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RESUME

INTRODUCTION: La tendinopathie de la coiffe des rotateurs (TCR) entraine au quotidien des
douleurs et faiblesses musculaires et une diminution du contréle moteur a I'épaule. OBJECTIFS:
Les objectifs de cette étude étaient i) d'effectuer une revue de littérature pour identifier les
méthodes de quantification de la proprioception de I'épaule utilisées en laboratoire et en clinique
et d’en présenter les qualités métrologiques, ii) d'évaluer I'efficacit¢é d’un programme
d’entrainement neuro-musculaire en comparant son efficacité a réduire la douleur a 1’épaule et en
améliorer la fonction a celle obtenue par des soins usuels de physiothérapie. METHODES: i) Une
revue de 5 bases de données a été¢ conduite d’octobre 2015 a juillet 2016 pour documenter les
propriétés métrologiques de protocoles d’évaluation de la proprioception a I'épaule. Les études
incluses ont été évaluées a I'aide de I’outil de contrdle QualSyst et de 1'échelle COSMIN a 4 points.
ii) Trente-trois soldats en service actif au sein des Forces armées canadiennes ont été assignés au
hasard a 1) programme standardisé supervisé d’entrainement neuromusculaire et contréle moteur
(Exp) ou a 2) soins usuels de physiothérapie (Ctl). Les variables principales étaient les symptémes,
la capacité fonctionnelle et les limitations physiques évalués avec le questionnaire Disabilities of
the Arm, Shoulder and Hand (DASH) et la variable secondaire était I'indice Western Ontario
Rotator Cuff (WORC). Toutes les variables ont été mesurées au départ (To) et a 6 (Ts) et 12 (T12)
semaines apres l'intervention. La comparaison des effets des interventions a été évaluée a l'aide
d’une analyse per protocole (APP), analyse intention-traitement (AIT) et avec une analyse de
variance & mesures répétées a 2 voies. RESULTATS: i) Vingt et une études (n = 407 participants,
553 épaules) ont été retenues. Les études analysées confirment d'excellents scores
méthodologiques avec 1’outil QualSyst (88,1 £ 9,9%) et de bons scores avec le COSMIN pour la
fidélité (71,1%) et un score de qualité modérée a faible (50%) pour la validité de critere. Les
plus élevés pour le sens du positionnement articulaire passif et la kinesthésie soit 0,92 + 0,07 (n =
214) et 0,92 £ 0,04 (n =74), respectivement. Le mouvement et I'outil les plus fidéles sont la rotation
interne a 90 ° d'abduction (CCI = 0,88 £ 0,01 (n = 53)) et le dynamomeétre (CCI = 0,92 + 0,88 (n
=225)). Aucune étude n’a rapporté d’indices de sensibilité au changement. i) Aucune interaction
significative (p > 0,101) de groupe x temps (p > 0,101) n'a été¢ démontrée. Par contre, nous avons

observé un effet de temps significatif (p <0,001) pour le questionnaire DASH et l'indice WORC.



CONCLUSION: Ces données préliminaires suggerent que les deux approches proposées
conduisent a des améliorations comparables. L'utilisation d'une intervention de groupe axee sur
I'exercice a le potentiel d'étre aussi efficace qu'une approche un a un plus exigeante en terme de
temps de traitement. Ces résultats permettront de fournir aux cliniciens des lignes directrices pour
la mesure de la proprioception a 1'épaule et I’utilisation d’une approche novatrice de traitement en

groupe pour la TCR.

Mots clés: Epaule, tendinopathie, contréle moteur, proprioception, programme d'exercices,
soins en physiothérapie



ABSTRACT

INTRODUCTION: The shoulder is the most mobile joint of the body which means that it heavily
relies of an important level of neuromuscular control at all times. A rotator cuff (RC) complex
provides stability to the shoulder and often times falls victim to injury, which can produce
functional limitations during activities of daily living and work tasks. Individuals affected by an
RC tendinopathy often have neuromuscular and proprioceptive deficits. OBJECTIVES: The
objectives of this study are to (i) conduct a systematic review to identify methods of quantifying
shoulder proprioception in a laboratory and clinical setting and to present the associated
psychometric properties. (ii) To evaluate the effectiveness of a novel neuromuscular training
program for the upper extremities versus one-on-one physiotherapy care (manual therapy, range
of motion exercises, strengthening) for the reduction of shoulder pain and improvement in function
with soldiers affected by an RC tendinopathy. METHODS: (i) A review of five databases was
conducted from conception to July 2016 to identify studies that reported at least one psychometric
property of a shoulder proprioception protocol. The included studies were evaluated using the
QualSyst checklist and the 4-point COSMIN scale. (ii) Thirty-three military personnel with the
Canadian Armed Forces were randomly assigned to one of the following interventions: 1) Upper
Extremity Neuromuscular Training Program; (2) usual physiotherapy care. The main outcomes
included symptoms and functional capacity assessed using the Disability of the Arm, Shoulder,
and Hand (DASH) questionnaire. A secondary outcome included the Western Ontario Rotator
Cuff (WORC) Index. Outcome measures were evaluated at baseline (To) and 6 (Ts) and 12 (T12)
weeks post-intervention. The effects of the interventions were evaluated using repeated 2-way
variance measures (ANOVAS) for a per-protocol analysis and intention-to-treat. RESULTS: i)
Twenty-one studies were included, resulting in 407 participants and 553 evaluated shoulders (n).
The weighed intraclass correlation coefficients (ICC) for intra-rater reliability were highest for
passive joint position sense and kinesthesia, ICC =0.92 + 0.07 (n = 214) and ICC =0.92 £ 0.04 (n
= 74), respectively. The most reliable direction of movement and equipment used were internal
rotation at 90° abduction, ICC = 0.88 + 0.01 (n = 53), and the dynamometer, ICC = 0.92 + 0.88 (N
=225). ii) No significant group (p > 0.1) or group x time interactions (p > 0.1) were found; though
a statistically significant time effect (p < 0.001) was established for the DASH questionnaire and
WORC Index. Our preliminary data suggests a marginally better improvement with the control

group with all outcomes over 12 weeks. CONCLUSION: The evaluation of shoulder
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proprioception is most reliable when using a passive protocol with an isokinetic dynamometer for
internal rotation at 90° shoulder abduction. The preliminary results of our pilot RCT suggest that
both groups statistically improved with a time effect, but that the usual care group further
demonstrated clinically significant gains. The results of this study will provide clinicians with
potential guidelines for measuring shoulder proprioception in a clinical setting, as well as an
innovative approach to group therapy that is potentially less costly and equally as effective as

conventional one-on-one physiotherapy.

Key words (4-6): Shoulder, tendinopathy, motor control, proprioception, exercise program,
physiotherapy care
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Pain: Pain is a complex pattern of sensory system activations that are intimately linked to the activity of
other cortical systems including, but not limited to, the emotional, cognitive and modulatory processes.* It
is important to note that not every trauma to tissues will result in the manifestation of pain.

Proprioception: Proprioception can be understood as our sixth sense,? through the gathering of internal
sensory information through our peripheral and central nervous system. Proprioception has been defined as
the awareness of, and ability to, sense the position of our limbs and trunk in space (position sense), as well
as kinesthesia, the awareness of motion of the human body (motion sense).>* Proprioception is essential
for well-adapted sensorimotor control. It fulfills the roles of feedback and feed forward sensorimotor control
and consequently, the regulation of muscle stiffness, movement acuity, joint stability, coordination, and
balance.®

Joint Position Sense (JPS): Joint position sense is a sub-modality of our conscious awareness of
proprioception and refers to our ability to detect the positioning of our limbs and trunk within our
surrounding environment.®

Neuromuscular control: Neuromuscular control is defined as a system of collaborative networks of the
cerebral cortex, the spinal column, neurons and muscle fibers involved in the control of movement and
posture.” Neuromuscular control further encompasses the efferent motor responses to sensory information,
such as proprioception and kinesthesia. Neuromuscular control involves both a feed forward, planning of
movements and preparatory muscle activity, and feedback mechanisms, which involve the regulation of
muscle activity through reflexive pathways and top-down cortical commands.®

Neuromuscular training program: Neuromuscular training can be defined as "... training enhancing
unconscious motor responses by stimulating both afferent signals and central mechanisms responsible for
dynamic joint control".® In the case of the upper or lower extremities, it may include motor control,
proprioceptive, and functional training.

Motor control: Motor control can be understood as the physiological mechanism behind how the peripheral
and central nervous system produces purposeful, coordinated movements so that our limbs and trunk can
interact with the rest of our body as well as our surrounding environment.°

Tendon: Tendons are mechanically loaded tissues that generally connect muscles to bone and are
responsible for the tensile force transmission of muscle cells.!

Tendinitis: The inflammation of a tendon as a result of micro-tears when the musculo-tendinous unit is
mechanically acutely overloaded with a tensile force.?

Tendinosis: Refers to the degeneration of the collagen within the tendon due to chronic overuse without an
adequate healing period. This is generally the case with repetitive strain injuries.*?

Rotator cuff (RC) tendinopathy: The progressive degeneration of a / several rotator cuff tendons?® of the
shoulder complex.

Shoulder impingement syndrome: A shoulder impingement syndrome refers to the dysfunctional
biomechanics of the shoulder complex, which results in the physical pinching or encroachment of soft
tissues (such as the tendons or bursae) under the acromion during shoulder movements.* The most common
clinical signs of an impingement dysfunction include localized pain to the shoulder during elevation or
overhead reaching, as well as positive clinical tests such as the Full Can, Empty Can, a painful arch, the lift
off sign, and painful and weakened external rotation and abduction of the shoulder.*®
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FOREWORD

The presentation of this thesis is the result of collective work performed by the Motor Control
Laboratory at the Center for Interdisciplinary Research in Rehabilitation and Social Integration
(CIRRIS) / Institut de réadaptation en déficience physique de Québec (IRDPQ) as well as in
collaboration with the Canadian Armed Forces Surgeon General Health Research Program and the

Valcartier Garrison of the Canadian Armed Forces.

The aggregate of the scientific efforts has been compiled to form the basis for my Master's in
Clinical and Biomedical Sciences (concentration in rehabilitation) through Laval University and
under the supervision of my Director Dr. Luc J. Hébert and my Co-Director Dr. Jean-Sébastien
Roy. The following overture is presented as a Master level thesis with the insertion of two articles,
the first being a systematic review and the second being the results from our pilot randomized
controlled trial, in the presentation of six chapters. The first chapter encompasses the introduction
to the subject of shoulder pain, specifically caused by a rotator cuff (RC) tendinopathy, and the
underlying biomechanical and motor control deficits that are associated with this disorder. The
first chapter is further developed by exploring the scientific literature on the management of an
RC tendinopathy as well as dissects the two possible approaches to shoulder pain management,
specifically usual physiotherapy care (UPC) and an exercise-based group approach. The first
chapter also explores the concepts of motor control and proprioception as it pertains to the
rehabilitation efforts of the most mobile joint in the body, the shoulder. The first chapter concludes
by introducing the overall aims of this thesis and presenting the objectives of our systematic review
on shoulder proprioception and our pilot randomized control trial (RCT). The second chapter
outline the methodology behind our pilot RCT. The third chapter offers the summation of our

publication in the Journal of Hand Therapy, entitled Shoulder Proprioception, how is it Measured

and Is It Reliable: A Systematic Review. The fourth chapter includes our recent manuscript

submission: The Effectiveness of an Upper Extremity Neuromuscular Training Program on the

Shoulder Function of Military Members with a Rotator Cuff Tendinopathy: A Pilot Randomized

Controlled Trial to the Journal of Military Medicine. Chapters five and six finalizes our findings

by presenting the ensemble of our discussion and conclusions while offering guidance to clinicians
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for evidence-based rehabilitation for the management of a shoulder rotator cuff tendinopathy and

the measurement of shoulder proprioception within a clinical setting.
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CHAPTER 1

INTRODUCTION

1.0 The justification of our research

Our interactions with our surrounding environment greatly depend on our physical health.
Reaching, pulling, and lifting, for example, are all activities that heavily rely on the health of our
upper limbs, and of our shoulders in particular. Shoulder pain is one of the most common
musculoskeletal (MSK) symptoms, with up to one-quarter of the Western population reporting a
problem at any one time and up to two-thirds of all adults reporting pain over a lifetime.® Shoulder
pain is the third most common reason to consult a physiotherapist,'” but yet the management of
shoulder pain and injuries are considered to be one of the most challenging areas of MSK medicine

today.*®

In Canada, statistics collected between 2009-2010 through the Canadian Community Health
Survey (CCHS), found that among serious MSK injuries, involving a ligament, muscle sprain or
strain, dislocations or fractures, 13.2% occurred at the shoulder, elbow, or the arm.® In most cases,
muscle, tendon, or nerve injuries happen as a result of overuse or repetitive movements over an
extended period of time. The shoulder complex is of no exception, acting as the leading site for
repetitive strain trauma, accounting for 22.6% of all bodily strain injuries.®

The rotator cuff (RC) complex is one of the most common sites for shoulder injuries and is the
leading cause for shoulder pain and physical impairments among an adult population.?® This is
exceptionally relevant to manual labourers engaged in repetitive movements of the upper
extremities,?> 22 which includes an active military population. It is well documented that such
injuries of the shoulder can translate into significant time off work and a significant cost to the
employer, both in terms of human resources and loss of productivity.?® The military follows this
trend, as shoulder injuries among soldiers are the fourth leading site for MSK injuries, leading to
a medical discharge from active service.?* Although studies have identified shoulder pain as being
an important burden for a military population,?*2° few studies have attempted to provide treatment

guidelines for this specialized group.



There is currently an extend need for effective and efficient treatment approaches for shoulder disorders
among serving military members. Although there are studies addressing neck and shoulder pain,?’
shoulder instability,?® or post-operative repair among a military cohort,?® to our knowledge, there are no
treatment guidelines for the management of a shoulder rotator cuff tendinopathy or impingement

syndrome for soldiers.

This project has the purpose of exploring the effectiveness of a supervised group-based exercise program
in comparison to usual physiotherapy care for the management of a RC tendinopathy among active
military service personnel. If the results suggest a comparable functional improvement between both
treatment approaches, this could potentially spark a new discussion regarding the allocation of
rehabilitation resources in terms of materials, time, and treating physiotherapists. This project has the
potential to open a discussion regarding the efficiency and resource-effectiveness of a group approach

for common MSK rehabilitation efforts across Canada.

1.1 The shoulder joint

The shoulder joint, anatomically understood as the glenohumeral (GH) articulation, is a very functionally
important joint of the body. Being the most proximal joint of the upper extremity, the GH joint is involved
in all upper quadrant movements and determines the success of our ability to execute movements
involving our upper limbs to effectively interact with our environment. The GH joint does not act in
isolation, but rather requires a complex choreography of surrounding joints, both active and passive
structures, as well as the guidance from the nervous system to execute a purposeful motor task. For this
reason, it is functionally more accurate to refer to the GH joint not only as the shoulder but as a shoulder
complex, in order to be inclusive of the neighboring joints and structures that contribute to the

coordinated movements of the shoulder and upper extremity.

The shoulder joint is known to be the most mobile articulation of the body,3%-3? with 360° of azimuth, it
has 3 degrees of freedom, and consequently 6 movements within 3 anatomical planes. The shoulder

complex is an important site for muscle attachment, with over 15 muscles® that act in-sync to allow us



to gainfully perform activities of daily living. The shoulder is heavily involved in common tasks such as
reaching, pulling, pushing, and lifting.>* 3° Often times, it is the gross motor movements of the shoulder
that allow us to use our proximal joints for fine motor tasks such as preparing a meal, hygiene activities,
sports and leisure, and even the menial task of typing on a computer.®® Because of it's vast mobility and

heavy implication in daily tasks,* the shoulder is a popular site for dysfunction and injury.

1.1.1 The prevalence, incidence, and etiology of shoulder pain

A shoulder injury can be functionally devastating to an individual, significantly impacting the most basic
activities of daily living,®® and can potentially place unnecessary financial stress on our health care
system.®’ The actual etiology of shoulder pain is not fully known, but it is well known that shoulder pain
IS quite common and results in an annual incidence of shoulder disorders, ranging from 7 - 26% in a

Western general population.®

According to the National Health Service and Society in the United Kingdom, approximately 1% of their
population consults a medical practitioner with a new presentation of shoulder pain each year, which
equates to an estimated cost of £310 million (an estimated $510 million Canadian) in health care related
spending.® In the Netherlands, up to 50% of the cost associated with musculoskeletal (MSK) pain has
been attributed to sick leave from paid employment.®® Similarly in Quebec, a report of the Commission
de la santé de la sécurité du travail (CSST), estimates that for the period of 2005-2007, the total annual
expenses associated with shoulder disorders, including the human cost and those associated with lost of
productivity from work, are estimated to be $393,204,738.% “° Similarly, shoulder pain has been noted
among Canadian Armed Forces military members, representing 14% of all reported MSK injury cases
as well as being third in prevalence, tied with spinal injuries, and following closely behind ankle and
knee injuries.** %2 We can therefore definitively concede that shoulder pain is a costly problem for both
the civilian and military population.

Shoulder pain is currently among the most common reasons to visit a general practitioner or a
physiotherapist today.* It is third in prevalence to back and neck pain®* and nearly two-thirds of adults
suffer from shoulder pain at some point during their lives.?> A few commonly diagnosed shoulder

dysfunctions include bicipital tendonitis, adhesive capsulitis (frozen shoulder), GH and AC arthritis,



instabilities and labral tears,®” as well as an impingement syndrome (SIS) or a RC disorder.'> 4> RC
disorders, specifically a RC tendinopathy, is among the leading cause for medical consultation for
shoulder pain.?® The incidence itself of RC tendinopathies varies between 0.3% to 5.5%, with an
estimated annual prevalence of 0.5% to 7.4%.%¢ To best appreciate the potentially extensive limitations
a shoulder injury can have on a person's quality of life, it is imperative to understand the intricacies of

the underlying anatomy and biomechanics of the shoulder complex.

1.2 Anatomy and biomechanics

The shoulder complex involves 3 physiological joints, notably the glenohumeral (GH) joint, the
acromioclavicular (AC) joint, the sternoclavicular (SC) joint, as well as a "functional joint" known as the
scapulothoracic (ST) joint. The SC joint is the only bony attachment site of the upper extremity to the
axial skeleton. The ST joint involves the gliding movement of the scapula along the rib cage during upper
extremity movements and does not include a physical bone-to-bone attachment. The GH joint is of
particular interest when understanding the mechanism of shoulder injuries because it is osteologically
predisposed to instability.*” ¢ The GH joint is comprised of a ball and socket synovial joint, where the
head of the humerus (convex surface) articulates with the glenoid fossa (concave surface) of the scapula.
Because of the relatively large surface area of the humeral head in relation to the fossa, the joint itself
has limited bony congruency, and consequentially heavily depends on surrounds soft tissues for structural
support. Moreover, it is estimated that only 25% of the humeral head articulates with the glenoid fossa
at any one time during movement.*® The surrounding passive structures (the labrum, joint capsule, and
ligaments) as well as the active structures (the muscles and associated tendons) act cooperatively in a
healthy shoulder to maintain dynamic stability throughout movement.

An area most often involved in the cases of shoulder pain is the subacromial space, which includes the
theoretical space between the coracoacromial arch and the head of the humerus.*® %° More specifically,
the subacromial canal lies underneath the acromion, the coracoid process, the AC joint and the
coracoacromial ligament.>® °2 The space itself includes a bursa which provides lubrication for the RC

tendons, the insertion for the long head of the biceps tendon, and the RC tendons themselves. '3 50-52



1.2.1 Static structures and mechanoreceptors

The static structures of the shoulder complex, which includes the labrum (a fibrocartilaginous ring), the
capsule, cartilage, ligaments, and fascia collectively act as the physical restraints to the osseous matter
and provides a deepening effect to the shallow glenoid fossa.>® Further to their passive stabilization role,
they also provide additional protection via the various mechanoreceptors embedded within their fibers.
Mechanoreceptors can be understood as the neural sensors that provide afferent input to the central
nervous system for motor processing and descending motor commands for the execution of
movements.>*°® Mechanoreceptors are characterized by their specialized nerve endings that are sensitive
to the mechanical deformations of tissues,>*° and therefore contribute to the modulation of motor
responses of the adjacent muscles. Mechanotendinous receptors (muscle spindles and golgi tendon
organs), capsuloligamentous receptors (ruffini and pacinian corpuscles) as well as cutaneous receptors
(meissner, merkel and free nerve endings) are responsible for our sense of touch, vibration,
proprioceptive positioning, as well as provide the feedback regarding muscle length, tension, orientation,
further to the speed and strength of the contractions of the muscle fibers.*” ¢ It is therefore, resoundingly
clear that the passive structures of the shoulder provide a neurological protection mechanism through
feed forward and feedback input, that directly mediates reflex musculature stabilization about the

glenohumeral joint.>®

1.2.2 Shoulder musculature

Further to the intricate network of passive ligatures that conjoin adjacent bones, the importance of the
surrounding musculature cannot be overstated. Active muscle contractions are essential for maintaining
the stability of the shoulder complex.*” The musculature of the shoulder region can be subdivided into
the global movers of the shoulder and the fine-tuning stabilizers of the individual articulations. The larger
muscles such as the trapezius, the levator scapula, the pectorali, the deltoids, the serratus anterior, the
latissimus dorsi, the rhomboids, the teres major, the biceps, the coracobrachialis, and triceps muscles are
responsible for various synergistic activities during shoulder movements. Conjointly as agonist and
antagonist couplings, they allow for the gross motor movements of the upper quadrant. More specifically
to the GH joint, the fine-tuning stabilizers are just as important to the shoulder complex as the global

movers for coordinated and smooth shoulder movements.



The stabilizing muscles of the GH articulation, the supraspinatus, subscapularis, infraspinatus, and teres
minor, are often summarized as the rotator cuff (RC) complex, and attach to the humeral head within the
glenoid fossa. Collectively, they act as the dynamic stabilizers of the GH joint by maintaining a
centralized positioning of the humeral head within the glenoid fossa,®® 2 in both static and dynamic
conditions. It has been suggested that the tendons of the rotator cuff muscles blend with the ligaments
and the glenoid labrum at their respected sites of attachments, so that the muscle contractions can provide
additional stability by tightening the static structures during movement.®® The synchronized contractions
of the RC muscles must maintain the centralized positioning of the humeral head during movements in
order to avoid the physical encroachment of tissues, predominantly anteriorly or superiorly to the GH
joint, which has been linked to injury and pain amongst the shoulder region. As previously noted, due to
the anatomical passage of the common RC tendon within the subacromial space, the RC tendons are
particularly vulnerable to compression, abnormal friction, and ultimately an impingement (pinching)
during active tasks.'> 5 Proper alignment of the glenohumeral head is important for the healthy

engagement of the shoulder joint in activities of daily living.

1.2.3 Biomechanics of shoulder movement

To further grasp the contributing factors of shoulder pain and associated dysfunctions, it is essential for
researchers and clinicians alike to understand the biomechanics of the shoulder complex. In the interest
of a specific injury of the shoulder, notably the rotator cuff (RC) tendinopathy, the biomechanics of the

GH and ST joints will be discussed within this section.

The natural arthrokinematics of the GH joint of the shoulder complex during an open-chain movement
supports various directional glides of the humeral head within the glenoid fossa.®* ® Del Maso and
colleagues have estimated that a maximum of 7.5 mm of upward translation of the humeral head may
occur during range of motion movements,% which is not an insignificant amount of migration for a large
bony structure to experience within a compact space during a dynamic task. The success of a coordinated
movement of the humeral head with normalized arthrokinematics, avoiding an impingement situation,
requires the harmonious co-contraction of the RC tendons. Abnormal glenohumeral translations have
been linked to pathological shoulders and it has been suggested to be a contributing factor for shoulder

pain and discomfort, and may also lead to the damage of encompassing structures. 5 %



As illustrated by the force-vectors of their respected moment arms, the RC tendons collectively have
been accredited with the compression of the humeral head within the glenoid fossa during movements.®’
The individualized tendons of the RC complex are directly affiliated with limiting the translation of the
humeral head in specific directions. The supraspinatous muscle contributes to preventing excessive
superior translation, the infraspinatus and teres minor limit excessive superior and posterior translation,
and the subscapularis controls excessive anterior and superior translation of the humeral head,
respectively.®® An imbalance in the neural activation of any one of the RC muscles could easily cause a
misalignment of the humeral head thus giving rise to an impingement of the subacromial structures
during movement. Both the superior and anterior translation of the humeral head during movements are
the leading biomechanical causes for an impingement syndrome,®® and a contributing factor to the

development of a rotator cuff tendinopathy. 5> 6. 69

The movement of the scapula along the thoracic cage also directly influences the biomechanics of the
shoulder complex as a whole, and can moreover predispose the development of an impingement
syndrome. The healthy movement of the scapula along the thorax during arm elevation includes
protraction, posterior tilting and lateral rotation, depending on the plane of movement (Figure 1).70-"



FIGURE 1

FIGURE 1 | Scapulothoracic (ST) rotation is comprised of
internal/external rotation (solid green arrow), upward/downward
rotation (solid red arrow), and posterior/anterior tilting (solid blue
arrow). Glenchumeral (GH) motions of interast (not shown for clarity) include
plane of elevation {antarior or posterior to the scapular plane) (blus outlined
ammow), elevation {red outined armow), and axial rotation (internal/externa)
about the humeral long axis {green outlinad aTow).

Figure 1 Caption: Scapulothoracic normalized kinematics of the shoulder complex. Retrieved from
Zhao et al. 2015.7

Although posterior tilting is generally understood as primarily an acromioclavicular joint motion, the
tilting that occurs at the scapula during arm elevation is crucial in order to minimize the encroachment
of soft tissues passing under the acromial arch.”® The normal contribution of the ST joint is generally
expressed as the ratio of ST movement with regards to that occurring simultaneously at the GH
articulation. The scapulohumeral rhythm is quantified by dividing the total amount of shoulder elevation
(humeralthoracic) by the scapular upward rotation (scapulothoracic).”® Within the scientific literature,
the scapulohumeral rhythm is generally accepted to be 2:1, which represents 2° of humeral elevation for
every degree of scapular upward rotation.’® 7> 7



The stability of the ST joint relies on the coordinated activity of the 18 muscles that directly attach to the
scapula.”” The scapular muscles must dynamically control the positioning of the glenoid so that the
humeral head remains centered and permits arm movement to occur. When a weakness or neuromuscular
dysfunction of the scapular musculature is present, normal scapular arthrokinematics become altered,’
and ultimately predisposes an individual to an injury of the GH joint.”>’" The pathological kinematics of
the ST joint include, but are not limited to 1) increased medial rotation, 2) decreased superior rotation
and 3) decreased posterior tilting’ ® ™ These movement alterations are believed to increase the
proximity of the rotator cuff tendons to the coracoacromial arch or glenoid rim,” 8 however, there are
still points of contention as to how the movement pattern deviations directly contribute to the reduction
of the subacromial space.” For the sake of clarification, the current literature differentiates between an
internal impingement and an external impingement. An impingement that involves a decreased space
towards the coracoacromial arch is said to be an external impingement, whereas an internal impingement
involves the glenoid rim,”® and can be associated with a GH instability.8! Regardless of the classification,
the dysfunctional shoulder mechanisms can further the progression of rotator cuff disease® and must

therefore be understood as a neuromuscular impairment.

The neuromuscular control of the scapula relies on the balanced team-work between the global movers
and the fine-tuning stabilizing muscles of the shoulder complex. Again, because of the floating nature
of the scapula along the thorax, it too, must rely on the kinship between the cortical direction provided
by the nervous system and the resulting action of the MSK system. We can therefore affirm, that the
shoulder complex is among the most kinematically complex regions of the human body,® and requires
a high level of neuromuscular stability throughout movement. The neuromuscular control of the shoulder

also requires a well-developed sense of motor control and proprioception.

1.3 Motor control and proprioception

For the purpose of this thesis, motor control can be defined as the ability of our peripheral nervous system
(specifically, our mechanoreceptors, sensory receptors, and neural relay pathways) and our central
nervous system (spinal and cortical processing) to produce purposeful, coordinated joint movements to
facilitate internal interactions (of our limbs and body) and external interactions (our environment) for
every day life.! It is a process that varies in complexity from a reflexive spinal loop, to higher processing

neural networks that involve cortical control. In the case of the shoulder complex, it involves using all

9



senses to produce normalized and non-pathological movement patterns. The complex nature of the
shoulder joint implies that numerous muscles must act together to provide both stability and motion.”™
77.83 Moreover, the normalized mechanism of the shoulder complex involves the input from the nervous
system, both peripherally and centrally, to successfully interact with our environments and sustain from

injury.

Dynamic stability of the shoulder joint requires highly attuned motor control and an intact sense of
proprioception. Proprioception is a concept that is associated with motor control, but should not be
misunderstood as representing the same physiological concept. Proprioception is accredited with being
our sixth sense,? and can best be appreciated as our ability to detect the position of our trunk and limbs
in space in the absence of visual feedback.® Proprioceptive input is collected by the mechanoreceptors
located within our passive, dynamic, as well as cutaneous tissues, and is sent via the posterior column-
medial lemniscus pathway (PCML) for higher processing within the postcentral gyrus and cerebral
cortex.®* Descending commands from the motor cortex directs the neuromuscular synchronicity about an
articulation for purposeful and (motor) controlled movements. As noted by Clark and colleauges,® both
proprioception and motor control are absolutely essential for a well-adapted sensorimotor control,
particularly with regards to highly mobile joints such as the shoulder. Proprioceptive feedback facilitates
shoulder motor control by regulating muscle stiffness, movement acuity, joint stability, coordination, and
balance.®> It further contributes to motor control by providing sensory feedback for inter-limb
coordination,® 8 correcting and updating movement strategies,®” and for the formation of muscle
synergies.288 Proprioception is the sensory input that helps the nervous system implement efficient and

effective motor strategies for healthy movement.

Motor control and proprioceptive deficits have been associated with MSK injuries®-® and have also been
linked to the recurrence and persistence of physical impairments such as shoulder pain, decreased range
of motion and strength.®> % % As outlined by Contemori & Biscarini,®® deficiencies in afferent
proprioceptive information may results in the poor accuracy of descending motor commands and
impairment of the shoulder neuromuscular function, leading to reduced shoulder functional stability, and
ultimately an increased risk of injury. Furthermore, proprioception and motor control have been
recognized as being disturbed among MSK disorders due to pain, effusion, trauma, and fatigue,® all of

which frequently occur within the scope of a shoulder injury. More precisely, it has been well
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documented that individuals affected by an RC tendinopathy or SIS often exhibit motor control®” % and

proprioceptive deficits, % % 100

1.4 Rotator cuff tendinopathy

Among shoulder disorders, the RC tendons are the leading source of shoulder pain.®® %2193 Dye to their
role in providing dynamic joint stability, they are often highly susceptible to injury.t 1% Like any tendon,
the RC tendons can become pathological due to several mechanisms, but most commonly, it is the result
of a shoulder mechanical impingement. A RC tendinopathy is commonly referred to as a subacromial
impingement syndrome (SIS),'% however, it is important to note that despite the use of the term
"impingement" in a diagnostic capacity, a RC impingement is a clinical sign, not a diagnosis.®® 1% To
best understand the biomechanics behind the concept of a SIS, it is important to outline both the intrinsic
and extrinsic factors that contribute to the possible irritation or degeneration of the RC tendons. Although
the exact pathophysiological etiology of the RC tendinopathy is not entirely clear,5! there is a growing
consensus that an impingement occurs when the RC tendons, collectively passing within the subacromial
space, are subjected to repetitive stresses such as pinching, most often caused during repetitive overhead
activities.’® The RC tendons become "pinched" within this space during movements among individuals
with decreased shoulder girdle motor control, consequently causing irritation, swelling and damage to
the tendons.®™ 1% The exact pathophysiological reasoning behind the changes to the tendons or the
subarcromial space is not currently known.®! For the purpose of this thesis, a RC tendinopathy will refer
to the clinical presentation of a collection of cluster signs and symptoms, determined by clinical
diagnostic tests, which suggest an underlying degeneration of the tendons or a compression of
subacromial structures (the RC tendons, the bursa, and / or the long head of the biceps tendon). An RC
tendinopathy can be provoked by either a trauma or an impingement mechanism. It is important to note
that not every person with a clinical diagnosis of tendinopathy will experience shoulder pain.%* Because
there is currently a poor understanding of the source of pain in an RC tendinopathy, shoulder pain alone

cannot be the only clinical indicator of a pathology.
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1.4.1 Classification of tendon injuries and contributing factors

The terms tendinitis, tendinosis, and tendinopathy are often used synonymously by researchers and
clinicians.®® In recent scientific trends, greater emphasis has been placed on improving the precision of
tendon injury taxonomy. It has become increasingly important for both researchers and health care
providers to systematically define the source of the injury so that the underlying mechanism can be
correctly identified, and subsequently successfully treated. A tendinopathy is an overarching term which
indicates damage, and at times pain, in and around the tendons.%” The term encompasses both a tendinitis
and a tendinosis. For precision sake, a tendinitis traditionally refers to the acute inflammation of the
tendon,*? whereas the tendinosis refers to the separation and degeneration of collagen bundles of the
tendons due to repetitive and often long-term stresses.'> 1% Controversially, basic scientific research

suggests that factually, little to no inflammation, is present among these tendon conditions.1%’

1.4.2 Intrinsic factors

The intrinsic factors of a RC tendinopathy are known to be associated with the degeneration of the
tendinous tissues.!® As outlined by Seitz and colleagues,'® the intrinsic factors include
pathophysiological elements such as tendon vascularity, morphology and composition, as well as the
natural biology or genetics of a person. Khan and colleagues®'® have also suggested that intrinsic factors
should include the resultant effects of an acute or traumatic event, such as inflammation, which can

potentially provoke pathophysiological changes to the involved tissues.

Inflammation and degeneration of a tendon can also occur from excessive loading. Excessive loading
occurs when external forces exerted on the soft tissue exceeds its maximal tolerance, thus causing micro-
tearing over time. Tendons are load bearing structures and their main role is to transmit forces from
muscle to bone. Loading is essential for maintaining tendon homeostasis, however excessive loading can
lead easily led to degeneration and tearing.!'* This resultant mechanism of overloading can encourage

the RC tendons to become pathological with overuse and repetitive activities.'*2
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1.4.3 Extrinsic factors

The extrinsic factors of a RC tendinopathy are defined as those that cause a compression of the RC

106 \which could be due

tendons.%®® The compression is linked to the narrowing of the subacromial space,
to an excessive angulation of the acromion,'® a type 1l or 11l acromion morphology,!'® inadequate
stabilization of the scapula,!*® abnormal shoulder kinematics,® 114116 specific muscular weaknesses
(rotator cuff, serratus anterior), or muscular tightness / shortening (pectoralis minor which pulls the
scapula into a protracted position),5! globally resulting in a RC and/or scapular muscles performance
deficit.8% 117. 118 This inadequate scapulothoracic muscle control is believed to contribute to a reduction
in amplitude in posterior tilting and lateral rotation of the scapula,® which causes the acromion to remain
in a lower anterolateral position resulting in a dynamic narrowing of the subacromial space.®” 1% It is
also noted that the elevation of the humeral head may provoke an imbalance between the humeral head
elevators (deltoid muscle) and the stabilizers (notably the rotator cuff muscles). This noted imbalance
may encourage a superior migration of the humeral head,® consequently further narrowing the space
for the passage of the RC tendons and resulting in further damage to the tissues.®” **® Along the same
resultant biomechanics of the superior or anterior migration of the humeral head, a shoulder impingement
can sometimes be associated with a shoulder instability,*?° where individuals exhibit hypermobility and
significant capsular laxity,%> 2! furthering the mobility of the humeral head and encroaching on the
subacromial space. Collectively, these deficits contribute to the impingement of subacromial structures
and often lead to the symptoms associated with a RC tendinopathy. More often than not, the underlying
mechanisms of a RC tendinopathy can best be understood as a combination of both intrinsic and extrinsic
factors®® 1% (Figure 2).
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FIGURE 2
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Figure 2 Caption: Extrinsic and intrinsic mechanisms of rotator cuff tendinopathy. Lines indicate non-

directional evidence of these relationships, as described by Seitz et al. (2011).1%

1.4.4 Cortical influence and central sensitization

Further to the peripheral mechanisms of a tendinopathy, there is also growing support for a possible

central cortical component. It is becoming increasingly recognized that a shoulder tendinopathy can be

associated with pain radiating down the arm, cutaneous hypersensitivity,'?> as well as bilateral upper

extremity symptoms,*?> 124 which could suggest changes to the central nervous system, or central

sensitization. To support this theory, a study by Ngomo and colleagues noted a decreased in the

corticospinal excitability of the infraspinatus muscle of the shoulder with an RC tendinopathy compared

to the uninjured shoulder,'? suggesting central adaptations to the nervous system associated with the

injury. This is important to understand for rehabilitation purposes, because the management of a RC

tendinopathy should therefore include both the management of the local problematic biomechanics of

the shoulder, but should also address the cortical reorganization of the shoulder region. The following
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section will outline current rehabilitation practices for the management of an RC tendinopathy, with an

introduction to our population of study, active military members.

