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Abstract 

Workplace injuries, known as musculoskeletai disorders (MSD), are an increasing 
health hazard facing office employees today (Harvey and Peper. 1997; Sauter et al., 1993). 
Ideally a "gold standard" is required which wodd effectively idenhfy risk factors, estimate 
the tnie magnitude of risk and systematically evaiuate the eficacy of prevention and r e m  
to work programs. The research presented in this thesis contributes to the achievement of this 
goal. 

The Rapid Upper Limb Assessment (RULA) survey, designed by McAtamney and 
Corlett (1993), is a posture sarnpling tool used specifically to examine the level of risk 
associated with upper limb disorders of individual workers. No snidies have been found to 
date that examine the postural scoring system set out by RULA and its relationship with 
objective physiologicd response mesures. The study presented here examines the 
relationship between RULA'S postural scoring system and the physiological measurement 
techniques of EMG (RMS), hem rate response, and blood pressure, as well as the 
psychophysiological measurement technique of self-reports of discomfort. 

Twenty subjects were recruited frorn various companies to participate in this study. 
Each subject performed a 30-minute typing task on a computer in three working postures 
based on RULA's scoring system. Kinematic data were collected for the neck, shoulder, 
elbow and wrist. to ven@ the subjects' tested postures against RULA's defmed posture 
system. Six quasi-random samples of EMG were collected over each 30-minute testing 
condition for the upper trapezius, antenor deltoid, biceps brachü and forearm extensors. Each 
subject's heart rate was recorded every five seconds over each 30-minute testing. Blwd 
pressure and body discomfort scores were collected pre- and pst-testing conditions. 

A multi-way repeated measures ANOVA was used to analyse the EMG (RMS) and 
kinematic data, while a one-way repeated measures ANOVA was used for heart rate, blood 
pressure, perceived discomfort and performance measure. In general there were statistically 
simcant effects due to posture for ail the kinematic measures. In ternis of the physiological 
measures, the only statistically significant effect was due to tirne for the forearm extensor 
muscles. Finally, there were significant differences found for the perceived discornfort and 
work performance measures. 

The resultant contradiction in physiological versus psychophysiological results may 
be explained in three ways: 1) there is no physiological difference in the body's state across 
the three tested postures; 2) the physiological measures used here in this study are not 
effective means for measuRng physiological changes while performing computer tasks in the 
three tested postures or; 3) the statistical power was too low to demonstrate a statisticaily 
significant difference. The results of this study would suggest that RULA's scoring system 
may be too general in nature, and therefore, weaknesses in its specific application to 
computer workstations have emerged. It is the author's opinion that RULA can be improved 
into an even more powemil tool through the development of task specific RULA venions. 
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Chapter One: lntroductioa 

Workplace injuries, known as musculoskeletal disorden (MSD). are an increasing 

health hazard facing office employees today (Harvey and Peper, 1997; Sauter et al., 1991). 

Work related MSD are defmed as disorders and diseases of the muscles, tendons and nerves 

(soft tissues) having proven or hypothesized work related causation. Various media sources, 

such as radio and newspaper, are reporting on the growing incidence of employee sick leave, 

medical claims and litigation from MSD. According to data published by the National 

Council on Compensation insurance (NCCI) in the United States, the fourth most costly lost- 

tirne claims in lW4- 19% were classified as 'occupational diseaselcumulative trauma,' with 

an average incurred total costs per cl& of $1 1,479 (National Safety Council, 1997). While 

in British Columbia, MSD are reported as the fastest growing workplace injury and account 

for 35% of the worken' compensation claims (WCB of BC. 1996). In order to reduce these 

costs, ergonomists and organizations must be able to identify and elirninate the risk factors, 

thereby preventing MSD. 

Ergonomists today are in need of improved methods to identify individuais at risk. 

Currently, they consider records kept by the Occupational Health and Safety Cornmittee 

within an organization, dong with surveys, questionnaires and checklists as valuable 

information sources. In the study by Silverstein et al. (1997) the percentage of work related 

MSD were higher from data collected using self-administered symptom questionnaires, 

interviews, and physicai examinations than h m  data collected within an organization based 

on pre-existing surveillance, for example the companies' health data sources and 

WCBIOSHA 200 log. Therefore an organization's records are not, for the most part, reliable 
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sources for identiwg the prevalence of high-risk jobs and employees at risk. ïnstead, they 

represent claims that have been reported to the Health and Safety Individual or Cornmittee. 

On the other hand, surveys and questionnaires represent more than simply the level of risk 

or discornfort but individuals' attitudes as weii. When looking at Workea' Compensation 

claims, and sickness and accident data sources for surveillance. the individuais placed in 

high-risk environments are not usually identified until their problem or disorder has resulted 

in lost work time. At this point, a preventable disorder may have become irreversible. 

Therefore, not only are Company records an unreliable source of information but more 

importantly, the prevention component in the ergonomic process has been overlooked. 

Ideally a "gold standard" is required which would effectiveiy identify risk factors, estimate 

the true magnitude of the employees at risk and systematically evaluate the elficacy of 

prevention and retum to work programs. The research presented in this thesis wiii contribute 

to the achievement of this goal. 

The Rapid Upper Limb Assessrnent (RULA) swey. designed by McAtamney and 

Corlett (1993), is a tool for ergonomic consultants to use during investigations of the 

workplace. RULA was developed specifically to examine the level of risk associated with 

upper limb disorden of individual workers. This tooi is used to sarnple working postures at 

one instant in time. This instant is determined by the ergonomist and the nature of the work 

on any particular day. By using a coding system, RULA generates an action list, which 

determines the level of intervention required to reduce the rîsk of workplace injuries. The 

purpose of RULA is to provide a quick method for screening a variety of workstations and 
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to give results that cm be incorporated into wider ergonomie programs. Ergonomists must 

feel confident about RULA'S eficiency for screening and identifying risks, in order to carry 

out their jobs of prevention and reduction of injuries. 

The RULA checkiist measures postures on a scoring system scaie from one to seven. 

The initial validation and reliability studies were performed on RULA using a data-entry 

computer task as a mode1 and are described in McAtamney and Corlett (1993). Sixteen 

expenenced computer users were assessed to determine whether RULA provided a good 

indication of "musculoskeletal loading, which might be reported as pain or discomfort in the 

relevant body region," (McAtamney and Corlett, 1993). Subjects were divided into two 

groups based on RULA's scoring system. Group one consisted of subjects with an 

acceptable RULA grand score of one; group two consisted of subjects with a RULA grand 

score greater than or equal to two, which was deemed unacceptable. A data entry task was 

performed for 40 minutes and the right side of the body was assessed using RLJLA. Subjects 

were asked to complete a body part discomfon survey before and after the 40-minute triai. 

The RULA scores for each body part (Figure 1) were compared with the subjects' 

self-report of experienced pain or discomfort. Only the neck and upper arm revealed a 

statistically significant relationship between the RULA postural score and the reported 

discomfort. The authors also examined this relationsbip with the functionai unit A and 

functional unit B. The postural scores for the upper a m ,  lower ann and wrist were tallied, 

using Table "A" in Figure 2. to yield a score for the functionai unit A. While the functionai 

unit B score was tallied for the neck, uunk and legs, using Table "B" in Figure 2. 
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Fieure 1 : RULA's posnual score. unit score. 

F i w e  3: RULA's grand score. 
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A significant relationship was found between RULA'S functional units score and 

perceived discornfon. This is not surprising since the upper arm falls under the functional 

unit A, while the neck falls under functional unit B compnsing the two areas of greatest 

concern. Also, the trapezius muscle, a muscle of the shoulder girdle, plays two Iwctions: 1) 

for lateral flexion of the neck; and 2) for elevation, upward rotation and adduction of the 

scapula. Therefore, if the neck is experiencing discomfort and the trapezius muscle is tense, 

then there may also be resulting discomfort in the shoulder or upper arm region. It should be 

noted that the trapezius muscle fixes the scapula as the deltoid muscle pulls on the humerus. 

Thus, it may be difficult to make any distinction between neck and upper arm (shoulder) 

discomfort. 

Problems can anse with the validity and reliability of using self-reports of pain or 

discomfort as the sole means of assessing the worker's risk of developing a MSD. In a 

number of studies, it was found that upper extremity MSD, based on questionnaires alone, 

had prevalence rates twice those based on questionnaires and physical examinations (Hales 

et ai., 1994; NIOSH, 1989). Pmblems with self reports are twofold: 1) it is difficult to make 

the distinction between the extemal stimulus (stressor) and its subjective appraisal by the 

individual (Kahn, Byosiere, 1992), and 2) confusion of hypothesized causes and effects often 

emerges through self reports of perceived discornfon and the extemal stimulus (stressors) 

(Kahn, Byosiere, 1992). Therefore, it is crucial that mearchers include reiiable and valid 

rnethods of both self-reports and objective data collection techniques in future research. 

Norman et al. ( 1998) fouad that both biomechanical (physicai) and psychosocial variables 
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are statistically signifïcant and contribute independently to the risk of lower back pain (LBP) 

and those who report LBP. 

No studies have been found to date that examine the postural sconng system set out 

by RULA and its relationship with direct, objective physiological response measures. The 

study reported on in this thesis has attempted to determine whether there is a systernatic 

change in the body's physiological response related to changes in RULA's postural scores. 

For the purpose of this study muscle activity (EMG), heart rate, and blood pressure measures 

formed the physiological basis, while self-reports of discornfort formed the 

psychophysiological basis. These measures were correlated to musculoskeletal loading. 

Purpose of the Study 

This thesis work has examined the relationship between RULA's postural sconng 

system and a number of physiological and psychophysiological parameten in a laboratory 

setting. The assessrnent of RULA included objective measures of electromyography (EMG), 

heart rate response, and blood pressure. as well as self-reports of perceived discomfon to 

observe the body's response to various computer-working postures. As a second purpose the 

object of this thesis has examined whether a relationship existed between various job attitude 

factors and perceived discomfon scores. 

The objectives were tested using the following six Null Hypotheses: 

1. There wu be no signiricant clifference in EMG (RMS) activity of the upper trapezius, 

anterior deltoid, biceps, and forearm extensors across the three working postures. 
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There wili be no signifcant difference in heart rate response across the thne worbg 

postures. 

There will be no sigaifcant difference in systolic and diastolic blood pressure across 

the three working postures. 

There will be no simcant difference in perceived discomfort scores across the three 

working postures. 

There wiil be no significant difference in performance, as measured by a word count, 

across the three working postures. 

There will be no significant relationship between the on-site perceived discornfort 

scores and on-site job attitude questionnaire scores among the subjects. 

Assurnptions 

For this research it has k e n  assumed that quantitative guidelines, based on RLJLA's 

postural scores, and short term physiological responses were valid in terms of determining 

musculoskeletal health. Epidemiological studies in combination with vocational EMG 

recordings have show an increased nsk of MSD at mean load levels below 5% maximum 

voluntary contraction (MVC) in some repetitive work tasks (Westgaard and Winkel. 1996). 

Pan and Schleifer (1996) have observed a positive correlation between muscular fatigue and 

musculoskeletal discomfort in the shoulder and elbow. They have also noted that 

musculoskeletal discornfort and fatigue are higher in the afternoon versus the morning during 

a full day of testing. The object of the thesis has assumed that by reducing muscular effort, 



there will also be a reduction in muscular fatigue and risk of developing a MSD. 

For this thesis it is also assumed that a bilateral symmetry exists with respect to 

muscular activity and joint kinematics when typing on a keyboard. The proposed sample 

selection was assumed to be representative of a normal population with regard to the 

physiological and psychophysiological responses to working postures. Finally, it was 

assurned that the subjects would follow the described pre-testing instructions. 

The study reported on here has been Limited, in external validity. by the standardized 

testing conditions. which are necessary to ensure a valid cornparison of the physiological and 

psychophysiological responses between subjects and working postures. The testing took 

place in a laboratory setting adjusted to represent a standard office work setting. Another 

limitation was the duration of data recording. Although a normal workday may consist of 

anywhere from six to ten hours, this study tried to derive a representative sample by 

recording data for a limited duration of 30 minutes. The inclusion cntena required that 

subjects have no known MSD of the trunk and upper extrernities, no known cardiovascular 

disease, were not heavy caffeine drinkers. were non-smokers and have worked at a job over 

the past two years that requires the use of a cornputer for at least four hours per day. In 

selecting the population these criteria represented a delimitation. 

Operational Defuiitions 

Bïood Pressure - the pressure exerted by the blood on the vesse1 walls and is 

expressed by systolic pressure, ventricular systole of the heart, and by diastolic pressure, 



ventricular diastole of the heart (Wilmore and Costill, 1994). 

Electromyogmphy (EMG) - the record of electric currents generated by a person's 

muscles and rneasured in millivolts (mV) (Basmajian and Deluca. 1985). 

