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Abstract 

The purpose of this study was to examine the reliability of using an isovelocity 

dynamometer for the testing of four movements of the shoulder and shoulder girdle in 

participants having a spinal cord injury. Ten people with quadriplegia and ten people with 

paraplegia participated in the study. The movements being tested included shoulder girdle 

(scapular) elevation and depression, and shoulder (glenohumeral joint) flexion and 

adduction. Scapular movements were tested using a standardised reciprocal protocol at an 

angular velocity of 30°/s, while glenohumeral movements were tested using a 

standardised protocol at an angular velocity of 60°/s. Testing was conducted on two days 

separated by no less than 72 houn, but no more than one week. Data analysis showed 

high reliability for ail tested movements with intraclass correlation values greater than 

0.9, and ? values greater than 0.76. The protocol and the isovelocity dynamometer used 

is a reliable means to m e s s  force generated in these movements by participants with 

spinal cord injuries. 
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lntroducti 

Every year, approximately 900 Canadians suffer a spinal cord injury (SCI); of this 

nurnber, about half become quadnplegic (CPA, 2000). The incidence of SC1 in Canada 

(35/year/million) is slightly higher than that in the United States (32/year/million). 

However, due to the greater population in the U.S., approximately 7800 injuries occur 

each year in that country, with slightly more than half becoming quadnplegic (NSCIA, 

2000). The above values do not include individuals who die immediately or soon after 

injury, individuals who expenence a minor SC1 but recover fully or have only minor 

neurological deficit, or  those who suffer neurological problems secondary to trauma. The 

National Spinal Cord Injury Association estimates that an additional 4860 cases each year 

(20/year/million) die before reaching the hospital. Individuals with SC1 who reach the 

hospital face a long and difficult rehabilitation process, as less than 1% of those affected 

make a full recovery (NSCIA, 2000). It is during this rehabilitation process that strength 

of the remaining upper limb musculature is (re)developed in individuals with SCI. 

Optimal strength development of the muscles of the shoulder and shoulder girdle is 

imperative, as these muscles are now used for functional activities (Reyes et al., 1995) 

and for enhancing cardiorespiratory abilities ( H o h a n ,  1986). To ensure that 

rehabilitation programs are effective in the process of strength development, reliable 

methods of testing strength in the shoulder and shoulder girdle muscles must be 

developed. 



Level of Impairment 

Lnjuries that occur higher in the spinal cord will affect more muscle groups and 

individual muscles, and will result in a loss of control of these muscles. Thus, an 

individual who experiences a high level spinal cord injury will suffer more functional 

aeficir airectiy reiated to rhis loss of motor controi than would an individual wth an 

injury at a lower level. For example, a penon who experiences a SC1 that results in 

complete loss of muscular control below the L4 level likely will have control of the 

muscles about the knee and may be able to walk independently with the use of crutches 

or canes and supportive devices for the feet. If this same person were to experience 

complete loss of muscular control below the L2 level, c o n ~ o l  of the muscles about the 

knee wouid be lost and the person would likely require long leg braces and crutches for 

rnobility. Because long leg braces are curnbersome to use, and require increased effort 

due to the loss of a greater amount of muscular control in the lower limb, the individual is 

more likely to use a wheelchair for mobility. If the injury occurs above the Tl0 level, 

sitting balance will be affected, as the txunk no longer has the support provided by the 

abdominal and lower back muscles. For injuries that occur in the ceMcai region of the 

spinal cord, function is lost dramatically with each increase in the level of injury. For 

example, complete loss of motor control below the C8 level results in diminished control 

of the intrinsic muscles of the hand, causing a decrease in power and precision grîp 

strength and hand dexterity; complete loss of motor control below the C7 level impairs 

control of the extrinsic muscles of the hand, resulting in reduced ability in activities that 

require prehension. An injury that results in complete loss of motor control below the C6 
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level effectively renders the hand non-functional unless specialised equipment is 

provided. In spite of increasing difficulty with loss of hction, individuals with no 

motor control below the CS level cm, after participating in an extensive rehabilitation 

program, use a manual wheelchair for mobility. 

Functional Abilities 

M o  b iliiy 

The overall goal of any rehabilitation program is the productive and self-Fulfilling 

reintegration of the injured person into society (Drayton-Hargrove & Reddy, 1986). 

Mobility is of paramount importance to individuals who sustain injuries that result in the 

loss of lower limb function, and success in this aspect of a rehabilitation program requires 

preparation of the upper limb to accept the tasks that were once c d e d  out by the lower 

limbs. For example, getting out of bed and walkhg to the next room become transfemng 

into a wheelchair and wheeling to the next room. This latter task requires great strength, 

fiexibility, and CO-ordination of the upper h b s  in order to move the body fiom the 

mattress to the wheelchair. Once this is accomplished, the upper limbs provide the power 

to move the wheelchair. Thus, the rehabilitation process required to allow success in this 

task includes: ensuring appropriate range of motion is maintained at each joint in the 

upper limb to allow the required rnovements to occw, development of adequate strength 

in the necessq  muscle groups to perfom the task; and development of the appropnate 

sequencing of muscle activity to cornplete the task successfully. The rehabilitation 

program will include specific stretches to maintain range of motion, progressive 



resistance training regimens to develop muscular strength, practice of component parts of 

the skill to mastery, followed by cornbining the component parts to complete the required 

task. 

The shoulder and shoulder girdle muscles receive a great deal of attention during 

the rehabilitation process of individuals with loss of lower limb function, as individuals 

with SC1 become reliant on their upper extremities for mobility and activities of daily 

living (Reyes et al., 1995). Effectively, the shoulder performs a role in wheelchair 

mobility sirnilar to that of the hip in ambulation. The power to move the body, through 

the use of a wheelchair, is provided by the muscles of the shoulder and shoulder girdle, 

with the humerus and the scapula serving as the bony links to the t d .  Additionally. a 

role of the muscles of the shoulder and shoulder girdle has been suggested that include 

auik stabilisation during wheelchair activities (Harbum & Spaulding, 1986), and also 

use of the diaphragm for sirnilar stabilisation purposes (Sinderby et al., 1992). While 

research in the area of muscle use and activation of muscles during wheelchair mobility 

has hcreased (and is discussed in the literature review section), most studies have used 

participants with paraplegia, or have very small numbers of participants. Consequently, 

Little information could be found regardhg this area as it relates to ceMcal level injuries. 

Weight relief and îranvfms 

Another important consideration for individuals who suffer SC1 is the ability to 

perform weight relief manoeuvres and tramfers. Frequent lifting of the body to relieve 

weight fiom the ischial tuberosities is essential to the prevation of decubitus uicer 

formation over this region. Transfers fom an integrai part of a person's ability to move 



about, as described previously. Both of these activities require appropriate strength in the 

muscles that perform the action of shoulder adduction, and shoulder girdle depression, as 

strength in these muscles is critical to prevent potential impingement of the rotator cuff 

behveen the humerai head and the acromion during loading of the arm in these 

movements (Perry et al., 1996). Electromyographic studies in this area have yielded 

identification of muscle use and activation during movement, but similar to the mobility 

research, have provided little information as it relates to higher cervical injuries. 

Testing of the muscles that cause movement of the shoulder and shoulder girdle is 

an important part of determinhg improvement in strength in response to progressive 

resistance training programs for these muscles. This is especially true for individuals 

who have expenenced a cervical SCI. As described previously, cervical SC1 can result in 

the loss of voluntary control of a large percentage of the upper limb musculature, leaving 

only a very small amount of available muscle tissue to participate in strength training. 

Appropriate training for the remahhg muscles is vital to ensure that functions previously 

carried out by the lower limbs can be done successfilly with the upper limbs. 

Respiratory Function 

It is well known that the muscles of the respiratory system are significantly 

afYected by SCI, and when compared to persons without SCI, those injured suffer fiom 

significant decreases in inspiratory and expiratory lung volumes and peak expiratory flow 

rates (Ohry et al., 1975, Haas et al., 1985, Bluechardt et al., 1992, Hopman et al., 1997). 

It is becoming increasingly apparent that shoulder and shoulder girdIe muscle strength 



ha a sipificant impact on respiratory function. Well trained and athletic individuals with 

SC1 demonstrate higher values for inspiratory and expiratory mouth pressures (Hopman 

et al., 1997), and for vital capacity (Hoffman, 1986). Further, Lovendge et al. (1994) 

demonstrated increases in cardiorespiratory fitness and significantly improved inspiratory 

mouth pressures using a wheelchair training program in the early phase of rehabilitation. 

Enhanced inspiratory ability c m  assist those with SC1 in bronchial hygiene by ensuring 

an adequate volume of air enten the lungs during the inspiratory phase of a cou& 

manoeuvre. 

DeTroyer & Estenne (1991, p.359) stated expiratory muscle function "has 

traditionally been perceived as being totally lost in tetraplegia". The implication of this is 

the reduced ability to clear bronchial secretions by coughing and maintain bronchial 

hygiene in penons having sustained this type of injury. This is most likely a contributhg 

factor to the increased morbidity and mortality as a result of pulmonary complications 

(Cheshire, 1964; Bellamy et al., 1973; DeVivo et al., 1993). Research with persons 

having quadriplegia has shown that some expiratory function is preserved, and has led to 

M e r  investigations to identiQ the muscles responsible. DeTroyer et al. (1986a) 

determined that one of the muscles of the shoulder girdle, the clavicular head of 

pectoralis major, played a key role in expiration. The application of this research h a  been 

the development of the concept that if this muscle was strengthened, coughuig ability 

(and therefore, bronchiai hygiene) would be enhanced, resulting in fewer 

bronchopulmonary infections (DeTroyer & Estenne, 199 1). 



The importance of the new role that the muscles of the shoulder and shoulder 

girdle take on in SC1 with regards to function, respiration, and branchial hygiene, must be 

recognised and appropnately addressed in the rehabilitation process. This is especially 

vital for individuals suffering nom cervical SCI, where impairments are more severe. It is 

imperative that rehabiliiation programs incorporate effective muscle strengthening 

regimens in an effort to maximise shoulder and shoulder girdle muscle strength for these 

purposes. Davis et al. (1981) stated that by maximising the h c t i o n  of the remaining 

muscle mas, the wheelchair-confined individual is better able to cope with day to day 

living. Additionally, qudity of life is improved, as tasks that are routine for the healthy 

person are brought within the cornpass of the disabled individual. 

To ensure the effectiveness of these training programs, especially for the 

individual with cervical SCI, it is necessary to develop reliable and valid testing 

procedures o f  shoulder and shoulder girdle muscles. 



Review of Literature 

Wheelchair mobility 

In propulsion of a wheelchair by perçons with paraplegia, the scapula serves as a 

base upon which the humerus describes an arc of motion from a position of extension to a 

position of flexion; as a consequence of the support Function provided by the scapula, 

some protraction and retraction of that bone does occur (Mulroy et al., 1996). The 

technique used by penons with quadriplegia (those without hand grip) is more of a pump 

action, with more elevation and depression of the scapula (Sanderson and Sommer, 

1985). Pesons without hand a p  rely more on a high coefficient of friction between the 

protective glove on thek hand and the pushrim of the wheelchair, and, because they do 

not grasp the nm, they do not use the same pattern of movement as is seen in wheelchair 

propulsion by penons with paraplegia (Sanderson and Sommer, 1985). b a n  et al. 

(1 944, Sheving and Pauly (1959) and Shevlin et al. (1969) found that the muscle 

responsible for shoulder flexion in able-bodied subjects is the clavicular head of 

pectoralis major. 

Limited research has been conducted on the muscles responsible for shoulder 

flexion, and shoulder girdle elevation/depression, in persons with SCI. Harbum and 

Spaulding (1986) conducted a study using surface electromyography (EMG) to moaitor 

the recmïtment of motor units in large muscle groups during a standardised wheelchair 

ambulation test using three able-bodied, three paraplegic and three quadnplegic 

participants. Participants were asked to perfom an 8 metre long, cadence-controlled 

wheeling movement, acToss a firm floor surface. EMG results were compared to 



videotaped recording of the wheeling test to determine phasing of the push and recovery 

cycles, and the muscular activity during these phases. Results from this study showed no 

between-group trends, and wide intersubject variability of muscle recruitrnent patterns. 

The authors did note a higher percentage of activation of the muscles used by the 

quadriplegic participants, and suggested that this may be due to a higher requirement for 

trunk stabilisation in this group. The authors also noted that the investigation was limited 

by the small nurnber of subjects tested. Mulroy et al. (1996) also conducted a study using 

EMG, to identim the phasing and intensity of shoulder muscle activity of 17 paraplegic 

participants during wheelchair propulsion. These investigators used indwelling electrodes 

to examine the activity of deep muscles, including those of the rotator cuff, in addition to 

the more superficial muscles. Participants were asked to wheel at a cornfortable Pace on a 

wheelchair ergometer for two bouts of 40 seconds. EMG results were compared to 

videotaped recording of the wheeling activity to detexmine phasing and muscle activity. 