1.5 Military members and shoulder injuries

The military population was chosen for our study due to a soldier's high susceptibility to MSK injuries**
42126 and because rehabilitation occurs in a very unique context. Soldiers are expected to maintain a high
level of physical fitness and must recover quickly and effectively from their injuries in order to maintain
operational readiness. Canadian soldiers who cannot meet the minimal physical standard, known as the
Test Force (See Table 1), are put on medical restrictions, which could potentially lead to a medical
discharge from active service. Physical health is an integral part of a Canadian Armed Forces (FAC)

member's career.

TABLE 1
Functional Minimum requirements for a pass
Task
1. Sandbag 30 consecutive lifts of a 20 kg sandbag from the floor above a height of 1.0 m. The member
Lift alternates between left and right sandbags separated by 1.25 m.

To be completed in 3 minutes and 30 seconds.

2. Intermittent 10 consecutive shuttles (1 shuttle = 20 m there, 20 m back), alternating between loaded
Loaded Shuttle shuttles with a 20 kg sandbag and unloaded shuttles, totalling 400 m.
To be completed in 5 minutes and 21 seconds.

Sandbag Drag  Carry one 20 kg sandbag and pull a minimum of four on the floor over 20 m without
stopping. Number of sandbags being dragged depends on the type of floor.
No minimum time limit.

20 Meter Starting from the prone position, complete two shuttle sprints (1 shuttle = 20 m there, 20 m
Rushes back) dropping to the prone position every 10 m for a total of 80 m.
To be completed in 51 seconds or less.

Retrieved from: http://www.forces.gc.ca/en/about-policies-stan dards-medical-occupations/op-def-performance-
standards-minimum-tasks.page.

Table 1 Caption: Test Force: Minimal Physical Fitness Standards (MPFS) for universality of service for
an active Canadian Armed Forces member.

Physiotherapy within a military context must be efficient, effective, and allow the member to return to
optimal physical capability for mission readiness.*?’ For this reason, the approach and interventions of
our project have been specifically designed for a military population. Our interventions have been framed
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within the realities of a military context, which equates to more difficult and functional exercises,
parameters that encourage endurance, as well as a time-frame that optimizes a rapid return to operational

readiness for the member.

Because of the level of physical fitness required to perform basic soldier duties, military members are
often characterized as highly trained athletes. Although there are comparable features between the two
populations, the reality remains that military members need to be functionally fit and agile in a variety
of environments. As such, military members often fall victim to MSK injuries, whether they be acute
from a traumatic event or chronic repetitive-strain injuries. Interestingly enough, the majority of the MSK
injuries are not caused by military exercises or combat missions, but rather are non-combat related
injuries brought forth by sporting activities or physical training.?* 2> As astutely reported by Hébert
(2016),* MSK injuries are a not only a hindrance to the health and wellbeing of the CAF, they also
represent a significant cost for military healthcare expenditures. To offer further perspective, within a
United States context, MSK injuries remain the number one reason for military personnel to seek medical
care. Nonfatal injuries (which include MSK injuries) result in almost 25 million days of limited duty
(sick leave or modified work restrictions) annually.'?® 12 |n Canada, both the 2010 and 2014 Surgeon
General's Medical Reports, indicate that MSK injuries are responsible for between 43% and 66% of
medical releases from the CAF for members who were considered disable, unfit to perform their duties,

or otherwise unemployable by the military.*30 31

The shoulder is among the leading sites for MSK injuries for active military personnel.** 2 Despite
being identified as an important source of pain and injury, the exact prevalence and profile of shoulder
injuries among a military population is currently unknown.?® Moreover, to our knowledge, the etiology
and prevalence of a shoulder RC tendinopathy, specific to a military population, remains to be clearly
identified. What is known, is the devastating effect that a shoulder injury can bring to a soldier, in terms
of the longevity of their career, quality of life, and ultimately their livelihood. Because of the nomadic
nature of a soldier's work environment, establishing an efficient and effective physiotherapy treatment
plan for shoulder injuries remains a challenge to this day. The following section will outline the current

rehabilitation efforts for the management of a RC tendinopathy.

1.6 Physical rehabilitation for a rotator cuff tendinopathy
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Currently there is no resounding consensus as to how shoulder pain should be treated in a rehabilitation
setting.'® The current non-operative trends include a combination of modalities,*3* 3 stretching,*3®
manual therapy,’1*® acupuncture techniques,**° and exercise prescription for strengthening and motor
control of the surrounding musculature.**14* The literature currently favors a combination of treatment
approaches,'® 141145 depending on the presented etiology and symptomology of the patient. There is no
clear-cut rehabilitation pathway for addressing shoulder pain,® which also includes the management of
a RC tendinopathy. Traditionally, a RC tendinopathy has been addressed by a combination of
physiotherapy, the prescription of non-steroidal anti-inflammatory drugs (NSAIDs), and as a last resort,
surgical intervention. #® Physiotherapy is often the first line of defense for a RC tendinopathy,**” but a
clear set of clinical guidelines for treatment over time has yet to be well established. The following
sections will outline the scientific evidence for the various physical therapy approaches currently being
practiced by clinicians for the management of a RC tendinopathy.

1.6.1 Acupuncture and electro modalities

Acupuncture and electro modalities such as ultrasound, transcutaneous electrical nerve stimulation
(TENS), pulsed electromagnetic field therapy (PEMF), microcurrent electrical stimulation (MENS),
acetic acid iontophoresis and microwave diathermy, as well as shockwave therapy, are common
physiotherapy treatments used to induce a localized analgesic effect for shoulders affected by a RC
tendinopathy. Recent systematic reviews*® 14° reported no significant differences between acupuncture
and a placebo for short-term shoulder improvement, and found very limited evidence concerning the

effectiveness of acupuncture for improving pain or shoulder function over time.

Along the same vain, the effects of electrophysical agents among patients with a RC tendinopathy were
explored in a systematic review by Page and colleagues (2016),'* which included 47 trials and 2388
participants. Due to the low quality evidence and poor statistical power, it is unclear whether therapeutic
modalities provide additional benefits to the management of a RC tendinopathy. There may be evidence
to support the use of pulsed ultrasound for short-term benefits in individuals with calcific rotator cuff
tendinitis, but further high quality placebo-controlled trials are needed to support these results.3 Further
support for the discontinuation of electro modalities for a rotator cuff tendinopathy comes from
Desmeules and colleagues, who found no additional benefit when using ultrasound for the management

of pain or functional gains among this population.*®® Moreover, their systematic review from 2016
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investigating the effectiveness of TENS for the treatment of RC tendinopathy found that no definitive
conclusions can be drawn because of the limited number of studies available and a possible high risk of
bias with the studies included in their review.’! So overall, the literature is currently ambiguous with
regards to the effectiveness of acupuncture or therapeutic modalities with respect to any long-term
functional benefits or added effect when combined with exercise programs,'*° for individuals affected by

a rotator cuff dysfunction.

1.6.2 Stretching and range of motion exercises

Stretching efforts among individuals affected by a RC tendinopathy are generally focused on the
surrounding musculature and fascia within the cervical and shoulder area,**® or a tight glenohumeral
capsule.t®2 Musculotendinous units of the pectoralis muscle group and the rotator cuff muscles are often
targeted for stretching because they have been theorized to encourage a misalignment of the GH head
within the glenoid fossa when taught.*>® Similarly, a tight posterior capsule can lead to a forward
positioning of the GH head within the glenoid cavity®*® and further predispose an impingement of the
structures within the subacromial space. Despite the scientific evidence for the use of stretching to be
dated and mediocre at best, it is still a widely used practice among physiotherapists. Stretching techniques

can be static or dynamic and are often achieved through manual therapy techniques.

1.6.3 Manual therapy

According to the American Academy of Orthopaedic Manual Physical Therapists (AAOMPT), manual
therapy can be described as any "hands-on" treatments provided by a physical therapist.’®* The
International Federation of Orthopaedic Manipulative Physical Therapists (IFOMPT), furthers the
understanding by stating that manual therapy includes "skilled hand movements intended to produce any
of the following effects: i) improve tissue extensibility, ii) increase range of motion, iii) mobilize or
manipulate soft tissues and joints, iv) induce relaxation, v) change muscle function, vi) modulate pain
and vii) reduce soft tissue swelling, inflammation or movement restriction".'> Manual therapy is a
popular therapeutic tool for the management of a RC tendinopathy within a clinic, despite the mixed
scientific support for its efficacy. A systematic review by Page and colleagues in 2016 summarized 52
studies that investigated the effects of manual therapy alone, or exercise alone, for the treatment of a RC

tendinopathy. They found little to no evidence in patient-reported outcomes when either treatment,
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manual therapy or exercise, was performed alone when compared to a placebo treatment. Furthermore,
they concluded that manual therapy techniques provided few, or no additional benefits, when combined
with other therapies, and that one type of manual therapy was rarely more effective than another. These
findings are supported by another systematic review and meta-analysis that suggested that manual
therapy may provide some pain relief, but it remains unclear as to whether it can improve function among
adults with a RC tendinopathy.*®® Therefore, the effects of manual therapy on overall shoulder function

and quality of life remains inconclusive.**

1.6.4 Exercise prescription

There is growing evidence to suggest that exercise-based therapies are the most efficient and cost-
effective treatment approach for a RC tendinopathy.4® 147 A systematic review conducted by Littlewood
and colleagues (2013),>" which summarized the results of 26 systematic reviews addressing conservative
treatment approaches for the management of a RC tendinopathy, found that exercise, whether performed
at home or in a clinic, appears to support superior outcomes over no treatment or a placebo effect. The
authors further suggest that the evidence indicates that additional benefits may be gained with higher
doses of exercise.>” Although this may be encouraging results for the use of exercise prescription for
clinicians, the optimal type of exercise and dosage remains unclear.>® Furthermore, it is well understood

that not all types of exercise will have the same effect for every patient.*’

Holmgren and colleagues (2012)*°8 performed a randomized control trial for the purpose of quantifying
the effects of a specific exercise strategy, which included eccentric exercises and scapula stabilization
exercises, to an unspecific movement exercise program for the neck and shoulder for individuals with
SIS. Their results strongly encourage the use of a specific stabilization and eccentric loading exercise
approach and found that only 20% of the exercise group continued to pursue a surgical intervention,
compared to the non-specific exercise group, where 63% of the participants continued to hold their place
on the surgical waiting list.*>® Echoing these results, two recent systematic reviews®® 1% regarding the
efficiency of exercise prescription for the management of a RC tendinopathy, concluded that exercise
prescription is indeed, an effective and efficient therapeutic approach with an adult population.

Despite unclear guidelines on exercise type and dosage, the research consistently demonstrates

improvements in symptoms and functional outcomes for patients with a RC tendinopathy who participate
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in a well-structured and graduated exercise program.% Moreover, another unknown within the scientific
literature, is whether the efficiency of the exercises are influenced by the delivery method, either one-
on-one with a physiotherapist or within in a clinically supervised group setting. The following section
will outline a specific exercise based approach for the management of a RC tendinopathy as well as

present the support for a group-based supervised program.

1.6.5 Effectiveness of a structured program approach

The concept of a well structured exercise program for the treatment of common pathologies or conditions
is beginning to surface within the scientific literature and the clinic alike. Although there are well
established programs for post-surgical rehabilitation,®! cardiovascular retraining,'%%% as well as
specific target groups such as the elderly,'% 87 there is a latent establishment of programs for common
MSK conditions within an outpatient or private rehabilitation setting. Currently, there are limited detailed
documented protocols for MSK dysfunctions for the knee,*%817* the thoracolumbar spine,' the cervical
spine area,’”® and the wrist.1”* There is however, a growing body of scientific literature proposing a
structured exericse-based model for the shoulder.®" 138 152.17%5-178 It can pe difficult to appreciate the full
effectiveness of structured programs because the paramaters and duration are not always clear,'’
adherence may be a counfounding factor,68 177: 178 and the control groups widely vary between studies.
For example, some studies have used the same pathological population for both the control and
experimental groups,t3® 178-180 \whereas other studies used healthy controls,*>? 18 and in some cases, a
control group is absent all together.” " The lack of standardization and consequently, the difficulties in
reproducting the protocols by other researchers or clinicians, limits the applicability of the structured
programs. Furthermore, published results are currently presenting mixed results; where some studies are
reporting greater favorable changes among the exercise group,'®® "2 some suggesting equal results
between the exercise and control group, 68 171 173,175, 178,179 and another favoring better functional results

with the control group, representing usual physiotherapy care in a clinic.*

Presently, structured exercise programs for RC tendinopathy appear to be the most popular among
shoulder dysfunctions.®” 13 176-178  The current literature seems to support favorable results for a
structured exercise program,®’: 138 152 176-181 hawever, the great variability that currently exists in terms
of level of supervision (individual, group, or home-based), program parameters (frequency per week,
length of program, series and repetitions of the exercises), and the performed exercises themselves, make

20



it difficult to pool the data or to extract clear clinical recommendations. Moreover, there is limited
evidence to suggest which method of delivery, or level of supervision, is best suited for a structured-

exercise based program for individuals with a RC tendinopathy.

1.6.6 Effectiveness of a group treatment approach

A group treatment approach for common MSK dysfunctions is an alternative mode of care that permits
several patients with similar impairments and physical limitations to be treated at the same time. This
approach in rehabilitation clinics could be both resource, and cost effective, as well as ultimately
contribute to a significant reduction in health care spending.'® Not only may this be a possible cost-
efficient solution for rehabilitation clinics, it is also an approach that is generally favored by patients
because it allows them to be actively engaged in their rehabilitation, as well as increase their motivation

and compliance to treatment.1’® 183

A study by Critchley et al. (2007)8 investigated the effects of three delivery methods for physiotherapy
treatments for low back pain, notably usual physiotherapy care, spinal stabilization classes, and
physiotherapist-led pain management classes. Their results suggest that all three delivery methods
improved all relevant health outcomes equally, but that the physiotherapist-led classes were the most
resource-effective for health care services. Furthermore, it has been noted by Passalent et al. (2009) that
a supervised group exercise-based approach is an effective solution for reducing waitlist time and
subsequently increasing access to physiotherapy care.!8® Despite the economic arguments for the
implementation of group exercise therapy, this has yet to be thoroughly explored for common MSK
pathologies such as a RC tendinopathy. Although many studies outline various forms of structured
programs, none of the mentioned studies to date employed a group-based approach as their delivery
method. An interesting study by Caputo et al. (2017)'"® attempted to bridge this gap by evaluating the
efficiency of a neck and shoulder strengthening group-based exercise program in the workplace for
chronic neck pain using a video display unit (VDU). Although their study did not involve direct
physiotherapy supervision of the exercises, they do suggest favorable outcomes for the group treatment
approach. Despite few studies within the literature, there is emerging support for the delivery of

rehabilitative care within a group setting.173 182-18
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1.6.7 Motor control and proprioceptive exercises

We can now appreciate that there is maturing support for a specific exercise strategy for the management
of a RC tendinopathy. There is also scientific affirmation for a structured exercise-based approach, a
supervised environment, as well as within a group setting for rehabilitation. The missing piece of the
puzzle remains the best type of exercises for the management of a RC tendinopathy. If we return to the
pathophysiological limitations associated with a RC tendinopathy, notably a decrease in motor and
proprioceptive control of the shoulder complex, it is only intuitive to focus the rehabilitative care of an

RC tendinopathy on the associated impairments.

It is well understood that individuals affected by a RC tendinopathy exhibit motor control and shoulder
proprioception impairements,®” 9109186 and can also adopt antalgic movements patterns and altered joint
kinematics. More recently, it has been shown that direct damage to articular mechanoreceptors occurring
via acute or chronic repetitive trauma, can result in proprioceptive deficits and sub sequentially lead to
recurrent instability.>” This is particularly pertinent for the shoulder complex because, as previously
outlined, a functional instability can be a predisposing factor for the development of a RC tendinopathy.
This dynamic, unfortunately creates a vicious cycle of mutual influence between symptomology and the
underlying pathophysiological biomechanics of the shoulder region. As outlined by Ellenbecker & Cools
(2010), the successful management of a RC tendinopathy involves correctly identifying the underlying
causes of the kinematic dysfunction.>® In the case of RC tendinopathy, the elementary motor control and
proprioceptive impairments must be correctly identified by the treating clinician and addressed within

the rehabilitation plan.

It is clear that the management of a RC tendinopathy should include motor control and proprioceptive
exercises,¥” %8 153, 187,188 gayera| studies®” %8 152 189-191 have substantiated the efficacy of motor control
exercises on improving shoulder pain and function. As noted by Cools and colleagues,*®’ rehabilitative
training programs that focus on motor control are greatly needed for shoulder rehabilitation as well as to
prevent re-injury in the future. Moreover, rehabilitation interventions should focus on motor
(re)learning,’ targeting a better muscle coordination to reduce motor control impairments,®”: 109 119, 192

optimize movement control, !4 116.193 and improve muscle strength, 97 119 181,192
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A study by Worsley et al. (2013),%® examined the effects of scapular motor control retraining on young
adults with SIS. They tested a 10-week motor control retraining package, focused on motor control
exercises to correct the alignment and coordination of the scapula at rest and during movement, in
addition to manual therapy techniques commonly used in clinical practice to manage symptoms. Their
results found that the experimental group (motor control program) demonstrated improved impingement
signs, function, and reduced pain immediately post-intervention. They suggest that the recovery
mechanism involves a neurophysiological and biomechanical change to the shoulder complex, which is
reflected in the muscle recruitment pattern and the optimized scapular kinematics.?® Notwithstanding
their support in favor of motor control exercises, the conclusions of their study are limited by the small
sample size as well as the fact that the majority of the exercises were performed at home, without the

supervision of a physiotherapist.

Similarly, a single-subject design study performed by Roy et al. (2009),%” evaluated the effects of a 4-
week supervised motor control and strengthening program on individuals with SIS. Eight subjects
participated in three exercises sessions over 4 weeks, for a total of 12 sessions supervised by a
physiotherapist. The interventions centered on proper scapulothoracic and glenohumeral alignment
during arm elevation in the frontal, sagittal, and scapular planes. The exercises were progressed over 6
phases, to gradually introduce various levels of loads, speeds, and degrees of manual and visual feedback.
The study encourages the preliminary introduction of motor control and strengthening exercises by
promoting positive results with each participant with SIS, in terms of decreased shoulder pain and
increased upper extremity function. Although very promising, the results of this study encourage further
exploration, seeing as it was a single-subject design and did not incorporate a group dynamic for

treatment.

The study by Worsley et al. and Roy et al. encourage clinicians to incorporate motor control and
strengthening exercises into their clinical practice, but evidenced-based implementation remains cautious
due to unclear guidelines in terms of parameters (series, repetitions, speeds, positioning), dosage
(frequency of breaks, number of sessions per week), type of exercises (weight bearing, equipment,
stability surface, resistance), level of supervision required (independent, physiotherapist assistant,

physiotherapist), as well as the method of delivery (home, individual, or group setting).
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The bottom line remains that there exists individualized support for an exercise-based approach, a
structured and supervised approach, delivery within a group setting, and the use of motor control and
strengthening exercises for the management of a RC tendinopathy. What is currently missing within the
scientific literature is a study, which combines all of these aspects into one study. To our knowledge,
there is currently no single study that has examined the effects of a supervised neuromuscular training

program within a group clinical setting for the management of a RC tendinopathy.

1.6.8 The development of the Upper Extremity Neuromuscular Training Program

To address this current gap, we have developed a novel, structured, and supervised group exercise-based
program focusing on neuromucular reeducation, including motor control and proprioceptive exercises,
for the management of a RC tendinopathy for a military population. Our 6-week supervised group
program allows patients to individually progress their exercises based on their symptoms, while being
guided and corrected by the supervising physiotherapist. This model allows several patients to access
physiotherapy services simultaneously, and potentially suggest a theoretically cost effective approach to

rehabilitation.

Our program includes 11 stations, each representing a different group of exercises, with several variations
and progressions of the same exercise in order to allow the participants to progress based on their ability
and pain levels. The program was developed over a 2-year period through rigorous scientific research
and clinical experience of the research team, working speficially with military members with an RC
tendinopathy. The development and implementation of the program is outlined in detail in Chapter 2 of
this thesis. The exercises of each station are thoroughly explained and demonstrated by the supervising
physiotherapist during the initial treatment session. Techniques are consequently corrected throughout
the 6-week program by the supervising physiotherapist. Participants attend the program 3 times a week
for 6-weeks (up to 18 sessions), for a duration of 30-45 minutes each session, depending on their

presenting symptoms.

What makes our approach unique in addressing RC disorders is the resource-effective exercise
rehabilitation model we propose; a motor control and strengthening approach that is well supported in
the scientific literature and packaged in a conveniently resource-friendly protocol. This approach

maximizes patient autonomy while being matched to a suitable level of physiotherapist supervision.
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1.7 Objectives

It has now been established that shoulder pain can be functionally devastating for a soldier and affect the
operational readiness of military capability. Current rehabilitation efforts for the management of an RC
tendinopathy are scientifically grounded in exercise prescription, specifically exercises that focus on
motor (re)learning and proprioception for the shoulder complex. There is growing support for the

delivery of exercises within a group setting.

1.7.1 The purpose of this thesis

Within this context, the purpose of this thesis was to investigate the effects of a newly developed 6-week
group upper extremity neuromuscular training program (UpEX-NTP) compared to usual one-on-one
physiotherapy care (UPC) for the management of a RC tendinopathy among military members, in the
form of a pilot RCT.

Furthermore, within the larger context of the research efforts of the CIRRIS motor control laboratory,
our aim was also to begin the ground work for understanding how shoulder proprioception is being
quantified in a laboratory and clinical setting. In hopes of contributing to the discussion of measuring
shoulder proprioception deficits associated with an RC tendinopathy, our goal was to perform a literature
review on current methods and protocols for measuring shoulder proprioception and to present their

psychometric properties in the form of a systematic review.

1.7.2 The overall objectives of this thesis:

1. Perform a systematic review on the current methods of quantifying shoulder proprioception
(including the sub-sections of joint position sense and kinaesthesia) and report their associated
psychometric properties.

2. Objectively evaluate pain and primary and secondary functional outcome measures of the
shoulder between two groups (UpEX-NTP vs UPC) at week 6 and 12 post-intervention;

3. Explore the effectiveness of the group-setting intervention among active military members in

terms of specific physical fitness military standards (The Test Force).
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The subsequent sections will highlight the scientific questioning behind the pilot RCT and our systematic

review.

1.8 Pilot randomized control trial

1.8.1 Scientific question

How will a 6-week UpEX-NTP improve pain, shoulder function and physical limitations among military

members affected by a rotator cuff tendinopathy compared to usual physiotherapy care?

1.8.2 Statement of hypothesis

It is hypothesized that both the UpEx-NTP (Exp) and usual physiotherapy care (Ctl) groups will
demonstrate statistically (p-value < 0.05) and clinically (all noted changes above their MCID: DASH
questionnaire = 11 points, .1** WORC index = 12 points.?®* and the Numeric Pain Rating Scale for pain
= 2 points) significant changes in shoulder pain, function and physical limitations over a 6-week period
in individuals with an RC tendinopathy and will be maintained over time, notably 12 weeks after the

intervention.

1.8.3 Specific objectives

The primary objective of this pilot RTC is to compare, in terms of pain, function and physical
limitations, a group receiving a supervised rehabilitation program (UpEX-NTP) centered on strength and
motor control training to a group receiving usual one-on-one physiotherapy clinical care (UPC) in
military members affected by a RC tendinopathy of the shoulder. We will be assessing both self-reported
and functional changes in both groups at baseline (To), 6-week (Te), and 12 weeks post intervention (T12).
Our primary outcome measure is the self-reported Disability of the Arm Shoulder and Hand (DASH)
questionnaire and our secondary outcome measures include level of pain, the Western Ontario Rotator
Cuff (WORC) Index, maximum isometric strength of the external rotators and abductors of the shoulder,
the perceived level of change questionnaire (GROC), patient reported satisfaction, as well as a military

specific task, a repeated sand bag lift.
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1.9 The systematic review

1.9.1 Research questions

1. What functional outcome measures currently exist to measure shoulder proprioception, both in a
laboratory and clinical setting?
2. What psychometric properties (validity, reliability, responsiveness) are associated with the

identified outcome measures?

1.9.2 Specific objective of the systematic review

To identify, summarize, and present the current psychometric properties (validity, reliability, and
responsiveness) of outcome measures that quantify shoulder proprioception (including joint position

sense and kinesthesia); in both a laboratory or clinical setting in adults with or without MSK disorders.
Chapter 2 presents the detailed methodology associated with our pilot RCT, whereas Chapter 3 and 4

presents the published methods and results for our systematic review on measuring shoulder

proprioception and our pilot RCT, respectively.
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CHAPTER 2
METHODOLOGY: PILOT RCT

2.1 Research protocol

In order to answer the primary objective of this thesis, a RCT (prospective experimental design) was
performed with the ultimate goal of analysis of difference between the experimental and control groups
over time. This RCT evaluated the primary and secondary outcome measures at 3 periods in time (week
0, week 6, and week 12) with active military members clinically diagnosed with a RC tendinopathy,
currently stationed at the Canadian military base in Valcartier, Quebec. The physiotherapy department
at the military hospital was the primary location for all screening, evaluations, treatments, and the 6-
week reevaluation for all participants. The 12 week (T12) post-intervention reevaluations was performed

via questionnaires sent by e-mail or by a telephone interview.

2.2 Study design

This single-blind (evaluator), parallel-group RCT included three evaluation sessions (baseline (To), week
6 (Ts), week 12 (T12)) by the evaluators (Amanda L. Ager (ALA), Marie-Elyse Prémont, (MEP) or
Valérie Charbonneau (VC)). All participants were recruited via medical referrals, through the
physiotherapy department at the Valcartier Garrison or through recruitment posters (See Appendix A)
placed within the military hospital and physical fitness facilities on the base. All participants were
subjected to an initial telephone interview screening by an evaluator (ALA, MEP, or VC), at which point
their suitability for an objective evaluation was established. Participants were excluded at this stage if
they reported any neurological signs or symptoms of the upper extremities or cervicothoracic area, or if
they have an obvious history of a traumatic shoulder sub-luxation or dislocation.

All objective evaluations took place in a secluded office, physically separated from the physiotherapy
department. The participants were initially explained the general purpose of the study (without biasing
their attitude towards one treatment option), and were explained the randomized nature of the study. All
participants were given a written package explaining the details of the project (See Supplementary
Appendix C) and were given the opportunity to ask questions before providing their written and informed
consent for participation. Thereafter, the participants were subjectively and objectively evaluated for the

project. Following the objective evaluation (90 minutes), the participants were randomly assigned (male
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/ female blocked randomization) to one of the two intervention groups, the Experimental (Exp) or Control
Group (Ctl), and would subsequently partake in their assigned 6-week intervention. The Exp group
partook in the UpEx-NTP and the Ctl group received usual physiotherapy treatments. The exercise
classes for the Exp group took place on the second floor of the hospital, whereas the usual care for the
Ctl group took place in the Physiotherapy clinic on the first floor. The groups were distinctly separated
and the usual care Physiotherapists were blinded to the content and parameters of the UpEx-NTP. See

Table 2 for a detailed outline of evaluation sessions and treatment periods

TABLE 2
WEEK 0 WEEK 6 WEEK 12
(To) (Te) (T12)
DEPENDENT  Function Function Function
VARIABLE Pain o) Pain
Strength > = Strength
< -
MEASURE 1. DASH O m 1. DASH 1. DASH
2. WORC ) 2 2.worc 2. WORC
3. NPRS = 5 3NPRS 3. GROC
4. Strength ER + ABD 'j\>l 5 4. Strength ER / ABD 4. Satisfaction
- = b.GROC
e % 6. Satisfaction
2 7. Sand Bag Lift
TOOL Questionnaires Questionnaires Questionnaires

HHD HHD
N.B. Independent Variable: (Intervention) i) Upper Extremity Neuromuscular Training Program (EXP) ii) Usual
physiotherapy care (CTL).
Abbreviations: Disability of the Arm, Shoulder, and Hand (DASH) questionnaire, Western Ontario Rotator Cuff (WORC)
Index, Numeric Pain Rating Scale (NPRS), External rotation (ER), Abduction (ABD), Hand Held Dynamometer (HHD) and
Global Rating of Change (GROC) scale.

Table 2 Caption: Evaluation and intervention timeline with associated outcome measures.

To evaluate the effectiveness of blinding, the evaluators (ALA, MEP, and VC) completed a questionnaire
related to their opinion of the allocation, after data collection. We chose to have two follow-up
evaluations (week 6 in person, week 12 via e-mail) to determine the progression in the level of symptoms

and functional limitations related to each of the intervention.
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2.3 Participants

All participants were active military personnel (aged between 18 - 60) with a clinical diagnosis of RC
tendinopathy. Participants were considered for this study if they presented with at least one positive
finding in each of the following categories: 1) reported pain and / or stiffness to shoulder joint, localized
tenderness over one of the rotator cuff muscles, reported night pain to the shoulder; 2) Painful arc of
movement during flexion in the sagital plane or abduction in the frontal plane; 3) Positive Neer’s Test or
Kennedy-Hawkins Test; 4) Pain on resisted external (lateral) rotation, abduction or Empty Can Test; 5)
A combined DASH-CF (Disability of the Arm, Shoulder, and Hand - Canadian French) score (all 3
subsections) greater than 15%, or a WORC-CF (Western Ontario Rotator Cuff Index - Canadian French)
score greater than 12%. The minimal scores for both the DASH and WORC questionnaires are based on
their minimal clinically important difference (MCID) as reported by St-Pierre and colleagues in 2015.1%
Also, the combination of criteria 2), 3) and 4) have a good diagnostic accuracy with sensitivity and
specificity values > 0.74 and +LR = 3-5!°8:19 (Taple 3).

TABLE 3
Special Test Sensitivity (Sn) Specificity (Sp) LR+
(C1 95%) (C1 95%)

1.Hawkins-Kennedy Test 0.83 0.69 2.68
(n=962) (0.59-0.99) (0.37-0.97)
2. Neer’s Test 0.78 0.71 2.69
(n=966) (0.52-0.98) (0.35-1.00)
3. Painful Arch Sign 0.62 0.82 4.33
(Between 60 — 120°) with shoulder (0.31-0.91) (0.62-1.00)
flexion and/or abduction (n= 964)
4. Empty Can Test 0.74 0.67 1.81
5. Pain or weakness with external rotation NE NE NE

N.B The Sp, Sn, LR+ (likelihood ratio), and CI (confidence intervals) values are based on a scientific systematic review on
the diagnosis, management, and return to work guidelines for people affected by rotator cuff impairments, conducted by Roy
and colleagues?.

Table 3 Caption: Statistical properties of clinical diagnostic tests for RC tendinopathy.

30



Individuals with symptomatic shoulders were excluded if they verbally reported any prior history of
shoulder surgery, dislocations, fractures, capsulitis, or demonstrate any systematic pathologies (such as
diabetes, neurological signs or symptoms, complex regional pain syndrome, rheumatoid conditions, or
signs and symptoms of vascular compression or vestibular dysfunction) The electronic records of each
participant was subsequently checked for any relevant past medical history. Our sample size calculation
was based on our primary outcome, the DASH questionnaire. Our calculation suggests 23 participants
were required per group (G*Power 3.1.7; effect size: 0.846, o = 0.05, p = 0.80, SD = 13 DASH points,
clinically important difference (CID) = 11 DASH points, expected lost at follow-up =20%) (Figure 3).

FIGURE 3
t tests - Means: Difference between two independent means (two groups)
Tail(s) = Two, Allocation ratio N2/N1 = 1,
o err prob = 0.05, Power (1-B err prob) = 0.8
3000 - 314! T-test (6 months)
1 DASH: CID: 11 (+/- 13)
2200 5 2 equal groups of 23

N
o
(=
o
|

Total sample size
re
o
o
L

(=4

o

o
1

1.2 1.4 1.6 1.8 2

Effect size d

Figure 3 Caption: Effect size calculation for our pilot RCT

2.4 Instrumentation and outcome measures

All participants took part in a baseline evaluation session (To). The evaluators performed the evaluations
according to standardized procedures and were all given a minimum of a 2-3 hour training session with
each assessment tool used throughout this project. The clinical experience of the Physiotherapists who

acted as the evaluators for this project, ranged from 5 years to over 20 years. All evaluators were
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especially comfortable with shoulder evaluations and were able to perform the clinical special tests and

work with the specialized equipment such as the hand-held dynamometer (HHD), with ease.

The outcome measures for this project included:

e The Disability of the Arm Shoulder and Hand (DASH) questionnaire!®® 17 (Primary Outcome);
e The Western Ontario Rotator Cuff (WORC) Index;%

e Reported pain via the 11-point verbal Numeric Pain Rating Scale (NPRS) (From 0 to 10);®

e Isometric strength for the external rotators and abductors of the shoulder;%% 2%
e Global Rating of Change (GROC) scale;?**

e Level of treatment satisfaction (via a Likert scale);

e Military specific task: 30 manipulations of sandbags in less than 3 minutes 30 seconds.?%2

TABLE 4
Dependent Outcome Measure
Variables
Shoulder DASH Questionnaire
Function Reliability: ICC = 0.96 (95% CI, 0.93-0.98)*’
Reliability Canadian French version: ICC = 0.93 1%
Validity: r = > 0.70’
Clinically important difference (CID) = 11 DASH points?%204
WORC Index
MICD total score = 11.7% (moderate change)?®
CID = 12-13% of total score®®
SRM = 1.442%¢ Canadian French version: 1.541%4
Canadian French version: highly valid and reliable (1CC=0.96)*%
Pain Numeric Pain Rating Scale (NPRS)
French version: moderately reliable (ICC range 0.74-0.76)%%
Strength Hand Held Dynamometer (HHD)
Shoulder ER (inter/intra examiner ICC = 0.96/0.96)%°
Shoulder ABD (inter/intra examiner ICC = 0.92/0.92)%
Good concurrent validity to a stationary isokinetic dynamometer
(r=0.81)%%
Perceived Global Rating of Change (GROC) questionnaire
level of Reliability: ICC=0.90, MCIC: 2 points?% 209
change
Military Sand Bag Lift Task?%
functional Standard (Pass / Fail): 30 consecutive lifts of a 20 kg sandbag from
ability the floor above a height of 1.0 m.
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e To be completed in 3 minutes and 30 seconds.