Hearf Ruîe - the number of heartbeats in one minute measured using a Polar Vantage 

XL Heart Rate Monitor. 

Perceived Discomfooif - a psychophysiological measure of the sensation of discornfort 

reported by subjects and may include pain, numbing, tingling, limited range of motion. 

weakness. and "pins and needles"; measured using a Likea scale. 

Physiological - pertaining to the science of functions and phenomena of living 

organisms and their parts (The Concise Oxford, 1982). 

Psychologieal - pertaining to the science of the nature, hnctions, and phenomena of 

the human mind (The Concise Oxford, 1982). 

Psychoplrysiolo@al - branch of physiology dealing with mental phenomena and the 

relations between mind and body (The Concise Oxford. 1982). 

Rooi mean square (RMS) - amplitude analysis that expresses the EMG signal in 

ternis of its magnitude and defmes the average vaiue of the rectified EMG signal (Moty and 

Khalil, 1987); RMS = where x is the raw EMG value of the ith sample and N the 

total number of samples in each one second sample (1024). This value is calculated for each 

muscle vaiue. 



Chapter Two: Review of Literature 

The focus of this thesis is to examine the relationship between RULA's postural 

scoring system and the physiological and psychophysiological signals at different RULA 

scoring levels. The applied issues are related to the factors which are caused in work related 

musculoskeletal disorders (MSD) and the physiological signais. Consequently. a number of 

different literature sources are pertinent to it and this review will present the relevant work 

in the following areas: upper extremity musculoskeletal disorders (MSD), posture sampling, 

electromyography (EMG), heart rate response. blood pressure, perceived discornfort, job 

attitudes, and environmentai factors. 

The following review will demonstrate that relationships between MSD. working 

postures and muscular effort do exist. The physiological and psychophysiological rneasures 

described in the review of literature, may or may not be an effective means of appraising this 

relationship. In order to properly address this relationship al1 of the above factors must be 

examined. 

Upper Extremity Musculoskeletal Diborders 

Based on the literature reviewed below, there seems to be sufficient evidence to 

conclude that prolonged work in awkward or biomechanicaily stressful postures increase the 

risk of musculoskeletal pain and discomfon. The measurement and analytical criteria for 

differentiating between acceptable and unacceptable body postures based on various loads 

(force), fkequency (repetition) and duration of work has yet to be determined. 

According to the study by Himmelstein et al. (1995). work related upper extremity 
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disorders are broadly defined as "symptom complexes" characterized by pain, parethesias, 

and/or weakness affecthg the upper exaemities or neck attributed by the patients and/or their 

physicians. This deffition lacks objectivity in diagnosis and the causal relationship to work. 

Other definitions of work related MSD have been used throughout the iiterature but for the 

most part also lack objectivity (Bridger, 1995; Putz-Anderson. 1988; Silverstein, 1995). For 

the purpose of this thesis. MSD are defined as disorders of the muscles, connective tissues, 

peripheral nerves, or vascular system consistent with the definition supplied in ANS1 2365 

( 1996). A disorder may be defined as a disturbance to the normal state of body (Concise 

Oxford. 1982) and may manifest itself in a variety of syrnptoms that can differ among 

individuals. These disorders may be caused, precipitated or aggravated by intense. repeated 

or sustained exertions and/or insufîicient tissue recovery. The major physical risk factors of 

MSD include repetition, load and awkward postures. Although there is a certain optimum 

level of these factors necessary for health, excessive loads wiil have negative effects on the 

individual. Graphing these effects would resemble an inverted "U" with the y-mis 

representing negative and positive effect and the x-axis representing load (Figure 4). 

The inverted " U  curve may differ in size depending on the individual (Nigg et ai., 

1984). An individual's coping stratepies to stressors, for example shifting one's weight when 

seated for prolonged periods of time, as well as personal lifestyles will play a role in 

determining the size of the graph. It is important to note thai these risk factors do not occur 

exclusively in the working environment. Repetition on its own may not be enough tu result 

in a MSD. However, repetition for long periods of time without the oppominity for recovery 



will drastically increase the potential to develop a MSD. Therefore, each risk factor may 

compound the negative effects of the other. 

Laval of sû#r for an Optimal Lovd of Hœlth 

Lovd 01 S t m a  or Rlsk 

Fimre 4: Optimal level of health. 
(Adapted from Yerkes and Dodson, 1908) 

The continuous exposure of various areas of the body to workplace risk factors has 

been shown to negatively affect tissues and joints (Carayon and Smith, 1996). The two areas 

of the body most frequently involved in workplace MSD are the upper extremities, and the 

back (National Safety Council, 1997; WCB of NS. 1996; Mital, 1996). Work related MSD 

of the upper extremities are cornmon arnong office workea who use video display terminais 

(VDT) (Kuorinka and Forcier, 1995). 

According to Derebery (1998). MSD involving tendons (i.e. teadonitis, tenosynovitis 

and peritendinitis) are associated with acute trauma, unaccustomed tasks and systemic 

disease. Tendonitis, however, is more likely the result of repetitive activity if the worker is 

unaccustomed to the work or if a significant increase in workload is intmduced (Derebery, 

1998). The nsk factor of  petiti ion, when examiwd in isolation. has been chaüeaged becaw 
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it can have a positive outcome on individuals. Walking. running and blinking are repetitive 

movements that do not produce negative outcornes, and it is repetition that is beneficial as 

a method of conditioning and maintainhg health. Using the analogy of a weight lifter, 

repetition helps to build strength only if the lift is within the athlete's ability (force) ancilor 

if proper lifting techniques are employed (posture). Only in combination with excessive 

loads, awkward postures or unaccustomed tasks, repetition may increase the athlete's 

potential of developing an injury. The same cm be said for "occupational athletes". 

Repetition will exacerbate the negative effects of excessive force and awkward postures on 

the body. 

Pascarelli and Kella ( 1993) examined 53 symptomatic keyboard operators w ho 

cornplained of pain in the forearms, elbows. wrists, shoulders and hands and who spent the 

major portion of their &y working at the computer keyboard. Evaluations of the individuals 

consisted of rnedical history, physical examination and video recording. From their study, 

the authors were convinced that awkward postures (wrists in doaiflexion and ulnar 

deviation, alienated thumb posture, fifth fmger motion and joint hypermobility). poor 

technique and physical condition played a mle in predisposing a worker to MSD. Computer 

usen often assume awkward. static seated postures for long periods of the.  These awkward, 

static seated postures increase joint forces while the long periods of time yield excessive 

static loads on the musculature of thc back, neck, shoulders and upper extremities (Sauter 

and Schnorr, 1992). These conditions may lead to local ischemia, muscle fatigue and pain, 

which in tum may lead to MSD. 
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The work related risk factors most consistently identified, according to Kuorinka and 

Forcier (1995) include: 1) repetitive work; 2) high physical load and forces; 3) static or 

constrained neck and shoulder postures; 4) increased intensity or duration of exposure; and 

5) working in twisted or bent postures (awkward postures). The effects of dwation are seen 

when there is an increase in the exposure duration and there is a subsequent increase in the 

prevalence of symptorns. if, however, the exposure duration is shortened, the onset of 

symptoms is merely postponed instead of king prevented entirely (Kuorinka and Forcier, 

1995). 

Westgaard and Winkel (1996) critiqued ergonomie guidelines in their focus on 

exposure level, without taking into account repetition or duration. Load (force) varies 

depending on the number of lifts over "x" number of hours. Silveatein (1995) however, 

argued that force is a more important risk factor than repetition for hand-wrist MSD. These 

findings reinforce the need to look at risk factors in combination and to study their 

cumulative effect on the body. Putz-Anderson (1988) have ailuded to the environment-fit 

theory by stating that there must be a balance between work demands and the worker's 

capacity to respond to those demands. Keeping this in mind, the combined effects of force, 

repetition and awkward postures must exceed the individual's abilities as weil as provide 

insufficient recovery. 

A list of authors and their studies that have shown a significant relationship between 

the risk factors examined in this review and the development of MSD can be seen in Table 

1. 



Table 1: Studies that show a significant relationship between physical nsk factors and the 
development of MSD. 

Posture Sampling 

Author 

Derebery ( 1998) 

Kuorinka and 
Forcier ( 1995) 

Mita1 (1996) 

Pascarelli and Kella 
( 1993) 

Sauter et al. (1992) 

Silverstein (1995) 
1 

Westgaard and 
Winkel ( 1996) 

The human body controls and maintains its posture either through conscious or 

subconscious central responses to sensory input from the periphery (McLean, 1998). The 

sensory input includes uiformation on muscle length. tension. and joint loading. The muscles 

involved in postural control are typicaiiy made up of type 1 (slow oxidative) muscle fibers. 

These fibers are recruited for smali andlor sustained contractions. 

Measurement of working postures serves two important occupational health 

applications. Firstly, jobs may be evaluated to quan- posturai stress and identify specific 

causes of awkward posture and. secondly, for epidemiological studies of posture-related 

injury, exposure data must be obtained (Santos and Wells, 1997). There are many checkiist 

workload/Iorce 

J 

J 

J 

J 

J 

Repetitive 
work 

J 

J 
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J 

Awkward 
postiire 
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J 

Static 
p o s h i ~  

J 
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J 

Duration 
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methods for analyzing workplace postures, for example the Posturegram (Priel, 1974), Hand- 

Arm-Movement Analysis (HAMA) (Christmansson. 1994), the Ovako Working Posture 

Analysis System (OWAS) (Karhu et al.. 1977). and RULA. The object of the thesis wiii only 

examine RULA and the relationship between its postural sconng system and physiological 

measures. Only one previous study has exarnined the validity and reliability of RULA and 

it was performed by McAtamney and Corlett (1993). McAtamney and Corlett ( 1993) 

investigated the relationship between RULA's risk categories and psychophysiological 

measures. RULA was initialiy designed around the bais of physical ergonomies in order to 

determine the load at which tissue damage would result. The authon, however, used self- 

reports of perceived discomfort as a measure of physical risk for their vaiidity snidy. These 

self-reports are more likely to correlate with the likelihood of an individual to make a 

disability claim and not necessarily with the actual physical loading on the body. 

Psychosocial factors affect whether or not an individual will make any such claim. 

These factors were not directly considered by McAtamney and Corlett (1993). How an 

individual perceives their working envuonment will play a major role in their level of 

perceived discomfort and reports of these discomforts. Consideration of these factors has 

been included in the present thesis. 

Electromyography (EMG) 

Electromyography (EMG) is a usefbl tao1 for analyzhg muscular performance in the 

workplace. The EMG data detemiines the level of muscle activation and duration of activity 
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in the measurement of physical ~quirements for occupational tasks (Chaffin and Andersson, 

1991). EMG measures three things: temporal aspects or phasic activation patterns; force; and 

fatigue. To assess musculoskeletal stress associated with awkward working poshues and the 

validity of ergonomie principles, EMG is often administered (MOSH, 1992). One method 

of evaluating a muscle's performance, uses surface EMG. The surface EMG records the 

spatial and temporal summation of action potentials from a group of muscle fibres. The 

amplitude and shape of the recorded surface EMG will depend on the characteristics of the 

muscle fibre; the spatial orientation of the surface electrodes to the muscle fibre; the filter 

characteristics of the electrodes and surrounding tissue; and the specifications of electronic 

instrumentation (NIOSH, 1992). 

Surface electrodes provide a general representation of the muscle's electrical activity 

(i.e. the surnmation of several motor uni& f i n g  simultaneously). The advantages of using 

surface electrodes include the ease of application and accessibility. When using surface 

electrodes, one must be cognizant of their Limitations. It is dificuit to record activity of deep 

muscles since surface electrodes oniy record the electrical activity of the most superficial 

muscle fibres. During dynamic activity, the muscle moves under the skin creating different 

volumes of muscle tissue. Finaliy. surface electrodes may pick up electrical activity from 

small, superficiai muscles, which lay adjacent to each other, known as cross talk (NIOSH, 

1992). Electrode placement must be well defmed and consistent in order to control for 

reliability within and among subjects. Jensen et al. (1996) found considerable improvement 

in reproducibility of EMG signal in the trapezius pars descendens when the elecwdes were 
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positioned 2 cm laterally to the midpoint, instead of at the midpoint between cervical 

vertebra seven (C7) and the acromion. In order to compare the EMG of various subjects, 

trials, and muscles, nomalization of the myoelecvic activity to a refennce contraction is 

important. Submaximal isometric contractions are more accurate than using maximal 

voluntary contractions as a reference contraction (NIOSH 1992). The reference contraction 

must be defined in terms of electrode placement, type of contraction and joint position. 

Normalization of the EMG signal is required to improve the reiiability of testing over many 

days. as well as to make between subject comparîsons. 

