaires in an MDI
populations. The classification of instability is complex and multifaceted and placing
patients in particular groups is not always clear cut (A. Lewis et al., 2004). However if clear
direction is going to be achieved in assessing relative benefits of different treatment strategies
then one must be confident that the outcome measure utilised can accurately measure change
in the patient population under examination.

This is the first study that has used the three instability-specific questionnaires in the same
population sample, allowing a direct comparison of psychometric properties.

5.5.6.2 Limitations of the Current Study
As noted above, the current study design precluded the analysis of scale reliability and thus
the calculation of MDC and MCID in an MDI population. The sample size also prohibited a
more in-depth analysis of the scale properties such as a Rasch or Factor analysis. An overall
limitation of the use of instability-specific scales is that one needs to know the diagnosis prior
to administration (Moser et al., 2008), this did not present an issue for the current study.

One criticism might be that the three instability questionnaires were compared against each
other and not against a generic shoulder questionnaire. Research looking at generic
questionnaires has already shown that these types of questionnaires have limited application
in instability patient populations and less superior psychometrics in instability patient
populations than the three functional outcome questionnaires utilised so it was deemed this
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was not required. Indeed four questionnaires would increase the time significantly by the
participant to fill in the questionnaires which would increase the respondent burden.

5.6

Chapter Summary and Conclusion

When assessing shoulder instability it is essential that a rigorously designed and evaluated
measurement tool for shoulder function is utilised to enable accurate comparisons of
treatment and assessment of treatment outcome (Kirkley et al., 1998). Before use in a clinical
setting, outcome measures should be psychometrically sound to ensure they behave as
expected (Streiner et al., 2014). As psychometric properties are population-specific, it is
important that appropriate outcome measures are selected that have been shown to be valid
and sensitive enough to detect change in the patient population being tested (Irrgang &
Lubowitz, 2008). This study has shown that for MDI of the glenohumeral joint the WOSI,
MISS and OISS all demonstrated good psychometric properties. All three questionnaires
have the potential for refinement for use in this population and other instability populations.

187

CHAPTER 6:

CONCLUSION AND DIRECTIONS FOR FUTURE RESEARCH

The aim of this research was to evaluate the effectiveness of a physiotherapy-led exercise
program for MDI of the glenohumeral joint. In order to achieve this we needed to have a
solid understanding of the incidence, diagnosis and clinical presentation and current best
evidence management of this pathology. Once this information was synthesised (Chapter 1),
a systematic review was undertaken to determine if there was any conclusive evidence that
exercise-based rehabilitation is effective in the management of MDI and to determine if there
was indeed a need for this research project to be conducted. This information is presented in
Chapter 2. The results of this systematic review revealed that there was a paucity of research
evidence supporting the effectiveness of conservative rehabilitation as an intervention in MDI
and there was indeed need for further research in the area of conservative management of
MDI, in particular research that assessed patients both before and after an intervention with
appropriate functional outcome measures.

The next step of the project entailed developing a systematic presentation of the clinical
assessment and rehabilitation protocols utilised in the management of MDI patients. This
involved ensuring empirical verification or evidence from the literature where possible was
drawn upon to present an evidence-based rehabilitation program for delivery to MDI patients.
The aim was also to develop a structured approach to assessment and rehabilitation of MDI
patients that then could be delivered and passed on to other therapists to enable reproduction
of this rehabilitation if successful for improving functional outcomes.

Once a systemised approach to the rehabilitation was achieved the next step of the research
was to perform a pre-post intervention trial to determine if a conservative rehabilitation
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program could influence functional gains in a patient population. The results of this trial
revealed that in a group of 39 patients (with confirmed MDI) significant functional
improvements could be achieved. We were able to demonstrate a significant improvement in
strength in all muscle groups tested, a significant increase in upward rotation of the scapula in
lower ranges of abduction as well as substantial improvements in a three instability-sepcific
functional outcome questionnaires utilised, the MISS, the WOSI and OISS.

The final stage of the project was to evaluate the psychometric properties of the instabilityspecific outcome measures and determine if any one of the three functional outcome
questionnaires utilised in the study was superior to another in terms of their psychometric
properties. Each of these three questionnaires have been determined in previous research
studies to be reliable, valid and sensitive to measuring change in various instability patient
populations but never in an exclusively MDI population and there has never been a heads up
comparison to determine which might be best to utilise in the clinic and in research trials.
Our results indicated that while all three questionnaires were able to measure change, each
had some potential areas that could either be improved on or limit their application. For our
population of MDI patients, the WOSI may have some redundant items, the MISS section B
has some issues with internal consistency and inter-item correlation while the OISS was the
least responsive of the three questionnaires.

In conclusion, the main aim of this research project was achieved and we present level 4
evidence that an exercise-based physiotherapy-led rehabilitation program can be effective in
managing patients with MDI.
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6.1

Avenues for Further Research

The obvious next step of this research is to conduct an RCT using a number of therapists and
comparing the current rehabilitation program with general strengthening program or other
exercise-based program such as the Rockwood program. Such a trial will help to determine if
there is a sustainable effect across several physiotherapists. It will also determine if indeed
this program over another program has a heightened or lessened clinical benefit. This
research group is currently undertaking an RCT comparing the current rehabilitation program
with the Rockwood program. The long-term effect of this program should be examined in
this trial.

Future research comparing scapular position and strength measures in normal age matched
controls should also be performed to determine if there is any consistent, absolute deficit seen
in the MDI population. This research project is also currently underway.

Further studies evaluating deficits in proprioception in MDI and whether this is altered with
rehabilitation would be of benefit. The interaction between proprioception and motor
patterning in the MDI group would be interesting considering both of these factors are
problematic in MDI. Functional MRI of the brain or muscles in MDI patients could shed
some light on movement patterns.

The evaluation of the current rehabilitation approach in other instability populations, such as
post-operative patients, would be valuable to determine if the program has any significant
benefits over standard rehabilitation. Similarly evaluation of this program in younger patients
with hypermobile shoulders and secondary cuff overload who have not quite reached the MDI
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stage but present with a downwardly rotated scapula, lax glenohumeral joint, and rotator cuff
symptoms (e.g young swimmer’s shoulder presentation) would be beneficial.

Modifications to the WOSI and the MISS may be warranted and re-evaluation of the modified
versions across a range of instability populations would be useful.

In summary, this thesis has made a significant contribution to current knowledge of
conservative management for MDI. It has also provided valuable information regarding
instability-specific questionnaires and potential modifications. Further work is required to
confirm the findings of this thesis.
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Appendix A.

Questions altered or removed from the Downs & Black (1998)

14. Was an attempt made to blind study subjects to the intervention they have received?
Yes

1

No

0

Unable to determine

0

15. Was an attempt made to blind those measuring the main outcomes of the intervention?
Yes

1

No

0

Unable to determine

0

23. Were study subjects randomised to intervention groups?
Yes

1

No

0

Unable to determine

0

24. Was the randomised intervention assignment concealed from both patients and health
care staff until recruitment was complete and irrevocable?
Yes

1

No

0

Unable to determine

0

27. Did the study have sufficient power to detect a clinically important effect where the
probability value for a difference being due to chance is less than 5%?
Sample sizes have been calculated to detect a difference of x% and y%. Size of smallest
intervention group
A <n1

0

B n1–n2

1

C n3–n4

2

D n5–n6

3

E n7–n8

4

F n8+

5
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Appendix B.

Additional items added to the Downs & Black (1998)

4. Is the diagnosis of multidirectional instability clearly defined?
Yes

1

No

0

5.
Yes
No

Is it clear how the patients were diagnosed?
1
0

6. Were the testing procedures for the diagnosis clearly defined so that they could be
reproduced?
Yes
1
No

0

9. Is the intervention administered by a consistent source?
Yes
1
No

0

Unable to determine

0

10.
If more than one therapist is involved in administering the intervention has an attempt
been made to standardize the intervention administrated?
Yes
1
No

0

Unable to determine

0

11. Would an external practitioner be able to reproduce the treatment intervention described?
Yes

1

No

0

21. Was an attempt made to have an independent tester analyse the main outcomes of the
intervention?
Yes
1
No

0

Unable to determine

0
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Appendix B continued
24. Were the outcome measures clearly described?
Yes

1

No

0

Unable to determine

0

26. Is the outcome measure utilized in the study sensitive enough to measure clinical changes
in the patient population?
Yes
1
No

0

Unable to determine

0

27. Is the outcome measure utilized able to administered independently without being
affected by examiner bias?
Yes
1
No

0

Unable to determine

0

28. Were pre and post intervention measures obtained?
Yes
1
No

0

35. Did the authors conduct a power analysis or comment on the sample size and / or power
of the study?
Yes
1
No

0

Unable to determine

0
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Appendix C.

Modified Downs & Black quality assessment tool.

Reporting
1. Is the hypothesis / aim / objective of the study clearly described?
Yes
1
No
0
2. Are the main outcomes to be measured clearly described in the Introduction or Methods
section?
Yes
1
No
0
3. Are the characteristics of the patients included in the study clearly described?
Yes
1
No
0
4. Is the diagnosis of multidirectional instability clearly defined?
Yes
1
No
0
5. Is it clear how the patients were diagnosed?
Yes
1
No
0
6. Were the testing procedures for the diagnosis clearly defined so that they could be reproduced?
Yes
1
No
0
7. Are the interventions of interest clearly described?
Yes
1
No
0
8. Are the principal confounders for the subjects clearly described?
Yes
1
No
0
9. Is the intervention administered by a consistent source?
Yes
1
No
0
Unable to determine
0
10. If more than one therapist is involved in administering the intervention has an attempt been
made to standardize the intervention administrated?
Yes
1
No
0
Unable to determine
0
11. Would an external practitioner be able to reproduce the treatment intervention described?
Yes
1
No
0

196

Appendix C continued
12. Are the main findings of the study clearly described?
Yes
1
No
0
13. Does the study provide estimates of the random variability in the data for the main outcomes?
Yes
1
No
0
14. Have all important adverse events that may be a consequence of the intervention been
reported?
Yes
1
No
0
15. Have the characteristics of patients lost to follow-up been described?
Yes
1
No
0
16. Have actual probability values been reported (e.g 0.035 rather than < 0.05) for the main
outcomes except where the probability value is less than 0.001?
Yes
1
No
0
Unable to determine
0

