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RÉSUMÉ 

INTRODUCTION: La tendinopathie de la coiffe des rotateurs (TCR) entraine au quotidien des 

douleurs et faiblesses musculaires et une diminution du contrôle moteur à l'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 l'épaule utilisées en laboratoire et en clinique 

et d’en présenter les qualités métrologiques, ii) d'évaluer l'efficacité d’un programme 

d’entrainement neuro-musculaire en comparant son efficacité à réduire la douleur à l’épaule et en 

améliorer la fonction à celle obtenue par des soins usuels de physiothérapie. MÉTHODES: i) Une 

revue de 5 bases de données a été conduite d’octobre 2015 à juillet 2016 pour documenter les 

propriétés métrologiques de protocoles d’évaluation de la proprioception à l'épaule. Les études 

incluses ont été évaluées à l'aide de l’outil de contrôle QualSyst et de l'échelle COSMIN à 4 points. 

ii) Trente-trois soldats en service actif au sein des Forces armées canadiennes ont été assignés au 

hasard à 1) programme standardisé supervisé d’entrainement neuromusculaire et contrôle moteur 

(Exp) ou à 2) soins usuels de physiothérapie (Ctl). Les variables principales étaient les symptômes, 

la capacité fonctionnelle et les limitations physiques évalués avec le questionnaire Disabilities of 

the Arm, Shoulder and Hand (DASH) et la variable secondaire était l'indice Western Ontario 

Rotator Cuff (WORC). Toutes les variables ont été mesurées au départ (T0) et à 6 (T6) et 12 (T12) 

semaines après l'intervention. La comparaison des effets des interventions a été évaluée à l'aide 

d’une analyse per protocole (APP), analyse intention-traitement (AIT) et avec une analyse de 

variance à mesures répétées à 2 voies. RÉSULTATS: i) Vingt et une études (n = 407 participants, 

553 épaules) ont été retenues. Les études analysées confirment d'excellents scores 

méthodologiques avec l’outil QualSyst (88,1 ± 9,9%) et de bons scores avec le COSMIN pour la 

fidélité (71,1%) et un score de qualité modérée à faible (50%) pour la validité de critère. Les 

coefficients de corrélation intraclasse (CCI) pondérés pour la fidélité intraévaluateur étaient 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 l'outil les plus fidèles sont la rotation 

interne à 90 ° d'abduction (CCI = 0,88 ± 0,01 (n = 53)) et le dynamomètre (CCI = 0,92 ± 0,88 (n 

= 225)). Aucune étude n’a rapporté d’indices de sensibilité au changement. ii) Aucune interaction 

significative (p ≥ 0,101) de groupe × 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. 
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CONCLUSION: Ces données préliminaires suggèrent que les deux approches proposées 

conduisent à des améliorations comparables. L'utilisation d'une intervention de groupe axée sur 

l'exercice a le potentiel d'être aussi efficace qu'une approche un à 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 à l'épaule et l’utilisation d’une approche novatrice de traitement en 

groupe pour la TCR.  

 

 

Mots clés: Épaule, tendinopathie, contrôle moteur, proprioception, programme d'exercices, 

soins en physiothérapie 
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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 (T0) and 6 (T6) 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 × 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.1 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,2 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).3, 4 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.5 

 

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.6 

 

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.7 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.8 

 

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".9 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.10 

 

Tendon: Tendons are mechanically loaded tissues that generally connect muscles to bone and are 

responsible for the tensile force transmission of muscle cells.11  

 

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.12 

 

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.12  

 

Rotator cuff (RC) tendinopathy: The progressive degeneration of a / several rotator cuff tendons13 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.14 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.15 
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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. 

 

I am the principle author of both articles as well as the sole author of said thesis. I fully participated 

in the theoretical inception, the development of the methodology, the collection of the data, the 

analysis, as well as the realization of the submitted manuscripts. The authors of the systematic 

review include my directors, as well as three collaborators, Marianne Roos, Amélie Fournier 

Belley, and Dr. Ann Cools from Ghent University in Belgium. The authors of the pilot RCT 

include my directors as well as a former colleague, France Gamache, PT, from the Valcartier 

Garrison who collaborated on the development and implementation of the Upper Extremity 

Neuromuscular Training Program. All authors made significant contributions to the development 

and achievement of the studies.  

 

All information and studies presented are part of an overarching goal of bringing motor control 

and proprioception to the forefront of shoulder rehabilitation. This research was made possible by 

a collaborative student bursary between the CIRRIS and Laval University, as well as a research 

grant from the OPPQ-REPAR 4.2 program for clinical research. 
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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.16 Shoulder 

pain is the third most common reason to consult a physiotherapist,17 but yet the management of 

shoulder pain and injuries are considered to be one of the most challenging areas of MSK medicine 

today.18  

 

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.19 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.19  

 

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.20 This is 

exceptionally relevant to manual labourers engaged in repetitive movements of the upper 

extremities,21, 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.23 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.24 Although studies have identified shoulder pain as being 

an important burden for a military population,24-26 few studies have attempted to provide treatment 

guidelines for this specialized group. 



2 
 

 

 

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,27 

shoulder instability,28 or post-operative repair among a military cohort,29  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,30-32 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 muscles33 that act in-sync to allow us 
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to gainfully perform activities of daily living. The shoulder is heavily involved in common tasks such as 

reaching, pulling, pushing, and lifting.34, 35 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.35 Because of it's vast mobility and 

heavy implication in daily tasks,34 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,36 and can potentially place unnecessary financial stress on our health care 

system.37 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.16 

  

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.38 In the Netherlands, up to 50% of the cost associated with musculoskeletal (MSK) pain has 

been attributed to sick leave from paid employment.39 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 $393,204,738.23, 40 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.41, 42 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.43 It is third in prevalence to back and neck pain44 and nearly two-thirds of adults 

suffer from shoulder pain at some point during their lives.20 A few commonly diagnosed shoulder 

dysfunctions include bicipital tendonitis, adhesive capsulitis (frozen shoulder), GH and AC arthritis, 
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instabilities and labral tears,37 as well as an impingement syndrome (SIS) or a RC disorder.15, 45 RC 

disorders, specifically a RC tendinopathy, is among the leading cause for medical consultation for 

shoulder pain.20 The incidence itself of RC tendinopathies varies between 0.3% to 5.5%, with an 

estimated annual prevalence of 0.5% to 7.4%.46 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.47, 48 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.49 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.13, 50 More specifically, 

the subacromial canal lies underneath the acromion, the coracoid process, the AC joint and the 

coracoacromial ligament.51, 52 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.13, 50-52  
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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.53 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.54-56 Mechanoreceptors are characterized by their specialized nerve endings that are sensitive 

to the mechanical deformations of tissues,57-59 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.47, 60 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.55 

 

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.47 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.  
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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,61, 62 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.63 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.13, 50 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.64, 65 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,65 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.65, 66  
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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.67 

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.68 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,69 and a contributing factor to the 

development of a rotator cuff tendinopathy.65, 66, 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).70-73 
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Figure 1 Caption:  Scapulothoracic normalized kinematics of the shoulder complex.  Retrieved from 

Zhao et al. 2015.74 

 

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.73 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).70 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.71, 75, 76  

 

FIGURE 1 
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The stability of the ST joint relies on the coordinated activity of the 18 muscles that directly attach to the 

scapula.77 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,76 

and ultimately predisposes an individual to an injury of the GH joint.75-77 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 tilting74, 78, 79 These movement alterations are believed to increase the 

proximity of the rotator cuff tendons to the coracoacromial arch or glenoid rim,73, 80 however, there are 

still points of contention as to how the movement pattern deviations directly contribute to the reduction 

of the subacromial space.73 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,73 and can be associated with a GH instability.81 Regardless of the classification, 

the dysfunctional shoulder mechanisms can further the progression of rotator cuff disease82 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,80 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.10 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 
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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.75-