According to Wiker ( 1989), any increase in the EMG signal amplitude is possibly the 

result of an increase in motor unit recruitment, an increase in motoneuronal stimulation in 

response to reduced muscle contractility (rate coding). slowing of muscle membrane 

potential conduction rates or an increase in synchronization of recruited motor unit 

activation. This author also noted that the recovery of the EMG upon cessation of an exertion 

has been shown to be rapid, especially when the levels of fatigue are small. Oberg (1994) 

analyzed the EMG signal. with respect to RMS amplitude, of subjects who performed two 

contractions of the right trapezius muscle by raising the right arm 90 degrees of abduction 

with a O kg load for five minutes and a 2 kg load for 2 to 5 minutes. There was a statisticdy 

significant increase in RMS with increased load dose, as well as an increase in subjective 

fatigue scores. However, the authoa failed to relate these to a percent MVC that makes the 

cornparison more difficult. In the case of a typing task involving dynamic contractions of the 

forearm muscles, a force production of about 20 to 30 percent MVC would be expected 
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(McLean. 1998). The muscles of the ne&, shoulders, upper arm and enink perform primady 

static contractions while typing at a computer. 

EMG and Muscle Fatigue 

Fatigue and discomfon can occur whenever stress is placed on the body over 

extended periods of time or when many repetitions of the same movement are perfomed. 

Any deformation of body tissue when subjecied to excessive force or mechanical stress may 

result in tissue deformation and may interfere with basic physiologie processes and result in 

mechanical failure. McLean et al. (1997) defines muscle fatigue as a rnomentary inability of 

a muscle to maintain the production of a particular force or power output due to previous 

activity within the sarne muscle. Fatigue is a multi-factorial process that depends upon the 

duration and intensity of contraction, the form of contraction, the muscle fiber type recruited, 

environmental conditions, and the capacity of the individual. 

In muscular exertions, fatigue may occur at the local level and is known as localized 

muscle fatigue 0. Chaffin (1 973) proposed the use of the term LMF to describe fatigue 

expenenced in regional muscles in response to postural or focused exertion stress. If the 

working muscle is not adequately perfused, then noxious catabolites begin to concentrate, 

adenosine triphosphate (ATP) stores wiil decrease, tissue pH levels decrease while muscle 

enzyme behaviour and electrolyte concentration changes rnay occur (Wiker et al., 1989). The 

above mentioned factors are proposed as bases for reduced muscle excitability, reduced force 

production, and for the omet of signs and symptoms of LMF (Wiker et al., 1989). Some 
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visible syrnptoms of LMF include loss of force production capabilities. localized discornfort 

and pain (NIOSH, 1992). 

Another type of muscular fatigue is "central" fatigue. Central fatigue affects an 

individual as a whole and involves a reduced motor drive resulting in a failure to maintain 

a given level of muscle activation (McLean, 1998). An individual's response to "central 

fatigue" will Vary, due to factors such as an individual's level of attention, attitude and 

motivation. 

In order for a muscle to contract. a nerve impulse must travel along a motor newe to 

a motor neuron end plate in the muscle fiber. An action potential is then initiated in that 

muscle fiber from the secretion of a neurotransrnitter (acetylcholine). The action potential 

will travel along until it reaches the sarcoplasmic reticuium in the muscle fiber and release 

calcium ions (Ca3 into the myofibril. According to Huxley's cross bridge theory, the release 

of Ca' increases the attraction of the actin and myosin filaments creating a sliding action of 

one filament over the other. The Ca' is then actively pumped back into the sarcoplasmic 

reticulum with the help of ATP. Even though nerve impulses continue to travel to the muscle 

fiber, muscular performance can be impaired through a change in C a  distribution and the 

activity of the myofilaments causing fatigue. Neural fatigue can occur when an action 

potential fails to cross fiom the motor neuron to the muscle fiber at the neuromuscular 

junction. 

The Rohmert c w e  (Chaffin and Andersson, 1991) (Figure 5) describes the time it 

takes for a muscle to fatigue based on the level of contraction or percent MVC. According 
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to Rohmert's curve, muscle contractions below 15% W C  can be held indefînitely, without 

any effect of fatigue. There are however. stwlies that have found both subjective and 

objective signs of fatigue, including an increase in EMG amplitude. for muscle contractions 

below 15% MVC (Schuldt et al., 1986; Jorgensen et al.. 1988). Various methods of 

processing EMG data have k e n  used in the literanire to measure fatigue. This makes it 

dificuit to quanti@ the state of muscular fatigue using EMG. Therefore, it becomes difficult 

to assess the validity and reliability of methods used to measure fatigue. 

Fieure 5: The relationship between muscle effort and maximum holding time. 
(Adapted from The Occupational Ergonomics Handbook, 1999) 

Traditionaliy, EMG has been used to identiw localized muscle fatigue by studying 

the changes in the power density spectrum. Kadefors et al. (1968) found that EMG indicators 

of fatigue become unreliable when exertions are less than 10% MVC. Jorgeasen et al. (1988) 

found a significant decrease in the mean frequency of the power specûum in the triceps at 



7% MVC, however, the biceps did not change under the same conditions. Therefore, the use 

of EMG power spectrum analysis bas not been weii establisbed for muscular fatigue that 

occun at low levels of muscular contractions. It should be noted that changes in muscle 

lengths or tensions occurring with subtle postural shifting, could have a significant impact 

upon EMG records. 

Westgaard and Winkel (1996) sumrnarized the guidelines used for measuring 

mec hanical exposure in the shoulder-neck region from widely cited textbooks. Of the four 

books cited by them, two used fatigue as a guideline for physical exposure, Grandjean 

(1988). and Ayoub and Mital (1989). Fatigue was measured using O? consumption, heart 

rate, observation (i.e. posture), and other physiological variables. A study conducted by Pan 

and Schleifer (1996) also used fatigue, dong with discomfon, to explore the relationship 

be tween biomec hanical factors and right arm musculoskeletal discornfort and fatigue d u ~ g  

a video display terminal (VDT) data entry task. Fatigue was measured using self-ratings and 

the authors found a positive correlation between the self-reports of fatigue and the self- 

reports of musculoskeletal discornfort. It should be noted. thai some individuals might have 

had difficulty differentiating between fatigue and discornfort thereby giving them the same 

score. 

A study conducted by Moore. Wells and Ranney (1991) examined methods of 

describing musculoskeletal loads in the hand and wrist during manual tasks. The authon 

summarized four major musculoskeletal disorden and their injury mechanisms. Severai 

authon beiieve fatigue and ovenise are the main injury mechanisms for chronic muscle strain 
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(Jonsson, 1988; Westgaard 1988; Aaras 1987; Sjogaard 1986; Johnsson 1982; Simons 1976; 

Hagberg 198 1). McLean et al. (1997) used EMG to measure muscle fatigue during prolonged 

cornputer work. The authon believe that muscular fatigue is a potentiai risk factor in the 

development of MSD. Theoretically, for activities requiring less than 5% M W ,  the 

reduction in force output would be due to the central fatigue process (McLean, 1998). 

EMG, Force and Fatigue 

An increase in muscle force is generated by the central nervous system by either 

increasing the recruitment of motor units, or by increasing the firing frequency of motor 

units. Therefore, the amplitude of the myoelectric signai is dependent on the level of 

activation, whereby high amplitude is attributed to a large contraction (Jonsson and Hagberg, 

1974). However, the amplitude also increases with the duration of an isometric contraction 

and has been suggested to reflect the fatigue processes of muscles (McLean, Ph.D. 1997). 

The relationship between EMG, fatigue and force is not easily distinguishable at low levels 

of muscular contractions. 

Therefore, this thesis has examined both the level of muscular activity and how this 

level of activity changes in various working postures. 

EMG and Posture 

Studies have shown that workstation design does affect working postures and 

therefore muscula. activity. Black and Rickards (1997) found that the trapezius EMG activity 



24 

decreases with lower keyboard placement and with am-hand support, representing a neutrai 

working posture. During mouse use, Wells et al. (1997), found the highest level of muscle 

activation in the trapezius when working without ann support while the highest level of 

muscle activation in the foreann extensors and flexors resulted when subjects leaned on theu 

wrists. Harvey and Peper (1997) found a significant increase in muscle activation in the 

upper back, shoulders and a m  with the mouse positioned to the right of a keyboard as 

opposed to a track bal1 located in the center of the keyboard. The authors also noted that even 

the best "ergonomically" designed workstation is insufficient to prevent injuries if workers 

are unaware that they are tensing their muscles. 

Schuldt et al. (1986) examined at the level of muscular activity in the neck, shoulders 

and spine while subjects performed a task in various seated postures. A more significant 

increase in muscular activity was observed in the flexed seated posture than the straight 

vertical posture, while the straight vertical posture demonstrated a more significant increase 

in muscuiar activity than the backward inclined posture. Another study, conducted by 

Hansson et al. (1992), noted a significant increase in the level of muscular activity in the 

neck and shoulders for a seated endurance task. Hansson et al. (1992) results showed a 

marked increase in RMS amplitude for the trapezius muscle while the deltoid RMS curves 

remained constant. The authon explained the increase in RMS curves of the trapezius to be 

due to the recruitment of new motor units during the endurance task in order to stabilize the 

shoulder joint. The strain on the trapezius increased even though the net moment at the 

shoulder remained constant. The increase in RMS curve has been hypothesized to be a 
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neuromuscular reaction to LMF rather than a primary s i p  of fatigue (Hansson et al., 1992). 

To surnmarize the above review, at low levels of muscular contraction over a long 

period of time, the use of EMG to rneasure fatigue has resulted in conflicting data. The use 

of the EMG power spectrum to measure fatigue at a low percentage of MVC has not been 

well established. Studies are however, showing consistent data when using the level of 

muscu:ar activity to assess various seated working postures and tasks. Therefore, the object 

of the thesis looks at the level of muscular activity, or the amplitude of the signal (RMS), 

across various seated working postures. 

Heart Rate Response 

The heart rate (HR)  reflects the amount of work that the heart must do in order to 

meet the increased demands placed on the body when engaged in an activity (Wilmore, 

Costill, 1994). More specifically, it represents the cardiovascular response of the body. An 

average resting heart rate (RHR) ranges between 60 to 80 beats per minute. It is difficult to 

measure an individual's true RHR prior to testing due to an anticipatory response, which 

raises the HR through the release of the neurotransmittea, norepinephrine and epinephnne. 

Therefore, the RHR that was used as a baseline measure in this thesis is in fact an 

anticipatory HR, which may be higher than the subject's true RHR. 

A sedentary individual with a RHR of 80 beats per minute can lower their RHR with 

moderate endurance training. This training effect can in fact lower a person's RHR by 1 beat 

per minute per week for the first few weeks of training (Wilmore, Costill, 1994). In the case 
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of computer work, one would not expect to see a training effect fiom computer work alone 

when working at a specific posture over time. However, if the subject is "leaming" a skill, 

either a new working posture or work task, then we might expect a reduction in RHR 

response over time as the subject becomes f d a r  with the posture or task. m e r  extraneous 

variables such as personal stress or caffeine would have more profound effects on HR at rest 

and dunng work. 

When objectively measuring the subject's physiological responses to various working 

postures, the object of the thesis is in fact looking ai the steady state heart rate (SSHR). The 

SSHR is the optimal HR for meeting the circulatory demands of the body at that specific rate 

of work (Wilmore, Costill, 1994). If the rate of work is held constant at a sub maximal level 

of activity, the HR will increase fairly rapidly until it reaches a plateau. This occun within 

1 to 2 minutes (Wilmore, Costill. 1994). in general, a person's subjective experience of a 

panicular workload is more closely related to heart rate than it is to oxygen uptake since, 

hem rate (work pulse). as weil as actual work load, also reflects emotional factors, heat, and 

the size of the activated muscles (Rodahl, 1989). 

According to work done by Schleifer and Ley (1994), HR increases as a result of 

physicai activity and stress. When a stressful situation unfolds, the body's "fight or flight" 

response is tnggered during which t h e  hormones (catecholamines and cortisol) are released 

into the bloodstream. The body responds to these hormones with an increase in muscle 

tension, heart rate, blood pressure and respiration. Therefore the increased demands of the 

body may be due to stress and not solely physical activity. Schleifer and Ley have aiso found 
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that even light activity, such as keyùoarding, cm significantly alter HR and HR variability. 

A significant increase in HR from relaxation to a data-entry task was observed. The authon 

also found a significant increase in HR from moming testing to aftemoon testing denoting 

a time of day effect. 

A study by Schreinicke et al. (1990) examined 77 healthy subjects who each 

performed a 30-minute computer task, which required high speed and accuracy. Blood 

pressure, heart rate and respiratory rate were recorded continuously during the computer 

work and at rest. The results demonstrated a significant increase in HR. blood pressure and 

respiratory rate from rest to computer work. The greatest increase was found in the systolic 

blood pressure as opposed to the diastoiic blood pressure, HR and respiratory rate. According 

to these authors, the stress reactions, as seen with increased HR, blood pressure and 

respiratory rate. seem to be linked with psychosocial stressors of the job and not necessady 

the activity of keyboarding itself. 