Treatment 11-point satisfaction likert scale (0 = very unsatisfied, 10 = very
satisfaction satisfied)
e No known psychometric properties.

Clinically important difference (CID), Minimal detectable change (MDC), Minimally important clinical difference
(MICD), external rotation (ER), abduction (ABD), intraclass correlation coefficient (ICC), standardized response mean
(SRM).

Table 4 Caption: The psychometric properties of the special tests and outcome measures used for this
study

2.4.1 Questionnaires

The level of symptoms and disability were assessed using two self-reported questionnaires, the Canadian
French versions of the DASH questionnaire and the WORC Index. The DASH questionnaire, our
primary outcome, assessed the entire upper limb symptoms and disability of the participants, while our
secondary outcome, the WORC Index, a disease-specific quality of life questionnaire, evaluated the
change in symptoms specific to their RC tendinopathy. At Te and T2, participant's perceived level of
change and self-reporting satisfaction were also evaluated using, the GROC (Global Rating of Change)
scale and a 11-point Likert rating for satisfaction (0 not at all satisfied and 10 very satisfied with the
provided treatment). The GROC scale uses a numerical score to reflect the perceived change of the
participants’ symptoms (1 = worse, 2 = stable, and 3 = better). If an improved (1) or worse (3) state was
indicated, a numerical value of 1 - 7 was indicated by the participant, where 1 reflected "minimal

improvement" and 7 indicated "great improvement".

2.4.2 Secondary outcome measures

Muscle impairments of each participant was assessed at To and T by evaluating their MVIC of their
external rotators and abductors muscles, bilaterally, using a Medup® electronic hand-held dynamometer.
The shoulder muscle strength evaluation was standardized and followed the protocols outlined in the
Isometric Muscle Testing Manual by Hébert (2012)%1°. All evaluators participated in a standardized
training session for all shoulder muscle groups tested. Physical limitations were assessed with the military
sand-bag lift test, performed only Te. Each participant was asked whether they felt capable of attempting

the sand bag lift task, which includes lifting a 20 kg sand bag 30 times in the span of 3 minutes and 30
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seconds.?%? If they provided verbal consent to perform the task based on their symptoms, and their
reported shoulder pain was less than 3/10 at rest, the evaluator agreed to evaluate the military specific
task. The number of sand bag lifts as well as the time to completion was recoded by the evaluator.
Although this is not an established valid or reliable measure for shoulder function, it is a standardized
military test, which is part of the Canadian Armed Forces physical fitness standard and is evaluated
annually. This task was used as a clinical benchmark to assess the participants’ level of military function
and their ability to engage in their soldiering duties. Pain levels were assessed throughout the evaluations
and interventions using the 11-point Numeric Pain Rating Scale (NPRS), where 0 represents "no pain”
and 10 represents "worst pain imaginable". Participants were asked "On a scale from 0 to 10, 0 being no
pain at all and 10 being the worst pain imaginable, how would you rate your shoulder pain at this
moment?". A reduction of 2 points, or 30%, on the pain NPRS scores is said to be clinically important.?!!
See Table 4 for associated psychometric properties of the assessed outcome measures.

Participants were subsequently contacted by telephone or e-mailed 12 weeks (T12) after the initial
evaluation in order to complete the DASH, WORC, GROC and satisfaction questionnaires to assess the

effect of the interventions over time.

2.5 Randomization and blinding

A researcher not directly involved in the data collection generated a randomization list using a random
number generator (block randomization) with stratification according to sex (male/female). Group
allocations were concealed in sequentially numbered sealed opaque envelopes, which were opened by
the scheduling administrative assistant of the military physiotherapy clinic at the Valcartier Garrison.
Given the impossibility of blinding the participants to their treatment allocation, precautions were taken
to ensure they were physically separated from the other treatment groups. Participants were instructed
not to reveal the content of their program to the evaluator or to other participants. Three separate
evaluators were involved is this project, evaluator 1 (ALA) from January 2015 — June 2016, evaluator 2
(MEP) from July 2016 — December 2016, and evaluator 3 (VC) from January 2017- June 2017. All three
evaluators had at the time of the project a minimum of 5 years of clinical experience with evaluating
shoulder pathologies. Each evaluator attended a familiarization and practice session (an estimated 3-5
hours) to become comfortable with all the equipment, special tests, and to standardize the physical

examination. Each evaluator reported a high level of confidence with the subjective and objective
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evaluations for this project. The treating physiotherapists (FG, PMV, MC, and SB) were also instructed
to maintain absolute confidentiality of their patient list and treatments provided. All involved in this

project understood that results of this study depended on full secrecy and blinding.

2.6 Interventions

Both interventions, the UpEx-NTP and the Usual Physiotherapy Care guidelines, were developed over a
2-year period (2015-2016) through a rigorous scientific literature review as well as based on clinical
experience with military members. France Gamache, a Physiotherapist at the Valcartier physiotherapy
department, was instrumental in the development of the UpEx-NTP. She was among the pioneers behind
the development of a similar 6-week program for the lower extremity, referred to as the "Proprioception
Program" and is considered to be the subject matter expert on shoulder pathologies at the military clinic.
Similarly, a 6-week Lumbar Stability Class has been in place at the clinic for over 5 years and has
experienced excellent clinical success in terms of patient participation as well as functionally significant
gains for military members with non-specific low back pain. Through the success of both the
Proprioception Program and the Lumbar Stability Class, it was noted that a group-exercise based
approach works well with active military members. The foundation of this Master level project grew
from the identification of a program gap for the upper extremity. Seeing as the shoulder is the fourth
most common site for MSK injuries among military members,?* it was only logical to develop a
supervised group program to target this area of functional limitation. The following section will outline

the support for the development of both interventions for our RCT.

2.6.1 The development of the Upper Extremity Neuromuscular Training Program

To comprehend the fundamental basis for the UpEX-NTP, it is imperative to return to the current
biomechanical understanding of the physiological movements of the shoulder complex. It is well
appreciated that the scapula provides the functional base for the shoulder complex during movements,”®
118,212 while also being a major attachment site for the stabilizing musculature of the shoulder and
surrounding thoracic spine. A scapular dysfunction during arm elevation can therefore be a major
hindrance of the ability of shoulder complex to perform coordinated movements of the upper limbs.*®¢ A
scapular movement dysfunction has been well documented among individuals with a RC tendinopathy. ™

115, 119, 143, 177, 213 Eor this reason, the development of our UpEx-NTP focused on motor (re)learning,
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scapular and postural reeducation, as well as functional strengthening exercises. The program itself is
comprised of 11 stations, which aims at presenting the participant with the neuromuscular ground-work
to return to complex movements patterns necessary for everyday life, but with a strong sense of motor
control of the upper extremity. Each station has a specific purpose and showcases various progressions
of the same type of exercise to allow for a graduated and pain-controlled progression of neuromuscular
loading. See Appendix M for a full visual depiction of the program as well as Appendix N for the tracking
sheet used by the participants to record their progressions at every treatment session. The following is a
brief introduction to each station included in the UpEx-NTP.

Station 1: Postural control

Goal: Train participants to adopt adequate GH positioning through proper biomechanical
alignment and postural control of the thoracic cage and cervical spine.

Exercises: Maintaining a proper posture while sitting / standing, on stable / unstable
surfaces, and finally throughout movement.

Evidence: STRONG

A biomechanically healthy shoulder starts with excellent postural control. Individuals
with a forward head posture (FHP) can often experience shoulder pain,?* because of the
often associated anteriorization of the humeral head within the fossa that can accompany
a FHP or thoracic kyphosis.

Station 2: Weight bearing
Goal: Encourage postural control during weight bearing movements as well as to
stimulate the mechanoreceptors located within the GH joint while loading the joint.

Exercises: Progressive weight bearing against the wall, on an incline, full weight bearing,
and finally on unstable surfaces.

Evidence: STRONG

To maintain a functional approach to rehabilitation, both open (non-weight bearing) and
closed (weight bearing) kinetic exercises have been included in the program. Weight-
bearing exercises results in joint approximation, ultimately stimulating the articular
receptors.?!® The mechanoreceptors located within the joint capsule and surrounding soft
tissue provide the joint with proprioceptive information that is vital to the dynamic
stability of the joint throughout movement.?
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Station 3: Neuromuscular (re)education of the rotator cuff muscles and in

elevation (Station 4)

Goal: To introduce the shoulder complex to strength and motor control exercises,
specifically designed to target the RC tendons.

Exercises: Movements of internal and external rotation as well as in elevation,
particularly within the scapular plane (scaption). Begin with elastics, progress to free
weights, through various joint angles.

Evidence: STRONG

The primary intervention for a rotator cuff tendinopathy is active exercise therapy,®* as
outlined by several systematic reviews on the subjectt4!: 146 159,217, 218 qur philosophy
was based on a study by Suprak et al. (2005)*’ who promotes the use of unconstrained
movements within functional ranges to increase muscle activation levels, to ultimately
optimize motor control and proprioceptive feedback for both musculotendinous and
mechanoreceptors located throughout the shoulder complex. This promotes a functional
training approach and encourages dynamic motor (re)learning of the rotator cuff
complex.

Station 5: Neuromuscular (re)education of the serratus anterior

Goal: Correction of altered scapular positioning / kinematics through the specific
recruitment of the serratus anterior muscle.

Exercises: Awareness, recruitment and strengthening of the serratus anterior muscle.
First with no resistance (controlled movements in elevation), followed by resistance
training with therabands and free weights throughout movement.

Evidence: GOOD to STRONG

A suggestive cause for scapular dyskinesis is in alterations in muscle activation and
control of the periscapular muscles, notably the serratus anterior and trapezius muscles.
It is well documented that the dysfunctional SA muscle contributes to the loss of

posterior tilting and the necessary upward rotation of the scapula during elevation, >3 17
187, 219, 220

Station 6: Neuromuscular (re)education of middle / lower trapezius

Goal: Correction of altered scapular positioning / kinematics through the specific
recruitment of the trapezius (middle/ lower) muscle.

Exercises: Awareness, recruitment and strengthening of the trapezius muscle. First with
no resistance (controlled movements), followed by resistance training with therabands
and resistant pulleys.

Evidence: GOOD to STRONG

Continues with the same scientific reasoning for Station 5. Research suggests that an
imbalance between the activation of the upper trapezius (increased activity) and lower
trapezius (reduced activity) contributes to scapular dyskinesis.*®” 21%220 Several shoulder
rehabilitation protocols focus on correcting the abnormal muscle activation of the
trapezius muscle in order to optimize shoulder motor control.?20-222
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Station 7: Body Blade ®

Goal: Introduce external perturbations to the GH joint and shoulder complex to provoke
reactionary stabilization through neuromuscular control. It is used to target small
stabilization muscles, such as the rotator cuff complex.

Exercises: Vertical / horizontal perturbations with the Body Blade ®, first in static and
then in dynamic conditions (movement, unstable surfaces).

Evidence: DEVELOPING

The use of the Body Blade ® is currently founded in Best Practices for shoulder
rehabilitation, but is yet to be fully explored in the scientific literature. It is a portable
and affordable piece of training equipment.

Station 8: Proprioception and motor control of the shoulder complex

Goal: To encourage participants to practice upper extremity functional movements
within their surrounding space and environment in a pain-free and controlled manner.
Exercises: The manipulation of their limbs, objects, and free-weights throughout several
degrees of freedom of their shoulder joints. Movements such as circles, figure-8s, and
the alphabet are performed in a controlled and deliberate manner during arm elevation
until fatigue.

Evidence: STRONG

Motor control and proprioception exercises are essential to shoulder rehabilitation.34 7
%, 189 Revisit Chapter 1 for a full explanation of the importance of motor control and
proprioception exercises for the health and homeostasis of the shoulder complex.

Station 9: Throwing

Goal: To practice throwing movements with a proper motor control throughout
movement and without the solicitation of pain.

Exercises: Throwing is practiced throughout various joint angles, with balls of difference
sizes and weights, at different speeds, as well as on / with different surfaces (against the
wall, targets, trampolines, and bosu balls).

Evidence: STRONG

Among the most functional movements of the upper extremity is throwing.®? 22 Being
able to recruit the appropriate agonist and antagonist musculature in order to execute a
precise task such as throwing (particularly over-head throwing), involves a high-level of
neural-cortical ascending and descending feedback for the entire upper limb. Throwing
also proves to be a symptom-provoking task for many individuals affected by SIS or a
RC tendinopathy.'87: 223

Station 10: Functional activities

Goal: Introduce functional activities for high-end athletes and soldiers. Provide an
environment to practice the activities progressively and without pain.
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Exercises: Pushups, bench press, and progressive sand bag lifts.

Evidence: DEVELOPING

Although every clinician will tell you functional activities are essential to rehabilitation,
the type, frequency, and progressions of such activities have yet to be clearly defined
within the scientific literature. Station 10 was developed through clinical experience and
common military activities that are often reported as symptom provoking for individuals
with a RC tendinopathy.

Station 11: UQYBT

Goal: To practice the Upper Quadrant Y-Balance Test (UQYBT) of the Selective
Functional Movement Assessment (SFMA) evaluation method. The SFMA is a tool
specifically designed to evaluate trunk rotation, core stability, and upper extremity
function and performance.??*

Exercises: In a weight-bearing position, push a mobile plastic box as far as possible in
three directions, bilaterally.

Evidence: DEVELOPING

This is a relatively new tool on the clinical market and is still developing for use with
the upper extremities. A study by Westrick and colleagues (2012),2%* suggest that the
tool has excellent (ICC>0.9, p<0.05) test-retest reliability and can be confidently used
to assess unilateral upper extremity function in a CKC task. Despite the UQYBT being
in its scientific infancy, it is gaining traction in a clinical setting for rehabilitation
purposes with high-end athletes.

2.6.2 UpEX-NTP parameters

The UpEX-NTP program consists of 35-45 minutes of exercise, three times a week for 6 weeks (18
treatments, for an estimated 9-10 hours), supervised by a trained physiotherapist (FG). The participant
chooses one exercise to perform per station based on their current ability while respecting their pain
levels at 3/10 or less. It is possible the participant will not complete all 11 stations within the 35-45
minutes. As long as the participant is continuously challenging themselves they are following the
intention of the program. The participant was to maintain their pain at 3/10 or less, be continuously
moving throughout the program, and should demonstrate a fatigue performing the last few recommended
repetitions of each station. The stations were organized by level of difficulty, meaning the first station is
less physically challenging than station 11. There was no directive to finish all 11 stations at each
treatment session. The goal of the program was to be able to attempt the more difficult stations by week
5 or 6 of the program. The program allows for the individualized progressions of each station, under the
guidance of the physiotherapist. Furthermore, the supervising physiotherapist (FG) can challenge the
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participant by encouraging more difficult exercises as long as their pain is managed at 3/10 or less
throughout the entire program. If the exercise appears to be too difficult (difficulty with movement
control) or causing too much discomfort, the supervising physiotherapist may suggest a less stressful
version of the exercise (as outlined by each station). Their progressions, exercises, and parameters will
be documented on their progress tracking sheet at every visit. All exercises are also encouraged to be

performed on the non-affected side.

2.6.3 The development of the Usual Physiotherapy Care (UPC) guidelines

The UPC guidelines were developed in full cooperation with the Physiotherapists from the physiotherapy
department at the Valcartier Garrison. The researchers responsible for the project (ALA, LJH, JSR)
organized a round-table discussion to document what is currently being practiced within the clinic for
military members presenting with a RC tendinopathy. In order to remove any chance of bias, France
Gamache, PT was not present for the discussion as she was a contributing member to the conception of
the motor control program and was the supervising Physiotherapist for the UpEX-NTP. Eleven
Physiotherapists and 3 Researchers were present for the meeting that took place to standardize the UPC
and ensure a common understanding and rational for it. The clinical experience ranged from 2 years to
over 22 years and every Physiotherapist present consented to providing their feedback for the
development of the guidelines. From the discussion, clear guidelines were developed for the usual
physiotherapy care practice for this project. See Chapter 4 (Methodology section) for the guidelines, as
well as Supplementary Appendix L for the treatment form employed.

Space was provided on the treatment tracking sheet for the Physiotherapists to be very clear as to the
nature of the prescribed exercises, in order to document the position, material used, tissue targeted, as
well as the parameters (repetitions, rest, series) of the treatments provided. Specific exercises were not
included on the tracking sheets to avoid any sort of encouragement or bias for the selection of
strengthening or motor control exercises. Exercise prescription was completely subjected to the

prerogative of the treating physiotherapist.
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2.6.4 The usual physiotherapy care (UPC) protocol and parameters

The control group received UPC treatments during a 6-week period. Participants in the Ctl group received
an initial evaluation (60 minutes), followed by 2 physiotherapy treatments (30 minutes) in the clinic per
week (total of 12 treatments) as well as an individualized home exercise program (HEP) as determined
by the treating physiotherapist, to be performed 2-3 times a week (6 hours of one-on-one physiotherapy
care and an estimated 3-4 hours of home exercises for a total of 9-10 hours of treatment). The treating
physiotherapists (SB, PMV, VC, MC) will not have any knowledge of the UpEx-NTP during this RCT.
See Appendix L for a copy of the usual physiotherapy care tracking sheet.

2.7 Statistical analysis

Descriptive statistics were used for all outcome measures at each measurement of time to summarize
results. Baseline demographics were compared (Independent t-test and chi-square tests) to establish the
comparability of groups. All data was tested to check the distributional assumptions for the inferential
statistical analyses. An intention-to-treat (ITT) and per-protocol analysis (PPA) were performed for the
DASH-CF questionnaire (all sub-categories, General, Sports, and Work), the WORC-CF Index (Total
score only), pain levels at rest, and the measurements of strength for both shoulders. The effects of the
interventions on the DASH-CF and the WORC-CF were analyzed using a 2 x 3 (Exp + Ctl groups x To,
Te, and T12) repeated measure analysis of variance (ANOVAS). Similarly, a 2 x 2 x 2 (group x time x
shoulder) repeated measure ANOVAs was used for MVIC and a 2 x 2 (group x time) ANOVA was used
for pain to compare values from To and Te for both groups. Descriptive statistics and a chi-squared test
were used to analyze the results from the GROC questionnaire, while an independent t-test was used for
the comparability of groups for the sandbag lift. Descriptive statistics were reported (median + standard
deviation) as well as the associated confidence intervals (95%CI) for each group. Furthermore, a chi-
square test was used to evaluate the difference between compliance levels for each group. The number
of sessions attended were counted and then normalized to 100% for each group. A fair compliance rate
has been established to reflect a participant attending 50-74% of their treatment sessions, good
compliance as 75-89% attendance, and excellent compliance as 90-100% attendance of their treatment
sessions. All analysis was performed using SPSS version 24.0 (SPSS, Chicago, Ill) for Mac software,

with all o values set to 0.05.
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2.8 Feasibility, potential risks, and ethics

2.8.1. Feasibility

As a former military physiotherapy employed at the Valcartier Garrison for 5 years, | (ALA), have a
thorough understanding of the military context and as principal evaluator for the project, I am highly
visible to medical staff at the military hospital. Clinical statistics reported at the Valcartier physiotherapy
clinic from 2015 estimate 15-20 shoulder cases seen for treatment per month. The clinical statistics also

suggest that RC disorders are the most clinically prevalent shoulder pathology in the military.

2.8.2 Potential patient risks

Participants from both the Exp and Ctl groups were briefed on the possibility of delayed onset muscle
soreness (DOMS); which can be expected after an exercise session, their home exercise program (HEP),
and potentially their physiotherapy treatments. Overall, participants will not be denied the necessary care
for their condition; treatments will be documented throughout the interventions as needed. All
evaluations and treatments took place at the military hospital and the physician on-call was always readily
available. No financial compensations was provided for this project seeing as military regulations
prohibits financial compensation for research participation.

2.8.3 Ethics

Scientific approval for this project has been granted by the CRIR / CIRRIS (CIRRIS-15-0715) as well
as the ethical approval was granted by IRDPQ ethics committee (Project # 2015-446) and January 2016.
The Canadian Armed Forces Surgeon General Health Research Program (SGHRP) also provided it's

ethical approval.

2.9 Funding

Funding for this project included a student bursary from the CIRRIS / IRDPQ and Laval University
(awarded to ALA) as well as a research grant from the REPAR / OPPQ 4.2 research program for clinical

projects.
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3.1 Problem Statement

Shoulder proprioception has become increasingly recognized as essential to our neuromuscular
homeostasis. It is a key player in the normalized function of our joints and surrounding neuromuscular
tissues, notably for our glenohumeral joints. Despite being recognized as important, the physiological
construct of proprioception has yet to be confidently quantified. Current methods of measuring shoulder
proprioception involve complex custom-built laboratory equipment that are not readily accessible in a
clinical setting. The purpose of this systematic review was to collect and synthesize the current research
that measures proprioception at the shoulder complex. To be more precise, to evaluate the psychometric
properties associated with a tool or protocol that attempts to quantify either joint position sense, or

kinesthesia, both of which are subcategories of proprioception.

3.1.1 What is already known on this topic

Proprioception has often been described as our sixth sense, which includes our ability to determine where
our limbs are in space (joint position sense, JPS) and our ability to detect movement (kinesthesia). It is
well established that our proprioceptive sense is intimately linked to our ability to interact with our
environment without sustaining injury, and is therefore increasingly of interest in rehabilitation fields,
particularly at the shoulder joint. The glenohumeral (GH) joint is inherently unstable and relies heavily
on neuromuscular control and proprioceptive acuity to maintain stability and ensure controlled
movements. Assessment of proprioception is foundational to the identification of impairments and
managing them in individual patients. A synthesis of current research addressing outcome measures can
be used to establish optimal measurement approaches. The purpose of this systematic review is to identify
studies which present the measurement properties of shoulder proprioception, specifically JPS and
kinesthesia, and to synthesize the data of the presented psychometric properties (validity, reliability or

responsiveness).

3.1.2 What our study adds

This study provides a comprehensive literature review addressing shoulder proprioception protocols and
their psychometric properties. This review includes 21 studies and presents the calculations of weighted

averages for intra-class correlation coefficients (ICCs) of intra-session and inter-session reliability
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measures for shoulder proprioception protocols. This review makes preliminary recommendations on the
most reliable direction of movement, method of proprioception assessment and type of equipment used
during protocols. Lastly, the authors are demonstrating the overall lack of standardization for measuring
shoulder proprioception, in the hope of encouraging future research on the validity, reliability, and

responsiveness of protocols.
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RESUME

Introduction : Les composantes de la proprioception incluent le sens de la position (sens de la position
articulaire (SPA)) et du mouvement (kinesthésie) de nos membres dans l'espace. Les déficits
proprioceptifs associés a des pathologies musculosquelettiques représentent un défi a quantifier et ce
particulierement a 1’épaule. Objectif : Déterminer les qualités métrologiques de validité, fidélité et
sensibilité au changement pour des protocoles de mesures du SPA et de kinesthésie a 1’épaule. Méthodes
: Une revue de cing bases de données a été conduite de octobre 2015 a juillet 2016 pour des études
rapportant des données sur les propriétés métrologiques de protocoles d’évaluation de la proprioception
a I'épaule. Les études incluses ont été évaluées a 1'aide de 1’outil de controle QualSyst et de I'échelle
COSMIN a 4 points. Résultats : Vingt et une études incluant 407 participants et 553 épaules évaluées (n)
ont été retenues. Les études analysées confirment d'excellents scores méthodologiques avec 1’outil
QualSyst (88,1 + 9,9%) et de bons scores avec le COSMIN pour la fidélité (71,1%) et un score de qualité
modérée a faible (50%) pour la validité de critére. Les coefficients de corrélation intraclasse (CCI)
pondérés pour la fidélité intraévaluateur étaient les plus élevés pour les SPA passifs et la kinesthésie soit
0,92 £ 0,07 (n = 214) et 0,92 + 0,04 (n = 74), respectivement. Le mouvement et l'outil les plus fideles
sont la rotation interne a 90 ° d'abduction (CCI = 0,88 £ 0,01 (n = 53)) et le dynamomeétre (CC1 =0,92 +
0,88 (n = 225)). Seules deux études ont quantifié un aspect de la validité et aucune étude n’a rapporté
d’indices de sensibilité au changement. Conclusion : Selon les résultats des études retenues, I'évaluation
de la proprioception de I'épaule serait plus fidele avec I'utilisation d'un protocole passif avec
dynamometre isocinétique en rotation interne a 90° d'abduction de I'épaule. Des protocoles standardisés

traitant des propriétés métrologiques des mesures de proprioception a I'épaule sont nécessaires.
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ABSTRACT

Introduction: Constituents of proprioception include our awareness of the position (joint position sense,
JPS) and motion (Kkinesthesia) of our limbs in space. Proprioceptive deficits are associated with
musculoskeletal disorders, but remain a challenge to quantify, particularly at the shoulder. Purpose: To
report the psychometric values of validity, reliability and responsiveness for shoulder JPS and/or
kinesthesia protocols. Methods: A review of five databases was conducted from inception to July 2016
for studies reporting a psychometric property of a shoulder proprioception protocol. Included studies
were evaluated using the QualSyst checklist and the COSMIN 4-point scale. Results: Twenty-one studies
were included, yielding 407 participants and 553 evaluated shoulders (n). The included studies support
excellent methodological scores using the QualSyst checklist (88.1 + 9.9%), and good psychometric
scores with the COSMIN for reliability (71.1%) and moderate-to-low quality score (50%) for criterion
validity. Weighted average intraclass correlation coefficients (ICCs) for intra-rater reliability were
highest for passive JPS and kinesthesia, ICC=0.92 = 0.07 (n=214) and 1CC=0.92 + 0.04 (n=74),
respectively. The most reliable movement and tool are internal rotation at 90° of abduction, ICC=0.88
0.01 (n=53), and the dynamometer, ICC=0.92 + 0.88 (n=225). Only two studies quantify an aspect of
validity and no responsiveness indices were reported among the included studies Conclusion: Based on
the results of the included studies, the evaluation of shoulder proprioception is most reliable when using
a passive protocol with an isokinetic dynamometer for internal rotation at 90° of shoulder abduction.
Standardized protocols addressing the psychometric properties of shoulder proprioception measures are

needed.

Key words: shoulder, proprioception, joint position sense, kinesthesia, reliability, psychometric

properties, systematic review
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3.3 Introduction

Proprioception is not a new concept, first introduced as our "muscular sense" by Charles Bell in 1826
and later elaborated by Charles Sherrington, who coined the term “proprioception” in 1906, as: our
perception of joint movement and positioning in space in the absence of visual feedback. * Proprioception
has evolved over time to become an overarching theme, including the sub-categories of kinesthesia, the
awareness of passive or active joint movement, joint position sense, the reproduction of joint angles

227

actively or passively, 225226 as well as our ability to detect vibrations, ° level of force production, %’ and

changes in limb or joint velocity. 228

The role of proprioception is well depicted in the context of the shoulder joint. Due to its vast mobility,
it is inherently an unstable joint,??° relying heavily on the synchronicity of its active and passive structures
for dynamic neuromuscular control.? 2%° The active and passive tissues contribute to proprioceptive
awareness through the input provided by mechanoreceptors (Figure 10) located within the structures of
the shoulder complex.?2® 281283 Proprioception is thus the sum of neurological feedback from
multifaceted systems that regulate motor control and behaviour?3! 232 2% and is widely recognized as

being important for motor control rehabilitation and overall physical health.® 2%

Considering its importance in healthy movement production, one may wonder if there is an association
between poor proprioception and musculoskeletal (MSK) disorders. Indeed, it has been demonstrated
that proprioceptive deficits are related not only to MSK injury but also to the recurrence and persistence
of symptoms and disability.®! %% This relationship suggests, firstly, that rehabilitation programs should
aim to improve neuromuscular control and proprioceptive capacities and secondly, that proprioception
should be objectively measured throughout rehabilitation. Although an increasing number of studies
exploring the effects of proprioceptive rehabilitation has indicated the effectiveness of this type of
intervention in the treatment of MSK disorders such as ankle instability, anterior cruciate ligament
reconstruction, and osteoarthritis,?" 23 other results have been less promising and indicate a need for
further study.?*” 231237 The difficulty of evaluating the effects of proprioceptive rehabilitation is that the
measurement of proprioception itself remains a challenge.?3® 23° As proprioception has been linked to the
persistence of impairments and physical limitations,® % % it would be advantageous to measure it

objectively in a clinical setting.
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The psychometric properties of protocols are important to understand in order to objectively quantify an
individual’s level of impairment, physical limitations, and/or restrictions of participation. Such qualities
include strong validity, reliability, and responsiveness measures to establish the credibility and usefulness
of a measure for quantifying neuromuscular function.?4-243

The purpose of this systematic literature review is to identify and report the psychometric values of
validity, reliability and responsiveness from studies quantifying shoulder proprioception in adults,
measured as JPS or kinesthesia. Presentation of this systematic review follows the recommendations
outlined by PRISMA. %44

3.4 Methodology
3.4.1 Literature search and study identification

A literature search was conducted by two reviewers (ALA and MR) using five databases including
PubMed (Ovid MEDLINE), EMBASE, CINAHL, PEDrO, SPORTDiscuss, the reference system
EBSCO, as well as a manual search of references from all retrieved articles. The search was performed
from inception to July 15th 2016 and included the key terms proprioception (proprio*), Kinesthesia
(kinesthes*), joint position sense, clinical tool*, clinical measure*, outcome measure*, validity,
reliability, responsiveness, sensitivity, specificity and diagnostic accuracy. Combined controlled
vocabulary specific to each database was used (for example: Medical Subject Headings (MeSH) for
Medline and Emtree for the EMBASE). The search strategy was developed with the guidance from a

technician in documentation.

3.4.2 Study Selection

Two evaluators (ALA and MR) independently reviewed the titles and abstracts of each article for
screening eligibility. Subsequently, the two raters reviewed each article, addressed the inclusion criteria,
and came to a consensus for inclusion. An article was accepted for a full review if it met the following
inclusion criteria: 1) reported on at least one psychometric property addressing either joint position sense
(JPS) or kinesthesia of the shoulder (laboratory or clinical measure), 2) written in French or English, and
3) included adult participants with or without an MSK disorder of the shoulder. An article was excluded

if it referenced the psychometric properties of a previous study and if it evaluated the sense of vibration,
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detection of joint or limb velocities, or perceived levels of force production. Articles evaluating either
JPS or kinesthesia were selected because they are the most employed methods for quantifying shoulder

proprioception.?%
3.4.3 Data extraction and shoulder proprioception measurements

Information was extracted by one evaluator (ALA) systematically using a standardized form, which
included the population, type of proprioception investigated, evaluation methods and equipment,
direction of shoulder movements, and reported psychometric values of the protocols. The information

was then verified by two other evaluators (MR and AFB).

JPS and kinesthesia measures were the main outcome for this review, which included active joint position
sense (AJPS): actively moving the limb to a target angle; active path of joint motion replication (PJIMR):
the reproduction of a specific angular trajectory; threshold to detection of passive motion (TTDPM): the
detection of motion externally initiated at the joint; and reproduction of passive positioning (RPP): where
the limb is moved passively by the evaluator or a device.*® Ipsilateral and contralateral matching tasks

were included.

3.4.4 Quality Assessment

Three evaluators (ALA, MR, AFB) independently assessed all included articles with two checklists: the
Standard Quality Assessment Criteria for Evaluating Primary Research Papers (QualSyst) 26 and the
COSMIN 4-point scale 24" 248 for psychometric assessment. The raters then met to openly discuss each
article and to reach a consensus. This process allowed us to address any disagreements in the
interpretation of the data or the scoring process. When no consensus was reached, the evaluators applied
the default option of the lowest awarded score. If any rater was uncomfortable with this resolution, a
fourth rater (JSR) reviewed and scored the article. A pre-consensus inter-rater absolute agreement was
calculated using an intraclass correlation coefficient (ICC) in order to evaluate the level of agreement

between the evaluators.
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3.4.4.1 Standard Quality Assessment Criteria for Evaluating Primary Research Papers

The QualSyst is a quality appraisal tool developed by Kmet and colleagues (2004) that evaluates the
methodological quality and risk of bias of quantitative and qualitative studies with varying study
designs.2® It is comprised of 14 items, however for the purpose of this review, items 5 (random
allocation), 6 (blinding of investigators) and 7 (blinding of subjects) were removed from the scoring
because the included studies were mainly methodological. Item 9 (sample size) was also excluded
because it was assessed using the COSMIN 4-point scale. Each item was assessed using a 3-point scale
(0-2), for a total score of 20 points, which was then normalized to 100%. Since there is currently no
classification threshold associated with the scale, we categorized each article based on its awarded
percentage, = 75% being an excellent quality study, 51-74% representing a good study, and < 50%

suggesting a moderate-to-low quality study.

3.4.4.2 COSMIN 4-point scale

The COSMIN 4-point scale is a checklist developed by Terwee and colleagues (2012) and is
recommended for use in systematic reviews of measurement properties such as validity, reliability and
responsiveness.?*”- 248 Each box of the COSMIN tool represents a different psychometric property. Only
the evaluation boxes that specifically address the psychometric property of the included studies were
utilized. Box B of the COSMIN 4-point scale was used to evaluate reliability and Box H was employed
to assess criterion validity. Because the COSMIN 4-point scale uses qualitative descriptions for scoring,
the scoring system was converted in order to obtain a quantitative score (excellent = 4, good = 3, fair =
2 and poor =1). Box B for reliability has a maximum potential score of 44 points, seeing as items 12, 13
and 14 were excluded (representing dichotomous, nominal, or ordinal scores). Box H for criterion
validity has 7 items and using the same quantitative scoring technique of 1 to 4, has a total score of 28
points. As with the QualSyst checklist, the total was normalized to 100% and categorized for quality

assessment.

3.4.5 Data analysis

Weighted averages (WA) of ICC measures for both intra-session and inter-session reliability were

calculated and weighed according to the number of shoulders evaluated (n). WAs were calculated for the
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type of proprioception measured, the direction of shoulder movement, and the type of equipment used
during the protocol. Studies that reported inter-rater reliability or a correlational value were not included
in the WA calculations. Studies included could not be pooled into a meta-analysis due to the variability
between proprioception protocols performed in each study.

3.5 Results

3.5.1 Description of the studies

The literature search resulted in 262 articles, from which 167 duplicates were removed and the remaining
95 articles had their titles, abstracts, and results screened for eligibility. Seventy-four articles were
excluded; therefore 21 articles were included and the full texts were assessed (Figure 5). A total of 407
participants and 553 shoulders (n=553) were evaluated for the psychometric properties of the shoulder

proprioception protocols.

3.5.2 Quality of the included studies

Scores from the QualSyst checklist ranged from 12/20 (60%)%*° to 20/20 (100%),%3 % 250 with a mean
score of 88.1 + 9.9%. The COSMIN 4-point scale checklist Box B scores ranged from 27/44 (61.3%) 2%
251 to 39/44 (88.6%), *° with a mean score of 71.1 + 8.0%. Two studies®® 252 were evaluated using
COSMIN Box H for criterion validity, and earned identical scores of 14/28 (50%). Pre-consensus inter-
rater agreement on the total scores were good for the QualSyst scale (ICC = 0.71 (95% CI: 0.63-0.77))
and excellent for the COSMIN 4-point scale Box B (ICC =0.90 (95% CI: 0.88-0.92)) and Box H
(1CC=0.99 (95% CI: 0.97-0.99)).
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3.5.3 Specific findings

3.5.3.1 Population

Different populations were investigated among the included studies: 14/21 (66.7%)*": 3 91. 225,233, 249-257
used healthy participants (n=435), five (23.8%) used healthy athletic populations (n=74)° 2°8-261 and
lastly, two studies (9.5%) tested individuals with pathological shoulders (n=44), which included
participants affected by chronic rotator cuff pathologies (CRCP)® and multidirectional instability (MDI)
of the shoulder.??