External validity
17. Were the subjects asked to participate in the study representative of the entire population from
which they were recruited?
Yes
1
No
0
Unable to determine
0
18. Were those subjects who were prepared to participate representative of the entire population
from which they were recruited?
Yes
1
No
0
Unable to determine
0
19. Were the staff, places and facilities where the patients were treated, representative of the
treatment the majority of patients receive?
Yes
1
No
0
Unable to determine
0
20. Was the intervention administered to the patient representative of the standard of treatment a
patient would expect to receive?
Yes
1
No
0
Unable to determine
0
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Appendix C continued
Internal validity
21. Was an attempt made to have an independent tester analyse the main outcomes of the
intervention?
Yes
1
No
0
Unable to determine
0
22. If any of the results of the study were based on “data dredging”, was this made clear?
Yes
1
No
0
Unable to determine
0
23. In trials and cohort studies, do the analyses adjust for different lengths of follow-up of
patients, or in case-control studies, is the time period between the intervention and outcome the
same for case and controls?
Yes
1
No
0
Unable to determine
0
24. Were the outcome measures clearly described?
Yes
1
No
0
Unable to determine
0
25. Were the main outcome measures used accurate (valid and reliable?) in the patient population
selected?
Yes
1
No
0
Unable to determine
0
26. Is the outcome measure utilized in the study sensitive enough to measure clinical changes in
the patient population?
Yes
1
No
0
Unable to determine
0
27. Is the outcome measure utilized able to administered independently without being affected by
examiner bias?
Yes
1
No
0
Unable to determine
0
28. Were pre and post intervention measures obtained?
Yes
1
No
0
29. Were the statistical tests used to assess the main outcomes appropriate?
Yes
1
No
0
Unable to determine
0
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Appendix C continued
30. Was compliance with the intervention/s assessed?
Yes
1
No
0
Unable to determine
0
31. Were the patients in each intervention groups recruited from the same population or
equivalent sources?
Yes
1
No
0
Unable to determine
0
32. Is the time period over which all subjects were recruited clearly described?
Yes
1
No
0
Unable to determine
0
33. Was there adequate adjustment for confounding in the analyses from which the main findings
were drawn?
Yes
1
No
0
Unable to determine
0
34. Were losses of patients to follow-up taken into account?
Yes
1
No
0
Unable to determine
0
Power Analysis
35. Did the authors conduct a power analysis or comment on the sample size and / or power?
Yes
1
No
0
Unable to determine
0
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Appendix D.

Data extraction form

Included/ Excluded:
Reason___________________________________________________________________

Full Reference Details (author, title, source, country of origin):
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Study Objective:
_________________________________________________________________________
_________________________________________________________________________
Study Design:
_________________________________________________________________________
_________________________________________________________________________
Inclusion Criteria
_________________________________________________________________________
_________________________________________________________________________
Exclusion Criteria
_________________________________________________________________________
_________________________________________________________________________
Recruitment Procedures:
_________________________________________________________________________

Clinical Assessment
Procedures________________________________________________________________
_________________________________________________________________________

Diagnosis of Multidirectional Instability Criteria:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
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Subject Details:
Sample Size:
_______________________________________________________________________
Sample Sex:
_______________________________________________________________________
Sample Age (mean and range):
_______________________________________________________________________

Group Characteristics:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Description of Rehabilitation Parameters:
(Program Content e.g. intensity, equipment, session duration, number of reps/sets)
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Frequency:
_________________________________________________________________________
Duration of Program:
________________________________________________________________

Outcome Measures Used:
Pre-rehabilitation___________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Post-rehabilitation__________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
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Results:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Length of Follow-up
_________________________________________________________________

Additional Comments:
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

202

Appendix E.

Ethics approval

203

Appendix E continued

204

Appendix F.

Information and consent form

205

Appendix F continued

206

Appendix G.

Melbourne Instability Shoulder Scale (MISS)

207

Appendix continued

208

Appendix H.

Western Ontario Shoulder Instability Index

209

Appendix H continued

210

Appendix H continued

211

Appendix H continued

212

Appendix H continued

213

Appendix H continued

214

Appendix H continued

215

Appendix I.

Oxford Instability Shoulder Scale

216

REFERENCES

Abrams, J. S., Savoie, F. H., 3rd, Tauro, J. C., & Bradley, J. P. (2002). Recent advances in
the evaluation and treatment of shoulder instability: anterior, posterior, and
multidirectional. Arthroscopy, 18(9 Suppl 2), 1-13.
Altchek, D. W., Warren, R. F., Skyhar, M. J., & Ortiz, G. (1991). T-plasty modification of
the Bankart procedure for multidirectional instability of the anterior and inferior
types. Journal of Bone and Joint Surgery, 73(1), 105-112.
Amstutz, H. C., Sew Hoy, A. L., & Clarke, I. C. (1981). UCLA anatomic total shoulder
arthroplasty. Clinical Orthopaedics and Related Research(155), 7-20.
An, Y. H., & Friedman, R. J. (2000). Multidirectional instability of the glenohumeral joint.
Orthopedic Clinics of North America, 31(2), 275-285.
Angst, F., Schwyzer, H. K., Aeschlimann, A., Simmen, B. R., & Goldhahn, J. (2011).
Measures of adult shoulder function: Disabilities of the Arm, Shoulder, and Hand
Questionnaire (DASH) and its short version (QuickDASH), 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 & Research, 63 Suppl 11, S174-188. doi: 10.1002/acr.20630
Ashford, D., Davids, K., & Bennett, S. J. (2009). Difference-based meta-analytic
procedures for between-participant and/or within-participant designs: a tutorial
review for sports and exercise scientists. Journal of Sports Sciences, 27(3), 237255. doi: 10.1080/02640410802482409
Bahk, M., Keyurapan, E., Tasaki, A., Sauers, E. L., & McFarland, E. G. (2007). Laxity
testing of the shoulder: a review. American Journal of Sports Medicine, 35(1), 131144. doi: 10.1177/0363546506294570

217

Bahu, M. J., Trentacosta, N., Vorys, G. C., Covey, A. S., & Ahmad, C. S. (2008).
Multidirectional instability: evaluation and treatment options. Clinics in Sports
Medicine, 27(4), 671-689. doi: 10.1016/j.csm.2008.07.002
Bak, K., Spring, B. J., & Henderson, I. J. (2000). Re-formation of the coracoacromial
ligament after open resection or arthroscopic release. Journal of Shoulder and
Elbow Surgery, 9(4), 289-293. doi: 10.1067/mse.2000.106318
Barden, J. M., Balyk, R., Raso, V. J., Moreau, M., & Bagnall, K. (2004). Dynamic upper
limb proprioception in multidirectional shoulder instability. Clinical Orthopaedics
and Related Research(420), 181-189.
Barden, J. M., Balyk, R., Raso, V. J., Moreau, M., & Bagnall, K. (2005). Atypical shoulder
muscle activation in multidirectional instability. Clinical Neurophysiology, 116(8),
1846-1857. doi: 10.1016/j.clinph.2005.04.019
Bartlett, R., Wheat, J., & Robins, M. (2007). Is movement variability important for sports
biomechanists? Sports Biomechanics, 6(2), 224-243. doi:
10.1080/14763140701322994
Beasley, L., Faryniarz, D. A., & Hannafin, J. A. (2000). Multidirectional instability of the
shoulder in the female athlete. Clinics in Sports Medicine, 19(2), 331-349.
Beaton, D., & Richards, R. R. (1998). Assessing the reliability and responsiveness of 5
shoulder questionnaires. Journal of Shoulder and Elbow Surgery, 7(6), 565-572.
Becker, B. J. (1988). Synthesizing standardized mean‐change measures. British Journal of
Mathematical and Statistical Psychology, 41(2), 257-278.
Beighton, P., & Horan, F. (1969). Orthopaedic aspects of the Ehlers-Danlos syndrome. The
Journal of Bone and Joint Surgery. (British volume), 51(3), 444-453.
Beighton, P., Solomon, L., & Soskolne, C. L. (1973). Articular mobility in an African
population. Annals of the Rheumatic Diseases, 32(5), 413-418.
Bigliani, L. U., Kelkar, R., Flatow, E. L., Pollock, R. G., & Mow, V. C. (1996).
Glenohumeral stability. Biomechanical properties of passive and active stabilizers.
Clinical Orthopaedics and Related Research(330), 13-30.
218

Billis, E., Foster, N., & Wright, C. (2003). Reproducibility and repeatability: errors of three
groups of physiotherapists in locating spinal levels by palpation. Manual Therapy,
8(4), 223-232.
Boettcher, C. E., Cathers, I., & Ginn, K. A. (2010). The role of shoulder muscles is task
specific. Journal of Science and Medicine in Sport, 13(6), 651-656. doi:
10.1016/j.jsams.2010.03.008
Bohannon, R., & Saunders, N. (1990). Hand-held dynamometry: a single trial may be
adequate for measuring muscle strength in healthy individuals. Physiotherapy
Canada, 42(1), 6-9.
Bohannon, R. W. (1999). Intertester reliability of hand-held dynamometry: a concise
summary of published research. Perceptual and Motor Skills, 88(3 Pt 1), 899-902.
doi: 10.2466/pms.1999.88.3.899
Boileau, P., Villalba, M., Hery, J. Y., Balg, F., Ahrens, P., & Neyton, L. (2006). Risk
factors for recurrence of shoulder instability after arthroscopic Bankart repair. The
Journal of Bone and Joint Surgery. (American volume), 88(8), 1755-1763. doi:
10.2106/JBJS.E.00817
Bonsell, S., Pearsall, A. W. t., Heitman, R. J., Helms, C. A., Major, N. M., & Speer, K. P.
(2000). The relationship of age, gender, and degenerative changes observed on
radiographs of the shoulder in asymptomatic individuals. The Journal of Bone and
Joint Surgery. (British volume), 82(8), 1135-1139.
Boone, J. L., & Arciero, R. A. (2010). First-time anterior shoulder dislocations: has the
standard changed? British Journal of Sports Medicine, 44(5), 355-360. doi:
10.1136/bjsm.2009.062596
Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2011). Introduction to
meta-analysis. West Sussex: John Wiley & Sons.
Bot, S. D., Terwee, C. B., van der Windt, D. A., Bouter, L. M., Dekker, J., & de Vet, H. C.
(2004). Clinimetric evaluation of shoulder disability questionnaires: a systematic
review of the literature. Annals of the Rheumatic Diseases, 63(4), 335-341.