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,2 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.3 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.84 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,5 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.5 It further contributes to motor control by providing sensory feedback for inter-limb 

coordination,85, 86 correcting and updating movement strategies,87 and for the formation of muscle 

synergies.88,89 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 injuries90-95 and have also been 

linked to the recurrence and persistence of physical impairments such as shoulder pain, decreased range 

of motion and strength.91, 95, 96 As outlined by Contemori & Biscarini,90 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,5 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 control97, 98 and 

proprioceptive deficits.95, 99, 100  

 

1.4 Rotator cuff tendinopathy 

 

Among shoulder disorders, the RC tendons are the leading source of shoulder pain.99, 101-103 Due to their 

role in providing dynamic joint stability, they are often highly susceptible to injury.13, 104 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),104 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.61, 105 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,61 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.106 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.61, 106 The exact pathophysiological reasoning behind the changes to the tendons or the 

subarcromial space is not currently known.61 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.104 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.45 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.107 The term encompasses both a tendinitis 

and a tendinosis. For precision sake, a tendinitis traditionally refers to the acute inflammation of the 

tendon,12 whereas the tendinosis refers to the separation and degeneration of collagen bundles of the 

tendons due to repetitive and often long-term stresses.12, 108 Controversially, basic scientific research 

suggests that factually, little to no inflammation, is present among these tendon conditions.107  

 

1.4.2 Intrinsic factors 

 

The intrinsic factors of a RC tendinopathy are known to be associated with the degeneration of the 

tendinous tissues.109 As outlined by Seitz and colleagues,109 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 colleagues110 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.111 This resultant mechanism of overloading can encourage 

the RC tendons to become pathological with overuse and repetitive activities.112 
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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 

tendons.109 The compression is linked to the narrowing of the subacromial space,106 which could be due 

to an excessive angulation of the acromion,106 a type II or III acromion morphology,110 inadequate 

stabilization of the scapula,113 abnormal shoulder kinematics,80, 114-116 specific muscular weaknesses 

(rotator cuff, serratus anterior), or muscular tightness / shortening (pectoralis minor which pulls the 

scapula into a protracted position),61 globally resulting in a RC and/or scapular muscles performance 

deficit.80, 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,80 which causes the acromion to remain 

in a lower anterolateral position resulting in a dynamic narrowing of the subacromial space.97, 119 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,106 consequently further narrowing the space 

for the passage of the RC tendons and resulting in further damage to the tissues.97, 119 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,120 where individuals exhibit hypermobility and 

significant capsular laxity,62, 121 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 

factors61, 109 (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).109 

 

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,122 as well as bilateral upper 

extremity symptoms,123, 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,125 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 

FIGURE 2 
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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 injuries41, 

42, 126 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 

Task 

Minimum requirements for a pass 

1. Sandbag 

Lift 

30 consecutive lifts of a 20 kg sandbag from the floor above a height of 1.0 m. The member 

alternates between left and right sandbags separated by 1.25 m.  

To be completed in 3 minutes and 30 seconds. 

2. Intermittent 

Loaded Shuttle 

10 consecutive shuttles (1 shuttle = 20 m there, 20 m back), alternating between loaded 

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 

Rushes 

Starting from the prone position, complete two shuttle sprints (1 shuttle = 20 m there, 20 m 

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.127  For this reason, the approach and interventions of 

our project have been specifically designed for a military population. Our interventions have been framed 

http://www.forces.gc.ca/en/about-policies-stan
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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.24, 25 As astutely reported by Hébert 

(2016),24 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.128, 129  In 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.130, 131  

 

The shoulder is among the leading sites for MSK injuries for active military personnel.41, 132 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.28 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.133 The current non-operative trends include a combination of modalities,134, 135 stretching,136 

manual therapy,137-139 acupuncture techniques,140 and exercise prescription for strengthening and motor 

control of the surrounding musculature.141-144 The literature currently favors a combination of treatment 

approaches,135, 141, 145 depending on the presented etiology and symptomology of the patient. There is no 

clear-cut rehabilitation pathway for addressing shoulder pain,35 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.146 Physiotherapy is often the first line of defense for a RC tendinopathy,147 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 reviews148, 149 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),135 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.135 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.150 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.151 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,149 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,136 or a tight glenohumeral 

capsule.152 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.153 Similarly, a tight posterior capsule can lead to a forward 

positioning of the GH head within the glenoid cavity139 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.154 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".155 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 2016145 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.156 Therefore, the effects of manual therapy on overall shoulder function 

and quality of life remains inconclusive.133 

 

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.146, 147 A systematic review conducted by Littlewood 

and colleagues (2013),157 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.157 Although this may be encouraging results for the use of exercise prescription for 

clinicians, the optimal type of exercise and dosage remains unclear.158 Furthermore, it is well understood 

that not all types of exercise will have the same effect for every patient.157  

 

Holmgren and colleagues (2012)158 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.158 Echoing these results, two recent systematic reviews159, 160 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.104 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,161 cardiovascular retraining,162-165 as well as 

specific target groups such as the elderly,166, 167  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,168-171 the thoracolumbar spine,172 the cervical 

spine area,173 and the wrist.174 There is however, a growing body of scientific literature proposing a 

structured exericse-based model for the shoulder.97, 138, 152, 175-178  It can be difficult to appreciate the full 

effectiveness of structured programs because the paramaters and duration are not always clear,179 

adherence may be a counfounding factor,168, 177, 179 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,138, 178-180 whereas other studies used healthy controls,152, 181 and in some cases, a 

control group is absent all together.97, 177 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,169, 172 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, representing usual physiotherapy care in a clinic.138  

 

Presently, structured exercise programs for RC tendinopathy appear to be the most popular among 

shoulder dysfunctions.97, 138, 176-178  The current literature seems to support favorable results for a 

structured exercise program,97, 138, 152, 176-181 however, 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 
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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.182 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.178, 183  

 

A study by Critchley et al. (2007)184 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.185 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)173 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, 182-185 
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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,97, 98, 109, 186 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.57 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.153 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.97, 98, 153, 187, 188 Several studies97, 98, 152, 189-191 have substantiated the efficacy of motor control 

exercises on improving shoulder pain and function. As noted by Cools and colleagues,187 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,97 targeting a better muscle coordination to reduce motor control impairments,97, 109, 119, 192 

optimize movement control,114, 116, 193 and improve muscle strength. 97, 119, 181, 192  
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A study by Worsley et al. (2013),98 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.98 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),97 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, .194 WORC index = 12 points.194 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 (T0), 6-week (T6), 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 (T0), week 

6 (T6), week 12 (T12)) by the evaluators (Amanda L. Ager (ALA), Marie-Élyse 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 

 (T0) 
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A
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WEEK 6 

(T6) 

WEEK 12 

(T12) 
DEPENDENT 

VARIABLE 

Function 

Pain 

Strength 

Function 

Pain 

Strength 

Function 

 MEASURE 1. DASH 

2. WORC 

3. NPRS 

4. Strength ER + ABD 

1. DASH 

2. WORC 

3. NPRS 

4. Strength ER / ABD 

5. GROC 

6. Satisfaction 

7. Sand Bag Lift 

1. DASH 

2. WORC 

3. GROC 

4. Satisfaction 

TOOL Questionnaires 

HHD 

Questionnaires 

HHD 

Questionnaires 

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 2015.194 

Also, the combination of criteria 2), 3) and 4) have a good diagnostic accuracy with sensitivity and 

specificity values ≥ 0.74 and +LR = 3-5158, 195 (Table 3). 

