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ABSTRACT 

 

Shoulder Musculoskeletal Disorders (MSDs) are prevalent conditions particularly 

among women. Obtaining accurate measurements of shoulder range of motion 

(ROM) is a major concern for the clinical setting. The purpose of this project was 

to obtain reference data and assess test-retest reliability of shoulder ROM using 

the BTE simulator II (Simulator II, BTE technologies™) in a healthy adult 

population of women. Shoulder ROM was assessed from thirty female right-

handed subjects (20-52 years old) in flexion, extension, external rotation and 

abduction, on two separate days. ROM measurements were slightly different from 

those of the literature, were not associated with age or anthropometric 

characteristics, similar between left and right sides except for abduction, and 

independent from handedness scores. Test-retest reliability was moderate to 

excellent (above 0.77 for almost all movements and 0.56-0.73 for external 

rotation). Standard error of measurement and minimal detectable change were 

smaller than values reported for goniometric measurements. Patient studies are 

needed to implement the Simulator II in clinical settings.   
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RÉSUMÉ  

 

Les blessures musculo-squelettiques de l’épaule représentent une condition 

répandue chez les femmes. Obtenir des valeurs précises d’amplitude de l’épaule 

est une priorité en clinique.  Le but de ce projet était d’obtenir des valeurs de 

références et d’évaluer la fidélité test-retest des amplitudes de l’épaule en utilisant 

le “BTE simulator II (Simulator II, BTE technologies™)” sur une population de 

femmes en santé. Les amplitudes de l’épaule ont été mesurées chez trente sujets 

droitières (âgées de 20-52 ans) en flexion, extension, rotation externe et 

abduction, à deux jours différents. Les amplitudes avaient quelques différences 

avec celles de la littérature, n’étaient pas associées aux mesures démographiques 

ou anthropométriques, étaient similaires entre les côtés gauche et droit sauf pour 

l’abduction, et étaient indépendantes des scores de latéralité. La fidélité test-retest 

était modérée à excellente (supérieure à 0,77 pour presque tous les mouvements et 

entre 0,56-0,73 pour la rotation externe). L’erreur standard et le changement 

minimum détectable étaient plus petits que ceux rapportés pour des mesures 

goniométriques. D’autres études sont recommandées pour l’implantation du 

“Simulator II” dans le milieu clinique.   
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CHAPTER 1 - INTRODUCTION 

 

Musculoskeletal disorders (MSDs) are a major problem in industrialized societies; 

their economic impact on workplaces, as well as for the society, is evident 

(Melhorn, 1998; Palsson et al., 1998). MSDs can affect muscles, tendons, 

ligaments, and joints of the human body. This problem has only grown in size in 

the last few decades. In 1990, 15% of the entire working population in the United 

States suffered from one or more types of chronic MSDs, and this rate is 

anticipated to increase to 18% within the next 30 years (Lawrence et al., 1998). 

For the health care industry, 73% of all compensable claims between 1994 and 

1998 resulted from MSDs (WCB, 2000). However, ergonomic interventions have 

shown little success in improving musculoskeletal health among the working 

population (Westgaard and Winkel, 1997). During the past decade, upper 

extremity musculoskeletal disorders (UEMSD) have become one of the most 

significant and costly health problems among the worldwide working population 

(Feuerstein et al., 1998; Silverstein et al., 1998; Muggleton et al., 1999). 

UEMSDs are painful conditions affecting soft tissues of the hands, arms, 

shoulders, and neck (Mani and Gerr, 2000). The prevalence of work-related 

UEMSDs reported in the United States has increased dramatically during the past 

two decades; in 1982, they accounted for 18% of all reported occupational illness 

and in 2002, they accounted for two thirds (US Bureau of Labor Statistics, 2003). 

 

Recent studies suggest that physical risk factors associated with shoulder 

complaints and disorders can be related to monotonous repetitive movements, 

forceful exertions, awkward postures, static contractions and vibration of the neck 

/ shoulder and upper extremities at the workstation (Berlin and Vermette, 1985; 

Bear-Lehman and Abreu, 1989; Keyserling, 2000; Reesink et al., 2007). Injuries 

and disorders caused by overexertion and repetitive motion are the leading causes 

of compensable lost-time cases in the United States (Keyserling, 2000).  
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The shoulder girdle (bones set which bring together, the upper limb and the axial 

skeleton) is light and allows the upper limbs a degree of mobility not seen 

anywhere else in the body (Marieb and Hoehn, 2009). The shoulder girdle is also 

an important part of the shoulder joint (segment of the body where the humerus 

bones attaches to the scapula) and arm movements depend on its adequate range 

of motion (ROM) (Nadeau et al., 2007). ROM assessment has long been 

recognized as an important part of the shoulder musculoskeletal examination 

(Awan et al., 2002). ROM is oftentimes used to assess joint mobility, determine 

disability impairment, establish a diagnostic, monitor treatment effects, document 

improvements in mobility and set realistic goals for patients (Moore, 1949; 

Walker et al., 1984; Greene and Heckman, 1994; Hayes et al., 2001; Nadeau et 

al., 2007). Clinical decisions are oftentimes based in part on these data (Greene 

and Wolf, 1989; Awan et al., 2002). The assessment of shoulder ROM is 

particularly important in the diagnosis of disorders of the shoulder and for the 

evaluation of the strategies that may alter proper shoulder function (Nadeau et al., 

2007).  

 

Several studies have reported measurements of shoulder ROM made with 

goniometers and other related systems. In general, no studies have reported 

significant differences in ROM between the dominant and non-dominant 

shoulders, although no studies assessed the relationship between shoulder ROM 

and handedness (the degree of dominance of the use of one side compared to the 

other). In addition, although the prevalence of work-related shoulder MSDs is 

higher among women and most studies indicate that ROM may be greater in 

women compared to men, most have assessed shoulder ROM in gender-balanced 

subject samples and none has reported psychometric properties of ROM 

measurements taken in a sample of women. Finally, even though very young and 

very old age have been shown to affect shoulder ROM, the relationships between 

shoulder ROM and characteristics such as age in adulthood, height, weight and 

arm segment lengths are not well known.  
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The Baltimore Therapeutic Equipment (BTE) Work Simulator II (from the BTE 

technologies™, Hanover, Maryland) is a commercial system equipped with 

potentiometers and load cells that allows the measurements of force and motion. 

The Simulator II appears to be the most thoroughly researched instrument for 

work simulations, with test-retest, intra-test and instrument reliability investigated 

in healthy and injured populations (Innes and Straker, 1999); however, only a 

limited number of the Simulator II’s 22 attachments have been tested (Trossman 

et al., 1990; Coleman et al., 1996). The Simulator II is simple to use, doesn’t 

depend on manual guidance from the clinician, and provides objective data that is 

available quickly to the clinician and to the patient, making it a system of choice 

in the clinical setting (Kennedy and Bhambhani, 1991). Although the Simulator II 

can be used to measure shoulder ROM as well as work-related performance, its 

psychometric properties in measuring shoulder ROM have never been reported.  

 

The objectives of this study were to document reference values of shoulder range 

of motion in four different movements in a healthy right-handed group of women 

using the Simulator II system. We also wanted to verify whether these 

measurements were associated with age or anthropometric characteristics of 

subjects, assess the test-retest properties of the apparatus in measuring shoulder 

ROM as well as to compare ROM values across shoulders (dominant and non-

dominant). This project was an essential first step to a second study in which the 

candidate participated as co-author of a book chapter, which ultimately aims to 

compare shoulder ROM between groups of healthy subjects and patients with 

neck-shoulder pain (Lomond et al., 2009). 
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CHAPTER 2 - LITERATURE REVIEW 

 

On the basis of the current literature and the various tasks and attachments 

provided by the system, the reliability and validity of the BTE simulator II 

(Simulator II) has not been well demonstrated at this time, and should therefore 

not be entirely relied on as an accurate assessment instrument. It is evident that 

more research studies designed to test psychometric properties of the Simulator II 

are needed (Kennedy and Bhambhani, 1991), so as to insure adequate use in the 

clinical and rehabilitation world. Below is a summary of the literature pertinent to 

the present project. 

 

2.1 Why measure shoulder function? 

 

2.1.1 Prevalence of Musculoskeletal Disorders (MSDs) 

MSDs are a major problem in industrialized societies; their economic impact on 

workplaces, as well as for the society, is evident (Melhorn, 1998; Palsson et al., 

1998). MSDs can affect muscles, tendons, ligaments, and joints of the human 

body. They are the cause of common complaints in both the general and working 

populations (Treaster and Burr, 2004) and they are the main cause of sickness 

absence and disability pensions (Synnerholm, 1995; Leijon et al., 1998; Persson et 

al., 2001). This problem has only grown in size in the last few decades. For 

instance, sickness absence due to neck / shoulder and low-back disorders has 

increased continuously between 1986 and 1994 in Sweden (Leijon et al., 1998). In 

1990, 15% of the entire working population in the United States suffered from 

one or more types of chronic MSDs, and this rate is anticipated to increase to 18% 

within the next 30 years (Lawrence et al., 1998). In the province of British 

Columbia, Canada, a major concern in the health care industry is the escalating 

incidence, duration and costs of compensation claims, absenteeism and medical 

expenses resulting from MSD (Russo et al., 2002). 73% of all compensable 

claims between 1994 and 1998 resulted from MSD, and the direct cost for these 



 
 

13

claims was estimated at $113.4 million (WCB, 2000). The cost figures are just as 

staggering in the USA (NIOSH, 1997) and European countries (European Agency 

for Safety and Health of Work, 1999). However, ergonomic interventions have 

shown little success in improving musculoskeletal health among the working 

population (Westgaard and Winkel, 1997).  

 

2.1.2 Shoulder MSDs 

During the past decade, upper extremity musculoskeletal disorders (UEMSD) 

have become one of the most significant and costly health problems among the 

worldwide working population (Feuerstein et al., 1998; Silverstein et al., 1998; 

Muggleton et al., 1999). UEMSDs are painful conditions affecting soft tissues of 

the hands, arms, shoulders, and neck (Mani and Gerr, 2000).  The literature has 

shown that UEMSDs can lead to particularly high rates of work disability, 

unemployment and insurance claims (Norlander et al., 1996). What is even more 

unfortunate is that the majority of these costs are not related to health care 

directly, but more due to sick leave, disability and loss of productivity (Borghouts 

et al., 1996). In the USA, the prevalence of reported work-related UEMSDs has 

impressively increased during the past 20 years. In 1982, they accounted for 18% 

of all reported occupational illness cases in the USA; in 2002, this number had 

increased to 66% (US Bureau of Labor Statistics, 2003). In 1994, 332,000 

UEMSD cases involving lost workdays were reported to the US Bureau of Labor 

Statistics, an increase of 10% from 1993 (US Bureau of Labor Statistics, 1998). 

Furthermore, shoulder disorders have been specifically shown to have 

considerable impact on sickness absence (Nygren et al., 1995), utilisation of 

primary (van der Windt et al., 1995) and secondary (Vecchio et al., 1995; Vitale 

et al., 1999) health services, and premature withdrawal from the labour market 

(Lund, 2001). Although there is a belief that UEMSDs are under-reported, they 

are estimated to account for at least 4% of all state workers' compensation claims, 

an important increase from about 1% 10 years ago (Hales and Bernard, 1996; 

Bureau of Labor Statistics, 1997). Moreover, based on a single state's workers' 
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compensation commission statistics (representing 8% of the US population), 

upper-extremity injuries represented between 21% and 23% of all reported 

compensable injuries, based on the known compensable musculoskeletal injury 

cases by body part for 5 years, from 1992 to 1996 (Texas Workers' Compensation 

Commission Annual Report, 1997). These reports also indicate that the average 

cost of an UEMSD case (total of medical and compensation costs) in 1992 was 

80% higher than the average of all cases reported (Mayer et al., 1999). Since 

chronic disability leads to the highest cost, systematic evaluation of this growing 

occupational condition is needed (Mayer et al., 1999).  

 

Many recent studies show that physical risk factors associated with shoulder 

complaints and disorders can be related to monotonous repetitive movements, 

forceful exertions, awkward postures, static contractions and vibration of the neck 

/ shoulder and upper extremities at the workstation (Berlin and Vermette, 1985; 

Bear-Lehman and Abreu, 1989; Keyserling, 2000; Reesink et al., 2007). Injuries 

and disorders caused by overexertion and repetitive motion are the leading causes 

of compensable lost-time cases in the United States (Keyserling, 2000). These 

disorders often become chronic with highly negative consequences for the 

individual (Melhorn, 1998; Palsson et al., 1998). The prevalence of 

musculoskeletal disorders (MSDs) is thought to increase proportionally to the 

exposure to those risk factors (Keyserling, 2000).  

 

2.1.3 Anatomical characteristics of the shoulder girdle 

The human anatomy has evolved to become precise and efficient; the shoulder is 

one of the body’s more unusual anatomical systems. The shoulder girdle is very 

light and allows the upper limbs a degree of mobility not seen anywhere else in 

the body. This mobility is due to the following factors (Marieb and Hoehn, 2009): 

- Because only the clavicle attaches to the axial skeleton, the scapula can 

move with little restraint across the thorax, allowing the arm to move 

with it.  
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- The socket of the shoulder joint (the scapula’s glenoid cavity) is 

shallow and weakly supported, thus it supplies little restriction of 

movement of the humerus (arm bone). The ball-and-socket shoulder 

joint is the most flexible joint in the body, but on the other hand, is one 

of the most unstable joints; shoulder dislocations are quite common.  

 

The shoulder joint is made up of a bony structure that provides a pathway 

between the upper limbs and the trunk. These bones not only supply structure to 

the shoulder but also are attachment points for the shoulder muscles. Many 

muscles support this structure; allow movement and aid in stabilization. Shoulder 

muscles can be separated in two general groups: superficial muscles of the thorax 

for the movements of the scapula, and the ones crossing the shoulder joint 

(glenohumeral) for the movements of the arm (humerus). Most superficial thorax 

muscles run from the ribs and the vertebral column to the shoulder girdle, 

retaining the scapula in place and contributing to the range of arm movement. The 

principal movements of the pectoral girdle involve displacement of the scapula, 

i.e. its elevation, depression, rotation, lateral and medial movements. The 

clavicles rotate around their own axes to provide both stability and precision to 

scapular movements (Marieb and Hoehn, 2009). Finally, other anatomical 

structures such as the axilla region (brachial plexus nerve and lymph nodes) may 

be associated with UEMSD.  

 

To provide active range of motion at the glenohumeral joint, several muscles 

cross each shoulder joint to insert on the humerus. All muscles acting on the 

humerus originate from the pectoral girdle; however, two of these (latissimus 

dorsi and pectoralis major) primarily originate from the axial skeleton. Of the nine 

principal muscles of the glenohumeral joint, only the pectoralis major, latissimus 

dorsi and deltoid muscles are prime movers of arm movements. The remaining six 

are synergists and fixators.  Four of these, the supraspinatus, infraspinatus, teres 

minor and subscapularis are the rotator cuff muscles. They originate on the 
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scapula, and their tendons blend with the fibrous capsule of the shoulder joint on 

the way to the humerus. Commonly speaking, muscles that originate anterior to 

the shoulder joint flex the shoulder and muscles originating posterior to the 

shoulder joint extend the shoulder. Located on the lateral side of the shoulder, the 

middle region of the deltoid muscle is the prime mover of arm abduction. Finally, 

the small muscles acting on the humerus promote lateral and medial rotation of 

the arm. The interactions among these nine muscles are complex and each 

contributes to several movements. Table 1 classifies the main shoulder muscles 

according to their location and their main action at the shoulder (Marieb and 

Hoehn, 2009).  
 
Table 1 – Anatomical characteristics of the shoulder musculature  

Name Origin Insertion Action 

1) Superficial muscles of the anterior and posterior thorax, movements of the scapula 

Pectoralis minor Ribs 3-5  Coracoid process  
Pull the scapula 

forward and 
downward 

Serratus anterior Ribs 1-8  Vertebral border of 
scapula Rotate scapula 

Subclavius  Rib 1 
(Costal cartilage) Clavicle 

Stabilize and reduce 
the level of the 

scapula 

Trapezius 
Occipital bone, 

ligamentum nuchae, C7 
and thoracic vertebrae 

Acromion, scapula and 
clavicle 

Stabilize and raises 
/ retracts / rotates 

scapula 
Levator 
scapulae C1-C4 Scapula Elevates / adducts 

scapula 

Rhomboids C7, T1 (minor) and T2 – 
T5 (major) Scapula Stabilize  

2) Muscles crossing the shoulder joint, movements of the arm (humerus) 

Pectoralis major 

Clavicle, sternum, Ribs 
1-6 (or 7) and 

aponeurosis of external 
oblique muscle 

Intertubercular sulcus 
(by a tendon) and 
humerus greater 

tubercle 

Arm flexion (main 
muscle) / medial 
rotation / adducts 

arm 

Deltoid 
Hold Trapezius insertion, 

clavicle, acromion and 
scapula 

Deltoid tuberosity of 
humerus 

Arm abduction 
(main muscle)  

Latissimus dorsi 

Scapula, lower 6 thoracic 
vertebrae (via 

lumbodorsal fascia), 
lumber vertebrae, lower 
Ribs 3-4 and iliac crest 

Teres major (around) 
and humerus 

intertubercular sulcus  

Arm extension 
(main muscle) / 

adductor / medially 
rotation 

Subscapularis Scapula subscapular 
fossa  

Humerus lesser 
tubercle 

Medial rotator of 
humerus (main 
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muscle) 

Supraspinatus Scapula supraspinatus 
fossa  

Humerus greater 
tubercle  

Originates 
abduction 

Infraspinatus Scapula infraspinatus 
fossa 

Humerus greater 
tubercle (posterior) and 

supraspinatus 

Rotates humerus 
laterally 

Teres minor Dorsal scapular surface 
Humerus greater 

tubercle (inferior) and 
infraspinatus 

Rotates humerus 
laterally 

Teres major Scapula (posterior 
surface)  

Crest of lesser tubercle 
(anterior humerus) and 
latissimus dorsi (from a 

tendon) 

Extends / Medially 
rotates / Adducts 

humerus 

Coracobrachialis Coracoid process of 
scapula 

Humerus (medial 
surface) 

Humerus flexion / 
adduction  

 

2.2 Reference values of shoulder range of motion (ROM)  

 

Measurements of joint motion are a concern of professionals in many disciplines; 

ROM is oftentimes used to assess joint mobility, determine disability impairment, 

establish a diagnostic, monitor treatment effects, document improvements in 

mobility and set realistic goals for patients (Moore, 1949; Walker et al., 1984; 

Greene and Heckman, 1994). Clinical decisions are oftentimes based in part on 

these data (Greene and Wolf, 1989; Awan et al., 2002). Indeed, objective 

assessment of muscle performance is an important aspect of the evaluation in the 

clinical setting. Information obtained through objective measures of ROM 

provides essential arguments to the clinician to determine functional status, 

planning a rehabilitation program and documenting effectiveness of surgical or 

therapeutic interventions (Leggin et al., 1996). Thus, standardization of valid and 

reliable methods of measurement is imperative when establishing the clinical 

usefulness of any proposed ROM measure (Awan et al., 2002).  