3.5.3.2 Type of proprioception evaluated (Figure 6)

The proprioception measures of our review address either JPS, which includes AJPS, PJPS, RPP, and
PJMR tasks, or kinesthesia, which includes TTDPM tasks. AJPS was evaluated in 16 studies #7363 %
225,233,249, 250, 252-258, 261 (n=479). Among the AJPS studies, variability existed as to whether the movement
was actively or passively demonstrated and then actively executed, respectively. Five studies promoted
an active/active protocol 47 83225250, 255 (n=112), one study an active-assisted protocol ?>® (n=10), and
twelve studies performed a passive/active protocol 3 99 233, 249,252-258, 261 (n=337), Eight studies® 233 24
251, 255, 251, 259, 262 examined passive joint position sense (PJPS or RPP) (n= 454). Two studies?3 2%
evaluated PJIMR (n=10), and 6 studies evaluated TTDPM (kinesthesia)®: 233 251, 259, 260. 262 (n=114),
Interestingly, nearly all proprioception protocols used an ipsilateral task (95.2%), with the exception of

Ramsay and Riddoch (2001) who employed a contralateral matching task.2>®

The intra-session WA ICCs indicate that PJPS has the strongest reliability (0.92 + 0.07, n=214), followed
by passive/active protocols (WA ICC of 0.92 +0.1, n=204), and TTDPM (0.92+0.04, n=74),
respectively. The active/active protocol revealed the lowest intra-session WA ICC (0.34 +0, n=22). Inter-
session calculations reveal a similar pattern with TTDPM demonstrating the strongest reliability
(0.92 + 0, n=10) followed by AJPS protocols (0.87 + 0.14, n=314).
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3.5.3.3 Direction of movement (Figure 7)

The included studies used various movements of the shoulder complex to quantify proprioception,
including flexion®": 63.233,250,256, 258 (n=112) internal rotation (IR) at 90° of abduction (ABD)%- 225233, 24,
258,260 (n=154), external rotation (ER) at 90° of ABD?®3 %1 225, 233,249, 251, 257-262 (=3809), scaption?’ %% 24
(n=66), scapular movements (elevation, depression, retraction, and protraction)?®? (n=20), horizontal
adduction (ADD) and ABD?® (n=10), pure ABD?*® (n=8), and combined movements (F/ABD/ER
through E/ADD/IR)?3 (n=11).

IR and ER protocols support the strongest WA ICCs for both intra and inter-session reliability. IR leads
with an ICC of 0.88 + 0.01 (n=53) (intra-session) and 0.98 + 0 (n=31) (inter-session), closely followed
by ER WA 1CC=0.834+0.04 (n=303) (intra-session), WA 1CC=0.97 + 0.04 (n=41) (inter-session).

Scaption is the least reliable direction of movement with an intra-session WA ICC of 0.34 + 0 (n=33).

3.5.3.4 Equipment (Figure 8)

The isokinetic dynamometer was used the most frequently for both JPS233:249: 251,253,257 g kinesthesia®*®
251 (n=225). Other proprioceptive equipment included an inclinometer®® 22> (n=56), a laser pointer®
(n=25), a goniometer® (n=25), a continuous passive motion device (CPM)®° (n=10), fabricated
laboratory equipment?®2 255260 (n=50), a purpose built active movement extent discrimination assessment
(AMEDA) tool®*® (n=24) and a motion analysis system*’: 53 %258 (n=100). Furthermore, three studies
conducted a photograph analysis with a goniometer®® 256 261 (n=19), one study used an Apple 4th
generation iPod touch using internal sensors of the device (accelerometers and gyroscopes)?* to evaluate

AJPS (n=24) and lastly, two studies® 2** used a proprioceptive testing device (n=30).

WA ICC calculations demonstrate that the isokinetic dynamometer is the most reliable tool for measuring
shoulder proprioception (intra-session: 0.92 + 0.08, n=225), succeeded by the CPM device (inter-session
0.91, n=10). The least reliable equipment includes the goniometer (inter-session 0.6 + 0, n=25), the
motion analysis system (intra-session 0.66 + 0.27, n=55) and fabricated lab equipment (inter-session
0.69 + 0.12, n=30).
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3.5.3.5 Validity, reliability, and responsiveness

All 21 included studies reported a measure of reliability, which included intra-rater ICCs (21/21, 100%),
inter-rater ICCs (3/21, 14.28%),%% 249 25 standard error of measurement (SEM) (8/21, 38%),*" 63 99 251-
253,255,259 minimal detectable change (MDC) (2/21, 9.5%)%% %2 (Table 5), intra-tester reliability as a
correlation between measurements (2/21, 9.5%),°" % or a Cronbach alpha value (1/21, 4.76%).2%¢ Only
two studies (9.5%)% 252 presented validity values, expressed as a Pearson product-moment correlation
coefficient (r), with 95% of agreement as an estimate for criterion validity. Vafadar et al. (2015)
compared their protocol to the Vicon motion capture system and found all three of their instruments to
have a high correlation to the Vicon: the laser pointer (r=0.85), the inclinometer (r=0.80) and the
goniometer (r=0.77). Deng and Shih?*? evaluated the validity of their scapular repositioning error by
using a 3D electromagnetic tracking device and a scale ruler (r=0.74-0.98). None of the included studies

presented any measures of responsiveness.

3.6 Discussion

Proprioceptive acumen is essential for the optimization of shoulder neuromuscular control throughout
movement, yet continues to be a quantitative challenge today. Due to the lack of standardization of
proprioception terminology and the complexity of evaluation methods, it remains an area of
psychometric contention. The purpose of this systematic review was to identify and summarize the
current methods used for quantifying shoulder proprioception, specifically JPS and kinesthesia. Although
shoulder proprioception impairment is deemed extremely important to evaluate and treat during
rehabilitation, the protocols currently being used have not been thoroughly psychometrically tested. A
proprioceptive outcome that is being employed in a clinic without known psychometric qualities can lead
to erroneous clinical decisions and provide a false impression that an evidence-based approach is being

used.

Our WA values reveal that passive protocols demonstrate greater reliability and that protocols employing
IR or ER at 90° of shoulder ABD are the most reliable over time. The isokinetic dynamometer supports
the highest reliability measures and is the most employed piece of equipment for the evaluation of

shoulder proprioception, both for active and passive protocols. Furthermore, our results echo those of
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previous shoulder proprioceptive studies, that there is currently no universally accepted method for

quantifying a proprioceptive impairment of the shoulder.® 923

Similarly to our results, Hillier et al.’s (2015) systematic review on proprioceptive measurements in the

lower back, ankle, knee and shoulder found few protocols that reported their psychometric properties,?*°

putting into question the robustness, and utility of such proprioceptive protocols in a clinical setting.?%
Indeed, this has been mirrored by other reviews addressing proprioceptive deficits of the lower back,®
knee?? 264 and ankle?® which reported moderate to good psychometric properties at best. Moreover,
these articles point out the small sample sizes of proprioceptive studies, suggesting overall weak
statistical power and thus offering no clear guidelines for clinicians. Although Han and colleagues® more
recently performed a thorough literature review of proprioceptive evaluation methods for the ankle, knee
and shoulder, they did not report any associated psychometric properties. Our review reports the
psychometric values of shoulder proprioceptive protocols, thereby contributing to a more comprehensive
and complete review of the current literature. This review provides clinicians with the confidence to use
an outcome measure or protocol that is based on scientific support. Han and colleagues® did, however,
outline the importance of a proprioceptive outcome demonstrating strong ecological validity,® so that it

may in turn be used in a clinical environment.

3.6.1 Ecological validity and the clinical application of proprioception

In addition to strong psychometric properties, a proprioceptive outcome must support a secure sense of
ecological validity, which can be understood as "maintaining the integrity of the real-life situation in the
experimental context while remaining faithful to the larger social and cultural context".?%5 267 When
evaluating proprioception, it is important that the procedures maximize the similarities between the
testing setting and real-life functionality.?®® From our review, kinesthesia measures demonstrated
stronger reliability. This can be attributed to the fact that movement threshold testing relies solely on
passive movements and structures,?%® 26° arguably better representing our afferent sensory feedback
processing or proprioceptive sense.?*> However, functional daily activities are performed predominantly
with the use of our active muscular system,?4% 279 2"1 which is not activated during TTDPM except when
stretched to end range. It can be said that active position matching tasks are a stronger indicator of joint

function than passive protocols.*” 255:272.273 As sych, although the TTDPM has a higher conceptual purity
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of proprioception,® 2% it conceivably has lesser ecological validity, which puts its true applicability in a

clinic into question.

It is our deduction that the active protocols presented by Vafadar and colleagues®® are the only shoulder
proprioception evaluation methods included in this review that are applicable in a clinic. Because of their
use of common clinical tools, notably the goniometer, inclinometer, and laser pointer, and their relatively
simple trigonometry-based scoring system, their methods could prove the most technically simple, as

well as cost and time efficient for clinicians.

Proprioception relies on the multi-component sensory feedback from the tactile, vestibular and visual
systems, 225 274 which are then integrated and processed on both the conscious and unconscious levels.?”
In order to maintain a clinical orientation and a strong ecological validity for our recommendations
regarding shoulder protocols, our systematic review focused on joint position sense and kinaesthetic
awareness, both of which are conscious sub-modalities of proprioception.?”* We further chose to take a
functional approach to the review and consequently, did not explore the possibility of the direct
physiological measurement of proprioceptive neural pathways or the direct excitability of
mechanoreceptors. Such methods generally involve complex and invasive experimental procedures that

are not always readily available, nor applicable for clinicians.

3.6.2 Lack of standardization

Because of the lack of standardization of the included studies, we were unable to pool our findings into
a meta-analysis. The clear lack of commonalities between the protocols could be due to the particular
challenge of quantifying proprioceptive impairments of a joint as mobile as the shoulder. Shoulder
proprioception protocols demonstrated inconsistencies with regards to warm-up sessions, number of
evaluated trials, rest periods between trials and tactile feedback during limb manipulation. To overcome
the lack of standardization, it is our recommendation that researchers and clinicians place greater
emphasis on a detailed description of their protocols and their reproducibility, in order to encourage
others to use the same protocol, thereby favouring benchmarking and increasing the statistical power and

clinical applicability of their results.
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3.6.3 Strength and limitations of the review

The strengths of this review include the exhaustive search of the literature including five scientific
databases and hand searches. The use of validated critical appraisal tools facilitated our systematic
evaluation of the quality of the studies and the psychometric properties of their protocols. The checklists
employed also act as a limiting factor, seeing as the objective quality ratings of each article depended on
the selected checklist. The QualSyst checklist was limiting for our review because of our inclusion of
mostly methodological studies. Although the QualSyst is appropriate for both randomized and non-
randomized studies, the total score does favour a randomized study design, thus potentially introducing
a bias into our review which is comprised mostly of non-randomized studies. The COSMIN 4-point
checklist was also limiting because of the descriptions of each scoring category, which were frequently
either lacking or unclear, thus leaving room for interpretation, introducing a bias to the awarded scores
and lowering our inter-evaluator level of agreement. Further limitations include the narrowing of the
definition of proprioception assessment to JPS and kinesthesia, as well as only considering articles
written in English or French. Future work should include the assessment of other aspects of joint

proprioception, notably the detection of vibration, muscle tension, muscular force and velocities.

Moreover, only 19% (4/21) 53 225.252.25 of the articles included in this systematic review were primary
psychometric studies, meaning that their fundamental goal was to evaluate the robustness of their
scientific method. The remaining 81% (17/21) of the included studies responded to a scientific question
firstly and a psychometric inquiry secondly, potentially introducing a bias to the relative awarded scores
of the modified checklists. Lastly, the lack of validity and responsiveness studies remains a major
limitation for the conclusions that can be associated with measuring shoulder proprioception.

3.7 Conclusion

The included studies of this review suggest that protocols that use internal or external rotation at 90° of
abduction at the shoulder are most reliable. According to our weighted average calculations, PJPS is the
most reliable method for evaluating JPS and TTDPM for kinesthesia. The dynamometer currently has
the greatest reliability potential; however, due to its cost, time-consuming installation, and the intricacies
of the protocols, its applicability in a clinical setting remains questionable. The exact mechanisms of

proprioceptive control at the shoulder remain unclear?® and should thus be interpreted with caution.
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Outcome measures for the evaluation of proprioception are limited by their complexity and use of

intricate custom-built and electronic interfaces and are therefore difficult to apply to a clinical setting.2"®

3.7.1 Take Home Message for Clinicians

In order to quantifiably appreciate proprioceptive impairments and physical limitations in a clinical
setting, it is imperative to employ evidence-based and psychometrically robust protocols. From the
results of this review, we can encourage the preliminary use of a shoulder proprioceptive protocol which
employs an isokinetic dynamometer, such as the Biodex, for either a passive protocol (JPS) or a detection
of movement protocol (kinesthesia), evaluating the movements of internal or external rotation at 90° of
shoulder abduction. Such methods support the strongest reliability measures over time and represent the

best method for quantifying shoulder proprioceptive deficits in the clinic at this time.
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Intraclass correlation coefficient calculation:

ICC(3) =BMS - EMS / BMS + (k-1)EMS

Weighted average for intra and inter-rater reliability ICC calculations:

Weighted average = SUMPRODUCT(ICC value, Total n)/ Total n (n = shoulders evaluate)
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TABLE S

Author and n Proprioception SEM (95) MDC (95)
year Outcome angular displacement error
Vafadar et al. 25  AJPS (ipsi) Laser pointer: Laser pointer:
2015 Inter & intra e Inter: 0.6°-1.1° e Inter: 1.8°-3°
session e Intra: 0.8°-1.1° e Intra: 2.3°-3.1°
Inclinometer: Inclinometer:
e Inter: 0.8°-1.4° e Inter: 2.4°-3.9°
e Intra: 0.9°-1.2° e Intra: 2.7°-3.4°
Goniometer Goniometer
e Inter: 0.8°-2° e Inter: 2.4°-5.5°
e Intra: 0.7°-2.2° e Intra: 2.1°-6.2°
Lonn et al. 10 AJPS and PJPS Passive-active: 0.76° Not reported
2000 (ipsi) Passive: 1.02°
Inter session Semi-passive: 0.51°
Active: 0.54°
Combined: 0.41°
Sole et al. 30 TTDPM & RPP TTDPM: 0.15° Not reported
2015 (ipsi) RPP: 0.98°
Intra session
Anderson & 20 AJPS (ipsi) Affected limb Not reported
Wee 2011 Inter session ABD in scapular plane at
o 40° (low):1.3°+1.2°
CRCP participants e 100° (high): 2.7°+2.6°
Non-affected limb
ABD in scapular plane at
o 40° (low):2.0°+2.1°
e 100° (high): 0.9°+0.9°
Deng & Shih 20 AJPS (ipsi) Non-Dominant: Non-Dominant:
2015 Inter session Scapular depression Scapular depression

¢ Rotation 0.15-0.41°

o Displacement 0.03-0.08cm
Scapular elevation

¢ Rotation 0.21-0.49°

e Displacement 0.08-0.26cm
Scapular protraction

e Rotation 0.46-0.57°

e Displacement 0.03-0.10cm
Scapular retraction

e Rotation 0.39-0.68°

o Displacement 0.04-0.20cm
Dominant:

Scapular depression

¢ Rotation 0.16-0.62°

o Displacement 0.02-0.13cm
Scapular elevation

e Rotation 0.27-0.93°

e Displacement 0.09-0.26cm
Scapular protraction

e Rotation 0.16-0.39°

o Displacement 0.06-0.23cm
Scapular retraction
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¢ Rotation 0.42-1.14°

e Displacement 0.08-
0.22cm

Scapular elevation

e Rotation 0.58-1.36°

e Displacement 0.22-
0.72cm

Scapular protraction

e Rotation 1.28-1.58°

e Displacement 0.08-
0.28cm

Scapular retraction

¢ Rotation 1.08-1.88°

e Displacement 0.11-
0.55cm

Dominant:

Scapular depression

e Rotation 0.44-1.72°

e Displacement 0.06-
0.36cm

Scapular elevation

¢ Rotation 0.75-2.58°



e Rotation 0.69-1.13° e Displacement 0.25-
e Displacement 0.08-0.25cm 0.72cm
Scapular protraction
e Rotation 0.44-3.27°
e Displacement 0.17-
0.64cm
Scapular retraction
e Rotation 1.91-3.13°
e Displacement 0.22-

0.69cm

Nodehi- 10 TTDPM & RPP TTDPM: 0.25° Not reported
Moghadam (ipsi) RPP: 0.29°
et al. 2012 Inter session
Suprak et al. 22 AJPS (ipsi) Plane/elevation (°) Not reported
2006 Intra session o 35/30=3.99°

e 35/50=3.03°

e 35/70=3.51°

e 35/90=1.90°

e 35/110=3.18°

e 0/90=3.72°

e 20/90 =4.07°

e 60/90 =2.55°

e 80/90 =2.39°
Kaya et al. 11 AJPS (ipsi) AJPS Not reported
2012 Intra session Eyes open =4.5°

Eyes closed =3.87°

*(n) represents the number shoulders evaluated per protocol. Standard Error of Measurement (SEM) with a 95% confidence
interval, Minimal Detectable Change (MDC) with a 95% confidence interval, abduction (ABD), chronic rotator cuff
pathology (CRCP).

Table 5 Caption. Reporting of responsiveness psychometric properties of different shoulder
proprioception protocols.
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FIGURE 4
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Figure 4 Caption: Graphical depiction of the shoulder proprioception pathway.
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FIGURE 5
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Figure 5 Caption: An organogram describing the literature selection process according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta Analyses).
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FIGURE 6
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Figure 6 Caption: Weighted averages (WA) ICCs for intra-rater reliability of proprioception measures of

the glenohumeral joint.
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FIGURE 8
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Figure 8 Caption: Weighted averages (WA) ICCs for intra-rater reliability for various proprioceptive
equipment used for quantifying shoulder proprioception of the glenohumeral joint.
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4.1 Résumé / Abstract

4.1.1 Résumé

Contexte

Bien que la douleur & I'épaule soit une des raisons principales pour consulter un médecin ou un
physiothérapeute, la réadaptation de cette articulation demeure un défi. Parmi la population militaire, la
douleur a I’épaule entraine souvent des congés de maladie et méme une libération de service. Parmi les
douleurs a I’épaule, la tendinopathie de la coiffe des rotateurs (CR) représente la source la plus fréquente
de douleur. Bien que parmi les choix thérapeutiques en réadaptation pour traiter cette condition, il est
fortement encouragé de prescrire des exercices, la facon optimale de recourir a cette méthode (type,
dosage, individuelle ou en groupe) demeure incertaine. Le but de cet essai clinique randomisé a simple
insu (I’évaluateur) était de comparer 1'efficacité de deux programmes de rééducation de 6 semaines (un
programme axé sur des exercices et une autre sur des soins usuels en physiothérapie) sur les symptomes
et la capacité fonctionnelle et les limitations physiques chez des militaires souffrant d’une tendinopathie
de la CR.

Méthodes

Trente-trois soldats en service actif au sein des Forces armées canadiennes (FAC) ont été assignés au
hasard a l'une ou l'autre des interventions suivantes: 1) un programme standardisé et supervisé
d’entrainement neuromusculaire et de controle moteur pour les membres supérieurs (Exp); 2) des soins
usuels de physiothérapie (Ctl). Les variables principales de cette étude étaient les symptomes et la
capacité fonctionnelle et les limitations physiques évalués a l'aide du questionnaire Disabilities of the
Arm, Shoulder and Hand (DASH). La variable secondaire a 1’étude 1'indice Western Ontario Rotator
Cuff (WORC). Toutes les variables ont été mesurées au départ (T0) et a 6 (T6) et 12 (T12) semaines
apres l'intervention. La comparaison des effets des interventions a ét€ évaluée a l'aide d’une analyse per
protocole (APP), analyse intention-traitement (AIT) et avec une analyse de variance a mesures répétées

a 2 voies.

Résultats
Aucune interaction significative (p > 0,101) de groupe % temps (p > 0,101) n'a ét€ démontrée pour les

analyses APP ni AIT. Par contre, nous avons observé un effet de temps significatif (p <0,001) pour le
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questionnaire DASH et I'indice WORC. Bien gu'il n'y ait pas de différences statistiguement significatives
entre les deux groupes au fil du temps, les scores obtenus pour le groupe Ctl pour toutes les variables a

12 semaines sont meilleurs que le groupe Exp.

Conclusion

Bien que la difficulté de recruter des sujets en peu de temps n’ait pas permis ’atteinte d’une puissance
statistique suffisante, ces données préliminaires suggérent que les deux approches de rééducation
proposées conduisent a des améliorations comparables pour les deux groupes de patients traités. Ces
résultats suggeérent donc que, chez des militaires, I'utilisation d'une intervention de groupe axée sur
I'exercice pour une tendinopathie de la CR a le potentiel d'étre aussi efficace qu'une approche un a un
beaucoup plus exigeante en terme de temps de traitement. D’autres recherches avec un plus grand
échantillon permettra de valider cette hypothése et aussi de comparer les colts et avantages en terme de

ressources cliniques pour une telle approche utilisant des groupes supervisés.
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4.1.2 Abstract

Background

Shoulder pain is among the leading reasons to consult a physician or physiotherapist today, yet continues
to be a challenge to rehabilitate. This is true of a rotator cuff (RC) tendinopathy, the most important
source of shoulder pain. This is also applies to an active military population, where shoulder pain is
among the top reasons for sick leave or a potential discharge from service. Although rehabilitation trends
encourage the use of exercise prescription for the management of an RC tendinopathy, the ideal method
of clinical delivery (a group setting versus one-on-one) remains uncertain. The purpose of this single-
blind (evaluator) pilot randomized clinical trial is to compare the effectiveness of two 6-week
rehabilitation programs, a newly developed group neuromuscular training program and usual one-on-one
physiotherapy care, on the symptoms and functional limitations of military members affected by a RC

tendinopathy.

Methods

Thirty-three active soldiers with the Canadian Armed Forces were randomly assigned to either 1) a group
intervention, a supervised Upper Extremity Neuromuscular Training Program (Exp) or; 2) an individual
intervention, a one-on-one usual physiotherapy care (Ctl). The primary outcome was symptoms and
functional ability evaluated using the Disability of Arm, Hand and Shoulder (DASH) questionnaire.
Secondary outcomes included the Western Ontario Rotator Cuff (WORC) Index. Both were assessed at
baseline (To) and 6 (Ts) and 12 (T12) after baseline. The effects of the programs were assessed using 2-
way repeated measures of variance for intention-to-treat (ITT) and per-protocol analyses.

Results
No significant group (p > 0.16) or group * time interactions (p > 0.11) were found for either ITT or per-
protocol analyses. Although a statistically significant time effect (p < 0.001) was established for the

DASH and WORC for both ITT and per-protocol analyses showing that both groups improved over time.

Conclusions
Although low recruitment precluded statistically significant conclusions, our preliminary data suggest
that both rehabilitation approaches derived benefits over time. These findings suggest that the use of a

group exercise-based intervention for a RC tendinopathy has potential to be just as effective as a one-on-
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one approach for a military population. Larger sample sizes and further investigation are warranted

regarding the cost and clinical resource benefits of such a supervised group approach.

Trial registration number ClinicalTrials.gov (NCT02926443).

Key words: Shoulder, motor control, supervised-exercise program,

usual physiotherapy care, rotator cuff tendinopathy, military
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4.2 Background

Shoulder pain is among the most common sites for musculoskeletal (MSK) symptoms, with up to one-
quarter of the Western population reporting a problem at any one time.® These findings are echoed within
a military population, where shoulder disorders are third in prevalence.*! 2" Shoulder disorders have a
professional and personal impact on soldiers and on the operational readiness of military capability as
they lead to restricted duties, sick leave and the inability to deploy.** 130132 As with a civilian population,
mechanisms of injuries related to shoulder disorders in the military are generally related to sports /

physical training, rather than combat.?* 2

Among shoulder disorders, a rotator cuff (RC) tendinopathy remains the leading source of pain.1%% 104
The term RC tendinopathy is a clinical diagnosis that involves mechanical stress / trauma to the
subacromial structures, including the RC tendons, the bursa, and the long head of the biceps tendon.
Thus, the term RC tendinopathy indicates a clinical diagnosis, without knowing the specific underlying
mechanisms of injury.?’® 27 Although the exact etiology of a RC tendinopathy is not entirely clear,®
there is a growing consensus that an impingement occurs when the RC tendons are subjected to repetitive

stresses, most often caused by repetitive overhead activities.!%®

The most common causes of an impingement include an abnormal superior and / or anterior migration
of the humeral head within the glenoid fossa,® % and poor biomechanical control of the scapula along
the thorax during arm elevation.”® A neuromuscular dysfunction of the scapulohumeral (SH) and
scapulothoracic (ST) musculature is said to alter the normal glenohumeral (GH) and ST
arthrokinematics,’® and predispose the development of a shoulder injury.”>"" Currently, the literature
encourages the application of exercise prescription for this population. Two recent systematic reviews>*
160 concluded that exercise prescription is indeed an effective therapeutic approach. Such exercises
include strengthening and exercises, which target scapular and GH stabilization through neuromuscular
training.1#1-144 Neuromuscular training can be understood as "... training which enhances the unconscious
motor responses by stimulating both afferent signals and central mechanisms responsible for dynamic
joint control™.® This includes motor control and (re)learning, proprioceptive, and functional training for

the upper extremities.
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What is currently lacking in the realm of exercise prescription for a RC tendinopathy is whether the
delivery method influences the effectiveness of the treatment, notably one-on-one with a physiotherapist
(PT) or within a supervised-group setting. A supervised group-exercise approach has been suggested to
be an effective solution for reducing waitlist time, and subsequently increasing access to rehabilitation
care.1® 280. 281 presently, the effects of a group-supervised exercise approach are unclear with this

population.

A clinical-group exercise approach has been well established with certain populations and areas of the
body including the knee,'%1" the thoracolumbar spine,'’? the cervical spine,'”® and the wrist.}™* The
evidence for group programs involving the shoulder area is less clear. Programs are often either home-
based programs, 116 177179 or one-on-one supervised programs.®’: 138 178, 180. 181 Eavy shoulder programs
involve a structured and supervised group approach in a clinic. Moreover, the effects of a group-exercise

program for shoulder pathologies among military members remains unknown.

The aim of this exploratory study was to evaluate the effectiveness of a group Upper Extremity
Neuromuscular Training Program (UpExX-NTP) in the treatment of RC tendinopathy, within a Canadian
military population, using a single-blind randomized controlled trial (RCT) design in comparison with
usual physiotherapy care (UPC). We hypothesized that both the UpEx-NTP (Exp) and UPC (Ctl)
groups will demonstrate statistically (p-value < 0.05) and clinically (above the minimally clinically
important difference [MCID]) significant changes in shoulder function and pain over a 6-week period
and will be maintained over time, notably 12 weeks after the intervention. We further hypothesis that
there will be no group x time interaction, suggesting that the improvement in a group setting or one-on-

one will take place at a similar rate among military members with a RC tendinopathy.

This RCT was registered on ClinicalTrials.gov (NCT02926443).
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4.3 Methodology

4.3.1 Participants

Participants were recruited via medical referrals from a physician or PT working at the military hospital
located at the Valcartier Garrison in Quebec, Canada. All participants were active military personnel,
aged between 18-60, with a clinical diagnosis of a RC tendinopathy. Participants were considered for
this study if they had a Disability of the Arm, Shoulder, and Hand - Canadian French (DASH-CF) score
greater than 15%, based on its MCID,'** and if they presented with at least one positive finding in each
of the following categories: 1) reported pain to the shoulder joint; 2) painful arc of movement during
flexion or abduction; 3) positive Neer’s or Kennedy-Hawkins Test; 4) pain on resisted external (lateral)
rotation, abduction or Empty Can Test. The combination of criteria 2), 3) and 4) has a good diagnostic
accuracy with sensitivity and specificity values > 0.74 and +LR of 3-5.1% 1% |ndividuals with
symptomatic shoulders were excluded if they had any prior history of shoulder surgery, dislocations,
fractures, capsulitis or demonstrate any systematic pathologies. Individuals were also excluded if they
had confirmation of another diagnosis by imagery or declared an inability to attend the treatments
sessions. This project was approved by the Quebec Rehabilitation Institute Research Ethics Committee
as well as the Surgeon General’s Health Research Board of the Canadian Armed Forces Health Services

Group.

4.3.2 Study Design

This single-blind (evaluator), parallel-group RCT included two evaluation sessions, baseline (To) and
week-6 (Te), and an e-mail follow up at week-12 (T12) by three independent evaluators. Each evaluator
attended a familiarization and practice session (an estimated 3-5 hours) to become comfortable with all
the equipment, special tests, and to standardize the physical examination process. The same participant
was evaluated by the same evaluator pre and post intervention, and one evaluator was responsible for the
follow up e-mail contact (T12). At To, following written consent, data on demographics and maximum
voluntary isometric contraction (MVIC) values were collected, and self-reporting questionnaires,
including the DASH-CF questionnaire,®® 19" the Western Ontario Rotator Cuff - French Canadian
(WORC-CF) Index!®* and a 11-point Numerical Pain Rating Scale (NPRS),?!! were administered.
Thereafter, participants were randomized and scheduled for their allocated treatments by an

administrative assistant of the military physiotherapy clinic. All participants were scheduled to attend 2-
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3 physiotherapy treatments per week over the following 6-week period at the physiotherapy clinic.
Symptoms and disability / physical limitation outcomes (DASH-CF, WORC-CF) were revaluated at Te
and T12, whereas the MVIC!® 20 and pain levels at rest (using the NPRS) were reassessed at Ts. A
functional military task, the repeated sand-bag lift?? was also evaluated at Ts. A Global Rating of Change

(GROC) questionnaire?®* was administered at Tsand T12, respectively.

4.3.3 Randomisation and blinding

A researcher not directly involved in the data collection generated a randomization list using a random
number generator (block randomization) with stratification according to sex (male/female). Group
allocations were concealed in sequentially numbered sealed opaque envelopes, which were opened by
the scheduling administrative assistant. Participants and treating PTs were instructed not to reveal their
treatment allocation nor the treatments received throughout the project. Precautions were taken to ensure
that the groups were physically separated from each other. Blinding was assessed using a question about
group allocation following the final assessments. One PT was responsible for the supervision of the
exercise program, whereas three different PTs were responsible for providing usual physiotherapy care
at the military physiotherapy clinic.

4.3.4 Interventions

Participants took part in their respected 6-week rehabilitation program in different locations of the
military physiotherapy clinic. The UPC guidelines were developed through a round-table discussion
involving 3 researchers and 11 PTs from the clinic. The UpEX-NTP was developed through clinical
experience and a thorough literature review over a two-year period.8l: 141 146, 217, 282, 283 A|| treatments
were documented in both groups and each participant received written explanations pertaining to their

assigned treatments

4.3.5 The group-supervised Upper Extremity Neuromuscular Training Program

The experimental group (Exp) partook in a group-supervised neuromuscular training program which
consisted of postural education, strengthening exercises, motor control and (re)learning exercises, and

upper extremity functional tasks common for active military personnel. The UpEX-NTP program
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consisted of 35-45 minutes of exercise, three times a week for 6 weeks (18 treatments, for an estimated
total of 9-10 hours), supervised by a PT. No home exercises were given with this intervention. During
the group program, participants had to choose one exercise to perform per station based on their ability
while respecting their pain levels at 3/10 or less. It was possible for the participant to not complete all 11
stations within the 35-45 minutes, but as long as the participant was continuously challenging himself or
herself, they were following the intention of the program. The participant was to be continuously moving
throughout the program, and had to demonstrate a fatigue while performing the last few recommended
repetitions of each station. The stations were organized by level of difficulty, meaning the first station is
less physically challenging than the 11th station. The goal of the program was to be able to attempt the
more difficult stations by week 5 or 6 of the program. The program allows for the individualized
progressions of each station, under the guidance of the PT. Furthermore, the supervising PT could
challenge the participant by encouraging more difficult exercises as long as their pain was managed at
3/10 or less throughout the entire program. If the exercise appears to be too difficult (observed
compensations or pathological movement control) or causing too much discomfort, the supervising PT
would correct the exercise or suggest a less stressful version of the exercise (as outlined by each station).
All exercises were encouraged to be performed bilaterally. See supplementary appendix M for the full

program.

4.3.6 One-on-one Usual Physiotherapy Care (UPC)

The control group (Ctl) received 2-3 physiotherapy treatments (30 minutes) per week in the clinic (total
of 12 treatments) as well as an individualized home exercise program (HEP), to be performed 2-3 times
per week. In total, this accounted for 6 hours of one-on-one physiotherapy care and an estimated 3-4
hours of home exercises, for a total of 9-10 hours of treatment over a 6-week period. From the round-
table discussion, the following treatments have been accepted as reflecting the UPC practice for the
treatment of an RC tendinopathy.

e Modalities: Ice only;
e Advice / recommendations: postural, relative rest, sleeping position, physical training;
e Range of motion exercises: active, active-assisted, passive, repeated movements such as the

Mulligan or McKenzie approach;
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e Stretching / manual therapy: mobilizations, manipulations, neural mobility, active release
therapy, myofascial techniques;

e Strengthening or motor control exercises (to indicate equipment used and muscle group targeted);

e Other (Taping, postural, neuromuscular or proprioceptive training);

e Home exercise program (at the discretion of the treating PT; which could include stretching,

strengthening, or motor control exercises, for example).

The treating PTs did not have any knowledge of the UpEx-NTP during this RCT.
4.4 Outcomes

4.4.1 Symptoms and disability

Symptoms and disabilities were assessed using the French Canadian versions of three self-reported
questionnaires: the DASH-CF, WORC-CF and NPRS. The DASH, our primary outcome, assessed the
entire upper limb symptoms and disability of the participants. The DASH questionnaire is valid (r = >
0.70),'°" highly reliable (ICC = 0.96 [95% CI, 0.93-0.98])'°" and demonstrates high reliability with
French Canadian version (ICC = 0.93).1%* The DASH-CF also has a minimally clinically important
difference (MCID) = 10.8 DASH points (sensitivity 79%, specificity 75%).284 Our secondary outcome,
the WORC Index, is a disease-specific quality of life questionnaire, evaluating the change in symptoms
specific to a RC tendinopathy.?% The WORC-CF is highly valid and reliable (ICC = 0.96),'%* supports
an MCID of 245 points?® of the total score, and has a minimal detectable change (MDC) of 19.1 points
(moderate change).?® Pain level was specifically assessed using the 11-point NPRS, where 0 represents
"no pain” and 10 represents "worst pain imaginable”. Participants were asked "On a scale from 0 to 10,
0 being no pain at all and 10 being the worst pain imaginable, how would you rate your shoulder pain
at this moment?". The French version of the NPRS is said to be moderately reliable (ICC range 0.74 -

0.76),2%” and a reduction of 2 points is said to be clinically important.?!t

4.4.2 Muscle impairment

Muscle impairment of each participant was assessed at To and Te by evaluating their maximum voluntary
isometric contraction (MVIC) of their shoulder external (lateral) rotators and abductors muscles,
bilaterally, using the MEDup™ electronic hand-held dynamometer (HHD; MEDup™, Atlas Medic Inc.,
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Quebec City, Quebec, Canada). The HHD has good concurrent validity to a stationary isokinetic
dynamometer (r = 0.81),%° and has excellent inter / intra examiner reliability for shoulder external
(lateral) rotation (ICC = 0.96 / 0.96)'* and shoulder abduction (ICC = 0.92 / 0.92).1%° The shoulder
muscle strength evaluation was standardized and followed the protocols outlined in the Isometric Muscle
Testing Manual by Hébert (2012).21° All evaluators participated in a standardized training session for all

shoulder muscle groups tested.