 

TABLE 3 

Special Test Sensitivity (Sn) 

(CI 95%) 

Specificity (Sp) 

(CI 95%) 

LR+ 

1.Hawkins-Kennedy Test 

(n= 962) 

0.83 

(0.59-0.99) 

0.69 

(0.37-0.97) 

2.68 

2. Neer’s Test 

(n= 966) 

0.78 

(0.52-0.98) 

0.71 

(0.35-1.00) 

2.69 

3. Painful Arch Sign 

(Between 60 – 120°) with shoulder 

flexion and/or abduction (n= 964) 

0.62 

(0.31-0.91) 

0.82 

(0.62-1.00) 

4.33 

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 colleagues23. 

 

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



31 
 

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, α = 0.05, β = 0.80, SD = 13 DASH points, 

clinically important difference (CID) = 11 DASH points, expected lost at follow-up =20%) (Figure 3). 

 

FIGURE 3 

 
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 (T0). 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: 

 The Disability of the Arm Shoulder and Hand (DASH) questionnaire196, 197 (Primary Outcome); 

 The Western Ontario Rotator Cuff (WORC) Index;194 

 Reported pain via the 11-point verbal Numeric Pain Rating Scale (NPRS) (From 0 to 10);198 

 Isometric strength for the external rotators and abductors of the shoulder;199, 200 

 Global Rating of Change (GROC) scale;201 

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

 Military specific task: 30 manipulations of sandbags in less than 3 minutes 30 seconds.202 

 

TABLE 4 

Dependent 

Variables 

Outcome Measure 

Shoulder 

Function 

 DASH Questionnaire 

• Reliability: ICC = 0.96 (95% CI, 0.93-0.98)197  

• Reliability Canadian French version: ICC = 0.93 194 

• Validity: r = > 0.70197  

• Clinically important difference (CID) = 11 DASH points203, 204 

WORC Index 

• MICD total score = 11.7% (moderate change)205  

• CID = 12-13% of total score205  

• SRM = 1.44206 Canadian French version: 1.54194 

• Canadian French version: highly valid and reliable (ICC=0.96)194 

Pain Numeric Pain Rating Scale (NPRS)  

 French version: moderately reliable (ICC range 0.74-0.76)207 

Strength Hand Held Dynamometer (HHD)  

 Shoulder ER (inter/intra examiner ICC = 0.96/0.96)199 

 Shoulder ABD (inter/intra examiner ICC = 0.92/0.92)199 

 Good concurrent validity to a stationary isokinetic dynamometer 

(r=0.81)200 

Perceived 

level of 

change 

Global Rating of Change (GROC) questionnaire 

• Reliability: ICC=0.90, MCIC: 2 points208, 209 

Military 

functional 

ability 

Sand Bag Lift Task202 

 Standard (Pass / Fail): 30 consecutive lifts of a 20 kg sandbag from 

the floor above a height of 1.0 m.  



33 
 

 To be completed in 3 minutes and 30 seconds. 

Treatment 

satisfaction 

11-point satisfaction likert scale (0 = very unsatisfied, 10 = very 

satisfied) 

 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 T6 and T12, 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 T0 and T6 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)210. 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 T6. 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.202 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.211  

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,24 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,79, 

119, 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.186 A 

scapular movement dysfunction has been well documented among individuals with a RC tendinopathy.71, 

115, 119, 143, 177, 213 For this reason, the development of our UpEx-NTP focused on motor (re)learning, 



36 
 

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,214 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.215 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.216 
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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,104 as 

outlined by several systematic reviews on the subject141, 146, 159, 217, 218 Our philosophy 

was based on a study by Suprak et al. (2005)47 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.153, 177, 

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.187, 219, 220 Several shoulder 

rehabilitation protocols focus on correcting the abnormal muscle activation of the 

trapezius muscle in order to optimize shoulder motor control.220-222 
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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.84, 97, 

98, 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.62, 223 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.187, 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.224 

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),224 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 × 3 (Exp + Ctl groups × T0, 

T6, and T12) repeated measure analysis of variance (ANOVAs). Similarly, a 2 × 2 × 2 (group × time × 

shoulder) repeated measure ANOVAs was used for MVIC and a 2 × 2 (group × time) ANOVA was used 

for pain to compare values from T0 and T6 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 α 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, I (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.  

  



43 
 

CHAPTER 3 
 

SHOULDER PROPRIOCEPTION: HOW IS IT MEASURED AND IS IT RELIABLE? A 
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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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RÉSUMÉ 

 

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 à des pathologies musculosquelettiques représentent un défi à quantifier et ce 

particulièrement à l’épaule. Objectif : Déterminer les qualités métrologiques de validité, fidélité et 

sensibilité au changement pour des protocoles de mesures du SPA et de kinesthésie à l’épaule. Méthodes 

: Une revue de cinq bases de données a été conduite de octobre 2015  à juillet 2016 pour des études 

rapportant des données sur les propriétés métrologiques de protocoles d’évaluation de la proprioception 

à l'épaule. Les études incluses ont été évaluées à l'aide de l’outil de contrôle QualSyst et de l'échelle 

COSMIN à 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 l’outil 

QualSyst (88,1 ± 9,9%) et de bons scores avec le COSMIN pour la fidélité (71,1%) et un score de qualité 

modérée à faible (50%) pour la validité de critère. 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 fidèles 

sont la rotation interne à 90 ° d'abduction (CCI = 0,88 ± 0,01 (n = 53)) et le dynamomètre (CCI = 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, l'évaluation 

de la proprioception de l'épaule serait plus fidèle avec l'utilisation d'un protocole passif avec 

dynamomètre isocinétique en rotation interne à 90° d'abduction de l'épaule. Des protocoles standardisés 

traitant des propriétés métrologiques des mesures de proprioception à l'épaule sont nécessaires.  
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ABSTRACT 

 

Introduction: Constituents of proprioception include our awareness of the position (joint position sense, 

JPS) and motion (kinesthesia) 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 ICC=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. 3 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 

actively or passively, 225, 226 as well as our ability to detect vibrations, 5 level of force production, 227 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,229 relying heavily on the synchronicity of its active and passive structures 

for dynamic neuromuscular control.2, 230 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.226, 231-233 Proprioception is thus the sum of neurological feedback from 

multifaceted systems that regulate motor control and behaviour231, 232, 234 and is widely recognized as 

being important for motor control rehabilitation and overall physical health.6, 235  

 

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.91, 95, 96 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,217, 236 other results have been less promising and indicate a need for 

further study.217, 231, 237 The difficulty of evaluating the effects of proprioceptive rehabilitation is that the 

measurement of proprioception itself remains a challenge.238, 239 As proprioception has been linked to the 

persistence of impairments and physical limitations,91, 95, 96 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.240-243 

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. 244 

 

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.245 

 

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 (PJMR): 

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.95 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) 246 and the 

COSMIN 4-point scale 247, 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.246 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.247, 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%)249 to 20/20 (100%),53, 99, 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%) 233, 

251 to 39/44 (88.6%), 99 with a mean score of 71.1 ± 8.0%. Two studies63, 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 

(ICC=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%)47, 63, 91, 225, 233, 249-257 

used healthy participants (n=435), five (23.8%) used healthy athletic populations (n=74)53, 258-261 and 

lastly, two studies (9.5%) tested individuals with pathological shoulders (n=44), which included 

participants affected by chronic rotator cuff pathologies (CRCP)99 and multidirectional instability (MDI) 

of the shoulder.262 

 

 

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 47, 53, 63, 99, 

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, 63, 225, 250, 255 (n=112), one study an active-assisted protocol 255 (n=10), and 

twelve studies performed a passive/active protocol 53, 99, 233, 249, 252-258, 261 (n=337). Eight studies91, 233, 249, 

251, 255, 257, 259, 262 examined passive joint position sense (PJPS or RPP) (n= 454). Two studies233, 255 

evaluated PJMR (n=10), and 6 studies evaluated TTDPM (kinesthesia)91, 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.256  