 

A first aspect that should be considered is that a full range of motion of the upper 

limb requires motion of the scapula and the spine; it needs the alliance of 

glenohumeral (GH) and scapulothoracic (ST) joints movements (Crosbie et al., 

2008). This is explained by the need of the humerus to link with the scapula to the 
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trunk to achieve, for example, a full humerus-to-trunk scapular plane elevation 

(Crosbie et al., 2008; Yoshizaki et al., 2009).  Moreover, some studies have 

highlighted a phenomenon called « scapular-humeral rhythm » which is known as 

the kinematic hallmark indicating motion of the shoulder joint (Yoshizaki et al., 

2009). It helps to achieve further range of movement and those adjustments come 

from an imbalance in the muscles that maintain the scapula in place (trapezius). 

This inequality could cause a forward head carriage which in turn can affect the 

range of movements of the shoulder (Snell, 2006). As Yoshizaki et al. (2009) was 

concluding, the complementary actions of the GH and ST muscles are 

necessitated to provide the complex kinematics in the shoulder during some 

specific movements such as arm elevation and lowering.  

 

The rotator cuff muscles of the shoulder produce a high tensile force, and help to 

pull the head of the humerus into the glenoid fossa. 

Besides, the shoulder joint is an important part of the shoulder and arm 

movements depend on its adequate range of motion (Nadeau et al., 2007); 

compared to all the body joints, the shoulder has the greatest ROM (Hayes et al., 

2001). As such, ROM assessment has long been recognized as an important part 

of the shoulder musculoskeletal examination (Awan et al., 2002); this constitutes 

an important step in the diagnosis of disorders of the shoulder (Hayes and al., 

2001) and for the evaluation of strategies that may alter shoulder function (Hayes 

et al., 2001; Nadeau et al., 2007). An analysis of the literature on shoulder 

biomechanics was performed in order to collect values of shoulder ROM reported 

in previous studies (Table 2). Several studies have reported measurements of 

shoulder ROM made with goniometers and other related systems.  

 

One of the first ones to do so was the Boone and Azen study (1979), in which 

authors measured active ROMs using a standard goniometer for several joints: 

shoulders, elbows, knee, hip, etc. The beginning and ending positions of each 

motion were measured once on the left and once on the right. Subjects were in a 
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supine position for almost all shoulder measurements. Data was then qualitatively 

compared to a clinical database kept by the American Academy of Orthopaedic 

Surgeons (AAOS, 1965). Of the movements tested, the only ones reported here 

are shoulder flexion, extension, external rotation and abduction active ROM.  For 

flexion, authors measured ROM averages of 165°, compared to 158° reported by 

the AAOS; for extension, authors found 57.3° (53° from the AAOS). For external 

rotation, measurements were on average 99.6° (AAOS: 90°) and finally, in 

abduction, authors measured 182.7°, compared to 170° for the AAOS. In a 

subsequent study, Walker et al. (1984) measured shoulder joint ROM with a large 

360-degree goniometer calibrated in 1-degree increments with 32 cm arms. Two 

investigators were needed to evaluate the ROM, one for taking the measure and 

one to read it. Researchers collected five different ROM measures: shoulder 

abduction, flexion, extension and medial / lateral rotation. The result of this 

investigation was a single database for shoulder ROM whereby women had larger 

ROM compared to men for most movements (see later in this section) (Walker et 

al., 1984). Later on, Greene and Wolf (1989) wanted to establish a comparison 

between two measurements devices: the Ortho Ranger (an electronic 

computerized goniometer made by Orthotronics Inc., Florida) and a standard 

protractor goniometer. The dominant upper extremity was measured for the 

following shoulder movements: flexion, extension, abduction, adduction and 

internal / external rotation, as well as for movements of other joints (elbow and 

wrist). For all movements, the estimated standard deviations of measures taken 

with the Ortho Ranger were larger than those of the goniometer. Both instruments 

demonstrated high inter-trial reliability, although values taken with the 

goniometer were slightly higher for all movements. 

  

Since intrarater reliability of goniometric measurements had been found to be 

greater than interrater reliability, in Sabari et al.’s study (1998), only one 

examiner took goniometric measurements of shoulder flexion and abduction, with 

two trials in each of passive and active ROM, in a seated position. Results showed 
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range of motion of 160.20° in the passive and 157.67° in the active shoulder 

flexion and 158.10° in the passive and 156.17° for the active abduction motion. 

Moreover, results generally indicated larger values reached in passive range of 

motion trials than the active ones. In the Boon and Smith (2000) study, authors 

used standard plastic long-armed (12-in) goniometers with 1° increments to 

establish reference values for full range of shoulder external and internal rotation 

motion, in a supine lying down position. Two types of recordings were made; one 

with the scapula stabilized and one without, which showed larger ROM values in 

the non-stabilized condition (Boon and Smith, 2000). Barnes et al. (2001) 

measured shoulder ROM in 40 subjects (20 males, 20 females ranged from 4 to 

70 years). Bilateral active and passive forward elevation, abduction, internal and 

external rotation at 90° of abduction, external rotation with the arm adducted, and 

extension were measured once in all subjects. Within each age group, half of the 

subjects had active motion measured first and the other had passive motion 

measured first to minimize the effects of warm-up on subsequent shoulder ROM. 

All measurements were made with a 360° clinical goniometer with 10-inch 

movable arms with standard techniques. Age was found to have a statistically 

significant effect on all motions analyzed, and female subjects had statistically 

greater ROM than male subjects for all motions measured. Also, authors reached 

contrasting conclusions with the relationship between ROM data and shoulder 

dominance. The dominant shoulder showed greater motion for external rotation 

contrary to the internal rotation and extension that were larger for the non-

dominant shoulder (p < .01 for all relations; see later in this section) (Barnes et al., 

2001). However, authors could not interpret their findings to reflect systematic 

bilateral differences in shoulder ROM data and noted that the magnitude of 

difference between shoulders was relatively small and thus may be difficult to 

detect clinically. 

 

Later, Awan et al. (2002) used commercially available digital inclinometers with 

1° increments for all measurements. They used this instrument to determine 
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significant differences between passive shoulder internal / external rotation by 

using three different methods: scapula stabilized or not, and the visual inspection 

method; as such, for the external rotation (ER) – visual measurement, the end 

range of motion was determined as the point at which the posterolateral acromion 

was visualized to rise off the table. Ninety-three percent of the 56 unimpaired 

individuals (30/32 men, 22/24 women) participating in this study were right-

handed. The subject average ROM for the external rotation was 116.9° for the 

right arm and 113.3° for the left one. The ANOVA did not reveal any significant 

interaction between arm dominance and measurement technique. Intrarater 

reliability was found to be moderate for ER (0.58-0.67) and equally good for all 

measures of internal rotation (IR) (0.63-0.71) and interrater reliability was low to 

moderate for ER (0.41-0.51) and all measures of IR (0.41-0.66). More recently, in 

a book chapter accepted for publication by our group (Lomond et al., 2009), 

authors measured shoulder active ROM for flexion and extension movements 

with the Simulator II (BTE technologies™). Their sample was composed of 16 

participants with neck / shoulder pain (pain intensity ≥ 3/10 for at least 3 months 

within the past year). They assessed ROMs with one administrator and on two 

different sessions with 48 hours apart. The subjects were seated while they were 

executing the different motions and their trunk and upper torso was strapped to 

avoid movement compensations. Although focusing on a different clinical 

population, these results are informative in that they present the only study 

published in the scientific literature reporting shoulder ROM measurements made 

with the Simulator II system. Findings from this pathological group are reported 

below, along with results from all studies mentioned above. 

 

Table 2 – Summary of shoulder ROM reference data taken from the literature. Values are 
means ± SD, expressed in ° 

Study ROM type / 
Instrument Flexion Extension External 

Rotation Abduction 

The American 
Academy of 
Orthopaedic 
Surgeons (1965) 

Active ROM - 
Goniometer 158 53 90 170 
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Boone & Azen 
(1979) 

Active ROM - 
Goniometer 165 ± 5 57.3 ± 8.1 99.6 ± 7.6 182.7 ± 9.0 

Walker et al. 
(1984) 

Active ROM -
Goniometer 169 ± 9 49 ± 13 X 175 ± 16 

Greene and 
Wolf (1989) 

Active ROM -
Goniometer 155.8 ± 1.41 155.8 ± 1.1 83.6 ± 

2.96 
167.6 ± 

1.81 
Active ROM -
Ortho Ranger 149.1 ± 3.13 149.3 ± 2.24 80.3 ± 

3.81 
158.0 ± 

3.67 
Sabari et al. 
(1998) 

Goniometer - 
Passive ROM 

average 

160.20 ± 
15.14 X X 158.10 ± 

16.15 

Goniometer - 
Active ROM 

average 

157.67 ± 
14.84 X X 156.17 ± 

17.02 

Boon and Smith 
(2000)  

Goniometer - 
Passive ROM X X 108.1 ± 

14.4 X 

Barnes et al. 
(2001) 
 

Goniometer - 
Passive ROM X 

D: 83.2 ± 
11.2 

ND: 84.6 ± 
11.3 

X 

D: 194.6 ± 
16.5 

ND: 195.0 
± 16.6 

Goniometer - 
Active ROM X 

D: 67.3 ±8.7 
ND: 68.7 ± 

9.3 
X 

D: 187.6 ± 
16.1 

ND: 188.6 
± 15.4 

Awan et al.  
(2002)  
 Goniometer - 

Passive ROM X X 

Right: 
113.3 ± 

9.6 
Left: 

116.9 ± 
8.8 

X 

Lomond et al.  
(2009)  
 

Simulator II -
Active ROM 
Test (Day1) 

173.2 ± 38.7 X X 143.5 ± 
50.2 

Retest (Day2) 184.8 ± 36.1 X X 165.4 ± 
38.2 

D: Dominant arm 
ND: Non-Dominant arm 
 
 

Moreover, other studies have been recently investigated the shoulder joint but 

with more modern equipments than goniometers. Meeteren et al. (2002) studied 

test-retest reliability of shoulder muscle strength with the Biodex® dynamometer 

(Multi-joint system 2). They tested strength in abduction / adduction and external 

/ internal rotation directions on a gender-balanced sample of 20 subjects. All 

measurements were done in a sitting position with subjects strapped to the chair 

(upper trunk, pelvis and contralateral leg), with a footrest and a gravity correction. 
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Every session was done with a random movement order, a warming-up session 

and a rest period of 60 seconds between angular velocities; the test-retest was 

done on a 2-week interval. On their sides, Orri and Darden (2008) observed the 

reliability and validity of the « iSAM 9000 Isokinetic Dynamometer ». This 

equipment is described as a free-standing dynamometer that tests the muscular 

strength using a concentric isokinetic mode of operation. The study established 

the mechanical validity and reliability of the iSAM9000 by comparing the 

iSAM9000 values and the Cybex6000 ones. The study was done on 40 men and 

20 women adult volunteers, healthy, free of musculoskeletal, cardiovascular and 

neuromuscular conditions. Before testing, both dynamometers were calibrated and 

they did not use a gravity correction. Subjects were strapped to stabilize the hips, 

upper body and legs, plus, they had at least three warm-up sessions. For the 

testing, they had 15 s of rest after the warming-up sessions and had to push and 

pull as hard as they could for the 5 maximal test repetitions. The following 

muscles were tested: trunk, right and left knee, left and right shoulder. They had 

to come back for a second test session within 3 to 5 days. However, unfortunately, 

we cannot compare both of those studies with the ones previously cited because 

they are not testing the same shoulder proprieties. These two studies were looking 

at torques values and not range of motion ones.  

 
 
To summarize, the literature indicates that most of the research on shoulder ROM 

has assessed the same four movements as those that we chose to assess in the 

present study. However, in theory, the system used in the present study allows for 

range of motion measurements since electropotentiometers are built into the 

system, and they are not dependent on manual positioning from the experimenter. 

Also, past research has focused on intrarater reliability while using clinical tools, 

and on ROM measures taken in either supine or seated positions. Moreover, 

researchers have assessed two different means to achieve ROM, passive (i.e. 

where the limb is moved by the administrator) and active (i.e. where the limb is 

moved by subject muscle actions). Results have generally demonstrated that 
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passive ROM was always higher than active ROM. However active trials seem to 

have been chosen in most studies because it is a more functional measure of what 

individuals can actually achieve by themselves. Finally, two other important 

factors have been identified by the literature on ROM: differences between males 

and females, and effects of hand dominance, or handedness. These two factors 

will be addressed in more details in subsequent sections.  

 

2.3 Handedness relationship with ROM  

  

Handedness (also referred to as laterality, or hand dominance) is an attribute of 

human beings defined by their unequal distribution of fine motor skills between 

the left and right hands. An individual who is more dexterous with the right hand 

is called right-handed, and one who is more skilled with the left is said to be left-

handed. A minority of people is equally skilled with both hands, and is termed 

ambidextrous. Similarly, manual asymmetry is characterized by the tendency to 

favor one hand for performance of skilled unimanual tasks (Sainburg and 

Kalakanis, 2000; Bagesteiro and Sainburg, 2002). According to statistics from the 

late 1990s, there was at the time a lower incidence of left-handedness in the 

general population, with studies suggesting that approximately 7 to 10 percent of 

the adult population may be functionally left-handed, and that left-handedness is 

more common in males than females (Raymond et al., 1996).  

 

One of the tests designed to assess a person’s handedness is the Edinburgh 

Handedness Questionnaire (Oldfield, 1971). At the completion of the 

questionnaire, a laterality score can be obtained, which is also called a Geschwind 

score (GS). A score of -100 means that the subject responded “always left” on all 

items, and a score of +100 indicates “always right” on all questions (Knecht et al., 

2000). This is a preference-based measure and shows a J-shaped distribution of 

handedness in the general population (Knecht et al., 2000). The Edinburgh 

Inventory is known from past studies to detain good test-retest reliability thus, 
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favoring its comparability with data from the literature (Ransil and Schachter, 

1994). 

  

Earlier studies on ROM measurement reported left-right differences with 

disregard to subjects’ handedness. First, Cobe (1928) reported in his study that the 

left wrist had greater ROM than the right one in every motion in men, except for 

the ulnar flexion in the supine position. However, results from the women 

population differed, with only radial flexion in supination and dorsiflexion in 

pronation being slightly larger in amplitude on the left than on the right.  Authors 

questioned this possible difference across sexes because of small and uneven 

sample sizes (100 men and 15 women). Moreover, the significance of these 

results was not confirmed by statistics and the measurement method was not very 

accurate (measures were taken with two protractors, one for each hand, with 

subjects leaning on a flat surface (table)). In fact, the authors at the time 

acknowledged that differences obtained were most likely not clinically 

meaningful and could not explain otherwise their findings of left-right 

differences. Later, Allander et al. (1974) used a goniometer to collect the same 

variables as those reported by Cobe and found smaller ROMs on the right side 

than the left (p < 0.001) for the wrist and, in some age groups, for the shoulder. 

To interpret these findings, authors hypothesized that the original skeletal 

structure probably plays some role in this difference between right and left side. 

Indeed, the radio-ulnar width in 434 males aged 16 to 27 years was greater on the 

right side (p < 0.001), and bone density in the lower end of the radius, as 

measured by Ekman and co-workers (1970), was also greater on the right side. In 

light of these previous measurements, authors believed at that time that there may 

be some biological differences in earlier years of life, and that these may produce 

differences in joint function in later years (Allander et al, 1974). However, no 

such effect of side was found for shoulder measurements. 

 

Later, Boone and Azen (1979), the first ones to report handedness in their 
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analyses of ROM, found that, in a right-handed sample of male subjects, ROM 

differences between the left (non-dominant) and right (dominant) joints were not 

constant across movements; for example, in the age range of 6 to 12 year olds, for 

the shoulder joint, they found greater ROM on the right compared to the left for 

the horizontal flexion movement (p < 0.001). However, they found larger ROM 

on the left than the right (p < 0.01) for the backward extension and inward 

rotation task in the age range of 20 to 29 years old, (p < 0.005). Nevertheless, they 

concluded that since no consistent pattern was noted, their data could be 

associated to chance; thus, right and left amplitudes were averaged for following 

analyses. In a subsequent study, Smith and Walker (1983) found only one 

significant left-right difference in their right-handed sample, with passive elbow 

flexion in females aged 55 to 64 years showing a significant difference of 4° 

between right and left sides. Despite this finding for the elbow joint, the absence 

of significant side difference in other joints and movements lead authors to 

conclude to an overall non-relationship between range of motion and handedness. 

In contrast, Günal et al. (1996) found in their study of 1000 male right-handed 

subjects that ranges of motion on the right side were significantly smaller than 

those on the left (non-dominant side). Authors attributed the smaller amplitude of 

motion on the right side to slight degenerative changes in these more frequently 

used joints as well as damage to the ligaments of the right upper extremity in a 

right-handed population (Günal et al., 1996). Later on, Barnes et al. (2001) 

assessed a sample of 40 subjects (20 males, 20 females) and found that the non-

dominant shoulder had greater active internal rotation (p < .01), passive internal 

rotation (p < .01), active extension (p < .01), and passive extension (p = .013) than 

the dominant shoulder. However, the dominant shoulder displayed significantly 

greater active and passive external rotation than the non-dominant shoulder, 

regardless of whether the arm was abducted or adducted at the time of 

measurement (p < .01 in all cases). Moreover, no significant differences were 

found between the two shoulder sides for forward elevation or abduction ROMs. 