219

Boudreau, S. A., Farina, D., & Falla, D. (2010). The role of motor learning and
neuroplasticity in designing rehabilitation approaches for musculoskeletal pain
disorders. Manual Therapy, 15(5), 410-414. doi: 10.1016/j.math.2010.05.008
Brostrom, L. A., Kronberg, M., Nemeth, G., & Oxelback, U. (1992). The effect of shoulder
muscle training in patients with recurrent shoulder dislocations. Scandinavian
Journal of Rehabilitation Medicine, 24(1), 11-15.
Brown, G. A., Tan, J. L., & Kirkley, A. (2000). The lax shoulder in females: issues,
answers, but many more questions. Clinical Orthopaedics and Related Research,
372, 110-122.
Burkhead, W. Z., Jr., & Rockwood, C. A., Jr. (1992). Treatment of instability of the
shoulder with an exercise program. The Journal of Bone and Joint Surgery.
(American volume), 74(6), 890-896.
Cacchio, A., Paoloni, M., Griffin, S. H., Rosa, F., Properzi, G., Padua, L., . . . Santilli, V.
(2012). Cross-cultural adaptation and measurement properties of an Italian version
of the Western Ontario Shoulder Instability Index (WOSI). Journal of Orthopaedic
and Sports Physical Therapy, 42(6), 559-567. doi: 10.2519/jospt.2012.3827
Chahal, J., Leiter, J., McKee, M. D., & Whelan, D. B. (2010). Generalized ligamentous
laxity as a predisposing factor for primary traumatic anterior shoulder dislocation.
Journal of Shoulder and Elbow Surgery, 19(8), 1238-1242. doi:
10.1016/j.jse.2010.02.005
Chahal, J., Marks, P. H., Macdonald, P. B., Shah, P. S., Theodoropoulos, J., Ravi, B., &
Whelan, D. B. (2012). Anatomic Bankart repair compared with nonoperative
treatment and/or arthroscopic lavage for first-time traumatic shoulder dislocation.
Arthroscopy, 28(4), 565-575. doi: 10.1016/j.arthro.2011.11.012
Chandler, T. J., Kibler, W. B., Stracener, E. C., Ziegler, A. K., & Pace, B. (1992). Shoulder
strength, power, and endurance in college tennis players. American Journal of
Sports Medicine, 20(4), 455-458.

220

Chen, S.-K., Simonian, P. T., Wickiewicz, T. L., Otis, J. C., & Warren, R. F. (1999).
Radiographic evaluation of glenohumeral kinematics: a muscle fatigue model.
Journal of Shoulder and Elbow Surgery, 8(1), 49-52.
Choi, C. H., & Ogilvie-Harris, D. J. (2002). Inferior capsular shift operation for
multidirectional instability of the shoulder in players of contact sports. British
Journal of Sports Medicine, 36(4), 290-294.
Conboy, V. B., Morris, R. W., Kiss, J., & Carr, A. J. (1996). An evaluation of the
Constant-Murley shoulder assessment. The Journal of Bone and Joint Surgery.
(British volume), 78(2), 229-232.
Conn, V. S., Hafdahl, A. R., Porock, D. C., McDaniel, R., & Nielsen, P. J. (2006). A metaanalysis of exercise interventions among people treated for cancer. Supportive Care
in Cancer, 14(7), 699-712.
Constant, C. R., & Murley, A. H. (1987). A clinical method of functional assessment of the
shoulder. Clinical Orthopaedics and Related Research(214), 160-164.
Cools, A. M., Witvrouw, E. E., Declercq, G. A., Danneels, L. A., & Cambier, D. C. (2003).
Scapular muscle recruitment patterns: trapezius muscle latency with and without
impingement symptoms. American Journal of Sports Medicine, 31(4), 542-549.
Cooper, R. A., & Brems, J. J. (1992). The inferior capsular-shift procedure for
multidirectional instability of the shoulder. The Journal of Bone and Joint Surgery.
(American volume), 74(10), 1516-1521.
Cordasco, F. A. (2000). Understanding multidirectional instability of the shoulder. Journal
of Athletic Training, 35(3), 278-285.
Crenshaw, A. H., & Kilgore, W. E. (1966). Surgical treatment of bicipital tenosynovitis.
The Journal of Bone and Joint Surgery. (American volume), 48(8), 1496-1502.
Culham, E., & Peat, M. (1993). Functional anatomy of the shoulder complex. Journal of
Orthopaedic and Sports Physical Therapy, 18(1), 342-350. doi:
10.2519/jospt.1993.18.1.342

221

da Costa, B. R., Armijo-Olivo, S., Gadotti, I., Warren, S., Reid, D. C., & Magee, D. J.
(2010). Reliability of scapular positioning measurement procedure using the
Palpation Meter (PALM). Physiotherapy, 96(1), 59-67.
Dang, V. (2007). The nonoperative management of shoulder instability. JAAPA, 20(3), 3238.
Darlow, B. (2006). Neuromuscular retraining for multidirectional instability of the
shoulder--a case study. New Zealand Journal of Physiotherapy, 34(2).
Davids, K., Shuttleworth, R., Button, C., Renshaw, I., & Glazier, P. (2004). “Essential
noise” – enhancing variability of informational constraints benefits movement
control: a comment on Waddington and Adams (2003). British Journal of Sports
Medicine, 38(5), 601-605. doi: 10.1136/bjsm.2003.007427
Dawson, J., Fitzpatrick, R., & Carr, A. (1999). The assessment of shoulder instability. The
development and validation of a questionnaire. The Journal of Bone and Joint
Surgery. (British volume), 81(3), 420-426.
Decker, M. J., Hintermeister, R. A., Faber, K. J., & Hawkins, R. J. (1999). Serratus
anterior muscle activity during selected rehabilitation exercises. American Journal
of Sports Medicine, 27(6), 784-791.
Des Jarlais, D. C., Lyles, C., Crepaz, N., & Group, T. (2004). Improving the reporting
quality of nonrandomized evaluations of behavioral and public health interventions:
the TREND statement. American Journal of Public Health, 94(3), 361-366.
Deshpande, A., Khoja, S., McKibbon, A., Rizo, C., & Jadad, A. (2008). Telehealth for
Acute Stroke Management (Telestroke): Systematic Review and Environmental
Scan (Technology overview 37). Ottawa: Canadian Agency for Drugs and
Technologies in Health, 60(6), 991-999.
Dettmers, C., Stephan, K., Lemon, R., & Frackowiak, R. (1997). Reorganization of the
executive motor system after stroke. Cerebrovascular Diseases, 7(4), 187-200.
Dewing, C. B., McCormick, F., Bell, S. J., Solomon, D. J., Stanley, M., Rooney, T. B., &
Provencher, M. T. (2008). An analysis of capsular area in patients with anterior,

222

posterior, and multidirectional shoulder instability. American Journal of Sports
Medicine, 36(3), 515-522. doi: 10.1177/0363546507311603
Dines, D. M., & Levinson, M. (1995). The conservative management of the unstable
shoulder including rehabilitation. Clinics in Sports Medicine, 14(4), 797-816.
Donoghue, O. A., Harrison, A. J., Coffey, N., & Hayes, K. (2008). Functional data analysis
of running kinematics in chronic Achilles tendon injury. Medicine and Science in
Sports and Exercise, 40(7), 1323-1335. doi: 10.1249/MSS.0b013e31816c4807
Downs, S. H., & Black, N. (1998). The feasibility of creating a checklist for the assessment
of the methodological quality both of randomised and non-randomised studies of
health care interventions. Journal of Epidemiology and Community Health, 52(6),
377-384.
Emery, R. J., & Mullaji, A. B. (1991). Glenohumeral joint instability in normal
adolescents. Incidence and significance. The Journal of Bone and Joint Surgery.
(British volume), 73(3), 406-408.
Escamilla, R. F., Yamashiro, K., Paulos, L., & Andrews, J. R. (2009). Shoulder muscle
activity and function in common shoulder rehabilitation exercises. Sports Medicine,
39(8), 663-685. doi: 10.2165/00007256-200939080-00004
Falla, D., Gizzi, L., Tschapek, M., Erlenwein, J., & Petzke, F. (2014). Reduced taskinduced variations in the distribution of activity across back muscle regions in
individuals with low back pain. Pain, 155(5), 944-953. doi:
10.1016/j.pain.2014.01.027
Farber, A. J., Castillo, R., Clough, M., Bahk, M., & McFarland, E. G. (2006). Clinical
assessment of three common tests for traumatic anterior shoulder instability. The
Journal of Bone and Joint Surgery. (American volume), 88(7), 1467-1474. doi:
10.2106/JBJS.E.00594
Ferketich, S. (1991). Focus on psychometrics. Aspects of item analysis. Research in
nursing & health, 14(2), 165-168.

223

Finnoff, J. T., Doucette, S., & Hicken, G. (2004). Glenohumeral instability and dislocation.
Physical Medicine and Rehabilitation Clinics of North America, 15(3), v-vi, 575605. doi: 10.1016/j.pmr.2003.12.004
Fischer, S. P. (2004). Arthroscopic Treatment of Multi-Directional Shoulder Instability.
Sports Medicine and Arthroscopy Review, 12(2), 127-134.
Flatow, E. L., Miniaci, A., Evans, P. J., Simonian, P. T., & Warren, R. F. (1998).
Instability of the shoulder: complex problems and failed repairs: Part II. Failed
repairs. Instructional Course Lectures, 47, 113-125.
football, A. (1990). Patterns of flexibility, laxity, and strength in normal shoulders and
shoulders with instability and impingement. American Journal of Sports Medicine,
18(4), 366-375.
Forwell, L. A., & Carnahan, H. (1996). Proprioception during manual aiming in
individuals with shoulder instability and controls. Journal of Orthopaedic and
Sports Physical Therapy, 23(2), 111-119. doi: 10.2519/jospt.1996.23.2.111
Freckleton, G., & Pizzari, T. (2013). Risk factors for hamstring muscle strain injury in
sport: a systematic review and meta-analysis. British Journal of Sports Medicine,
47(6), 351-358. doi: 10.1136/bjsports-2011-090664
Fronek, J., Warren, R. F., & Bowen, M. (1989). Posterior subluxation of the glenohumeral
joint. The Journal of Bone and Joint Surgery. (American volume), 71(2), 205-216.
Ganderton, C., & Pizzari, T. (2013). A systematic literature review of the resistance
exercises that promote maximal muscle activity of the rotator cuff in normal
shoulders. Shoulder & Elbow, 5(2), 120-135.
Garth, W. P., Jr., Allman, F. L., Jr., & Armstrong, W. S. (1987). Occult anterior
subluxations of the shoulder in noncontact sports. American Journal of Sports
Medicine, 15(6), 579-585.
Gartsman, G. M., Roddey, T. S., & Hammerman, S. M. (2000). Arthroscopic treatment of
anterior-inferior glenohumeral instability. Two to five-year follow-up. The Journal
of Bone and Joint Surgery. (American volume), 82-A(7), 991-1003.