 

 

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 flexion47, 63, 233, 250, 256, 258 (n=112), internal rotation (IR) at 90° of abduction (ABD)91, 225, 233, 249, 

258, 260 (n=154), external rotation (ER) at 90° of ABD53, 91, 225, 233, 249, 251, 257-262 (n=389), scaption47, 99, 254 

(n=66), scapular movements (elevation, depression, retraction, and protraction)252 (n=20), horizontal 

adduction (ADD) and ABD255 (n=10), pure ABD256 (n=8), and combined movements (F/ABD/ER 

through E/ADD/IR)253 (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 ICC=0.83±0.04 (n=303) (intra-session), WA ICC=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 and kinesthesia233, 

251 (n=225). Other proprioceptive equipment included an inclinometer63, 225 (n=56), a laser pointer63 

(n=25), a goniometer63 (n=25), a continuous passive motion device (CPM)259 (n=10), fabricated 

laboratory equipment252, 255, 260 (n=50), a purpose built active movement extent discrimination assessment 

(AMEDA) tool250 (n=24) and a motion analysis system47, 63, 99, 258 (n=100). Furthermore, three studies 

conducted a photograph analysis with a goniometer53, 256, 261 (n=19), one study used an Apple 4th 

generation iPod touch using internal sensors of the device (accelerometers and gyroscopes)254 to evaluate 

AJPS (n=24) and lastly, two studies91, 233 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%),63, 249, 256 standard error of measurement (SEM) (8/21, 38%),47, 63, 99, 251-

253, 255, 259 minimal detectable change (MDC) (2/21, 9.5%)63, 252 (Table 5),  intra-tester reliability as a 

correlation between measurements (2/21, 9.5%),91, 261 or a Cronbach alpha value (1/21, 4.76%).256 Only 

two studies (9.5%)63, 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 Shih252 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.6, 95, 235 

 

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,239 

putting into question the robustness, and utility of such proprioceptive protocols in a clinical setting.239 

Indeed, this has been mirrored by other reviews addressing proprioceptive deficits of the lower back,94 

knee263, 264 and ankle265 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 colleagues6 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 colleagues6 did, however, 

outline the importance of a proprioceptive outcome demonstrating strong ecological validity,6 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".266, 267 When 

evaluating proprioception, it is important that the procedures maximize the similarities between the 

testing setting and real-life functionality.266 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,268, 269 arguably better representing our afferent sensory feedback 

processing or proprioceptive sense.235 However, functional daily activities are performed predominantly 

with the use of our active muscular system,249, 270, 271 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.47, 255, 272, 273 As such, although the TTDPM has a higher conceptual purity 
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of proprioception,6, 235 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 colleagues63 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,226, 274 which are then integrated and processed on both the conscious and unconscious levels.275 

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.274 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) 63, 225, 252, 255 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 unclear225 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.276  

 

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.  

 

3.7.2 Role of the Funding Source 

 

This project did not receive funding from any sources.  

 

3.7.3 Conflict of Interest Statement 

 

No conflict of interest exists from any of the authors involved in this paper. 

 

3.7.4 Author Contributions 

 

All named authors have made a significant and substantial contribution to all aspects of the study. Each 

of the named authors provided a meaningful contribution to the conception, design, execution and 

interpretation of the study data in addition to writing, drafting and revising the paper itself. This paper is 

submitted with the agreement and approval of all authors. 

 

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 5 

Author and 

year 

n  Proprioception 

Outcome 

SEM (95) 

angular displacement error 

MDC (95) 

Vafadar et al. 

2015 

25 AJPS (ipsi) 

Inter & intra 

session  

Laser pointer: 

 Inter: 0.6°-1.1° 

 Intra: 0.8°-1.1° 

Inclinometer: 

 Inter: 0.8°-1.4° 

 Intra: 0.9°-1.2° 

Goniometer 

 Inter: 0.8°-2° 

 Intra: 0.7°-2.2° 

 

Laser pointer: 

 Inter: 1.8°-3° 

 Intra: 2.3°-3.1° 

Inclinometer: 

 Inter: 2.4°-3.9° 

 Intra:  2.7°-3.4° 

Goniometer 

 Inter: 2.4°-5.5° 

 Intra: 2.1°-6.2° 

 

Lonn et al. 

2000 

10 AJPS and PJPS 

(ipsi) 

Inter session 

Passive-active: 0.76° 

Passive: 1.02° 

Semi-passive: 0.51° 

Active: 0.54° 

Combined: 0.41° 

Not reported 

Sole et al. 

2015 

30 TTDPM & RPP 

(ipsi) 

Intra session 

TTDPM: 0.15° 

RPP:  0.98° 

Not reported 

Anderson & 

Wee 2011 

20 AJPS (ipsi) 

Inter session 

 

CRCP participants 

Affected limb 

ABD in scapular plane at 

 40° (low):1.3°±1.2° 

 100° (high): 2.7°±2.6° 

Non-affected limb 

ABD in scapular plane at 

 40° (low):2.0°±2.1° 

 100° (high): 0.9°±0.9° 

Not reported 

Deng & Shih 

2015 

20 AJPS (ipsi) 

Inter session 

Non-Dominant: 

Scapular depression 

 Rotation 0.15-0.41° 

 Displacement 0.03-0.08cm 

Scapular elevation 

 Rotation 0.21-0.49° 

 Displacement 0.08-0.26cm 

Scapular protraction  

 Rotation 0.46-0.57° 

 Displacement 0.03-0.10cm 

Scapular retraction 

 Rotation 0.39-0.68° 

 Displacement 0.04-0.20cm 

Dominant: 

Scapular depression 

 Rotation 0.16-0.62° 

 Displacement 0.02-0.13cm 

Scapular elevation 

 Rotation 0.27-0.93° 

 Displacement 0.09-0.26cm 

Scapular protraction  

 Rotation 0.16-0.39° 

 Displacement 0.06-0.23cm 

Scapular retraction 

Non-Dominant: 

Scapular depression 

 Rotation 0.42-1.14° 

 Displacement 0.08-

0.22cm 

Scapular elevation 

 Rotation 0.58-1.36° 

 Displacement 0.22-

0.72cm 

Scapular protraction  

 Rotation 1.28-1.58° 

 Displacement 0.08-

0.28cm 

Scapular retraction 

 Rotation 1.08-1.88° 

 Displacement 0.11-

0.55cm 

Dominant: 

Scapular depression 

 Rotation 0.44-1.72° 

 Displacement 0.06-

0.36cm 

Scapular elevation 

 Rotation 0.75-2.58° 
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 Rotation 0.69-1.13° 

 Displacement 0.08-0.25cm 

 Displacement 0.25-

0.72cm 

Scapular protraction  

 Rotation 0.44-3.27° 

 Displacement 0.17-

0.64cm 

Scapular retraction 

 Rotation 1.91-3.13° 

 Displacement 0.22-

0.69cm 

Nodehi-

Moghadam 

 et al. 2012 

10 TTDPM & RPP 

(ipsi) 

Inter session 

TTDPM: 0.25° 

RPP: 0.29° 

Not reported 

Suprak et al. 

2006 

22 AJPS (ipsi) 

Intra session 

Plane/elevation (°) 

 35/30 = 3.99° 

 35/50 = 3.03° 

 35/70 =3.51° 

 35/90 =1.90° 

 35/110 = 3.18° 

 0/90 = 3.72° 

 20/90 = 4.07° 

 60/90 = 2.55° 

 80/90 = 2.39° 

Not reported 

Kaya et al. 