Results nom this study showed a consistent pattern of muscular activity: the pectoralis 

major had the highest peak and average EMG intensity during the push phase, and the 

trapezius had a dominant role in the recovery phase. The Mulroy et al. study (1996) 

showed that the muscles used during the flexion movement in persons with paraplegia 

was sunilar to those used by able-bodied subjects. Because Harbum and Spaulding 

(1986) included only three subjects with quadriplegia in their study, Little information 

regarding the muscles used in the flexion movement as it pertains to penons with 

quadriplegia was found. Mulroy et al. (1996) stated that subjects with paraplegia perfom 

protraction of the scapuia îhrough use of the serratus antenor muscle, while retraction is 



carried out by the trapezius muscle. No information could be found regarding the muscles 

used to perfoxm these rnovements in individuals with quadriplegia. 

Weight relief 

A nurnber of studies have investigated functional activities related to wheelchair 

mobility and other actions brought about through the use of muscles of the shoulder and 

shoulder girdle. Anderson et al. (1984), and Reyes et al. (1995) each conducted a study 

in which the body was lifted off the wheelchair seat and identified the pectoralis major 

and latissimus doni as key muscles; only individuals with paraplegia were examined in 

these studies. Perry et al. (1996) used EMG to investigate muscle use during a transfer 

manoeuvre; they identified the key muscles involved in the movement as pectoralis major 

and latissirnus dorsi, with contributions fiom other muscles of the shoulder and shoulder 

girdle. Again, only individuals with paraplegia were examined in this study. 

Respiratory function 

The effects of SC1 on the muscles of respiration are well documented. Ohry et al. 

(1975) tested Iung volumes and expiratory flow rates at admission, and again after 6 

rnonths. The study found some improvement over the time penod, but significantly 

diminished volumes and flow rates penisted, especidiy in the quadriplegic group. Haas 

et al. (1985) M e r  documented this fincihg and added more information regarding the 

t h e  course of resolution, remaining deficiencies, and suggested contributory factors for 

these. They found a relatively rapid increase in lung capacities and inspiratory and 

expiratory airflow nom the acute to post-acute phase. In the chronic phase, a more 

graduai increase in vital capaciq and a gradual decrease in functional residual capacity 



was noted, with al1 other ventilatory indices unchanged. It should also be noted that the 

indices exarnined were al1 significantly different (abnomal) from predicted values based 

on nomal subjects. These investigators suggested that early changes resulted from retum 

of respiratory muscle function due to resolution of spinal inflammation and edema above 

the injury level. Later changes resulted from mechanical changes in chest wall 

cornpliance (changing fkom more compliant to less compliant), such that a stiffer chest 

wall Ied to more effective transduction of diaphragmatic displacement, but that expiratory 

intercostal and abdominal spasticity could limit maximum inspiration. Chen et al. (1990) 

examined the effect of posture (erect versus supine) on forced vital capacity (FVC) and 

forced expiratory volume (FEV) in subjects with SCI. They noted that FVC was related 

to the level of impairment, with quadnplegics being most affected. They also noted that 

the supine position was most favourable for quadriplegics, with FVC significantly 

increasing. They suggested this to be due to the effects of gravity on the abdominal 

contents pushing the diaphragm into a functionally higher position at the start of 

inspiration when supine. In upright positions the diaphragrn is flatter due to the sagging 

of the abdominal wall, the excursion is reduced on inspiration, and smailer vital 

capacities are seen. Each of the above investigations noted the significant impact of SC1 

on respiratory abilities, but especiaily in quadriplegic subjects. They also noted that this 

group relies extensively on the diaphmgin and the accessory muscles of the neck to 

perform respiratory movements. In a study that attempted tu correlate pulmonary function 

test (PFT) values with level of injury, Bluechixdt et al. (1992) found that lesion level was 

a good predictor of average PFT vahes, but was not a good predictor of the potentiai for 



individual improvernent over the course of rehabilitation. They did note that the subj ec ts 

who improved most markedly were those who were motivated to impmve and engaged in 

endurance activities such as long distance wheelchair propulsion and arm ergornetry. The 

effect of these kinds of activity on lung volumes and fitness will be discussed later. 

Basmajian and De Luca (1985, p.108) stated (in normals), 'The muscles usually 

considered to be the primary muscles of respiration are the diaphragm and the 

intercostals, but the following have also been implicated as either primary or accessory in 

respiratory function: the scalenes and the stemomastoid in the neck, the musculature of 

the shoulder region including pectoral muscles and serratus anterior, and the anterior 

abdominal muscles." Conceptually, any upper lirnb, shoulder girdle, and neck muscle 

which gains anachment to the chest wall may be used to assist in inspiration and/or 

expiration in people with quadriplegia, especially during exercise. This would be 

dependent on lesion level, limb/muscle orientation, and appropnate stabilisation of the 

attachments of the muscle. 

Further EMG studies have indicated that the primary muscles of inspiration and 

their segmental innervation include: the diaphragrn (C3,4,5), the scalenes (C4,5,6), and 

the intercostals (T2-6) (Campbell et al., 1970). Using EMG, DeTroyer et al. (1986b) 

identified accessory muscles of inspiration used by penons with hi& ceMcal SCI. They 

identified EMG activity in the following muscles d u ~ g  quiet spontaneous breathing, as 

well as during inspiratory movements that required greater effort: stemocleidomastoid 

( I l th  cranid nerve), trapezius (1 1' cranial nerve, C3, 4), mylohyoid, stemohyoid, and 

piatyma (C l,2,3). 



Normal expiration results Eom the elastic recoil of the lungs (Shaffer et al., 1945). 

It is during active expiratory manoeuvres, such as coughng, that additional muscle 

recruitment is required. Muscles of active expiration and their segmental innervation in 

normal or able bodied subjects include: the intercostals (T2-6), and the abdominals (T7- 

12) (Campbell et al., 1970). DeTroyer & Esteme, (1991, p.359) state that "expiratory 

muscie fiction, in fact, has traditionally been perceived as being totally lost in 

tetraplegia," and "is totally lost indeed in subjects with transection of the upper cervical 

cord (Cl-C4)." Using EMG analysis, DeTroyer et al. (1986a) identified muscles used by 

persons with high cervical SC1 to assist in active expiration as being the following: 

pectoralis major (clavicular head) (C5,6); latissimus doni (C6,7,8); teres major (C5,6,7). 

It was postulated by the authors that the latter wo serve to stabilise the humenis to Iimit 

shortening of the pectoralis major. This facilitated the pull of the pectoralis major muscle 

on the manubrium, causing depression of the nb cage and assisting in active expiration. 

The loss of innervation to the intercostal and accessory muscles results in lower 

reported values in each of the following: total lung capacity; forced vital capacity; 

expiratory reserve volume; forced insp iratory and expiratory manoeuvres (De Tro yer and 

Heilporn, 1980, Huldtgren et al., 1980, McMichan et al., 1980, Haas et al., 1985, Clough 

et al., 1986, Mansel and Norman, 1990). These changes result in decreased ability of the 

person with SC1 to take a deep breath and cough. The implication of these changes is a 

marked increase in morbidity due to pulmonary complications, including decreased 

clearing of branchial secretions (Cheshire, 1964, Bellamy et al., 1973). Pneunonia is the 

leading cause of death for the penon with cervical SC1 (Devivo et al., 1993). 



Because most individuals who suffer a cervical SC1 will experience respiratory 

complications such as pneumonia (DeVivo et ai., 1993), enhanced ability in expiratory 

manoeuvres may reduce the nsk of developing such complications. in a series of 

investigations, De Troyer et ai. (1986a, 1986b), Esteme et al. (1989) and Esteme and De 

Troyer (1990) showed that subjects with quadriplegia actively contracted the clavicular 

portion of the pectoralis major muscle during coughing. From these results the 

investigaton postulated that significant Unprovernent in expiratory Function as a result of 

training of this portion of the muscle could assist in more effective bronchial hygiene. 

Estenne et al. (1989) used honzontal flexion exercise to strengthen the clavicular head of 

pectoralis major in peeons with quadriplegia. Training this muscle in this fashion is in 

contrast to the findings of Inman et al. (1944), Sheving and Pauly (1959) and Shevlin et 

al. (1969) who showed that in able-bodied subjects the clavicular head of pectoralis major 

was the muscle responsible for shoulder flexion. Based on the work of these 

investigators, the most effective method to train the clavicular portion of pectoralis major 

would be through shoulder flexion exercises. Thus, it is not clear whether shoulder 

flexion or honzontal flexion exercises are more effective as a training movement for 

penons with quadriplegia. 

There is a growing amou.  of research indicating a link between upper limb 

muscular strength and endurance and respiratory function. Two review articles (Davis et 

al., 1981, Hofihan, 1986) compared pnor shidies relating to cardiorespiratory fitness. 

Davis et ai. (1981, p.163) stated that bbdisabled athletes are superior to their non-auetic 

couterparts on measures of cardio-respiratory fitness and muscle function." H o f i a n  



(1986, p. 316) echoed this and stated, "When sedentary 

subjects are compared, the athletic subjects tend to have 

and athletic spinal cord injured 

higher values for vital capacity 

maximum ventilation during exercise, and 12 or 15 second maximum breathing capacity 

at rest." Loveridge et al. (1994) conducted a study using wheelchair training in the first 

six months of rehabilitation to assess the effects on multiple facets of respiratory and 

strength parameten. A preliminary analysis of data indicated that in early rehabilitation 

training maximum oxygen uptake increased by 27 per cent in both the participant groups, 

the paraplegic group within 2 months, and the quadnplegic group within 4 months. Also, 

significant increases in mean maximal inspiratory mouth pressures were found in the 

quadriplegic group between 2 and 6 months. Hopman et al. (1997) examined respiratory 

muscle strength and endurance in individuals with quadriplegia, and found a similar trend 

in maximum mouth pressures and training. Those individuals who participated in training 

activities for more than 2 hours per week were noted to have higher values in maximal 

inspiratory, expiratory pressures, and also in endurance indices. 

The reliance of people with quadriplegia on the accessory respiratory muscles to 

assist the diaphragm in respiration, and the link between exercise training of the upper 

Limb muscles and improvement in puhnonary function tests and cardiorespiratory fitness, 

underscores the need for appropriate shouider and shoulder girdle testing and training 

methods in a rehabilitation program. 



Shoulder Girdle (Scapular) motion 

Elevation of the scapula, as defined by Kapandji (1982), is the upward movement 

of the lateral end of the clavicle towards the ear, having a range of 10 cm of movement 

vertically; depression of the scapula is the ciownward movement of the lateral end of the 

clavicle away from the ear, having a range of 3 cm of movement. However, the use of 

units such as centimetres for describing range of movement is problematic, as such range 

541 be dependent on the length of the clavicle - a longer clavicle will have a greater 

vertical range. As clavicular length may Vary in individuals, a more usehl description of 

the motion is given by Rasch and Burke (1989): upward and downwnrd translation of the 

scapula in the fiontal plane. Rasch and Burke (1989) also noted that while movement of 

the shoulder girdle is defined by scapular excursion, al1 movernents are constrained by 

the motion available at the stcrnoclavicular joint. Thus, they described the motion of 

scapular elevation and depression as a îunction of the stemoclavicular joint, having a 

range of 45' upward, and 5' downward, respectively. Kapandji (1982) noted that the axis 

of rotation for elevation of the scapula, mediated through the clavicle, is located supenor 

to the costoclavicular ligament; the ais is oriented horizontally and slightly obliquely 

anteriorly and laterally. The muscle considered to be responsible for elevation of the 

scapula is the upper trapezius (Yamshon and Bieman, 1948, Wiedenbauer and 

Mortensen, 1952). The muscles considered to be responsible for depression of the scapula 

are: pectoralis minor through direct action fiom the thorax to the coracoid process 

(Moseley et al., 1992), and pectoralis major and Iatissimus doai through indirect action 

on the scapula via the humerus (Reyes et al., 1995). 



Shoulder (Glenohumeral joint) motion 

Flexion 

Shoulder (glenohumeral) flexion is defked by Kapandji (1982) as anterior 

movement of the humerus away from the body in a sagittal plane about a fiontal a i s .  

The range of glenohumeral flexion is 180' (Wanvick and Williams, 1973). Glenohumeral 

flexion is actually the resultant of movement of the head of the humerus on the glenoid 

fossa of the scapula, with some lateral movement of the inferior angle of the scapula over 

the thorax (Inman et al., 1944). Inman et al. (1944) found that the ratio of movernent of 

the humerus in relation to the scapula is 2: 1 - that is, 5" of scapular movement occun for 

every 10' of humeral movement, commencing after approximately 30' of humeral 

flexion has occurred. The muscles responsible for glenohumeral flexion have been shown 

to be the clavicular head of pectoralis major and the antenor fibres of deltoid (Inman et 

al., 1944; Sheving & Pauly, 1959; Shevlin et al., 1969). 