224

Gaudelli, C., Balg, F., Godbout, V., Pelet, S., Djahangiri, A., Griffin, S., & Rouleau, D. M.
(2014). Validity, reliability and responsiveness of the French language translation
of the Western Ontario Shoulder Instability Index (WOSI). Orthopaedics &
Traumatology, Surgery & Research, 100(1), 99-103. doi:
10.1016/j.otsr.2013.09.007
Gerber, C. (1997). Observations on the classification of instability. In J. J. Warner, J. P.
Iannotti & C. Gerber (Eds.), Complex and revision problems in shoulder surgery
(pp. 9-18). Philadelphia: Lippincott-Raven.
Gerber, C., & Ganz, R. (1984). Clinical assessment of instability of the shoulder. With
special reference to anterior and posterior drawer tests. The Journal of Bone and
Joint Surgery. (British volume), 66(4), 551-556.
Gerber, C., & Krushell, R. J. (1991). Isolated rupture of the tendon of the subscapularis
muscle. Clinical features in 16 cases. The Journal of Bone and Joint Surgery.
(British volume), 73(3), 389-394.
Gibson, K., Growse, A., Korda, L., Wray, E., & MacDermid, J. C. (2004). The
effectiveness of rehabilitation for nonoperative management of shoulder instability:
a systematic review. Journal of Hand Therapy, 17(2), 229-242. doi:
10.1197/j.jht.2004.02.010
Graichen, H., Stammberger, T., Bonel, H., Wiedemann, E., Englmeier, K. H., Reiser, M.,
& Eckstein, F. (2001). Three‐dimensional analysis of shoulder girdle and
supraspinatus motion patterns in patients with impingement syndrome. Journal of
orthopaedic research, 19(6), 1192-1198.
Graven-Nielsen, T., Lund, H., Arendt-Nielsen, L., Danneskiold-Samsøe, B., & Bliddal, H.
(2002). Inhibition of maximal voluntary contraction force by experimental muscle
pain: A centrally mediated mechanism. Muscle & Nerve, 26(5), 708-712. doi:
10.1002/mus.10225
Greis, P. E., Kuhn, J. E., Schultheis, J., Hintermeister, R., & Hawkins, R. (1996).
Validation of the lift-off test and analysis of subscapularis activity during maximal
internal rotation. American Journal of Sports Medicine, 24(5), 589-593.

225

Guerrero, P., Busconi, B., Deangelis, N., & Powers, G. (2009). Congenital instability of
the shoulder joint: assessment and treatment options. Journal of Orthopaedic and
Sports Physical Therapy, 39(2), 124-134. doi: 10.2519/jospt.2009.2860
Habermeyer, P., Gleyze, P., & Rickert, M. (1999). Evolution of lesions of the labrumligament complex in posttraumatic anterior shoulder instability: a prospective
study. Journal of Shoulder and Elbow Surgery, 8(1), 66-74.
Hamada, K., Fukuda, H., Nakajima, T., & Yamada, N. (1999). The inferior capsular shift
operation for instability of the shoulder. Long-term results in 34 shoulders. The
Journal of Bone and Joint Surgery. (British volume), 81(2), 218-225.
Hamill, J., Palmer, C., & Van Emmerik, R. E. (2012). Coordinative variability and overuse
injury. Sports Medicine, Arthroscopy, Rehabilitation, Therapy & Technology, 4(1),
45. doi: 10.1186/1758-2555-4-45
Handoll, H. H., Almaiyah, M. A., & Rangan, A. (2004). Surgical versus non-surgical
treatment for acute anterior shoulder dislocation. The Cochrane Database of
Systematic Reviews(1), CD004325. doi: 10.1002/14651858.CD004325.pub2
Hayes, K., Walton, J. R., Szomor, Z. L., & Murrell, G. A. (2002). Reliability of 3 methods
for assessing shoulder strength. Journal of Shoulder and Elbow Surgery, 11(1), 3339. doi: 10.1067/mse.2002.119852
Hebert, L. J., Moffet, H., McFadyen, B. J., & Dionne, C. E. (2002). Scapular behavior in
shoulder impingement syndrome. Archives of Physical Medicine and
Rehabilitation, 83(1), 60-69.
Higgins, J. P., & Green, S. (2008). Cochrane handbook for systematic reviews of
interventions. Version 5.1.0 [updated March 2011]. Oxford: The Cochrane
Collaboration. Available from www.cochrane-handbook.org.
Hintermeister, R. A., Lange, G. W., Schultheis, J. M., Bey, M. J., & Hawkins, R. J. (1998).
Electromyographic activity and applied load during shoulder rehabilitation
exercises using elastic resistance. American Journal of Sports Medicine, 26(2),
210-220.

226

Hodges, P. W., & Smeets, R. J. (2015). Interaction Between Pain, Movement, and Physical
Activity: Short-term Benefits, Long-term Consequences, and Targets for
Treatment. The Clinical Journal of Pain, 31(2), 97-107.
Hodges, P. W., & Tucker, K. (2011). Moving differently in pain: a new theory to explain
the adaptation to pain. Pain, 152(3), S90-S98.
Hofstaetter, J. G., Hanslik-Schnabel, B., Hofstaetter, S. G., Wurnig, C., & Huber, W.
(2010). Cross-cultural adaptation and validation of the German version of the
Western Ontario Shoulder Instability index. Archives of Orthopaedic and Trauma
Surgery, 130(6), 787-796. doi: 10.1007/s00402-009-1033-3
Howell, S. M., Imobersteg, A. M., Seger, D. H., & Marone, P. J. (1986). Clarification of
the role of the supraspinatus muscle in shoulder function. The Journal of Bone and
Joint Surgery. (American volume), 68(3), 398-404.
Huber, H., & Gerber, C. (1994). Voluntary subluxation of the shoulder in children. A longterm follow-up study of 36 shoulders. The Journal of Bone and Joint Surgery.
(British volume), 76(1), 118-122.
Hudak, P. L., Amadio, P. C., & Bombardier, C. (1996). Development of an upper
extremity outcome measure: the DASH (disabilities of the arm, shoulder and hand)
[corrected]. The Upper Extremity Collaborative Group (UECG). American Journal
of Industrial Medicine, 29(6), 602-608. doi: 10.1002/(SICI)10970274(199606)29:6<602::AID-AJIM4>3.0.CO;2-L
Hurley, J. A., Anderson, T. E., Dear, W., Andrish, J. T., Bergfeld, J. A., & Weiker, G. G.
(1992). Posterior shoulder instability. Surgical versus conservative results with
evaluation of glenoid version. American Journal of Sports Medicine, 20(4), 396400.
Ide, J., Maeda, S., Yamaga, M., Morisawa, K., & Takagi, K. (2003). Shoulderstrengthening exercise with an orthosis for multidirectional shoulder instability:
quantitative evaluation of rotational shoulder strength before and after the exercise
program. Journal of Shoulder and Elbow Surgery, 12(4), 342-345. doi:
10.1016/mse.2003.S1058274602868860

227

Illyes, A., & Kiss, R. M. (2006). Kinematic and muscle activity characteristics of
multidirectional shoulder joint instability during elevation. Knee Surgery, Sports
Traumatology, Arthroscopy, 14(7), 673-685. doi: 10.1007/s00167-005-0012-7
Inui, H., Sugamoto, K., Miyamoto, T., Yoshikawa, H., Machida, A., Hashimoto, J., &
Nobuhara, K. (2002). Three-dimensional relationship of the glenohumeral joint in
the elevated position in shoulders with multidirectional instability. Journal of
Shoulder and Elbow Surgery, 11(5), 510-515.
Irrgang, J. J., & Lubowitz, J. H. (2008). Measuring arthroscopic outcome. Arthroscopy,
24(6), 718-722.
Irving, D. B., Cook, J. L., & Menz, H. B. (2006). Factors associated with chronic plantar
heel pain: a systematic review. Journal of Science and Medicine in Sport, 9(1-2),
11-24. doi: 10.1016/j.jsams.2006.02.004
Itoi, E., Hsu, H. C., & An, K. N. (1996). Biomechanical investigation of the glenohumeral
joint. Journal of Shoulder and Elbow Surgery, 5(5), 407-424.
Itoi, E., Motzkin, N. E., Morrey, B. F., & An, K. N. (1992). Scapular inclination and
inferior stability of the shoulder. Journal of Shoulder and Elbow Surgery, 1(3),
131-139. doi: 10.1016/1058-2746(92)90090-P
Jaggi, A., & Lambert, S. (2010). Rehabilitation for shoulder instability. British Journal of
Sports Medicine, 44(5), 333-340. doi: 10.1136/bjsm.2009.059311
Jenp, Y. N., Malanga, G. A., Growney, E. S., & An, K. N. (1996). Activation of the rotator
cuff in generating isometric shoulder rotation torque. American Journal of Sports
Medicine, 24(4), 477-485.
Jia, X., Petersen, S. A., Khosravi, A. H., Almareddi, V., Pannirselvam, V., & McFarland,
E. G. (2009). Examination of the shoulder: the past, the present, and the future. The
Journal of Bone and Joint Surgery. (American volume), 91 Suppl 6, 10-18. doi:
10.2106/JBJS.I.00534
Jobe, C. M. (1995). Posterior superior glenoid impingement: expanded spectrum.
Arthroscopy, 11(5), 530-536.

228

Jobe, F., Tibone, J., Jobe, C., & Kvitne, R. (1990). The shoulder in sports. In C. A.
Rockwood, F. A. Matsen & M. A. Wirth (Eds.), The shoulder (pp. 1279-1305).
Philadelphia: WB Saunders
Jobe, F. W., Kvitne, R. S., & Giangarra, C. E. (1989). Shoulder pain in the overhand or
throwing athlete. The relationship of anterior instability and rotator cuff
impingement. Orthopaedic Review, 18(9), 963-975.
Jobe, F. W., & Moynes, D. R. (1982). Delineation of diagnostic criteria and a rehabilitation
program for rotator cuff injuries. American Journal of Sports Medicine, 10(6), 336339.
Johnson, G., Bogduk, N., Nowitzke, A., & House, D. (1994). Anatomy and actions of the
trapezius muscle. Clinical Biomechanics, 9(1), 44-50. doi: 10.1016/02680033(94)90057-4
Karduna, A. R., McClure, P. W., Michener, L. A., & Sennett, B. (2001). Dynamic
measurements of three-dimensional scapular kinematics: a validation study.
Journal of Biomechanical Engineering, 123(2), 184-190.
Kazis, L. E., Anderson, J. J., & Meenan, R. F. (1989). Effect Sizes for Interpreting
Changes in Health Status. Medical Care, 27(3), S178-S189.
Kedgley, A. E., Mackenzie, G. A., Ferreira, L. M., Drosdowech, D. S., King, G. J., Faber,
K. J., & Johnson, J. A. (2008). Humeral head translation decreases with muscle
loading. Journal of Shoulder and Elbow Surgery, 17(1), 132-138. doi:
10.1016/j.jse.2007.03.021
Kelly, B. T., Kadrmas, W. R., & Speer, K. P. (1996). The manual muscle examination for
rotator cuff strength. An electromyographic investigation. American Journal of
Sports Medicine, 24(5), 581-588.
Kendall, F., McCreary, E., & Provance, P. (1993). Muscle testing and function.
Philadelphia: Lippincott Williams & Wilkins.
Kessel, L. (1982). Clinical disorders of the shoulder. Edinburgh: Churchill Livingstone.