2012 

11 AJPS (ipsi) 

Intra session 

AJPS 

Eyes open = 4.5° 

Eyes closed =3.87° 

Not reported 

*(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 

 
Figure 4 Caption: Graphical depiction of the shoulder proprioception pathway. 
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FIGURE 5 

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 

 
 

Figure 6 Caption: Weighted averages (WA) ICCs for intra-rater reliability of proprioception measures of 

the glenohumeral joint. 

 

 

FIGURE 7 

 
Figure 7 Caption: Weighted averages (WA) ICCs for intra-rater reliability for various movements of the 

glenohumeral joint. 
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FIGURE 8 

 
 

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 à l'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 à l’épaule entraine souvent des congés de maladie et même une libération de service. Parmi les 

douleurs à l’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 façon optimale de recourir à cette méthode (type, 

dosage, individuelle ou en groupe) demeure incertaine. Le but de cet essai clinique randomisé à simple 

insu (l’évaluateur) était de comparer l'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 symptômes 

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 à l'une ou l'autre des interventions suivantes : 1) un programme standardisé et supervisé 

d’entrainement neuromusculaire et de contrôle moteur pour les membres supérieurs (Exp); 2) des soins 

usuels de physiothérapie (Ctl). Les variables principales de cette étude étaient les symptômes et la 

capacité fonctionnelle et les limitations physiques évalués à l'aide du questionnaire Disabilities of the 

Arm, Shoulder and Hand (DASH). La variable secondaire à l’étude l'indice Western Ontario Rotator 

Cuff (WORC). Toutes les variables ont été mesurées au départ (T0) et à 6 (T6) et 12 (T12) semaines 

après l'intervention. La comparaison des effets des interventions a été évaluée à l'aide d’une analyse per 

protocole (APP), analyse intention-traitement (AIT) et avec une analyse de variance à mesures répétées 

à 2 voies. 

  

Résultats 

Aucune interaction significative (p ≥ 0,101) de groupe × temps (p ≥ 0,101) n'a été 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 l'indice WORC. Bien qu'il n'y ait pas de différences statistiquement significatives 

entre les deux groupes au fil du temps, les scores obtenus pour le groupe Ctl pour toutes les variables à 

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 l’atteinte d’une puissance 

statistique suffisante, ces données préliminaires suggèrent que les deux approches de rééducation 

proposées conduisent à des améliorations comparables pour les deux groupes de patients traités. Ces 

résultats suggèrent donc que, chez des militaires, l'utilisation d'une intervention de groupe axée sur 

l'exercice pour une tendinopathie de la CR a le potentiel d'être aussi efficace qu'une approche un à un 

beaucoup plus exigeante en terme de temps de traitement. D’autres recherches avec un plus grand 

échantillon permettra de valider cette hypothèse et aussi de comparer les coûts 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 (T0) and 6 (T6) 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.16 These findings are echoed within 

a military population, where shoulder disorders are third in prevalence.41, 277 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.41, 130, 132 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.24, 25  

 

Among shoulder disorders, a rotator cuff (RC) tendinopathy remains the leading source of pain.102, 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.278, 279 Although the exact etiology of a RC tendinopathy is not entirely clear,61 

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.106  

 

The most common causes of an impingement include an abnormal superior and / or anterior migration 

of the humeral head within the glenoid fossa,65, 66 and poor biomechanical control of the scapula along 

the thorax during arm elevation.73 A neuromuscular dysfunction of the scapulohumeral (SH) and 

scapulothoracic (ST) musculature is said to alter the normal glenohumeral (GH) and ST 

arthrokinematics,76 and predispose the development of a shoulder injury.75-77 Currently, the literature 

encourages the application of exercise prescription for this population. Two recent systematic reviews159, 

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.141-144 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".9 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.185, 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,168-171 the thoracolumbar spine,172 the cervical spine,173 and the wrist.174 The 

evidence for group programs involving the shoulder area is less clear. Programs are often either home-

based programs, 116, 177, 179 or one-on-one supervised programs.97, 138, 178, 180, 181 Few 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 (UpEx-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 × 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,194 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 3-5.158, 195 Individuals 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 (T0) and 

week-6 (T6), 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 T0, following written consent, data on demographics and maximum 

voluntary isometric contraction (MVIC) values were collected, and self-reporting questionnaires, 

including the DASH-CF questionnaire,196, 197 the Western Ontario Rotator Cuff - French Canadian 

(WORC-CF) Index194 and a 11-point Numerical Pain Rating Scale (NPRS),211 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 T6 

and T12, whereas the MVIC199, 200 and pain levels at rest (using the NPRS) were reassessed at T6. A 

functional military task, the repeated sand-bag lift202 was also evaluated at T6. A Global Rating of Change 

(GROC) questionnaire201 was administered at T6 and 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.81, 141, 146, 217, 282, 283 All 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.  

  

 Modalities: Ice only; 

 Advice / recommendations: postural, relative rest, sleeping position, physical training; 

 Range of motion exercises: active, active-assisted, passive, repeated movements such as the 

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

therapy, myofascial techniques; 

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

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

 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),197  highly reliable (ICC = 0.96 [95% CI, 0.93-0.98])197 and  demonstrates high reliability with 

French Canadian version (ICC = 0.93).194 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.205 The WORC-CF is highly valid and reliable (ICC = 0.96),194 supports 

an MCID of 245 points205 of the total score, and has a minimal detectable change (MDC) of 19.1 points 

(moderate change).285 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),207 and a reduction of 2 points is said to be clinically important.211   

 

4.4.2 Muscle impairment 

 

Muscle impairment of each participant was assessed at T0 and T6 by evaluating their maximum voluntary 

isometric contraction (MVIC) of their shoulder external (lateral) rotators and abductors muscles, 

bilaterally, using the MEDupTM electronic hand-held dynamometer (HHD; MEDupTM, 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),200 and has excellent inter / intra examiner reliability for shoulder external 

(lateral) rotation (ICC = 0.96 / 0.96)199 and shoulder abduction (ICC = 0.92 / 0.92).199 The shoulder 

muscle strength evaluation was standardized and followed the protocols outlined in the Isometric Muscle 

Testing Manual by Hébert (2012).210 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 T6. 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.202 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.208, 209  

 

 

 



78 
 

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-CF, 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 × 3 (Exp + Ctl groups 

× T0, T6, and T12) repeated measure analysis of variance (ANOVAs). Similarly, a 2 × 2 × 2 (group × time 

× shoulder) repeated measure ANOVAs was used for MVIC and a 2 × 2 (group × time) ANOVA was 

used for the NPRS pain rating to compare values from T0 and T6 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%CI) 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 α 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 T6 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 

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

 Exp Group 

(UExNTP) 

(n = 16) 

Ctl Group  

(UPC) 

(n = 17) 

Independent t-test or 

chi-square test for 

demographics 
Age (X̅ ± SD) 33.4 ± 9.5 36.9 ± 7.1 

 

p = 0.2 

Sex male / female 

 

16 / 0  16 / 1 p = 0.2 

Height (cm) (X̅ ± SD) 174 ± 6 173.2 ± 6.1 

 

p = 0.27 

Weight (kg) (X̅ ± 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 = 0.4 

Affected Shoulder R / L / Both 8 / 7 / 1 8 / 8 / 1 p = 0.9 

Length of symptoms (months) (X̅ 

± SD) 

23.17 ± 41.5 38.3 ± 50.5 

 

p = 0.5 

Years of military service (X̅ ± 

SD) 

12.8 ± 7.2 

 

12.1 ± 8.74 

 

p = 0.8 

Service element  

Army /Navy / Air 

15 / 1 / 0 

 

17 / 0 / 0 

 

p = 0.4 

 

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 × 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 T6 and T12, when 

compared to T0. 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 × 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 T6 and T12, when compared to T0. 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 

 

 

Figure 10 Caption: Mean scores of DASH-CF and WORC-CF over time (T0, T6, 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.  
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TABLE 7 

 