Adduction 

Kapandji (1982) noted that shoulder (glenohumeral) adduction in the fiontal 

plane, starting f?om any position of abduction, is always possible up to the position of 

reference (anatomical neutral). This is called relative adduction. It is mechanically 

impossible to anain greater adduction, in the frontal plane, due to the presence of the 

crunk, and M e r  adduction can only be achieved when combined with glenohumerai 

extension or flexion. Thus, if his dennition of abduction is accepted as being lateral 

rnovement of the humerus away nom the body in a fiontai plane about a sagittal axis, 

having a range of 180" (Warwick and Williams, 1973). then it can be stated that 



glenohumeral adduction f?om full abduction to anatomical neutral occurs in the frontal 

plane about a sagittal mis, and has a range of 180". Similar to glenohurneral flexion, 

abductiodadduction is also the resultant of movement of the head of the humerus on the 

glenoid fossa, and laterahedial movement of the inferior angle of the scapula over the 

thorax. Poppen and Walker (1976), describing abduction, noted that the contribution of 

scapular motion to this combined movement occun d e r  30" of abduction, with a large 

lateral displacement of the infenor tip of the scapula occumng afier 60°, resulting in 

upward positionhg of the glenoid fossa. Bagg and Forrest (1988) further indicated that 

the majority of scapular contribution occurs after approximately 82' of abduction. The 

muscles responsible for glenohumeral adduction have been shown to be pectoralis major 

and latissimus dorsi (Reyes et al., 1995, Perry et al., 1996). 

Muscle Testing Techniques 

Different modes of testing have been used clinically to determine muscular 

performance. These include isometric, isotonic, and, most recently, isovelocity or 

içokinetic testing. The simplest of these is isometric testing, in which the clinician places 

the limb in a specified position and, without allowing the limb to move, "feels" the effort 

expended by the participant. This hm of isometric testing is called manual muscle 

testing and is currently used by therapists to assess strength, using a classification scale 

ranging from zero (no contraction elicited) to grade 5 (normal strength) (Daniels and 

Worthingharn, 1980). With respect to manual strength testing of shoulder girdle muscles, 

Frese et al. (1 987) found that interrater reliability was low during testing for the ûapezius 

muscle. This can be attributed to the subjective nature of the procedure; "nomial" muscle 



strength is detemined by each therapist based on patient anthropometry, age, and the 

therapist's experience. In an effort to decrease the subjective nature of this rom of 

testing, myometers have been developed that have been found to be valid and reliable 

(Marino et al., 1982; Hyde et al., 1983a, 1983b). A myometer is a device that uses a 

strain gauge to sense force input applied to the sensing surface of the unit. The device is 

positioned on the limb of a subject, held in place by the therapist, and the subject is 

directed to attempt to move the limb. The therapist resists the movement, and the device 

records the force of the subject's muscular effort. Used in this fashion, these devices 

provide information regarding a subject's ability to generate a muscular force at one 

specific point in the entire joint range. Perrin (1993) argued that, because isometric 

testing is not a dynamic test method, it has Limited application as it provides only a 

minimal amount of information regarding muscle performance over the entire joint range. 

Another form of muscle testing is isotonic testing. Fleck and Kraemer (1997) 

stated that isotonic testing is traditionally defined as a muscular contraction in which the 

muscle exerts a constant tension while performing a movement. Fleck and Kraemer 

(1997) M e r  explained that a major drawback in using this definition results f?om the 

arrangement of the lever systems in the body. Using the elbow joint as an exarnple, the 

insertion of the brachialis muscle into the ulna creates a situation where the joint has 

more mechanical advantage in the rnid range of flexion, and less mechanicd advantage at 

the extremes of the joint range. Thus, the tension developed in the muscle will Vary with 

the changes in mechanical advantage of the joint as the forearm moves through the range 

of motion. Consequentiy, the maximum amount of weight that can be moved through the 



entire range is that which can be moved through the weakest part of the range - the 

extremes. A more workable term to describe this type of testing and training, where the 

extemal resistance or weight does not change through the range of motion is dynamic 

constant external resistance (DCER) (Fleck & Kraemer, 1997). Dynamic constant 

extemal resistance testing involves apparatus to determine muscular performance, such as 

free weights or specially designed equipment using cables and pulleys. It is important to 

note that while muscle training devices have been developed to target specific muscle 

groups, the resistance provided by equipment that uses cables and pulleys does not 

change throughout the range of movement. Resistance provided through the use of fiee 

weights also does not change throughout the range of movement. Some equipment 

manufacturers (e.g. ~autilus") have incorporated cams in the design of muscle training 

devices in an effort to match the mechanical advantage of the body's lever system. Fleck 

and Kraemer (1997) argue that while this type of equipment provides variable resistance 

through the range of motion, to date, matching of the body's mechanical advantage has 

not occurred. They M e r  argue that rnatching the body's mechanical advantage for al1 

individuals is not possible due to individual differences in limb length, tendon insertion 

points, and body size. Perrin (1993) argued that in spite of the dynamic nature of DCER 

testing, it provides a less than accurate representation of muscle performance through the 

entire range. In addition, there is no equipment available that is specifically designed to 

test shoulder elevation/depression. Free weights are not an option for individuals who 

Lack hand @p. 



Isovelocity testing (also called isokinetic testing) refers to a muscular action 

performed during a constant angular limb velocity, and respires the use of specidised 

equipment that has been specifically designed for this purpose (Perrin, 1993, Fleck & 

Kraerner, 1997). A fûnction of the equipment design process has been the ability to 

control a number of parameters during the test procedure through the use of computer 

software. In this mode of testing, the angular velocity of the testing machine is precisely 

controlled, and upon reaching the desired test velocity, it does not change throughout the 

test movement. Consequently, the muscular force applied to the sensing apparatus is met 

with an equal and opposite reaction force. As a result, the muscle c m  exert a dynarnic, 

continuous, maximal force throughout the movement's full test range (Perrin, 1993, Fleck 

& Kraemer, 1997). Perrin (1993) adds that this type of equipment has another distinct 

advantage over either of the previously descnbed testing modes: the cornputerisation of 

the equipment sensing systems allow for very accurate recording of force exerted, and 

thus can provide greater information over the entire test range. Finally, the attachments 

that are provided with these machines are designed such that hand grip is not required for 

testing, and, with some modification, are suitable for shoulder eIevation/depression 

testing. 

Cornputer controlled isovelocity dynamometen are particularly suited for testing 

muscle performance and have been adopted as the definitive mode of testing since their 

introduction in the late 1960's (DW, 1995). There are many different systems available. 

The systems are comprised of electro/mechanical or hydraulic/rnechanical devices that 

include a computer controlled feed back system. 



The Kin-corn" 500H (Chattecx Corp., Hixon, TN) is an example of a 

Figure 1 - Diagram of the K h ~ o r n ~  500H Dynamometer. 

The cornputer moniton input fiom multiple senson and activates controlling mechanisms 

based on desired test parameten selected by the operator, in response to input fiom the 

senson. The hydraulidmechanical system is compnsed of an actuator and actuator a m ,  a 

motor-pump unit, and a servo valve. The senson are compnsed of a load cell, which 

houses a strain gauge bridge to detect direction and amount of force applied to the load 

cell; a potentiometer that allows measurement of the exact position of the actuator arm; 

and a tachometer that measures the rotational speed of the actuator m. The load ce11 is 

coupled to the actuator arm such that when a force is applied to the load ceU the actuator 

arm is rotated by the hydraulic actuator at the velocity selected by the operator for the 

test. The actuator receives its power nom the rnotor-pump unit via hydraulic hes; the 



HlGH PRESSURE LINE 

Figure 2 - Schematic diagram of the conaol system and feedback mechanism of the 
Gncomm SOOH Dynamometer. 

servo valve in the hydraulic power circuit controls the angular velocity and direction of 

motion of the achiator. An electrical signal fÎom the computer controls the servo valve, 

and therefore ultimately controls the actuator arm motion. The feedback parameters to the 

computer are the level of force exerted by the participant (monitored by the load cell), the 

actuator a m  position (monitored by the potentiometer), and the actuator arm velocity 

(monitored by the tachometer). With the above feedback mechanims established, any 



change in force or velocity will initiate a response by the computer to adjust the servo 

valve accordingly. For example, in constant velocity mode, if a participant exerts greater 

force in the mid range of the movement being tested, the computer will adjust the servo 

valve to increase the hydraulic pressure to ensure that the test velocity selected by the 

operator is maintained throughout the test range. The computer controls the dynamometer 

and also collects, stores, and processes the data (Chattecx, 1992; Snow, 199 1). 

Cornputer controlled isovelocity dynamometers have been s h o w  to be reliable 

and valid instruments (Farrell & Richards, 1986) for objective and accurate quantification 

of changes in strength during glenohumeral flexiordextension, ab/adduction, and 

intemauexternal rotation in able-bodied subjects (Pemn, 1986; Greenfield et al., 1990; 

Hellwig & Perrin, 1991). However, no studies were found that described reliable and 

reproducible techniques for testing scapular elevatioddepression. Further, no studies 

were found that tested concentric muscle activity for the movement of glenohumeral 

flexion in perrons with SCI. 

The Kin-corn@ 500H dynamometer was chosen for use in this study because of 

previously dernonstrated reliability in testing shoulder movements, and ease of 

adaptability for testing shoulder girdle movements. 

Relia b ili ty 

Portney and Watkins (1993) conceptualised reliability as consistency, 

dependability, and predictability, and identified three main contributon to reliability as 

being the participant, the tester, and the measurement device. Lf a participant is consistent 

in their response to testing, and the tester dependable in taking measurements with a 



device that is aiso dependable, then it could be predicted that in the absence of any real 

change in the components, the results of two test sessions would be identical. This rarely, 

if ever, happens in real life. In an effort to minimise the amount of error that is inherent in 

any of the components of a measurement system, the expected sources of error can be 

identified, and strict procedures or protocols can be developed. In general, measurement 

errors can be attributed to the measuring instrument, the tester, or the variability of the 

charactenstics being tested (Portney & Watkins, 1993). 

The operation of the measurement device, the  in-corne Dynamometer, has been 

previously assessed to be valid and reliable. Farrell and Richards (1986) used extemal 

and independent devices to mirror the Kin-Corn's data acquisition systems in both static 

and dynamic modes of operation. These devices included standardised weights to test the 

load sensing system, spirit levels and protractors to assess reference angle position 

measurements, and an extemal microcornputer controlled electronics system to moaitor 

lever ami position, lever am speed, and force applied to the load sensing system during 

dynarnic system measurements. They concluded that the unit tested appeared to produce 

valid and reliable measurement of the condition of the lever arm and strain gauge 

systems. In addition, specific calibration procedures (Appendix A), and diagnostic tests 

were conducted as part of this shidy to ensure accuracy of the measurement device during 

the test period. 

If the same tester is involved in both the test and the retest, a source of bias may 

be introduced as the tester may be influenced by their memory of the tkst test scoring 

(Portney & Watkins, 1993). Tester bias is reduced through the use of the computer 



software in the measurement system. Reporting of a participant's performance is through 

a cornputer generated image (a graphical pattern), and as such, does not have a "score". 

Because the pattern generated in the test is not h e d i a t e l y  available during the retest, no 

bias c m  be introduced in this respect. 

Test-retest intervais are an additional area of concern, and should be far enough 

apart to avoid fatigue, leaming, or memory effects, but close enough to avoid genuine 

changes in the variable being assessed (Portney & Watkins, 1993). To address this threat 

to reliability, test sessions were scheduled to be no less than 72 hours apart, and no more 

than one week apari. This is consistent with previous isokhetic reliability studies (Perrin, 

1986, Harding et al., 1988). 

People participating in tests can improve significantly in retests simply as a result 

of their participation in the test;. in effect, leanüng how to improve their score for 

subsequent retests (Portney & Watkins, 1993). These practice or carry over effects can be 

reduced or neutralised through the use of familiarisation and practice sessions prior to the 

collection of data (Harding et ai., 1988, Portney & Watkins, 1993). A specific protocol 

utilising a familiarisation and practice session was developed for this study based on 

Harding et al. (1988). In spite of conducting familiarisation and practice sessions as part 

of a specific protocol, due to the unpredictability of the environment and human 

responses to testing, it is doubtful that participants c m  produce identical resuits in each 

test session (Portney & Watkuis, 1993). This problem is m e r  compounded when the 

test protocol requires repeated trials of the same action diuing each test session to be used 

for data andysis. Trial one may be lower than trial two, and trial two may be higher than 
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trial three. If only one of these scores was to be selected and reported, the tester is faced 

with the dilemma of selecting the most representative trial. An alternative to this dilemma 

is to report the mean of the three trials as being most representative, as theoretically, the 

mean of the three scores is the most representative score (Portney & Watkins, 1993). 