229

Kibler, W. B. (1998). The role of the scapula in athletic shoulder function. American
Journal of Sports Medicine, 26(2), 325-337.
Kibler, W. B. (2003). Rehabilitation of rotator cuff tendinopathy. Clinics in Sports
Medicine, 22(4), 837-847.
Kibler, W. B., & Sciascia, A. (2010). Current concepts: scapular dyskinesis. British
Journal of Sports Medicine, 44(5), 300-305. doi: 10.1136/bjsm.2009.058834
Kibler, W. B., Sciascia, A., & Dome, D. (2006). Evaluation of apparent and absolute
supraspinatus strength in patients with shoulder injury using the scapular retraction
test. American Journal of Sports Medicine, 34(10), 1643-1647. doi:
10.1177/0363546506288728
Kim, S. H., Noh, K. C., Park, J. S., Ryu, B. D., & Oh, I. (2005). Loss of chondrolabral
containment of the glenohumeral joint in atraumatic posteroinferior
multidirectional instability. The Journal of Bone and Joint Surgery. (American
volume), 87(1), 92-98. doi: 10.2106/JBJS.C.01448
Kim, S. H., Park, J. C., Park, J. S., & Oh, I. (2004). Painful jerk test: a predictor of success
in nonoperative treatment of posteroinferior instability of the shoulder. American
Journal of Sports Medicine, 32(8), 1849-1855.
Kirkley, A., Griffin, S., & Dainty, K. (2003). Scoring systems for the functional
assessment of the shoulder. Arthroscopy, 19(10), 1109-1120. doi:
10.1016/j.arthro.2003.10.030
Kirkley, A., Griffin, S., McLintock, H., & Ng, L. (1998). The development and evaluation
of a disease-specific quality of life measurement tool for shoulder instability. The
Western Ontario Shoulder Instability Index (WOSI). American Journal of Sports
Medicine, 26(6), 764-772.
Kirkley, A., Werstine, R., Ratjek, A., & Griffin, S. (2005). Prospective randomized clinical
trial comparing the effectiveness of immediate arthroscopic stabilization versus
immobilization and rehabilitation in first traumatic anterior dislocations of the
shoulder: long-term evaluation. Arthroscopy, 21(1), 55-63. doi:
10.1016/j.arthro.2004.09.018
230

Kirshner, B., & Guyatt, G. (1985). A methodological framework for assessing health
indices. Journal of Chronic Diseases, 38(1), 27-36.
Kiss, J., Damrel, D., Mackie, A., Neumann, L., & Wallace, W. A. (2001). Non-operative
treatment of multidirectional shoulder instability. International Orthopaedics,
24(6), 354-357.
Kline, P. (1986). A handbook of test construction : introduction to psychometric design.
London; New York, NY: Methuen.
Kocher, M. S., Horan, M. P., Briggs, K. K., Richardson, T. R., O'Holleran, J., & Hawkins,
R. J. (2005). Reliability, validity, and responsiveness of the American Shoulder and
Elbow Surgeons subjective shoulder scale in patients with shoulder instability,
rotator cuff disease, and glenohumeral arthritis. The Journal of Bone and Joint
Surgery. (American volume), 87(9), 2006-2011. doi: 10.2106/JBJS.C.01624
Kohn, D., & Geyer, M. (1997). The subjective shoulder rating system. Archives of
Orthopaedic and Trauma Surgery, 116(6-7), 324-328.
Kronberg, M., & Brostrom, L. A. (1995). Electromyographic recordings in shoulder
muscles during eccentric movements. Clinical Orthopaedics and Related
Research(314), 143-151.
Kronberg, M., Brostrom, L. A., & Nemeth, G. (1991). Differences in shoulder muscle
activity between patients with generalized joint laxity and normal controls. Clinical
Orthopaedics and Related Research(269), 181-192.
Kronberg, M., Nemeth, G., & Brostrom, L. A. (1990). Muscle activity and coordination in
the normal shoulder. An electromyographic study. Clinical Orthopaedics and
Related Research(257), 76-85.
Kuhn, J. E. (2010). A new classification system for shoulder instability. British Journal of
Sports Medicine, 44(5), 341-346.
Kuhn, J. E., Helmer, T. T., Dunn, W. R., & Throckmorton, V. T. (2011). Development and
reliability testing of the frequency, etiology, direction, and severity (FEDS) system

231

for classifying glenohumeral instability. Journal of Shoulder and Elbow Surgery,
20(4), 548-556. doi: 10.1016/j.jse.2010.10.027
L'Insalata, J. C., Warren, R. F., Cohen, S. B., Altchek, D. W., & Peterson, M. G. (1997). A
self-administered questionnaire for assessment of symptoms and function of the
shoulder. The Journal of Bone and Joint Surgery. (American volume), 79(5), 738748.
Laudner, K. G., Myers, J. B., Pasquale, M. R., Bradley, J. P., & Lephart, S. M. (2006).
Scapular dysfunction in throwers with pathologic internal impingement. Journal of
Orthopaedic and Sports Physical Therapy, 36(7), 485-494. doi:
10.2519/jospt.2006.2146
Lazarus, M. D., Sidles, J. A., Harryman, D. T., 2nd, & Matsen, F. A., 3rd. (1996). Effect of
a chondral-labral defect on glenoid concavity and glenohumeral stability. A
cadaveric model. The Journal of Bone and Joint Surgery. (American volume),
78(1), 94-102.
Leffert, R., & Rowe, C. (1988). The Shoulder. New York: Churchill Livingstone.
Leffert, R. D., & Gumley, G. (1987). The relationship between dead arm syndrome and
thoracic outlet syndrome. Clinical Orthopaedics and Related Research(223), 2031.
Lephart, S. M., Pincivero, D. M., Giraldo, J. L., & Fu, F. H. (1997). The role of
proprioception in the management and rehabilitation of athletic injuries. American
Journal of Sports Medicine, 25(1), 130-137.
Lephart, S. M., Warner, J. J., Borsa, P. A., & Fu, F. H. (1994). Proprioception of the
shoulder joint in healthy, unstable, and surgically repaired shoulders. Journal of
Shoulder and Elbow Surgery, 3(6), 371-380. doi: 10.1016/S1058-2746(09)80022-0
Levangie, P. K., & Norkin, C. C. (2001). Joint structure and function: a comprehensive
analysis: FA Davis Philadelphia, PA.

232

Levy, A. S., Lintner, S., Kenter, K., & Speer, K. P. (1999). Intra- and interobserver
reproducibility of the shoulder laxity examination. American Journal of Sports
Medicine, 27(4), 460-463.
Lewis, A., Kitamura, T., & Bayley, J. I. L. (2004). (ii) The classification of shoulder
instability: new light through old windows! Current Orthopaedics, 18(2), 97-108.
Lewis, J., Green, A., Reichard, Z., & Wright, C. (2002). Scapular position: the validity of
skin surface palpation. Manual Therapy, 7(1), 26-30. doi: 10.1054/math.2001.0405
Lewis, J. S. (2009). Rotator cuff tendinopathy/subacromial impingement syndrome: is it
time for a new method of assessment? British Journal of Sports Medicine, 43(4),
259-264. doi: 10.1136/bjsm.2008.052183
Lewis, J. S., & Valentine, R. E. (2008). Intraobserver reliability of angular and linear
measurements of scapular position in subjects with and without symptoms.
Archives of Physical Medicine and Rehabilitation, 89(9), 1795-1802. doi:
10.1016/j.apmr.2008.01.028
Liavaag, S., Svenningsen, S., Reikeras, O., Enger, M., Fjalestad, T., Pripp, A. H., & Brox,
J. I. (2011). The epidemiology of shoulder dislocations in Oslo. Scandinavian
Journal of Medicine & Science in Sports, 21(6), e334-340. doi: 10.1111/j.16000838.2011.01300.x
Lin, J. J., Hanten, W. P., Olson, S. L., Roddey, T. S., Soto-Quijano, D. A., Lim, H. K., &
Sherwood, A. M. (2005). Functional activities characteristics of shoulder complex
movements: Exploration with a 3-D electromagnetic measurement system. Journal
of Rehabilitation Research and Development, 42(2), 199-210.
Lippitt, S. B., Harryman, D. T., & Matsen, F. A. (1993). A practical tool for evaluation
function: the simple shoulder test. Rosemont, IL: American Academy of
Orthopaedic Surgeons.
Ludewig, P. M., & Braman, J. P. (2011). Shoulder impingement: biomechanical
considerations in rehabilitation. Manual Therapy, 16(1), 33-39. doi:
10.1016/j.math.2010.08.004