4.4.3 Physical limitations

Physical limitations were assessed with the military sand-bag lift test, performed only at Te. Each
participant was asked whether they felt capable of attempting the sand bag lift task, which includes lifting
a 20 kg sand bag 30 times in the span of 3 minutes and 30 seconds.?*? If they provided verbal consent to
perform the task based on their symptoms, and their reported shoulder pain was less than 3/10 at rest, the
evaluator agreed to evaluate the military specific task. The number of sand bag lifts as well as the time
to completion was recorded by the evaluator. Although this is not an established valid or reliable measure
for shoulder function, it is a standardized military test, which is uniquely part of the CAF physical fitness
standard and is evaluated annually. This task was used as a clinical benchmark to assess the participants’

level of military function and their ability to engage in their soldiering duties.

4.4.4 Perceived level of change

Perceived level of change was evaluated using a GROC (Global Rating of Change) questionnaire. The
GROC uses a numerical score to reflect the perceived change of the participants’ symptoms (1 = worse,
2 = stable, and 3 = better). If an improved (1) or worse (3) state was indicated, a numerical value of 1 -
7 was indicated by the participant, where 1 reflected "minimal improvement” and 7 indicated “great
improvement”. If the participant indicated a worsening of their symptoms (1 = worse), the scale of 1-7
will reflect the level of deterioration of their condition. The GROC has an excellent reliability (ICC =
0.9) and has a MCID of 2 points.2%8 209
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4.4.5 Data analysis

Descriptive statistics were used for all outcome measures at each measurement of time to summarize
results. Baseline demographics were compared (Independent t-test and chi-square tests) to establish the
comparability of groups. All data was tested to check the distributional assumptions for the inferential
statistical analyses. An intention-to-treat (ITT) and per-protocol analysis were performed for the DASH-
CF and WORC-CEF, pain levels at rest, and the measurements of strength for both shoulders. The effects
of the interventions on the DASH-CF and the WORC-CF were analyzed using a 2 x 3 (Exp + Ctl groups
x To, Te, and T12) repeated measure analysis of variance (ANOVAs). Similarly, a2 x 2 x 2 (group x time
x shoulder) repeated measure ANOVAs was used for MVIC and a 2 x 2 (group x time) ANOVA was
used for the NPRS pain rating to compare values from To and Te for both groups. Descriptive statistics
and a chi-squared test were used to analyze the results from the GROC questionnaire, while an
independent t-test was used for the comparability of groups for the sandbag lift. Descriptive statistics
were used to quantify level of compliance for physiotherapy treatments. Compliance was assessed as
number of treatments attended by each participant and normalized to 100%. Descriptive statistics were
reported (median * standard deviation) as well as the associated confidence intervals (95%Cl) for each
group. Furthermore, a chi-square test was used to evaluate the difference between compliance levels for
each group. All analysis was performed using SPSS version 24.0 (SPSS, Chicago, Ill) for Mac software,

with all o values set to 0.05.

4.5 Results

Between January 2015 and June 2017, a total of 80 active military members were contacted by telephone
for the participation in our RCT (Figure 9). Eighteen individuals were excluded at this stage, whereas 29
were excluded during the in-person objective evaluation (total excluded: 47). Therefore, 33 active

military members were randomly allocated to a treatment group (Exp: 16, Ctl: 17).

Before the completion of the 6-week intervention, one participant dropped out of the Exp group and 5
from the Ctl group (total of 6 drop-outs). Reasons for the drop-ops included two confirmations of another
diagnosis by imagery (including one acromioclavicular (AC) instability and one extensive calcification

of the RC tendons), three participants who could not attend the treatment sessions due to work obligations
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of military tasks or exercises, and one voluntarily abandonment due to a self-reported resolution of

symptoms.

Each participant was contacted up to 3 times by e-mail or telephone for the 12-week follow-up. If a
response was not successful, this was considered missing data and the results from T for that participant
was used for the ITT analysis. At the 12-week follow-up, 13 participants responded from the Exp group
(missing data n=2), whereas 8 responded from the Ctl group (missing data n=4). The ITT analysis
includes the data from 33 participants (Exp: 16, Ctl: 17) and the per-protocol analysis includes the data
from 21 participants (Exp: 13, Ctl: 8) who completed the treatment originally allocated to them from

baseline to the end of the study at 12 weeks.
See Table 6 for an outline of the baseline demographics of the included participants (n=33), outlined by

treatment group allocation. Both groups were similar in all baseline demographics, seeing as no

statistically significant differences were found (p = 0.1 - 0.9).
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FIGURE 9
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ITT (n=16) ITT (n=17)

Figure 9 Caption: Recruitment algorithm for an intention-to-treat (ITT) and per-protocol analysis.
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TABLE 6

Exp Group Ctl Group Independent t-test or
(UEXNTP) (UPC) chi-square test for
(n=16) (n=17) demographics
Age (X + SD) 33.4+£95 369+7.1 p=0.2
Sex male / female 16/0 16/1 p=0.2
Height (cm) (X + SD) 174 + 6 173.2+6.1 p=0.27
Weight (kg) (X + SD) 95+21 86.2 £ 13.7 p=0.1
Smoker yes / no 1/15 3/14 p=0.2
Dominance R/ L 15/1 15/2 p=04
Affected Shoulder R / L / Both 8/7/1 8/8/1 p=09
Length of symptoms (months) (X 23.17 £ 415 38.3+50.5 p=0.5
+ SD)
Years of military service (X + 128+7.2 12.1+8.74 p=0.38
SD)
Service element 15/1/0 17/0/0 p=04
Army /Navy / Air

Table 6 Caption: Means and standard deviations of baseline characteristics of the participants, according
to intention-to-treat analysis (n = 33). Also presented are the results from the statistical analysis,
demonstrating no statistical significant differences between the Ctl and Exp groups for their baseline
demographics.

4.5.1 Level of symptoms and disability

For the DASH-CF, neither the ITT nor per-protocol analysis showed any statistically significant group
(p > 0.4) or group x time interaction (p > 0.13). Both analyses did however demonstrate a significant
time effect, meaning an improvement in the mean scores (time effect; p < 0.000) at Tes and T12, when
compared to To. As for the WORC-CF Index, the total WORC scores ITT and per-protocol analysis
revealed no statistically significant group (p > 0.1) or group X time interaction (p > 0.1). Again, both
analyses did demonstrate a significant time effect, meaning an improvement in the mean scores (time
effect; p < 0.0001) at Te and T12, when compared to To. See Table 7 for mean scores of the DASH-CF
questionnaire and WORC-CF Index of both groups over time.
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FIGURE 10
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Figure 10 Caption: Mean scores of DASH-CF and WORC-CF over time (To, Ts, and T12), per-protocol
analysis (PPA: n = 21) and intention-to-treat (ITT: n = 33). A higher WORC Index score represents a
functional improvement, whereas a lower DASH score represents improvement.

82



TABLE 7

Ctl Group Exp Group Ctl Group Exp Group
(UPC) (UpExX-NTP) (UPC) (UpEx-NTP)
PPA (n=8) PPA (n=13) ITT (n=17) ITT (n=16)
Outcome Mean score Mean score Mean score Mean score
measures change from change from change from change from
baseline baseline baseline baseline
DASH To 30.14 (+11.9) 24.4 (¥11.9) 30.3 (¥11.4) 24.3 (¥11.5)
(General) (mean baseline
score)
Te A-18.68 (+8.8) A -12.3 (+7.7) A-12.8 A-115
(+13.4) (+10.3)
T A-242(+51)  A-13.5(+9.9) A-16.4 A-12.6
(£14.9) (£10.3)
Time effect nz 0.56 0.28 0.3 0.26
DASH To 54.5 (+28.9) 52.1 (+35.6) 55.8 (+26.2) 50.0 (+34.9)
(Sports) (mean baseline
score)
Te A-285(£26.2) A -24.9 (+23.4) A-15.8 A-18.4
(+28.5) (£35.5)
T A-38.4(#19.3) A -20.9 (+31.4) A-21.3 A-15.3
(£27.2) (£37.3)
Time effect 1]2 0.3 0.11 0.19 0.11
DASH To 30.7 (+20.4) 34.2 (£32.1) 26.7 (+20.5) 34.0 (+31.0)
(Work) (mean baseline
score)
Te A -20.3 (+19.8) A -22.2 (+14.8) A-14.0 A-20.8
(+17.6) (+24.1)
T A -26.04 (8.9) A -20.9 (+20.5) A-18.0 A-20.8
(+18.9) (+24.1)
Time effect nz 0.28 0.17 0.23 0.15
WORC To 56.3 (+14.2) 63.6 (+19.5) 56.1 (+13.4) 64.1 (+18.9)
(Total) (mean baseline
score %)
Te A+30.7 (£10.2) A +16.6 (£14.3) A+21.7 A+15.5
(£20.8) (+14.1)
T A +36.6 (£9.4) A +28 (£8.5) A+25.8 A+26.2
(£23.8) (£20.2)
Time effect nz 0.7 0.42 0.4 0.36

Data presented as Mean (+ standard deviation). A Denotes a change from the baseline score (indicated at To in bold)

DASH: Disabilities of the Arm, Shoulder and Hand questionnaire (lower score indicates higher disabilities, therefore a
negative change from baseline indicates an improvement); WORC: Western Ontario Rotator Cuff index (higher score
indicates higher functional capacity, therefore a positive change from baseline indicates an improvement).

Table 7 Caption: Mean scores and standard deviations of DASH-CF and WORC-CF Questionnaires in
relation to baseline values for the Ctl and Exp Groups (PPAn =21, ITT n=33)
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As for the shoulder pain level at rest (Figure 11), there were no observed group or group x time interaction
(p = 0.18) for pain levels for a ITT or per protocol analysis. A statistically significant time effect (p =
0.001) was observed. Of note, the Ctl group demonstrated a clinically significant decrease in pain of 2.4
points at Te, Whereas the Exp group also demonstrated a decrease in pain over time of 1.4 points at Ts,

although not clinically important.

FIGURE 11
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Figure 11 Caption: Pain levels at rest for both groups at To and Ts, represented as (X = SD), per protocol
analysis (PPA: n = 21) and intention-to-treat (ITT: n = 33) of the injured shoulder. Using the NPRS scale
where 0 represents "no pain at all" and 10 represents "worst pain imaginable™.
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4.5.2 Muscle strength impairments and physical limitations

As detailed in Table 8, overall, there was a mean increase of the MVIC for abduction strength with the
Ctl group of 8.4 = 11.5 Nm, compared to 3.9 £ 6.4 Nm with the Exp group. Similarly, there was a mean
increase of the MVIC for external rotation strength with the Ctl group of 7.3 £ 8.7 Nmand 4.0 £ 7.5 Nm,
with the Exp group. Statistically significant time effects were noted in shoulder abduction strength, for
both the injured and healthy shoulder in both groups (Table 8). No statistically significant group x time

x shoulder interaction was found (p > 0.1).

TABLE 8
Exp Group Ctl Group Exp Group Ctl Group
UpEX-NTP UPC UpEX-NTP UPC
(n=13) (n=8) (n=16) (n=17)
Mean Score Mean Score Mean Score Mean Score
Per-protocol analysis (PPA) Intention-to-treat (ITT) analysis
Outcome Time  Injured Healthy Injured Healthy Injured Healthy Injured Healthy
measures
Isometric To 56.0 57.1 41.9 50.6 55.2 56.8 41.1 50.8
strength +17.4 +99 +15.6 +155 +17.2 +17.0 +16.8 +18.3
MVIC
gf AB[; Te 60.2 57.5 48.5 49.5 59.1 57.1 459 50.0
+16.0 +16.9 +18.3 +18.0 +16.2 +21.3 +19.0 +19.3
Time effect n? 0.02f 0.008" 0.05f 0.002f 0.014f 0.0007 0.034f 0.0017
Isometric To 334 34.4 28.0 33.0 32.8 33.7 28.0 33.6
strength +94 +5.0 +89 +11.1 9.3 +10.0 +10.1 +13.1
(MVIC) Te 37.6 39.1 34.2 37.6 36.8 38.1 32.6 37.0
ER at 90° of +8.2 +82 +13.0 +13.7 8.5 +12.8 +13.2 +14.8
ABD
Time effect n? 0.07f 0.1 0.11 0.05f 0.057 0.085 0.082 0.032f

Maximum voluntary isometric contraction (MVIC) values reported in Newton-meters (Nm)

ABD: abduction, ER: external rotation.

No statistically significant results have been found for a time or group x time interaction, nor for a group X time x
shoulder interaction for either ABD or ER isometric strength.

Tindicates a significant time effect (P < 0.05).

Table 8 Caption: Mean scores and standard deviations of maximal isometric voluntary contractions
(MIVC), expressed as muscle strength in Newton meters (Nm) of injured and healthy shoulder for the
Ctl and Exp Groups at To and Ts (per-protocol analysis, n = 21 and intention-to-treat, n = 33).
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With regard to physical limitations, all of the participants in the Ctl group (12/12 - 100%) attempted the
sand bag lift, with a mean time of 71.6 + 26.7 seconds, whereas 12/15 (80%) of the Exp group attempted
the task with a mean time of 70 + 24.1 seconds. Three participants from the Exp group did not attempt
the task due to a painful shoulder, low back pain, or reported pain to the contralateral elbow. The Cil
group had a mean pre-pain level of 0.1/10 and a post-pain level of 0.64/10 for the injured shoulder after
the sand bag lift. The Exp group had a pre-pain level of 0.3/10 and a post-pain level of 0.73/10. An
Independent t-test revealed no statistically significant difference between the groups (p = 0.8) for the

performance in time (seconds) of the sand bag lift.

4.5.3 Perceived Level of Change, adherence to treatment schedule, and blinding

Perceived level of change using the GROC scale was high for both the Ctl and Exp group at both Te and
T2, respectively (Figure 12). However, a comparative chi-square test revealed no statistically significant
differences between the groups at either Teor T12 (p > 0.15). The median level of compliance for the Ctl
group demonstrated an attendance of 87.5% (+ 23.4%) with a 95% CI [64.3, 94.1] of the treatments,
whereas the Exp group had a median level of compliance of 66.7% (+ 22.9%) with a 95% CI [57.7, 83.0].
A comparative chi-square test revealed no statistically significant differences between the groups (p =
0.3) for treatment adherence. Evaluator blinding was successful in (26/27) 96% of the treatment
allocations for the participants. One participant did mention their intervention to the evaluator during

their 6-week follow-up.
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FIGURE 12
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Figure 12 Caption: Results of secondary outcome measure: perceived level of change (GROC),
represented as response rate (%) for both groups, as a per-protocol analysis (n = 21).

4.6 Discussion

To our knowledge, this is the first pilot RCT comparing a structured and supervised-group exercise
program to usual physiotherapy care for the management of a rotator cuff tendinopathy among active
military members. Our original hypothesis of both groups demonstrating improvements over time was
confirmed. Both groups demonstrated clinically important differences at Tg, by surpassing the MCID for
both the DASH questionnaire and WORC Index. Both groups also demonstrated a significant decrease
in reported pain over time, which was clinically significant only for the UPC (Ctl) group. Globally, the
UPC group demonstrated marginally better improvements in all outcome measures at Te and Tio,
although not statistically significant compared to the UpExX-NTP (Exp) group.
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4.6.1 Multimodal versus exercise-based treatments

The current literature presents mixed results with regards to an effective treatment approach for a RC
tendinopathy. Several systematic reviews encourage the use of multimodal care,!3> 14% 145 288 \yhjle
another reports low to moderate improvements at best.!4® Additionally, several studies advocate that an
exercise-based approach is most favorable for the management of a RC tendinopathy.142 157:159.160 There
IS growing evidence to suggest that exercise-based therapies are the most efficient and cost-effective
conservative treatment approaches among this population.4®: 147 Seeing as our usual care PTs were able
to provide exercise prescription at their clinical discretion, in addition to hands-on therapy, it is difficult
to attribute the functional gains of the Ctl group to exercise alone. If this was the case, our Exp group,
receiving solely active exercises, could have demonstrated comparable gains. Furthermore, our usual
care physiotherapists were able to allocate home exercises to their interventions, at their discretion. The
group program participants (Exp) did not receive home exercises in addition to the structured program.
This decision was made in order to equalize the number of treatment hours between the two groups
during the 6-week intervention period. Further investigation into the effectiveness of home exercises

within this group program is warranted.

Affirmative conclusions are difficult to state at this point, seeing as a larger sample size could reveal
contradictory or supportive results. There is developing support to suggest that an exercise program could
be just as effective as one-on-one usual physiotherapy care.?821% Our findings in this exploratory study
are in-line with emerging evidence specifying that an exercise-based approach can encourage

symptomatic and functional changes over time for individuals with a RC tendinopathy.

4.6.2 A supervised approach for common MSK conditions

Presently, there is elementary support for the implementation of a supervised-exercise program for the
management of several MSK conditions and specific populations. Research supports programs for post-
surgical rehabilitation, ! cardiovascular retraining,'°2-% specific target groups such as the elderly,66-167
as well as structured protocols for MSK dysfunctions for the knee, 68171287 the thoracolumbar spine,'’?
the cervical spine,*”® the wrist,*’* and the shoulder.%” 138 152, 175178 ngpite of the growing use of
supervised approaches for common shoulder pathologies, published results are currently lacking for

supervised-group exercise. Several of the reported structured shoulder protocols are either home exercise
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programst’® 177.179. 288 o gpervised one-on-one in a clinic,®” 180 181289 and not delivered in a group
environment. There is an extent need for quality studies investigating the effects of a group intervention
for the rehabilitation of common MSK disorders. This is particularly important for a military population.
It is generally accepted that the military places greater emphasis on group activities and the development
of a team over the individual;?®® therefore, a group exercise approach may prove effective for this

population.

4.6.3 Group exercise and access to physiotherapy services

Although there is support for the effectiveness of supervised programs, methodological studies
evaluating the merit of group programs or exercise classes are lacking. A preliminary review of the
literature reveals a few programs for populations such as pregnant women,?! the elderly,?%% 2 and
individuals with chronic low back pain,?®* for example. The literature for group interventions addressing
common shoulder pathologies is limited. This is surprising given the potential for a group approach to
be a feasible management strategy for decreasing wait list time and increasing access to rehabilitative

care in a clinical setting.8 280. 281

A group treatment approach could potentially promote rehabilitative care that is just as efficient, and
potentially more cost effective, in terms of materials, time, and personnel, than the current one-on-one
care model. Further research is needed to determine the suitability of certain MSK conditions and
populations to be managed within a group setting, as well as to establish at what stage of rehabilitation a
group approach is most optimal. Our preliminary results demonstrate potential for a group setting to be
comparable to one-on-one care for the rehabilitation of shoulder pain, by suggesting similar gains in
functional and self-reported outcomes, over time for both of our intervention groups. Although limited
by our small sample size, our exploratory project should embolden researchers and clinicians to consider

the possibility of group rehabilitation.

4.6.4 Strengths and limitations of this study

The strength of the present study is the implementation of a unique supervised neuromuscular training
program for the management of a RC tendinopathy. This platform allowed for individualized
progressions of a series of exercises, while being guided by a PT. The structure and clear parameters of
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the program could inspire other clinicians and researchers to investigate the effectiveness of the program

with a larger sample size.

This study also includes some limitations. This study was conducted in a population that presents a high
homogeneity in terms of age range, sex, and type of work, which decreases the external validity of this
study. Our group-supervised program should have included home exercises, in order to further minimize
the differences between the control and experimental conditions during our 6-week interventions. Also,
the recruitment and adherence to the project schedule proved challenging for the military population,
who are often deployed on tasks and exercises. The drop-out rate was much higher than anticipated,
making strong statistical inferences a challenge. Although there were significant difficultly with
recruitment, we were able to record relevant preliminary data that will pave the way for future studies.
Based on our primary outcome, the DASH questionnaire, (G*Power 3.1.7; effect size: 0.846, a = 0.05,
= 0.80, SD = 13 DASH points, clinically important difference (CID) = 11 DASH points), the target
sample size for a future study should be of at least 23 participants per group, considering an expected
lost at follow-up of 20%. This was our projected recruitment target, as reflected by our registration with
ClinicalTrials.gov. The outlined challenges resulted in 33 participants being recruited for this study.

4.6.5 Take home message for clinicians

e There is potential for a group exercise program to be just as effective as one-on-one physiotherapy
care for the management of a rotator cuff dysfunction;

e A supervised group-structured program is worth further investigation, as it may have potential to
increase access to physiotherapy care while decreasing wait-time for treatment; 8% 280. 281

e We encourage clinicians to use our UpEx-NTP (Supplementary Appendix M).

4.6.6 How to increase adherence to a group exercise program

e Implement a brief tele-support (phone call or e-mail) reminder to enhance patient attendance to
treatment;?%
e Highlight the benefits of the exercises to the patient, incorporating the program into a well-

established routine, and implement more intensive monitoring during the program;%
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e Establish realistic treatment parameters, such as twice a week in-clinic treatments with a
complementary home exercise program;

e Set specific patient goals considered as a minimal requirement to ensure effectiveness of
treatment;

e We recommend the program parameters to reflect twice a week, up to 45-minute sessions, with a

complementary home exercise program, in order to increase patient compliance.

4.7 Conclusion

Both the group-supervised program and usual one-on-one physiotherapy care approaches resulted in
statistically and clinically significant improvements over time for an active military population affected
by a rotator cuff tendinopathy. Our preliminary results suggest that further investigation is needed to
determine the effectiveness of a structured and supervised-group program for the management of a RC
tendinopathy as well as other MSK shoulder conditions. Our research hopes to encourage the exploration
of the potential economical argument for the use of supervised-group rehabilitation programs for the

management of common MSK conditions.
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CHAPTER 5

DISCUSSION

The purpose of this thesis was to evaluate the effects of a novel, group-based, neuromuscular training
program for the upper extremities for the management of a RC tendinopathy among an active military
population. Our intentions were for the results of our pilot RCT to present preliminary data to initiate a
discussion regarding the equal effectiveness of a group-supervised approach compared to one-on-one
care for common MSK conditions, such as those involving the shoulder complex. Moreover, the purpose
of this thesis was also to facilitate the understanding of neuromuscular motor control and proprioception
of the shoulder complex for clinicians. Because of the important mobility of the GH joint and the floating
nature of the scapula along the thoracic wall, the shoulder complex relies on an astute sense of motor
control and proprioception. Our goal was therefore, to also explore the measurement of shoulder
proprioception, including the sub-categories of joint position sense and kinesthesia, and to present their

associated psychometric properties.

5.0 The pilot RCT

The original hypothesis of our project, specifying both groups demonstrating improvements over time,
was confirmed with a statistically significant time effect for both groups with the DASH questionnaire
and the WORC Index, from baseline to 12-weeks post-intervention (T12). Furthermore, both groups
demonstrated clinically important differences at Ts, by surpassing the minimal clinically important
difference (MCID) for both the DASH questionnaire and the WORC Index. Although limited by our
sample size, affecting the level of statistical significance of our results, both groups did established
strength gains in MVIC for the external rotators and abductor muscles of the injured shoulder over time.
Additionally, only the UPC (control) group demonstrated a clinically important decrease in shoulder pain
at rest. The UPC group did demonstrated marginally better results in all outcome measures at Te and T12,
although not statistically significant when compared to the UpEx-NTP (experimental) group. Although,
the UPC group demonstrated greater clinically significant improvements compared to the UpExX-NTP
group, both groups demonstrated a decrease in pain and functional limitations and an increase in overall

shoulder function over time.
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5.1 Potential central adaptations with both interventions

One explanation for the fact that we observed positive effects for both interventions over time, could be
due to the participants of the UPC group also using strengthening and motor control exercises with
unconstrained movements in functional ranges and positions. Such exercises could have provoked
positive adaptations to the central nervous system (central sensitization) in both groups. Such active
exercises increase muscle activation, optimize proprioceptive feedback from the musculotendinous
mechanoreceptors,*” and could have stimulated central adaptations.'?> 2°” Both groups used an active
exercise approach among their treatments; the UPC using a combination of hands-on treatments and
exercise (one-on-one usual care), and the UpEx-NTP group approach, using active exercises only. This
remains a commonality between the two groups, notwithstanding the delivery method of one-on-one with
a physiotherapist or in a supervised-group setting. The bottom line being, both groups used active
exercises in their management of the RC tendinopathy. It can be hypothesized that both interventions
had positive neurophysiological effects on the central nervous system, thus supporting positive changes
in pain and function over time for both groups.

There is emerging support to suggest that a RC tendinopathy is associated with changes to both the
peripheral and central nervous system,!? 2%7. 2% yet this line of scientific investigation remains in its
infancy. If there is indeed a neurophysiological component to a RC tendinopathy, it would be interesting
to compare the functional outcomes reached between a non-exercises / hands-on approach (ie. manual
therapy, modalities as with our UPC group) and an active exercise only approach (as with our UpEx-

NTP) among individuals with a RC tendinopathy.

Despite both groups having positive gains over time, the UPC group did demonstrate slightly better
results with all outcome measures, at both T and T12. The superior improvements of the UPC group
could be due to their stronger adherence to treatment throughout the study. Adherence to treatment has
long been identified as important to securing successful outcomes,?° however, it has also been described
as "the most unpredictable, least controllable variable of a medical intervention".?®® The greater
functional gains of the UPC group could also be attributed to their one-on-one relationship developed
over time with the physiotherapist. A one-on-one treatment environment may further encourage a patient-

centric approach, compared to a group setting. A patient-centered physiotherapy approach has been
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associated with an increase in patient communication, confidence, knowledge transfer, and treatment
satisfaction.®® To support the applicability of this theory to our results, more research is justified with a

military population.

5.2 Improvement to our UpEX-NTP

Each station and chosen exercises of our program were based on clinical experience and the scientific
literature. The functional stations were geared towards the athletic inclined military population. The
strengths of our program include a novel, group neuromuscular training program specifically designed
to address strength, motor (re)learning and proprioceptive deficits associated with a RC tendinopathy.
Our program also provided direct supervision by an experienced physiotherapist, adequate space,
equipment and infrastructure, and multiple opportunities throughout the week for the participants to
attend the structured-group program. The program also offered clear parameters for each station and
various modifications for each exercise so that they may be adapted to each participant and their level of

pain (3/10 or less throughout the entire program).

Our greatest obstacle was treatment compliance of the participants to the program. Three times a week
over a 6-week period proved challenging for the nomadic military population. This challenge has been
echoed by a quantitative study by Sandford and colleagues (2017), who reported that time and "needing
to fit an extra thing during the day" can be a barrier to exercise.?®® They further suggested that the
relationship between the reduction in the impact that the condition is having on a person's life, and the
reduction in adherence is intrinsically interlinked.?®® Staying true to this logic, perhaps a supervised-
exercise program twice a week with a complimentary home exercise program would afford the
participants greater flexibility and control over their schedule, and ultimately increase their adherence to

treatment.

Another point of friction of our program was the progression of exercises at each station. Although pain,
self-reported participant ability, and feedback from the supervising physiotherapist was used to progress
or modify each exercise, a quantitative measure used as a guiding tool to progress the exercises would
have been useful. For this reason, we would recommend future studies to use a level of perceived exertion

scale, such as the Borg Scale of Perceived Exertion,3* to provide a quantitative basis for the progression
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of each exercise. For example, an exercise may be progressed to a more challenging version when the

participant reports a 17 (Very Hard) on the 20-point Borg Scale.

5.3 Our study amongst the scientific literature

Our preliminary results from our pilot RCT lie within the current scientific trends for the management of
a shoulder RC tendinopathy. At present, there is support to suggest that a conservative multimodal
approach?® coupled with active exercise is considered to be best practice,?8 13° 138,141,145 55 reflected by

our control group.

A recent systematic review (2015)*° suggests low- to moderate-quality evidence, for the use of manual
therapy among individuals with a RC tendinopathy. This review further states that although manual
therapy may decrease pain, it is unclear if it can improve function over time. On the other hand, manual
therapy has been theorized to stimulate joint mechanoreceptor activity, thought to block afferent pain
signals and ultimately reduce the awareness of pain.**® 3% |n the UPC group, the manual techniques could
have optimized the effects of the exercises, by encouraging a decrease in pain of the shoulder complex.
This could partially explain the statistically and clinically important improvements in our UPC group
that could be due to the hands-on manual therapy techniques applied by the physiotherapists.

Naturally, there are studies to also suggest that exercise therapy is equally as effective as a multiple
treatment approach for the management of shoulder pain.?®% 3% |n contrast to the support for conservative
multimodal care, there are an equal amount of studies to propose that exercise alone, is sufficient for pain
reduction and functional gains among this population.t4? 157159160 There s also emerging support for a
structured exercise program for the rehabilitation of a RC tendinopathy.®® 152 176, 180, 181 A" racent
systematic review (2015) by the Ontario Protocol for Traffic Injury Management (OPTIMa), suggests
that a progressive shoulder strengthening and stretching program is equally as effective as corticosteroid

injection or multimodal care for the management of a shoulder impingement syndrome.?

However, this support for a structured exercise program for a RC tendinopathy needs to be critically
considered. Some of the studies in favor of a structured exercise program for a RC tendinopathy, did not

include a control group for comparison,®” *"® 177 or were unsupervised home based programs.’6 178179
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Furthermore, the evidence for a clinically supervised and structured program for this population, is just
as scientifically uncertain. Published studies are currently boasting mixed results, where some studies are
reporting greater functional improvements among the exercise group,'®® 12 some suggesting equal results
between the exercise and control group,168 171.173.175.178.179 and another favoring better functional results

with the control group, reflecting usual physiotherapy care in a clinic.**®

Although our results may slightly lean away from promoting the use of a group-supervised approach, we
acknowledge that further exploration on the effects of such an approach is warranted in order to offer

clinicians definitive conclusions, 196 283,304

5.4 The impact of our pilot RCT

To our knowledge, this is the first pilot RCT to investigate the effects of a neuromuscular group program
to usual physiotherapy care for the management of a RC tendinopathy among soldiers. It is no surprise
that many populations who perform repetitive upper extremity movements, such as manual workers,
emergency workers (fire fighters, ambulance attendants, nurses), military members, and athletes, to name
a few, are at greater risk for developing shoulder tendinopathy symptoms.*#® 173 |t is a biomechanical
problem that is deeply rooted in muscular imbalances and motor control deficits of the shoulder
complex.??® Our novel shoulder neuromuscular program directly targets the underlying neuromuscular
imbalances associated with this pathology, and suggests a model that promotes patient autonomy, while
providing the appropriate level of clinical supervision. Moreover, this is a scientific project that
challenges the efficiency and resourcefulness of a one-on-one approach in rehabilitation clinics. It is our
hopes that, with further research proving its efficacy, our exercise-based model can be eventually applied

to clinics across Canada and can help address the issues involved in access and cost of rehabilitative care.

An interesting area to further explore would be the conceivable impact that a group-supervised program
could offer rehabilitation facilities across Canada, in terms of a more resource efficient, and cost effective
model for patient care.!® This also includes a potential decrease in waitlist time for access to care, as
well as a more valuable allocation of human resources, such as physiotherapist and physiotherapy
assistants. This is not to suggest that all MSK disorders or individuals are suited to a group rehabilitation
approach. However, this in the very least offers a potential new avenue for scientific exploration. What

MSK disorders are best suited for a supervised-group approach? Are there prognostic indicators,
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compliance factors, comorbidities, or social situations that should be identified before participating in a
group setting? There is ample room for further study regarding this line of inquiry. Further randomized
clinical trials and prospective studies could help evaluate the impact a group-treatment approach could
have on patient recovery as well as on the treatment management strategies of rehabilitation clinics.
Another avenue that still requires scientific validation is the development and use of shoulder
proprioceptive outcome measures for a clinical setting that are psychometrically sound. Valid, reliable,
and responsive outcome measures would allow clinicians to confidently assess the effect such group

programs could have on motor control and proprioceptive limitations of the shoulder.

5.5 The shoulder proprioception systematic review

An additional objective of this thesis was to proceed with a systematic review for a better understanding
as to how shoulder proprioception is being quantified in a laboratory and clinical setting, in order to
identify the best shoulder proprioceptive outcome measures that could be employed easily and effectively
by clinicians. Conjunctly, in search of a proprioceptive outcome measure for our own pilot RCT, a gap
within the scientific literature became evident. The majority of the described protocols identified,
involved high-tech and computer-interfaced equipment that would have been unrealistic to use in a
clinical setting. Moreover, the outcome measures that were identified as being accessible to clinicians,
did not support acceptable levels of validity, reliability, or responsiveness measures to make confident

clinical decisions.

The results of our systematic review encourage the preliminary use of passive shoulder protocols that
involved assessing shoulder internal or external rotation at 90° of shoulder abduction using an isokinetic
dynamometer, such as the Biodex. Although the findings of our systematic review could not be pooled
into a meta-analysis, our results can offer a precursory guidance to clinicians for proprioceptive shoulder
assessments, as well as to encourage researchers to use such elements in their protocols in order to

encourage potential meta-analysis and stronger clinical guidelines.

This is currently in line with attempts to quantify proprioception at other joints.%2 305307 A systematic
review by Hillier and colleagues (2015) reported that proprioceptive measurements of the lower back,

ankle, knee and shoulder, were inadequately missing reported psychometric properties,?® putting into
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question the utility of such proprioceptive protocols for assessing MSK impairements.?% Indeed, this has
been mirrored by other reviews addressing proprioceptive deficits of the lower back,* knee?®* 264 and
ankle® which reported moderate to good psychometric properties at best. This suggests that further
experimentation is warranted to establish statistically strong outcome measures that are reproducible and

used with various populations and MSK disorders within a clinical setting.

For our systematic review, we chose to investigate joint position sense and kinesthesia, because they are
the most employed methods for quantifying shoulder proprioception.?® It would be interesting to
investigate the clinical applicability of the other sub-categories of shoulder proprioception, including but
not limited to, sense of vibration, sense of joint velocity, and force-matching tasks. Further study should
include the exploration of the associated psychometric properties of these sub-categories, so that
clinicians may confidently employ shoulder proprioception protocols or outcome measures that have

been psychometrically justified.

5.6 The future is promising

Both the pilot RCT and the systematic review included in this thesis were exploratory in nature and
lacked the statistical power to offer clear clinical guidelines at this time. What this thesis does offer,
however, is a way forward for future investigative efforts and clear suggestions for prospective research
exploring shoulder proprioception and the management of a RC tendinopathy. The following section will
outline the lessons learned, recommendations for clinicians, as well as potential areas for further

investigation in the near future.

5.6.1 Lessons learned

e Proprioception is a multi-faceted and complex neurological concept which may be difficult to
effectively quantify in a clinical setting;

e Scientific studies should consider the reproducibility of their protocols to encourage future use
by other researchers, as well as to increase the possibility of combined data for meta-analysis and

stronger statistical inferences;
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All parameters of any exercise program (repetitions, series, criteria for progression, rest periods)
should be clearly described to encourage other researchers and clinicians to validate/use these
exercise programs, making of such initiative a valuable effort and an added value to the

management of the conditions targeted by these programs.

5.6.2 Recommendations for clinicians

To encourage increased compliance to a treatment, implement a brief tele-support (phone call or
e-mail) reminder a day or two before a rehabilitation session;?*

To facilitate adherence to a group-exercise program, highlight the benefits of the exercises to the
patient, incorporating the program into a well-established routine, and implement more intensive
monitoring during the program;2%

Regarding a group-exercise approach, establish realistic treatment parameters, such as twice a
week in-clinic treatments with a complementary home exercise program to potentially increase
adherence to treatment;

Set specific patient goals considered as a minimal requirement to ensure effectiveness of
treatment;

Employ evidence-based and psychometrically robust shoulder proprioceptive protocols in a
clinic;

Although less easily accessible in a clinical setting at the moment, the most reliable method of
measuring shoulder proprioception currently includes protocols which use passive protocols with

IR / ER at 90° abduction with an isokinetic dynamometer, such as the Biodex.