Purpose 

The purpose of this study was to determine the feasibility of using isovelocity 

dynamometry for testing the movernents of shoulder girdle (scapular) 

elevation/depression, and shoulder (glenohurneral) flexion and adduction in individuals 

with SCI. These movements were chosen for testing because individuals with SC1 use the 

muscles associated with scapular elevation/depression and glenohurneral flexion and 

adduction extensively for hctional ,  respiratory, and branchial hygiene activities. 

Objectives 

The prirnary objective of this study was to establish the reliability of four tests of 

strength using isovelocity dynamometry - scapular elevation, scapular depression, 

glenohumeral flexion, and glenohumeral adduction - in each of hvo participant groups - 
persons with quadriplegia and persons with paraplegia. Reliability was assessed through 

an analysis of total work mesures. A secondary objective was to compare the strength 

parameters between the groups. A h a 1  objective was to conduct a subset analysis to 

investigate variables rzlated specifically to available muscle mass (active versus non- 

active stemal head of pectoralis major), and recreational exercise participation. 

Ctinical Relevance 

The establishment of a reliable testing mechanism for muscles of the shoulder and 

shoulder girdle will help to ensure that the outcome of upper lirnb training programs for 

individuals with SC1 c m  be accurately evaluated. Such training programs are vital to 

maximise function in activities of daily living, respiratory fiuiction, general exercise 

perfoxmance, and to enhance quality of life for people with SCI. Furthemore, in higher 

SC1 lesions, the gains during rehabilitation may appear smaller. It is important to have 



rneasurement tools which cm accurately measure improvement in individual muscles 

because it is through this method that exercise training strategies c m  be modified to 

maximise gains in muscular strength and endurance in the most cost effective manner. 

Hypotheses 

For Objective L : 

Hypothesis 1 - When testing isovelocity scapular elevatioddepression, there will 

be no difference in force production between two test penods separated by no less than 

72 hours, but no more than 1 week. 

Hypothesis 2 - When testing isovelocity glenohumeral flexion, there will be no 

difference in force production between NO test penods separated by no less than 72 

hours, but no more than 1 week. 

Hypothesis 3 - When testing isovelocity glenohumerai adduction, there will be no 

difference in force production between bvo test penods separated by no less than 72 

hours, but no more than 1 week. 

For Objective 2: 

Hypothesis 4 - There will be no difference in the test-retest coefficient between 

individuals with quadriplegia versus individuals with paraplegia. 

For subset investigations: 

Hypothesis 5 - There will be no difference in the reliability of force production 

between two test penods separated by no less than 72 hours, but no more than 1 week, in 

the group of participants with quadnplegia who also have an active stemal head of 



pectoralis major, when compared to the group of participants who do not have an active 

stemal head of pectoralis major. 

Hypothesis 6 - There will be no difference in the reliability of force production 

between two test penods separated by no less than 72 houn, but no more than 1 week, in 

the group of participants who participate in recreational exercise more than two times per 

week, when compared to participants who participate in recreational exercise less than 

two times per week. 

Limitations 

The size of the participant groups was small as a result of the small pool of 

potential participants. 

Delimitations 

The test velocity was delimited to 30°/s for scapular elevation/depression, as it 

was found in pilot testing that reliable results were unobtainable at greater velocities. The 

test velocity was delimited to 60°/s for glenohumeral flexion and adduction, as this 

velocity has been used in previous studies of isovelocity testing of the glenohumeral joint 

(Ivey et al. (1985), Walsh et al. (1985), Perrin (1986), Pawlowski & Perrin (1989), Reid 

et al. (1989), Hellwig & Perrin (1991), Nicholas et al. (1992)). The test range was 

delimited to 25' foi- scapular elevatioddepression, as the force sensing apparatus 

impinges upon the participant's ear with a larger test range. The test range was delimited 

to 90' for glenohumeral flexion, and 80" for glenohumeral adduction to Iimit the amount 

of scapular movement associated with greater movement ranges at this joint. 



Assumptions 

While injuries to the spinal cord are classified as being at a specific lesion level, 

individuals with the same level of injury may have varying muscular Function. It was 

assumed that individuals with the same lesion level had similar abilities with regard to 

periorming the tests of scapuiar eievationiciepression, and gienohumerai flexion anci 

adduction. It was also assumed that those who participated in this study were 

representative of  the general SC1 population regarding their abilities in the test 

movements. 

For purposes of comparison behileen the group with quadriplegia and the group 

with paraplegia, it was M e r  assumed that al1 individuals in the group with quadriplegia 

had similar abilities, and al1 individuals with paraplegia had similar abilities. 

For purposes of the subset analysis, it was assumed that participants without an 

active stemal head of pectoraiis major had similar abilities in the test movements, and 

those with an active sternal head of pectordis major had similar abilities. Recreational 

exercise participation consisted of playing wheelchair basketball or rugby, or 

fkeewheeling on the Street or on a wheelchair ergometer, for periods of greater than 40 

minutes per session, more than two times per week. It was assumed that these different 

forms of training provided similar training effects. In the absence of fomal  

cardiorespiratory fitness testing, it was assumed that this subset of participants had 

sirnilar and higher levels of general physical fitness, as compared to those who did not 

participate in comparable recreational exercise activities. 

Testing was conducted on the nght upper Limb ody. Tt was assumed that Limb 

strength was equivalent bilaterally . 



Methodology 

Participants 

Twenty people participateci in this study: 10 participants with traumatic 

quadriplegia as a result of SC1 lesions between CS and C8, and 10 participants with 

traumatic paraplegia as a result of SC1 lesions below Tl  1. One paraplegic participant 

withdrew from testing due to sustaining a shoulder injury between the test sessions. 

Below the C4 level was chosen because innervation of the clavicular head of pectoralis 

major stems from the C5 and C6 spinal segment level (Warwick and Williams, 1973). 

The group with paraplegia was included as they would have normal innervation to ail 

shoulder md shoulder girdle muscles, and therefore, normal activation of these muscles 

for force generation. The group with quadriplegia would have varying innervation to the 

muscles of the shoulder and shoulder girdle based on lesion level, and therefore, reduced 

activation during force generation. 

Inctusion Criteria 

Participants were between the ages of 18 and 55, and in self reported good health. 

Previous studies used subjects within this age range when testing individuals with SC1 

(Harbum & Spaulding, 1986, Powers et al., 1994, Reyes et al., 1995, Mulroy et al. 1996, 

Perry et ai., 1996). Participants had complete motor loss below the lesion level, but may 

have had incomplete sensory loss below the lesion level, and had expenenced their injury 

more than one year prior to enroiment in this study. This time fiame diowed participants 

to have reached a level of post injury rehabiiitation in which they were considered stable 



in their recovery, and had been discharged fiom hospital. Al1 participants used a manual 

wheelchair for mobility purposes. 

Exclusion Criteria 

Participants were excluded if they had any current shoulder pathology, or 

previous pathology that had been surgically comected. Participants were to be pain fkee 

during activity without the use of analgesics. 

Recruitment 

A list of potential participants who met the above criteria was generated from 

information provided by the Outpatient Spinal Cord lnjury Clinic at the Winnipeg Health 

Sciences Centre. Individuals were contacted by telephone, the study purpose and 

procedure were explained, and a request was made for participation. Upon agreement to 

participate in the study, appointment times were established for participants to attend a 

familiarisation session and the test sessions; participants were provided with directions to 

the test facility. 

Informed Consent 

Prior to the familiarisation session, the study purpose and procedure were 

explained a second t h e ,  and writîen infonned consent was obtained (Appendix B). This 

study was approved by the University of Manitoba Faculty of Medicine Committee on 

the Use of Human Subjects in Research. 



Study Design 

A repeated measures design was used (Portney & Watkins, 1993); there were two 

test sessions. 

instrumentation 

lsovelocity Dynamometer 

The Kin-cornQ 500H isovelocity dynamometer (Chattecx Corp., Hixon, TN) was 

used for this study. The instrument has been descnbed previously. Calibration and 

diagnostic procedures were completed pnor to the commencement of the study and a 

check was made for discrepancies upon completion of the study to ensure accuracy of 

recorded data. No discrepancies in calibration were discovered. The  in-coma system 

has a software package that includes a diagnostic mode. The diagnostic program was 

activated prior to commencement of the study to determine any identifiable areas of 

concern; none were found. The diagnostic mode was activated pnor to each test session 

to allow the system to identiS problems that may have resulted nom internai component 

faults or failures. No intemal faults or failures occurred during the testing penod. 

Calibration of the hydraulic system, which is not user senriceable, was perfonned by a 

service technician upon initial set up of the system. No hydraulic problems were detected 

through use of the diagnostic software prior to commencement of or during the study. 

The reliability of the  in-corn@ dynamometer has been comprehensively assessed 

and the device is reported to have less than 3% discrepancy from values obtained by 

extemd testing devices (Farrell and Richards, 198 6). 



Support and Linking Devices 

Al1 participants were required to Wear a supportive splint during testing of 

glenohumeral flexion and adduction. The splint held the elbow in 90" flexion, and also 

supported the forearm in a neutral position. A splint was necessary because some of the 

participants with quadriplegia did not have complete control of their elbow movements. 

and most did not have control of wrist movement. With the elbow and forearm secured, 

comfort and safety for quadriplegic participants was ensured. To ensure that bias was not 

introduced into the procedure, this device was also wom by the participants who did have 

elbow and wrist control. The splint was constnicted of a themoplastic matenal. and was 

designed and manufactured by a certified prosthetist. 

Figure 3 - Image of eIbow splint, 



A sling device was constnicted in order to couple the upper limb to the force sensing pad 

of the dynamometer, specifically for the purpose of measuring scapular depression. The 

sling was constmcted of  heavy weight Cotton; a 5 centimetre wide Velcro strap was used 

to fasten the sling to the force sensing pad. A tape measure was sewn into the Velcro 

strap to ensure consistent application and tension in each test session. The sling was 

constnicted such that when applied, the Velcro strap passed under the olecranon process, 

and maintained the elbow in 90" flexion. 

Figure 4 - Representative image of sling coupling upper limb to force sensing pad, 
in starting position for testing of shoulder girdle elevation and depnsioa 



P rocedure 

A review of available patient records from the Health Sciences Centre Outpatient 

Spinal Cord Injury C h i c  was conducted for selection of individuals who met the 

iiiclü~isn criteria. Dernographic data were collecteci and accuracy was confirmsd witn che 

participants. These individuals were also questioned regarding the type of activities done 

during employment hours (active or sedentary), and the type and frequency of 

participation in recreational activities, as it was hypothesised that activity level might 

have an effect on the outcome of the results. 

Participants were asked to attend a familiarisation session pnor to the first test 

session; this included an introduction to the testing equipment and an opportunity to 

practice the movements that were to be tested. The Fint test session followed within 48 

hours, with the second test session conducted not Iess than 72 hours, but not more than 

one week following the first test. The sequence of movement testing was randomised to 

ensure that a sequencing effect did not occur (Appendix C). Ail tests were conducted on 

the nght upper extremity due to mechanical restrictions when using a wheelchair with the 

dynamometer. The axes of rotation of the dynamometer and the segment being tested 

were aligned prior to each test type. 

Isovelocity was chosen as the testing mode because it allows the selected muscle 

group to be tested to its maximum potential throughout the entire available range of 

motion in a dynamic movement pattern (Perrin, 1993). 



Landmark Selection 

The spinous process of the second thoracic vertebra ( T t )  was selected as the bony 

landmark for actuator alignment during scapular elevation/depression as it most closely 

approximates the location of the axis of rotation of the shoulder girdle when it is moved 

through the test range. The ody  comection of the scapula to the axial skeleton occurs at 

the stemoclavicular joint. Moore (1985) stated that the superior aspect of the jugula 

notch lies at the level of the junction of the second and third thoracic (T3) vertebrae, and 

also indicated that the spinous process of T2 is nearly horizontal in its orientation. The 

stemoclavicuIar joint lies immediately lateral to the jugula notch, and the tip of the 

spinous process of T2 lies at the level of the intervertebral disc between the T2 and T3 

vertebral bodies. Taking into consideration Kapandjits (1982) orientation of the axis of 

rotation of the sternoclavicular joint, the closest approximation for a stable, easily 

identifiable bony landmark on the posterior aspect of the tnink is the spinous process of 

T2. In addition, in order to test isolated scapular elevation/depression, a convenient 

position for the participant is seated comfortably in a chair, with the û-unk strapped to the 

backrest. Securing the participant in this fashion greatly reduces the contribution of the 

trunk muscles in performing the scapular elevatioddepression movement, as would be 

the case if testing were done in the standing position. When using the seated position, it 

is impossible to use the sternoclavicular joint as the axis of rotation, because the 

participant must sit with hisher back to the dynamometer in order to apply the force 

sensing mechanism to the shoulder girdle. 



The landmark for the axis for glenohumeral flexion was located approximately 4 

centimetres infenor to the lateral border of the acromion process, midway between the 

anterior and posterior borders of the deltoid muscle. This was the closest approximation 

to the avis of rotation identified by Kaltenbom (1980) and Kapandji (1 982) as being 

midway between the antenor and posterior borders of the humeral head. 