Data presented as Mean (± standard deviation).  Δ Denotes a change from the baseline score (indicated at T0 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 (PPA n = 21, ITT n = 33) 

  Ctl Group 

(UPC) 

PPA  (n=8) 

Exp Group 

(UpEx-NTP) 

PPA (n=13) 

Ctl Group 

(UPC) 

ITT  (n=17) 

Exp Group 

(UpEx-NTP) 

ITT (n=16) 

Outcome 

measures 

 Mean score 

change from 

baseline 

Mean score 

change from 

baseline 

Mean score 

change from 

baseline 

Mean score 

change from 

baseline 

DASH 

(General) 

T0  

(mean baseline 

score) 

30.14 (±11.9) 24.4 (±11.9) 30.3 (±11.4) 

 

24.3 (±11.5) 

T6 Δ -18.68 (±8.8) Δ -12.3 (±7.7) Δ-12.8 

(±13.4) 

Δ-11.5 

(±10.3) 

T12 Δ -24.2 (±5.1) Δ -13.5 (±9.9) Δ-16.4 

(±14.9) 

Δ-12.6 

(±10.3) 

 Time effect η2 0.56 0.28 0.3 0.26 

DASH 

(Sports) 

T0  

(mean baseline 

score) 

54.5 (±28.9) 52.1 (±35.6) 55.8 (±26.2) 50.0 (±34.9) 

T6 Δ -28.5 (±26.2) Δ -24.9 (±23.4) Δ-15.8  

(±28.5) 

Δ-18.4 

(±35.5) 

T12 Δ -38.4 (±19.3) Δ -20.9 (±31.4) Δ-21.3 

(±27.2) 

Δ-15.3 

(±37.3) 

 Time effect η2 0.3 0.11 0.19 0.11 

DASH 

(Work) 

T0  

(mean baseline 

score) 

30.7 (±20.4) 34.2 (±32.1) 26.7 (±20.5) 34.0 (±31.0) 

T6 Δ -20.3 (±19.8) Δ -22.2 (±14.8) Δ-14.0 

(±17.6) 

Δ-20.8 

(±24.1) 

T12 Δ -26.04 (±8.9) Δ -20.9 (±20.5) Δ-18.0 

(±18.9) 

Δ-20.8 

(±24.1) 

 Time effect η2 0.28 0.17 0.23 0.15 

WORC 

(Total) 

T0  

(mean baseline 

score %) 

56.3 (±14.2) 63.6 (±19.5) 56.1 (±13.4) 64.1 (±18.9) 

T6 Δ +30.7 (±10.2) Δ +16.6 (±14.3) Δ+21.7 

(±20.8) 

Δ+15.5 

(±14.1) 

T12 Δ +36.6 (±9.4) Δ +28 (±8.5) Δ +25.8 

(±23.8) 

Δ+26.2  

(±20.2) 

 Time effect η2 0.7 0.42 0.4 0.36 
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As for the shoulder pain level at rest (Figure 11), there were no observed group or group × 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 T6, whereas the Exp group also demonstrated a decrease in pain over time of 1.4 points at T6, 

although not clinically important.  

 

FIGURE 11 

 
 

Figure 11 Caption: Pain levels at rest for both groups at T0 and T6, represented as (X̅ ± 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 Nm and 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 × time 

× shoulder interaction was found (p ≥ 0.1).  

 

TABLE 8 

 

 

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 × time interaction, nor for a group × time × 

shoulder interaction for either ABD or ER isometric strength.  
†indicates 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 T0 and T6 (per-protocol analysis, n = 21 and intention-to-treat, n = 33). 
 

  Exp Group 

UpEx-NTP  

(n=13) 

Mean Score 

Ctl Group 

UPC 

 (n=8) 

Mean Score 

Exp Group 

UpEx-NTP  

(n=16) 

Mean Score 

Ctl Group 

UPC  

(n=17) 

Mean Score 

  Per-protocol analysis (PPA) Intention-to-treat (ITT) analysis 

Outcome 

measures 

Time Injured Healthy Injured Healthy Injured Healthy Injured Healthy 

Isometric 

strength 

(MVIC) 

of ABD 

T0 56.0  

± 17.4 

57.1 

 ± 9.9 

41.9 

 ± 15.6 

50.6  

± 15.5 

55.2 

±17.2 

56.8 

±17.0 

41.1 

±16.8 

50.8 

±18.3 

T6 60.2 

± 16.0 

57.5 

± 16.9 

48.5 

 ± 18.3 † 

49.5 

 ± 18.0 

59.1 

±16.2 

57.1 

±21.3 

45.9 

±19.0 

50.0 

±19.3 

Time effect η2 0.02† 0.008† 0.05† 0.002† 0.014† 0.000† 0.034† 0.001† 

Isometric 

strength 

(MVIC) 

ER at 90° of 

ABD 

T0 33.4 

± 9.4 

34.4 

± 5.0 

28.0 

± 8.9 

33.0 

± 11.1 

32.8 

±9.3 

33.7 

±10.0 

28.0 

±10.1 

33.6 

±13.1 

T6 37.6  

± 8.2 

39.1 

 ± 8.2 

34.2  

± 13.0 

37.6 

 ± 13.7 

36.8 

±8.5 

38.1 

±12.8 

32.6 

±13.2 

37.0 

±14.8 

Time effect η2 0.07† 0.1 0.11 0.05† 0.05† 0.085 0.082 0.032† 
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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 Ctl 

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 T6 and 

T12, respectively (Figure 12). However, a comparative chi-square test revealed no statistically significant 

differences between the groups at either T6 or 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 

 
 

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 T6, 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 T6 and T12, 

although not statistically significant compared to the UpEx-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,135, 141, 145, 286 while 

another reports low to moderate improvements at best.146 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.146, 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.282,104 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,161 cardiovascular retraining,162-165 specific target groups such as the elderly,166, 167  

as well as structured protocols for MSK dysfunctions for the knee,168-171, 287 the thoracolumbar spine,172 

the cervical spine,173 the wrist,174 and the shoulder.97, 138, 152, 175-178  Inspite 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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programs176, 177, 179, 288 or supervised one-on-one in a clinic,97, 180, 181, 289 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;290 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,291 the elderly,292, 293 and 

individuals with chronic low back pain,294 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.185, 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, α = 0.05, β 

= 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 

 

 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; 

 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;185, 280, 281 

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

 

4.6.6 How to increase adherence to a group exercise program 

 

 Implement a brief tele-support (phone call or e-mail) reminder to enhance patient attendance to 

treatment;295 

 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;296 
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 Establish realistic treatment parameters, such as twice a week in-clinic treatments with a 

complementary home exercise program; 

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

treatment; 

 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 T6, 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 T6 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 UpEx-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,47 and could have stimulated central adaptations.125, 297 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,125, 297, 298 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 T6 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,296 however, it has also been described 

as "the most unpredictable, least controllable variable of a medical intervention".299 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.300 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.296 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.296 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,301 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 

approach286 coupled with active exercise is considered to be best practice,286 135, 138, 141, 145 as reflected by 

our control group.  

 

A recent systematic review (2015)156 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.138, 302 In 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.289, 303 In 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.142, 157, 159, 160 There is also emerging support for a 

structured exercise program for the rehabilitation of a RC tendinopathy.138, 152, 176, 180, 181 A recent 

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.282 

 

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,97, 176 177 or were unsupervised home based programs.176, 178, 179 
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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,169, 172 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.138 

 

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.156, 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.146, 173 It is a biomechanical 

problem that is deeply rooted in muscular imbalances and motor control deficits of the shoulder 

complex.220 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.182 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.92, 305-307 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,239 putting into 
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question the utility of such proprioceptive protocols for assessing MSK impairements.239 Indeed, this has 

been mirrored by other reviews addressing proprioceptive deficits of the lower back,94 knee263, 264 and 

ankle265 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.245 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 

 

 Proprioception is a multi-faceted and complex neurological concept which may be difficult to 

effectively quantify in a clinical setting; 

 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;295 

 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;296 

 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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 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)? 