On the other hand, authors noted that the magnitude of difference between 
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shoulders for extension was relatively small and thus may be difficult to detect 

clinically. Authors also performed a follow-up study specifically on the 4-10 

years old group and no significant differences were found between dominant and 

non-dominant sides for forward elevation or abduction, and the effects of shoulder 

dominance on external rotation with the arm adducted and extension were not 

statistically significant (Barnes et al., 2001).  

 

In conclusion, taken together, these data point to the absence of consensus on 

bilateral differences and handedness effects on shoulder joint ROM. Factors such 

as variations in population sample and composition, study design, and testing 

methods undoubtedly contribute to this absence of consensus (Barnes et al., 

2001). As such, the way in which handedness was assessed is rarely reported in 

the literature. Moreover, the degree of hand dominance (i.e. how much a person 

favors their dominant hand) has never been taken into account in studies on upper 

limb ROM.  

 

2.4 ROM and Sex 

 

In previous comparisons of physical performance across sexes, men and women 

seemed to differ with respect to nearly all variables. For instance, physical 

strength and power have been shown to be generally greater in men than women 

(Fulco et al., 1999). Shoulder strength has been shown to be higher in men, 

whether isokinetic (Alderink and Kuck, 1986) or isometric strength (Wilke et al., 

1993; Hughes et al., 1999) is considered. In general, this evidence of higher 

muscle strength has been suggested to be mainly due to the larger body mass and 

lower percentage of body fat in men (Cagnie et al., 2007), along with other 

anthropometrical differences such as height, shoulder width and lengths of limbs, 

which can also affect functional performance (Karlqvist et al., 1998). Other 

studies have also shown differences between genders, some indicating that 

women have greater muscular endurance capacity than men (Fulco et al., 1999; 
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Hunter and Enoka, 2001). In comparison, the data from the literature on the 

effects of sex on joint ROM are more equivocal. Cobe (1928) obtained results that 

indicated generally larger ROM in women for wrist movements. The author 

hypothesized that results could reflect the constant small movements in sewing, 

knitting, etc., typically performed by women, in contrast to heavier occupations of 

men (Cobe, 1928). However, the researcher recommended great caution with the 

interpretation of the data due to the low sample size, to which we can add 

imprecise methodologies, the absence of statistical analyses and of clinical 

meaningfulness. Clarke et al. (1975) measured gleno-humeral ROM from healthy 

subjects and others with frozen shoulder syndrome and obtained higher ROM for 

women for every movement, including total rotation (146.1° vs 138.4°), external 

rotation (56.2° vs 50.1°) and abduction (81.1° vs 77.4°). Smith and Walker (1983) 

also showed an amplitude advantage for the female subjects; for both active and 

passive elbow flexion, females had more amplitude than males (differences 

ranging from 4° to 6°). A year later, Walker et al. (1984) generated a database for 

shoulder ROM in which women had larger ROM compared to men for most 

movements, measured by a goniometer. In it, women had higher ROM by 20° in 

abduction, 9° for flexion, 11° for extension, 7° for medial rotation and 9° for 

lateral rotation. In the Barnes et al. (2001) study, female subjects had statistically 

greater ROM than male subjects for all motions measured; this was true for both 

active and passive modes. Their data regarding sex and shoulder ROM confirmed 

the overall clinical impression that female subjects have a greater magnitude of 

motion than male subjects. The motions with the largest differences were 

abduction, internal rotation and external rotation with the arm adducted (Barnes et 

al., 2001). To summarize, there seems to be a general agreement between the 

studies to confirm that women generally display more range of motion than men. 

This information could have some practical implications, for example, towards 

recommending the use of gender-specific reference values in the clinical setting. 

Unfortunately, very few normative datasets are currently established to provide 
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sex-specific reference values for shoulder function; thus, specific gender datasets 

could be an important asset in the clinical setting.  

 

2.5 Why study women exclusively? 

 

With regards to MSDs, both incidence and prevalence of musculoskeletal 

disorders have been reported to be higher in women than in men (Hagberg and 

Wegman, 1987; Kilbom, 1988; de Zwart et al., 1997; Leijon et al., 1998; Persson 

et al., 2001; Kishi et al., 2002;). Also, some studies revealed that women typically 

report higher morbidity rates in the upper body than do men (Chiang et al., 1993; 

Bernard et al., 1994; Bergqvist et al., 1995; Skov et al., 1996; de Zwart et al., 

1997; Nordander et al., 1999). Recently, Kilbom and Messing (1998) expressed 

possible reasons to explain the higher musculoskeletal morbidity rate among 

female workers. The first reason related to this phenomenon is biological 

differences between sexes: body size, muscular capacity, aerobic capacity, and 

hormonal conditions are thought to play roles in making women more susceptible 

to the onset of musculoskeletal disorders. Another related factor could be that 

some tools used at the workstations and the workplace itself may not be properly 

adjusted to the anthropometric characteristics of women (Morse and Hinds, 1993; 

de Zwart et al., 1997). Related to this, relative physiological workload for women 

are likely to be higher compared with men exposed to similar work demands, 

thereby rising the risk of an acute or chronic musculoskeletal overload (Suurnäkki 

et al., 1991). Moreover, some researchers reported women to be more often 

assigned to highly repetitive movements, static postures, and monotonous tasks 

than are men (Mergler et al., 1987; Lundberg et al., 1994; Messing et al., 1994; 

Fransson-Hall et al., 1995; Messing et al., 1998) for example within the 

manufacturing industry (Cox and Cox, 1984), which shows a high prevalence rate 

of neck and shoulder MSD especially among women. 

 

Differences in the expression of psychosocial factors such as stress and 
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interpersonal relations may also play parts in the differences in reporting MSDs 

between men and women (Kishi et al., 2002). Also, outside of work, females may 

be more often exposed to risk factors for MSDs during household and child care 

activities than are men (Chiang et al., 1993; Lundberg et al., 1994; Kilbom and 

Messing 1998). In addition, gender-related differences may be related to 

information bias, as women may be more likely to express or report health 

problems. There have also been reports of significant gender differences in 

perceived job control which is thought to be higher in men (Roxburgh, 1996); 

also, women are more vulnerable to job stress, as women are more adversely 

affected by high job demands, and high job routinization (Kishi et al., 2002).  

 

In summary, the literature suggests that there are differences in upper limb 

function and accordingly, possible UEMSD risk factors between males and 

females. Unfortunately, most of the research on work-related upper limb 

characteristics has considered both sexes together without the possibility to 

address differences in injury mechanisms between sexes. Since there is a higher 

prevalence of UEMSD among women, more studies are needed to characterize 

upper limb function of this particular group of subjects.  

 

2.6 Simulator II background  

 

As the literature has shown, most epidemiological investigations into shoulder 

disorders suffer from methodological limitations, in particular concerning 

exposure assessment (Crawford and Laiou, 2007). Simulated work testing, such 

as what is typically done using the Simulator II, is used by rehabilitation 

specialists for the treatment of individuals with upper extremity (UE) dysfunction, 

to evaluate an individual’s functional ability to perform and to assess their 

potential for progress toward a return to normal function (Anderson et al., 1990; 

Lee and Hui-Chan, 2001; Ting et al., 2001). Moreover, established biomechanical 

reference values can be used by the occupational therapist in determining and 
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evaluating the degree of disability of a patient compared to the general 

population, monitoring the progress of work hardening programs and providing 

goals for which to strive during the rehabilitation process (Anderson et al., 1990; 

Kennedy and Bhambhani, 1991; Lee and Hui-Chan, 2001). These evaluations can 

help to prevent a potentially productive person from losing his working life 

prematurely and may protect the workers’ compensation system from 

considerable abuse (Ting et al., 2001).  

 
Many rehabilitation programs have used the BTE simulator II (Simulator II) for 

both testing and treatment purposes (Bettencourt et al., 1986). The Simulator II 

has been designed to reproduce specific movements against measurable 

resistances over a measurable period of time (Lee et al., 2001). Its different 

attachments, that can be interchangeably fixed to the exercise head (the main 

component of the system), allow the reproduction of a variety of physical tasks 

for evaluation and treatment, ranging from dexterous motion such as finger pinch 

to dynamic motion of large amplitude such as pulling and pushing (Lee et al., 

2001). The system is equipped with rotary potentiometers and strain gauge load 

cells to allow the recording of forces applied on the attachments and 

displacements of the exercise head. The system can perform in either the static or 

dynamic mode. The static mode locks the exercise head in a chosen position for 

isometric exertions and recording the maximum force output. On the other hand, 

the dynamic mode allows the clinician to define a chosen resistance at the 

exercise head while the patient performs a specific motion or repeated movements 

and records cumulative power output over a given time period (Lomond et al., 

2009). The principal characteristics of this instrument include: 

‐ Quantitative measurements and documentation of the client’s output; 

‐ Simulation of movements with resistance in one or two directions; 

‐ Simulation of a broad range of tasks in a small amount of space; 

‐ Assessment of strength and function in the performance of static and 

dynamic tasks. 
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The Simulator II appears to be the most thoroughly researched instrument for 

work simulations, with concurrent validity investigated in healthy and injured 

populations (Innes and Straker, 1999), however only for a limited number of the 

Simulator II’s 22 attachments (Trossman et al., 1990; Coleman et al., 1996). In 

their study, Kennedy and Bhambhani (1991) compared oxygen uptake (VO2) and 

heart rate (HR) during simulated and real upper extremity manual materiel 

handling (MMH) tasks at three work intensities in healthy men and found strong 

correlations between both (r for VO2= 0.74-0.87 and r for HR = 0.59-0.78, 

respectively). In the same way, Ting and colleagues (2001) found significantly 

lower VO2 and HR values during a simulated lifting task performed by healthy 

males than in an actual lifting task. In addition, several authors compared the 

Simulator II #162 (grip strength) tool to the Jamar © dynamometer with positive 

result; in a retrospective chart review, a correlation between Jamar and Simulator 

II grip strength test measures was demonstrated for non-injured and injured arms 

respectively (r = 0.625 and 0.93) (Beaton et al., 1995).  

 

Until now, good reliability of the Simulator II has been demonstrated by some 

researchers for tasks performed in the static mode (Anderson et al., 1990: r = 

0.91-0.98 for static grip strength; Trossman et al., 1990: ICC = 0.98 for wrist 

flexion strength). On the other hand, the reliability of measurements taken from 

tasks performed in the dynamic mode has yielded more variable results. 

Moreover, various studies have planned protocols applying constant force to the 

Simulator II’s attachment in the dynamic mode and noted large variability in 

measurements, adding doubts about the validity of the equipment in the dynamic 

mode (Fess, 1993; Cetinok et al., 1995; Coleman et al., 1996; Ting et al., 2001).  

 

To summarize, the Simulator II provides objective data (force, distance, ROM and 

power) during simulated work and it affords the clients clear feedback, which can 

help to motivate them (Kennedy and Bhambhani, 1991). The variety of available 
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attachments for this machine allows combinations of movements that can 

theoretically replicate all physiologic motions of the UE. However, no studies 

have investigated the properties of the Simulator II in measuring shoulder ROM. 

This system can be potentially used to make such measurements of ROM, there is 

a need to assess how reliably such joint ROM assessments can be made using the 

Simulator II.  

 

2.7 Reliability 

 

Reliability can be defined as the extent to which a test or a measure is consistent 

and free from error (Portney and Watkins, 1993). It is typically reported using a 

coefficient, based on the variance, or the measure of differences among scores in 

a sample. Reliability also depends on the consistency of measurement results and 

thus, to a relative absence of measurement errors. In addition, to reflect good 

reliability, the test score should be dependable across evaluators, subjects and the 

date or time of test administration (Reesink et al., 2007). In order to achieve high 

reliability in assessing clinical instruments, it is important to have standardized 

testing protocols for reproducibility in a clinical setting (Leggin et al., 1996).  

 

Reliability is especially important in the clinical setting. An adequate clinical 

instrument requires evidence of clinical practicality, reliability, and validity (Fess, 

1986; Bear-Lehman and Abreu, 1989; Fess, 1990). Whether we are talking about 

confidence in the instrument, or in the testing procedure, reliability of a 

measurement tool is crucial to clinicians when assessing clients, monitoring the 

efficacy of treatment and planning interventions (Innes and Straker, 1999). 

Reliability can also be used to explore factors that contribute to inconsistent 

performance of subjects who are being evaluated (Lee and Hui-Chan, 2001). This 

is especially important, since performance inconsistency may also be generally 

attributed to inaccuracies in the instrument, confounding variables specific to the 

construct being measured and errors associated with taking the measurements 
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(Lee and Hui-Chan, 2001). Additionally, the reliability of some measures can be 

compromised by unclear instructions: for example, walking ‘as quickly and as far 

as possible’ (Heinrich et al., 1985) might lead some patients to opt for speed and 

others for distance. Reliability of tests that are currently used as performance 

measures has not always been rigorously examined (Harding et al., 1994). Thus 

clinicians need to be provided with more information or confirmation about their 

equipment so as to optimize their use (Bhambhani et al., 1993).  

 

Reliability over two sessions, i.e. test-retest reliability, is necessary in areas where 

long-term follow-up is important (Gajdosik and Bohannon, 1987). When test-

retest reliability is good, unilateral comparison over a period of time is possible 

(Meeteren et al., 2002). The test-retest reliability determines the consistency of 

measures or scores from one testing occasion to another. It assumes that the 

characteristic being measured does not change over the time period and measures 

the degree to which measurement is stable, so that an accurate assessment of the 

consistency of the subjects’ performance can be obtained (Anderson et al., 2006). 

This type of reliability has been the most commonly investigated one in work-

related assessment. This demonstrates the importance placed on ensuring that any 

change found in assessment is the result of change in the individual and not the 

result of measurement inconsistencies over time. Test-retest reliability of 

objective variables can be most influenced by time-dependent effects (i.e. 

practice, fatigue). In particular, test-retest intervals must be far enough apart to 

avoid fatigue or learning effects, and close enough to avoid genuine changes in 

performance (Innes and Straker, 1999). Practically, reliability is typically assessed 

using correlation coefficients (Pearson, Spearman) as well as intra-class 

correlation coefficients (ICCs). The ICC is considered preferable to correlation 

coefficients as a reliability index as it provides a single value for variance 

estimates that reflect errors within the measurement and true differences in the 

data set (Portney and Watkins, 2000). 
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Several studies of reliability of shoulder ROM have been reported in the literature 

(Table 3). In the Walker et al. (1984) study, 4 subjects were tested with a 

goniometer to assess shoulder ROM reliability; Pearson correlation coefficients 

(r) for intratester reliability were high (0.78-0.99): the lower value corresponding 

to shoulder external rotation movements. The mean error between repeated 

measurements for subject’s motions was 5 degrees (±1°). Conversely, in the 

Greene and Wolf (1989) study, which was collecting ROM data with 2 different 

tools (Ortho Ranger and Goniometer), the Pearson correlation was excellent for 

external rotation (0.92), but moderate for all the other movements (shoulder 

flexion, extension, abduction, adduction and internal rotation, range from 0.54 to 

0.59). Moreover, the intraclass correlation (ICC) for repeated measures with each 

instrument was good to excellent (0.87 to 0.97) for all movements. In the Sabari 

et al. (1998) study, ICCs were calculated to assess the reliability of shoulder 

flexion and abduction ROM between trials 1 and 2 in the same position (seated) 

using a goniometer as the measurement instrument. Results indicated excellent 

reliability with ICCs ranging from 0.95 to 0.97, regardless of whether 

measurements were active or passive. Boon and Smith (2000) determined that 

inter- and intrarater reliability were poor (0.13 to 0.23) for shoulder internal 

rotation and moderate to good (0.58 to 0.84) for shoulder external rotation; 

measured using a goniometer, whether trials where with the scapula stabilized or 

not. In addition, authors were the firsts to report the Standard Error of 

Measurements (SEM) for these movements, as assessed by goniometer, which 

estimates the error associated with each outcome and which serves to indicate the 

range of scores that can be expected from test to test of the same individual 

(Portney and Watkins, 2000), which was 9.14 degrees for external rotation 

recordings. In the Awan et al. study (2002) authors used a digital inclinometer to 

measure shoulder ROM on both arms (non-stabilized shoulder (NSS) and 

stabilized only for the internal rotation (SS)). For external rotation, intrarater 

reliability scores were moderate (0.58-0.67) and poor to moderate for interrater 

reliability scores (0.41-0.51). Finally, in a book chapter presented by our group 
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(Lomond et al., 2009), the between-session test-retest reliability of shoulder ROM 

measurements taken with the Simulator II on 15 subjects with neck-shoulder pain 

was excellent for the ROM measures tested (flexion and abduction). Correlation 

coefficients (r) of shoulder functional measures between testing sessions were 

significant and excellent (p < 0.05), as were ICC scores (0.92-0.94). SEMs were 

also reported from this research to be 1.4 degrees for flexion and abduction 

measurements, demonstrating a clear advantage of measurement from the 

Simulator II over the standard goniometer as reported in the Boon and Smith 

study (2000). Finally, the Minimal Detectable Change (MDC90), which reflects 

the minimum amount of change in a measurement that is not likely to be due to 

chance variation in the measurement, was also reported and shown to be 3.3 

degrees for flexion and abduction recordings. 
 