The landmark for the movement of glenohumeral adduction was located 

approximately 4 centirnetres inferior to the lateral border of the acromion process, 

midway between the lateral border and the coracoid process. This was the closest 

approximation of the axis of rotation of the humerus, radiologically identified by Poppen 

and Walker, (1976), and described by Kapandji (1982), as lying in the centroid of the 

head of the humerus, infenor to the acromion process. 

Testing Protocol 

Scapular elevation/depression 

Testing scapular elevation required the participants to be seated in their own 

wheelchair with their back to the dynamometer; the axis of rotation of the dynamometer's 

actuator arm was aligned with the T2 spinous process. in the event that the backrest 

height of the participant's wheelchair was too great to allow a l i m e n t  with the T2 

spinous process, the participant was ûansferred to a wheelchair with a lower seat height. 

The hunk was stabilised in the chair by a Velcro strap approximately 10 centimetres wide 

placed across the chest, h e d i a t e l y  under the axillae, and secured to the wheelchair 

backrest at the highest level possible. The force sensing apparatus was placed so that the 

lateral edge of its padding was aligned with the lateral border of the acromion. The s h g  



device was used to secure the arm to the force sensing apparatus and to maintain the 

elbow in 90" flexion. The participant was instnicted to keep the elbow as close as 

possible to the side of the body throughout the rnovements of scapular 

elevation/depression. 

The movement pattern for testing was explained to the participant. A standardised 

reciprocal rnovement testing protocol was used that included the same explanation and 

instructions, familiarisation period, w m - u p  penod, and testing penod for each 

participant (Appendix D). This protocol was based on that used by Harding et al. (1988) 

which showed high reliability coefficients for inter-repetition and inter-occasion 

measures. Angular velocity for this test was set to 30°1s, as it was determined through 

pilot testing of the scapular elevation movement carried out by a quadriplegic participant 

that reliable results would be produced at this velocity; higher velocities gave rise to 

unreliable results for scapular elevation. The range of motion for testing was kom the 

neutral resting position (O0)  to 25' elevation, and the reciprocal 25' retuming Eom the 

elevated position to neutral. A limit of 25' elevation was necessary as the force sensing 

mechanism impinged on the participants' ear when a greater range was used. 

Glenohumeral flexion and adduction 

Testing for each of glenohurneral fiexion and adduction required the participants 

to be seated in their own wheelchair. The tnink was stabilised in the wheelchair by a 

Velcro strap approximately 10 centimetres wide placed across the chest, imrnediately 

under the axillae, and secured to the wheelchair backrest at the highest level possible. For 



testing gienohurneral flexion, the axis of rotation descnbed earlier was aligned with the 

axis of rotation of the dynamometer. The upper limb was positioned in 90' elbow flexion 

and was maintained in this position through the use of a lightweight thennoplastic splint. 

The force sensing apparatus was positioned on the volar aspect of the distal humerus such 

that the padding was 1 centimetre proximal to the forearm when the elbow was held in 

the 90" flexed position. For testing glenohumeral adduction, the axis of rotation described 

previously was aligned with the axis of rotation of the dynamometer, and the upper limb 

positioned as described above. The force sensing apparatus was positioned on the lateral 

aspect OF the distal hurnenis such that the padding was 1 centimetre proximal to the 

lateral epicondyle when the elbow was held in the 90° flexed position. 

The pattern for testing each movement was explained to the participant. A 

standardised reciprocal movenient testing protocol, involving only concentn'c muscle 

action, was used that included the sarne explanation and instructions, familiarisation 

period, warm-up period, and testing penod for each participant (Appendix D). Angular 

velocity for testing both movements was set to 60°/s, as this velocity had been used 

previously with athletic, non-athletic, and paraplegic participants (Ivey et al., 1985; 

Pawlowski & Perrin, 1989; Nicholas et al., 1989; Bumham et al., 1993). The range of 

motion for testing fiexion was fiom the neutral resting position (O0)  into 90" 

glenohumeral flexion; that for adduction was nom 80° to O". These ranges were selected 

in order to limit the amount of scapular movement associated with glenohumerd flexion 

and adduction. 



Participants were asked to perfonn 3 maximal contractions for each muscle group 

during each test session. This number of contractions has been used in testing by previous 

investigators (MacDonald et al., 1988, Estenne et al., 1989) . 

Data Collection, Reduction and Analysis 

Data collection was performed through the use of the software package provided 

by the manufacturer of the dynamometer. Force, angular displacement, angular velocity 

and duration of force application were recorded. Force application was sampled at a fixed 

rate of 100 Hz, by the software provided by the manufacturer. Winter (1990) described 

the sampling theorem and specified that to reconstruct the input signal it must be sampled 

at a "Frequency at least twice as high as the highest frequency present in the signal itself'. 

A characteristic force tracing rarnps up, peaks, and ramps dom.  Because the scapular 

elevatioddepression movements required approximately one second to complete (25 

degrees of movernent at 30°/s), and the glenohumeral flexion and adduction movements 

required approximately 1.5 seconds to complete (90/80 degrees of movement at 60°/s), 

the sampling rate of 100 Hz was more than adequate to accurately capture the force 

tracings. Al1 sensors in the system provide analogue input signals, which were converted 

to digital signals by the computer's AD converter. 

Using a custom designed cornputer program (Convert), the recorded information 

was converted into a format that could be exported to other cornputer prograrns more 

efficiently than is allowed using the manufacturer's software, and transferred via ffoppy 

disk to another cornputer. The Convert program created two files: an ASCII text file 
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(*.dat) that could be reviewed directly by the operator, and a batch file (*.bai) that could 

be exported to other computer software applications for M e r  analysis. Other software 

used was Quattro Pro (Version 6, Novell Corporation) for spreadsheet analysis, 

SlideWrite Plus (Version 2.1, Advanced Graphics Software) for graph generation, and 

SPSS (Release 8.0, SPSS Inc.) for statistical analysis. 

When conducting isovelocity testing, a force venus angular position graph was 

generated. One method to represent muscular strength when using isovelocity testing is to 

report the peak force (measured in Newton rnetres - Nm) recorded during the test session. 

Pemn (1993) determined that peak force varies in repeated contractions during the same 

test session, and suggested reporting an average of the peak values obtained. Another 

method of representing muscular strength is to report the total work done by the muscle 

group. DW (1995) explained that in this method the recorded force generated is 

multiplied by the angular displacement, with the unit of measure being Joules. 

Effectively, this is the area under the c w e  of the force versus angular position graph 

(AUC). Perrin (1993) indicated that this method of reporting can reveal deficits in overall 

force production that would not be apparent if only peak force values are reported. 

Tkerefore, in this study area under the curve values were determined fiom force data 

provided by the three contractions generated during each test session. The three curves 

generated were averaged to provide one cuve for each participant. The averaged curves 

nom each participant were combined to calculate the composite graphs. 



Staüstical Analysis 

The statistical tests used to analyse the data obtained were the intraclass 

correlation coefficient (ICC) and a linear regression analysis. Shrout and Fleiss (1979) 

and Portney and Watkins (1993) indicate that the ICC provides a single index that 

wercornes the iimitations of using 0th correlation measures to express reiiabiiiry. From 

the models described by Shrout and Fleiss (1979), the mode1 3, k type (two-way mixed 

effect layout) was used because there is a single rater for this study, and mean data is 

used for the analysis. To complete the analysis, the AUC values From each repetition 

were averaged to provide a mean AUC value for each participant (individual AUC mean) 

in the four tested movements. The individual AUC means fiom each test session were 

cornpared using the ICC to detemine reliabiliây. Significance value for the ICC was 

determined a prion to be p< 0.05. 

The data from the participant group with quadriplegia was compared to the data 

f?om the participant group with paraplegia through a cornparison of the 95 percent 

confidence intemal of the ICC . This revealed the extent and magnitude of any differences 

between the groups. 

A M e t  analysis of the data was done through a linear regression to determine 

the significance and magnitude of any shift of the data fÎom test one to test two. This 

analysis provîded the ? value, intercept and slope of the regression line in order to assess 

the predictive ability of the test protocol for m e r  research to be conducted in the future. 

Signifcance value for the linear regres sion was determined a prion to be p l  0.05. 



The statistical tests above were used to test the hypotheses of this study, as well as 

some other variables pertinent to the outcorne. Tables 1 ,  2, and 3 include a surnrnary of the 

variables that were analyseci, and the statistical tests used for the analysis as they penain to 

the study hypotheses. The detailed results of the statistical tests are presented in appendices 

Table 1 - Variables and statistical tests for objective one. 

1 Hypothesis 1 lndependent variable 1 Dependent variable 1 Statistical 1 

Table 2 - Variables and statistical tests for objective two. 

(Hypotheses 1 - 3) 
No change in isovelocity 
moment generated 
when test 1 is cornpared 
to test 2 in each test 
movement 

test-retest coefficient quadripleg ia 
between groups 

Test 1 area under the 
curve (auc) value 

Hypothesis 

Test 2 auc value 

Independent variable 

I I 1 values 

Dependent variable 

Test-retest coefficient 
for group with 
paraplegia 

Table 3 - Variables and statistical tests for subset analysis objective. 

Statistical 
test 
Compare 
C C  
confidence 
interval 

Hypothesis 

(Hypothesis 5) 
No difference between 
values of group with 
quadripleg ia re: active 
stemal head 

No difference between 
values of groups re: 
recreation 

age of groups 

lndependent variable 

AUC values for non- 
recreation group 

Dependent variable 

AUC values for group 
with non-active stemal 
head 

Average of ages of 
group with 
quadripleciia 

AUC values for group 
with active stemal 
head 

Statistical 

Compare 

confidence 
interval 
values 

AUC values for 
recreation group 

Average of ages of 
group with paraplegia 

Compare 
ICC 
confidence 
interval 
values 
lndependent 
t-test 



Results 

Demographic data 

Demographic data of study participants is presented in Table 4. The majority of 

participants (94.7%) were male. Mean age for the group of participants with quadriplegia 

was 33.2 years, with a standard deviation of t8.4 years. Mean age of the group of 

participants with paraplegia was 38.1 years, with a standard deviation of t8.8 years. 

There was no significant difference in age between the two groups. Of the group with 

quadriplegia, five had lesions at the C6 spinal cord level; these participants also did not 

have an active stemal head of the pectoralis major muscle. Eight of the participants with 

quadriplegia were either employed or were students, with occupations that would be 

classified as sedentary. Only three of the participants with quadriplegia participated in 

recreational activities more than hHo times per week. Of the group with paraplegia, seven 

had T l 2  lesions, one lesion was at LI, and two at L2. Eight of the ten were employed or 

were students, in occupations that would be classified as sedentary. Only hiro of the 

participants with paraplegia participated in recreational activities more than two t h e s  per 

week. 



Table 4 - Demographic data for study participants. 

PARTICIPANTS WlTH QUADRIPLEGIA 
SEX AG€ INJURY ACTIVE EMPLOYED RECREATION 

LEVEL P.M. > 2 timedweek 
STERNAL 

HEAD 
M 40 C6 NO YES YES 

YES 
NO 
YES 
NO 
YES 
NO 
NO 
YES 
YES 

NO 
YES 

STUDENT 
YES 
YES 
NO 

STUDENT 
YES 
YES 

1J O 
YES 
NO 

YES 
NO 
NO 
NO 
NO 
NO 

PARTICIPANTS WITH PARAPLEGIA 
PARTICIPANI S EX AG€ INJURY ACTIVE EMPLOYED RECREATION 

NUMBER LEVEL P.M. 
STERNAL 

HEAD 
M 31 T l2  YES YES NO 

T l  2 YES 
L2 YES 

T l  2 YES 
T l  2 YES 
L2 YES 

T l  2 YES 
T l  2 YES 
L I  YES 

NO 
YES 
SEMI 

STUDENT 
YES 
YES 
YES 
NO 

NO 
NO 

YES 
YES 
NO 
NO 
NO 
NO 

p l  O* 1 M 40 Tl2 YES STUDENT NO 
P.M. = Pectoralis Major 
withdrew due to shoulder injury between test sessions 



Test data 

Representative data for each test condition are presented graphically in figures 5 to 

16. These graphs provide a visual represeotation of the moments generated by the 

participants at specific angles in the tested movements. For each test, a graph depicting the 

standard deviation is used in order to show the variability of the individuai participant's raw 

data. The combined data for the groups is also presented, specificaily in figures 8, 11, 14, 

and 17, to show the overall results. The combined curves were denved by taking the mean 

of the three data c w e s  generated by each participant during the first and second test 

sessions. These individual means were combined and the average of al1 participants for each 

test session is presented, with standard error bars depicting variability in patterns and 

moments generated. Graphs depicting the resdts fiom each participant are included in 

Appendix E. 