 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); 

 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 
(ICC=0.981) and 90% of maximum ER 

(ICC=0.984) 

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 

Inter session. 

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°) 

*Sole et al. 2015 

30 healthy college level 

participants (n=30)  

 Dominant shoulder only 

TTDPM and RPP 

(ipsi) 

60° of abduction in 

scapular plane.  

RPP:  Starting position of 
40° of ER, target 60° of 

ER. TTDMD idem for RPP 

but starting position  20° of 
ER 

Biodex 3 (Pro isokinetic 

dynamometer) 

Angular displacement error (both 

constant and absolute) in degrees 

Intra session. 

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

(0.56-0.90) and a SEM of 0.98° (absolute angular 
error). TTDPM: ICC (95%CI) of 0.92 (0.83-0.96) 

and SEM of 0.15° 

*Han et al. 2013 

12 healthy university student 

volunteers (6 males, 6 females) 

(n=24) 

Bilateral evaluation 

AJPS (ipsi) Flexion Purpose built AMEDA 

apparatus 

Non-parametric signal detection 

method (difference between 

stimulus pairs 1-2, 2-3, 3-4, 4-5) 

in degrees 

Inter session. 

Intra-rater reliability. Test-retest discrimination 

score for the shoulder ICC=0.86 (p=0.79) 

*Herrington et 
al. 2008 

5 healthy professional union 

rugby players (n=5) 

Unclear if bilateral evaluation 

AJPS (ipsi) ER of 45° and 80° at 90°  

of ABD 

 Fuji Finepix S304 camera, 

analysed using Image 

computer software 

Angular displacement error Intra session. 

Intra-tester reliability, correlation between 

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 

*Voight et al. 

1996 

80 healthy college level 

participants (n=160) 
Bilateral evaluation 

AJPS and PJPS 

(ipsi) 

ER 75° at 90° of ABD  

(neutral pronation and 
supination) 

Biodex 3 (Pro isokinetic 

dynamometer) 

Angular displacement in degrees Intra session. 

Intra-rater reliability ICC = 0.95 

*Lephart et al. 

1994 

30 healthy participants (n=30) 

Unclear if bilateral evaluation 

TTDPM and RPP 

(ipsi) 

IR and 30° ER (at 90° of 

ABD and 90° flexion the 
of elbow) 

Specifically designed 

proprioception device 
(PTD) (Using a digital 

microprocessor counter) 

Angular displacement in degrees Intra session. 

Intra-rater reliability: r=0.92 

*Kaya et al. 
2012 

11 healthy participants (n=11) 

Unclear if bilateral evaluation 

AJPS (Ipsi) 180° of F/ABD/ER to 

target angles of 160°, 135°, 

and 120° 

Biodex 3 (Pro isokinetic 

dynamometer) 

Angular displacement in degrees Intra session. 

Intra-rater reliability. 

 ICC = 0.716 (SEM 4.5°) with eyes open and  

ICC= 0.404 (SEM 3.87 °) with eyes closed 

*Bradley et al. 

2009 

33  healthy male Australian 

football players (n=33)  

Unclear if bilateral evaluation 

AJPS (Ipsi) Position 1: 30° of flexion. 

Position 2: 90°  of ABD 

and 90° of elbow flexion 
with 30° of IR. Position 3: 

90° of ABD with 90° of 

elbow flexion with 90° of 
ER 

Motion analysis system: 

Optotrak using LED 

markers placed on the back 
of the long and ring finger 

proximal phalanxes 

Angular displacement in degrees Intra session. 

The intra-rater reliability of the Optotrak system for 

all three positions with an ICC = 0.65-0.77 (mean:  
ICC = 0.87) 

*Zanca et al. 

2015 

24 healthy participants (n=24) 

Unclear if bilateral evaluation 

AJPS (ipsi) Scaption 

 Position 1: 50° 

 Position 2: 70° 
 Position 3: 90° 

An App developed for 

Apple's 4th generation 

iPod touch. The App uses 
internal sensors 

(accelerometers and 

gyroscopes) 

Angular displacement in degrees Intra and inter session. 

Intra-rater reliability.  

Intra session 50° (ICC=0.75), 70° (ICC=0.65), 90° 
(ICC=0.79). 

 Inter session 50° (ICC=0.64), 70° (ICC=0.80) and 

90° (ICC=0.67) 

*Fabis et al. 

2016 

20 healthy participants (n=40) 

Bilateral evaluation 

APJS and PJPS 

(ipsi) 

30° of IR and ER at 30° of 

ABD in scapular plane 

Biodex 3 (Pro isokinetic 

dynamometer) 

Angular displacement in degrees Inter session. 

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 & 
Herrington 2014 

6 healthy senior semi-
professional male rugby 

players (n=6) 

Unclear if bilateral evaluation 

AJPS (ipsi) Relative angles of 45° and 
20° off of the maximum 

range of ER at 90° of ABD 

Digital photograph 
(Samsung Digimax A7 

digital camera) 

Angular displacement in degrees Intra session. 
Intra-rater reliability.  

ICC=0.81 (CI =0 - 3.3°) 

*Lephart et al. 

2002 

Healthy participants. Unclear 

how many shoulders evaluated 

AJPS, PJPS, 

TTDPM, & PMJ 
(ipsi) 

TDPM & PRJP: IR and 

ER.  
 

AJPS & PMJ: 20° flexion 
with 0° of humeral rotation 

(20° FLEX) or 90° of ABD 

with 90° of ER (90° ABD-
ER) 

TDPM & PRJP: 

Proprioception testing 
device.  

ARJP & PMJ: 
Electromagnetic tracking 

device and isokinetic 

dynamometer 

TDPM & PRJP: Angular 

displacement in degrees 
 

AJPS & PMJ: 3D data (X,Y,Z) 
(in cm) and angular rotation using 

sensors on the humerus (in°) 

Intra session. 

Intra-rater reliability of electromagnetic device for 
AJPS & PMJ: ICC= 0.61-0.8 

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 n/a n/a n/a 2 n/a 2 2 2 2 2 20 100 

Allegrucci et al. (1995) 2 2 1 2 n/a n/a n/a 2 n/a 2 1 2 2 1 17 85 

Bradley et al. (2009) 1 2 2 2 n/a n/a n/a 1 n/a 2 2 1 2 1 16 80 

Dover & Powers (2003) 2 2 1 1 n/a n/a n/a 2 n/a 2 1 2 1 2 16 80 

Edmonds et al. (2003) 2 2 1 2 n/a n/a n/a 2 n/a 2 1 1 2 2 17 85 

Fabis et al. (2016) 2 1 1 2 n/a n/a n/a 1 n/a 1 2 1 1 0 12 60 

Han et al. (2013) 2 2 2 2 n/a n/a n/a 2 n/a 2 2 2 2 2 20 100 

Herrington et al. (2008) 2 2 2 1 n/a n/a n/a 2 n/a 2 1 2 1 2 17 85 

Deng & Shih (2015) 2 2 1 2 n/a n/a n/a 2 n/a 2 2 2 2 2 19 95 

Kaya et al. (2012) 2 2 2 2 n/a n/a n/a 2 n/a 2 2 2 2 1 19 95 

Lephart et al. (1994) 1 2 1 1 n/a n/a n/a 2 n/a 1 2 1 2 1 14 70 

Lephart et al. (2002) 1 2 1 2 n/a n/a n/a 2 n/a 1 2 1 2 2 16 80 

Lonn et al. (2000) 2 2 1 1 n/a n/a n/a 2 n/a 2 2 2 2 2 19 95 

Morgan & Herrington 

(2014) 
2 2 2 2 n/a n/a n/a 2 n/a 2 2 2 2 2 20 100 

Nodehi-Moghadam et al. 