5.7 Future research

From our preliminary work, we can suggest the following areas for future study that should include:

Further investigation into the effects of one-on-one usual physiotherapy care compared to a group
setting for the management of a RC tendinopathy, within and outside of a military context;
Further explore the effects of a well-structured neuromuscular training programs for the upper
extremities for treating MSK symptoms over time;

The reproduction of our presented RCT protocol with a larger sample size;
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e Explore the concept of central nervous system adaptations (central sensitization) among
individuals with a RC tendinopathy. Can this theoretical concept be altered by specific treatments
(i.e. no exercises versus a pure active exercise alone approach)?

e The potential economic impact of a group-exercise program on the access to physiotherapy,
specifically wait-list time, as well as the allocation of clinic resources (materials, time, personnel);

e Clinically-friendly outcome measures for shoulder proprioception that are valid, reliable, and

responsive to change.

There is potential for a structured and supervised, group-exercise program to be a symptomatically
effective, and a clinically practical solution for the rehabilitation of a RC tendinopathy. Further
investigation with larger sample sizes is needed to support the results of this pilot randomized control

trial.
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CHAPTER 6

CONCLUSIONS

This thesis grew from a clinical curiosity about motor control and proprioceptive limitations that are
associated with a RC tendinopathy; which is currently the leading source of shoulder pain among an adult
population. Despite such physical limitations being well established with this shoulder disorder, there is
little guidance to offer clinicians in terms of quantifying such deficits, or how they should be rehabilitated
through an evidence-based approach. This thesis includes the exploration of the literature through a
systematic review, in an attempts to clearly identify the best way psychometrically to quantify shoulder
proprioception in a clinical setting. From the results of this review, we can encourage the preliminary use
of a shoulder proprioceptive protocol which employs an isokinetic dynamometer, such as the Biodex, for
either a passive protocol (JPS) or a detection of movement protocol (kinesthesia), evaluating the
movements of internal or external rotation at 90° of shoulder abduction. Such methods support the
strongest reliability measures over time and represent the best method for quantifying shoulder
proprioceptive deficits in the clinic at this time. Our efforts were further concentrated on comparing usual
one-on-one physiotherapy care to a novel, group neuromuscular training program for the upper
extremities, to address the functional limitations associated with a RC tendinopathy with active military
members. Although our results emerged in the form of a pilot RCT, due to a small sample size, there is
still potential to suggest a group approach could be as just effective as one-on-one care for this population.
From our preliminary data, both the supervised-group program and usual one-on-one physiotherapy care
interventions resulted in statistically significant improvements over time. The one-on-one physiotherapy
care group demonstrated clinically important differences with self-reported pain levels at rest. Our
findings encourage further investigation, in order to determine the effectiveness of a structured and
supervised-group program for the management of a RC tendinopathy as well as other MSK shoulder

conditions.

Fundamentally, our research hopes to encourage the exploration of the potential economical argument
for the use of supervised-group rehabilitation programs for the management of common MSK conditions,
in terms of clinical resources such as materials, time, and personnel. There is potential for a structured
and supervised group approach to be a realistic, and financially beneficial solution to the costly health

care problem of shoulder pain.
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SUPPLEMENTARY ANNEX I

Shoulder proprioception outcome measures and general psychometric findings of included studies

Author & year

Population of scientific
protocol

Outcome

Direction of movement

Equipment

Error measured

Psychometric Property

Dover & Powers
2003

31 healthy college level
students (n=31)
Dominant shoulder only

AJPS (ipsi)

90% of IR and ER at 90°
of shoulder abduction and
90° of elbow flexion

Handheld inclinometer

Angular displacement error in
degrees

Inter session.
Intra-rater reliability. JPS for 90% of maximum IR
(1CC=0.981) and 90% of maximum ER
(ICC=0.984)

Inter session.

Vafadar et al.
2016

25 healthy participants (men =
11 and women =14), 22 right-
handed and 3 left-handed.
(n=25)

Dominant shoulder only

AJPS (ipsi)

Flexion (Low: 55+/- 10°,
Medium 90+/-10°, and
High: 125 +/-10°)

Laser pointer,
inclinometer, goniometer
and a VICON motion
capture system

Angular displacement error.
Displacement in either cm, or
joint angles. Basic geometry
(COS, SIN, TAN) were used to
calculate precise joint angular
displacements

Reliability: Laser pointer ICC=0.86 (inter) and
ICC=0.78 (intra), Inclinometer ICC 0.67 (intra) and
ICC=0.70 (inter), and goniometer ICC=0.60 (intra)
and 0.50 (inter). SEM for all methods ranged from

0.6-1.2 degrees. MDC95s 1.8 degrees (laser
pointer), 3.3 degrees (goniometer), and 2.8 degrees
(inclinometer). Concurrent validity: Pearson
product-moment correlation coefficient (95% CI):
laser pointer (r=0.85), goniometer (r=0.77),
inclinometer (r=0.8)

Lonn et al. 2000

10 healthy university level
students (5 males, 5 females).
(n=10)

Right handed only

AJPS and PJPS
(ipsi)

1. Passive / active
2. passive /
passive
3. Active-
assisted.

4. active / active

Horizontal ABD (starting
position 0°, target positions
32° and 64°) and
horizontal ADD (starting
position 80°, towards 48°
and 16°)

Fabricated laboratory
apparatus with a positional
data recording system
(FASTRAK)

Angular displacement error in
degrees

Inter session.
Intra-rater reliability: ICCs range from 0.40-0.61.
Passive-active: ICC=0.53 (SEM 0.76°), passive:
ICC=0.56 (SEM: 1.02°), semi-passive: ICC=0.61
(SEM: 0.51°), Active: ICC=0.40 (SEM 0.54°),
Combined: ICC=0.55 (SEM: 0.41°)

Intra session.

30 healthy college level

TTDPM and RPP

60° of abduction in

Biodex 3 (Pro isokinetic

Angular displacement error (both
constant and absolute) in degrees

Intra-rater reliability. RPP: ICC at 95% Cl=0.79

participants (n=30) (ipsi) scapular plane. dynamometer)
Dominant shoulder only RPP: Starting position of (0.56-0.90) and a SEM of 0.98° (absolute angular
*Sole et al. 2015 40° of ER, target 60° of error). TTDPM: ICC (95%Cl) of 0.92 (0.83-0.96)
ER. TTDMD idem for RPP and SEM of 0.15°
but starting position 20° of
ER
12 healthy university student AJPS (ipsi) Flexion Purpose built AMEDA Non-parametric signal detection Inter session.
volunteers (6 males, 6 females) apparatus method (difference between Intra-rater reliability. Test-retest discrimination
*Han et al. 2013 (n=24) stimulus pairs 1-2, 2-3, 3-4, 4-5) score for the shoulder ICC=0.86 (p=0.79)
Bilateral evaluation in degrees
5 healthy professional union AJPS (ipsi) ER of 45° and 80° at 90° Fuji Finepix S304 camera, Angular displacement error Intra session.
Intra-tester reliability, correlation between

*Herrington et
al. 2008

rugby players (n=5)
Unclear if bilateral evaluation

of ABD

analysed using Image
computer software

measurements (r=0.98 p=0.001)
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Author & year

Population of scientific
protocol

Outcome

Direction of movement

Equipment

Error measured

Psychometric Property

*Anderson &
Wee 2011

10 participants with chronic
rotator cuff pathology (CRCP),
(n=20)

Bilateral evaluation

AJPS (ipsi)

ABD in the scapular plane
at 40° and 100°

Vicon M series camera
with 22-mm lens and
reflective markers (10mm
diameter)

Angular displacement error
(Relative error, absolute error,
variable error)

Inter session.

Intra-rater reliability with CRCP participants.
Affected limbs 40° ICC = 0.81 (SEM: 1.3° +/-
1.2°), 100° ICC=0.54 (SEM: 2.7°+/-2.6°), Non-

affected limbs 40° ICC=0.81 (SEM: 2.0°+/-2.1°),
100° ICC=0.90 (SEM: 0.9°+/-0.9°)

Deng & Shih
2015

10 healthy college level
participants (1 male, 9 females)
(n=20)

Bilateral evaluation

AJPS (ipsi)

Scapular retraction,
protraction, elevation, and
depression

Fabricated laboratory
apparatus. Liberty
electromagnetic tracking
device with a 120 Hz
sampling rate. Motion
Monitor software used to
record and analyze 3D
kinematic data

Linear displacement of middle
finger (in cm) with regards to
scapular movement

Inter session.

Intra-rater reliability. 3D measurements of scapular
repositioning error ICC= 0.56-0.99 (SEM 0.16-
1.18° and 0.02-0.20 cm, MDC95 = 0.44 -3.27° and
0.06-0.58cm).

Concurrent validity (Pearson's product-moment
correlation coefficients r=0.59-0.94. All
measurements significantly correlated except for
scapular elevation on dominant shoulder (r=0.61)
and scapular protraction on dominant shoulder
(r=0.59)

*Nodehi-

Moghadam et al.

2012

10 national woman's volleyball
players (n=10)
Right shoulder only

TTDPM and RPP
(ipsi)

Midrange ER in 90° of
shoulder abduction, 90° of
elbow flexion, and forearm

pronated

Continuous passive motion
device (CPM)

Angular displacement error in
degrees

Inter session.
Intra-rater reliability.
RPP: ICC=0.90, (SEM=0.29°)
TTDPM: ICC=0.92 (SEM 0.25°)

*Suprak et al.
2006

22 healthy participants (12
males, 10 females) (n=22)
Dominant shoulder only

AJPS (ipsi)

Scaption (30°, 50°,70°,90°,
and 110°) and flexion
(0°,20°,35°,60°,80°, and
90°)

FASTRAK 3Space
magnetic tracking system

Angular displacement error in
degrees. Magnitude of reposition
error in degrees calculated via
kinematic data and transformation
matrices (3D vectors)

Intra session.
Intra-rater reliability. ICCs range from -011 to 0.69
and SEM from 1.90° to 4.07°

*Allegrucci et
al. 1995

10 healthy college level
athletes (baseball players,
quarterbacks, tennis players)
(n=20)

Bilateral evaluation

TTDPM (ipsi)

IR and ER at 90° of ABD

Proprioceptive testing
device (motor driven
goniometer, passively
moving the shoulder at
5°/s)

Angular displacement error in
degrees

Intra session.
Intra-rater reliability using a fixed effect model. ER
at 0°: ICC =0.83, ER at 75°: ICC=0.87; IR at 0°:
ICC=0.86, IR at 75°: ICC=0.92

*Edmonds et al.

2003

24 participants with
multidirectional instability
(n=24)
Pathological shoulder only

TTDPM and RPP
(ipsi)

30° and 60° of ER at 90°
of ABD

Modified isokinetic
dynamometer (Cybex
6000)

TTDPM and RPP: Angular
displacement error in degrees

Intra session.
Intra-rater reliability:
TTDPM: ICC range: 0.95-0.97
RPP: ICC range: 0.78-0.92

*Ramsay &
Riddoch 2001

4 pictures of healthy
participants (n=8)
Bilateral evaluation

AJPS (contra)

Flexion, mid range, and
ABD in the coronal plane

Nikon F801 camera.
Analysis using Helix 360
angle measure and a
goniometer

Angular displacement error in
degrees

Intra session.

Inter-rater reliability (4 physiotherapists measured
16 joints on 4 pictures, therefore 8 shoulders)
Cronbach's alpha = 0.99.

Intra-rater reliability Cronbach's alpha=0.99
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Author & year

Population of scientific
protocol

Outcome

Direction of movement

Equipment

Error measured

Psychometric Property

80 healthy college level

AJPS and PJPS

ER 75° at 90° of ABD

Biodex 3 (Pro isokinetic

Angular displacement in degrees

Intra session.

*Voight et al. participants (n=160) (ipsi) (neutral pronation and dynamometer) Intra-rater reliability ICC = 0.95
1996 Bilateral evaluation supination)
30 healthy participants (n=30) | TTDPM and RPP IR and 30° ER (at 90° of Specifically designed Angular displacement in degrees Intra session.
*Lephart et al. Unclear if bilateral evaluation (ipsi) ABD and 90° flexion the proprioception device Intra-rater reliability: r=0.92
1994 of elbow) (PTD) (Using a digital
microprocessor counter)
11 healthy participants (n=11) AJPS (lpsi) 180° of F/ABD/ER to Biodex 3 (Pro isokinetic Angular displacement in degrees Intra session.
Unclear if bilateral evaluation target angles of 160°, 135°, dynamometer) Intra-rater reliability.
*Kaya et al. and 120° ICC =0.716 (SEM 4.5°) with eyes open and
2012 ICC=0.404 (SEM 3.87 °) with eyes closed
33 healthy male Australian AJPS (lpsi) Position 1: 30° of flexion. Motion analysis system: Angular displacement in degrees Intra session.
football players (n=33) Position 2: 90° of ABD Optotrak using LED The intra-rater reliability of the Optotrak system for
*Bradley et al Unclear if bilateral evaluation a_nd 90° of elbow f_Ie_xion markers placed on the_ back all three positions with an ICC = 0.65-0.77 (mean:
2009 ' with 30° of IR. Position 3: of the long and ring finger ICC =0.87)
90° of ABD with 90° of proximal phalanxes
elbow flexion with 90° of
ER
*Zanca et al. 24 healthy participants (n=24) AJPS (ipsi) Scaption An App developed for Angular displacement in degrees Intra and inter session.
2015 Unclear if bilateral evaluation Position 1: 50° Apple's 4th generation Intra-rater reliability.
Position 2: 70° iPod touch. The App uses Intra session 50° (ICC=0.75), 70° (ICC=0.65), 90°
Position 3: 90° internal sensors (ICC=0.79).
(accelerometers and Inter session 50° (ICC=0.64), 70° (ICC=0.80) and
gyroscopes) 90° (ICC=0.67)
*Fabis et al. 20 healthy participants (n=40) APJS and PJPS 30° of IR and ER at 30° of Biodex 3 (Pro isokinetic Angular displacement in degrees Inter session.
2016 Bilateral evaluation (ipsi) ABD in scapular plane dynamometer) Inter-rater reliability.
AJPS IR (ICC=0.97),
AJPS ER (ICC=0.95),
PJPS IR (ICC=0.96),
and PJPS ER (ICC=0.96)
*Morgan & 6 healthy senior semi- AJPS (ipsi) Relative angles of 45° and Digital photograph Angular displacement in degrees Intra session.
Herrington 2014 professional male rugby 20° off of the maximum (Samsung Digimax A7 Intra-rater reliability.
players (n=6) range of ER at 90° of ABD digital camera) ICC=0.81 (CI =0 -3.3°)
Unclear if bilateral evaluation
*Lephart et al. Healthy participants. Unclear AJPS, PJPS, TDPM & PRJP: IR and TDPM & PRJP: TDPM & PRJP: Angular Intra session.
2002 how many shoulders evaluated TTDPM, & PMJ ER. Proprioception testing displacement in degrees Intra-rater reliability of electromagnetic device for
(ipsi) device. AJPS & PMJ: ICC=0.61-0.8
AJPS & PMJ: 20° flexion ARJP & PMJ: AJPS & PMJ: 3D data (X,Y,Z)

with 0° of humeral rotation

(20° FLEX) or 90° of ABD

with 90° of ER (90° ABD-
ER)

Electromagnetic tracking
device and isokinetic
dynamometer

(in cm) and angular rotation using
sensors on the humerus (in®)

Note: (*) Not a primary psychometric study. (n) Reflects the number of shoulders evaluated for the psychometric protocol.
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SUPPLEMENTARY ANNEX II

Assessment of methodological quality (critical appraisal - Modified QualSyst) after consensus between evaluators.

Checklist item and corresponding consensus score

1 2 3 4 5 6* 7* 8 9* 10 11 12 13 14 Point %
Anderson & Wee (2011) 2 2 2 2 nfa nla na 2 nla 2 2 2 2 2 20 100
Allegrucci et al. (1995) 2 2 1 2 nla na nla 2 nla 2 2 2 1 17 85
Bradley et al. (2009) 1 2 2 2 na na na 1 na 2 2 1 2 1 16 80
Dover & Powers (2003) 2 2 1 1 na na na 2 na 2 1 2 1 2 16 80
Edmonds et al. (2003) 2 2 1 2 nla na nla 2 nla 2 1 1 2 2 17 85
Fabis et al. (2016) 2 1 1 2 nla na na 1 na 1 2 1 1 0 12 60
Han et al. (2013) 2 2 2 2 na na na 2 na 2 2 2 2 2 20 100
Herrington et al. (2008) 2 2 2 1 na na na 2 na 2 1 2 1 2 17 85
Deng & Shih (2015) 2 2 1 2 nla na nla 2 nla 2 2 2 2 2 19 95
Kaya et al. (2012) 2 2 2 2 na na na 2 na 2 2 2 2 1 19 95
Lephart et al. (1994) 1 2 1 1 na na na 2 na 1 2 1 2 1 14 70
Lephart et al. (2002) 1 2 1 2 nla na na 2 na 1 2 1 2 2 16 80
Lonn et al. (2000) 2 2 1 1 na na na 2 na 2 2 2 2 2 19 95
Morgan & Herrington 2 2 2 2 na nla nla 2 nla 2 2 2 2 2 20 100
(Nzg(}:rzi-Moghadam etal. 2 2 1 2 nfa nla na 2 na 2 2 1 2 2 18 90
(::;iiy & Riddoch (2001) 2 2 2 2 nla na na 1 nla 2 2 1 2 1 17 85
Sole et al. (2015) 2 2 2 2 na na na 2 na 1 2 2 2 2 19 95
Suprak et al. (2005) 2 2 1 2 na nla na 2 nla 2 1 2 2 2 18 90
Vafadar et al. (2016) 2 2 1 2 nla na na 2 nla 2 2 2 2 2 19 95
Voight et al. (1996) 2 2 1 2 nla na nla 2 nla 2 2 2 2 2 19 95
2 2 1 2 nla na na 1 nla 2 2 2 2 2 18 90

Zanca et al. (2015)
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Checklist item and corresponding consensus score

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Point  0p
* * *

Anderson & Wee (2011) 4 4 1 4 4 4 2 4 4 4 4 nla nla na 39 886
Allegrucci et al. (1995) 3 2 1 4 3 4 3 2 3 4 3 nfa nla na 31 705
Bradley et al. (2009) 4 3 2 4 3 2 2 2 2 2 3 nfa nla nfa 29 659
Dover & Powers (2003) 3 2 2 4 3 4 3 4 3 4 3 nla na na 35 796
Edmonds et al. (2003) 3 4 1 4 2 2 2 2 2 2 3 nfa nla na 27 614
Fabis et al. (2016) 3 2 1 4 2 4 3 4 3 2 3 nfa na na 31 704
Han et al. (2013) 3 2 1 4 2 4 3 4 4 4 3 nfa nla na 34 772
Herrington et al. (2008) 3 2 1 4 1 4 3 4 3 4 3 nla nla nla 32 727
Deng & Shih (2015) 3 2 1 4 1 4 3 4 3 4 3 nla nla na 32 727
Kaya et al. (2012) 4 4 1 4 2 2 2 2 2 2 3 nla nla nla 28 636
Lephart et al. (1994) 3 2 2 4 2 2 2 2 2 2 2 nla na nfa 25 56.8
Lephart et al. (2002) 3 2 1 4 2 2 2 2 2 4 3 nfa nla nfa 27 613
Lonn et al. (2000) 3 2 1 4 4 4 3 4 4 4 4 nla nla nfa 37 841
Morgan & Herrington 3 2 1 4 2 4 3 4 3 4 3 nla na na 33 750
g\lzg(}:f)li-Moghadam etal. 3 2 1 4 1 4 3 2 3 2 3 nla nla nla 28 63.6
(sznlé;y & Riddoch 4 3 1 4 4 2 4 2 2 2 1 nla nla nla 29 659
(320(:22 al. (2015) 3 2 2 4 2 2 2 2 3 2 3 nfa nla na 27 613
Suprak et al. (2005) 3 2 1 4 3 4 3 2 4 4 3 nla nla nfa 33 75

Vafadar et al. (2015) 3 2 1 4 3 4 3 4 3 4 3 na nla na 34 773
Voight et al. (1996) 3 2 3 4 3 2 3 2 3 4 3 na nla nfa 32 727
Zanca et al. (2015) 3 2 1 4 4 4 3 2 4 4 3 nfa nla na 34 773

Studies presented in alphabetic order. 4 points (Excellent), 3 points (Good), 2 points (Fair), 1 point (Poor), n/a not applicable.
Points is the sum of scores for each item. Score is the points divided by the maximum possible score (44).

1) Was the percentage of missing items given? 2) Was there a description of how missing items were handled? 3) Was the sample size
included in the analysis adequate? 4) Were at least 2 measurements available? 5) Were the administrations independent? 6) Was the time
interval stated? 7) Were patients stable in the interim period on the construct to be measured? 8) Was the time interval appropriate? 9) Were
the test conditions similar for both measurements? 10) Were there any important flaws in the design or methods of the study? 11) Statistical
methods: for continuous scores, was an intraclass correlation coefficient (ICC) calculated?

Terwee, CB., Mokkink, LB., Knol, DL., Ostelo, RWJG., Bouter, LM., & de Vet, HCW. (2012). Rating the methodological quality in

systematic reviews of studies on measurement properties: a scoring system for COSMIN checklist. Qual Life Res. 21: 651-657.
* Items removed to make the COSMIN 4-point scale Box B tailored for this research.
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Studies presented in alphabetic order. 2 points (Yes), 1 point (Partial), 0 point (No), n/a: not applicable.
Points is the sum of scores for each item. Score is the points divided by the maximum possible score (20).

1) Question / objective sufficiently described? 2) Study design evident and appropriate? 3) Method of subject/comparison group selection or
source of information/input variables described and appropriate? 4) Subject (and comparison group, if applicable) characteristics
sufficiently described? 5) If interventional and random allocation was possible, was it described? 6) If interventional and blinding of
investigators was possible, was it reported? 7) If interventional and blinding of subjects was possible, was it reported? 8) Outcome and (if
applicable) exposure measure(s) well defined and robust to measurement / misclassification bias? Means of assessment reported? 9) Sample
size appropriate? 10) Analytic methods described/justified and appropriate? 11) Some estimate of variance is reported for the main results?
12) Controlled for confounding? 13) Results reported in sufficient detail? 14) Conclusions supported by the results?

Kmet LM, Lee RC, Cook LS. Standard quality assessment criteria for evaluating primary research papers from a variety of fields. Alberta
Heritage Foundation for Medical Research; 2004.

* Items removed to make the QualSyst tailored for this research.
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SUPPLEMENTARY ANNEX IlI

Assessment of psychometric properties (critical appraisal - COSMIN 4-point scale, BOX B -
Reliability) after consensus between evaluators.

Checklist item and corresponding consensus score
1 2 3 4 5 6 7 8 9 10 11 12 13 14 Point 0
*

* *

Anderson & Wee (2011) 4 4 1 4 4 4 2 4 4 4 4 nla nla nla 39 886
Allegrucci et al. (1995) 3 2 1 4 3 4 3 2 3 4 3 na na na 31 705
Bradley et al. (2009) 4 3 2 4 3 2 2 2 2 2 3 nfa nla nla 29 659
Dover & Powers (2003) 3 2 2 4 3 4 3 4 3 4 3 nla nla nfa 35 796
Edmonds et al. (2003) 3 4 1 4 2 2 2 2 2 2 3 nla nla nla 27 614
Fabis et al. (2016) 3 2 1 4 2 4 3 4 3 2 3 nla na na 31 704
Han et al. (2013) 3 2 1 4 2 4 3 4 4 4 3 nla nla nla 34 772
Herrington et al. (2008) 3 2 1 4 1 4 3 4 3 4 3 nla nla nla 32 727
Deng & Shih (2015) 3 2 1 4 1 4 3 4 3 4 3 nla nla nla 32 727
Kaya et al. (2012) 4 4 1 4 2 2 2 2 2 2 3 nla nla nfa 28 63.6
Lephart et al. (1994) 3 2 2 4 2 2 2 2 2 2 2 nla na nla 25 56.8
Lephart et al. (2002) 3 2 1 4 2 2 2 2 2 4 3 nla nla nla 27 613
Lonn et al. (2000) 3 2 1 4 4 4 3 4 4 4 4 nla nla nla 37 841
Morgan & Herrington 3 2 1 4 2 4 3 4 3 4 3 nla na na 33 750
ﬁgolljr)ni-Moghadam etal. 3 2 1 1 4 3 2 3 2 3 nfa nla nla 28 63.6
l(?zaonl1§;y & Riddoch 4 3 1 4 2 4 2 2 2 1 n/a nla nla 29 65.9
(2001)

Sole et al. (2015) 3 2 2 4 2 2 2 2 3 2 3 nfa nla na 27 613
Suprak et al. (2005) 3 2 1 4 3 4 3 2 4 4 3 nla nla nla 33 75
Vafadar et al. (2015) 3 2 1 4 3 4 3 4 3 4 3 nla nla nla 34 773
Voight et al. (1996) 3 2 3 4 3 2 3 2 3 4 3 nla nla nla 32 727
Zanca et al. (2015) 3 2 1 4 4 4 3 2 4 4 3 nla nla nla 34 773

Studies presented in alphabetic order. 4 points (Excellent), 3 points (Good), 2 points (Fair), 1 point (Poor), n/a not applicable.
Points is the sum of scores for each item. Score is the points divided by the maximum possible score (44).

1) Was the percentage of missing items given? 2) Was there a description of how missing items were handled? 3) Was the sample size
included in the analysis adequate? 4) Were at least 2 measurements available? 5) Were the administrations independent? 6) Was the time
interval stated? 7) Were patients stable in the interim period on the construct to be measured? 8) Was the time interval appropriate? 9) Were
the test conditions similar for both measurements? 10) Were there any important flaws in the design or methods of the study? 11) Statistical
methods: for continuous scores, was an intraclass correlation coefficient (ICC) calculated?

Terwee, CB., Mokkink, LB., Knol, DL., Ostelo, RWJG., Bouter, LM., & de Vet, HCW. (2012). Rating the methodological quality in

systematic reviews of studies on measurement properties: a scoring system for COSMIN checklist. Qual Life Res. 21: 651-657.
* |tems removed to make the COSMIN 4-point scale Box B tailored for this research.
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SUPPLEMENTARY ANNEX IV
Assessment of psychometric properties (critical appraisal - COSMIN 4-point scale, BOX H - Criterion
validity) after consensus between evaluators

Checklist item and corresponding consensus score

1 2 3 4 5 6 7 Point %
Vafadar et al. (2016) 3 2 1 2 4 1 1 12 50
Deng & Shih (2015) 3 2 1 2 4 1 1 12 50

Studies presented in alphabetic order. 4 points (Excellent), 3 points (Good), 2 points (Fair), 1 point (Poor), n/a not applicable.

Points is the sum of scores for each item. Score is the points divided by the maximum possible score (28).

1) Was the percentage of missing items given? 2) Was there a description of how missing items were handled? 3) Was the sample size
included in the analysis adequate? 4) Can the criterion used or employed be considered as a reasonable "gold standard"? 5) Were there any
important flaws in the design or methods of the study? 6) Statistical methods: for continuous scores, were correlations, or the area under
the receiver operating curve calculated? 7) For dichotomous scores: were sensitivity and specificity determined?

Terwee, CB., Mokkink, LB., Knol, DL., Ostelo, RWJG., Bouter, LM., & de Vet, HCW. (2012). Rating the methodological quality in
systematic reviews of studies on measurement properties: a scoring system for the COSMIN checklist. Qual Life Res. 21: 651-657.
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APPENDIX A: Recruitment poster for the military participants, Quebec

Projet de recherche approuvé par le Comité d’éthique a la recherche du CIRRIS. # d’éthique: 2015446
et Surgeon General Health Research Program (SGHRP) (Oct 2015)

W84ab8d UNIVERSITE

Coww o girare sw wheate

L2 d
PROJET: EFFICACITE D'UN PROGRAMME DE RENFORCEMENT ET DE CONTROLE NEUROMUSCULAIRE DU

MEMBRE SUPERIEUR SUR LA FONCTION DE L'EPAULE DE PERSONNES AYANT UNE TENDINOPATHIE DE LA
COIFFE DES ROTATEURS: UN ESSAI CLINIQUE RANDOMISE

AVEZ-VOUS MAL A L'EPAULE?

Participer a un projet de recherche en physiothérapie \
pour évaluer I'effet des exercices controle
neuromusculaire pour les épaules d’'une durée de 6

semaines. b 4
Les personnes recherchées : { {s
¢ membres des Forces ‘

* homme et femme

* ageé de 18 ans et plus

* qui présentent des douleurs musculaires et/ou
articulaires a I'épaule

* qui ne présentent pas d’engourdissements, de
picotements, ou de sensation de "choc électrique”
aux membres supérieurs

* Quin'ont jamais eu un épisode de luxation
(débarquement) a I'épaule

* Qui sont disponibles pour une durée de 6

LAY
semaines.

Pour plus d’informations, SVP contactez:

Amanda Ager, pht (amanda.ager.1@ulaval.ca)
ou Valérie Charbonneau, pht 418-844-5000 poste 5783

Responsables du projet : Luc J. Hébert, pht, PhD, CD, Jean-Sébastien Roy, pht, PhD,

g z z z g g z 1 1 z z z g z
L] L} L} x ] L] L} ¥ 5 y y L ] L}
AHEHEHEEEEHEEEE I
38 Q3% | 33 | 32 I8 |32 Q32 35|35 35 |35 |38 3% |32
IHEHEHEEH EHIH B L H EH S
A A
HEEIEIEIELE1IEIEI BB BT E1E
® ® ® ® ® ® ® ® ® ® ® ® ® ®
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130



APPENDIX B: Recruitment poster for the military clinicians, Valcartier Garrision,
Quebec

) LAVAL v Scrris.

PROJET: EFFICACITE D'UN PROGRAMME DE RENFORCEMENT ET DE CONTROLE NEUROMUSCULAIRE DU

MEMERE SUPERIEUR SUR LA FONCTION DE L'EPAULE DE PERSONNES AYANT UNE TENDINOPATHIE DE LA
COIFFE DES ROTATEURS:

UN ESSAI CLINIQUE RANDOMISE.

NOUS CHERCHONS DES PARTICIPANTS AVEC UNE TENDINOPATHIE
DE LA COIFFE DES ROTATEURS A L'EPAULE
POUR UN PROJET DE RECHERCHE

Le projet : Participer a un programme de renforcement et de
contréle neuromusculaire pour les membres supérieurs
d'une durée de 6 semaines.

Les personnes recherchées :

homme et femme

ageés de 18 ans et plus

qui présentent des douleurs musculaires et/ou articulaires
a 'épaule ,
qui ne présente pas d'engourdissements, de pimtements,
ou de sensation de ‘choc électrique’ aux membres
supérieurs

Si vous avez des patients intéressés: Remplissez le formulaire ADMIN-250
(référence en physio) et indiquez clairement leur intérét a participer au projet
et leur numéro de téléphone. Le patient sera par la suite contacté par
I'évaluateur (physiothérapeute) afin de vérifier les critéres d'inclusions.

Pour plus d’informations, SVP contactez:

France Gamache, pht
418-844-5000 poste 5783 / france.gamache@forces.gc.ca

Responsahbles du projet - Luc J. Hebert, pht, PhD, CD, Jean-Sebastien Roy, pht, PhD,
Amanda Ager, pht et France Gamache, pht.

Projet de recherche approuve par le Comité d'éthique a la recherche du CIRRIS. # d'ethique - 2015-446
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APPENDIX C: Information package for participants

e Feuillet d’informafion el Formulaire de
e vereiTay G santé 7 consenfement
e Ln Capitote-Matranate e ' pour un projet de recherche
Québec eaex 'RNPEWQ Guide pour la rédaction

GENLADAPTATION

Efficacité d’un programme de renforcement et de controle
neuromusculaire des membres supérieurs sur la fonction de
I'épaule de personnes ayant une tendinopathie de la coiffe
des rotateurs: un essai clinique randomisé

Responsable: Amanda Ager, pht, candidate a la maitrise
France Gamache, pht

Jean-Sébastien Roy, pht, Ph.D.
Maj Luc J. Hébert, pht, Ph.D., CD

Collaborateurs: LCol Peter Rowe, pht, MSc

Maj Anny Fredette, pht
Capt Nathalie Royer, pht
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1. Tifre du projet :

Efficacité d’'un programme de renforcement et de controle neuromusculaire
des membres supérieurs sur la fonction de I'épaule de personnes ayant
une fendinopathie de la coiffe des rotateurs:

Un essai clinique randomisé.

ll. Responsables et collaborateurs:

Responsables: Amanda Ager, pht, candidate a la maltrise
France Gamache, pht
Jean-Sébastien Roy, Ph.D.
M3| Luc J. Hébert, PhD., CD

Collaborateurs: LCol Peter Rowe, pht. MSc
Ma| Anny Fredette, pht
Capt Nathale Royer, pht
Sophie Bemard, pht
Plerre-Marc Vézing, pht
Myram Cyr, pht
Vakrie Charbonneau, pht
Marie-Else Premont, pht

lll. Organisme de subvention :
Aucun

V. Introduction :
Nous vous Invitons 3 participer a un projet de recherche ayant pour objectif de verifler l'eMcache
d'un nouveau programme de renforcement et de controle neursmusculaire pour les membres

supéneurs. AVec C2 programme, nous visons a réduire I3 douleur et ameliorer 1a fonction de
r'épaules a 'aide de traltements actifs en physiothéraple.

Cependant, avant d'accepier de participer a ce projet de recherche, veulliez prendre ie temps de
lire, comprendre et consldérer attentivement les renseignements qui sulvent.

Ce formuiaire @information et de consentement vous explique le but de ce projet de recherche, I
VOUS en présente ies procédures, les avantages, les risques et les Inconvénients, de méme que
les personnes avec qui communiquer au besain.

Le formuialre dinformation et de consentement peut contenir des mats que vous nNe comprenez
pas. Nous vous invitons a poser toutes les questions que vous jugerez ullies aux chercheurs
responsables du projet et aux autres membres du personnel affectés au projet de recherche, et a
demander des explications sur fout mat ou renseignement qui n'est pas clar.

V. Nature et objectifs du projet :

Le projet va se oéroul® au Gamison Vaicartlier avec les membres miitaires qui souffrent d'une
tendinopathie de |a coiffe des rotateurs a 'epaule. Le mot tendinopathie est un terme trés large
utlisé pour décrire |a présence d'une Inflammation et de dégeénérescance sur la portion dun
muscle qul s'attache sur Fos et que I'on appelle un tendon. A I'épaule, Il y a3, entre autres, 4
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muscies dont les tendons sont regroupés et que fon s'appelle 1a colffe des rotateurs et ces
muscies sont responsables de maintenir votre épaule stable et solide lors de gestes de tous les
Jours. Une fendinopathie de |a coiffe des rofateurs peut provoquer des douleurs, un manque de
force Important et une diminution de controie de votre épaule lors d'activités de ia vie quotdienne
€1 surtout dans vos activiies de travall comme militaire.

En acceptant de participer a cetie étude, vous devrez, pour une durée de 6 semaines, pariciper
a des Interventions en physiothéraple. Nous allons comparer 2 types d'approche en

physiothérapie pour la réadaptation d'un tendinopathle de |a colffe des rofateurs a Mépaule. Vous
allez prendre part a des exercices actis pour I'épaule, soit dans le groupe expérimental ou le

group conventionnel. Vous devrez également participer a 2 séances dévaluation a |a dinique de
physiothérapie du Cenfre de Santé Valcartier (CSV).