Scapular Elevation 

Data representative of the moment / angle relationship in participants with 

quadriplegia is presented in Figure 5. There is a significant relationship between Test 1 

values and Test 2 values (? = .994, p s  0.01). This indicates there is no difference between 

the test values for this participant. 

In general, these participants showed a uniform movement pattern in which moment 

genmtion peaked within the fht  5 degrees of the test movexnent and decreased 

progressively until the end of the test movement. 



MEAN FORCE GENERATED DURING SCAPULAR ELEVATION 
QUADRI PLEGIC PARTI CI PANT - Q8 

Angle  (Degrees)  

Test  1 T e s t  2 

Figure 5 - Mean force generated during scapular elevation for participant Q8. 



MEAN FORCE GENERATED DURING SCAPUWR ELEVATION 
PATTERN 1 - PARAPLEGIC PARTICIPANT - P4 

O 
O 5 10 15 P 35 

Angle  (Degrees )  

Test 1 T e s t  2 

Figure 6 - Mean force generated during scapular elevation for participant P4. 

Data representative of the moment / angle relationship in participants with 

paraplegia is presented in Figures 6 and 7. These participants showed two distinct 

movement patterns, one in which moment generation peaked within the f h t  5 degrees of 

movwent (n=5), and the other in which it peaked between 5 and 10 degrees of movement 

(0=5). A significant relationship exists between Test 1 values and Test 2 values for both 

patterns (Pattern 1 - 8 = 0.951, p l  0.01; Pattern 2 - = 0.954, p l  0.01), indicating that 

there is no signincance Merence between the test values for the two distinct patterns shown 

by these participants. 



MEAN FORCE GENERATED DURING SCAPULAR ELEVATION 
PAlTERN 2 - PARAPLEGIC PARTICIPANT - P5 

T e s t  1 

Angle (Degrees )  

Tes t  2 

Figure 7 - Mean force generated ditring scapuiar elevation for participant P5. 



Figure 8 is a combined group reprwentation of the movernent patterns for both test 

sessions. 

MEAN FORCE GENERATED DURING SCAPULAR ELEVATlON 
COMPARISON BETWEEN PARTICIPANT GROUPS 

O 
O 5 10 15 P 25 

A n g l e  (Degrees) 

Test 1 - Test 2 

Figure 8 - Mean force generated during scapular elevation for both participant groups. 

From the above figure, it is clear that participants with paraplegia produced greater 

moments throughout the entire test range than did the participants with quadriplegia, but that 

both participant groups had similar moment generation pattern. The patterns for the second 

test session closely overlap the fmt test session, with ody a slight increase in moment 

generation. There is a signiscant relationship between the second test cuve and the Grst test 
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curve for both groups, with the paraplegic participant group having an intraclass correlation 

coefficient (ICC) of 0.984, and a linear regression (LR) 2 value of 0.94 @L O.OI), while the 

quadriplegic participant group had an ICC value of 0.903, and LR r' value of 0.76 (pS0.01). 

Scapular Depression 

Data representative of the moment 1 angle relationship in participants with 

quadriplegia is presented in Figure 9. The most convenient testing method for this 

movement was to have the participants engage in the test motion that was the retuni Iiom 

the scapular elevation end point, i.e. the 25 degree mark, generating moments through to the 

end point, the zero mark. Thus, descriptions of peak moment generation are relative to the 

start point of 25 degrees. The dynamometer was calibrated to record the elevation moments 

as positive, and the depression moments as negative. This explains the representation of 

depression moments as negative in figure 9. There is a significant relationship between Test 

1 values and Test 2 values (? = -950, p6 0.0 1). This indicates there is no difference between 

the test values for this participant. In general, the participants with quadriplegia showed a 

movement pattern in which moment generation peaked within the fïrst 10 degrees of 

movement, and demeased until the end of the movement. 



MEAN FORCE GENERATED DURING SCAPULAR DEPRESSION 
QUADRlPLEGlC PARTICIPANT - Ql 

- 100 
O 5 10 15 P Z 

Angle  (Degrees)  

Test 1 T e s t  2 

Figure 9 - Mean force geaerated during scapular depression for participant Q 1. 



Figure 10 shows data representative of the moment / angle relationship in 

participants with paraplegia There was a slight increase in moment generation throughout 

the test range during the second test for this participant, but a significant relationship does 

exist (r' = 0.939, pa 0.01). 

MEAN FORCE GENERATED DURING SCAPULAR DEPRESSION 
PARAPLEGIC PARTICIPANT - P2 

- 100 
O 5 10 t 5 20 25 

Angle  (Degrees)  

T e s t  2 T e s t  1 

Figure 1 O - Mean force generated during scapular depression for participant P2. 
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Figure 1 1 is a combined group representation of the movement patterns for both test 

sessions. in general, with depression, participants with paraplegia showed variability in 

moment generation; peak moment generation in participants with paraplegia occurred 

slightly later in the movement than that for participants with quadriplegia. 

MEAN FORCE GENERATED DURlNG SCAPULAR DEPRESS 
COMPARISON BETWEEN PARTICIPANT GROUPS 

Paraplegic Grou p 
-75 - 

- 100 
O 5 1 O 15 P 25 

Ang le  (Degrees)  

Test 1 - Test 2 

Figure 1 1 - Mean force generated during scapuiiu depression for both participant groups. 



From the above figure, it is clear that participants with paraplegia had the ability to 

produce greater moments thughout the entire test range than did those with quadriplegia, 

with peak moment generation o c c ~ g  slightly later than the participants with quadriplegia. 

The patterns for the second test session closely overlapped the k t  test session, with only a 

slight increase in moment generation. There is a significant relationship behveen the second 

test curve and the first test cuve for both groups, with the paraplegic participant groups 

having an ICC of 0.981, and a LR 8 value of 0.94 (ps 0.01), while the quadriplegic 

participant group had an ICC value of 0.994, and LR value of 0.98 @S 0.0 1). 

GIenohumeraI Flexion 

Data representative of the moment / angle relationship in participants with 

quadriplegia is presented in Figure 12. The second test trachg very nearly overlaps the k t  

test tracing, with some increased varîability and moment generation in the last half of the 

second test tracing. A significant relationship between the fint and second test values exists 

with an ? value of 0.976 @s 0.01). Effdvely ,  there is no significant ciifference between 

the second test and the first test for this participant. In general, the participants with 

quadriplegia showed a uniform pattern of moment generation which peaked within the fkst 

10 degrees of movement. 



MEAN FORCE GENERATED DURING GLENOHUMERAL FLEXION 
QUADRIPLEGIC PARTICIPANT - QI0 

Angle  (Degrees )  

T e s t  1 T e s t  2 

Figure 12 - Mean force generated during glenotiumeral flexion for participant Q 10. 

Data representative of the moment / angle relatiomhip in participants with 

paraplegia is presented in Figure 13. The tracings for this participant show a slight decrease 

in moment generation in the f h t  half of the second test, with increased variability and a 

drop off of moment generation at the end of the test range. A significant relationship does 

exist between the two test sessions, with an 8 value of 0.973 @I 0.01). Therefore, this 

participant demonstrateci no signincant Merence between test one and test two. In general, 

these participants a h  showed a d o m  movement pattern. 



MEAN FORCE GENERATED DURING GLENOHUMERAL FLEXION 
PARAPLEGIC PARTICIPANT - P3 

O 
O 30 80 90 

Angle ( D e g r e e s )  

T e s t  2 T e s t  1 

Figure 13 - Mean force generated during glenohumerai flexion for participant P3. 
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Figure 14 is a combined group repreaentation of the movement patterns for both test 

sessions. 

MEAN FORCE GENERATED DURING GLENOHUMERAL FLWION 
COMPARlSON BETWEEN PARTICIPANT GROUPS 

Paraplegic Group € 
z 
Y 

c. 

c 
a 90- 
E 
O 

5 

25 - 

Quadripleg ic Grou p 

O 
O 30 BO 90 

Angle (Degrees )  

Test 1 - Test 2 

Figure 14 - Mean force generated minng gknohumd flexion for both participant groups. 

From the above figure, it is clear that participants with paraplegia had the ability to 

produce gceater moments tbroughout the entire test range than those with quadriplegia 

Moment generation peaked later than the participants with quadriplegia, but still within the 

first 30 degrees of movement The patterns for the second test session closely overlapped the 



first test session. It is interesting to note that in this movement, the group with paraplegia 

showed a slight decrease in moment generation throughout the entire test range during the 

second test session, while the group with quadriplegia showed nearly uniform moment 

generation between the two test sessions. In spite of the differences that appear bebveen the 

nacings for the two test sessions, there is a signifiant relationship between the second test 

curve and the first test curve for both groups, with the paraplegic participant groups having 

an ICC of 0.952, and a LR value of 0.83 @s 0.01), while the quadriplegic participant 

group had an ICC value of 0.986, and LR 8 value of 0.95 @S 0.01). 

Glenohumeral Adduction 

Data representative of the moment / angle relationship in participants with 

quadriplegia is presented in Figure 15. It should be noted that al1 descriptions of peak 

moment generation for adduction are relative to the testing start point of 80 degrees. Thus, 

these graphs are read fiom right to l e t  This participant with quadriplegia showed a uniform 

pattern of moment generation which peaked approximately in the midrange of the 

movement. During the second test, there was a decrease in the initial moment generation, 

followed by an overshoot of the first tracing in the next segment, with continued mismatch 

of the tracings in the remainder of the movement. In spite of this, this participant 

demonstrated a significant relationship between the fint and second test sessions, with an I? 

value of 0.868 (ps 0.01). In general, participants with quadriplegia showed a uniforni 

movement patteni, 



MEAN FORCE GENERATED DURlNG GLENOHUMERAL ADDUCTION 
QUADRIPLEGIC PARTICIPANT - Q8 

T e s t  1 

P 40 80 

A n g l e  (Degrees) 

T e s t  2 

Figure 15 - Mean force generated duriog glenohumd adduction for participant Q8. 



Data representative of the moment / angle relationship in participants with 

paraplegia is presented in Figure 16. 

MEAN FORCE GENERATED DURING GLENOHUMERAL ADDUCTION 
F'ARAPLEGIC PARTICIPANT - P5 

u 
O P 40 80 

Angle  (Degrees )  

T e s t  1 T e s t  2 

Figure 16 - Mean force generated during gIenohumeraI adduction for participant PS. 

This participant dernonstrated an overail decrease in moment generation throughout 

nearly all of the test m g e  between the two sessions, but areas of increased variability are 

very closely matched between sessions. This participant demonstrated a significant 

relationship between the two test sessions with an ? value of 0.992, @S 0.01). In general, 

these participants also showed a d o m  movement pattern, but moment generation peaked 

later than the participants with quadnplegia 
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Figure 17 is a combined group representation of the movement patterns for both test 

sessions. 

MEAN FORCE GENERATED DURING GLENOHUMERAL ADDUCTION 
COMPARISON BETWEEN PARTICIPANT GROUPS 

Paraplegic Group 
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25 - 

Quadriplegic Group 

O 
O P 40 BO 80 

Angle  ( D e g r e e s )  

Test 1 - Test 2 

Figure 17 - Mean force generated during glenohumd adduction for both participant 
groups. 



From the above figure, as with other tested movements, it is clear that participants 

with paraplegia have the ability to produce greater moments throughout the entire test range 

than those with quadriplegia, with peak moment generation o c c W g  later in the movement 

when compared to the participants with quadriplegia. The patterns for the second test 

session closely overlap the first test session. Simila. to the flexion movement, it is 

interesthg to note that in this movement, the group with paraplegia showed a slight decrease 

in moment generation throughout nearly the entire test range during the second test session, 

while the group with quadriplegia showed nearly uniform moment generation between the 

hvo test sessions. In spite of the ciifferences that appear between the tracings for the two test 

sessions, there is a significant relationship between the second test cume and the £ïrst test 

c w e  for both groups, with the paraplegic participant groups having an ICC of 0.960, and a 

LR value of 0.86 @I 0.01), while the quadriplegic participant group had an ICC value of 

0.996, and LR ? value of 0.98 @I 0.01). 

Table 5 is a summary of the intraclass correlation coefficients @CC) and ? values 

fiom the h e a r  regression analysis for each movement tested. It can be seen h m  the 

statistical analysis that there is Little variability and hence high reliability between the values 

obtained during the two test sessions. The linear regression results show good to excellent 

correlations between the two test sessions (Portney & Watkins, 1993). 



Table 5 - Intraclass correlation coefficients and linear regression values for hypothesis 
four. 

1 Hypothesis 4 1 Quadnplegic Participants 1 Paraplegic Participants 1 
No difference between 
test-retest coefficient 
between groups 

Linear 
ICC Regression 

Z value* 

Linear 
ICC Regression 

? vaiue* 

Scapuiar Eiavation I 

Scapular Depression 

Glenohumeral FIexion 

Glenohumeral Adduction 

p< 0.0 1 

Table 6 is a summary of the subset andysis comparing the participants with 

quadriplegia having an active sternal head of pectoralis major (ASH) with those having a 

non-active head of pectoralis major (NASH). High reliability and correlations exist for these 

groups for the bvo test sessions (Portney & WatkUis, 1993). 