233

Ludewig, P. M., & Cook, T. M. (2000). Alterations in shoulder kinematics and associated
muscle activity in people with symptoms of shoulder impingement. Physical
Therapy, 80(3), 276-291.
Ludewig, P. M., & Reynolds, J. F. (2009). The association of scapular kinematics and
glenohumeral joint pathologies. Journal of Orthopaedic and Sports Physical
Therapy, 39(2), 90-104. doi: 10.2519/jospt.2009.2808
Lukasiewicz, A. C., McClure, P., Michener, L., Pratt, N., & Sennett, B. (1999).
Comparison of 3-dimensional scapular position and orientation between subjects
with and without shoulder impingement. Journal of Orthopaedic and Sports
Physical Therapy, 29(10), 574-583; discussion 584-576. doi:
10.2519/jospt.1999.29.10.574
Lunden, J. B., Braman, J. P., Laprade, R. F., & Ludewig, P. M. (2010). Shoulder
kinematics during the wall push-up plus exercise. Journal of Shoulder and Elbow
Surgery, 19(2), 216-223. doi: 10.1016/j.jse.2009.06.003
Magarey, M. E., & Jones, M. A. (2003). Specific evaluation of the function of force
couples relevant for stabilization of the glenohumeral joint. Manual Therapy, 8(4),
247-253.
Mallon, W. J., & Speer, K. P. (1995). Multidirectional instability: current concepts.
Journal of Shoulder and Elbow Surgery, 4(1 Pt 1), 54-64.
Massoud, S. N., Levy, O., & Copeland, S. A. (2002). Inferior capsular shift for
multidirectional instability following failed laser-assisted capsular shrinkage.
Journal of Shoulder and Elbow Surgery, 11(4), 305-308. doi:
10.1067/mse.2002.121479
Matias, R., & Pascoal, A. G. (2006). The unstable shoulder in arm elevation: a threedimensional and electromyographic study in subjects with glenohumeral instability.
Clin Biomech (Bristol, Avon), 21 Suppl 1, S52-58. doi:
10.1016/j.clinbiomech.2005.09.014
Matsen, F. A., Harryman, D. T., & Sidles, J. A. (1991). Mechanics of glenohumeral
instability. Clinics in Sports Medicine, 10(4), 783-788.
234

Matsen, F. A., Thomas, S., & Rockwood, C. A. (1990). Interior glenohumeral instability.
In C. A. Rockwood & F. A. Matsen (Eds.), The shoulder. Philadelphia: Saunders
Elsevier.
Matsuki, K., Matsuki, K. O., Mu, S., Yamaguchi, S., Ochiai, N., Sasho, T., . . . Banks, S.
A. (2011). In vivo 3-dimensional analysis of scapular kinematics: comparison of
dominant and nondominant shoulders. Journal of Shoulder and Elbow Surgery,
20(4), 659-665. doi: 10.1016/j.jse.2010.09.012
McCann, P. D., Wootten, M. E., Kadaba, M. P., & Bigliani, L. U. (1993). A kinematic and
electromyographic study of shoulder rehabilitation exercises. Clinical Orthopaedics
and Related Research(288), 179-188.
McCarney, R., Warner, J., Iliffe, S., van Haselen, R., Griffin, M., & Fisher, P. (2007). The
Hawthorne Effect: a randomised, controlled trial. BMC Medical Research
Methodology, 7, 30. doi: 10.1186/1471-2288-7-30
McClure, P. W., Bialker, J., Neff, N., Williams, G., & Karduna, A. (2004). Shoulder
function and 3-dimensional kinematics in people with shoulder impingement
syndrome before and after a 6-week exercise program. Physical Therapy, 84(9),
832-848.
McClure, P. W., Michener, L. A., & Karduna, A. R. (2006). Shoulder function and 3dimensional scapular kinematics in people with and without shoulder impingement
syndrome. Physical Therapy, 86(8), 1075-1090.
McClure, P. W., Michener, L. A., Sennett, B. J., & Karduna, A. R. (2001). Direct 3dimensional measurement of scapular kinematics during dynamic movements in
vivo. Journal of Shoulder and Elbow Surgery, 10(3), 269-277. doi:
10.1067/mse.2001.112954
McFarland, E. G. (2006). Examination of the shoulder: the complete guide. New York:
Thieme Medical Publishers.
McFarland, E. G., Kim, T. K., Park, H. B., Neira, C. A., & Gutierrez, M. I. (2003). The
effect of variation in definition on the diagnosis of multidirectional instability of the

235

shoulder. The Journal of Bone and Joint Surgery. (American volume), 85-A(11),
2138-2144.
McMahon, P. J., Jobe, F. W., Pink, M. M., Brault, J. R., & Perry, J. (1996). Comparative
electromyographic analysis of shoulder muscles during planar motions: anterior
glenohumeral instability versus normal. Journal of Shoulder and Elbow Surgery,
5(2 Pt 1), 118-123.
McQuade, K. J., & Murthi, A. M. (2004). Anterior glenohumeral force/translation behavior
with and without rotator cuff contraction during clinical stability testing. Clin
Biomech (Bristol, Avon), 19(1), 10-15.
Merolla, G., Cerciello, S., Chillemi, C., Paladini, P., De Santis, E., & Porcellini, G. (2015).
Multidirectional instability of the shoulder: biomechanics, clinical presentation, and
treatment strategies. European Journal of Orthopaedic Surgery & Traumatology,
1-11.
Merolla, G., De Santis, E., Campi, F., Paladini, P., & Porcellini, G. (2010). Infraspinatus
scapular retraction test: a reliable and practical method to assess infraspinatus
strength in overhead athletes with scapular dyskinesis. Journal of Orthopaedics and
Traumatology, 11(2), 105-110. doi: 10.1007/s10195-010-0095-x
Michener, L. A., Boardman, N. D., Pidcoe, P. E., & Frith, A. M. (2005). Scapular muscle
tests in subjects with shoulder pain and functional loss: reliability and construct
validity. Physical Therapy, 85(11), 1128-1138.
Michener, L. A., McClure, P. W., & Karduna, A. R. (2003). Anatomical and
biomechanical mechanisms of subacromial impingement syndrome. Clinical
Biomechanics, 18(5), 369-379.
Millar, A. L., Lasheway, P. A., Eaton, W., & Christensen, F. (2006). A retrospective,
descriptive study of shoulder outcomes in outpatient physical therapy. Journal of
Orthopaedic and Sports Physical Therapy, 36(6), 403-414. doi:
10.2519/jospt.2006.2101
Misamore, G. W., Sallay, P. I., & Didelot, W. (2005). A longitudinal study of patients with
multidirectional instability of the shoulder with seven- to ten-year follow-up.
236

Journal of Shoulder and Elbow Surgery, 14(5), 466-470. doi:
10.1016/j.jse.2004.11.006
Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group, P. (2009). Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med, 6(7), e1000097. doi: 10.1371/journal.pmed.1000097
Monk, A. P., Garfjeld Roberts, P., Logishetty, K., Price, A. J., Kulkarni, R., Rangan, A., &
Rees, J. L. (2013). Evidence in managing traumatic anterior shoulder instability: a
scoping review. British Journal of Sports Medicine. doi: 10.1136/bjsports-2013092296
Moore, K. L., Dalley, A. F., & Agur, A. M. (2013). Clinically oriented anatomy:
Lippincott Williams & Wilkins.
Morris, A. D., Kemp, G. J., & Frostick, S. P. (2004). Shoulder electromyography in
multidirectional instability. Journal of Shoulder and Elbow Surgery, 13(1), 24-29.
doi: 10.1016/S1058274603002489
Morris, S. B., & DeShon, R. P. (2002). Combining effect size estimates in meta-analysis
with repeated measures and independent-groups designs. Psychological Methods,
7(1), 105-125.
Moseley, J. B., Jr., Jobe, F. W., Pink, M., Perry, J., & Tibone, J. (1992). EMG analysis of
the scapular muscles during a shoulder rehabilitation program. American Journal of
Sports Medicine, 20(2), 128-134.
Moser, J. S., Barker, K. L., Doll, H. A., & Carr, A. J. (2008). Comparison of two patientbased outcome measures for shoulder instability after nonoperative treatment.
Journal of Shoulder and Elbow Surgery, 17(6), 886-892. doi:
10.1016/j.jse.2008.05.040
Mottram, S. L., Woledge, R. C., & Morrissey, D. (2009). Motion analysis study of a
scapular orientation exercise and subjects' ability to learn the exercise. Manual
Therapy, 14(1), 13-18. doi: 10.1016/j.math.2007.07.008

237

Moynes, D. R., Perry, J., Antonelli, D. J., & Jobe, F. W. (1986). Electromyography and
motion analysis of the upper extremity in sports. Physical Therapy, 66(12), 19051911.
Myers, J. B., Guskiewicz, K. M., Schneider, R. A., & Prentice, W. E. (1999).
Proprioception and neuromuscular control of the shoulder after muscle fatigue.
Journal of Athletic Training, 34(4), 362-367.
Myers, J. B., Wassinger, C. A., & Lephart, S. M. (2006). Sensorimotor contribution to
shoulder stability: effect of injury and rehabilitation. Manual Therapy, 11(3), 197201. doi: 10.1016/j.math.2006.04.002
Neer, C. S., 2nd, & Foster, C. R. (1980). Inferior capsular shift for involuntary inferior and
multidirectional instability of the shoulder. A preliminary report. The Journal of
Bone and Joint Surgery. (American volume), 62(6), 897-908.
Nijs, J., Lluch Girbes, E., Lundberg, M., Malfliet, A., & Sterling, M. (2015). Exercise
therapy for chronic musculoskeletal pain: Innovation by altering pain memories.
Manual Therapy, 20(1), 216-220. doi: 10.1016/j.math.2014.07.004
Nunnally, J. C., & Bernstein, I. H. (1994). Psychometric theory. New York: McGraw-Hill.
Nyiri, P., Illyes, A., Kiss, R., & Kiss, J. (2010). Intermediate biomechanical analysis of the
effect of physiotherapy only compared with capsular shift and physiotherapy in
multidirectional shoulder instability. Journal of Shoulder and Elbow Surgery,
19(6), 802-813. doi: 10.1016/j.jse.2010.05.008
Odom, C. J., Taylor, A. B., Hurd, C. E., & Denegar, C. R. (2001). Measurement of
scapular asymmetry and assessment of shoulder dysfunction using the lateral
scapular slide test: a reliability and validity study. Physical Therapy, 81(2), 799809.
Ogawa, K., Yoshida, A., & Ikegami, H. (2006). Osteoarthritis in shoulders with traumatic
anterior instability: preoperative survey using radiography and computed
tomography. Journal of Shoulder and Elbow Surgery, 15(1), 23-29. doi:
10.1016/j.jse.2005.05.011