Table 3 – Summary of the correlation, from shoulder ROM reference data, healthy subjects  

Study Statistical tests Flexion Extension External 
Rotation 

Abdu
ction 

Walker et 
al. (1984) Intratester reliability Above 

0.81 
Above 
0.81 0.78 Above 

0.81 
Greene et 
al. (1989) 
 

Intraclass correlation 
Coefficient - Goniometer 0.96 0.98 0.91 0.96 

Intraclass correlation 
Coefficient - Ortho Ranger 0.94 0.97 0.87 0.94 

Pearson correlation 0.59 0.57 0.92 0.54 
Sabari et 
al. (1998) 

ICC – Passive ROM 0.9503 X X 0.954 

ICC – Active ROM 0.9714 X X 0.971 

Boon and 
Smith 
(2000) 

ICC X X Intra: 0.58 
Inter: 0.78 X 

SEM X X Intra: 9.14 
Inter: 6.61 X 

Awan et al. 
(2002) 

ICC X X 

Intra: 0.67 
(left)  

0.58 (right) 
Inter: 0.51 

(left)  
0.41 (right)  

X 

Lomond et 
al. (2009) 

Spearman r 0.79 X X 0.73 
ICC 0.94 X X 0.92 
SEM 1.4 X X 1.4 

MDC90 3.3 X X 3.3 
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Regarding the other equipments (Biodex and Cybex), studies showed that they 

had relatively good reliability. Meeteren et al. (2002) had ICC ranged from 0.69 

to 0.92 thus, a good to excellent reliability. In the Orri and Darden (2008) one, 

they had also very high correlation with ICCs from 0.94 to 0.98 for the 

iSAM9000 for reliability between set 1 and 2 and, they had a very high 

correlation for the variance between the iSAM9000 and the Cybex 6000 (set 1: r = 

0.84-0.93; set 2: r = 0.87-.093). However, none of these studies reported 

reliability of range of motion measurements. 

 

2.8 Summary 

 

Since we know that musculoskeletal disorders affect a large group of workers, it 

is important to take these disorders in closer consideration, especially the 

shoulders disorders while they appear to be a growing problem. Moreover, 

because neck-shoulder MSDs are more prevalent among women, there is a need 

for more studies focusing on physical evaluation of this population. In addition, 

there is a lack of consensus as to whether there are differences in joint ROM 

between dominant and nondominant sides and on whether these are related to 

handedness. Since in the clinical setting, the contralateral arm is often used as the 

reference for measurements taken from the impaired limb, oftentimes with 

disregard to handedness, it seems important to settle this question as well as to 

assess the potential importance of the degree of handedness on shoulder ROM 

measures, which has never been addressed before. The Simulator II provides 

useful objective data on upper limb function and it affords the clients clear 

feedback, which can help to motivate them. However, there is a need for more 

information or confirmation about this equipment, especially relating its 

psychometric properties to clinically meaningful information. The current belief 

in the literature is that more reliable, and clinically useful measures of shoulder 

ROM are needed, which was the motivation behind this study. 
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CHAPTER 3 – OBJECTIVES AND HYPOTHESES 

 

3.1 Objectives 

 

The general purpose of this thesis was to present reference values for active 

shoulder range of motion (ROM), measured with the Baltimore Therapeutic 

Equipment© Work Simulator II (Simulator II), in a healthy female group, to study 

the association between shoulder ROM with age and anthropometric 

characteristics, and to analyze the reliability properties of the Simulator II in 

measuring shoulder ROM. 

 

The specific objectives were: 

1. To compare active shoulder ROM values obtained using the Simulator II 

from those of the literature; 

2. To assess the relationships between age and anthropometric (height, 

weight, segment lengths) data with shoulder ROM; 

3. To evaluate the effect of handedness on bilateral shoulder ROM;  

4. To evaluate the test-retest reliability properties of the shoulder ROM 

values measured with the Simulator II; 

5. To assess the clinical meaning of the shoulder ROM values measured with 

the Simulator II using:  

a. Standard error of the measurement (SEM)  

b. Minimal detectable change for the 90th percentile confidence 

interval (MDC90th). 
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3.2 Hypotheses 

 

The working hypotheses for this research were the following: 

1. Reference data from all ROM will be similar to those found in the 

literature using different systems, methods and / or healthy groups;  

2. There will be strong correlations between shoulder ROM with age and 

anthropometric characteristics; 

3. There will be strong relationships between hand dominance and bilateral 

shoulder ROM difference values; 

4. Test-retest reliability properties of the shoulder ROM values recorded 

using the Simulator II will be good to excellent (ICC = 0.80-0.95) 

(Portney & Watkins, 2000). 

a. Correlation coefficient measures between sessions will be 

significant (p < 0.05); 

5. The SEM and MDC90 measures will be substantially smaller than the peak 

shoulder ROM values recorded.  

 

3.3 Limitations 

 

While the purpose of the project was to evaluate active ranges of motion at the 

shoulder, it is possible that other joints and muscles contributed to achieving 

larger ranges of movement. However we took great care to isolate the arm from 

the rest of the body by having subjects seated on a chair that was fixed to the 

floor, with the trunk strapped to the chair and the arm strapped to the attachments. 

Thus, the shoulder was not entirely isolated and it is possible that some 

compensatory movements could have occurred. In addition, all subjects were 

positioned according to the same guidelines and positions were kept constant for 

each subject from one testing session to the next, however slight differences in 

positioning may have occurred between subjects and sessions. Moreover, subjects 

received the same instructions about how to execute the different tasks; however 
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the interpretation of the instructions and the subjectivity of some of them (e.g. as 

far as possible) as well as subject motivation might have contributed to a certain 

degree of variability in measurements from one subject to the next.  

 

3.4 Delimitations 

 

Our study sample consisted of healthy right-handed female aged between 20 and 

52. Therefore, our conclusions should only be generalized to this specific 

population. This project only tested active range of motion on the shoulder. For 

that reason, results cannot be generalized to other shoulder biomechanical 

measurements such as passive range of motion or strength. Moreover, the custom 

handmade attachment used for some of the tasks slightly differed from the 

attachment #802 (the most similar Simulator II standard attachment), thus our 

results should be interpreted within the context of this particular experimental 

condition. 
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CHAPTER 4 – METHODS 

 
4.1 Subjects and study design 

 

A group of 30 healthy female volunteers aged between 20-52 years (mean age ± 

SD = 28.8 ± 9.3 years) was recruited from the general community to participate in 

this study. The inclusion criteria to be part of the study were to be healthy, female, 

right handed, not receive particular training with the upper limb (i.e. not more 

than 3 times a week of physical training targeting the upper limbs).  To be 

considered healthy, subjects could not report or have reported any 

musculoskeletal disorder and / or clinical evidence of pathology at the shoulder-

neck in the last year and could not score more than 3/10 on a visual analog scale 

(VAS, where 0 = no pain and 10 = worst imaginable pain) for shoulder pain on 

testing day. Also, subjects were asked to avoid beginning any new exercise or 

treatment program in the days prior to, or during their participation in the study. 

At the initial time of testing, all patients had to maintain their usual routine of 

daily activities. Each subject signed a consent form (Appendix B) approved by the 

Research Ethics Board of the Center for Interdisciplinary Research in 

Rehabilitation (CRIR) of Greater Montreal, at the beginning of the first session. 

Subjects performed the experimental procedure a first time, and then came back a 

second time, two days later, at approximately the same time of the day. The 

biomechanical assessment took place at the Research Center of the Jewish 

Rehabilitation Hospital (JRH) in Laval. 

 

4.2 Testing apparatus 

 

In order to measure shoulder flexion, extension, external rotation and abduction 

range of motion (ROM), we used the Simulator II, first marketed in 1979 by BTE 

technologiesTM, Baltimore, USA. The Simulator II (Fig. 1 and Fig. 2) was 

designed to provide and replicate specific upper limb motions to be performed 
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against measurable resistance, over a measurable period of time. This tool was 

also created to treat upper extremity limb function in a rehabilitation context. The 

system consists of a software-based controller interface and an exercise head that 

is electrically activated to be moved up or down and rotated in order to obtain the 

desired head position. The Simulator II comes with a total of 22 interchangeable 

attachments for testing. In this study, we used the attachment number 802 (total 

length = 72 cm, variable lever arm according to the subject’s arm length) (Fig. 3) 

for the external rotation task, and a modified version of this attachment (length = 

58.5 cm, lever arm = 41.5 cm) for the other tasks of the study. The modified 

attachment consists of a rigid metal bar, secured against the subject’s arm with 

Velcro straps, with a square plate at one extremity on which subjects pushed 

upward with their forearm (Fig. 4).  

 

            
Figure 1 - Simulator II (front view)   Figure 2 – Simulator II (side view) 
 

  
Figure 3 – External Rotation attachment    Figure 4 – Flexion, Extension and 
         Abduction attachment  
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The Simulator II can generally be used in three primary testing modes: static, 

dynamic and endurance. During trials in each mode, the Simulator II has the 

possibility to compute a range of functional outcome measures using 

measurements of force (strain gauge load cell), position (rotary potentiometer) 

and time. In this study, we used the dynamic mode for the ROM measurements. 

For each trial, rotation of the exercise head and force data were collected online 

by the Simulator II software. The following sections will discuss the experimental 

protocol for each task: flexion ROM, extension ROM, external rotation ROM and 

abduction ROM. It should be noted that all tasks were performed in a randomized 

order block, such that both tasks and sides (left, right) were randomly assigned for 

every subject. In other words, each subject performed all the randomly assigned 

tasks on the first, randomly designated, shoulder and repeated the same trial 

sequence with the other shoulder. Below is an example of a randomization 

sequence (Fig. 5): 

 
Figure 5 - Simulated order of shoulder motion trials  
 
First shoulder:     Left      Right  × 
 
 

ROM task for shoulder #1 
(right shoulder) 

Task 
Order

ROM task for shoulder #2 
(left shoulder) 

Task 
Order

Flexion 1 Flexion ROM 1 
Abduction 2 Abduction ROM  2 
Extension 3 Extension ROM  3 
External Rotation 4 External Rotation ROM 4 

 

The random movement order was created by Matlab, version 6.5.1 (The 

MathWorks, Inc., Natick, MA, USA) for every subject and the selected 

randomized sequence was replicated during the second session. 

 

Prior to all movements, the subject’s torso and contralateral shoulder were 

strapped to the chair to avoid trunk movement, and subjects were asked to cross 

their feet under the chair in order to avoid movement contribution by their legs 
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(Figs 6 -7). At the beginning of each block, a practice trial was allowed for every 

movement tested. Following practice trials, 3 trials were recorded for each task, 

with 30 seconds between trials, and approximately 2 minutes between tasks (with 

a minimum resistance of 5 Nm). Prior to all movements, the instructions were as 

follows: “at the go signal, start moving at a comfortable speed, as far as you can 

without bending your elbow and come back to the initial position”.  

 

     
Figure 6 –Initial position on the                                 Figure 7 – Initial position on the  
Simulator II (Flexion, Extension                                Simulator II for External rotation              
and Abduction movements)                                  movement 
 

 

4.3 Experimental protocol 

 

Prior to every experimental session, the Simulator II was calibrated following 

procedures outlined in the instruction manual (BTE technologies™, 2005).  

 

Upon arrival, subjects were asked to sign consent forms. Then, the protocol was 

explained and all of the participant’s questions were answered. At the beginning 

of the first testing session, height, weight and lengths of 3 different upper limb 

segments (upper extremity = shoulder acromion to the olecranon process of the 

elbow, forearm = olecranon process of the elbow to the head of ulna, hand and 
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finger = head of ulna to the tip of the distal phalange of the middle finger) were 

measured on each arm and recorded (Fig. 8). To take those measurements, the 

subject was seated with the back straight and their elbows bent at 90° with their 

arms and fingers straight ahead. Then, subjects filled out a questionnaire assessing 

their level of hand dominance (Oldfield, 1971). Following this, subjects were 

asked to sit on a standard chair (metal frame, padded seat and back rest, without 

arm rest) and keep a natural static posture. The chair was bolted to a piece of 

plywood, which was secured to the floor using weights, to insure subject stability. 

The position of the chair was marked on the floor for the four different 

movements and kept constant between the two sessions. 

 
Figure 8 – Arm segments (3 segments) 

 

 

4.4 Flexion, Abduction, Extension and External Rotation ROM recordings 

   

Shoulder joint flexion and extension ROM were assessed with participants seated 

such that the axis of shoulder flexion-extension rotation, which crosses through 

the lateral extremity of the head of the humerus at the acromion process of the 

scapula of the glenohumeral joint, was aligned with the Simulator II’s axis of 



 
 

46

rotation at the center of the exercise head, in the sagittal plane (Figs 9 & 10). The 

subject’s tested arm was secured to the attachment with Velcro strips such that it 

was aligned with the lateral, longitudinal midline of the humerus in line with the 

lateral epicondyle. To measure shoulder ROM in abduction, the chair was placed 

to record movements in the frontal plane (Fig. 11). The axis of shoulder abduction 

rotation of the glenohumeral joint was assumed to be located at the anterior 

portion of the acromion process of the scapula, through the center of the head of 

the humerus of the glenohumeral joint, and was aligned with the Simulator II’s 

axis of rotation at the center of the exercise head. The subject’s tested arm was 

strapped to the attachment such that it was aligned along the posterior, 

longitudinal midline of the humerus, in line with the olecranon process. For the 

flexion, extension and abduction tasks, the Simulator II’s exercise head was 

oriented with the shaft facing straight forward (means position #3 for the exercise 

head) (Fig. 13). For the external rotation ROM trials, we aligned the center of the 

olecranon process of the elbow joint with the Simulator II’s axis of rotation at the 

center of the exercise head (Fig. 12). The exercise head was oriented at 45° from 

the horizontal position, with the shaft pointing up at a 45° angle (at position #5 on 

the exercise head) (Fig. 14), thus the shoulder was in a 45° abduction position. 

The lever arm of the attachment was measured in accordance with the subject’s 

arm length and was kept constant for the second session. These procedures 

carefully followed the ones described in the Simulator II user manual for shoulder 

strength testing in all four directions assessed. 
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Figure 9 – Flexion ROM    Figure 10 – Extension ROM  
     initial position           initial position 
 
 

     
Figure 11 – Abduction ROM   Figure 12 – External rotation ROM 
       initial position          initial position 
 

    
Figure 13 – Position 3 of the exercise   Figure 14 – Position 5 of the exercise head 
        head 
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For the external rotation task, both shoulders were strapped to the chair, and the 

moving lower arm was strapped by one Velcro strip below the elbow joint and 

one above the wrist to the attachment. In addition, for the external rotation task, 

the attachment’s length was adjusted such that the subject was able to grab the 

steal piece that is perpendicular to the attachment, to avoid movement 

compensation with the forearm. All positioning measurements were noted and 

kept the same for the second visit.  

 

4.5 Analysis 

 

For each trial, shoulder ROMs (flexion, extension, external rotation and 

abduction) were measured as the difference between the maximum and starting 

angular positions of the exercise head, calculated automatically and for each 

movement by the Simulator II software. For analyses, we retained the peak ROM 

trial across the three trials, for every movement, for each shoulder of each subject 

on both sessions.  

For each subject, age and anthropometric information (height, weight and arm 

segment lengths) was gathered and descriptive statistics (mean, standard 

deviation) were computed for each measure across the entire group. Pearson 

correlation coefficients were calculated using Statistica (Statsoft, Inc., Tulsa, OK, 

USA) to determine the relationships between age and anthropometric (height, 

weight, segment lengths) data with every ROM (flexion, extension, external 

rotation and abduction) on both shoulders. Pearson correlation coefficients were 

interpreted based on Landis and Koch (1977) and Bovens et al (1990) references.  

 

To assess left-right differences in ROM, we computed a % difference by 

calculating the difference in each ROM between measurements on the left and the 

right sides for each subject, one session at a time. We then divided this difference 

by each subject’s left-right averaged ROM and multiplied by 100 to obtain a % 

difference for each subject. We then averaged these individual % differences 
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across the entire group. To statistically assess the left-right differences, we 

computed Pearson correlation coefficients between measurements on each side, as 

well as paired t-tests to compare left and right side measurements. 

 

Handedness scores were calculated according to the method outlined by the 

author (Oldfield, 1971). The approach consists of computing the difference 

between answers to functional questions beginning with “indicate your 

preferences in the use of hands in the following activities”, with added contexts 

such as writing, throwing, using a toothbrush, a spoon or a broom, etc. Thus, for 

every task, participants indicated their preferences in the use of hands by putting a 

check mark in the appropriate column (right or left hand). Where the preference 

was so strong that the participant would never try to use the other hand, unless 

absolutely forced to, participants indicated 2 checks in the same column. If the 

participant typically used either hand, they put a check in both columns (Table 4). 

The final handedness score was then computed by adding how many times 

subjects answered Right and how many times they answered Left, subtracting the 

right total from the left total to get the difference, dividing the difference by the 

cumulative total and multiplying by 100. The suggested interpretation of the final 

score is the following: below -40, the subject is left-handed, between -40 and 40, 

the subject is ambidextrous and above 40, the subject is right-handed.  

 
Table 4 – Handedness questionnaire interpretation 

 Left Right 
1. Writing     
2. Drawing     
3. Throwing     
4. Scissors     
5. Toothbrush     
6. Knife (without fork)     
7. Spoon     
8. Broom (upper hand)     
9. Striking Match (match)     
10. Opening box (lid)     
TOTAL (count checks in both columns)   
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Difference Cumulative TOTAL Result 
(Difference / Cumulative total x 100) 

   
 

To assess the effect of the strengths of right side dominance on bilateral ROM, 

Pearson correlation coefficients were computed between the handedness scores 

and the absolute left-right ROM differences, in percent, for each of the four 

movements. These statistical analyses were performed using Excel.  

 

To investigate test-retest properties of the ROM measures, we first computed 

paired t-tests to verify if there were significant differences between the peak ROM 

values of ROM collected on each day. Then, we computed Intraclass Correlation 

Coefficients (ICCs) on the same values using a website recognized by the 

scientific research community (cited in Pearson et al., 2009) 

(http://sip.medizin.uni-ulm.de/informatog/projekte/Odds/icc.html).  

 
The ICC is the analytical approach of choice to assess test-retest reliability by 

comparing the variability of repeated ROM values between sessions of the same 

subject, to the total variation across all values and all subjects. The ICC is 

considered preferable to correlation coefficients as a reliability index as it 

provides a single value for variance estimates that reflect errors within the 

measurement and true differences in the data set (Portney and Watkins, 2000). 