Mathiassen ( 1993) assessed seven protocols of exercisehtst schedules for a one hour 

neck and shoulder exercise at 14 to 18% MVC. The results demonstrated a significant 

increase in hem rates during all exercise protocols. Five minutes after each exercise protocol 

heart rate recovered to below pre-exercise value and RHR was reached. 

Some authon have found that during simulated repetitive work there is a decrease in 

heart rate (Floru et al. 1985; Laviiie 1965). These findings may be due to the fact that the 

RHR was initially elevated due to an anticipatory response, while during testing the subjects 

relaxed and became more cornfortable with their smoundings. In summary, HR represents 
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how hard the cardiovascular system must work in order to meet both physical and 

psychosocid demands. According to the Literature cited here, heart rate as a physiological 

measure, can show confiicting resuits. However, in studies related to computer work. hem 

rate as a measure was successful even during light work such as keyboarding. 

Blood Pressure 

Blood pressure is the result of pressure generated from the heart as it contracts and 

forces blood to Bow through the vascular system and is maintained by the elastic properties 

of the artenes. The systolic blood pressure (SP) reading represents the maximum pressure 

reached dunng peak venuicular ejection while the diastolic blood (DP) pressure reading 

represents the minimum pressure which occurs just before venvicular ejection begins 

(Vander, Sherman, Luciano, 1990). The mean arterial pressure (MAP) represents the 

pressure driving the blwd into the tissues averaged over the entire cardiac cycle. This value 

is calculated by MAP = DP + 113 (SP - DP). The average male's systolic pressure is 100 plus 

their age, but does not exceed 150 mmHg while the average diastolic ranges between 60 to 

90 mmHg (Hafen, Karren. Mistovich, 1996). The average fernale's systolic pressure is 90 

plus their age, but does not exceed 140 d g  while the average diastolic ranges between 

50 to 80 mmHg (Hafen, Kanen. Mistovich, 1996). During rnild exercise. the SP increases 

by 50% while the DP wiil not increase (Vander, Sherman, Luciano, 1990). 

Blood pressure measurements taken in a clinical environment are subject to both 

physiological variation and error. The reasons for variations and error may include the 
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incorrect cuff size, improper inflation or deflation techniques and patient apprehension 

known as the white-coat syndrome. Mion and Pierin (1998) studied the accuracy and 

reliabili ty of mercury and aneroid sphygmomanometers. The aneroid sphygmomanometea 

studied were found to have an error range from 4 to 13 mmHg, where 32% of those tested 

fell in an error range of 4 to 6 mrnHg. Another study, conducted by Stolt et al. (1993). 

examined the validity of the standard blood pressure cuff. These authors found that on 

average the cuff significantly underestimated the systolic blood pressure by 3.2 +/- 11.4 

mrnHg, while the diastolic blood pressure was significantly overestimaied by 8.8 +/- 8.5 

mmHg (Stolt et al., 1993). 

The snidy by Schreinicke et al. (1990), described above under Hem Rate, 

demonstrates that blood pnssure, especially systolic blood pressure. increases signifcantly 

from rest to computer work and is a measure of increased physical activity and stress. 

Mathiassen (1993) studied seven protocols of exercisdrest schedules for a one hour neck and 

shoulder exercise at 14 to 18% MVC. The results demonstrated a significant increase in 

MAP for al1 the exercise protocols. Five minutes after each exercise protocol the blood 

pressure did noi renirn to restuig levels. According to the literaiure cited, blood pressure is 

a useiul indicaior of physiological load and psychosocial stress even at low levels of 

muscular contractions. 

Perceived Discomfort 

Discomfort is a dificult terni to defuie since it possesses both objective and 



30 

subjective components. Bridger (1995) describes discomfort as resulting in an "urge to 

rnovefl caused by a number of physicai and physiological factors. The Concise Oxford 

Dictionary (1982) defmes discomfort as an uneasiness of body or mind. The authoa Corlett 

and Bishop (1976) believe that an individuai's level of discomfort has k e n  an indicator of 

the inadequacieS of the match between the person and their work The perceptions of postural 

pain were plated to discomfort and would be linearly related to the time of exposure to risk 

facton (corlett, Bishop, 1976). 

In a study conducted by Vasseljen and Westgaard (l995), involving assembly line 

workers and office workea. consistent associations between pain and signs of increased 

muscle was found in the upper trapezius for assembly line workers, however, there 

was no ass~iation within office workers. Another study conducted by Hagberg and Sundelin 

(1986) looked at discomfort and load on the upper trapezius muscle while working at the 

compter for five hours of continuous work, for three hours of continuous work, and for 

three hour$ of intermittent work. These authors reported a significant inccease in disco& 

mong al1 working conditions, with the Fatest  increase in the fmt condition (five hours) 

and with tDe ieast increase in the third condition (intermittent three hours). There was no 

significant difference in the level of muscular activity in the trapzius for the three 

conditions. Mathiassen (1993) also found a significant increase in self reponed ratings of 

fatigue in be neck and shoulders over one hour of neck and shoulder exercises. 

H@, Oster and Bystrom (1997) looked at two groups of automobile assembly Line 

workers, with low prevalence of self-reported f o r e a d a n d  symptoms (LPS) and the 
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other with high prevaience of self-reported forearmand symptoms (HPS) .  Upon stddying 

their workstations, the authors found ulnar deviation to be more frequent with HPS while a 

more neutral or radial deviated wrist postures were more frequent arnong LPS. These authors 

were able to correlate wrist deviation or posture to the self reported symptoms. 

Wells, Lee and Bao (1997) studied the EMG signals of the upper limb during mouse 

use with various atm supports; elbow support, forearm support, no support and resting on the 

wrist. Every half hou, a body discomfon survey (BDS) was administered during a 3-hour 

g arne-playing tas k. The highest level of discornfort was reported in those conditions without 

any a m  support while the lowest level of discomfort was reported in the condition with 

elbow support. These authors were able to relate arrn support conditions, which in fact results 

in the level of effort or force required, to self-reported discomfort. 

Subjects who perfomed a seated handling task were asked to report discomfort based 

on Coriett and Bishops (1976) body discomfort map to see how frequency, posture and task 

duration affected locaiized musculoskeletal discomfort (Kniizinga et al., 1998). The authors 

found significant back, neck and shoulder discomfort. This discomfort was explained as 

being due to a static load generated work tasks demanding continuous a m  movements. 

Trunk inclination and handling frequency also played a major role in developing discomfort. 

To summarize, studies have shown a relationship between self reports of discomfort and the 

level of muscle activation and load. 



Job Satisfaction 

Job satisfaction can be defmed as the pleasurable or positive emotional state resulting 

from the appraisal of one's job or job experience (Locke, 1976). Locke (1976) stated that job 

satisfaction results when the perception of the job fulfills one's important job values. 

providing that those values are congruent with one's needs. Typically, an individual WU base 

their job satisfaction on both past and present work experiences. Hocking (1987) stated that 

studies conducted by Ryan et al. (1985) and Graham (1985) found job satisfaction correlated 

with the presence of MSD better than the ergonornic variables in their study. Smith (1997) 

demonstrated that highly monotonous coinputer work was associated with an increase in 

psychosomatic cornplaints and a decrease in job satisfaction. The authors Rom. Cail and 

Elias (1985) found that monotony. boredom, dissatisfaction and lack of conuol over the 

workplace were common job seessors ~ported by operators. Job satisfaction has been shown 

in the literature to affect reports of body discomfort (Norman et al.. 1998; Smith. 1997; Hales 

et al., 1993). 

Therefore, the object of the thesis examined the relationship between job attitude 

scores, (specific job satisfaction, general job satisfaction, work motivation and job 

involvement) and BDS scores at the workplace. 

Environmental Factors 

In order to control for interna1 validity and reliability arnong testing days, 

environmental factors must be rnanipulated withh acceptable limits. Temperature has been 
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shown to have a significant effect on the EMG amplitude. A study conducted by Winkel and 

Jorgensen ( 199 1) found that by cooling the superficial tissues from a mean skin temperahue 

of 32.g°C to 2 1.7"C (ambient temperatures of 30°C to 14°C) the EMG amplitude of the 

soleus muscle doubled. Heat can also affect physiological measures by increasing blood 

lactate levels and heart rate (Bridger, 1995). 

Noise has k e n  found to be a stressor. which can elevate heart rate and reduce cardiac 

efficiency (Bridger. 1995). The maximum noise levels recommended to avoid annoyance 

for administrative work and private office should not exceed 55 dB (Du1 and Weerdmeester, 

1993). 



Chapter T b :  Methodolosy 

This chapter will illustrate the research design, subjects, instrumentation, procedures 

and analysis employed in this thesis. The foliowing is a detded description of the methods 

and procedures used for data collection. 

Research Design 

The study is quasi-experimental with a randomized block design. There were three 

levels of the independent variable (treatment), and each subject acted as their own control. 

These levels of treatment were randomized into six conditions as shown in Table 2 to help 

control for extemal vdidity (multiple-treatment interference). 

Table 2: Randomized block design 

Group 

A 

B 

C 

D 

E 

F 
A 

Conditions and Order of Presentation 

Worlcing Postures # of Subjects 

3 

4 

3 

5 

2 

3 

1 

1 

2 

2 

3 

3 
L 

2 

3 

1 

3 

1 

2 

3 

2 

3 

1 

2 

1 
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Subjects were randomly assigned to one of six test groups. Assuming that each group 

was identical at the beginniag of the study, this ranâomization should have improved the 

intemal validity of the study, for example factors such as past history, maturation, and testing 

(Thomas and Nelson, 1990). This study design allowed for one-day of testing for each 

subject and was chosen to decrease the chances of subject "mortality". The one-&y of testing 

also eliminated the effects of between day trial reliability and equipment reliability. Since 

every subject participated in al1 conditions, subjects served as their own control. 

The dependent variables were categorized as physiological (3) and 

psychophysiologicai (1) responses. The three physiological measwments were EMG 

(RMS), heart rate, and blood pressure (systolic and diastolic). The psychophysiological 

measure was self-reports of perceived discornfort. Blood pressure and perceived discomfon 

scores were measured pre- and post-testing while the heart rate response and EMG were 

monitored continuously throughout the testing protocol. In order to control for b a t s  to the 

intemal validity, extraneous variables such as previous injury, envuonmental factors, and 

food and liquid intake were controlied to eliminate other possible explanations for the testing 

outcornes. Therefore any changes in the physiological and psychophysiological responses 

(effect) could be attributed to the changes in working posture (cause). 

Subjects 

Twenty subjects were recniited h m  various companies and had b e n  working at jobs 

that required at Ieast thne hours of computer work pet day over the past two years. The 
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inclusion criteria required that subjects had no known MSD of the trunk and upper 

extrernities, no known cardiovascular disease, were non-srnokers, were not heavy caffeine 

drinkers and were not pregnant. 

The purpose and procedures of the study were explained to each subject prior to 

testing and they were each given the opportunity to ask questions at any time pnor to or 

during the testing. Al1 subjects provided a document of informed consent (Appendix A). The 

procedures and consent form were approved by the Human Ethics Cornmittee at Daihousie 

University. The researcher ensured that their rights and well k ing  were maintained 

throughout the entire process. These rights included the right to withdraw from the consent 

or participation in the study at any t h e ,  the right to privacy, the right to remain anonymous, 

the right to confidentiaiity, and the right to expect researcher responsibility (Thomas and 

Nelson, 1990). 

Instrumentation 

The equipment utilued, the equipment set up, as weli as the equipment reliability, for 

the collection of kinernatic data, EMG, hem rate, b l d  pressure, perceived discornfort, and 

job attitudes are described as foilows. 

Kinematic Data 

The sagittal plane view of the right side of the subject's body was video recorded at 

30 Hz using a VHS Hitachi mode1 VM 24ûûA Video Camera while each subject perfonned 
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a computer task in various working postures. A mirror was positioned within the camera's 

field of view and reflected a plan view of the keyboard, mouse, and the subjects' wrists. 

Using a quasi-random sampling technique, 3 one-second samples were randomly coilected 

within 6 pre-determined five minute intervals. Therefore a total of 18 one-second samples 

of kinematic data were taken over each thirty minute testing period. For each one-second 

sample. one frame was digitized and the mean joint angle value calculated for each joint over 

the 18 samples. 

line to the broken line for a positive 
direction. 

Fimire 6: Definition of measmement parameters for kinematic data. 

Reflective marken were placed on the right side of the subjects' body to help defme 

the anatornicd landmarks. The anatomical landmarks included: the outer canthus of the eye 

and the tragus (ear-eye line of sight); the spinous process of the C7 (neck); acromion 

(shoulder); lateral condyle of the humems (elbow); styloid process of the ulna (wrist); and 
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the distal end of the fifth metacarpal (hand). In McAtarnney and Corlett's (1993) paper, the 

authors did not define their anatomical landmarks used to measure the joint angles. 