Table 6 - hhaclass correlation coefficients and linear regression values for hypothesis 
five. 

Hypothesis 5 
No difference between 

ASH Participants (n=5) 

test-retest AUC values 
between group with active 
sternal head (ASH) of 
pectoralis major, and 

Scapuiar Depression 

Linear 
ICC Regression 

8 value* 

group with non-active 
stemal head (NASH) of 
pectoralis major 

Scapular Elevation 

Glenohumeral Flexion 1 .993 .99 

.893 -82 

NASH Participants (n=5) 

Linear 
ICC Regression 

Z value* 
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Table 7 is a sumrnary of the subset analysis cornparhg the group of participants who 

engaged in recreational activities more than two times per week, with those who engaged in 

recreational activities two times or less during the week. As with the previous grouping of 

participants, there is hi& reliability and correlations for these groups for the two test 

sessions (Portney & Watkins, 1993). 

Table 7 - Intraclass correlation coefficients and linear regression values for hypothesis 
six. 

Hypothesis 6 

No difference between 
test-retest AUC values 
between group with 
greater than two days (2+) 
of recreational activity in 
one week, and group with 
2 or fewer days (2-) of 
recreational activity in one 
week 

2+ Participants (n=5) 

Linear 
ICC Regression 

I value* 

2- Participants (n= 14) 

Linear 
ICC Regression 

I vaiue* 

Scapular Elevation 

Scapular Depression 

Glenohumeral FIexion 

Glenohumeral Adduction 

From the above raults, it can be seen that for a i l  test movements participants with 

paraplegia were able to generate greater moments than participants with quadnplegia, but 

that similar moment generation pmems are seen. Statistical analyses show good to excellent 

reliability in al.I movernents tested and also m subset analysis of varied groupings of 

participants based on considerations other than injury level. 



Discussion 

The results support the hypotheses which predicted that there would be no change in 

isovelocity moments generated during two test sessions separated by not less than 72 hours, 

but not more than one week, in dl test conditions, and d l  subset analyses. In an examination 

of the combined data graphs in figures 8, 11, 14, and 17, one can see higher moment 

generating capabilities of the paraplegic group, similar movernent patterns for both groups, 

and a similar amount of variability about the mean for each tested movement, in each test 

session. Reliability values contained in tables 5 ,6 ,  and 7, indicating good to high reliability 

((Portney & Watkins, 1993) M e r  support the hypotheses. 

The higher moment generating capabilities of the paraplegk group compares 

favourably to previous work done by Powes et al. (1994), who used isornetric testing for 

subjects with quadriplegia, paraplegia, and an able bodied group, and fond  reduced 

moment generating ability for the quadriplegic group when cornpared to the paraplegic and 

able bodied groups. That is, the quadriplegic gmup had significantly less moment generating 

ability when compared to the other groups. The paraplegic group showed lower moment 

generating ability than the able bodied group, but the difference was not significant. The 

most reasonable explanatioo for lower moment generation in the group with quadriplegia is 

the decreased available muscle mas .  Participants with ceMcal cord lesions have decreased 

innervation to many of the muscles activated in the tested rnovements as compared to the 

group with paraplegia Decreased activation of muscle groups and specific motor units 

implies l e s  available muscle m a s  to participate in moment generation and results in M e r  

diminished maximal torque [moment] (Powers et al., 1994). 



Muscular stabilisation of the trunk might allow the muscles involved in the testing 

process an advantage in moment generation, but this is less likely in the current study. In 

order to be able to generate force, the base (origin) fiom which the muscle works must be 

stable and secure, or the ongin will be pulled toward the insertion. Using a weight relief 

transfer as an example, the arm is stabilised through the armrests of the chair, and the 

muscle's origin and insertion are conceptuaily reversed, aliowing the body to be lifted off 

the wheelchair seat (Reyes et al., 1995). The group with paraplegia had the ability to 

stabilise the trunk, which serves as the base for the muscles that attach to the humerus. The 

gmup with quadriplegia had a disadvantage in moment generation due io a decreased ability 

to stiffen the tnink. This is due to the inability to activate the abdominal and lower back 

muscles, as does the p u p  with paraplegia. Sinderby et al. (1992) suggested that the 

diaphragm has a postural function in people with cervical SCI. It was noted during testing 

that participants with a cervical SC1 would inhale prior to the commencement of the test 

movement. This would induce an increased pressure in the abdomen, as was found by 

Sinderby et al. (1992), in an effort to stiffen the trunk during testing movements. Klefbeck et 

aL(1996) assessed trunk support in the performance of am ergometry in a group of subjects 

with cervical SCI. They indicated that trunk stabilisation improved performance during this 

activity. Thus, as used in this study, secu~g the trunk to the wheelchair would be an 

additive measure to the postural stiffening provided by the diaphragm. Review of the 

patterns of moment generation in figures 8, 11, 14, and 17, support the concept that the 

group with quadriplegia were well supported in the testing process, and therefore were most 

Likely able to stiffen the tnmk rea~nably well. The dynamometer records only the amount 



of force that is generated at the force sensor attached to the ami, and reflects the ability of 

the entire system (Le. the muscles of the arm and the base through which bey attach to the 

body) to generate this force. The figures show strikingly sirnilar moment generation patterns 

for both groups. Differences in movement of the base of support would have been indicated 

by differences in the appearance in the movement pattern at the initiation of the movement. 

The similarity of the moment curves for both groups in al1 movements supports the concept 

that the reduced moment generation capabilities in the group with quadriplegia is more 

dependent on the reduced amount of available muscle mass to activate during testing, rather 

than shifting of an unstable base. 

The combined data graphs in figures 8, 11, 14, and 17, show similar amounts of 

variability in each test session for each movement. Participants in each group have different 

moment generating abiiities ranging nom hi& to low, for any given movement. The 

consistency in the variability in each test session provides evidence that this range is the 

most likely source. The greatest amount of variability is seen in the paraplegic group in the 

scapular elevation movement. This is most likely caused by the two distinct patterns of 

moment generation in the paraplegic group for this movement, as shown in figures 6 and 7. 

The use and application of the coupling strap for scapuiar elevation and depression 

movements might have been an additional source of variability. This was efféctively limited 

through the use of the wide velcro strap, providing high t e n d e  strength through secure 

contact between the hwk and the loop portions of the velcro. The inclusion of a flexible 

tape measure (Figure 4) also aliowed for accurate re-application of the sling during the 

second test session, 



A thorough search of the available literature yielded very few studies that reported 

reliability values for movements tested about the shoulder, and no studies were found that 

used isovelocity testing for measurement of movements of the shoulder girdle. The results 

of this study compare favourably to reliability values reported by Perrin (1986) in an 

analysis of shoulder tlexion. Perrin (1986) indicated reliability coefficients for glenohumeral 

flexion as being 0.84 for the left shoulder, and 0.91 for the nght shoulder, using normal 

subjects. The current study demonstrated reliability coefficients of 0.94 to 0.99 for the 

glenohumeral flexion movement. 

The results of this study compare favourably with previous work related to moment 

generation in normal nibjects, as weli as athietic normal subjects. Powers et al. (1994) 

indicated no significant difference in isometric moment generation between a group with 

paraplegia, and an able bodied control group. Other investigators (Ivey et al., 1985, Walsh et 

al., 1985, Alderink & Kuck, 1986, Perrin, 1986, Pawlowski & Perrin, 1989) have reported 

mean peak shoulder flexion moments behveen 58.5 (Alderink & Kuck, 1986) and 73 

(Walsh et ai., 1985) Newton metres (Nm). The curent shidy demonstrated a mean peak 

isovelocity value of 60.4 Nm. Investigatoa examining moment generation in the adduction 

movement (Ivey et al., 1985, Walsh et al., 1985, Aiderink & Kuck, 1986, Reid et al, 1989) 

have reported mean peak values between 62.7 (Walsh et ai., 1985) and 1 18.6 (Alderink & 

Kuck, 1986) Nm., with higher moments being generated by well trained athletic nomals, 

and college aged baseball pitchers. The curent study demonstrated a rnean peak isovelocity 

value of 67.32 Nm. The mcments generated in this study during glenohumeral flexion and 



adduction are consistent with those generated by normal able bodied subjects Eom the 

above studies. 

A subset analysis of the participant group with quadriplegia was conducted to 

compare the results of the movements of scapular elevation/depression, and glenohumeral 

flexion and adduction, between the group with an active sternal head (ASH) of pectoralis 

major, and those of the group with a non-active stemal head (NASH). Analysis of these data 

supports the hypothesis that there is no difference in reliability of moment generation 

between test periods for each of the movements tested when comparing the two groups. The 

srnall number of participants in each group does weaken the validity, but in spite of this, one 

would also expect that regardless of the participant grouping there would be no significant 

difference in the results fkorn test one to test two. This is most likely due to the application 

of the testing protocol. Each participant was given an oppominity to become familiar with 

the testing procedure, and each of the required movement patterns. The use of pre-test 

warm-up trials also helped to ensure the participant was cornfortable and proficient in the 

movement pattern, and is consistent with the approach used in the reliability study 

conducted by Perrin (1986). niis w m - u p  and practice aliowed maximal effort to be 

exerted in both test sessions, with minimal practice or cany-over effects experienced in the 

second test session (Portney & Watkins, 1993). 

When comparing the group of participants who engaged in recreationai activity 

more than 2 times per week with those who participateci in tecreational activity less than 2 

times per week, no clifference in reliability of moment generation between the two test 

periods was observed. The small number of participants in the more active p u p  does 



weaken the validity, but the effect of warm-up and practice to become proficient in test 

movements most likely had a similar effect here as well. It is consistent that no matter what 

grouping O f participant subsets, reliability and correlations would show no significant 

difference between the two test sessions. 

Age was not a significant contnbutmg tàctor to the ditfèrence between the groups in 

moment generation. 

The major weaknesses of this shidy are twofold: the limited number of participants, 

and the single tester used for data collection. The number of participants was lirnited by the 

number of available penons with spinal cord injuries who met the inclusion critena and 

lived within close proxirnity to the testing area. In spite of the srnail sarnple size, the 

variability observed is small, and the reliability of the testing protocol hi&. 

This study does not address the differences that may occur if more than one peson 

is used to conduct the test fkom one session to the next. While the use of multiple testing 

centres and multiple testes w i U  no doubt increase the variability of test results, it is expected 

that with appropriate initial instruction to the testing protocol, and careh1 attention to the 

details required during the testing procedure, it is possible that many different testers 

conducting the protocol would generate similar findings, as they relate to reliability. Further, 

in rnost centres the number of persorne1 involved in dynamometry testing is very Iow. 



Conclusion 

The results of this study support the overall hypothesis that there is no change in 

moment generated during one test session and a second test session separated by no less 

than 72 hours. but no greater than one week in four test movements about the shoulder and 

shoulder &cile in participants with paraplegia or quadnplegia Therefore, the results support 

the application of the test protocols used in this study as  reliable methods to assess moment 

generation for the movements of scapular elevation and depression, and glenohumeral 

flexion and adduction, in participants with either paraplegia or quadriplegia. It should be 

noted that this testing was conducted using the Kin-Corn@ dynamometer, and as such are 

valid only for this device. Other dynamometen may show different results. 

Future considerations 

With the above testing protocol being estab iished as a reliable means for measuring 

moment generation in participants with SCI, M e r  testing with other groups having speciai 

needs (Le. those who require the use of a wheelchair) c m  be conducted to determine 

reliability in these groups. Additionally, this method of t e d g  can be used to establish 

objectively the efficacy of strength trainiug programs for the muscles that e f k t  movement 

about the shoulder and shoulder &de. 
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Appendix A - Kin-Corn calibration procedure 
Check voltage output of interna1 potentiometes, adjust to O volts as necessary. 
Position actuator spline to mechanical center position, check with spirit level and 
adjust to horizontal. 
Install achiator arm, use spirit level to assess vertical positioning, and adjust using 
potentiometer to align to top dead center. 
Rotate actuator arm to honzontal position, assess with spirit level for true horizontal 
positioning, adjust angle span with potentiometer. 
Assess tachometer zero speed setting. Adjust with potentiometer to zero motion, if 
necessary. 
Assess servo zero/gain and speed gain. Adjust with potentiometer if necessary. 
Final speed check. Assess for actuator rotation in stop position. If rotation exists, 
repeat steps 5 and 6 until zero rotation occurs in stop position. 
Position actuator arm in the top dead center position. Assess load ce11 reading for zero 
output, adjust with potentiometer if necessary. Position actuator rn in honzontal 
position, apply known weight, adjust output reading to match known weight value 
using potentiometer if necessary. 