The interpretation of ICC scores is based on this last reference.  

 

Using the ICC, we computed the Standard error of the measurement (SEM) 

values, which estimate the error associated with each outcome and which serve to 

indicate the range of scores that can be expected from test to test of the same 

individual. Values were calculated using the following equation (Portney and 

Watkins, 2000): 

 

SEM = SD • 1− ICC  
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where SD represents the mean of the standard deviations of each measure on 

session one and session two and ICC is the mean intra-class correlation 

coefficient between session one and session two. SEM was also used to calculate 

the minimal detectable change for the 90th percentile confidence interval 

(MDC90), as follows (Stratford, 2004): 

 

      ( )9090 2 scorezSEMMDC ••=  
 

where (z score)90 is the z score associated with the 90th percentile confidence 

interval (i.e. z = 1.65) and SEM is the previously described standard error of the 

measurement. MDC90 is a measure that reflects the minimum amount of change in 

a measurement that is not likely to be due to chance variation in the measurement; 

since the MDC90 is highly dependent on the size of the reliability correlation, 

instruments with poor stability across repeated tests will have sizable MDC90 

values (Haley and Fragala-Pinkham, 2006). Finally, Pearson correlation 

coefficients were computed as another score for test-retest measurement 

properties in order to more easily compare our results with those of the literature.  
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CHAPTER 5 - RESULTS 

   

5.1 Subject characteristics  

 
5.1.1 Age and anthropometric data 

A summary of the age and anthropometric data of the subject sample is presented 

in the following table.  

 

Table 5 – Age and anthropometric data (average ± SD) 

 Average (n=30) 

Age 28.80 ± 9.26 

Weight (kg) 63.76 ± 15.12 

Height (cm) 162.49 ± 11.86 

Upper extremity length – Left (cm) 36.52 ± 2.12 

Forearm length – Left (cm) 24.52 ± 1.28 

Hand and Finger length – Left (cm) 18.20 ± 0.97 

Upper extremity length – Right (cm) 36.42 ± 2.10 

Forearm length – Right (cm) 24.60 ± 1.21 

Hand and Finger length – Right (cm) 18.27 ± 0.92 

Handedness questionnaire (%) 77.33 ± 16.80 

VAS scale (0-10) 0.17 ± 0.59 

Average time between sessions (hours) 47h36 ± 1.89 
 
 

5.1.2 Questionnaire and VAS scale   

The scores on “The Edinburgh inventory” confirmed that all subjects were right-

handed. The interpretation of the scores was that if they were below -40, subjects 

were left-handed, between -40 and 40, subjects were ambidextrous and above 40, 

were right-handed. The range of scores was from 40 to 100 with an average of 

77.33 (± 16.80), indicating clear right hand dominance. Visual-Analog Scale 
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(VAS) scores for pain are reported here in order to confirm that our subjects were 

pain-free, in accordance with our participation criteria (subjects had to score 

below 3 on the 0-10 VAS range before every session).  

 

5.2 ROM Reference data  

 

Table 6 below indicates the group average ± standard deviation values for 

subjects’ peak trials (i.e. each subject’s highest of three trials) for shoulder ROM 

in the four movement directions, recorded on the Simulator II. As shown on the 

table, the general trends of the dataset are that the highest ROMs were for the 

movements of flexion and abduction, and the lowest in external rotation ROM. As 

exposed in the table 6, amplitudes seemed consistent across testing sessions and 

across sides. Possible explanations are later discussed (see Discussion section). 

 
  Table 6 – Shoulder active ROM reference data (values are expressed in °) 

 LEFT Shoulder RIGHT Shoulder 
 Session 1 Session 2 Session 1 Session 2 
Flexion 233.10 ± 28.20 231.28 ± 29.82 228.98 ± 38.81 225.70 ± 34.63

Extension 73.57 ± 15.04 74.34 ± 15.32 73.88 ± 17.21 72.78 ± 18.34 
External 
Rotation 48.82 ± 13.29 49.19 ± 9.79 51.07 ± 11.53 48.42 ± 7.16 

Abduction 214.18 ± 14.03 213.17 ± 9.50 204.93 ± 13.56 203.49 ± 13.71
 

 

Table 7 summarizes maximal ROM reference values found in the scientific 

literature from studies using similar methodologies. The table reflects that data 

obtained in this study are slightly different from those of the literature, for all 

movements.  

 

Data from shoulder flexion and abduction ROM collected in the present study 

were generally higher than values found in the literature, and conversely, our 
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external rotation ROM data were smaller than the ones found in the literature. 

Similarities, differences, and potential causes for these differences, are discussed 

in light of the different methodologies used in the Discussion section. 

 

Table 7 – Comparison of ROM data of the current study with reference data in healthy 
subjects taken from the literature (values are means, expressed in °). 

Movements Boulay, 2009 Literature review range 

Flexion 230 149-184 

Extension 74 49-155 

External Rotation 49 80-116 

Abduction 209 143-195 
   
 

5.3 Relationships between age, anthropometric data and active shoulder ROM   

 

As can be seen in Table 8 and 9 (left and right shoulders), statistical analyses 

showed some moderate to good correlations (0.5 to 0.75) between ROMs and age 

and anthropometric characteristics (identified with *). For the left shoulder (Table 

8), there was a negative correlation between session 2 abduction ROM and weight 

(-0.55). For the right shoulder, as observed in Table 9, there was a correlation 

between extension ROM measured on the second session and lower arm length 

(0.56).  

 

We also observed some poor to moderate correlations (0.25 to 0.50, identified in 

bold), for the left shoulder between age and external rotation ROM, between 

session 2 extension ROM and the upper extremity and forearm lengths, between 

session 2 external rotation ROM and hand and finger length, and finally between 

session 1 abduction ROM and height (negative). For the right shoulder, poor to 

moderate correlations were observed at several places, for instance between 

forearm segment length and abduction, flexion (session 2) and extension (session 

1) ROM, between session 2 abduction ROM with weight and also upper extremity 
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segment length, between session 1 abduction ROM with hand and finger length 

and between session 2 extension ROM with upper extremity length.  

 

Other moderate to good correlations were observed. Arm segment lengths (3) 

were correlated with overall height and with each other. There were also poor to 

moderate correlations between age and height, and between different ROMs. 

Finally, the test-retest correlations for the same ROM will be addressed later on in 

this section.     

 
Table 8 – Pearson correlations between age, anthropometric and ROM data – Left shoulder.  

 Age Wei
ght 

Heig
ht 

UE FA Han
d 

Flex 
1 

Flex 
2 

Ext 
1 

Ext 
2 

ER 
1 

ER 
2 

Abd 
1 

Abd 
2 

Age 1.00 0.16 -
0.31 0.00 -

0.02 
-

0.08 0.14 -
0.06 0.11 -

0.13 0.44 0.40 0.15 -
0.03 

Wei
ght 0.16 1.00 0.23 0.21 0.05 0.04 -

0.15 
-

0.17 
-

0.26 
-

0.19 
-

0.13 
-

0.03 
-

0.29 

-
0.55

* 
Hei
ght 

-
0.31 0.23 1.00 0.53

* 
0.51

* 0.44 -
0.07 0.02 0.06 0.23 -

0.18 
-

0.22 
-
0.32 

-
0.22 

UE 0.00 0.21 0.53
* 1.00 0.60

* 0.31 0.02 0.04 0.09 0.41 -
0.04 

-
0.21 

-
0.25 

-
0.27 

FA -
0.02 0.05 0.51

* 
0.60

* 1.00 0.39 0.03 0.08 0.24 0.49 -
0.02 0.10 -

0.20 
-

0.02 
Han

d 
-

0.08 0.04 0.44 0.31 0.39 1.00 0.03 0.01 -
0.20 

-
0.04 

-
0.05 

-
0.33 

-
0.13 

-
0.16 

Flex 
1 0.14 -

0.15 
-

0.07 0.02 0.03 0.03 1.00 0.90
* 0.45 0.35 0.22 -

0.02 
0.55

* 0.27 

Flex 
2 

-
0.06 

-
0.17 0.02 0.04 0.08 0.01 0.90

* 1.00 0.36 0.45 0.16 -
0.06 0.43 0.26 

Ext 
1 0.11 -

0.26 0.06 0.09 0.24 -
0.20 0.45 0.36 1.00 

0.62

* 0.31 0.19 0.46 0.49 

Ext 
2 

-
0.13 

-
0.19 0.23 0.41 0.49 -

0.04 0.35 0.45 0.62
* 1.00 0.25 0.10 0.09 0.21 

ER 
1 0.44 -

0.13 
-

0.18 
-

0.04 
-

0.02 
-

0.05 0.22 0.16 0.31 0.25 1.00 0.60
* 0.14 0.14 

ER 
2 0.40 -

0.03 
-

0.22 
-

0.21 0.10 -
0.33 

-
0.02 

-
0.06 0.19 0.10 0.60

* 1.00 0.07 0.09 

Abd 
1 0.15 -

0.29 
-

0.32 
-

0.25 
-

0.20 
-

0.13 
0.55

* 0.43 0.46 0.09 0.14 0.07 1.00 0.67
* 

Abd 
2 -

0.03 

-
0.55

* 

-
0.22 

-
0.27 

-
0.02 

-
0.16 0.27 0.26 0.49 0.21 0.14 0.09 0.67

* 1.00 

 
 
Table 9 – Pearson correlation between age, anthropometric and ROM data – Right shoulder 

 Age Wei
ght 

Heig
ht 

UE FA Han
d 

Flex 
1 

Flex 
2 

Ext 
1 

Ext 
2 

ER 
1 

ER 
2 

Abd 
1 

Abd 
2 

Age 1.00 0.16 -
0.31 

0.03 -
0.16 

-
0.21 

0.19 -
0.04 

-
0.06 

0.04 0.31 0.34 0.13 -
0.06 

Wei
ght 

0.16 1.00 0.23 0.21 0.12 0.10 0.11 0.09 -
0.24 

-
0.07 

0.02 -
0.23 

-
0.10 

-
0.31 

Hei
ght 

-
0.31 

0.23 1.00 0.52
* 

0.56
* 

0.50
* 

0.15 0.20 0.15 0.26 0.05 -
0.08 

-
0.19 

-
0.10 
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UE 0.03 0.21 0.52
* 

1.00 0.52
* 

0.29 0.08 0.05 0.21 0.47 -
0.08 

0.11 -
0.16 

-
0.30 

FA -
0.16 

0.12 0.56
* 

0.52
* 

1.00 0.47 0.26 0.31 0.41 0.56
* 

-
0.16 

-
0.01 

-
0.30 

-
0.34 

Han
d 

-
0.21 

0.10 0.50
* 

0.29 0.47 1.00 0.04 -
0.04 

0.11 0.02 -
0.11 

0.02 -
0.30 

-
0.15 

Flex 
1 

0.19 0.11 0.15 0.08 0.26 0.04 1.00 0.92
* 

0.47 0.46 0.24 0.01 0.23 0.05 

Flex 
2 

-
0.04 

0.09 0.20 0.05 0.31 -
0.04 

0.92
* 

1.00 0.42 0.49 0.22 -
0.03 

0.20 0.09 

Ext 
1 

-
0.06 

-
0.24 

0.15 0.21 0.41 0.11 0.47 0.42 1.00 0.79
* 

-
0.03 

-
0.27 

-
0.02 

0.11 

Ext 
2 

0.04 -
0.07 

0.26 0.47 0.56
* 

0.02 0.46 0.49 0.79
* 

1.00 0.12 0.02 -
0.08 

-
0.05 

ER 
1 

0.31 0.02 0.05 -
0.08 

-
0.16 

-
0.11 

0.24 0.22 -
0.03 

0.12 1.00 0.44 0.15 0.21 

ER 
2 

0.34 -
0.23 

-
0.08 

0.11 -
0.01 

0.02 0.01 -
0.03 

-
0.27 

0.02 0.44 1.00 0.24 0.04 

Abd 
1 

0.13 -
0.10 

-
0.19 

-
0.16 

-
0.30 

-
0.30 

0.23 0.20 -
0.02 

-
0.08 

0.15 0.24 1.00 0.66
* 

Abd 
2 

-
0.06 

-
0.31 

-
0.10 

-
0.30 

-
0.34 

-
0.15 

0.05 0.09 0.11 -
0.05 

0.21 0.04 0.66
* 

1.00 

 
- UE: Upper extremity length / FA: Forearm length / Hand: Hand and Finger length 
- Flex 1: Flexion ROM, Session 1 / Flex 2: Flexion ROM, Session 2 
- Ext 1: Extension ROM, Session 1 / Ext 2: Extension ROM, Session 2 
- ER 1: External Rotation ROM, Session 1 / ER 2: External Rotation ROM, Session 2 
- Abd 1: Abduction ROM, Session 1 / Abd 2: Abduction ROM, Session 2 
 

5.4 Side dominance and effects of handedness 

 

From Table 6, there is a tendency for the left (non-dominant) shoulder values to 

be higher than the right (dominant) ones, except for external rotation ROM 

measurements taken at the 1st session. The greatest absolute difference between 

sides is observed for the movement of abduction, with greater ROM of about 10° 

on the left (non-dominant) side. There is also a larger ROM on the left side for the 

movement of flexion, with a difference of about 5°. These observations are 

reinforced with the following table (table 10) where the ROM side differences are 

expressed in % of the absolute ROM averaged across left and right sides. When 

expressed in %, left side values are greater than right side values in flexion and 

abduction, while the side differences are smaller and more variable from one day 

to the next, in extension and external rotation. Thus, side difference values are 

relatively small in general, ranging from - 5.59% (external rotation, session 1, 

indicating larger ROM on the right side) to 4.77% (abduction, session 2). 
 



 
 

57

Table 10 - % of difference between both shoulders; positive difference indicates larger 
values on the left side. 

 Session 1 Session 2 
Flexion 2.37 ± 9.81 2.72 ± 8.43 
Extension 0.44 ± 13.79 3.10 ± 14.61 
External Rotation -5.59 ± 16.65 0.79 ± 18.53 
Abduction 4.42 ± 4,85 4.77 ± 5.21 

 
Pearson correlation coefficients revealed that range of motion values between the 

left and right sides were highly correlated across subjects, with generally good 

correlations (0.73-0.84) across all the different ROMs at the first session and 

moderate to good correlations for the second session (0.50-0.82) (table 11). Paired 

t-test analyses revealed that only abduction ROM showed a significant difference 

between left and right side measurements, on both days. 

 
Table 11 – Correlation and t-tests between ROM of both shoulders 

 Session 1 Session 2  
 Pearson 

coefficient 
T-test 

(p value) 
Pearson 

coefficient 
T-test 

(p value) 
Flexion 0.78 0.36 0.78 0.17 
Extension 0.84 0.86 0.82 0.42 
External 
Rotation 0.82 0.12 0.50 0.63 

Abduction 0.73 <0.00005 0.65 <0.00005 
 
 

Finally, in an attempt to assess the relationship between ROM and the level of the 

right side dominance, measured with the “Edinburgh Handedness Inventory”, we 

computed Pearson correlations (table 12) between the handedness scores obtained 

and the absolute left-right ROM differences. Although poor to moderate 

correlations can be observed at session 1 between handedness with extension and 

external rotation (-0.33 and -0.32 respectively, meaning that more right dominant 

subjects had more ROM on the left side), none of the other correlation 

coefficients is high enough to even reach the poor level (=0.25). 

 



 
 

58

Table 12 – Pearson correlation between handedness scores and the left-right ROM 
differences. Positive ROM dominance indicates larger ROM on the right side. The group 
mean handedness score was 77.33 ± 16.80, indicating right side dominance.  

 Session 1 Session 2 
 
 

ROM 
dominance 

(average ± SD) 

Correlation with 
handedness score 

(Pearson coefficient) 

ROM 
dominance 

(average ± SD) 

Correlation with 
handedness score 

(Pearson coefficient) 
Flexion -4.12 ± 24.17 -0.12 -5.58 ± 21.87 -0.17 
Extension 0.31 ± 9.46 -0.33 -1.56 ± 10.53 -0.06 
External 
Rotation 2.24 ± 7.61 -0.32 -0.77 ± 8.74 0.17 

Abduction -9.25 ± 10.17 -0.04 -9.68 ± 10.44 -0.01 
 
 
5.5 Test-retest reliability of shoulder ROM measurements with the Simulator II 

 

The test-retest reliability analyses calculated with Pearson coefficients indicate 

moderate to excellent day-to-day correlations (0.66-0.92) across all the different 

ROMs for both shoulders, excluding external rotation; this last movement appears 

to allow a fair to moderate inter-session reliability (Pearson coefficient range from 

0.44-0.56) (Table 13). Paired t-test analyses confirmed that there were no 

significant differences between measures taken on different days in flexion, 

extension, external rotation and abduction movements. 

 

Table 13 – Test-retest reliability characteristics of maximal shoulder ROM for all 
movements 

  Left shoulder Right shoulder 
 Pearson 

coefficient 
T test 

(p value) 
Pearson 

coefficient
T test 

(p value) 
Flexion 0.90 0.45 0.92 0.24 
Extension 0.62 0.75 0.79 0.61 
External Rotation 0.56 0.28 0.44 0.18 
Abduction 0.67 0.60 0.66 0.49 

 
 

When assessed using ICCs, the test-retest reliability properties of the Simulator II 

were found to be generally high to excellent, with ICCs above 0.73 in all 

movements (Tables 14-15); across both sessions and both shoulders, ICCs for the 

flexion, extension and abduction movements ranged from 0.77 to 0.96. In external 
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rotation, the reliability was found to be moderate to high, with ICC values of 0.73 

(left shoulder) and 0.56 (right shoulder). The standard error of measure (SEM) 

calculated for each ROM varied between 5.72° and 7.67°, proportionally to the 

maximum range of motion reached for each movement (i.e. highest with flexion 

and lowest for abduction) (Tables 14-15). The minimal detectable change for the 

90th percentile confidence interval (MDC90) varied between 13.34° (abduction 

ROM, left shoulder) and 17.89° (flexion ROM, right shoulder).  