Therefore, this study used the most common landmarks for the neck, shoulder, elbow and 

wrist found in the L i t e ~ e  (Bhathager and Dury, 1985; Burgess-Lunenck et al., 1998; Liao 

and Drury, 2000; Ortiz et al., 1997; Sauter and Schleifer, 1991). The sampled VHS clips 

were converted to audio-visual intenveaved (AM) files using Adobe Premier 5.1. Each 

sampled frame was digitized using the computer software Human Movement Analysis 

Program (Hu-M-An) Version 2.0, operating on an IBM compatible computer. The Hu-M-An 

prograrn measured the joint angles based on critena different from RULA. The RULA, and 

this thesis, joint angle definitions cm be seen above in Figure 6. 

The equipment used for the video analysis consisted of a VHS Hitachi VM 2 4 0 A  

camera, tripod, level, masking tape. two plum lines, seven joint markers, Linear scale and a 

trial recorder. Due to the size of laboratory, the camera was positioned 6.7 meten (22 feet) 

from the plane of motion. Using a level the camera was aligned in the fore-aft and side to 

side directions. Two plum lines dong the centre line perpendicular to the plane of motion 

were positioned approximately two feet apart to ensure that the camera was centered on the 

subject. A linear scale was filmed twice within the subject plane, pre- and post-testing. 

Labotatory chair and work surface 

The chair and work surface, donated by Ergoworks O for the purpose of this thesis, 

had the desired specüications and adjustments in order to manipulate each subject's woricing 
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postures. The chair adjustments hcluded: pneumatic height range, backrest height and tilt 

adjustment as well as a seat pan angle adjustment. Tbere were no armrests on the chair. The 

workstation consisted of two separate height adjustable surfaces. the monitor work surface 

and the keyboard and mouse work surface. The various working conditions were set up based 

on the three working postures seen in Figure 7. For postures one and two, the home row keys 

of the keyboard and the monitor were aligned with the midline of the subject's body. For 

posture three, the midline of the subject's body was centered on the keyboard. By centering 

each subject on the keyboard. this forced the subjects to position their han& laterally to the 

left of their midline, in order to operate the home row keys. Attached to the monitor was a 

copyholder. which was utilized for both postures one and two, but not for posture three. 

Reference material was positioned Bat on the work surface to the right of the keyboard for 

posture three. The heights, angles and locations of the work surfaces and accessories defuied 

the envelope of body postures attainable by the subjects. 

Once the chair and workstation were adjusted, a manual goniorneter was used to 

measure the each subject's joint angles in a static posture. These joint angle rneasurements 

were used to confim the workstation set up based on RULA's postural scoring as seen in 

Figure 7. 



Posture One 
BNeck O - 10 degrees 
BShoulder O - 20 
BElbow 60- 100 
ewnst  O 

Posture Two 
BNeck 10 - 20 degrees 
BShoulder 20 - 45 
BElbow 1ûO-t or c60 
BWrist +/- 15 

Posture Three 
BNeck 20+ degrees & 

twisted 
BShoulder 45 - 90 
BElbow 100+ or <60 & 

across midline 
BWrist > +/- 15 

Figure 7: Definition of testing parameters for working postures. 



Electromyography (EMG) 

In order to record muscle activity two surface electrodes were positioned on the 

trapezius pars descendens (upper trapezius), deltoideus pars acromialis (anterior deltoid), 

biceps brachii and extensor digitorum commuais (forearm extensoa). The descending part 

of the trapezius is activated during shoulder flexion, abduction, elevation, and retraction. The 

trapezius muscle is also a mover of the head. Although it may play a rninor part in head 

movement, the trapezius is the most superficial muscle and therefore is easiest to palpate 

relative to other head movers. The deltoideus pars clavicularis was used to measure the effort 

of the arm since it shows an increase in activity during foward flexion (Jonsson and 

Hagberg, 1974). This muscle is superficial and easy to palpate. The biceps brachii is 

activated when flexing the elbow RJIOSH, 1992). The forearm extensors are activated when 

performing wnst extension. 

The skin surfaces of the four muscle sites were prepared by cleaning the area with 

alcohol swabs, and for some subjects the area was shaved. The electrode sites were then 

marked on the skin and al1 electrode placements were made using these references. The 

electrodes were positioned unilaterally, 2 cm apart, on the subjects' cight side. The 

landmarking for each muscle group is detailed below. A reference electrode was placed on 

the media1 epicondyle of the elbow. 

Upper Trapep*us (U Trap) - along the line of axis between the CI and acromion, 2cm 

laterally from the midpoint (Jensen et al., 1996). 

Anterior DeZtoùà (A Delt) - along the h e  of axis between the acromion and 
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suprastemai notch, one fifth medially fkorn the acromion and one ffih distaiiy from 

this point along the line of axis to the lateral epicondyle of the humerus (NIOSH, 

1992). 

Biceps Bruchii (Bic Bra) - along the line of axis between the acromion and the 

tendon of the biceps muscle in the cubital fossa, one third from the cubital fossa 

(NIOSH, 1992). 

Foreum Extensors (For Ext) - along the line of axis between lateral epicondyle of 

humerus to the styloid process of the ulna, one-fouah from the olecranon: the 

subjects weïe asked tc flex and extend their index finger to ensure landmarking of 

the extensors and not the brachialis (NIOSH, 1992). 

Fimire 8: Location of surface electrodes and EMG data recording system. 



EMG Apparatus 

The electrodes were attached to an eight channel AMT-8 EMG Bortec system which 

uses a patient unit. The APE LOO Patient Unit was then attached to the receiving unit. The 

tec hnical specifications of the unit include a frequency response of 10 Hz to 1000 Hz flat for 

each channel with an input impedance of 10 Gohm. There is a variable gain from 100 to 

10,000 times and a common mode rejection ratio ( C m )  of 115 dB. The four analog 

channels were attached to the A/D converter for recording (Figure 8). For each time interval, 

the signal was sampled at a sampling rate of 1024 Hz for a one-second period. 

A total of six one-second samples were collected for the duration of the half hour 

testing period. Using a quasi-random sampling technique. each one-second sample was 

randomly collected within 6 pre-determined, five-minute intervals using Labview software. 

Cornputer software was generated within Labview to calculate the sample time by randomly 

choosing a nurnber from 2 to 4, plus or minus one. This quasi-random sampling technique 

was utilized to ensure that each subject would have an equal number of samples collected for 

every five minutes tested. For example. if sorne subjects were only capable of completing 20 

minutes of testing, while the others completed the entire 30 minutes, each subject would have 

at least 20 minutes of data. Therefore, each subject would have at least four one-second 

samples of raw EMG for analysis. 

For each one-second sample, a total of 1024 raw EMG data points were coliected. 

Over each 30-minute testing period, six one-second samples were recorded and collected 

within one Labview file, yielding a total of 6 144 raw EMG data points. The raw EMG data 
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were corrected for bias within a Microsoft Excel spreadsheet for further data pracesshg. The 

RMS values were calculated for each of the six, one-second samples (1024 raw data). These 

six RMS values were then averaged to yield a mean RMS value for each muscle tested. The 

mean RMS values were then corrected for gain and the final mean RMS values in millivolts 

were used for statistical analysis. 

Normaliza tion 

A reference voluntary contraction (RVC) was performed for each muscle group in 

order to normalize the EMG data. This nomakation was required as a means of comparing 

the EMG levels among the subjects as a percent of the reference contraction. A standard 

reference position was used for al1 trials. The RVC was comprised of the average of three 

maximal isometric contractions, in the standard position. for each muscle group on the 

subject's nght side. This contraction may or may not be an actual maximal contraction for 

each of the muscle groups tested. The RVC was defined by the following: 

Upper Trapezius - with a straight nght arm hanging by the side of theu body, the 

subject was asked to elevate their right shoulder (shoulder shnig). 

Anterior DeUoId - with the nght arm flexed postenorly and at 90 degrees from the 

trunk, the subject was asked to flex at the shoulder. 

Biceps Bmelrü - with the right elbow in Wegree flexion and the hand in pronation, 

the subject was asked to flex at the elbow. 

Foreann Extensor - with the nght wrist straight and the hand in pronation, the 
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subject was asked to extend at the wrist. 

There is a quantitative relationship, during isometric contractions at one joint 

position. between EMG signal amplitude and the level of muscle force. however this 

relationship is non-linear. The amplitude is relative and it must be related to some kind of 

reference contraction (Oberg, 1995). A maximum voluntary contraction ( M W )  often results 

in an overestimation of the force produced. Therefore the procedure of nomalization is 

improved when the level of reference activity is close to the activity under investigation 

(NIOSH, 1992). 

Heart Rate 

The subjects' heart rate was recorded every five seconds over each 30-minute testing 

period using a Polar Vantage XL @ Heart Rate Monitor (Figure 9). This portable 

heart rate monitor consisted of a wrist monitor, 

sensor/transmitter, and chest band. The Polar Vantage XL @ 

Heart Rate Monitor has k e n  found to be the most accurate and 

sophisticated exercise performance monitor available (Wolf. 

1989). It has been show to be valid and reliable to within +/- 6 

beats per minute 90% of the time at rest, 95% of the time during 

exercise and 97% of the time during recovery (Godsen, R., 

Carroll, T., Stone, S ., 199 1). 

1 Fimre 9: Polar Vantagc XL @ Heart Rate Monitor I 
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The Polar Vantage XL @ Heart Rate Monitor recorded a total of 360 heart rate values 

for each subject over each 30-minute testing penod. These values were then downloaded into 

an Excel spreadsheet for the calculation of the mean and standard deviation for each testing 

condition. The mean heart rate value was used for statistical analysis. 

Blood Pressure 

Each subject's blood pressure was measured using the Klocko Automated blood 

pressure wrist cuff (Figure 10) by IEM (Industrielle Entwicklung Medizintechnik). a German 

Company. The KlockGO Automated blood pressure wrist cuff satisfied the CE 0434 European 

regulations which are based on the Medical Devices Directive (MDD). This device had k e n  

calibrated by the manufacturer in 1999 and is valid for two years. The reliability for this 

wrist cuff was +/- 3 mmHg for a systolic blood pressure range of 70 to 260 rnmHg and a 

diastolic blood pressure range of 45 to 180 H g .  The manufacturer noted that heavy 

artenosclerosis and other circulatory problems such as spasrns in the lower am may result 

in erroneous readings. The inclusion criteria for subject recruitment eliminated any possible 

erroneous reücüngs due to circulatory problems. 

- . - - - -- 1 Fi- 10: KlockCD Automated blood pressure wrist cuff 1 
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For each treatment condition a pre- and pst-blood pressure measure was collected. 

To control for accuracy and reliability amoag various blood pressure cuffs, the same Klock@ 

wrist cuff was be used throughout the data collection period. To improve accuracy of the 

reading, the same measurement protocol was followed for every subject. This protocol asked 

that the subjects place the wrist cuff on their left wrist, remain seated in a relaxed position 

with both feet Bat on the floor. The subject held their wrist at the same height as their heart 

and did not speak. If there were any "error" readings, a second blood pressure measurement 

was taken after 3 minutes. Only one blood pressure reading was taken for each pre- and pst- 

testing condition, unless an "emr" reading occurred, to ensure that the reading was reflective 

of the condition measured. 

Perceived Discornfort 

A postural discornfort assessrnent survey was developed to measure the subject's 

perceived discornfort, both global (total) and localized. The body discomfort s w e y  (BDS) 

(Appendix B) was modified from the rnethod developed by Corlett and Bishop (1976) by 

including the addition of the left and right sides of the body. Subjects were asked to rate their 

perceived level of discornfort based on a Likert scale of O to 7, where O represented no 

discomfort and 7 represented extreme discornfort. Discornfort was described to subjects as 

any sensation of discornfort experienced, which may include p h ,  tinghg, Limited range of 

motion. weakness, and "pins and needles". 

Levels of perceived discomfort were coliected for every pre- and pst-testing 
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condition. The pre- and post-testing discomfort scores for the neck, shoulder, upper arm, 

foreadelbow, and wristmand were entend into an Excel spreadsheet. The difference 

between the post score and the pre score was calculated for al1 body parts mentioned above. 

The delta perceived discomfort scores were then sumrned to yield a total delta body 

discornfort score. The total delta body discornfort score was used for statisticai analysis. 

Job Attitudes 

A job attitude questionnaire (JDS Scales) (Appendix C) was administered to al1 

ubjects at their workplace, one day pnor to the testing sessions. Subjects were asked to 

complete the questionnaire while working at their workstation around mid morning. The Job 

Attitude Questionnaire used a Likert scale and measured four factors: specific job 

satisfaction, general job satisfaction, job involvement, and work motivation. The subjects 

were ranked based on a total Job Attitude score that was calculated from the sum of each 

factor score. 