238

Ogston, J. B., & Ludewig, P. M. (2007). Differences in 3-dimensional shoulder kinematics
between persons with multidirectional instability and asymptomatic controls.
American Journal of Sports Medicine, 35(8), 1361-1370. doi:
10.1177/0363546507300820
Oh, J. H., Kim, J. Y., Kim, W. S., Gong, H. S., & Lee, J. H. (2008). The evaluation of
various physical examinations for the diagnosis of type II superior labrum anterior
and posterior lesion. American Journal of Sports Medicine, 36(2), 353-359.
Owens, B. D., Duffey, M. L., Nelson, B. J., DeBerardino, T. M., Taylor, D. C., &
Mountcastle, S. B. (2007). The incidence and characteristics of shoulder instability
at the United States Military Academy. American Journal of Sports Medicine,
35(7), 1168-1173. doi: 10.1177/0363546506295179
Ozaki, J. (1989). Glenohumeral movements of the involuntary inferior and multidirectional
instability. Clinical Orthopaedics and Related Research(238), 107-111.
Paletta, G. A., Jr., Warner, J. J., Warren, R. F., Deutsch, A., & Altchek, D. W. (1997).
Shoulder kinematics with two-plane x-ray evaluation in patients with anterior
instability or rotator cuff tearing. Journal of Shoulder and Elbow Surgery, 6(6),
516-527.
Pande, P., Hawkins, R., & Peat, M. (1989). Electromyography in voluntary posterior
instability of the shoulder. American Journal of Sports Medicine, 17(5), 644-648.
Park, J. Y., Hwang, J. T., Oh, K. S., Kim, S. J., Kim, N. R., & Cha, M. J. (2014). Revisit to
scapular dyskinesis: three-dimensional wing computed tomography in prone
position. Journal of Shoulder and Elbow Surgery, 23(6), 821-828. doi:
10.1016/j.jse.2013.08.016
Pizzari, T. (2011). Functional, clinical and EMG changes in multidirectional instability
after conservative rehabilitation. Paper presented at the Australian Physiotherapy
Association Conference 2011, Brisbane, Australia.
Pizzari, T., Ganderton, C., Watson, L., & Balster, S. (2013). A novel exercise for retraining
the rotator cuff muscles of the shoulder. Journal of Science and Medicine in
Sport(16), e7.
239

Pizzari, T., Wickham, J., Balster, S., Ganderton, C., & Watson, L. (2014). Modifying a
shrug exercise can facilitate the upward rotator muscles of the scapula. Clinical
Biomechanics, 29(2), 201-205. doi: 10.1016/j.clinbiomech.2013.11.011
Plancher, K. D., & Lipnick, S. L. (2009). Analysis of evidence-based medicine for
shoulder instability. Arthroscopy, 25(8), 897-908. doi:
10.1016/j.arthro.2009.03.017
Pollock, R. G., Owens, J. M., Flatow, E. L., & Bigliani, L. U. (2000). Operative results of
the inferior capsular shift procedure for multidirectional instability of the shoulder.
The Journal of Bone and Joint Surgery. (American volume), 82-A(7), 919-928.
Poppen, N., & Walker, P. (1978). Forces at the glenohumeral joint in abduction. Clinical
Orthopaedics and Related Research, 135, 165-170.
Poppen, N. K., & Walker, P. S. (1976). Normal and abnormal motion of the shoulder. The
Journal of Bone and Joint Surgery. (American volume), 58(2), 195-201.
Portney, L. G., & Watkins, M. P. (2000). Foundations of clinical research: applications to
practice (Vol. 2). Upper Saddle River, NJ: Prentice Hall
Rabin, A., Irrgang, J. J., Fitzgerald, G. K., & Eubanks, A. (2006). The intertester reliability
of the scapular assistance test. Journal of Orthopaedic & Sports Physical Therapy,
36(9), 653-660.
Reeves, B. C., Deeks, J. J., Higgins, J. P. T., & Wells, G. A. (2008). Including nonrandomized studies. In J. P. T. Higgins & S. Green (Eds.), Cochrane handbook for
systematic reviews of intervention (pp. 391-432). Chichester, England; Hoboken,
NJ: Wiley-Blackwell.
Reid, D., Saboe, L., & Chepeha, J. (1996). Anterior Shoulder Instability in Athletes:
Comparison of Isokinetic Resistance Exercises and an Electromyographic
Biofeedback Re-education Program--A Pilot Program. Physiotherapy Canada,
48(4), 251-256.
Reinold, M. M., Escamilla, R. F., & Wilk, K. E. (2009). Current concepts in the scientific
and clinical rationale behind exercises for glenohumeral and scapulothoracic

240

musculature. Journal of Orthopaedic and Sports Physical Therapy, 39(2), 105-117.
doi: 10.2519/jospt.2009.2835
Reinold, M. M., Wilk, K. E., Fleisig, G. S., Zheng, N., Barrentine, S. W., Chmielewski, T.,
. . . Andrews, J. R. (2004). Electromyographic analysis of the rotator cuff and
deltoid musculature during common shoulder external rotation exercises. Journal of
Orthopaedic and Sports Physical Therapy, 34(7), 385-394. doi:
10.2519/jospt.2004.34.7.385
Richards, R. R., An, K. N., Bigliani, L. U., Friedman, R. J., Gartsman, G. M., Gristina, A.
G., . . . Zuckerman, J. D. (1994). A standardized method for the assessment of
shoulder function. Journal of Shoulder and Elbow Surgery, 3(6), 347-352. doi:
10.1016/S1058-2746(09)80019-0
Riemann, B. L., Davies, G. J., Ludwig, L., & Gardenhour, H. (2010). Hand-held
dynamometer testing of the internal and external rotator musculature based on
selected positions to establish normative data and unilateral ratios. Journal of
Shoulder and Elbow Surgery, 19(8), 1175-1183. doi: 10.1016/j.jse.2010.05.021
Romeo, A. A., Bach, B. R., Jr., & O'Halloran, K. L. (1996). Scoring systems for shoulder
conditions. American Journal of Sports Medicine, 24(4), 472-476.
Rouleau, D. M., Faber, K., & MacDermid, J. C. (2010). Systematic review of patientadministered shoulder functional scores on instability. Journal of Shoulder and
Elbow Surgery, 19(8), 1121-1128. doi: 10.1016/j.jse.2010.07.003
Rowe, C. R. (1956). Prognosis in dislocations of the shoulder. The Journal of Bone and
Joint Surgery. (American volume), 38-A(5), 957-977.
Rowe, C. R. (1987). Recurrent transient anterior subluxation of the shoulder. The "dead
arm" syndrome. Clinical Orthopaedics and Related Research(223), 11-19.
Rowe, C. R. (1988). Injection technique for the shoulder and elbow. Orthopedic Clinics of
North America, 19(4), 773-777.

241

Rowe, C. R., Patel, D., & Southmayd, W. W. (1978). The Bankart procedure: a long-term
end-result study. The Journal of Bone and Joint Surgery. (American volume),
60(1), 1-16.
Rowe, C. R., Pierce, D. S., & Clark, J. G. (1973). Voluntary dislocation of the shoulder. A
preliminary report on a clinical, electromyographic, and psychiatric study of
twenty-six patients. The Journal of Bone and Joint Surgery. (American volume),
55(3), 445-460.
Rowe, C. R., & Zarins, B. (1981). Recurrent transient subluxation of the shoulder. The
Journal of Bone and Joint Surgery. (American volume), 63(6), 863-872.
Roy, J.-S., Moffet, H., Hébert, L. J., & Lirette, R. (2009). Effect of motor control and
strengthening exercises on shoulder function in persons with impingement
syndrome: A single-subject study design. Manual Therapy, 14(2), 180-188. doi:
http://dx.doi.org/10.1016/j.math.2008.01.010
Roy, J. S., & Esculier, J. F. (2011). Psychometric evidence for clinical outcome measures
assessing shoulder disorders. Physical Therapy Reviews, 16(5), 331-346.
Roy, J. S., MacDermid, J. C., & Woodhouse, L. J. (2009). Measuring shoulder function: a
systematic review of four questionnaires. Arthritis and Rheumatism, 61(5), 623632. doi: 10.1002/art.24396
Salomonsson, B., Ahlstrom, S., Dalen, N., & Lillkrona, U. (2009). The Western Ontario
Shoulder Instability Index (WOSI): validity, reliability, and responsiveness retested
with a Swedish translation. Acta Orthopaedica, 80(2), 233-238. doi:
10.3109/17453670902930057
Salomonsson, B., Sforza, G., Revay, S., Abbaszadegan, H., & Jonsson, U. (1998).
Atraumatic shoulder instability. Discussion of classification and results after
capsular imbrication. Scandinavian Journal of Medicine & Science in Sports, 8(6),
398-404.
San Juan, J. G., & Karduna, A. R. (2010). Measuring humeral head translation using
fluoroscopy: A validation study. Journal of biomechanics, 43(4), 771-774.

242

Santos, M. J., Belangero, W. D., & Almeida, G. L. (2007). The effect of joint instability on
latency and recruitment order of the shoulder muscles. Journal of
Electromyography and Kinesiology, 17(2), 167-175. doi:
10.1016/j.jelekin.2006.01.010
Savoie, F. H., 3rd, & Field, L. D. (2000). Thermal versus suture treatment of symptomatic
capsular laxity. Clinics in Sports Medicine, 19(1), 63-75, vi.
Schachter, A. K., McHugh, M. P., Tyler, T. F., Kreminic, I. J., Orishimo, K. F., Johnson,
C., . . . Nicholas, S. J. (2010). Electromyographic activity of selected scapular
stabilizers during glenohumeral internal and external rotation contractions. Journal
of Shoulder and Elbow Surgery, 19(6), 884-890. doi: 10.1016/j.jse.2010.05.015
Schwartz, C., Croisier, J. L., Rigaux, E., Denoel, V., Bruls, O., & Forthomme, B. (2014).
Dominance effect on scapula 3-dimensional posture and kinematics in healthy male
and female populations. Journal of Shoulder and Elbow Surgery, 23(6), 873-881.
doi: 10.1016/j.jse.2013.08.020
Seagraves, F. E., & Horvat, M. (1995). Comparison of isometric test procedures to assess
muscular strength in elementary school girls. Pediatric Exercise Science, 7, 61-61.
Seitz, A. L., McClure, P. W., Lynch, S. S., Ketchum, J. M., & Michener, L. A. (2012).
Effects of scapular dyskinesis and scapular assistance test on subacromial space
during static arm elevation. Journal of Shoulder and Elbow Surgery, 21(5), 631640. doi: 10.1016/j.jse.2011.01.008
Shea, K. P. (2013). ISAKOS Consensus Shoulder Instability Classification System
Shoulder Concepts 2013: Consensus and Concerns (pp. 29-34): Springer.
Siegfried, N., Muller, M., Deeks, J., Volmink, J., Egger, M., Low, N., . . . Williamson, P.
(2005). HIV and male circumcision--a systematic review with assessment of the
quality of studies. Lancet Infectious Diseases, 5(3), 165-173. doi: 10.1016/S14733099(05)01309-5
Skare, O., Liavaag, S., Reikeras, O., Mowinckel, P., & Brox, J. I. (2013). Evaluation of
Oxford instability shoulder score, Western Ontario shoulder instability index and
Euroqol in patients with SLAP (superior labral anterior posterior) lesions or
243