Appendix B - Paraphrase and lnformed Consent Form 

"RELIABILITY OF ISOVELOCITY DYNAMOMETER TESTTNG OF FOUR MOVEMENTS 
OF THE SHOULDER AND SHOULDER GIRDLE IN PERSONS WITH SPINAL CORD 
mmY" 
University of Manitoba 1998 

The snength of the muscles around the shoulder and shoulder blade is important to persons with 
high level spinal cord injuries. These muscles are used in various activities, but most importantly 
for al1 tùnctions of daily living, the propulsion of wheelchairs, and with coughg. Training 
programs can improve the strength of these muscles, but reliable testing procedures are needed to 
measure improvement accurately. Current methods of testing some of the shoulder movements 
have not been adequately validated. This study is aimed at establishing a reliable method of 
testing strength of the muscles around the shoulder and shoulder blade, particularly the 
movements of elevation and depression (shouida s h g ) ,  shoulder flexion (fonvard movement of 
the arm), and shoulder adduction (movement of the a m  toward the side of the body), using a 
sensitive piece of equipment called a dynamometer. Once accurate testing methods have been 
determined, effectiveness of training programs can be mare accurately assessed. 

Procedure 

As a participant in this study, you will be asked to perform a test on a special device that 
measures the strength of the muscles around your shoulder and shoulder blade. You will be asked 
to attend a familiarisation session to show you the equipment used in testing, and to instnict you 
in the movements required for the test. The test session will follow within the next 48 hours. You 
will be asked to perform a wami up consisting of light movement of the arms, and some 
stretching exercises. Prior to the test, you wilt be asked to perforrn 2 or 3 movements of moderate 
effort to familiarise you to the movement of the testing device, and as a warm-up specific to the 
test movement. This warm-up will be repeated a second time, and you will be asked to provide 
maximal effort. During the test, you will be asked to provide 3 maximal voluntary efforts in a 
senes of movements, which can be performed while seated in a wheelchair. n i e  entire testing 
procedure will require approximately one hour to complete. Three to seven days after the test, 
you will be asked ro r e m  to perform the test a second tirne. Again, the test will require 
approximately one hour. 

Risks 

The risks associated with the performance of the test are minimal. A certain amount of muscle 
discomfort may be felt during the test (as wth any fom of exercise). However, if obvious pain 
arises at any point duxing the test, the test d l  be stopped. Afier maximal exertion of the muscles 
surrounding the shoulder you may experience some discomfort which may Iast up to 72 hours 
d e r  the test. However, as only 3 maximal movements for each test are required, this discomfort 
should be minimd. It is a nomial consequaice of exmise and will resolve on its own. 



T'here have not been any published reports of muscle or tendon injury during these tests. Similar 
tests have been performed on athletes, individuals with and without shoulder problems, and 
individuals who have spinal cord injury, without documented damage to the muscles. 

You will not be identified in any published report of the results of this study. Your participation 
in this study is voluntary, and you are free to withdraw at any time without prejudice. 

You will not receive reimbursernent for participation in this study, nor will you be responsibie for 
any costs directly related to h s  study. 

If you do not understand any aspect of this fonn, please contact: 

Lloyd Tyrnchyshyn, School of Medical Rehabiiitation 
University of Manitoba 
787-4363 

Paraphrase and informed Consent Form 
"RELIABILITY OF ISOVELOCITY DYNAMOMETER TESTING OF TWO MOVEMENTS 
OF THE SHOULDER AND SHOULDER GIRDLE IN PERSONS WTH SPINAL CORD 
INmY" 
University of Manitoba 1997 

1 have read the paraphrase and undentand the nature of the shidy including the potential benefits 
and risks. 1 am satisfied that any quetions I may have had with respect to this study have been 
answered. I hereby consent to participate in the research study and abide by the procedural 
requirements. 

1 understand that 1 may withdraw fkom the study at any time. 

Signature of Witnesddate 

Signature of Investigator /date 



Appendix C - Tables for sequence of movement testing 

Participants with paraplegia. 

Participants with quadriplegia. 

Participant 
Number 

flexion 

P6 

Participant 
Number 

Flexion, 
elevatiod 
depression 
adduction 

, adductior, , adduction 

Participant 
Nurnber 

Elevatiod 
depression 
flexion 

Nurnber flexion 
elevatiod 

, depressior, 

Flexion, 
elevatiod 
depression 

Number flexion, 
elevatiod 
demession 



Appendix D - Standardised protocol for movement testing 

Instructions to participants following ariai alignment of the dynamometer to the spinous 
process of T t .  

"In a moment you will be asked to perform a maximal voluntary contraction of your 
trapezius muscle (the muscle that causes you to shrug your shoulder), but first, in order 
for you to warm-up, and get used to the movement of the machine, you need to do some 
practice movements. Please wait until I Say, "Ready, and go." before moving. 1 will ask 
that you go through the movement now with a light effort. Fint 1 will ask you to ''shrug" 
your shoulder, trying to touch your shoulder to your ear without moving your head. There 
wiil be a five second pause when you reach the end point, and I will ask you to push 
down, again with only a light effort. 1 will ask you to do these movements three times, 
and there will be a 30 second break between each repetition. Do you have any questions? 
Ready, and go." 

2 minute break to go through 2nd w m - u p  instructions 

Repeat the above instructions, substituting "light effort" with "moderate effort". 

2 minute break to go through final testing instructions 

"Now that you have completed the warm-up, we cm move on to the actual test. Please 
wait m i l 1  Say, "Ready, and go." before moving. I will ask you to push up as hard and as 
fast as you possibly cm. As in the warm-up, there will be a five second pause when you 
reach the end point, and 1 will ask you to push down as hard and fast as you possibly can. 
I will ask you to do these movements three times, and there will be a 30 second break 
between each repetition. Do you have any questions? Ready, and go." 

Instructions to participants foiiowing axial alignment of the dynamometer to the 
glenohumeral joint, with the elbow held in 90' flexion. 

"In a moment you will be asked to perform a maximal voluntary contraction of your 
pectoralis major and antenor deltoid muscles (the muscles that causes you to move your 
a m  up and forward), but ht, in order for you to warm-up, and get used to the 
movement of the machine, you need to do some practice movements. Please wait until 1 
Say, "Ready, and go." before moving. 1 will ask that you go through the movement now 
with a light effort. First I will ask you to try to "punch" the ceiling. When you reach the 
end point, the machine will return your arm to the starting position. 1 will ask you to do 
this movement three times, and there will be a 30 second break between each repetition. 
Do you have any questions? Ready, and go." 

2 minute break to go through 2nd warm-up instructions 



Repeat the above instructions, substituting "light effort" with "moderate effort". 

2 minute break to go through final testing instructions 

"Now that you have completed the warm-up, we can move on to the actual test. Please 
wait until I Say, "Ready, and go." before moving. 1 will ask you to push up as hard and as 
fast as you possibly cm. As in the w m - u p ,  when you reach the end point the machine 
will r e m  your arm to the starting position. 1 will ask you to do these movernents three 
times, and there will be a 30 second break between each repetition. Do you have any 
questions? Ready, and go." 

Instructions to participants foiiowing axial alignrnent of the dynamometer to the 
glenohumeral joint, with the elbow held in 90' flexion, for adduction. 

"In a moment you will be asked to perform a maximal voluntary contraction of your 
pectoralis major and latissimus dorsi muscles (the muscles that causes you to move your 
arm in toward your side), but k t ,  in order for you to w m - u p ,  and get used to the 
rnovement of the machine, you need to do some practice movements. Please wait until 1 
Say, "Ready, and go." before moving. 1 will ask that you go through the movement now 
with a light effort. First 1 will ask you to try to pull your a m  to your side. When you 
reach the end point, the machine wil1 retum your arm to the starting position. 1 will ask 
you to do this movement three times, and there will be a 30 second break between each 
repetition. Do you have any questions? Ready, and go." 

2 minute break to go through 2nd wann-up instructions 

Repeat the above instructions, substituting "light effort" with "moderate effort". 

2 minute break to go through h a 1  testing instructions 

"Now that you have completed the warm-up, we can move on to the actual test. Please 
wait until 1 Say, "Ready, and go." before rnoving. 1 will ask you to pull your a m  to your 
side as hard and as fast as you possibly cm. As in the w m - u p ,  when you reach the end 
point the machine will r e m  your arm to the starting position. 1 will ask you to do these 
movements three times, and there will be a 30 second break between each repetition. Do 
you have any questions? Ready, and go." 
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Appendix E - Moment 1 Angle Graphs for Individual Participants 
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Appendix E - Moment 1 Angle Graphs for Individual Participants 
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Appsndix F - Area Under the Curve Values for All Participants 

Hypothesis 
No change in isovelocity moment generated when test 1 is compareci to test 2 in each test 
movement 

Elevation 

Quadnplegic 
Participants 

Parap legic 
Participants 

Test 1 AUC 
value 

Test 2 AUC 
value 

Linear 
Regession 

value 

ICC Value 



Appendix F - Area Under the Curve Values for Ail Participants 

Hypo thesis 
No change in isovelocity moment generated when test 1 is wmpared to test 2 in each test 
movement 

Depression 

Quadnp legic 
Participants 

Paraplegic 
Participants 

Test 1 AUC 
value 

Test 2 AUC 
value 

1987.16 
893.58 
462.15 
3826.34 
1446.69 

4640.58 

2786.17 

823.83 
780.59 
2127.04 
21 70.35 
2986.99 
43 02.46 

4757.59 

4070.48 

6043.89 
33 13.47 

3289.54 
3956.73 

Linear 
Regression 

value 

ICC Value 



Appendix F - Area Under the Cuwe Values for AI1 Participants 

Hypo thesis 
No change in isovelocity moment generated when test 1 is compared to test 2 in each test 
movement 

Flexion 

Quadrip legic 
Participants 

Paraplegic 
Participants 

Test 1 AUC 
value 

Test 2 AUC 
value Regression 

-:du2 

ICC Value 



Appendix F - Area Under the Curve Values for All Participants 

Hypothesis 
No change in isovelocity moment generated when test 1 is compared to test 2 in each test 
movement 

Adduction 

Quadrip legic 
Participants 

Paraplegic 
Participants 

Test 1 AUC 
value 

Test 2 AUC 
value 

Linear 
Regression 

value 

ICC Value 



Appendix G - Statistical Results with ICC Confidence lntewals 

Hypothesis 1 Linear regression 1 ICC 1 Confidence interval 

Elevation - 
Quadrip legic Participants .76 ,903 .976 .606 

Parap legic Participants .94 ,984 .996 .928 

No difference between test- 
retest coefficients between 
groups 

Depression - 

R-Squared Value 

Quadriplegic Participants .98 ,994 ,999 .977 

Parap legic Participants .94 .98 1 .996 .913 

Flexion - 
Quadriplegic Participants .95 ,986 .997 .945 
Paraplegic Participants .83 .952 .989 .785 

Adduction - 
Quadriplegic Participants .98 .996 .999 .983 
Paraplegic Participants -86 .960 .99 1 ,822 
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Appendix G - Statistical Results with ICC Confidence Intervals 

Hypo thesis 
No differenœ behveen test- 
retest AUC values between 
group with active stemal 
head (ASH) of pectoralis 
major, and group with non- 
active stemal head (NASH) 
of pectoralis major 

Elevation - 
ASH Participants 
NASH Participants 

Linear regression 
R-Squared Value 

ICC Confidence interval 

Depression - 
ASH Participants 
NASH Participants 

. . .  

Flexion - 
ASH Participants 
NASH Participants 
Adduction - 
ASH Participants .99 ,996 ,999 ,962 
NASH Participants -96 ,979 .998 314 
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Appendix G - Statistical Results with ICC Confidence lntenrals 

Hypo thesis 

No difference between test- 
retest AUC values between 
group with greater than two 
days (2+) of recreational 
activity in one week, and 
group with 2 or fewer days 
(24 of recreational activity in 
one week 
Elevation - 
2+ Participants 
2- Participants 

Linear regression 
R-Squared Value 

ICC Confidence interval 

Depression - 
Z+ Participants 
2- Participants 

Flexion - 
2+ Participants .92 .959 .996 .664 

2- Participants -94 .966 .989 .897 

Adduction - 
2+ Participants .98 .975 .997 .779 
2- Participants .96 .980 .994 .939 



Appendix H - Statistical test for age difference 
Participant 1 Participants 1 Participants 1 

with 
Paraplegia 
(Group P) 

3 1 



Appendix 1 - Linear Regression Graphs 
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Appendix 1 (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 

Linear Regression - Depression 
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Appendix I (Continued) - Linear Regression Graphs 

Linear Regression - Flexion 
Quadriplegic Participuits 
M v e  Sbernd Head of Pecteraiis Major 

Linear Regnssion - flexion 

Test 2 = -797.10 + 1.13 ' test1 
R-Square = 0.92 

Regression 
95.00% Mean Predieüon Interval 

4000 saIo m 
Test 1 



Appendix I (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 
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Appendix I (Continued) - Linear Regression Graphs 

Linear Regression - Flexion 
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Appendix 1 (Continued) - Linear Regression Graphs 
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