Performance (word count) 

The subject's performance was evaluated over the testing period by using the word 

count feature on the word processing sofnvare to determine the total number of words 

entered in 30 minutes. The totai number of words typed were tabulated at the end of each 30- 

minute tesùng condition and was used for statistical analysis. 



Procedures 

The research study presented here, required each subject to participate in a one-day 

data collection session which included aii three working postures (Figure 7). Prior to the day 

of testing, each subject met with the tester to familiarize themselves with the laboratory and 

the testing equipment. At this tirne, each subject's anthropometric data were collected and 

hefshe was informed of the study's methods and procedures and was asked to sign an 

informed consent form (Appendix A). This helped to reduce subject anxiety and was 

intended to improve the heart rate and blood pressure reliabiiity. Since there was oniy one 

tester and one day of testing for each subject. the variability in electrode placement between 

days and the inter-tester reliability concerns were eliminated. Therefore, instrumentation 

validity was improved upon. 

Preliminary Instructions for Subjects 

The subjects wore a loose fitting short sleeved shirt for ease of electrode placement. 

Subjects were asked to refrain h m  food or dnnk two hours prior to testing. However, water 

was acceptable and provided upon request. Subjects were also asked to avoid exercise six 

hours prior to testing. 

Data Collection 

Anthropometric data were coiiected on standing stature, standing shoulder, standing 

elbow, seated eye, seated shoulder, and seated elbow height (Table 3). For the standing 
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measurements, each subject won their prefened, typical pair of work shoes. For the seated 

measurements, the subject's chair was adjusted such that theû knees were at a 90-degree 

angle with both feet supported flat on the floor. While monitoring their heart rate. subjects 

were asked to fil1 out a questionnaire to determine whether they had satisfied the inclusion 

cntena and followed the preliminary instructions. The subject's resting hem rate (WR) was 

recorded for five minutes using the Polar Heart Rate Monitor while seated. Resting blood 

pressure (RBP) was also collected after five minutes in a relaxed, seated posture. 

Surface electrodes were applied to the muscle bellies of the upper trapezius, antenor 

deltoid, biceps brac hii, and forearm extensoa using a bi polar configuration. While seated at 

the workstation, the subjects then performed three reference contractions for each muscle 

group. These contractions were later averaged and the mean value used for the RVC. The 

workstation was then adjusted according to the testing condition. Each subject then 

completed a Body Discomfort Survey (preBDS), and hislher heart rate (preHR) and blood 

pressure (preBP) were measured. 

Subjects were insmicted to remain seated throughout the testing period while keeping 

their back against the chair's backrest. The laboratory floor was marked for the appropriate 

chair position so that subjects would not move their chair. The video camera began recording 

and subjects began the fmt thuty-minute testing condition. M n g  the testing, subjects were 

video recorded while muscle activity was quasi-randomly sampled at 1024 Hz for 6, one- 

second sarnples. Blood pressure was coliected ( p s t  BP) imrnediately after the thiny minute 

testing period as weil as after the completion of a Body Discomfort Survey (postBDS). 



5 1 

Subjects were given a 30 minute rest period at which time they were able to read a book 

quietly. 

The workstation was re-adjusted for the second testing condition. After the rest 

period a preBDS. and preBP were recorded. Subjects began the second thirty minute testing 

condition and the above mentioned steps repeated until the completion of the third testing 

condition. The reference matenal was standardized for each testing condition. 

Data Analysis 

The kinematic data were exarnined initially to ensure that each subject's joint angle 

results were congruent with the pn-determined RULA posturai scoring (Figure 7) for each 

of the three working postuns. The subject's digitized, mean joint angle was used to calculate 

the RULA score for that particular posture (Appendix D). It was detennined that the snidy's 

landmarks for the neck angle were too stringent. According to the landmarks, several 

subjects' digitized neck angles were measured outside of the posture one condition. RULA 

does not de fine its anatomical landmarks for measuring joint angles and a visual assessment 

is used in the occupational application of this tooi. Therefore. a visual assessment was used 

for these subjects' neck position. The visual assessment placed the neck angles into the 

postural scoring condition for posture one of RLJLA. The digitized neck angle was then re- 

calculated. For each subject, three angles were collected based on a visuai representation of 

the neutral ((posture 1) angle. The digitized neck angles were summed and averaged to mate 

a standard neck angle. The standard neck angle was subtracted from the digitized angles to 
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create an adjusted neck angle. The adjusted neck angle was used for analysis. Once the 

testing conditions (postures 1 through 3) were confmed against the digitized joint angles 

(RULA grand score), the analysis of the physiologicai and psychophysiological 

measurements began (Table 5). 

Any changes in the blood pressure or perceived discomfort data were denved by 

subtracting the post-test measurement from the pre-test measurement. This difference value 

was utilized for comparison among the three working postures. A one way repeated measures 

anal ysis of variance (ANOVA) was conducted on the delta systolic blood pressure (ASBP), 

delta diastolic blood pressure (ADBP), delta body discornfort scores (ABDS), mean heart rate 

(HR) and the word count performance measure. The mean scores for joint angles. and mean 

EMG (RMS) adjusted for gain in millivolts were used for analysis. A 3 (posture) x 6 (time) 

x 3 (triaYsample) multi way repeated measms analysis of variance (ANOVA) model was 

adrninistered for the kinematic data. A 3 (posture) x 6 (time/sample) multi way repeated 

measures analysis of variance (ANOVA) model was administered for the EMG (RMS) data. 

The statistical models applied in this thesis are summarized in Table 3. A total of twenty 

subjects was tested under al1 three conditions and was implicitly faciored into the ANOVA 

analysis. 

The on-site Body Discodort Scores were used to rank each subject. These rankings 

were correlated with the rankings of subjects in the JAQ. The reason for using a JAQ was 

twofold: 1) this study hoped to gain practical expenence using such a tool; and 2) this study 

anticipated that these results might be hypothesis generating. 



Table 3: Statistical Models 

Kinematic Data Multi-Way Repeated Measures ANOVA 
Neck 
S houlder 
Elbow 
Wrist 

Po (3) Ti (6) Tri (3) Po*Ti Po*Tri Ti*Tri Po*Ti*Tri 
Po (3) Ti (6) Tri (3) Po*Ti Po*Tri Ti*Tri Po*Ti*Tn 
Po (3) Ti (6) Tri (3) Po*Ti Po*Tn Ti*Tri Po*Ti*Tri 
Po (3) Ti (6) Tri (3) Po*Ti Po*Tri Ti*Tri Po*Ti*Tri 

One-Wav Remtecl Measures ANOVA 

EMG (RMS) Multi-Way Repeated Measures ANOVA 
Upper Trapezius 
Anterior Deltoid 
Biceps Brachii 
Forearm Ext. 

(Po = Posture; Ti = Time; Tri = Trial) 

Power analysis was calculated for the heart rate response data, as well as the blood 

pressure data. The power calculation for one factor with fixed effects was utilized and the 

beta value was detemiined using the operating characteristic curve for a fixed effects mode1 

ANOVA (Montgomery, 1997). In order to determine the beta value, phi squared (a2) was 

calculated using the foilowing equation: 

Po (3) Ti (6) Po*Ti 
Po (3) Ti (6) Po*Ti 
Po (3) Ti (6) Po*Ti 
Po (3) Ti (6) Po*Ti 

Heart Rate 
Systolic BP 
Diastolic BP 
BDS 
Word Count 

where, "n" is the sarnple size; " D  is the difference expected; "a*' is the levels of 

treatment; and "d" is the variance. 

Po (3) 
Po (3) 
Po (3) 
Po (3) 
Po (3) 



Chapter Four: R d t s  

The foliowing section describes the results for the subject's descriptive data, power 

analysis, kinematic data, EMG (RMS), HR response, b l d  pressure, perceived discornfort, 

word count and job satisfaction. The statistical anaiysis was nui on aii twenty subjects, as 

well as the eleven subjects identified as k ing  tested in the appropriate RULA sconng 

sys tem. When comparing the results for the kinematic data, EMG (RMS). HR response, 

blood pressure and word count between N=20 and N=ll, there was no difference in 

significance level ai p4 .05 .  The only ciifference was found in the perceived discomfon p s t  

hoc results, where N=ll found no significant difference between postures 1 and 2, while 

N=20 found a significant difference at p-0.05. Since there was very little difference in the 

results. the twenty-subject anaiysis is presented below. The results of the eleven-subject 

analysis cm be found in Appendix F. 

Subjects 

A total of twenty subjects was recmited for testing. The general descriptive statistics, 

including anthropometnc information and inclusion criteria on these subjects are provided 

in Table 4. 

Power Analysis 

A power analysis was calculated for heart rate response and biood pressure. Based 

on the instrument reliability and descriptive statistics. the " D  value (difference expected) 

for heart rate response and b l d  pressure was 6 and 3, respectively. At a 95% confidence 



interval, a sample size of 30 would be required for the heart rate data, while a sample size 

of 55 is recommended for systolic blood pressure. In terms of the diastolic blood pressure, 

a sample size of 20 provides enough power. 

Table 4: Descriptive characteristics and inclusion critena of subjects. 

Standing Stature 
(cm) Shoulder Ht. 

Elbow Ht. 

Seated Eye Ht. 
(cm) Shoulder Ht. 

E lbw Ht. 
Seat pan Ht. 

Male 
Fernale 

Cornputer Hrdday 

Coffee Cupwk 
(n=20) 

Mean SD Min Max 
31.8 8.6 21 .O 55.0 
76.6 16.4 44.0 107.0 

Kinematic Data 

The RULA scores were computed using the RULA tables (Figures 1 through 3). The 

scores "Dl' and "C", calculated from the RULA tables. were then entered into Figure 1 1 in 

order to detexmine RULA's grand score. The mean joint angle score, derived fiom 

digitization, was used to calculate each subject's grand score in each posture. 

Upon verification of testing conditions, it was determined that nine of the twenty 
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subjects were outside of the pre-determined testing posture. One subject's RULA grand 

scores for each trial, and therefore each working posture, comlated to a posture 1 condition. 

As seen in Table 5, for those subjects tested in posture one. 19 of the 20 had a grand score 

that correlated to the posture 1 condition, while oniy 12 subjects in posture 2 conelated with 

a grand score for the posture 2 condition. Sixteen subjects tested Ui posture t h e  had a grand 

score that correlated with the posture 3 condition. To conclude, a total of 27 trials had 

subjects working in a posture 1 condition. while 16 worked in a posture 2 condition, and 17 

in posture 3 condition. 

SCORE D (Neck, trunk, kg) ti 

- 

Where Posture 1 = Posture 3 = I 
Figure 1 1 : RLJLA Grand Score and correspondhg poshue 
(Amended fiom McAtamney and Corlen. 1993.) 



Table 5: RULA Testing Posture VS Digitized Actual Posture 

ACTUAL POSTURE 

The descriptive statistics for the kinematic data, for al1 20 subjects, can be seen in table 6. 

Table 6: Kinernatic Descriptive Statistics (in degrees) 

The multi way repeated measures ANOVA showed a significant difference in neck 

Mean 
SD 
Max 
Min 

angle (F=6.56, df 2/36, p<O.OO), shoulder angle (Fz77.72, df 2/36, p<O.ûû), elbow angle 

(F=12.44. df 2/36, p<O.OO) and wrist angle (F=86.24, df 2/36, ~ 4 . 0 0 )  across the three 

N=20 

NECK 
Post 1 Post 2 Post 3 

26 25 29 
10 10 10 
50 42 49 

working postures. The Tukey HSD p s t  hoc test revealed that there was no significant 

difference between the neck angle for posture 1 (mean=25) and posture 2 (mean=25) 

SHOULOER 
Post 1 Post 2 Post 3 

15 25 
6 7 7 
30 45 46 

(p=1 .ûû). The Tukey HSD p s t  hoc test revealed that there was no significant difference 

10 9 6 6 13 19 

between the elbow angle for posture 1 (mean=93) and posture 3 (mean=90) ( p d .  17). The 

ELBOW 
Post 1 Post 2 Post 3 

93 98 91 
4 7 7 

101 109 107 

Tukey HSD post hoc test revealed that there was no significant difference between the wrist 

W RIST 
Post 1 Post 2 Post 3 

2 16 15 
4 7 8 

12 29 27 
87 84 79 O O -4 
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angle for posture 2 (mean= L6) and posture 3 (mean= 16) (pd.90) .  