 

Table 14 – Test-retest reliability characteristics of maximal shoulder ROM for all 
movements on the left shoulder 

 ICC (3,k) SEM (°) MDC90 (°)
Flexion 0.95 6.65 15.51 
Extension 0.77 7.24 16.89 
External Rotation 0.73 6.05 14.12 
Abduction 0.77 5.72 13.34 

 
 

Table 15 – Test-retest reliability characteristics of maximal shoulder ROM for all 
movements on the right shoulder 

 ICC (3,k) SEM (°) MDC90 (°)
Flexion 0.96 7.67 17.89 
Extension 0.88 6.05 14.13 
External Rotation 0.56 6.31 14.83 
Abduction 0.80 6.12 14.29 
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CHAPTER 6 - DISCUSSION 

 

The general purpose of this study was to report reference data as well as to 

establish the reliability properties of the Simulator II (BTE technologies™) in 

measuring shoulder active range of motion in a healthy population of women, to 

measure the effect of handedness on bilateral shoulder range of motion (ROM) 

and to report values of clinical relevance of the Simulator II for shoulder active 

ROM measurements (SEM and MDC90th). Also, other specific objectives were to 

compare active shoulder ROM of the Simulator II from those of the literature and 

to assess relationships between age and anthropometric data with shoulder. In the 

following section the results will be made clear and compared to the literature and 

their relevance will be addressed.  

 

6.1 Reference data  

 

The general tendency present within our data is that shoulder flexion and 

abduction range of motion are found to be greater when compared with the two 

other movements, extension and external rotation (see Table 6). The largest ROM 

was recorded on average in flexion, with a group mean calculated over both days 

of 229.77°, followed by abduction, with an overall mean of 208.94°. In extension, 

the average measure was 73.64°, and finally in external rotation, the average 

ROM was found to be 49.38°. Furthermore, this trend stays consistent across 

different sessions and also, it is similar to trends reported in the literature (see 

Table 7).  

 

There are many factors that come into play to explain the superiority of the 

flexion and abduction ROM; aside from the contributions of muscles to these 

actions, probably the most important factor to consider in explaining the 

variations in shoulder joint ROM across directions is the joint architecture. In this 
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ball and socket joint, the head of the humerus can more easily rotate towards 

flexion and abduction, and especially in rotation, several tendons and ligaments 

are designed to prevent excessive movement, which can lead to injuries. The 

glenohumeral joint has also a loose capsule that is permissive inferiorly which is 

maybe one of the reasons of the high amplitude and the higher risk of injuries 

such as the inferior dislocation (Snell, 2006). But, there is a number of bursae (a 

small fluid-filled sac lined by synovial membrane with an inner capillary layer of 

slimy fluid (Anderson and Calais-Germain, 1993; McKinley et al., 2000)) present 

in the capsule especially to give support for the high shoulder mobility (Snell, 

2006). 

 

Also, this may be in part due to the greater contribution and / or strength of the 

muscles that are responsible for these movements. The anterior deltoid and 

pectoralis major muscles act as agonist and synergist for shoulder flexion. They 

are both large muscles that are fan-shaped and cover the anterior portions of the 

shoulder and chest, respectively. In this action, they are aided by the long head of 

the biceps. All three are among the largest and most powerful muscles of the 

upper body, which supports the observation of higher ROM in their direction of 

action. In moving the shoulder into abduction, the main agonist muscle is the 

middle deltoid; it is a thick, multipennate muscle that is located on the posterior 

and lateral extremity of the shoulder joint and constitutes an important muscle 

mass around the glenohumeral joint. These anatomical considerations (location, 

size) support the observation of large ROM in the direction of abduction. In 

extension, the main agonistic muscles are the latissimus dorsi and the posterior 

fibers of the deltoid. The largest of the two is the latissimus dorsi, a triangular-

shaped muscle of the lumbar region (lower back), which covers an extensive part 

of the superficial layer in this region, is as large or even bigger, as the main 

agonists for flexion, however its insertion on the humerus is smaller and is located 

farther from the shoulder joint, which could explain the smaller movement 

amplitude in this direction. Finally, muscles in charge of external rotation are 
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smaller and many, that synergistically contribute to creating this motion as one of 

their functions. This partly explains why external rotation ROM is not as big as 

the motions obtained in other directions. Another reason for variations in ROM 

across directions is possibly how often people are executing these movements in 

their activities of daily living; for example, flexion and abduction are more related 

to general work tasks and / or everyday movements; for example, opening a 

window.  

 

The data collected in the present study are fairly different from the range of 

corresponding values obtained from past studies (Table 7). The most comparable 

values with the present study are those of Barnes and colleagues (2001). This 

study used a 360° clinical goniometer with a 10-inch movable arm on a healthy 

women population, with standard measurement techniques and a similar 

experimental protocol, except that subjects were in a supine position rather than 

seated. For movements of extension and abduction, on the dominant and non-

dominant arm, authors presented ROM values equivalent, albeit slightly smaller, 

than values recorded in the present study (extension: approx. 8° smaller, 

abduction: approx. 15° smaller). This might be caused by the different test 

positions (supine vs. seated). Moreover, in their study the age range of the 

participants was larger (4-70) than in the present one (20-52); since ROM has 

been shown to be reduced in the elderly (Allander et al., 1974; Barnes et al., 

2001), the inclusion of subjects aged 50–70 years may have therefore contributed 

to smaller ROM in the Barnes et al. study.  

 

In other studies (AAOS, 1965; Boone and Azen, 1979; Walker et al., 1984; 

Greene and Wolf, 1989; Sabari et al., 1998; Boon and Smith, 2000; Awan et al., 

2002; Lomond et al., 2009), most ROM data reported are slightly dissimilar; 

values are most of the time smaller than the ones reported here especially for 

shoulder flexion, extension, and abduction movements. Most of the findings from 
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the literature are not directly comparable to the results observed in the present 

study due to various reasons outlined in the following section. 

  

Firstly, sample sizes of the reported studies vary greatly and are sometimes 

smaller (Greene and Wolf, 1989), approximately the same (Sabari et al., 1998; 

Barnes et al., 2001; Lomond et al., 2009) or larger (Boone and Azen, 1979; 

Walker et al., 1984; Boon and Smith, 2000; Awan et al., 2002). Moreover, the 

dissimilarities could have come from the sample characteristics; no other study 

assessed women only, none assessed the exact same age range (20 to 52) and very 

few reported data from healthy people only. Indeed, studies assessed either 

genders (Greene and Wolf, 1989; Sabari et al., 1998; Boon and Smith, 2000; 

Awan et al., 2002; Lomond et al., 2009) or only male subjects (Boone and Azen, 

1979). Since several studies have reported greater ROM in women, it makes sense 

that women’s only samples such as ours would report ROM values slightly higher 

than the ones reported with gender-balanced or male samples. With regards to 

sample age, there is large variation in the literature, with some studies using 

approximately the same age range as the one used in the present study (Greene 

and Wolf, 1989; Walker et al., 1984; Sabari et al., 1998; Barnes et al., 2001; 

Lomond et al., 2009), younger (Boon and Smith, 2000; Awan et al., 2002) or 

older (Boone and Azen, 1979; Sabari et al., 1998; Barnes et al., 2001), and most 

studies agreed that young (before adulthood) and old (beyond 65) age has an 

effect on ROM (Allander et al., 1974; Barnes et al., 2001). Thus, age could be a 

credible explanation for the differences in ROM between ours and other studies. 

Finally, the health and fitness status of the subject sample is another important 

characteristic that could affect ROM measurements. There is some variation in the 

literature on this aspect as well, with some studies having assessed healthy normal 

subjects (without musculoskeletal disease) (Boon and Azen, 1979; Greene and 

Wolf, 1989; Walker et al., 1984; Barnes et al., 2001), athletes (Boon and Smith, 

2000; Awan et al., 2002), specific diseases (Lomond et al., 2009: neck-shoulder 

pain) and / or different populations in the same sample (Sabari et al., 1998). 
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Moreover, the exact definition of each status was oftentimes lacking, making the 

interpretation of the data more difficult. 

 

Aside from the subject characteristics, differences might have come from the 

different methodologies used in the literature. The main contrast between the 

literature and our study might be due to the equipment. Except from the Lomond 

and colleagues study, no scientific study previously reported shoulder ROM 

measures taken with the Simulator II, supporting the importance of the present 

study. Most previous studies reported values taken with a goniometer (Boone and 

Azen, 1979; Walker et al., 1984; Greene and Wolf, 1989; Sabari et al., 1998; 

Boon and Smith, 2000; Barnes et al., 2001) and the rest used an inclinometer 

(Awan et al., 2002) and a custom device (Ortho Ranger, Greene and Wolf, 1989). 

In addition, the subject position varied from one study to another. Some studies 

tested subjects while they were seated (Walker et al., 1984; Sabari et al., 1998; 

Lomond et al., 2009) and in others, subjects were either standing or lying down, 

in a supine position (Boone and Azen, 1979; Walker et al., 1984; Greene and 

Wolf, 1989; Sabari et al., 1998; Boon and Smith, 2000; Barnes et al., 2001; Awan 

et al., 2002). From the literature, it appears that ROM measured in a supine 

position could be generally smaller than that taken in a seated position, which also 

supports the fact that values collected in the present study are generally larger 

than in others. Related to this factor, not all studies measured ROM from a neutral 

(anatomical) position. For example, the largest discrepancy between our data and 

that of the literature is for external rotation ROM, with the Boon and Smith 

(2000) and the Awan et al. (2002) studies reporting much larger values (almost 

twice the ones reported here). Subjects from both studies were positioned supine 

with the arm at 90° of glenohumeral abduction, whereas we recorded from a 

seated position with a 45° of glenohumeral abduction, as recommended in the 

Simulator II user manual.  
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Another cause for variation can be attributed to whether ROM trials were 

performed actively or passively. Several studies, including the two 

aforementioned, recorded passive ROM (Sabari et al., 1998; Boon and Smith, 

2000; Barnes et al., 2001; Awan et al., 2002) and approximately as many recorded 

ROM trials achieved actively by the subject (Boone and Azen, 1979; Walker et 

al., 1984; Greene and Wolf, 1989; Sabari et al., 1998; Barnes et al., 2001; 

Lomond et al., 2009). Thus, variation could have occurred because passive 

shoulder rotation movement is known to produce larger ROM than for movement 

produced actively by the subjects themselves.  

 

Finally, part of the general variability in data found in literature can also be partly 

explained by variability in the experimental procedures followed. For example, 

Barnes et al. (2001) only tested every movement once, whereas Walker et al. 

(1984) tested every motion twice, and Greene and Wolf (1989) made 3 

measurements, similarly to our study. Moreover, Walker and colleagues also used 

a measurement sequence that minimized the positional changes by the subject, 

whereas Sabari and colleagues (1998) measured every motion eight times in a 

random order. Taking multiple measurements is preferred in order to obtain a 

stable measurement, and a randomized sequence is more appropriate in order to 

avoid learning or fatigue effects; thus, both factors can also play parts in inducing 

variability in measurements from one study to the next. 

  

6.2 Relationships between age, anthropometric data and active shoulder ROM 

 

Our working hypotheses were that there were going to be strong relationships 

between shoulder ROMs, age, and anthropometric characteristics (arm length 

segments, height, weight). We did observe some correlations between segment 

lengths and ROM; there were moderate to good correlations between session two 

right extension ROM and forearm segment lengths and between session 2 left / 

right abduction ROM and weight (see Table 8 and 9). However, the fact that these 
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correlations were only observed on one day and that there is good correlation 

between measurements from session one to session two suggests that these 

correlations may be attributable to chance variability in the sample, likely related 

to sample size. In all other cases, relationships between segment lengths and 

ROM were low or nonexistent. From our results, it appears that age, height and 

weight do not really influence the subjects’ ROM results. This is important 

information for clinicians using the Simulator II in that for subjects with similar 

age characteristics than in our study, we can expect that age, height and weight 

would induce negligible error on the ROM measurements taken. Finally, most of 

the age and anthropometric data were well correlated between each other as was 

expected, as were some ROM measurements with others although these were not 

always systematic. 

 

6.3 Side dominance and effects of handedness  

 

In the present study, in general, left and right side measures were equivalent with 

exception of abduction ROM. The reasons for this significant difference 

(abduction ROM) are unclear at this point. This is likely related to some 

methodological issues whereby the chair positioning was not exactly the same, 

with respect to the exercise head, or the straps used to stabilize subjects were not 

of the same effectiveness on both sides. However, our results may also, at least in 

part, reveal a true superiority of ROM from the non-dominant side in abduction, 

as it has sometimes been suggested in the literature. A follow-up study with a 

larger sample size is needed to shed light into this question. Moreover, Pearson 

correlation coefficients revealed that range of motion values between the left and 

right sides were highly correlated across subjects, with generally good 

correlations (0.73-0.84) across all the different ROMs at the first session and 

moderate to good correlations for the second session (0.50-0.82) (table 11), 

indicating that people with larger ROM displayed it from both sides. Thus, our 
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results support the pertinence of using the contralateral side as reference when 

assessing shoulder ROM deficits in the clinical setting. 

 

Finally, in an attempt to determine how handedness may affect bilateral 

differences in ROM, we computed Pearson correlations (table 12) between the 

handedness scores obtained and the left-right differences in ROM values. Results 

show that none of the correlations between handedness and left-right ROM 

difference, in any of the movement directions, are high; thus, it seems that the 

degree of right-handedness (all our subjects were right handed), or the strength of 

the tendency to use the right arm in everyday tasks, doesn’t affect the ROM 

differences between left and right sides, lending support against the previous 

hypothesis that repeated use of a limb is somehow related to the observed ROM 

of that limb.  

 

6.4 Reliability of the shoulder ROM measurements with the Simulator II 
 

Currently, with all the new measurement tools available in the clinical setting, it is 

important to report their test-retest reliability to support their repeated use. The 

reliability of our instrument, the Simulator II, in measuring shoulder ROM on two 

separate days has been demonstrated to be high, with ICCs ranging from 0.77 to 

0.96 for shoulder flexion, extension and abduction ROM. The only movement that 

appeared to be less reliable than the other ones is external rotation (moderate 

correlations of 0.56 and 0.73). Other studies also found that the shoulder ROM 

measurement with the most considerable variability compared to other 

movements was external rotation (Walker et al., 1984; Greene and Wolf, 1989; 

Awan et al., 2002). In our study, this between-day variability may have been due 

to the fact that some subjects use more compensatory motions from their trunk 

and others from their actual shoulder to execute the motion, and some subjects 

had difficulty conceptualizing the movement of rotation itself as performed in our 

study, which is not similar to movements accomplished in everyday activities. 
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Also, our choice of task to assess shoulder external rotation in our protocol (see 

Chapter 4), i.e. not starting from anatomical position, elbow flexed, likely 

produced a movement that was not pure shoulder rotation but rather a 

combination of shoulder motion with slight forearm supination, which likely 

induced variation in our measurements. External rotation ROM movement has 

small amplitude, involves several muscles (serratus anterior, trapezius, 

infraspinatus and teres minor) and is more complex in its execution, and as a 

consequence, it is not surprising that there is considerable inter-trial variability in 

the movement. Our data suggests that, excluding the external rotation tasks, test-

retest reliability was similar for movements with the right shoulder (Pearson = 

0.66 to 0.92) compared to the left one (Pearson = 0.62 to 0.90). If this is indeed 

the case, it follows that in a clinical setting, true between-session improvements 

can be detected with the same confidence from both shoulders. This is supported 

by our results comparing intra-class correlation coefficients, standard error of 

measurements and minimal detectable change (see next paragraph) between sides; 

larger studies with more subjects, and particularly with injured individuals, must 

be performed in order to verify this interpretation. Nevertheless, we can say that 

measurements taken by the Simulator II in healthy right-handed women subjects 

can be estimated to be reliable across trials and sessions. This is very important 

practical information in the clinical setting, where shoulder ROM measurements, 

which are often related to the disability state of a patient, are taken repeatedly 

during the rehabilitation process. Thus, our study shows that if used appropriately, 

with the exception of the shoulder external rotation, the Simulator II can be 

trusted to take reliable shoulder ROM measurements and to reflect the integrity of 

the shoulder amplitude. 

 

Since the SEM indicates how much a score will vary with repeated measures 

(Hanna et al., 2005) and the MDC90 represents the minimal amount of change that 

is not likely to be due to chance variation in measurement (Haley and Fragala-
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Pinkham, 2006), both of these measures are important characteristics to take into 

account when performing a test-retest evaluation, especially in a clinical context. 

The SEM and MDC90 values reported in this study were small and approximately 

the same for left and right shoulders (see Table 14 and 15). Moreover, the SEM 

produced for each motion was relatively proportional to the mean ROM for each 

movement. When compared to SEM and MDC90 values reported in the literature 

(SEM: Boon and Smith, 2000; SEM and MDC90: Lomond et al., 2009), our values 

are smaller than the ones reported by Boon and Smith, which is not surprising 

since their measurements were taken with a goniometer which requires manual 

interaction with the patient in taking the measurements, which supports the belief 

that the Simulator II is a more reliable ROM assessment tool.  

However, both our SEM and MDC90 values are larger than those reported in the 

Lomond study. This could be due to the fact that the patients with shoulder pain 

assessed in that study also displayed generally less ROM and from the equations, 

it follows that we should also expect SEM and MDC90 values to be lower. The 

SEM and MDC90 values hold practical significance in a clinical context and are 

essential in interpreting the real value of a change measured with the Simulator II. 