recurrent anterior dislocations of the shoulder. BMC Research Notes, 6, 273. doi:
10.1186/1756-0500-6-273
Streiner, D. L., Norman, G. R., & Cairney, J. (2014). Health measurement scales: a
practical guide to their development and use: Oxford university press.
Struyf, F., Nijs, J., Baeyens, J. P., Mottram, S., & Meeusen, R. (2011). Scapular
positioning and movement in unimpaired shoulders, shoulder impingement
syndrome, and glenohumeral instability. Scandinavian Journal of Medicine &
Science in Sports, 21(3), 352-358. doi: 10.1111/j.1600-0838.2010.01274.x
Struyf, F., Nijs, J., Mottram, S., Roussel, N. A., Cools, A. M., & Meeusen, R. (2014).
Clinical assessment of the scapula: a review of the literature. British Journal of
Sports Medicine, 48(11), 883-890. doi: 10.1136/bjsports-2012-091059
Takwale, V. J., Calvert, P., & Rattue, H. (2000). Involuntary positional instability of the
shoulder in adolescents and young adults. Is there any benefit from treatment? The
Journal of Bone and Joint Surgery. (British volume), 82(5), 719-723.
Tardo, D. T., Halaki, M., Cathers, I., & Ginn, K. A. (2013). Rotator cuff muscles perform
different functional roles during shoulder external rotation exercises. Clinical
Anatomy, 26(2), 236-243.
Terwee, C., Dekker, F., Wiersinga, W., Prummel, M., & Bossuyt, P. (2003). On assessing
responsiveness of health-related quality of life instruments: guidelines for
instrument evaluation. Quality of life research, 12(4), 349-362.
Terwee, C. B., Bot, S. D., de Boer, M. R., van der Windt, D. A., Knol, D. L., Dekker, J., . .
. de Vet, H. C. (2007). Quality criteria were proposed for measurement properties
of health status questionnaires. Journal of Clinical Epidemiology, 60(1), 34-42. doi:
10.1016/j.jclinepi.2006.03.012
Thomas, S. C., & Matsen, F. A., 3rd. (1989). An approach to the repair of avulsion of the
glenohumeral ligaments in the management of traumatic anterior glenohumeral
instability. The Journal of Bone and Joint Surgery. (American volume), 71(4), 506513.

244

Tibone, J. E., & Bradley, J. P. (1993). The treatment of posterior subluxation in athletes.
Clinical Orthopaedics and Related Research(291), 124-137.
Tillander, B., Lysholm, M., & Norlin, R. (1998). Multidirectional hyperlaxity of the
shoulder: results of treatment. Scandinavian Journal of Medicine & Science in
Sports, 8(6), 421-425.
Tokish, J. M., Decker, M. J., Ellis, H. B., Torry, M. R., & Hawkins, R. J. (2003). The
belly-press test for the physical examination of the subscapularis muscle:
electromyographic validation and comparison to the lift-off test. Journal of
Shoulder and Elbow Surgery, 12(5), 427-430. doi: 10.1016/S1058274603000478
Townsend, H., Jobe, F. W., Pink, M., & Perry, J. (1991). Electromyographic analysis of
the glenohumeral muscles during a baseball rehabilitation program. American
Journal of Sports Medicine, 19(3), 264-272.
Treacy, S. H., Savoie, F. H., 3rd, & Field, L. D. (1999). Arthroscopic treatment of
multidirectional instability. Journal of Shoulder and Elbow Surgery, 8(4), 345-350.
Turner, N., Ferguson, K., Mobley, B. W., Riemann, B., & Davies, G. (2009). Establishing
normative data on scapulothoracic musculature using handheld dynamometry.
Journal of Sport Rehabilitation, 18(4), 502-520.
Tzannes, A., Paxinos, A., Callanan, M., & Murrell, G. A. (2004). An assessment of the
interexaminer reliability of tests for shoulder instability. Journal of Shoulder and
Elbow Surgery, 13(1), 18-23. doi: 10.1016/S1058274603002453
Uhl, T. L., Kibler, W. B., Gecewich, B., & Tripp, B. L. (2009). Evaluation of clinical
assessment methods for scapular dyskinesis. Arthroscopy, 25(11), 1240-1248. doi:
10.1016/j.arthro.2009.06.007
VandenBerghe, G., Hoenecke, H. R., & Fronek, J. (2005). Glenohumeral joint instability:
the orthopedic approach. Seminars in Musculoskeletal Radiology, 9(1), 34-43. doi:
10.1055/s-2005-867097
von Eisenhart-Rothe, R. M., Jager, A., Englmeier, K. H., Vogl, T. J., & Graichen, H.
(2002). Relevance of arm position and muscle activity on three-dimensional

245

glenohumeral translation in patients with traumatic and atraumatic shoulder
instability. American Journal of Sports Medicine, 30(4), 514-522.
von Eisenhart-Rothe, R. M., Matsen III, F. A., Eckstein, F., Vogl, T. J., & Graichen, H.
(2005). Pathomechanics in atraumatic shoulder instability: scapular positioning
correlates with humeral head centering. Clinical Orthopaedics and Related
Research, 433, 82-89.
Walch, G., Boileau, P., Noel, E., & Donell, S. T. (1992). Impingement of the deep surface
of the supraspinatus tendon on the posterosuperior glenoid rim: An arthroscopic
study. Journal of Shoulder and Elbow Surgery, 1(5), 238-245. doi: 10.1016/S10582746(09)80065-7
Warby, S. A., Pizzari, T., Ford, J. J., Hahne, A. J., & Watson, L. (2014). The effect of
exercise-based management for multidirectional instability of the glenohumeral
joint: a systematic review. Journal of Shoulder and Elbow Surgery, 23(1), 128-142.
doi: 10.1016/j.jse.2013.08.006
Warner, J. J., Bowen, M. K., Deng, X., Torzilli, P. A., & Warren, R. F. (1999). Effect of
joint compression on inferior stability of the glenohumeral joint. Journal of
Shoulder and Elbow Surgery, 8(1), 31-36.
Warner, J. J., & Caborn, D. N. (1992). Overview of shoulder instability. Critical Reviews
in Physical and Rehabilitation Medicine, 4, 145-198.
Warner, J. J., Lephart, S., & Fu, F. H. (1996). Role of proprioception in pathoetiology of
shoulder instability. Clinical Orthopaedics and Related Research(330), 35-39.
Warner, J. J., Micheli, L. J., Arslanian, L. E., Kennedy, J., & Kennedy, R. (1992).
Scapulothoracic motion in normal shoulders and shoulders with glenohumeral
instability and impingement syndrome. A study using Moire topographic analysis.
Clinical Orthopaedics and Related Research(285), 191-199.
Watson, L., Balster, S. M., Finch, C., & Dalziel, R. (2005). Measurement of scapula
upward rotation: a reliable clinical procedure. British Journal of Sports Medicine,
39(9), 599-603. doi: 10.1136/bjsm.2004.013243

246

Watson, L., Story, I., Dalziel, R., Hoy, G., Shimmin, A., & Woods, D. (2005). A new
clinical outcome measure of glenohumeral joint instability: the MISS questionnaire.
Journal of Shoulder and Elbow Surgery, 14(1), 22-30. doi:
10.1016/j.jse.2004.05.002
Watson, L. A., Pizzari, T., & Balster, S. (2009). Thoracic outlet syndrome part 1: clinical
manifestations, differentiation and treatment pathways. Manual Therapy, 14(6),
586-595. doi: 10.1016/j.math.2009.08.007
Watson, L. A., Pizzari, T., & Balster, S. (2010). Thoracic outlet syndrome part 2:
conservative management of thoracic outlet. Manual Therapy, 15(4), 305-314. doi:
10.1016/j.math.2010.03.002
Wattanaprakornkul, D., Halaki, M., Boettcher, C., Cathers, I., & Ginn, K. A. (2011). A
comprehensive analysis of muscle recruitment patterns during shoulder flexion: an
electromyographic study. Clinical Anatomy, 24(5), 619-626.
Wells, G. A., Shea, K., O'Connell, D., Peterson, J., Welch, V., Losos, M., & Tugwell, P.
(n.d.). The Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analysis.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Wickham, J., Pizzari, T., Stansfeld, K., Burnside, A., & Watson, L. (2010). Quantifying
'normal' shoulder muscle activity during abduction. Journal of Electromyography
and Kinesiology, 20(2), 212-222. doi: 10.1016/j.jelekin.2009.06.004
Wiertsema, S. H., de Witte, P. B., Rietberg, M. B., Hekman, K. M., Schothorst, M.,
Steultjens, M. P., & Dekker, J. (2014). Measurement properties of the Dutch
version of the Western Ontario Shoulder Instability Index (WOSI). Journal of
Orthopaedic Science, 19(2), 242-249. doi: 10.1007/s00776-013-0517-8
Wylie, J. D., Beckman, J. T., Granger, E., & Tashijan, R. Z. (2014). Functional outcomes
assessment in shoulder surgery. World Journal of Orthopedics, 5(5), 623-633. doi:
10.5312/wjo.v5.i5.623
Yamaguchi, K., & Flatow, E. L. (1995). Management of multidirectional instability.
Clinics in Sports Medicine, 14(4), 885-902.
247

Yano, Y., Hamada, J., Tamai, K., Yoshizaki, K., Sahara, R., Fujiwara, T., & Nohara, Y.
(2010). Different scapular kinematics in healthy subjects during arm elevation and
lowering: glenohumeral and scapulothoracic patterns. Journal of Shoulder and
Elbow Surgery, 19(2), 209-215. doi: 10.1016/j.jse.2009.09.007
Zabinski, S. J., Callaway, G. H., Cohen, S., & Warren, R. F. (1999). Revision shoulder
stabilization: 2- to 10-year results. Journal of Shoulder and Elbow Surgery, 8(1),
58-65.
Zika, M. S., Watson, L. A., Pizzari, T., Hill, S. J., & Wickham, J. B. (2008). Altered
muscle activation patterns in multidirectional shoulder instability during dynamic
abduction. Paper presented at the Australia Conference of Science and Medicine in
Sport, Hamilton Island.
Zuckerman, J. D., Gallagher, M. A., Cuomo, F., & Rokito, A. (2003). The effect of
instability and subsequent anterior shoulder repair on proprioceptive ability.
Journal of Shoulder and Elbow Surgery, 12(2), 105-109. doi: 10.1067/mse.2003.4
Zusman, M. (2008). Associative memory for movement-evoked chronic back pain and its
extinction with musculoskeletal physiotherapy. Physical Therapy Reviews, 13(1),
57-68.

248