There was a time effect, over the duration of the 30-minute testing periods, for the 

neck angle (F=4.02, df 5/90, p d . 0 )  and shoulder angle (F=4.50, df 5/90. pd.00).  The 

Tukey HSD post hoc test revealed that a significant tirne effect for the neck angle was found 

between time 1 (mean=25) and time 2 (mean=27) (p=û.ûû); and t h e  1 and tune 3 (mean=27) 

( p d . 0  1). The Tukey HSD p s t  hoc test revealed that a significant time effect for the shoulder 

angle was found between time 1 (mean=27) and tirne 4 (mean=24) (pd.00); time 1 and time 

5 (mean=25) (pd.01); and time 1 and time 6 (mean=25) (p=û.04). There was an interaction 

effect of time and posture for the shoulder angle (Fz1.97. df 10/180. p<0.04). 

EMG 

The descriptive statistics for the maximum. isometric RVC (RMS) in miliivolts can 

be seen in Table 7 below. 

Table 7: RVC (RMS) Descriptive Statistics in millivolts. 

0.2934 0.2443 0.0923 0.3596 
0.1 O85 0.0839 0.0464 0.091 4 

Max 0.4006 0.4166 0.1754 0.4847 
Min 0.041 7 0.1 051 0.01 63 0.1 134 
N=20 

Although maximum, isornetnc RVCs were coliected in a standard reference position 

for al1 three testing conditions, the percent RVC was not used for statistical andysis. The 

object of this thesis is not concemed with the absolute values obtained in the percent RVC, 



but is more interested in the intra-individual Merences across the three working postures. 

The descriptive statistics for the EMG data can be seen in table 8. 

Table 8: EMG (RMS) Descriptive Statistics in millivolts. 

The multi way repeated measures ANOVA and the Tukey HSD p s t  hoc test revealed 

a non significant difference in the upper trapezius (F=2.03, df 2/34, p d .  15), anterior deltoid 

Forearm Extensor 
Post 1 Post 2 Post 3 
0.1321 0.1 423 0.1 335 
0.0523 0.0557 0.0695 
0.2257 0.3285 0.2426 
0.0447 0.081 1 0.0095 

Mean 
SD 
Max 
Min 

(Fa.48.  df 2/38, pd.62), biceps brachii (F=0.37, df 2/38, pc0.69) and forearm extensors 

N=20 

(Fd.35,  df 2/38, pd .70)  across the t h e  working postures. 

Upper Trapezius 
Post 1 Post 2 Post 3 
0.0283 0.0500 0.0293 
0.0185 0.0505 0.0206 
0.0681 0.21 97 0.0799 
0.0077 0.0108 0.0075 

Heart Rate Response 

The descriptive statistics for the heart rate data can be seen in Table 9. 

Anterior Oeltoid 
Post 1 Post 2 Post 3 
0.0334 0.0420 0.0315 
0.0508 0.0436 0.0226 
0.21 75 0.1 648 0.0959 

Table 9: Heart Rate Response Descriptive Statistics in beats per minute. 

Biceps Brachii 
Post 1 Post 2 Post 3 
0.0305 0.0317 0.0226i 
0.0402 0.0569 0.027C 
0.1 359 0.261 1 0.0936 

0.0023 0.0053 0.00491 0.0026 0.0035 0.0025 

N=20 

The one-way repeated measures ANOVA and the Tukey HSD p s t  hoc test showed 

RHR 
65 
10 
90 
44 

Mean 
SD 
Max 
Min 

Posture 1 
72 
9 
85 
49 

Posture 2 
74 
9 
92 
54 

Posture 3 
75 
9 
88 
53 
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a non-significant difference in heart rate (F=3.09, df 2/36, p~û.06) across the three working 

postures. 

B l d  Pressure 

The descriptive statistics for both systolic and diastolic b l d  pressure can be seen 

in the table below. 

Table 10: Delta Blood Pressure Descriptive Statistics in mrnHg. 

The one-way repeated measuns ANOVA and the Tukey HSD p s t  hoc test revealed 

a non-significant difference in systolic b l d  pressure (Fd.27, df U38, pd.76) and in 

Delta Diastoiic Blood Pressure 
Rest Post 1 Post 2 Post 3 

3 2 3 73 
6 7 8 13 
16 24 28 97 
-5 - 1 -8 52 

Mean 
SD 
Max 
Min 

diastolic blood pressure (Fd.19, df 2/38, p c0.83) across the three working postures. It 

N=20 

Delta Systolic Blood Pressure 

) 
Post 1 Post 2 Post 3 (mm" 

3 5 3 115 
9 11 7 17 
16 4 1 14 159 
-11 -1 0 4 2  92 

should be noted that although the means are different (Table IO), the values may in faci 

represent the sarne number due to the instrument reliability of +l- 3 mmHg. 

Perceived Discornfort 

The descriptive statistics for the delta BDS data cm be seen in Table 1 1. 



Table 1 1: Delta Body Discornfort Scores Descriptive Statistics. 

- - - - -- - -- - - - - - 

N=20 

The one-way repeated measures ANOVA test demonstrated a significant difierence 

in perceived discomfort (F= 16.01, df 2138, p 4 . 0 )  across the three working postures. The 

Tukey HSD post hoc test revealed a non-significant difference in perceived discomfort 

between posture 2 and posture 3 (p=0.12). 

Performance (Word Count) 

Mean 
SD 
Max 
Min 

The descriptive statistics for the word count data can be seen in Table 12. 

Posture 2 
5 
6 
20 
O 

Posture 1 
O 
3 
7 
-7 

Table 12: Performance (word count) Descriptive Statistics. 

Posture 3 
7 
6 
26 
O 

The one-way repeated measures N O V A  demonstrated a significant difference in 

Mean 
SD 
Max 
Min 

word count (F=26.50, df 2/38, p4.00) across the three working postures. The Tukey HSD 

post hoc test revealed a non-significant difference between postures one and two (pc0.97). 

N=20 

Posture 1 
901 
368 
1679 
392 

Posture 2 Posture 3 
906 777 
368 304 
1593 1438 

- 388 341 



Job Attitudes 

Each subject was ranked in ascending order based on hisher total score calculated 

from the on-site BDS. Subjects were then ranked in descending order based on the total score 

calculated from the on-site Job Attitude Questionnaire (JAQ). The Pearson product moment 

correlation was performed on the data and resulted in a coefficient of r=-0.08. 

Summary of Results 

For ease of comparison across the dependent measures and the independent 

effects. Table 13 has k e n  developed which highlights the overail statistical analysis of 

the study presented here. In general there were statistically significant effects due to 

posture for al1 the kinematic measures. There were aiso time and posture*time effects for 

sorne measures. Ln terms of the physiological measwes, the only statistically significant 

effect was due to time for the forearm extensor muscles. Finally, there were significant 

differences found for the perceived discornfort and work performance measures. 



Table 13: Sumrnary of Results 

De pendent 
Variable 
Kin ematic 
Nec k 
S houlder 
Elbow 
Wrist 
EMG 
UT 
AD 
BB 
FE 
Other 
Heart Rate 
Sys BP 
Dias BP 
BDS 
Word Count 
N=20 

Independent Variable 
Po Ti Tri Po*Ti PoSTri Ti*Tri Po*Ti*Tri 

NS - - - - - 
NS - - 
NS - - - 
S - - 
S - * - - 

(S = Significant; NS = Not Signifiant) 



Chapter Five: Discussion 

Conventional physiological measurement techniques, EMG (RMS), heart rate 

response and blood pressure, did not produce a significant difference while the 

psychophysiological measure of perceived discornfort did result in a statisticdy significant 

difference. This resultant contradiction may be explained in three ways: 1) there is no 

physiological difference in the body's state across the three tested postures, 2) the 

physiological rneasures used here in this study are not effective means for measuring 

physiological changes while performing computer tasks in the three tested postures or, 3) the 

statistical power was too low to demonstrate a statistically significant difference. 

Kinematic Data 

At the beginning of each testing period, the height adjustable table, chair and 

computer accessories were positioned while the subjects were seated with their hands on the 

keyboard and their eyes looking ai the middle of the computer monitor. A manual goniorneter 

was used to verify that each joint angle fell within the pre-defmed joint angle range (Figure 

7) in order to yield a specific RULA score conespondhg to the desired testing posture. 

Although the testing equipment was manipulated to force each subject to maintain a 

controlled body envelope, individual typing styles and personal preferences affectecl the 

ultimate joint angles. For example, the wrist angle was dependent upon typing style and how 

an individual holds hisher a m .  Some subjects would nst their wrists on the work surface 

while others w ~ u l d  maintain a "neutral posture" regardless of the height and angle of the 

keyboard. 
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Individuals would also adopt various neck angles regardless of the monitor 

positioning. Some participants would move their eyes when referencing the keyboard, the 

reference materials and monitor, while others wouid move their entire head. Based on 

observations, it seems that the neck angle is dependent upon an individual's typing style. 

Those subject's who were "touch typists" did not need to constantly look at the keyboard 

while inputting information, they merely glance at the keyboard periodically. These 

individuals maintain their gaze at the reference matenal, while periodically glancing at the 

monitor screen or keyboard. For those subjects who are "fmgei' typists, they must reference 

the keys while inputting information. Therefore, they are frequently looking at the reference 

material, then to the keyboard and then to the monitor for verification. Such variability in 

neck angle, which results in dynamic contractions, will have a profound effect on the 

kinematic and EMG (RMS) data. A study by Burgess-Limerick et al. (1998) examined the 

effects of three cornputer monitor heights, which they termed as "high, middle and low", on 

neck angle. Their study used the same landmarks for the neck angle as employed in this 

thesis; however, they used an included angle as opposed to a relative angle (horizontal). 

Their results showed a non-significant difference in neck angle (pd.06) across the various 

monitor heights, while the ear-eye fine relative to the horizontal and the gaze angle relative 

to the horizontal was signifcantiy different at pd.001. Although the present study found a 

significant difference in neck angle at various monitor heights, it was observed that some 

subjects did not Vary their neck angles but changed their gaze instead. 

The subjects tested were instructed to maintain an upright posture with their backs 
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firmly against the chair's backrest. It was qualitatively noted that subjects would lean 

forward in their chair, especially during testing conditions for postures 2 and 3. The 

examiner would then instruct subjects to lean back during the testing protocol. The 

postural neck and wrist deviations, as noted above, were also observed by the examiner. 

However. the subjects were lefi to adapt and change their posture to allow for a more 

applied workplace situation. 

Upon fiuther investigation of the kinematic results seen in table 5, it appears that the 

testing condition posture 2 was the most difficult to control. Only 12 of the 20 subjects tested 

in posture 2 were acnially found to be working within posture 2 parameten as defined by 

RULA. Seven of the subjects tested under posture 2 conditions were found to be in fact 

working with a RULA score comsponding to a testing condition of posture 1, while the 

other subject fell into testing condition posture 3. Nineteen subjects tested under posture 1 

condition successfÙlly obtained a RULA score corresponding to Posture 1, while the other 

subject fell into posture 2. The RUTA scoring range for the neck and wrist were too fine for 

practical use in posture I and posture 2, while the elbow angle range was too broad. The fme 

measurement range made it difficult to maintain either a posture 1 or a posture 2 joint angle 

envelope. The testing condition of posture 3 resulted in 16 subjects with a RLJLA score 

corresponding to posture 3, while oniy thre!e subjects feil under posture 2 and one under 

posture 1. Based on these numbers, the success rate for testing postures 1.2 and 3. were 95%, 

60% and 80% respectively. The statistical kinematic results coincide with the success rates, 

since the neck. shoulder and wrist angle were ail ~ i ~ c a n t l y  different between postures 1 
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and 3. S tatistically, there was no siWcant difference in neck angle between posture 1 and 

2 as well as 2 and 3, while the change in wrist angle was not significant between postures 2 

and 3. 

The elbow angle demonstrated a non-sigdicaat difference between postures 1 and 

3. Taking a closer look at RULA's scoring system for the elbow angle, a score of 1 is given 

to an elbow angle between 60 and 1 0  degrees while a score of 2 is ailoned to an elbow angle 

greater t h a .  100 degrees or less than 60 degrees. The mean elbow angle for each subject, and 

in al1 three postures, was between 60 and 100 degrees, with the exceptions of seven subjecü 

in posture 2 and one subject in posture 3. These exceptions. however, did not exceed an 

elbow angle of 1 10 degrees. An elbow angle greater than 100 degrees or less than 60 degrees 

is not realistic when working at a computer in an occupational setting. 

For the purpose of this thesis. a total of 18 static posture samples were randomly 

collected over each 30-minute testing period. In an applied situation, ergonomists or users 

of RULA, would sample a workstation or an individual, fewer times than that. It should also 

be noted that ergonornisis are not using objective measuring techniques when measuring an 

individual's joint angles on-site at a workplace. For the most part, individuals are observed 

over a shorter penod of time than the 30-minute testing pend ernployed hem. Visual 

estimations of joint angles are used when selecting the correspondhg RULA score as 

opposed to using objective video analysis. 