For example, for a person performing a flexion movement of 232.18° 

(corresponding in our case to the average of both sessions for the left shoulder), 

since the corresponding SEM is 6.65°, in a follow-up evaluation, if the individual 

obtains an amplitude value of 225.53° or less, or 238. 83° or more, this would 

indicate an authentic change in the shoulder flexion ROM in that subject. Thus, 

clinically, the average range of motion values are much more meaningful when 

accompanied with the corresponding SEM and MDC90 values, so as to make the 

appropriate interpretations of the data and effective evidence-based clinical 

decisions. As such, the interpretation of our left-right side difference in abduction 

measurements can be made more accurately in light of the SEM and MDC90 

values reported for abduction measurements. Indeed, we show a significant left-

right side difference in abduction, which is bigger than the SEM by about 4-5 

degrees, suggesting that this difference is not due to errors in the measurements. 
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However, this side difference is smaller than the MDC90, which suggests that this 

difference is smaller than the expected chance variation in measurements taken 

with the Simulator II. Thus, the measured left-right differences in abduction ROM 

may be considered as a true difference but not a clinically meaningful one. 
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CHAPTER 7 – CONCLUSION 

 

7.1 Summary 

 

The literature has shown that there is a need for objective measurement tools that 

can be used to assess shoulder ROM. This research has confirmed some of our 

hypotheses: the reference data that we obtained are quite similar with the results 

from the literature, were not associated with age or anthropometric characteristics, 

were similar between left and right sides except for abduction, and were 

independent from handedness scores. Moreover, the Simulator II is a reliable 

device for shoulder ROM measurement; the measurements obtained for three 

movements (flexion, extension and abduction) demonstrated high to excellent 

reliability, with ICCs above 0.77. For external rotation, the Simulator II 

demonstrated moderate to high reliability (0.56-0.73). Aside from the easiness to 

use and the possibility for obtaining objective measurements that are independent 

from manipulation from the clinician, the SEM and MDC90 values reported in this 

work confirm that the Simulator II is a more reliable tool that standard 

goniometers (as reported in the literature).  

 

Moreover, our findings will provide important information to clinicians in 

evaluating the clinical meaningfulness of their measurements. The comparison 

between both shoulders (dominant and non-dominant) has confirmed previous 

studies; our synthesis establishes that there are no significant differences between 

ROM of dominant vs non-dominant sides in a right-handed population, with the 

exception of a difference found for abduction ROM, which is likely explained by 

methodological issues in our protocol. However, although the measured left-right 

side difference was bigger than the calculated SEM for abduction, it is smaller 

than the MDC90, which suggest that this left-right side difference in abduction is 

smaller than the expected chance variation in measurements taken with the 

Simulator II. Thus, the measured left-right differences in abduction ROM may be 
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considered as a statistical difference but not a clinically meaningful one. 

Moreover, we are the first to show that general handedness (the strength of the 

tendency to use one arm over the other in everyday life) has no effect on bilateral 

ROM differences. We are also the first to present shoulder ROM measurement 

properties exclusively from a sample of women, providing gender-specific data 

that can be used in the clinical setting as reference values to assess and treat 

female patients. 

 

7.2 Future directions 

 

Our results open the way for interventions with the Simulator II, by providing 

reference values for female right-handed adults and in demonstrating reliability of 

the system in assessing shoulder ROM. The Simulator II is commonly used in 

clinical settings, mainly for work simulations; however our study supports its 

additional use as an objective device that can be easily used to measure shoulder 

ROM. To thoroughly assess the feasibility of using the Simulator II in measuring 

shoulder ROM in the clinical setting, future studies should compare values from 

healthy subjects to those of various pathological populations. Further to our 

presentation of data on the clinical meaningfulness of shoulder ROM values 

(SEM and MDC90), the Simulator II can now be used to train people to increase 

their amplitude of motion while they recover normal function after injury. With 

caution that is consistent with our findings, our results generally support the 

notion that the Simulator II can be effective not only in quantifying shoulder 

ROM but also in being used as training tool, making it a more complete and 

useful piece of equipment for clinicians to use.  

 



 
 

73

REFERENCES 
 
 

Americain Academy of Orthopeadic Surgeons, 1965. Joint Motion: Method of 
Measuring and Recording. Chicago: American Academy of Orthopaedic 
Surgeons.  

 
Alderink, GJ., & Kuck, DJ., 1986. Isokinetic shoulder strength of high school and  
 college-aged pitchers. J Orthop Sports Phys Ther. 7: 163-172.  
 
Allander, E., Bjornsson, OJ., Lafsson, O., Sigfusson, N.,  & Thorsteinsson, J., 

1974. Normal Range of Joint Movements in Shoulder, Hip, Wrist and 
Thumb with Special Reference to Side: a Comparison between Two 
Populations. International Journal of Epidemiology. 3(3) :  253-261 

 
Anderson, PA., Chanoski, CE., Devan, DL., McMahon, BL., & Whelan, EP., 

1990. Normative study of grip and wrist flexion strength employing a BTE 
work simulator. The Journal of Hand Surgery. 15(3): 420-5.  

 
Anderson, S.A., & Calais-Germain, B., 1993. Anatomy of movement. Chicago:  

Eastland Press.  

Anderson, V.B., Bialocerkowski, A.E., & Bennell, K.L., 2006. Test–retest 
reliability of glenohumeral internal and external rotation strength in chronic 
rotator cuff pathology. Physical Therapy in Sport. 7: 115–121.  

Awan, R., Smith, J., & Boon, AJ., 2002. Measuring Shoulder Internal Rotation 
Range of Motion: A Comparison of 3 Techniques. Arch Phys Med Rehabil. 
83: 1129-1234. 

Barnes, C.J., Van Steyn, S.J., & Fischer, R.A., 2001. The effects of age, sex, and 
shoulder dominance on range of motion of the shoulder. Journal of 
Shoulder and Elbow Surgery. 10(3): 242- 246.   

 
Bagesteiro, LB., & Sainburg, RL., 2002. Handedness: Dominant Arm Advantages 

in Control of Limb Dynamics. J Neurophysiol. 88: 2408-2421. 
 
Beaton, D.E., O’Driscoll, S.W., & Richards, R.R., 1995. Grip Strength Testing 

Using the BTE Work Simulator and the Jamar Dynamometer: A 
Comparative Study. J Hand Surg. 20A: 293-298. 

 
Bear-Lehman, J., & Abreu, BC., 1989. Evaluating the hand: issues in reliability 

and validity. Phys Ther. 69(12): 1025-33. 
 
Berlin, S., & Vermette, J., 1985. An exploratory study of work simulator norms 



 
 

74

for grip and wrist flexion. Vocational Evaluation and Work Adjustment 
Bulletin. 35: 61–5.   

 
Bernard, B., Sauter, S., Fine, L., Petersen, M., Hales, T., 1994. Job task and 

psychosocial risk factors for work-related musculoskeletal disorders among 
newspaper employees. Scand J Work Environ Health. 20: 417-426.  

 
Bettencourt, CM., Carlstrom, P., Brown, SH., Lindau, K., & Long, CM., 1986. 

Using work simulation to treat adults with back injuries. Am J Occup Ther. 
40(1): 12-8. 

 
Bergqvist, U., Wolgast, E., Nilsson, B., et al., 1995. The influence of VDT work 

on musculoskeletal disorders. Ergonomics. 38: 754-62. 
 
Bhambhani, Y., Esmail, S., & Brintnell, S., 1993.  The Baltimore therapeutic 

equipment work simulator: Biomechanical and physiological norms for 
three attachments in healthy men. American Journal of Occupational 
Therapy. 48(1): 19-25.  

 
Boon, A.J., & Smith, J., 2000. Manual scapular stabilization: Its effect on 

shoulder rotational Range of Motion. Arch Phys Med Rehabil. 81: 978-983. 
 
Boone, DC., & Azen, SP., 1979. Normal range of motion of joints in male 

subjects. J Bone Joint Surg Am. 61: 756-759.  
 
Borghouts, JAJ., Koes, BW., Vondeling, H., & Boutler, LM., 1996. Cost of 

illness of neck pain in the Netherlands in 1996. Pain. 80: 629-636. 
 
Bovens, AM., van Baak, MA., Vrencken, JG., Wijen, JA., & Verstappen, FT., 

1990. Variability and reliability of joint measurements. Am J Sports Med. 
18: 58-63. 

 
Cagnie, B., Cools, A., De Loose, V., Cambier, D., & Danneels, L., 2007. 

Differences in Isometric Neck Muscle Strength Between Healthy Controls 
and Women With Chronic Neck Pain: The Use of a Reliable Measurement. 
Phys Med Rehabil. 88:1441-1445.  

 
Cetinok, EM., Renfro, RR., & Coleman, EF., 1995. A pilot study of the reliability 

of the dynamic mode of one bte work simulator. Journal of Hand Therapy. 
8(3): 199-205. 

 
Chiang, H.C., Ko, Y.C., Chen, S.S., Yu, H.S., Wu, T.N., & Chang, P.Y., 1993. 

Prevalence of shoulder and upper-limb disorders among workers in the fish-
processing industry. Scandinavian Journal of Work Environment & Health. 
19: 126-131.  



 
 

75

 
Clarke, G.R., Willis, L.A., Fish, W.W., & Nichols P.J.R., 1975. Preliminary 

studies in measuring range of motion in normal and painful stiff shoulders. 
Rheumatol Rehabil. 14: 39-46. 

 
Cobe, HM., 1928. The range of active motion at the wrist of white adults. Bone 

Joint Surg. 10: 763. 
 
Coleman, EF., Renfro, RR., Cetinok, EM., Fess, EE., Shaar, CJ., & Dunipace, 

KR., 1996. Reliability of the manual dynamic mode of the baltimore 
therapeutic equipment work simulator. Journal of Hand Therapy. 9(3): 223-
37.  

 
Cox, S., & Cox, T., 1984. Women at work: summary and overview. Ergonomics. 

27: 597-605.  
 
Crawford, J.O., & Laiou, E., 2007. Conservative treatment of work-related upper 

limb disorders—a review. Occupational Medicine. 57: 4-17. 
 
Crosbie, J., Kilbreath, S.L., Hollman, L., & York. S., 2008. Scapulohumeral 

rhythm and associated spinal motion. Clinical Biomechanics. 23: 184-192.  
 
European Agency for Safety and Health of Work, 1999. Work-related neck and 

upper limb musculoskeletal disorders. Prepared by Buckle, P. and 
Devereux. J.D. Office for Official Publications of the European Community, 
Luxembourg.  

 
Ekman, B., Ljungquist, K.-G., & Stein, U., 1970. Roent-genologic-photometric 

method for bone mineral determination. Acta Radiol. / Diagn. / (Stockholm). 
10: 305. 

 
Feuerstein, M., Miller, VL., Burrell, LM., & Berger, R., 1998. Occupational upper 

extremity disorders in the federal workforce: prevalence, health care 
expenditures, and patterns of work disability. J Occup Environ Med. 40: 
546-555. 

 
Fess, EE., 1986. The need for reliability and validity in hand assessment 

instruments. J Hand Surg Am. 11: 621–3.  
 
Fess, EE., 1990. Essential elements of an upper extremity assessment battery. 

Rehabilitation of the hand. 3rd ed. St Louis: Mosby, 53-81.  
 
Fess, EE., 1993. Instrument reliability of the bte work simulator: A preliminary 

study. Journal of Hand Therapy. 6(1): 59-60. 
 



 
 

76

Fransson-Hall, C., Bystrom, S., & Kilbom, A., 1995. Self-reported physical 
exposure and musculoskeletal symptoms of the forearm-hand among 
automobile assembly-line workers. J Occup Environ Med. 27(9): 1136-44. 

 
Fulco, C., Rock, P., Muza, S., Lammi, E., Cymerman, A., Butterfield, G., et al., 

1999. Slower fatigue and faster recovery of the adductor pollicis in women 
matched for strength with men. Acta Physiol Scand. 167: 233–239. 

 
Greene, WB., & Heckman, JD., 1994. The clinical measurement of joint motion. 

Rosemont (IL): American Academy of Orthopaedic Surgeons. 
 
Gajdosik, R.L., & Bohannon, R.W., 1987. Clinical measurement of Range of 

Motion. Review of Goniometry emphasizing reliability and validity. 
Physical Therapy. 67(12): 1867-1872. 

 
Greene, BL., & Wolf, SL., 1989. Upper extremity joint movement: comparison of 

two measurement devices. Arch Phys Med Rehabil. 70: 288-90. 
 
Günal, I., Köse, N., Erdogan, O., Göktürk, E., & Seber, S., 1996. Normal range of 

motion of the joints of the upper extremity in male subjects, with special 
reference to side. J Bone Joint Surg. 78: 1401-4.  

 
Hagberg, M., & Wegman, DH., 1987. Prevalence rates and odds ratios of 

shoulder-neck diseases in different occupational groups. Br J Ind Med. 44: 
602-610.  

 
Hales, T., & Bernard, B., 1996. Epidemiology of work-related musculoskeletal 

disorders. Orthop Clin North Am. 27: 679-709. 
 
Haley, S., & Fragala-Pinkham, M., 2006. Interpreting change scores of tests and 

measures used in physical therapy. Physical Therapy. 86(5): 735-743. 
 
Hanna, S., Russell, D., Bartlett, D., Kertoy, M., Rosenbaum, P., & Swinton, M., 

2005. Clinical measurement practical guidelines for service providers. 
CanChild Centre for Childhood Disability Research, McMaster University. 
(Online publication, retrieved: March, 2009). 

 
Harding, V.R., C de C Williams, A., Richardson, P.H., Nicholas, M.K., Jackson, 

J.L., Richardson, I.H. et al., 1994. The development of a battery of measures 
for assessing physical functioning of chronic pain patients. Pain. (58): 367-
375. 

 
Hayes, K., Walton, J.R., Szomor, L., & Murrell, G.AC., 2001. Reliability of five 

methods for assessing shoulder range of motion. Australian Journal of 
Physiotherapy. 47: 289-294. 



 
 

77

 
Heinrich, R.L., Cohen, M.J., Naliboff, B.D., Collins. G.A., & Bonebakker, A.D., 

1985. Comparing physical and behavior therapy for chronic low back pain 
on physical abilities, psychological distress and patients’ perceptions. J. 
Behav. Med. 8: 61-77.  

 
Hughes, R.E., Johnson, M.E., O’Driscoll, S.W., & An, K., 1999. Normative 

Values of Agonist-Antagonist Shoulder Strength Ratios of Adults Aged 20 
to 78 Years. Phys Med Rehabil. 80: 1324-1326.  

 
Hunter, S.K.l, & Enoka, R.M., 2001. Sex differences in the fatigability of arm 

muscles depends on absolute force during isometric contractions. J Appl 
Physiol. 91: 2686-2694. 

 
Innes, A., & Straker, L., 1999. Reliability of work-related assessments. IOS Press. 

13(2): 107-124. 
 
Karlqvist, LK., Bernmark, E., Ekenvall, L., Hagberg, M., Isaksson, A., & Rosto, 

T., 1998. Computer mouse position as a determinant of posture, muscular 
load and perceived exertion. Scand J Work Environ Health. 24(245): 62-73.  

 
Kennedy, L.E., & Bhambhani, Y.N., 1991. The Baltimore Therapeutic Equipment 

work simulator: Reliability and validity at three work intensities, Archives 
of Physical Medicine & Rehabilitation. 72: 511–516.  

 
Keyserling, W.M., 2000. Workplace Risk Factors and Occupational 

Musculoskeletal Disorders, Part 1: A Review of Biomechanical and 
Psychophysical Research on Risk Factors Associated with Low-Back Pain. 
AIHAJ. 61(1): 39-50. 

 
Keyserling, W.M., 2000. Workplace risk factors and occupational 

musculoskeletal disorders, part 2: A review of biomechanical and 
psychophysical research on risk factors associated with upper extremity 
disorders. AIHAJ. 61(2): 231:243.  

 
Kilbom, A., 1988. Isometric strength and occupational muscle disorders. Eur J 

Appl Physiol. 57: 322-326.  
 
Kilbom, A., 1998. Work-related musculoskeletal disorders in women—a question 

of low capacity and/ or high demands?  In: Proceedings of an International 
Expert Meeting on Women at Work. eds. by Lehtinen S, Taskinen H, 
Rankanen J, Helsinki: Finnish Institute of Occupational Health.  

 
Kishi, R., Kitahara, T., Masuchi, A., & Kasai, S., 2002. Work-related 

Reproductive, Musculoskeletal and Mental Disorders among Working 



 
 

78

Women - History, Current Issues and Future Research Directions. Industrial 
Health. 40: 101–112.  

 
Knecht, S., Dräger, B., Deppe, M., Bobe, L., Lohmann, H., Flöel, A., Ringelstein, 

E.-B., et al., 2000. Handedness and hemispheric language dominance in 
healthy humans. Brain. 123(12): 2512-2518. 

Landis, JR., Koch, GG., 1977. The measurement of observer agreement for 
categorical data. Biometrics. 33: 159-74.  

Lawrence, R. C., Helmick, C. G., Arnett, F. C., Deyo, R. A., Felson, D. T., 
Giannini, E. H., et al., 1998. Estimates of the prevalence of arthritis and 
selected musculoskeletal disorders in the United States. 
Arthritis&Rheumatism. 41: 778-799.  

 
Lee, G.K., & Hui-Chan, C.W.Y., 2001. Consistency of Performance on the 

Functional Capacity Assessment. Am J Phys Med Rehabil. 80:189–195. 
 
Leggin, BG., Neuman, RM., Iannotti. JP., Williams, GR., & Thompson, RC., 

1996. Intrarater and interrater reliability of three isometric dynamometers in 
assessing shoulder strength. J Shoulder Elbow Surg. 5: 18-24. 

 
Leijon, M., Hensing, G., & Alexande, K., 1998. Sickness absence due to 

musculoskeletal diagnoses: association with occupational gender 
segregation. Scand J Public Health. 32: 94–101. 

 
Lomond, K.V., Leduc-Poitras, C., Boulay, E., & Côté, J.N., 2009. Reliability of 

Shoulder Functional Measures in Assessing Physical Capacity of 
Individuals with Chronic Neck/shoulder Pain.  Accepted for publications in 
Ergonomics: Design, Integration, and Implementation, Brinkerhoff, B.N., 
New York: Ed; Nova Publishers. 

 
Lund, T., 2001. Associations between health and work disability [thesis]. 

Copenhagen: National Institute of Occupational Health and Department of 
Epidemiology and Surveillance. 

 
Lundberg, U., Mardberg, B., & Frankenhaeuser, M., 1994. The total workload of 

male and female white collar workers as related to age, occupational level, 
and number of children. Scand J Psychol. 35: 315-327.  

 
Marieb, EN., & Hoehn, K., 2009. Human Anatomy & Physiology, 8th edition. San 

Francisco: Pearson Education, Inc. 
 