Si vous falles partie du groupe expérmental vous alez recevolr un sui 2 la ciinkque de
physiothéraple (30 minutes par semaine) et pariciper au programme dexercices 3 fols par
semalne pour une durés denviron 35-45 minutes a chaque sesslon. Vous allez aussl recevolr
quekjues exercices A falre a la malson.

Si vous faltes partie du groupe conventionned vous allez recevoir des taltements de

physiothéraple 2 fois par semaine a I3 dinigue de physiothérapie avec un physiothérapeute et
VOUS aurez auss a falre quelques exercices a la malsan.

Vous serez placé dans un des deux groupes de fagon aléatoire. C'est trés important de ne pas
mentionner a qul que ce soit dans quel groupe Yous avez &4 place ni de vos traltements en
physiothérapie. Votre confidentiailté aura un Impact important sur les résultats de notre projet.

Les résultats de calie éfude nous aideront 2 mieux orenter les traltements chez les militakres et a
offrir des s0iNs D3sés sur |3 recherche. Cela nous aldera également a offrir une mellieur quaike
de soins en réadaptation sur toutes les bases des FAC a travers le Canada et outre-mer.

V1. Déroutement du projet :

‘ous prendrez part 3 2 sesslons d'évaluation au département de physiothérapie par
pn Vomalezemmepamuperavnsuamenmnsenpnyummpenms
semaines. Par I3 sulte, vous allez compiéter des questionnalres de douleur 3 et 6 mols aprés vos
traltements. Prenez note que toutes les évaluations et Interventions se feront au département de
physiothérapie au Cenfre de Sante de I3 Gamison Vaicartier.
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Partie 1 Partie 2 Parfie 3 Partie 4
Evaluafion Inittale Intervention de Evaluation post- Sulvl 2 3 mols
= 2h réadaptation Intervention = 20 minutss
= 4.5h par semaines =2h
{pour € semalnes)
- Cntéres GROUPE - Questionnakres de Questionnaires de
dadmisshiiite EXPERIMENTAL douleur douleur
-Sutvl en physio (30
- Questionnalres de
presena minutes) -Evaluation push-up
-Programme de -Evaluation sacs de
-Svalsain -y renforcement et sable
onclioenels 2w contrdie moteur de
repaute (3545 min, 3 -Evaluation de
Sy fols par semaine) et mouvements
exercices 3 domiclie fonctionnels aux
mmm (3 séries de 15 epaules
répétiions, 3-5 fols
par semaine, sekn -Evaluation de force
-Evakiation de force tolérance) en rotation exteme et
en rotation exteme et abduction aux épaules
abduction aux épauies GROUPE
CONVENTIONNEL
-Sulvi en physio (30
mins, 2 fols par
semaine) et exescices
a domiclle (3 séries de
15 répetitions, 3-5 fois
par semaine, sekn
tolérance)

Partie 1 : L'éfude débutera par une rencontre avec le responsable du projet au département de
ph au CSV, Gamison Vaicarfier, qui vous questionnera pour veértfer votre
admissibiite a retude. Si ces questions démontrent que vous présentez une tendinopathie de la
coiffe des rofateurs, vous serez admis dans Métude. Lors de cette méme rencondre, sl vous &es
admis a retude, nous procaderons a diférentes mesures en ken avec vos épaules. Vous aurez a
répondre 2 un questionnaire sur vos douleurs nomme le WORC (Westem Ontario Rotator Cufr
Index) et le DASH (Disabliity of the Amm, Shoulder, Hand) et 2 compkéter quelques échelles
visuelles analogues pour mesurer Fintensité de vos douleurs a Fépaule. Ensulte, vous allez
participer a quelques épreuves physiques, par exemple, une évaluation de force et des
mouvements actifs aux épaules. Vous allez compiéter chacune de ces épreuves avec la

mellieure performance possbie. Cette session d'évaluation aura une durée approximative de 2
heures.

A 13 fin de |3 sesslon d'évaiuation Initiale, vous serez assigné de fagon aléatolre soit au groupe
expermental ou au groupe convenionnel en physiathérapie.
Partie 2: Vous aurez 3 participer a plusieurs sessions de physiothérapie par semaine.
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St vous etes avec |8 groupe expérimental, vous allez participer 3 un programme @exercices de
6 semaines, a 3 sesslons de 35-45 minutes par semaine. Le programme @exercices comprend
12 stations d'exercices différentes, avec diférentes progressions selon vos capaciies et douleurs.
Vous pouvez prendre des repos de maximum 1-2 minutes entre chague station au besoin. Vous
allez aussl a falre des exercices a |a malson. Les exercices a Ia malson vont étre donner par la
physiothérapeute; par exempile 3 exercices a falre de 3 sérles de 15 répetitions (3-5 fols par
semalnes), auss! selon votre tokérance. Au total, vous allez avolr approximativement 4.5 heures
@exercices et de traltement par semaine.

Sivous etes avec le groupe conventionnel, vous alez avolr, par semaine, 2 séances de sulvis
en physiothéraple de 30 minutes chacune, pour 6 semaines. Vous allez avoir également des
exercices a fare a la malson. Les exercices a I3 malson vont étre donner par la
physiothérapeute; par exempie 3 exercices a falre de 3 séries de 15 répétitions (3-5 fols par
semaines), selon voire toiérance. En gros, vous allez avoir approximativement 4.5 heures
dexercices et de traltement par semaine.

Vous pourrez continuer vos entrainements de course a pled et autres activites Impliquant les
membres inférieurs selon les recommandations du physiothérapeute, en autant que I'activité se
pratique sans aggravation de vos sympidmes aux épaules. Pendant 13 durée de reétude, vous
devrez Inscrire vos entralnements dans un joumal de bord qul ser@ supenisé par le
physiothérapeute traltant.

Partie 3: Dans la semalne sulvant 1a in de I'enfralnement supervise, les évaluations effecluées
lors de 1a Partie 1 seront refaites a nouveau. La durée de cefte deuxieme session d'évaluation
sera aussl d'environ 2 heures.

Partie 4 : Trois mols et slx mols aprés avoir compiété Nntervention en réadaptation, vous devrez
remplr a nouveau les questionnalres de symptomes et de fonction afin de veérifier 1a durabliiie
des effets de Nntervention quil vous a été assignee. Cecl prendra environ 20 minutes.

VIi. Risques potentisis st Inconvénients personnels :

Risques potentiets :

Les risques Inhérents a cette étude comespondent aux Msques NOMaUX engendrés par une
evaluation et une Intervention en physkithéraple, c'est-a-dire une augmentation femporaire de
douleur (24 a 48 heures). Des tests semblables 2 ceux effectués dans cetie étude ont deja ete
exécutés chez des personnes ayant ia méme atteinie que vous sans qu'll y ait eu détéroration de
leur eétat Si les eévaluations et'ou les Interventions augmenient vos symptdmes, vOUs aurez
toujours accés au soins offert au CSV et au département de physiothéraple. Nous vous
demandons simpiement de nous garder blen Informes sl cela etalt e cas.

Un malaise temporaire 3 la sulte des tesis ou des séances d'entrainement demewre toujours
possible. St tel est le cas, Il faudra nous aviser et Nntervention sera réajustée.

Inconvénients :

Vous aurez a vous dépiacer 2-3 fols par semaine vers la ciinique de physiothérapie au CVS sur
1a base miltaire pour recevolr vos trallements. Au besoin, une letire pourra étre fournie pour
expliquerjustifier votre participation au projet 3 votre chalne de commandement. Vous allez
également recevoir des restricions medicales iemporaires au besoin pour 13 durée du projet (6
semaines) afin d"éviter d'aggraver votre condition kors des taches miltalres et d'entrainements

physiques.

Ces sesslons vous seront dispensées gratultement toutefols, aucun frals de déplacement ne sera
couvert.
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VIIL Avantages possibies -

En acceptant de participer a cefte étude, vous bénéficlerez d'interventions réalisées par un
physiothérapeute spécialisé en réadaptation des épaules. Toutes les Interventions falsant partie
de retude ont démontré des beéneéfices cliniques. Alnsl, Fintervention qul vous sera assignée
représente un potentiel damélioration de voire condition. Finalement, votre participation
contribuera a falre avancer les recherches sur les Inferventions en physiothéraple avec des
personnes souffrant d'une tendinopathie de 13 coiffe des otateurs.

IX. Participation volontaire et refraif de Ia participation :

Votre participation a ce projet de recherche est volontaire. Vous édes donc libre de refuser @y
participer. Vous pouvez également vous retirer de ce projet a n'importe qued moment, sans avoir
a donner de ralsons, en falsant connaltre votre décision au chercheur responsable du projet ou a
I'un des membres du personnel affectés au projet Votre décislon de ne pas participer a c2 projet
de recherche ou de vous refirer n'aura aucune conséquence sur la quailté des soins et des
senices auxquels vous avez droit ni sur votre reiation avec le chercheur responsabie du projet et
les autres Intervenants. Les responsables pourront également metire fin 2 volre participation sl

VDUS ne répondez plus aux critéres d'admissibiiie. St votre participation n'est plus requise pour
etude, vous serez Informe des ralsons qul justifient cette décision.

X. Clauee de responsabiite :
En accepiant de participer a cette étude, VOUS ne renoncez a aucun de vos droits ni ne libérez les
chercheurs, le commanditaire ou les Institutions Impilquées de leurs obligations légales et

professionnelies.

X1. Indemnits compensatoire :
Aucune remunération n‘est rattachée a votre participation.

Xil. Confidenfiallfs, conservation et ufiilsation des réesuttats -

Les chercheurs et leur equipe respecteront ia confidentialite dans les limites permises par Ia lol.
Les résultats des tests et les Informations recuellies demeureront confidentiels et ne seront
accessbies qu'a I'équipe de chercheurs ou encore aux représentants du Comité d'éthique a Ia
recherche a des fins de gestion ou de werification du bon déroulement de I3 recherche. Avant le
processus dfanalyse des résultats, votre nom sera rempiace par un code qui VOus assurera
I'anonymat. La liste des numeéros et des noms comespondants sera conservée dans un dasseur
veqroulilé dans le bureau d'un des chercheurs. Alnsl, les données seront dénominalisées ef, de
ce falt, toute publication scientifique découlant de cette étude respeciera ia confidentialté. Toutes
les données seront conservees 5 ans aprés |a fin du projet et détrultes par 1a sulte.

A des Mns de surveliance et de controle, votre dossler de recherche ainsl que vos 0ossiers
médicaux, 5’1l y a leu, pourtont étre consullés par une personne mandatée par le Comite
dréthique de Ia recherche de FIRDPQ, ou par toute autre personne dument mandatée pour
véqiner |a gestion ou le bon déroulement de |a recherche.

XIliL Questions sur le projet st personnes-ressources :

Vous pourrez jindre Amanda Ager pht (amanda ager.1@ulaval.ca) (contacts principale),

France Gamache, pht (france.gamache@forces.ge.ca, au département de physiothérapie 415-
. |
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844-5000 poste 5783) au Ma| / Dr Luc J. Hebert, pht, C.D. (418 529-9141 poste £6579) durant les
heures ouvrabies sl Yous avez oes questions relatives a rétude ou sl votre condition se déberiore
a 1a suite des évaluations. Nous pourrons joindre votre médecin fraitant sl vous le déskrez.

Samamosqnsimdw:em VOUS POUNEZ COMMANIQUEr aVEC 13 CoOMdonnaice du comité
d-mqueaeummaemommuoszs-sm mmwmmg@mg&_@.m
mmmmanswlmwlsessummmwmpmemwe le 35 echeanl Dans
rewmbouvwsoesnezbmlemem mpmmmBManwmssamam
pcmsdahqumdesmdenmmanmewmm plantes@irdpg.qe.ca ou par

tEléphone au 418 529-9141, poste 6247 {lElésaipteur ATS : 418 649-3734).

138



APPENDIX D: Consent form for participants

Q“éb“" Guide pour la rédaction - Projet

Titre du projet : Eﬂicacted‘unpmgrzmnederenh‘oemeﬁetdeeonmleneumusculale du
membtesupeneursnrlabnebondel’epalledepelsonnsayantunehendnopahedelamﬁe
des rotateurs: Un essai ciinique randomisé.

Chercheur responsable du projet :  Amanda Ager, pht, candidate a la maltrise

1)

2)
3)
4)

6)

8)

9)
10)

11)

France Gamache, pht
Jean-Sebastien Roy, pit, Ph.D.
Ma| Luc J. Hebert, pht, Ph.D_, CD

Le(ia) responsable m'a Informé(e) de ka nature et des buts de ce projet de recherche ainsl que de
son déroulement;

Le(la) responsable m'a Informé&{e) des risques et Inconvenients associés a2 ma participation;
Ma participation a cette étude est voiontakre et je peux me retirer en tout temps sans préjudice;

Les données de cette édude seront traitées en toute confdentlallté et elles ne seront utllisées
qu'aux fins sclentifques et par les partenalres kientifiés au formulaire dinformation;

J'al pu poser toutes les questions voulues concemant ce projet et ['al obtenu oes réponses
satisfalsantes;

Ma décision de pasticiper a cetie étude ne libére ni les cherchewrs, ni Fétablissement hote de leurs
obligations envers mot;
Je sals qu'aucune remunération n'est rattachée a ma participation;

Le(la) responsable m'a remis un exemplaire cdu feulllet d'information et du formuiare de
con

J'al u le présent formulaire et je consens volontalrement a participer a cette étude;
Je désire recevoir une cople des résultats de etude O oul O non
(Courriei: )

Jaccepte d'étre recontacté(e) pour d'autres projets menés par les chercheurs de ce projet O oul
Q non

Nom du participant Dats de nalssance Numéro de téléphone

Signature du participant * Dae
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APPENDIX E: Subjective telephone interview evaluation form

[ universiTE ) w?
5 LAVAL @ Projet de recherche # 2015446 WS CIRRIS
NUMERO D INDENTIFICATION :
DATE DE L'EVALUATION (JOUR/MOIS/ANNEE) / /

CRITERES D’ELIGIBILITE — EVALUATION TELEPHONIQUE PAR L'EVALUATEUR

ETUDE : EFFICACITE D'UN PROGRAMME DE RENFORCEMENT ET DE CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR SUR LA FONCTION DE L'EPAULE DE
PERSONNES AYANT UNE TENDINOPATHIE DE LA COIFFE DES ROTATEURS: UN ESSAI
CLINIQUE RANDOMISE.

CONSENTEMENT VERBALE POUR LES QUESTIONS MEDICALES SUIVANTES:

(INTIAL)
Nom: Numeéro de contact:
Sexe: Homme !/ Femme Age: Fumeur: OUI / NON
Meétier: Années de service:
Histoire de la blessure:
Durée des symptomes : (en mois)
Dominance: GAUCHE / DROIT
1. CRITERES D'INCLUSION
1.1 Avez-vous de la douleur locale a I'épaule?
GAUCHE / DROIT Oui Non
1.2 Avez-vous de la douleur a I'épaule lorsque vous travaillez les Oui Non
bras en élévation (au-dessus Ia téte)?
13 l.(zsscnta—rons une sensation de faiblesse a I'épaule du cote Oui Non
atteint?
1.4 Etes-vous igé entre 18 et 60 ans? Oui Non
2. CRITERES D’EXCLUSION
2.1 Douleur a une de vos épaules qui est reproduite lors de Oui N
mouvements actifs ou passifs du cou'téte? =
2.2 Traumatisme important a 'épaule? (luxation traumatique,
fracture) Qui Non
2.2.1 Si oui, laquelle/lesquelles?
‘|.’;i fpisod::‘ 'g.e luxation, ou un sensation que l'épaule va Oui Non
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e W omeanmssn:
2.4 Traumatisme importante au bras? (main, poignet, coude)
24.1 5i Oui, laquelle/lesquelles? Oui Non
1.5 Signes ou symptomes de picotements ou choque électriques au .
AT o Oui Non
cou ou au membres supérieurs?
3. CONDITION DE SANTE GENERALE
3.1 Avez-vous une ou plusieurs des conditions suivantes?
3.1.1 Probléme cardiaque Oui Non
3.1.2 Probléme pulmonaire chronique/asthme Oui Non
3.1.3 Hypertension artérielle Oui Non
3.1.4 Diabéte Oui Non
3.1.5 Probléme rénal Oui Non
3.1.6 Probléme neurologique Oui Non
3.1.7 Cancer Oui Non
3138 lead:e rhumatoide, inflammatoire, dégénérative ou Oui Non
neurologique
3.1.9 Maux de tétes ou migraines non-conftrolés Oui Non
4. ANTECEDENTS CHIRURGICAUX
4.1 Avez-vous déja subi une chirurgie i une articulation du Oui N
. 5 on
membre supérieur (bras, main, cou, dos)?
4.1.1 Si Oui, laquelle/lesquelles? :
5. MEDICATION
5.1 Actuellement prenez-vous des médicaments? Ou Non
5.1.1 SiOui, lequellesquels et pour quelle(s) raison(s)? :

Avez-vous d'autres symptomes ou raison pour lesquels vous ne devriez pas parficiper a ce projet de recherche ?
oul I NON
SiOul:

PARTICIPANT: INCLUS / EXCLUS

EVALUATEUR : DATE:
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APPENDIX F: Objective physical evaluation form (Baseline)

<
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NUMERO D’ INDENTIFICATION -

INFORMATIONS GENERALES — EVALUATION INITIALE PAR L'EVALUATEUR

ETUDE : EFFICACITE D’UN PROGRAMME DE RENFORCEMENT ET DE CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR SUR LA FONCTION DE L'EPAULE DE PERSONNES
AYANT UNE TENDINOPATHIE DE LA COIFFE DES ROTATEURS: UN ESSAI CLINIQUE RANDOMISE.

1. DONNEES SOCIODEMOGRAPHIQUES ET ANTHROPOMETRIQUES
1.1 Sexe Féminin Masculin
1.2 Date de naissance (jj/mm/aa) Age: o o oo |
1.3 Taille (m)
1
1.4 Poids (kg) I [N S
1.5 Distance acromion-3° doigt (cm) N S N Y [T
1.6 Epaule atteinte DROITE GAUCHE
1.7 Dominance
(Edinburgh Handedness Inventory ) T SPEER:
EVALUATION OBJECTIVE
AMPLITUDE ACTIVE AU COU : (Douleur 1-10)
F
LFG | LD

RG +~———F——RD

Evaluateur : Date : 1
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NUNMERO D'IDENTIFICATION

1. ARCHE DOULOUREUSE:

2 TEST D'ABUTTEMENT

TEST +VE -VE
NEERS
HAWKIN'S KENNEDY

3. TEST DE LA COIFFE DES ROTATEURS
TEST
DOULEUR EN ROTATION EXTERNE RESISTEE
(0°ABD)

DOULEUR EN ABDUCTION RESISTEE

(45° ABD)

EMPTY CAN TEST

FULL CAN TEST

DOULEUR EPAULE ATTEINTE: Ho

AUTRES TESTS (AU BESOIN)

TESTS SPECIAUX:(INSTABILITE)
TEST +VE VE
LOAD AND SHIFT TEST
CRANK TEST
APPREHENSION TEST
DROP ARM TEST

TEST SPECIAUX (COU ET MOBILITE NEURALE)

TEST +VE
SPURLINGS TEST
ULNT MEDIAN
AUTRE:
DIAGNOSTIQUE CLINIQUE:
Evaluateur - Date : 2
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NUMERO D'IDENTIFICATION -

AMPLITUDE ACTIVE / PASSIF A LEPAULE (Douleur = 0-10) (Note : C = compléte)

MOVEMENT ACTIF DEBOUT DROIT (A/P) GAUCHE (A/P)
FLEXION
ABDUCTION
ROTATION EXTERNE (90° ABD)
ROTATION INTERNE (30° ABD)
DOULEUR EPAULE ATTEINT AVANT MESURES DE FORCE: Ho

FORCE ISOMETRIQUE DE L’EPAULE
ROTATION EXTERNE (A 0° ABD) DROITE GAUCHE
ESSAI 1 (NEWTONS)

ESSAI 2 (NEWTONS)

ESSAI 3 (NEWTONS) (si > 10% de différence)

Moyenne des essais (NEWTONS)

ABDUCTION (A 0° ABD) DROITE GAUCHE
ESSAI 1 (NEWTONS)

ESSAI 2 (NEWTONS)

ESSAI 3 (NEWTONS) (si > 10% de différence)

MOYENNE DES ESSAIS (NEWTONS)

DOULEUR EPAULE ATTEINTE APRES MESURES DE FORCE: Ho
Bras de levier (ABDUCTION) {cm)
Bord distale acromion - centre du pad (supérior au épicondyle latéral)
Bras de levier (ROTATION EXTERNE) (cm)
Evaluateur - Date : 3
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Bord distale acromion - centre du pad (supérior au processus styloide)

QUESTIONNAIRE DASH:
MODULE GLOBAL: MODULE TRAVAIL: MODULE SPORT:
TOTAL:
QUESTIONNAlRE-WORC:
MODULE SYMPTOMES PHYSIQUES: MODULE SPORT / LOISIRS:
MODULE TRAVAIL: MODULE STYLE DE VIE: MODULE
EMOTIONS: TOTAL:
Evaluateur - Date : 4
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Projet: Efficacité d’un programme de renforcement et de contréle neuromusculaire des membres supérieurs sur la
fonction de I'épaule de personnes ayant une tendinopathie de la coi'ﬂ'e des rotateurs: essai clinique randomisé
(Ager et al. 2015) Approbation du CER 2015-446

NUMERO D’ INDENTIFICATION :
DATE DE L’EVALUATION (JOUR/MOIS/ANNEE) - / /

FEUILLE DE ROUTE - RENCONTRE INITIALE
A.PREPARATION AVANT L’ARRIVEE DU SUJET

1. Préparer tous les documents papiers :

= Formulaire de consentement;

=  Questionnaire DASH;

=  Questionnaire WORC;

=  Questionnaire Edinburgh Handedness;

= Cntéres d’éligibilité objectives;

=  Ordre de déroulement des procédures d'évaluation;
2. Préparer le maténel pour la rencontre :

= lit electrique

= Inclinometre

= dynamometre + sangles

= gallon

= balance

= ruban adhésif

= sac de sable (évaluation de 6 semaine)

B. ACCUEIL ET EVALUATION DU SUJET

Accueil du sujet : expliquer le déroulement de la rencontre et répondre aux questions;
Vérifier le formulaire de consentement, DASH, WORC, Handedness Invenvory
Evaluer les critéres d’éligibilité;

Peser et mesurer le sujet

Mesure d'amplitude articulaire bilat (flexion, RE, RI, abduction)

Mesures de force bilat (rotation externe a 90 d'abduction, abduction)

° ® N o W0 ohoWw

Expliquer la randomisation et les suivis pendant 6 semaines

10. Questions et remercier du participant
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APPENDIX G: Objective physical evaluation form (6-week follow up)

B uNivERSITE ‘* Fo
£D.  Projetde recherche #2015.446
NUMERO D’ INDENTIFICATION :

INFORMATIONS GENERALES — EVALUATION FINALE PAR L'EVALUATEUR

ETUDE : EFFICACITE D’UN PROGRAMME DE RENFORCEMENT ET DE CONTROLE

NEUROMUSCULAIRE DU MEMBRE SUPERIEUR SUR LA FONCTION DE L'EPAULE DE PERSONNES
AYANT UNE TENDINOPATHIE DE LA COIFFE DES ROTATEURS: UN ESSAI CLINIQUE RANDOMISE.

1. DONNEES SOCIODEMOGRAPHIQUES ET ANTHROPOMETRIQUES

1.1 Epaule atteinte DROITE GAUCHE

AMPLITUDE ACTIVE / PASSIF A L'EPAULE (Douleur = 0-10)

MOVEMENT ACTIF DEBOUT DROIT (A/P) GAUCHE (AP)

FLEXION

ABDUCTION

ROTATION EXTERNE (90° ABD)

ROTATION INTERNE (90° ABD)

QUESTIONNAIRE GROC:
CHANGEMENT NOTE (1-3): NIVEAU DE CHANGEMENT (1a 7ou-13a-7)

QUESTIONNAIRE DASH:

MODULE GLOBAL: MODULE TRAVAIL: MODULE SPORT: TOTAL:

QUESTIONNAIRE WORC:
MODULE SYMPTOMES PHYSIQUES: MODULE SPORT/ LOISIRS:

MODULE TRAVAIL: MODULE STYLE DE VIE: MODULE EMOTIONS:

TOTAL:

Evaluateur - Date :
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NUMERO D’ INDENTIFICATION
DOULEUR EPAULE ATTEINT AVANT MESURES DE FORCE: Mo
FORCE ISOMETRIQUE DE L’EPAULE
ROTATION EXTERNE (.-i 0° ABD) DROITE GAUCHE
ESSAI 1 (NEWTONS)

ESSAI 2 (NEWTONS)

ESSAI 3 (NEWTONS) (si > 10% de différence)

Moyenne des essais (NEWTONS)

ABDUCTION (A 0° ABD) DROITE GAUCHE
ESSAI 1 (NEWTONS)

ESSAI 2 (NEWTONS)

ESSAI 3 (NEWTONS) (si > 10% de différence)

MOYENNE DES ESSAIS (NEWTONS)

DOULEUR EPAULE ATTEINTE APRES MESURES DE FORCE: Mo

STATION SAC DE SABLE:
30 lever en 3 minutes 30 seconds

Passerr OUI / NON / NON-TENTE

Temps:

Nombre de répétition:

Evaluateur - Date : 2

148



APPENDIX H: DASH questionnaire (French Canadian)

QuesTioNNAIRE DASH SUR LES INCAPACITES RELIEES A UNE ATTEINTE AUX MEMBRES SUPERIEURS

Evaluez votre capacité & faire les activités suivantes au cours de la derniére semaine en encerclant le numéro dans la colonne
appropriée. Répondez en vous basant sur votre capacité i réaliser la tiche sans vous soucier de comment vous |"effectuer ou
de guelle main vous utilisez pour réaliser Iactivite.

Pas de Dilfhiculte Dithiculte [I'ifdﬁiiuﬁ:é

difficulte legere moyenne severg Incapable
1. Ounrir un pot neuf ou ferme serre. 1 2 k] 4 5
2. Edire. 1 2 3 4 5
3. Tourner une clé. 1 2 3 4 5
4. Preéparer un repas. 1 2 3 4 5
5. Ounvrir une porte lourde en pouwssant. 1 2 3 4 5
&. Placer un cbjet sur une tablette situce au- 3 9 3 4 5
dessus de votre téta.
7. Faire de gros travawx menagers (ex.: laver i 2 3 4 5
les mwrs, laver les planchers).
8. Jardiner ou faire I'entretien d'un terrain. 1 2 k] 4 5
9. Faire un lit. 1 2 E 4 5
10. Transporter un sac d’épicerie ou un porte- 4 2 3 4 5
document (valise).
11. Tmnsp-l:urter un objet lourd (plus de 10 i 2 1 4 5
livres).
12. Changer une ampouls situés au-des:us de 1 2 3 4 5
votre téte.
13. Laver vos chevewx ou sécher vos chevews a ) 9 3 4 5
I"aide d'un séchair
14. Laver votre dos. 1 2 3 4 5
15. Mettre un chandail. i 2 E] 4 5
16, Utiliser un couteau pour couper des
ali - 1 2 E] 4 5
17. Activités de loisirs qui exigent peu d'effort 1 2 3 4 5
{e0e. 1 jousr awx cartes, enc.).
18. Activites de loisirs dans lesquelles votre
bras, votre épaule ou votre main subit un 1 2 3 4 5
impact (ex.: golf, utiliser un marteau,
tennis, ek, ).
19. Activites de loisirs durant lesguelles vous
bouger votre bras librement: (ex.: jouer au 1 2 3 4 5
frishee, au badminton, etc_).
20. Déplacements (transports). 1 2 3 4 5
21. Activités sexuelles. 1 2 3 4 5
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QuesTionNAIRE DASH SUR LES INCAPACITES RELIEES A UNE ATTEINTE ALY MEMBRES SUPERIEURS

Pas du tout Un peu Moyennement  Beaucoup Extrémement
22 Au cours de la demigére semaine, dans
quelle mesure votre probléme au bras, a
I"épaule ou a la main a-t-il nui a vos . 7 3 4 5

activites sociales habituelles avec votre
famille, amis, voisins ou groupes?
{encerclez un chiffire)

Pas limité Légérement Moyennement Trés Bmiteé

du tout it fimité Incapable

23, Au cours de la demigre semaine, avez-vous
&té limité dans votre travail ou dans vos
autres activités habituelles & cause de 1 2 3 4 5
viotre probléme au bras, a"épaule ou a la
main? [encerclez un chiffre)

Evaluez la sévérité des symptdmes suivants au cours de la demidre semaine. (encerclez un chiffre)

Aucune Légére Modérée Severe Extréme

24. Doulewr au bras, a I'épaule ou a la main. 1 2 3 4 5
25. Douleur au bras, a "épaule ou a la miain

lorsgue vous réalisez toute activite 1 ] 3 4 5

ﬂ'ciliqﬂ.
26. Picotements (fourmillements) au bras, a

e . ; | 2 3 4 5

I"'gpaule ocu a la main.
27. Faiblesse aw bras, a I'épaule ou a la main. 1 2 3 4 5
28. Raideur: (manque de souplesse) au bras, & i 3 3 4 5

I"épaule ow a la main.

Pasde  Difficulté  Difficulté  Difficulté Tellement de

. . difficulté que je ne
difficulte legére moyenne severe pas doresir
29. Au cours de la demiére semaine, dans

quelle mesure avez-vous eu de la difficulte

a dormir a cause de votre douleur au bras, 1 2 3 4 5

a l"épaule ou a la main? {encerclez un

chiffre)
Fortement En [ d-_au:mrd Fort t en

en Jsaccord mi en En accord accord

désaccord désaccord

30. Dans guelle mesure étes-vous d'accord
aver |la phrase suivante : = Je me sens
moins capable, moins confiant ou moins 1 2 3 4 5
utile & cause de mon probléme au bras, a
"épaule ow a la main =.

COTATION DU DASH INCAPACITEISYMPTOME = ( [ somme des valeurs choisies -1) x25
Lnombre de questions répond
Un score du DASH ne peut pas étre calculé 5'il y a plus que 3 réeponses manguantes.

@ Institute for Work & Health 2006. All rights reserved.
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QuesTIONNAIRE DASH SUR LES INCAPACITES RELIEES A UNE ATTEINTE AUX MEMBRES SUPERIEURS

MODULE TRAVAIL {(OPTIONNEL)

Les guestion: suivantes portent sur l"impact de votre probléme au bras, a "épaule ou & la main sur votre capacité a
travailler (incluant = benir maison = 5 cela est votre principale eccupation).

Indiquez quel est votre travail méme =i votre probléme au bras, a U"épaule ou a la main vous empéche de le réaliser
actuellement :

O Jen'ai pas de travail. (He répondez pas a cette section.)

Encerclez le numéro qui décrit le mieux votre capacité physique au cours de la demigére semaine. Si vous n'avez pas eu
I"'occasion de réalizer votre travail au cours de la demiere semaine, faites de votre mieux pour choisir la réponse qui serait
la plus juste. Avez-vous eu de la difficulte & -

Fas de Ditficults Difficulte Dificulte
difFicultss kipire enne iy IMCApable
iy
1. utilizer la méme technique de travail que ) 2 3 4 5
d' habitude?
2. faire votre travail habituel & cause de votre 1 3 3 4 5
douleur au bras, a l"epaule ou a la main?
1. faire votre travail auss bien que vous i 3 3 4 5
L"awriez voulu?
4. passer le méme nombre d’heures que 1 3 3 4 5

d'habitude a réalizer votre travail?

MODULE SPORTS/MUSIQUE (OPTIONNEL)

Les guestion: suivantes portent sur lMimpact de votre probléme au bras, a Iépaule ou & la main sur la pratique d’un
instrument de musique, d'un sport ou des dewx. 5 vows pratiquez plus d'un sport ou d'un instrument (ou les deux),
répondez en considérant I’ activité qui est la plus importante pour vous.

Indiquez le sport ou Minstrument qui est le plus important pour vous peu importe si votre probléme au bras, a l"épaule ou a
la main vous empéche de le réaliser actuellement :

O Je ne pratique pas un sport ou un instrument. (He répondez pas a cette section.)

Encerclez le numéro qui décrit le mieux votre capacité physique au cours de la demigre semaine. 5i vous n'avez pas eu
I"occasion de réaliser cette activité au cours de la demiére semaine, faites de votre mieuws pour choisir la réponse qui serait
la plus juste. Avez-vous eu de la difficults & -

Pas de Difficults Difficulte Difficults e
difficulté légére moyenne sévere  Incapab
1. utiliser la méme technigue que o habitude ] S B 4 -
pour pratiguer votre instrument ou sport?
2. pratiquer votre instrument ou sport habitue]
a cause de la doulewr au bras, a I"épaule ou 1 2 3 4 5
& la main?
3. pratiquer votrs instrument ou sport habituel 1 2 3 4 5
aussi bien gue vous 1"auriez voulu?
4. passer le méme nombre d'heures que
d’habitude a pratiquer votre instrument ou 1 2 3 4 5

sport?

COTATION DES MODULES OPTIONNELS : Additionnez les valews encerclées;
divisez par 4 (nombre ditems); soustramre 1; multipliez par 25.
Lin score au module optionnel pe peut pas étre calcule si des items ne sont pas répondus.
@ Institute for Work & Health 2006. All rights reserved.
French Canadian translation courtesy of Durand et al, Université de Sherbrooke, Longueuil, Canada
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APPENDIX I: WORC Index (French Canadian)

Western Ontario Rotator Cuff Index

Instructions

Dans le questionnaire suivant, vous aurez a répondre a des questions dans le fomat qui suit et vous
devrez donner vofre réponse en plagant une barre oblique « / » sur la ligne horizontale.

NOTE :

1. Si vous placez une barre oblique « / » a l'extréme gauche de la ligne, comme dans I'exemple qui suit
| }
dl 1

vous indiquez alors que vous n'avez aucune douleur.

2. Sivous placez une barre oblique € / » al'extréme droite de la ligne, comme dans exemple qui suit
1 Vv

. 7
vous indiquez alors que votre douleur est extréme.

3. Prenez note :
a) Que plus vous placez votre barre oblique « / » a droite et plus vous présentez ce symptome;
b) Que plus vous placez votre barre oblique « / » 3 gauche et moins vous présentez ce symptome;

c) Qu'il est important de ne pas placer votre barre oblique «/» en dehors de la ligne
horizontale.

Vous devez indiquer dans ce questionnaire l'intensité des symptomes ressentis dans la demiére semaine
en relafion avec votre probleme d’épaule. Si vous n'étes pas en mesure de déterminer quelle épaule est
concemée ou si vous avez d'autres questions, veuillez demander des précisions avant de compléter ce
questionnaire.

Si, pour une raison ou une autre, vous ne comprenez pas une question, s'l vous plait, référez-vous aux
explications qui se trouvent a la fin de ce questionnaire. Vous pourrez par la suite répondre en plagant une
barre oblique & / » sur la ligne horizontale a I'endroit approprié. Si une question ne s’applique pas a votre
situation, ou encore si elle conceme un symptome qui ne s’est pas présenté au cours de la derniére
semaine, veuillez imaginer la réponse qui correspondrait le mieux a votre situation.

Version ornginale : The Development and Evaluation of a Disease-Specific Quality of Life Measurement Tool for 1
Rotator Cuff Disease: The Westem Ontario Rotator Cuff Index, American Academy of Orthopaedic Surgeon's
Annual Meeting Book of Abstracts, 1998.
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Section A : Symptomes physiques

Instructions

Les questions suivantes concemnent les symptomes physiques que vous avez ressentis en
relation avec votre probléme a I'épaule. Dans tous les cas, veuillez indiquer I'intensité du
symptome ressenti dans la derniére semaine. Veuillez donner votre réponse en plagant une
barre oblique « / » a Pendroit approprié sur la ligne horizontale.