(2012) 
2 2 1 2 n/a n/a n/a 2 n/a 2 2 1 2 2 18 90 

Ramsay & Riddoch (2001) 2 2 2 2 n/a n/a n/a 1 n/a 2 2 1 2 1 17 85 

Sole et al. (2015) 2 2 2 2 n/a n/a n/a 2 n/a 1 2 2 2 2 19 95 

Suprak et al. (2005) 2 2 1 2 n/a n/a n/a 2 n/a 2 1 2 2 2 18 90 

Vafadar et al. (2016) 2 2 1 2 n/a n/a n/a 2 n/a 2 2 2 2 2 19 95 

Voight et al. (1996) 2 2 1 2 n/a n/a n/a 2 n/a 2 2 2 2 2 19 95 

Zanca et al. (2015) 2 2 1 2 n/a n/a n/a 1 n/a 2 2 2 2 2 18 90 
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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 % 

Anderson & Wee (2011) 4 4 1 4 4 4 2 4 4 4 4 n/a n/a n/a 39 88.6 

Allegrucci et al. (1995) 3 2 1 4 3 4 3 2 3 4 3 n/a n/a n/a 31 70.5 

Bradley et al. (2009) 4 3 2 4 3 2 2 2 2 2 3 n/a n/a n/a 29 65.9 

Dover & Powers (2003) 3 2 2 4 3 4 3 4 3 4 3 n/a n/a n/a 35 79.6 

Edmonds et al. (2003) 3 4 1 4 2 2 2 2 2 2 3 n/a n/a n/a 27 61.4 

Fabis et al. (2016) 3 2 1 4 2 4 3 4 3 2 3 n/a n/a n/a 31 70.4 

Han et al. (2013) 3 2 1 4 2 4 3 4 4 4 3 n/a n/a n/a 34 77.2 

Herrington et al. (2008) 3 2 1 4 1 4 3 4 3 4 3 n/a n/a n/a 32 72.7 

Deng & Shih (2015) 3 2 1 4 1 4 3 4 3 4 3 n/a n/a n/a 32 72.7 

Kaya et al. (2012) 4 4 1 4 2 2 2 2 2 2 3 n/a n/a n/a 28 63.6 

Lephart et al. (1994) 3 2 2 4 2 2 2 2 2 2 2 n/a n/a n/a 25 56.8 

Lephart et al. (2002) 3 2 1 4 2 2 2 2 2 4 3 n/a n/a n/a 27 61.3 

Lonn et al. (2000) 3 2 1 4 4 4 3 4 4 4 4 n/a n/a n/a 37 84.1 

Morgan & Herrington 

(2014) 
3 2 1 4 2 4 3 4 3 4 3 n/a n/a n/a 33 75.0 

Nodehi-Moghadam et al. 

(2012) 
3 2 1 4 1 4 3 2 3 2 3 n/a n/a n/a 28 63.6 

Ramsay & Riddoch 

(2001) 
4 3 1 4 4 2 4 2 2 2 1 n/a n/a n/a 29 65.9 

Sole et al. (2015) 3 2 2 4 2 2 2 2 3 2 3 n/a n/a n/a 27 61.3 

Suprak et al. (2005) 3 2 1 4 3 4 3 2 4 4 3 n/a n/a n/a 33 75 

Vafadar et al. (2015) 3 2 1 4 3 4 3 4 3 4 3 n/a n/a n/a 34 77.3 

Voight et al. (1996) 3 2 3 4 3 2 3 2 3 4 3 n/a n/a n/a 32 72.7 

Zanca et al. (2015) 3 2 1 4 4 4 3 2 4 4 3 n/a n/a n/a 34 77.3 

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 III 
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 % 

Anderson & Wee (2011) 4 4 1 4 4 4 2 4 4 4 4 n/a n/a n/a 39 88.6 

Allegrucci et al. (1995) 3 2 1 4 3 4 3 2 3 4 3 n/a n/a n/a 31 70.5 

Bradley et al. (2009) 4 3 2 4 3 2 2 2 2 2 3 n/a n/a n/a 29 65.9 

Dover & Powers (2003) 3 2 2 4 3 4 3 4 3 4 3 n/a n/a n/a 35 79.6 

Edmonds et al. (2003) 3 4 1 4 2 2 2 2 2 2 3 n/a n/a n/a 27 61.4 

Fabis et al. (2016) 3 2 1 4 2 4 3 4 3 2 3 n/a n/a n/a 31 70.4 

Han et al. (2013) 3 2 1 4 2 4 3 4 4 4 3 n/a n/a n/a 34 77.2 

Herrington et al. (2008) 3 2 1 4 1 4 3 4 3 4 3 n/a n/a n/a 32 72.7 

Deng & Shih (2015) 3 2 1 4 1 4 3 4 3 4 3 n/a n/a n/a 32 72.7 

Kaya et al. (2012) 4 4 1 4 2 2 2 2 2 2 3 n/a n/a n/a 28 63.6 

Lephart et al. (1994) 3 2 2 4 2 2 2 2 2 2 2 n/a n/a n/a 25 56.8 

Lephart et al. (2002) 3 2 1 4 2 2 2 2 2 4 3 n/a n/a n/a 27 61.3 

Lonn et al. (2000) 3 2 1 4 4 4 3 4 4 4 4 n/a n/a n/a 37 84.1 

Morgan & Herrington 

(2014) 
3 2 1 4 2 4 3 4 3 4 3 n/a n/a n/a 33 75.0 

Nodehi-Moghadam et al. 

(2012) 
3 2 1 4 1 4 3 2 3 2 3 n/a n/a n/a 28 63.6 

Ramsay & Riddoch 

(2001) 
4 3 1 4 4 2 4 2 2 2 1 n/a n/a n/a 29 65.9 

Sole et al. (2015) 3 2 2 4 2 2 2 2 3 2 3 n/a n/a n/a 27 61.3 

Suprak et al. (2005) 3 2 1 4 3 4 3 2 4 4 3 n/a n/a n/a 33 75 

Vafadar et al. (2015) 3 2 1 4 3 4 3 4 3 4 3 n/a n/a n/a 34 77.3 

Voight et al. (1996) 3 2 3 4 3 2 3 2 3 4 3 n/a n/a n/a 32 72.7 

Zanca et al. (2015) 3 2 1 4 4 4 3 2 4 4 3 n/a n/a n/a 34 77.3 

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

Quebec  
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APPENDIX C: Information package for participants 
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APPENDIX D: Consent form for participants 
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APPENDIX E: Subjective telephone interview evaluation form 
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APPENDIX F: Objective physical evaluation form (Baseline) 
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APPENDIX G: Objective physical evaluation form (6-week follow up) 
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APPENDIX H: DASH questionnaire (French Canadian) 
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APPENDIX I: WORC Index (French Canadian) 
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APPENDIX J: Edinburg Handedness Inventory (French) 
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APPENDIX K: Questionnaire of perception of change and satisfaction (French) 
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APPENDIX L: Usual Physiotherapy Care Intervention form (French) 
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APPENDIX M: Upper Extremity Neuromuscular Training Program (Visual Guide) 
 



167 
 

 



168 
 

 



169 
 

 



170 
 

 



171 
 

 



172 
 

 



173 
 

 



174 
 

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 
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APPENDIX P: Ethical Approval (CIRRIS - IRDPQ) 
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APPENDIX Q: Letter from Surgeon General of the Canadian Armed Forces 
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APPENDIX R: Awarded Grant: REPAR-OPPQ Program 4.2 for a clinical study
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APPENDIX S: Awarded Student Bursary from CIRRIS and Laval University 
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