Mani, L., & Gerr, F., 2000. Work-related upper extremity musculoskeletal 

disorders. Primary Care Clinics in Office Practice. 27: 845–64. 



 
 

79

Mayer, T., Gatcher, RJ., Polatin, B., & Evans, TH., 1999. Outcomes Comparison 
of Treatment for Chronic Disabling Work-Related Upper-Extremity 
Disorders and Spinal Disorders. Journal of Occupational and 
Environmental Medicine. 41(9): 761-770. 

 
McKinley, M.P., Martini, F., & Timmons, M.J., 2000. Human anatomy.  

Englewood Cliffs, N.J: Prentice Hall.  
 
Meeteren, J.v., Roebroeck, M.E., & Stam, H.J., 2002. Test-retest reliability in 

isokinetic muscle strength measurements of the shoulder. J Rehabil Med. 
34: 91-95. 

 
Melhorn, J.M., 1998. Cumulative trauma disorders and repetitive strain injuries. 

Clin. Orthop. Rel. Res. 351: 107–126. 
 
Mergler, D., Brabant, C., Vezina, N., & Messing, K., 1987. The weaker sex? Men 

in women's working conditions report similar health symptoms. J Occup 
Medicine.  29: 417-421. 

 
Moore, ML., 1949. The measurement of joint motion. Part II: The technique of 

goniometry. Phys Ther Rev. 29: 256-64.  
 
Messing, K., Dumais, L., Courville, J., Seifert, AM., & Boucher, M., 1994. 

Evaluation of exposure data from men and women with the same job title. J 
Occup Med. 36: 913-917.  

 
Messing, K., Tissot, F., Saurel-Cubizolles, M-J., Kaminski, M., & Bourgine, M., 

1998. Sex as a variable can be a surrogate for some working conditions: 
factors associated with sickness absence. J Occup Environ Med. 40: 250-
260.  

 
Morse, LH., & Hinds, LJ., 1993. Women and ergonomics. Occup Med State of the 

Art Rev. 8: 721-731. 
 
Muggleton, JM., Allen, R., & Chappell, PH., 1999. Hand and arm injuries 

associated with repetitive manual work in industry: a review of disorders, 
risk factors and preventive measures. Ergonomics. 42: 714-739. 

 
Nadeau, S., Kovacs, S., Gravel, D., Piotte, F., Moffet, H., Gagnon, D., et al., 

2007. Active movement measurements of the shoulder girdle in healthy 
subjects with goniometer and tape measure techniques: A study on 
reliability and validity. Physiotherapy Theory and Practice. 23(3): 179-187.  

 
NIOSH, 1990: National Institute for Occupational Safety and Health (of USA). 
 (Retrieved: January, 2009) 



 
 

80

 
Norlander, S., Aste-Norlander, U., Nordgren, B., & Sahlstedt, B., 1996. Reduced 

mobility in the cervico-thoracic motion segment: An indicative factor of 
musculo-skeletal neck-shoulder pain. Scandinavian Journal of 
Rehabilitation Medicine. 28: 183-192. 

 
Nordander, C., Ohlsson, K., Balogh, I., Rylander, L., Palsson, B., & Skerfving, S., 

1999. Fish processing work: the impact of two sex dependent exposure 
profiles on musculoskeletal health. Occupational & Environmental 
Medicine. 56: 256-264.  

 
Nygren, A., Berglund, A., & von Koch, M., 1995. Neck-and-shoulder pain, an 

increasing problem. Strategies for using insurance material to follow trends. 
Scand J Rehabil Med. 32: 107-12.  

 
Oldfield, R. C., 1971. The assessment and analysis of handedness: The Edinburgh 

inventory. Neuropsychologia, 9: 97-114. 
 
Orri, J.C. and Darden, G.F., 2008. Technical Report: Reliability and Validity of 

the iSAM 9000 Isokinetic Dynamometer. Journal of Strength and 
Conditioning Research. 22(1): 310-317. 

 
Palsson, B., Stromberg, U., Ohlsson, K., & Skerfving, S., 1998. Absence 

attributed to incapacity and occupational disease / accidents among female 
and male workers in the fish-processing industry. Occup. Med. 48(5): 289-
295. 

 
Pearson, I, Reichert A., De Serres, S.J., Dumas, J-P., & Côté, J.N., 2009. Maximal 

voluntary isometric neck strength deficits in adults with whiplash-
associated disorders and association with pain and fear of movement. 
Journal of Orthopedic & Sport Physical Therapy. 39(3): 179-187. 

 
Persson, G., Barlow L., & Karlsson, A., et al. 2001. Health in Sweden: the 

National Public Health Report 2001, Chapter 3. Scand J Public Health. 
29(58): 1–231. 

 
Portney, L.G., & Watkins, M.P., 1993. Foundations of clinical research: 

Applications to practice. Norwalk, Connecticut: Appleton & Lange.  
 
Portney L.G., & Watkins M.P., 2000. Foundations of clinical research: 

Applications to practice, 2nd ed. Upper Saddle River, NJ: Prentice Hall. 
 
Ransil, BJ., & Schachter, CH., 1994. Test-retest reliability of the Edinburgh 

Handedness Inventory and Global Handedness preference measurements, 
and their correlation. Percept Mot Skills. 79: 1355-72. 



 
 

81

Raymond, M., Pontier, D., Dufour, A., & Pape, M., 1996. Frequency-dependent 
maintenance of left-handedness in humans, Proceedings of the Royal 
Society of London, B. 263: 1627-1633. 

 
Reesink, DD., Jorritsma, W., & Reneman, MF., 2007. Basis for a Functional 

Capacity Evaluation Methodology for Patients with Work-related Neck 
Disorders. J Occup Rehabil. 17: 436-449. 

 
Roxburgh, S., 1996. Gender differences in work and well-being: effects of 

exposure and vulnerability. Journal of Health and Social Behavior. 37: 265-
77.  

 
Russo. A., Murphy, C., Lessoway. V., & Berkowit, J., 2002. The prevalence of 

musculoskeletal symptoms among British Columbia sonographers. Applied 
Ergonomics. 33: 385-393. 

 
Sabari, JS., Maltzev, I., Lubarsky, D., Liszkay, E., & Homel, P., 1998. 

Goniometric Assessment of Shoulder Range of Motion: Comparison of 
Testing in Supine and Sitting Positions. Arch Phys Med Rehabil. 79: 647-
51. 

 
Safety and Health Statistics. US Dept of Labor, Bureau of Labor Statistics. 1997. 

Available at: http://stats.bls.gov/oshhome.htm. (Retrieved: January, 2009) 
 
Safety and Health Statistics. US Dept of Labor, Bureau of Labor Statistics. 1998. 

Available at: http://stats.bls.gov/oshhome.htm. (Retrieved: January, 2009) 
 
Safety and Health Statistics. US Dept of Labor, Bureau of Labor Statistics. 2003. 

Available at: http://stats.bls.gov/oshhome.htm. (Retrieved: January, 2009) 
 
Sainburg, K.L., & Kalakanis, D., 2000. Differences in Control of Limb Dynamics 

During Dominant and Nondominant Arm Reaching. J Neurophysiol.  83: 
2661-2675.  

 
Silverstein, B., Welp, E., Nelson, N., & Kalat, J., 1998. Claims incidence of work-

related disorders of the upper extremities in Washington State. Am J Public 
Health. 88: 1827-1833. 

 
Skov, T., Borg, V., & Orhede, E., 1996. Psychosocial and physical risk factors for 

musculoskeletal disorders of the neck, shoulders, and lower back in 
salespeople. Journal of Occupational and Environmental Medicine. 53: 
351–356. 

 



 
 

82

Smith, JR., & Walker, JM., 1983. Knee and Elbow Range of Motion in Healthy 
Older Individuals. Physical & Occupational Therapy in Geriatrics. 2(4): 
31-37.  

 
Snell, R.S., 2006. Clinical Anatomy by Systems (CD-ROM/PDF), Lippincott 

Williams & Wilkins.  
 
Stratford, P., 2004. Getting more from the literature: Estimating the standard error 

of measurement from reliability studies. Physiotherapy Canada. 56: 27-30. 
 
Suurnäkki, T., Nygard, C-H., & Ilmarinen, J., 1991. Stress and strain of elderly 

employees in municipal occupations. Scand J Work Environ Health. 17(1): 
30-39.  

 
Synnerholm, M., 1995. The Swedish social insurance system: overview of 

organization and costs. Scand J Rehab Med. 32: 113-16. 
 
Texas Workers' Compensation Commission Annual Report, 1997. In: Texas 

Workers' Compensation System Data Report. Austin, TX: Texas Workers' 
Compensation Commission. 

 
Ting, W., Wessel, J., Brintnell, S., Maikala, R., & Bhambhani, Y., 2001. Validity 

of the Baltimore therapeutic equipment work simulator in the measurement 
of lifting endurance in healthy men. Am J Occup Ther. 55(2): 184-90.  

 
Treaster, D.E., & Burr, D., 2004. Gender differences in prevalence of upper 

extremity musculoskeletal disorders. Ergonomics. 47(5): 495-526. 
 
Trossman, P., Suleski, K., & Li, P., 1990. Test-Retest reliability and day-to-day 

variability of an isometric grip strength test using the work simulator. 
Occupational Therapy Journal of Research. 10: 266-79. 

 
van der Windt, D., Koes, BW., de Jong, BA., et al., 1995. Shoulder disorders in 

general practice: incidence, patient characteristics, and management. Ann 
Rheum Dis. 54: 959-64. 

 
Vecchio, P., Kavanagh, R., Hazleman, BL., et al., 1995. Shoulder pain in a 

community-based rheumatology clinic. Br J Rheumatol. 34: 440–2. 
 
Vitale, MG., Krant, JJ., Gelijns, AC., et al., 1999. Geographic variations in the 

rates of operative procedures involving the shoulder, including total 
shoulder replacement, humeral head replacement, and rotator cuff repair. J 
Bone Joint Surg Am. 81: 763–72. 

 
Walker, JM., Sue, D., Miles-Elkousy, N., Ford, G., & Trevelyan, H., 1984. Active 



 
 

83

Mobility of the Extremities in Older Subjects. Physical Therapy. 64(6): 
919-923. 

 
Worker’s Compensation Board of BC (WCB), 2000. Health Care Industry: Focus 

Report on Occupational Injury. Workers’ Compensation Board of BC, 
Richmond, BC.  

 
Westgaard, R.H., & Winkel, J., 1997. Ergonomic intervention research for 

improved musculoskeletal health: a critical review. Int. J. Ind. Ergon. 20: 
463-500.  

  
Wilke, NA., Sheldahl, LM., Doughery, SM., et al, 1993. Baltimore Therapeutic 

Equipment Work Simulator: energy expenditure of work activities in 
cardiac patients. Arch Phys Med Rehab. 74: 419-24. 

 
Yoshizaki, K., Hamada, J., Tamai, K., Sahara, R., Fujiwara, T., & Fujimoto, T., 

2009. Analysis of the Scapulohumeral rhythm and electromyography of the 
shoulder muscles during elevation and lowering: Comparison of dominant 
and nondominant shoulders. Journal of Shoulder and Elbow Surgery. 43: 1-
8.  

 
de Zwart, B.C.H., Broersen, J.P.J., Frings-Dresen, M.H.W., & van Dijk, F.J.H., 

1997. Musculoskeletal complaints in the Netherlands in relation t age, 
gender and physically demanding work. Int Arch Occup Environ Health. 
70: 352-360. 



 
 

84

APPENDIX A 
 

 
 



 
 

85

 



 
 

86

 



 
 

87

APPENDIX B 

 

Consent form 
(Control) 

 
 
1 - Title of project  
 

Effects of Fatigue and Occupational Neck-Shoulder Disorders on 
 Movement Coordination and Postural Stability in Repetitive 
Movements of  the Upper Limb: test-retest validation of arm functional 
measures 

 

 

2 ‐   Researchers in charge of project  

 
Julie Côté, Ph.D. Assistant professor, Department of Kinesiology 
and Physical Education, McGill University, (514) 398-4184 ext. 
0539 
 
Karen Lomond, Ph.D. Kinesiology student, Department of 
Kinesiology and Physical Education, McGill University, (514) 907-
5380 
 
Evelyne Boulay, master’s student, Department of Kinesiology and 
Physical Education, McGill University, 450-688-9550 ext. 4827 

 

 

3 ‐  Project description and objectives 

 
The general objective of this research is to evaluate the 
coordination between joint movements, muscle function, and 
postural stability before, during and after a fatiguing, repetitive arm 
task. The arm task will be performed from either a seated or a 
standing position. Our goal is to understand and quantify the way in 
which the body adapts to the fatigue generated in repetitive tasks. 
Thirty healthy subjects will be recruited to participate in this study. A 
group of thirty subjects diagnosed with an occupational neck-
shoulder disorder will also be recruited. We will then compare 
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posture, movement, and muscle characteristics of both healthy and 
injured groups during the task. Using this information, we hope to 
identify possible early indicators of fatigue and of occupational 
neck-shoulder disorders. This information could be useful in 
adapting repetitive work tasks to avoid fatigue and occupational 
neck-shoulder disorders. 
 
An additional group of healthy subjects will be recruited to obtain 
normative values of shoulder function. This data will serve as 
reference to evaluate the impairment of subjects with neck-shoulder 
disorders. 
 
 
 

4 ‐  Nature and duration of participation 

 
This research protocol will be administered at the research center 
of the Jewish Rehabilitation Hospital (JRH). My complete 
participation in this protocol requires that I participate to two 
sessions for approximately thirty minutes each time. During each 
testing session, the researcher will record my upper body forces 
and motion. 
 
During each session, I will perform several tasks with each 
shoulder. I will flex my arm forward as high as I can, I will raise it to 
the side as far as I can, I will push forward as strongly as I can for 
5s, I will push back and forth for 10s as powerfully as I can, I will 
elevate my shoulder as strongly as I can, and I will flex my arm 
forward as strongly as I can. None of these procedures is invasive. 
I will be allowed sufficient rest between efforts and I will be able to 
interrupt the protocol anytime I want.  
 

 

5 ‐  Advantages associated with my participation 

 
I will not personally benefit from any advantage by participating in this 
study. However, my participation will contribute to the science of human 
movement and will provide further understanding of the effects of fatigue 
and injury on movement. 
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6 ‐  Risks associated with my participation 

 
None of the techniques used are invasive. I understand that my 
participation in this project does not put me at any medical risk.  

 
 

7 ‐  Personal inconveniences 

 
The duration of the protocol (approximately thirty minutes) might be an 
inconvenience for me. Any effort will be made by the investigators to 
accommodate my availability when scheduling the testing sessions. Also, 
I may experience some fatigue during the protocol, which may cause 
some neck and shoulder muscle tenderness or stiffness. These symptoms 
should dissipate within 48 to 72 hours after the protocol.  

 

 

8 ‐  Access to my medical file 

 
   Access to my medical file is not required for this study. 

 

 

9 ‐  Confidentiality  

 
All the personal information collected for this study will be codified to 
insure confidentiality. Information will be kept under lock and key at the 
research center of the Jewish Rehabilitation Hospital by one of the 
persons responsible for the study for a period of five years. After this 
period, data will be destroyed. Only the people involved in the project will 
have access to this information. If the results of this research project are 
presented or published, no identifying information will be disclosed. 

 
 
 

10 ‐  Questions concerning the study 

 
The researchers present during the testing should answer my questions 
concerning the project in a satisfactory manner.  
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11 ‐  Withdrawal of subject from study 

 
Participation in the research project described above is completely 
voluntary. I have the right to withdraw from the study at any moment, 
without penalty. Should I withdraw from the study, all electronic and 
written documents concerning myself will be destroyed. 

 
 

12 ‐  Responsibility  

 
By accepting to enter this study, I do not surrender to my rights and 
do not free the researchers, sponsor or the institutions involved 
from their legal and professional obligations. 

 
 

13 ‐  Monetary compensation 

 
No monetary compensation will be offered to me for my 
participation. 

 
 

14 ‐  Contact persons 

 
If I need to ask questions about the project, signal an adverse 
effect and/or an incident, I can contact at any time Karen Lomond, 
Ph.D. candidate, at (514)907-5380 or Julie Côté, assistant 
professor at the Department of kinesiology and physical education 
of McGill University at (450) 688-9550 extension 4813. For further 
questions related to this study, I may also contact M. Michael 
Greenberg at (450) 688-9550, extension 232, local commissioner 
for the quality of services at the JRH.    
 
Also, if I have any questions concerning my rights regarding my 
participation to this research project, I can contact Mme. Anik 
Nolet, Research ethics co-ordinator of CRIR at (514) 527-4527 ext. 
2643 or by email at: anolet.crir@ssss.gouv.qc.ca. 
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CONSENT 
 
I declare to have read and understood the project, the nature and the 
extent of the project, as well as the risks and inconveniences I am 
exposed to as described in the present document. I had the 
opportunity to ask all my questions concerning the different aspects 
of the study and to receive explanations to my satisfaction. 
 
I, undersigned, voluntarily accept to participate in this study. I can 
withdraw at any time without any prejudice. I certify that I have 
received enough time to take my decision.  
 
A signed copy of this information and consent form will be given to 
me. 
 
 
 
NAME OF PARTICIPANT (print):
 ____________________________  
 
 
SIGNATURE OF PARTICIPANT: 
 ____________________________ 
 
 
 
 
SIGNED IN _______________________, on    _________________, 
20_____. 
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COMMITMENT OF RESEARCHER 
 
 
 
I, undersigned, ________________________________ , certify  
 

(a) having explained to the signatory the terms of the present 
form ; 

(b) having answered all questions he/she asked concerning the 
study ; 

(c) having clearly told him/her that he/she is at any moment free 
to withdraw from the research project described above; and 

(d) that I will give him/her a signed and dated copy of the present 
document. 

  
 
 
 
 
 
 
 
___________________________________ 
Signature of person in charge of the project  
or representative 
 
 
 
 
 
 
 
 
SIGNED IN __________________,  on ___________________________ 
20__. 
 

 

  

 
 