1. Dans quelle mesure éprouvez-vous de la douleur aigué a votre épaule?

Aucune Douleur

douleur : extréme

2. Dans quelle mesure éprouvez-vous de la douleur constante et lancinante a votre épaule?

Aucune | ] Douleur
douleur | | extréme

3. Dans quelle mesure éprouvez-vous de la faiblesse a votre épaule?

Aucune | ] Faiblesse
faiblesse | | extréme

4. Dans quelle mesure éprouvez-vous de la raideur ou un manque d'amplitude de mouvement a
votre épaule?

Aucune 1 1 Raideur
raideur I | extréme

5. Dans quelle mesure étes-vous dérangé(e) parce que votre épaule claque, grince ou craque?

6. Dans quelle mesure éprouvez-vous de I'inconfort aux muscles de votre cou en raison de votre
épaule

Aucun | I Inconfort
inconfort I 1 extréme
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Section B : Sports / Loisirs

Instructions

La section suivante porte sur les conséquences que votre probléme d’épaule a eues sur
vos activités sportives ou vos loisirs au cours de la derniére semaine. Veuillez donner
votre réponse en plagant une barre oblique «/» a I'endroit approprié sur la ligne
horizontale.

7. Dans quelle mesure vofre épaule a--elle affecté votre condition physique?

I\ucmem:entI Extrémement
affectée |

:

8. Dans quelle mesure votre épaule a-t-elle affecté votre capacité a lancer fort ou loin?

Aucunement | | Extrémement
afiectée | I affectée

9. Dans quelle mesure éprouvez-vous de la difficulté quand quelqu’un ou quelque chose va
entrer en contact avec vofre épaule atteinte?

Aucune 1 1 Crainte
crainte I | extréme

10.Dans quelle mesure éprouvez-vous de la difficulté en raison de votre épaule lorsque vous
faites des push-ups ou d’autres exercices exigeants pour I'épaule?

Aucune 1 1 Difficuite
difficuite | | extréme
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Section C : Travail

Instructions

La section suivante porte sur votre probléme d’épaule et ses conséquences au cours de la
demiére semaine sur vos fiaches quotidiennes a Iintérieur et a I'extérieur de la maison.
Veuillez donner votre réponse en plagant une barre oblique « / » a I'endroit approprié sur la
ligne horizontale.

11.Dans quelle mesure éprouvez-vous de la difficulté dans vos taches quotidiennes a la maison
ou dans la cour / le jardin?

Aucune t Difficulté
difficulte | extréme

12.Dans quelle mesure éprouvez-vous de la difficulté a travailler avec le bras au-dessus de
Fépaule?

Aucune | | Difficuité
difficuits ! 1 extréme

13.Dans quelle mesure utilisez-vous votre autre bras pour compenser pour votre bras atteint?

Pas du tout 1 | Constamment
| 1

14.Dans quelle mesure éprouvez-vous de la difficulté quand vous soulevez des objets lourds a
hauteur d’épaule ou en-dessous du niveau de I'épaule?

Aucune L | Difficulté
difficuité | | extréme
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Section D : Style de vie

Instructions

La section suivante porte sur les conséquences que voire probléme d’épaule a eues sur
votre style de vie au cours de la derniére semaine. Encore une fois, veuillez donner votre
réponse en plagant une barre oblique « / » a I'endroit approprié sur la ligne horizontale.

15.Dans quelle mesure avez-vous de la difficulté a dormir en raison de vofre épaule?

Aucune i : Difficulté

16.Dans quelle mesure avez-vous de Ia difficulté a vous coiffer les cheveux en raison de votre
épaule?

Aucune | ] Difficuité
difficuits | | extréme

17.Dans quelle mesure avez-vous de la difficulté a vous « chamailler », 3 vous « tirailler » ou a
« jouer vivement » avec des membres de votre famille ou des amis?

Aucune 1 1 Difficulté
difficulte I | extréme

18.Dans quelle mesure avez-vous de la difficulté a vous habiller ou vous déshabiller?

Aucune 1 1 Difficuite
difficulte | | extréme
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Section E : Emotions

Instructions

Les questions qui suivent font référence a la fagon dont vous vous étes senti(e) par rapport
a votre probléme d’épaule au cours de la demiére semaine. Veuillez donner votre réponse
en plagant une barre oblique « / » a 'endroit approprié sur la ligne horizontale.

19.Dans quelle mesure ressentez-vous de la frustrafion a cause de votre épaule?

Aucune 1 I Frustration

20.Dans quelle mesure vous sentez-vous « au fond du baril » ou déprimé en raison de votre
épaule?

21.Dans quelles mesures éfes-vous inquiet (inquiéte) ou préoccupé(e) par les répercussions de
votre probléme d’épaule sur votre travail / vos occupations?

Aucunement | | Extrémement
7 g - .

MERCI D’AVOIR COMPLETE LE QUESTIONNAIRE
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Explications des questions du WORC

Section A : Symptomes physiques

Question 1.

Fait référence a la douleur a votre épaule qui est bréve et soudaine ou que vous pourriez qualifier
de momentanée.

Question 2.

Fait référence a une douleur sourde et diffuse qui semble éfre toujours Ia comparativement a la
douleur aigué dont il est question a la question 1.

Question 3.

Fait référence a un manque de force pour effectuer un mouvement.

Question 4.

Fait référence a la sensation que I'articulation ne veut pas bouger. Ceci est souvent ressenti le
matin au lever, aprés des exercices ou apres une période d'inactivité. Peut aussi faire référence a
une diminution de mouvement de votre épaule dans une ou plusieurs directions.

Question 5.

Fait référence a tous ces bruits ou sensations que vous ressentez dans vofre épaule peu importe
le mouvement que vous exécutez.

Question 6.

Fait référence a I'importance de Ia tension, de la douleur ou des spasmes que vous ressentez au
niveau des muscles de votre cou, qui semblent causés par vofre probléme d'épaule.

Section B : Sports/Loisirs

Question 7.

Fait référence a la forme physique que vous mainteniez avant le début de votre probléme
d’épaule (sont incluses une diminution de vofre force et de vofre tonus musculaire, ou la
diminution de vofre forme cardiovasculaire).

Question 8.

Fait référence a fout type d'activité avec le bras au-dessus de I'épaule qui demande une certaine
force dans son exécufion. Si vous ne lancez pas de balle, SVP, considérez toute autre activité
comme un smash au volleyball, lancer un baton a votre chien, nager au crawl, servir au tennis,
efc.

Question 9.

Veuillez considérer toute situation ol vous étiez sur vos gardes ou avez eu peur que quelqu'un ou
quelque chose frappe ou touche vofre épaule, comme par exemple, dans un endroit achalandé,
dans un ascenseur, pendant la pratique d'un sport ou lorsque quelqu’un vous salue en vous
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frappant sur 'épaule.

Question 10.

Fait référence a tout exercice qui vous demande de forcer avec votre épaule comme des « push-
ups » ou du « Bench press », etc.

Section C : Travail

Question 11.
Fait référence a des activités comme ratisser les feuilles, pelleter, épousseter, passer Faspirateur,
enlever les mauvaises herbes ou laver le plancher ou des fenéfres, etc.

Question 12.

Fait référence a foute activité demandant que vous leviez vos bras au-dessus de la hauteur des
épaules, c’'est-a-dire placer des assiettes sur une fablette €levée, essayer d'atteindre un objet,
peindre un plafond ou peindre avec le bras au dessus de la hauteur de 'épaule.

Question 13.

Fait référence au fait que vous utilisez votre autre bras pour toute activité ou pour votre travail,
alors que normalement, vous auriez accompli cette activité ou ce travail avec votre bras atteint. Si
vofre autre épaule est aussi symptomatique a cause d’une pathologie de la coiffe des rotateurs ou
a cause de toute autre maladie, veuillez, SVP, répondre a la question en faisant comme si votre
autre épaule était nomale.

Question 14.

Cette question ne fait pas référence au fait de lever des objets lourds au-dessus de la téte, mais
bien sous la hauteur des épaules. Par exemple : soulever un sac d'épicerie, une caisse de
boissons gazeuses, une valise, du matériel ou des outils au travail, des livres, etc.

Section D : Style de Vie

Question 15.

Fait référence a tout changement dans votre position de sommeil, au fait que vous vous réveillez
durant la nuit, que vous avez de la difficulté a vous endormir ou que vous vous réveillez le matin
sans vous sentir reposé(e).

Question 16.

Fait référence a tout ce que vous faites a vos cheveux et qui vous demande d'utiliser votre bras
problématique. Par exemple : vous peigner, vous brosser ou vous laver les cheveux.

Question 17.
Fait référence a des jeux physiques vigoureux ou exigeants avec votre famille ou vos amis.

Question 18.

Fait référence au fait d’ouvrir ou de fermer une fermeture-éclair située dans votre dos, au fait de
boutonner/déboutonner des boutons situés dansvotre dos, d'attacher ou détacher un soutien-
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gorge, d'enlever ou de mettre un chandail, ou encore de renfrer une chemise ou un chandail 3
lintérieur d'un pantalon.

Section E: Emotions
Question 19.

Fait référence a la frustration que vous ressentez face a votre incapacité, qui vous empéche de
faire les choses que vous faites habituellement.

Question 20.
Se sentir au fond du baril : avoir le cafard, étre déprimé, triste.

Question 21.

Fait référence a vos inquietudes face a la condition de vofre épaule qui risque de se détériorer
plutdt que de s'améliorer, et face aux conséquences que cela pourrait avoir sur vos occupations
ou votre fravail (considérez aussi les activités quotidiennes a lintérieur et a Fextérieur de la
maison).
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Cotation du questionnaire Western Ontario Rotator Cuff Index

1. Mesurez la distance a partir de la gauche de [a ligne en millimétres (mm), au 0,5mm prés.
Inscrire chaque score a I'endroit approprié pour chacune des questions.

2. En additionnant le total des scores obtenus dans chaque domaine, vous obtiendrez un score
sur 2100.

3. Pour convertir le score en pourcentage, le score obtenu doit éfre sousfrait a 2100 et divisé
par 21. Ex. Pour un score de 1625, le pourcentage sera (2100-

1625)/21= 22,6%. Travail
Symptomes LB
physiques Sports/ Loisirs T12
SP1 sSLT__ T13
SP2 SiL8 T14
SP3 sLe__ Total -
SP4 SL10
SP5 Total:
SP6
Total :
Emotions Résumé
- E19 SRE. .
Style de vie
E20 SL:____
SV 15
E21 T:
SV 16
Total : SV:
Sv17
E:
Sv18
Total :
Total :

10
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APPENDIX J: Edinburg Handedness Inventory (French)

NUMERO D INDENTIFICATION :
DATE DE L’EVALUATION (JOUR/MOIS/ANNEE) - / /

EDINBURGH HANDEDNESS INVENTORY

ETUDE : LES DEFICITS MOTEURS OBSERVES A LA SUITE D’UNE ATTEINTE MUSCULOSQUELETTIQUE
PEUVENT-ILS ETRE EXPLIQUES PAR UNE REORGANISATION CENTRALE?

Indiquez votre préférence a utiliser 1a main gauche ou la main droite pour accomplir les activités
suivantes en inscrivant une ou deux croix (+ ou ++) dans la colonne appropriée. Lorsque, pour une
activité donnée, vous n’avez pas de préférence et que vous utilisez autant la main gauche que la main
droite, placez une croix (+) dans chacune des colonnes. Par contre, si vous avez une préférence
marquée pour une main et que vous n’utiliseriez jamais 1’autre main 3 moins d’y étre forcé. Inscrivez
deux croix (++) dans 1a colonne appropriée.
Certaines de ces activités requiérent 1'usage des deux mains. Dans ces cas, I'identification de 1a main
concemnée par la question est écrite entre parenthéses.
Efforcez-vous de répondre a toutes les questions; toutefois, si vous n’avez aucune expérience de 1’objet
ou de la tiche évoqués dans une question, vous pouvez vous abstenir d’y répondre.

GAUCHE DROITE
ECRIRE
DESSINER
LANCER
CISEAUX (MAIN QUI COUPE)
BROSSE A DENT
COUTEAU
CUILLERE

BALAI (MAIN SUPERIEURE)

© ® NS AW N

FROTTER UNE ALLUMETTE

10. OUVRIR UNE BOIiTE (COUVERCLE)

ToTAL

Pour calculer le quotient de latéralité, appliquez 1a formule suivante :

QL = Md-Mg Md représente le nombre de croix de 1a colonne main droite
Md +Mg Mg représente le nombre de croix de 1a colonne main gauche
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APPENDIX K: Questionnaire of perception of change and satisfaction (French)
armss
Projet: Efficacité d'un programme de renforcement et de contrdle neuromusculaire des membres

supérieurs sur la fonction de I'épaule de personnes ayant une tendinopathie de la coiffe des rotateurs:
essai clinique randomisé (Ager et al. 2015) Approbation du CER 2015-446

NUMERO D INDENTIFICATION -
DATE DE LEVALUATION (JOUR/MOIS/ANNEE): / /
Semaine 6: 3 mois : 6 mois :

EVALUATION DU CHANGEMENT GLOBAL (GLOBAL RATING OF CHANGE)

Globalement, avez-vous noté un changement dans votre condition a I'épaule depuis I'évaluation iniiale?
Indiquez s'il y a eu un changement dans votre condition en choisissant parmi les trois opfions suivantes :

Changement noté Cochez

1 Détériore
2 — A peu prés pareil; ni mieux, ni pire; stable
3 — Amélioré

Si votre condition s'est améliorée ou déténorée depuis I'évaluation initiale, évaluez le niveau d’'amélioration
ou de détérioration en choisissant parmi ces sept options :

Amélioration Cochez Détérioration
1 —Un tantinet améliorée -1—Un tanfinet détériorée
2 —Un petit peu améliorée -2 —Un petit peu déténorée
3 — Quelque peu améliorée -3 — Quelque peu détériorée
4 — Modérément améliorée -4 — Modérément détériorée
5 — Pas mal améliorée -5— Pas mal détériorée
6 — Grandement améliorée -6 — Grandement détériorée
7 —Trés grandement améliorée -7 —Trés grandement détériorée

Sur une échelle de 1 a 10 (1 étant aucunement satisfait et 10 étant entiérement
satisfait) quel est votre degré de satisfaction global par rapport a vos traitements
regu pour votre probléme d'épaule?

0 1 2 3 4 5 [} T B 9 10
frés frés
insatisfait satisfait
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APPENDIX L: Usual Physiotherapy Care Intervention form (French)

W

WELIERS, a
Projet: Efficacité d’un programme de renforcement et de contrile nenromusculaire des membres supérieurs sur la fonction de I'épaule de b oo
personnes ayant une tendinopathie de la coiffe des rotateurs: essai clinique randomisé (Ager et al 2015) Approbation du CER 2015-446

SOINS HABITUELS - TENDINOPATHIE DE LA COIFFE

No® de participant: No® de traitement: Date:

Douleur pré-traitement au repos 10
S.V.P cochez les réponses qui correspondent le mieux aux traitements prodigués AUJOURD'HUL

MODALITES: [J Glace

CONSEILS: [J PRICES
0O Conseils posturaux
[ Eviter les activités provoquant de la douleur

O Repos relatif
O Position de sommeil
[ Conseils sur I'entrainement (Travail physique, PT, travail militaire)

EXERCICES D’AMPLITUDE ARTICULAIRE: (Indiquez direction et paramétres)
0 Actifs
O Actifs-assistés
O Passifs
[0 Mouvements répétés (précisez si McKenzie, Sahrmann ou autre)

ETIREMENTS / THERAPIE MANUELLE

0 MWMs (Technique Mulligan)
00 Thérapie manuelle: mobilisations
(0 Thérapie manuelle: manipulation
[0 Exercices de mobilité neurale
O ART (Active Release Therapy)
[ Etirements musculaires

[ Techniques myofasciales, techniques de tissus mous
O Autre, SVP précisez:

EXERCICES DE RENFORCEMENT (ELASTIQUE / POULIE / POIDS LIBRES / POIDS DU CORPS)

0 ABDucteurs [0 Fléchisseurs du coude
0 ADDucteurs 0 Rétracteurs de I'omoplate
[ Rotateurs externes O Protracteurs de l'omoplate
[0 Rotateurs internes (0 Musculation cervical
O Fléchisseurs 0 Musculation dorsale
[ Extenseurs 0 Autre:

Signature du physiothérapeute Date
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e
Wcreis 4
Projet: Efficacité d’un programme de renforcement et de controle neuromusculaire des membres supérienrs sur la fonction de I'épaule de
personnes ayant une tendinopathie de la coiffe des rotatenrs: essai clinique randomisé (Ager et al 2015) Approbation du CER 2015-446

Autre détails: (nombre total de séries et de répétitions, amplitude, résistance):

AUTRES TRAITEMENTS:

O Taping : (POSTURAL / NEUROPROPRIOCEPTIF)
O Rouleau myofascial
O Traitements de la région cervicale
O Traitements de la région dorsale
O Exercices de posture
O Exercices a chaine ouverte

O Exercices a chaine fermer

O Exercices de controle neuromusculaire

EXERCICES A DOMICILE:

:

O o o= O O 0o a a

RESTRICTIONS pour jours:

Douleur post-traitement au repos /10

Signature du physiothérapeute Date
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APPENDIX M: Upper Extremity Neuromuscular Training Program (Visual Guide)

FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 1: CONTROLE POSTURAL ET SCAPULO-THORACIQUE
Paramétres:1 série de 10 répétitions. 1.1 Maintenir la position pour 10 secondes.

1.3.1 1.3.2 14
(1.5 avec poids libres)

1.2-1.6 Faire 1 série de 15 répétitions.

STATION 2: MISE EN CHARGE Paramétres: Maintenir la position 30 secondes, faire 3 répétitions.

FEITRER

24 2.5.1

25.2 2.5.3 2.54 2.5.5 2.5.6
A partir de 2.5.4 Faire 2 séries de 10 répétitions de chaque coOté.
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 3: REEDUCATION NEUROMUSCULAIRE DE LA COIFFE DES ROTATEURS
Parameétres: 3.1: 5 Faire 5 répétitions. Maintenir la position 10 secondes, chaque coté.

3.2.3

[
f. Parametres: 3.2 a 3.4: Faire 2 séries de 15 répétitions.

3.2.4

3.3.1 3.3.2 3.3.3 334
3.4: Pratique des mouvements de rotation externe ou interne (positons
variées) avec bande élastique ou poulie en variant les vitesses.

STATION 4: REEDUCATION NEUROMUSCULAIRE DE LA COIFFE DES ROTATEURS
(CONTROLE MOTEUR EN ELEVATION)

4.3 Controdle scapulo-
thoracique en négatif en
variant la vitesse des
mouvements.

4.1 4.2
Parameétres: Faire 2 séries de 10 répétitions avec un temps de retour de 10
secondes.
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 5: REEDUCATION NEUROMUSCULAIRE DU DENTELE ANTERIEUR
Parameétres: Faire 2 séries de 15 répétitions.
5.5 - 5.6: Avec poids libres, élastique, ou poulie.

5.8 . 5.10

STA:I'ION 6: REEDUCATION NEUROMUSCULAIRE DES TRAPEZES MOYENS ET
INFERIEURS Paramétres: Faire 2 séries de 10 répétitions avec un retour de 5
secondes, de chaque coOté.

6.1 6.2 6.3 6.4
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 7: STATION BODY BLADE (BB)
Paramétres: Faire 3 répétitions de 15-20 secondes, de chaque cé6té.

/n \

o
7;1 horizontale 7.2.1 horizontale 7.3.1 horizontale 7.4.1 horizontale
7.2.2 verticale 7.3.2 verticale 7.4.2 verticale
l [
" ".'--.\ I
7.5.1 7.6.1 horizontale 7.7.1a horizontale 7.7.1b
horizontale 7.6.2 verticale 7.7.1a verticale horizontale
7.5.2 verticale 7.7.2b verticale

7.6 — 7.7 : Pertubations avec mouvements.
7.7 Debout sur une surface instable.

a) Sur les deux jambes

b) Sur une jambe
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 8: PROPRIOCEPTION ET CONTROLE MOTEUR
Paramétres: Faire3 séries de 20 répétitions.

L'exercice de I'alphabet est a faire jusqu'a ce que vous ressentiez une bonne
fatigue musculaire.

8.1.2 8.2 8.3
Progression:
1. Petits cercles
2. Figure en 8
3. Alphabet (A-Z)

8.3 - 8.4 Progression avec poids libres.

8.4

STATION 9: LES LANCERS
Paramétres: Faire 3 séries de 20 répétitions.

.

9.1 9.2 9.3 9.5
Dribbler un Dribbler un Lancer un Pratique des lancers dans
ballon au sol ou ballon au sol ballon au mur plusieurs directions et a
au mur avec les ou au mur avec les 2 différentes vitesses avec
2 bras avec 1 bras bras bande élastique ou poulie
(un bras a la fois).
9.4
Lancer un
ballon au mur
avec 1 bras

Progression: Au mur, au sol, contre un trampoline, sur des cibles.
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 10: EPREUVES FONCTIONNELLES
10.1 PUSH-UPS Paramétres: Faire 3 séries de 20 répétitions.

10.1.4 10.1.5

10.2 PUSH-UPS DYNAMIQUES
Paramétres: Faire 3 séries de 20 répétitions.

—*\—

10.2.1 10.2.2
Au sol, en appui les coudes, pousser sur les Dans la position push-up, en
bras (un a la fois) pour monter en appui sur appui sur les mains, monter sur
les mains et redescendre au sol un obstacle puis redescendre
(step / Bosu / disque de
stabilité)

10.2.3 10.2.4a 10.2.4b 10.2.4c

Progression:

a) Push-ups avec base de support large (les coudes vers I'extérieur)
b) Push-ups de triceps ( les bras prés du corps)

€) Push-ups du diamant (avec les pouces et l'index qui se touchent)
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE
NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

10.3 STATION DE "'BENCH PRESS’
Parameétres: Faire 2 séries de 15 répétitions.

i
L&

10.3.1 10.3.2
10.3.3 Pratique du mouvement de 'bench press’ a différentes vitesses

PROGRESSION: Sans charge, avec poids libres, avec barre de bench press,
avec barre de bench press et poids.

10.4 STATION DES MOUVEMENTS FONCTIONNELS COMBINES
Paramétres: 2 séries de 15 répétitions. 10.4.1-2: bilatéralement.

104.1

{(\._‘ Y "/\ v:/

minf 3

10.43

10.4.4

10.5 STATION DE MANIPULATION DE SACS DE SABLE
(STANDARD DU TEST FORCE) 10.5.1 -4

‘ ‘ Parameétres:

= Débutant: 3 séries de 10 répétitions. Progression:

* Intermédiaire: 3 séries de 15 1. Sans charge
repetitions. 2. Poids libre

* Avancé: 30 soulévements en 4 3. Kettle bell
minutes. 4. Sac de sable

10.5
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FEUILLE DE ROUTE DU PROGRAMME DE RENFORCEMENT ET CONTROLE

NEUROMUSCULAIRE DU MEMBRE SUPERIEUR

STATION 11: MOUVEMENT Y EN MISE EN CHARGE (SFMA Y BALANCE TEST)

Parameétres: Faire 5 répétitions du mouvement dans chaque direction avec chaque bras.

Direction médiale

Direction inféro-latérale Direction supéro-latérale

DIRECTIVES:

1. Enlever les chaussures avant d’entamer le test.

2. Se placer en position push up avec une main (droite ou gauche) sur
le centre de la plaque d'appui. La main doit étre derriére la ligne
rouge et paralléle au bord de la plaque.

3. Placer le bout de I'autre main sur la boite mobile du c6té opposé a
votre bras fixe.

4. Tout en maintenant la main fixée sur la plaque d’appui, avec Fautre
main, pousser sur la zone rouge. Il faut pousser la boite aussi loin
que possible tout en gardant un bon contréle du mouvement. La
main doit maintenir un contact régulier avec la portion rouge de la
boite (ne pas lancer ou utiliser le momentum pour effectuer le
mouvement). Il ne faut pas utiliser la boite mobile comme appui.

5. Ramener la main a la position de départ avec un bon contréle du
mouvement, en gardant la position push up et sans toucher le sol
avec la main en action.

6. Refaire les mémes étapes mais, cette fois, pour la boite du méme
c6té que le bras en appui et, ensuite, pour la boite devant vous.

7. Répéter deux autres fois.

8. Faire trois essais par mouvement, et ce, pour chaque bras.

N.B Vous devez effectuer chaque mouvement trois fois avant d'alterner le
bras de support dans le méme direction. Ceci est considéré une répétition.
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APPENDIX N: Upper Extremity Neuromuscular Training Program (Patient Tracking Sheet)
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APPENDIX O: Scientific approval from the Scientific Committee of the CIRRIS /
IRDPQ

CR/R

Cardre o rwchrche
Interdisclpiinaie
e réaaprorion q
AU Mornial MErmpovian \

Centre Interdoplinaire de recherche
en réacdapration et Intégratan sacide

4 Septembye, 2015

Dr. Luc J Hébett, FhD
Département de Réadaplation
Université Laval

Cher Dr. Héberd,

La présenie leffre vous confirme que le comite d'évaluation scientifique a jugé volre projet
(CIRRIS-150715 Effectiveness of the Upper Extremity Neoromuscular training Program
(UpEx-NTP) on shounlder function of people with rotator cuff tendinopathies : A Randomized
Control Trial) conforme aux standards Sclentfiques en wigueur. Cette letire, les grilles
d'évaluation, ains| que votre protocole de recherche seront iInclus dans votre dossier soumis au
Comite d'étheque. Les responsables du comilé d'éthique feront le suna avec vous quanl au
progrés de votre projet.

Veuillez agréer, Fexpression de mes sentiments les meilleurs,

Julie Cota, Ph.D.

Présidente

Comitd d'évaluation sciontifiquo CRIR/CIRRIS
Téléphons : (514) 398-4184 poste 0539
Courried : julio.coteZ@mcgill.ca
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APPENDIX P: Ethical Approval (CIRRIS - IRDPQ)

Certificat d'éthique
Projet de recherche

Quédec, le 4 novembre 2015

Nous attestons que les membres du comité d'éthique de la recherche de Institut de réadaptation en
déficience physique de Québec ont évalué le projet de recherche # 2015446  «Efficacité d'un
programme de renfarcement et de conltrble neuromusculaire du membre supérieur sur la fonction de
Fépaule de personnes ayant une tendinopathie de la coiffe des rotateurs: un essal dinique randomise, »,
lors de la séance du 22 actobre 2015.

Soumis par;  Luc ), Hébert, PhD,
Collaboration en affiliation avec le CIRRIS ou IUniversité Laval -
Jean-Sébastien Roy, Ph.D.

Les membres du comité sond

Sylvain Audair (spécialiste en éthique}

Lucie D*Anjou (représentante clinique)

Jean ) Frenette {représentant des ulilisateurs de services)

Ariane lmreh (spédialiste en droit)

Johanne Lambert (représentante des gestionnaires diniques)

Désirée Maltais (personne ayant une vaste connaissance de la recherche)
Pascal Minville (représentant des utilisateurs de services)

Jacques Vachon (personne ayant une vaste connaissance de la recherche)
Julien Voisin {personne ayant une vaste connaissance de |a recherche)

Nous certifions que ce projet de recherche est conforme au point de vue de I'ethigue et quil est
approuve jusqu'au 30 jamvier 2016.

Sylvain Audair, président du comité d'éthique de la recherche de 'RDPQ

[Jecc: GRdes ésblssmnents du (RR g
[l c.c.: mime Lina Eyurgard, coomonnatrice du CER
[X c.c.: Mme Unda Graxs, CIRAIS
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Certificat d'éthique
Projet de recherche

Quibeg, ke 30 anvier 2017

A la lumiére des informations qui nous ont été transmises, les membres du comité d'éthique de la
recherche de I'Institul de réadaptation en déficience physique de Québec aulorisent le renouvellement
du cerificat d'éthique pour le projet de recherche # 2015446 « Efficacité dwn programme de
renforcement et de contréle neuromusculaire du membre supérieur sur la fonclion de Iépaule de
personnes ayant une tendinopathie de |a coiffe des rolateurs: un essai cinigue randomisss,

Soumis par - Luc ). Hibert, Ph.D.
Collaboration en affiliation awec le CIRRIS ou 'Université Laval ;
Jean-5ébastien Roy, Ph.D.

Les memipres du comime sont

Sylvain Auclair (spacialiste en othique)

Lucie D*Anjou (représentante clinigue)

(vacant) [représentant des wtilisateurs de semnvioes)

Arfane imreh {spédaliste en droit)

lohanne Lambert (représentante des gestionnaires clinigues)

Désiréa Ma ltais (personne ayant une vaste connaissance de la recherche)
Fascal Minville (représentant des utilisateurs de services)

Jacques Vachon (persanne ayant une vaste connaissance de la recherche)
Jubien Vaodsin (personne avant une vaste connaissance de la recherche)

Mous cedifions que ce projet de recherche est conforme aux exigences du comite d'ethigue de la
recherche et que le certificat d’éthigue est renouvelé jusgu'au 30 janvier 2018,

Sylvain Audlair, président du comite d'ethigue de la recherche de FIRDPG

[t o : Linda Gimrd, Syteie Aacdne (CIRAIS)
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APPENDIX Q: Letter from Surgeon General of the Canadian Armed Forces

Canadian Forces Health Services Group Headquarters
1745 Alta Vista Drive

Ottawa, ON

K1A OKé6

1000-1 (S&T Mgr)
/5Dec 15

Amanda Ager

Centre interdisciplinaire de recherche en réadaptation et cn intégration
sociale (CIRRIS)

Institut de réadaptation en déficiences physique de Québec (IRDPQ)
525, boulevard Wilfrid-Hamel, local H-0612

Québee, QC

GIM 2588

RESEARCH APPROVAL

1. On behalf of the Surgeon General’s Health Research Board, | am pleased to support your
study on “Effectiveness of the Upper Extremity Nevromuscular training Program (Up£x-NTP)
on shoulder function of military members affecied by rotaior cuff tendinopathies: A Randomized
Conirol Trial", Your research will help to support the Surgeon General's clinic practice
guidelines for Primary Care.

2 This is an interesting topic, and the information gleaned from your study could usefully
inform new guidelines for the management of rotator cuff tendinopathies. We look forward 1o
seeing the results from your work,

R.M. Paisson
Lieutenant Colonel

Science & Technology Manager
(613) 945-6665
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APPENDIX R: Awarded Grant: REPAR-OPPQ Program 4.2 for a clinical study

... o =— .
.%¢*~. REPAR Ordre professionnel
S-S FROS I ge la pé£|otherapne
s 0 ) u
’ Québec

Réseau provincial en adaptation-réadaptation
Montréal, le 2 juin 2016

Objet : Programme OPPQ/REPAR

Titre : « Efficacité dun programme de renforcement et de contrile
neuromusculaire du membre supérieur sur la fonction de I'épaule de
personnes ayant une tendinopathie de la coiffe des rotateurs : Un
essai clinique randomisé »

Co-chercheurs : Luc J. Hébert, Jean-Sébastien Roy, France Gamache, Myriam
Cyr, Sophie Bernard, Pierre-Marc Vézina, Anny Fredette

Programme : 4.2.1 Demande de support : 2016-17-#2

Madame,

Nous avons le plaisir de vous informer que votre candidature a été retenue dans le cadre du
partenariat OPPQ-REPAR et que celui-ci accepte de supporter votre demande dont le titre
apparait en rubrique.

Un budget de 15,000 $ a été approuvé

Le montant de la subvention vous sera versé sur réception d'une attestation de conformité
en éthique émise par un comité d'éthique de la recherche. De plus, le REPAR vous incite &
consulter la section « Engagement du récipiendaire » sur le site Web du REPAR (Programme
de recherche clinique en physiothérapie) afin de respecter les conditions associées a
l'acceptation de cette subvention. Les évaluations de votre demande sont jointes a cette
lettre.

1/2
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Par la présente, nous vous priens de faire parvenir une copie de cet avis d'actroi & chacun de
ves collégues, co-chercheurs, En recevant ce support, vous acceptez lo responsabilité de
soumettre un rapport détape scientifique et financier 12 mois aprés le début du projet de
recherche et un rapport final 3 mois aprés la fin du projet de recherche. De plus, vous Etes
tenu de produire un article pour la chrenique des récipiendaires de la revue Physio-Québec
de 'OPPQ. Tout membre d'une équipe qui n'aura pas répondu 4 ces exigences, se verra dang
limpessibilité d'cbtenir une autre subvention des deux orgonismes,

Mous vous souhaitons lo meilleure des chances dans la réalisation de wotre projet de
recherche,

Veuillez agréer, monsieur, I'expression de hos salutations distinguées.

Le Directeur scienhifique, Le président de 'OPPG),
Daniel Bourbennais, erg., Ph.D. benis Pelletier, pht, M. Sc.
GE/ b

p.J: Evaluations

c.ci Mme Marjolaine Lajoie, mlajoie®oppq.qc.ca
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APPENDIX S: Awarded Student Bursary from CIRRIS and Laval University

S CIRRIS

Centre interdiscipliraire de recherche
on réadaptation et intégration sociale

Québec, le 5 juillet 2016

Madame Amanda Ager
518, Avenue des Oblats, app.1
Québec (Qc) G1N 1V6

Objet : Votre demande au Programme de bourses du CIRRIS 2016-2017

Le Conseil de recherche s'est réuni le 21 juin dernier pour examiner et évaluer les demandes
de bourses qui ont &té soumises au Programme de bourses de 2= et de 3¢ cycles 2016-2017.

Il me fait plaisir de vous annoncer que voire demande a été retenue et que le Programme de
bourse du CIRRIS vous octroie une bourse de 2= cycle. Cette bourse est de 12 000 $ pour la
période s'échelonnant du 1% septembre 2016 au 30 aoidt 2017 (1an). Selon les régles du
programme, le CIRRIS et votre directeur contribueront a parts égales a cette bourse. Je vous
demande de contacter M™ Linda Girard vers le début du mois d'acit 2016 pour quelle
prenne les dispositions nécessaires au paiement de votre bourse. Cette bourse est
conditionnelle 4 ce que vous soyez inscrit(e) au registre du CIRRIS et que cette inscription
soit comptabilisable au niveau performance du Centre pour toute la durée de cette bourse.

Tel que stipulé dans les régles du Programme, vous devez présenter des demandes de
bourses a des organismes externes et si une offre de bourse vous est faite par un de ces
organismes pour la méme période en totalité ou en partie, vous étes tenu de I'accepter et
d'en aviser |la direction du CIRRIS aussitit et de la faire démarrer le plus tdt possible. Sila
bourse externe est inférieure A celle du Programme de bourse du CIRRIS, le Programme
comblera la différence si le cumul de bourses est permis par I'organisme externe. Si la
bourse externe est supérieure a celle du Programme, cette derniére cessera dés l'entrée en
vigueur de la bourse externe. Vous devez demander que votre bourse externe débute le plus

Centre intégre
M+ universitaire de santé
bl - | el de Services sociauy
TR N WERSIE de la Capitale-Mationale

Québec e

525 Boul. Hamel, Québec. Qc. G1M 258 Tel - (418) 649-3735 www cimis.ulaval.ca

Xl [T
- gt
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tSt possible. De plus, vous vous engagez a consacrer un minimum de 30 heures par semaine
{en moyenne) & ses activités de formation en recherche au cours de la période de la bourse.

Je vous offre, au nom du Consell de recherche et en mon nom personnel, toules mes
felicitations.

Lyne Kelly
Adjointe au directeur

¢.c. . Luc J. Hébert, Directeur des études
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