EMG 

The EMG (RMS) measurement technique was found to be insensitive to muscle 

activation and discornfort in the upper trapezius. anterior deltoid, biceps brachii and foreami 

extensors. Although there was no statistically significant difference in EMG (RMS) across 

the three working postures, EMG should not be discarded. Instead, it is recommended that 

the EMG processing techniques be improved for future! research. Upon closer examination 

of the results in Table 8, it was noted that the variance is high relative to the means. 

Therefore, any differences across working postures would be difficult to detect. It is possible 

that the six samples of raw EMG data collected over each 30-minute testing perd  were not 

representative of the muscle activation patterns. 

According to Wker (1989), EMG analysis of fatigue in the shoulder complex may 

be a less powemil measurement technique than what other stuâies have suggested. The 

difficulties with using EMG for the shoulder Lie in the structural complexity of the shouider, 

as well as the low levels of muscular activity required to produce postural stress. Although 

the shoulder (anterior deltoid) is acting as a posturai muscle (static contraction), it was 

observed that some subjects were in fact quite active with their upper arms when reaching 

to tum the pages of their reference materials (approximately 3 pages in a half hou). As some 

subjects became uncomfonable, they would shift their weight, scratch their face or stretch 

their arms in order to relieve their experienced strain. These non-task related movements 

were observed (see kinematic data) by the examiner and were permitted in the testing 

conditions in order to create an applied situation. It should be noted that these movements 



may have contributed to the high variance. 

Jonsson and Hagberg (1974) found that vocational studies show the least myoelectric 

activity in the anterior deltoid that corresponds to an elbow joint angle between 90 to 100 

degree flexion. The results of the present thesis show an overall mean elbow joint angle 

between 90 and 100 degrees for al1 three postures. Ln the testing condition posture 3, the 

mean joint elbow angle was closest to 90 degrees (90.5) and the comsponding mean anterior 

deltoid RMS value was lowest in this posture. These resuits agree with Jonsson and Hagberg 

( 1974) fïndings. 

As described in the kinematic data, the neck angle was observed to change frequently 

throughout the testing periods due to personal preferences and typing styles. The neck angle 

had the greatest standard deviation (10 degrees) of al1 four tested joints. The variability in 

neck angle and dynamic component may in fact contribute to the non-significant ciifference 

in the upper trapezius muscle across the three testing conditions. Pdmerud et al. (1995) 

suggest that it is not possible to rely solely on the trapezius EMG mesures while estimating 

total shoulder load, since there is a signiticant voluntary effect in this muscle despite a fixed 

total shoulder load. Therefore. it is possible that the subjects tested in this thesis would 

"relax" periodically through the non-task related movements and affect the EMG signal. 

The overdl mean elbow angles for ail subjects within each of the three testing 

conditions. fell within the sarne R U  sconng. Therefore, according to McAtamney and 

Corlett's (1993) body part scorhg, there was no ciifference in the overdl mean elbow angle 

across the three postures. Graphicdly, the kinematic resuits for the elbow angle and the mean 



biceps brachii EMG (RMS) follow the same pattern. There was however, no statistically 

significant difference in the biceps brachii EMG (RMS) across the three postures and, 

according to RULA. there was no difference in sconng either. These results reinforce 

RULA's scoring parameters. However, there is still the possibility of a type 2 (beta) error 

(accept nul1 hypothesis when should not) and therefore. further investigation is required. 

With respect to the wrist angle. there was definitely a change in RULA scoring 

between the overall mean for posture 1 and each of postures 2 and 3. as weil as a statisticaily 

significant difference. There was however, no change in scoring and no statistically 

significant difference between posture 2 and 3. 

Plot of Means for Foreann Extensors 

2.way intsraction 

F(10.190]=.64; p.7817 

finie 1 fims 2 Time 3 lime 4 Fm8 5 Time 6 

POSTURE 
ievei-1 

POSTURE 
lsvsl,2 

POSTURE 
level-3 

Figure 12: Time effects for the Foreami Extenson in millivolts. 

In terms of the EMG (RMS) vaiues for the foream exteosor, there was no significant 
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difference, nor was there a trend in the graphs across the three postures. It should be noted 

that a significant time effect emerged for the focearm extensors. Al1 three postures 

demonstrated a similar trend over time (Figure 12). 

Subtle postural shifts (non-work related movements) during testing may have 

increased the potential for surface electrode movement and therefore its proximity to the 

electrical activity of the muscle in question. This would result in an increase in vaciability in 

the EMG recording. The subtle shifts, such as scratching ones head, will cause changes in 

muscle lengths and tensions thereby significantly impacting upon the EMG recording. 

Studies have show that frequencies of poshiral shifts (non-task related movements) increase 

with the development of discomfon and fatigue (Karwowski et al., 1994; Liao and Dniry, 

2000). 

Although a maximum, isomevic RVC was coîiected for each muscle group in a 

standard reference position, the percent RVC was not used for statistical analysis, since the 

normalization procedures were not successhil. When examining the percent RVC, it was 

noted that these contractions rnight not represent a true maximum contraction. The 

descriptive statistics of the EMG results in the form of percent RVC can be seen in Table 14 

below. Since each subject acted as their own control, the mean RMS values were used for 

analysis. Instead of using a RVC, this author believes that a "posture bias" sample would 

have been a more usefhl technique for nomaikation. 

It should also be noted, that a fatigue effect may have occurrird in the EMG (RMS) 

data, however, it was not observed due to "posture bias". The design of this thesis was such 



to minimize any fatigue efiects that may occur due to testing condition order. Aiso, the 

statistical results did not demonstrate a fatigue effect within each testing condition (the).  

The mean RMS values consist of both a static (posture) component of EMG as well as a 

dynamic (work) component. In order to see a fatigue effect within each testing condition, the 

fatigue effect must be greater than the sum of the static and dynamic component. Therefore, 

for future experiments, it is recornmended that a static EMG sarnple be collected for each 

posture condition with the subject holding the corresponding posture to act as a ''posture 

bias" value. This posture bias value would then be subtracted Erom the raw EMG data prior 

to the caicuiation of the RMS. Had these steps k e n  taken, we may have seen an increase in 

the mean RMS values. 

Table 14: EMG Descriptive Statistics in percent W C  

The object of this thesis work was unable to find EMG indicators of systematic 

changes in muscle activity (force or fatigue) during a word processing task, despite the fact 

that significant changes in perceived discomfort did resuit. Sirnilar results were found in 

Hagberg and Sundelin's (1986) study in which there was no significant difference in the 

Forearrn Extensor 
Post 1 Post 2 Post 3 

39.3 41.1 39.2 
16.3 14.3 17.4 

89 73 77 
19 22 3 

N=20 

Biceps 8rachii 
Post 1 Post 2 Post 3 

61.0 49.2 38.4 
100.0 74.0 59.4 

364 273 251 

Mean 
SD 
Max 
Min 

Upper Trapezius 
Post 1 Post 2 Post 3 

2 3 a 1 3 21 2 2 2 

Anterior Deltoid 
Post 1 Post 2 Post 3 

14.2 25.7 11.d 18.6 18.1 13.3 
16.3 38.0 9.8 

72 165 43 
41.0 17.0 7.9 
187 65 30 
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upper trapezius muscle, while a sigolfcant difierence was found in perceived discomfort. 

When posturai exertions are low, and these exertions are not static in nature, there is a pa ter  

potential risk that EMG measures wili fd in detecting uncornfortable and fatiguing postures. 

Another plausible reason for the non-significant differences may be due to a low statistical 

power. The object of the thesis attempted to increase statistical power through prolonged 

sampling and averaging of amplitude (mean RMS) as well as through the use of a repeated 

measures experimental design to minimize the effects of inter subject differences. 

Heart Rate Response 

No significant difference was found in hem rate across the three testing conditions. 

Further analysis was performed in order to see if there was a time effect. Once again, no 

di fference was found (Appendix G). A study by Kahn et al. (1 997) found hem rate measures 

to remain stable over 65 minutes of static contractions held at 10% MVC. Schreinicke et al. 

( 1990) cornpared heart rate response at rest and after cornputer work. A signifkant increase 

in heart rate from rest (mean=77.1 bpm) to cornputer work (mean=87.1 bpm) was found 

(~4 .01 ) .  The results of this thesis seem to agree with the Schreinicke et al. study with an 

increase in heart rate from rest (RHR mean=65.1 bpm) to computer work (posture 1 

mean=72.2, posture 2 mean=73.8, and posture 3 mean=74.8). 

Based on the results of this thesis work, as well as the literature (Hom et al., 1985), 

mean hem rate is not a sensitive physiological indicator for systernatic changes in discomfort 

and effort during different computer terminal tasks. 



Blood Pressure 

No significant difference in delta systolic blood pressure and delta diastolic blood 

pressure across the three testing conditions was found in this thesis work. A study by Kahn 

et al. (1997) however, found systolic blood pressure to progressively increase by 24 mmHg 

in 28 minutes of static contraction at 10% MVC, followed by a plateau until the end of 65 

minutes of testing. The results of this thesis do not agree with Kahn et al.'s results. Over a 

30-minute testing period of dynamic contractions. there was a minimal, mean increase in 

systolic blood pressure of 2.8 mmHg, 4.5 mmHg, and 3.0 mmHg for postures 1 through 3 

respectively. The results of Mathiassen (1993) also disagree with the results of this thesis. 

These authon found a significant increase in MAP for activities ranging from 14 to 18% 

MVC. Although it is possible that the muscular activity in posture 1 of this thesis work may 

fall below 5% MVC, it is believed that some muscle groups in posture 3 faü within the range 

of 14 to 18% MVC. No attempt was made to quanti@ the acnial MVC percentage. 

Schreinicke et al. (1990) compared blood pressure ai rest and after thuty minutes of 

computer work. A significant increase in systolic and diastolic blood pressure from rest 

(mean= 129 mmHg; me& 1.9 d g )  to computer work (mean= 143 mmHg; mean=95.9 

m g )  at pc0.001. The results of this thesis disagree with the Schreinicke et al. study with 

no change in systok and diastoiic blood pressure from rest (sys mean=l15; dias mean=73) 

to computer work (sys meanl=115. sys mean2=115. and sys mean3= 1 16; dias meanl=76, 

dias mean2=74, and dias mean3=74). The high speed and accuracy demands placed upon the 
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subjects of Schreinicke's study most likcly contributed to their overall stress response, 

thereby increasing blood pressure. The subject's of the thesis snidy presented here, however. 

did not have the same stresshl demands placed upon them. 

Perceived Discomfort 

A statistically significant difference was found in perceived discomfort f'rom posture 

1 to posture 3, however, no difference was found between postures I and 2. and between 2 

and 3. The fine RLJLA measurement ranges for the neck and wrist may explain this fact, and 

the broad range for postures 1 and 2. This may impact the n o n - ~ i ~ c a n t  difference between 

posture 1 and posture 2 with respect to perceived discornfort results. 

The validity tests performed by McAtamney and Corlett (1993), resulted in a 

significant difference in perceived discomfort b e ~ e e n  those postures deemed as acceptable 

versus those postures deemed as unacceptable. Further anaîysis was performed in order to 

compare the results of this thesis with those from McAtamney and Corlett (1993). A closer 

look at the results revealed that seven subjects in testing condition posture 1, acnialiy had a 

resultant RULA score that would be deemed acceptable and their testing conditions posture 

2 and 3 as unacceptable by McAtamney and Corlett's standards. The results of this analysis 

can be seen in tables 15 and 16. The results of this analysis agree with the results from 

McAtamney and Corlett (1993) based on psychophysiological measures. 



Table 15: Perceived discomfort results of acceptable versus unacceptable postures. 

Perceived Discom fort: One Way Repeated Measures ANOVA 
DFEFFEC MS-EFFEC DF-ERROR MS-ERROR F P-LEVEL 

Posture 2 69.90 12 7-13 9.8 1 0.00 
N=7 

Table 16: Tukey HSD post hoc test for acceptable versus unacceptable postures. 

Pe rceived Discom fort: Tu kev HSD test 

Post 1 Post 2 Post 3 
Post 1 0.06 0.00 
Post 2 0.06 0.2 1 
Post 3 0.00 0.2 1 

N=7 

It should be noted here, that statistical analysis of these seven subjects was also run 

on the EMG (mean RMS), heart rate and delta blood pressure data. Once again. no 

significant differences were found in these measures between the acceptable and 

unacceptable working postures. 

According to Wiker (1989), levels of perceived discornfort were most severe in 

muscle gmups which are heavily taxed when the amis are flexed from the torso. This agrees 

with the results from this thesis. In posture t h e ,  subjects reported the greatest discornfort 

with the greatest shoulder angle of 33 degrees. 

Job Satisfaction 

In an article by Hocking (1987). he States that studies conducted by Ryan et al. 

( 1985) and Graham (1985) found job satisfaction to correlate with the presence of MSD 
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better than the ergonomie variables used in their studies. The results of other studies (Smith. 

1997), have shown that highly monotonous computer work was associated with increased 

psychosomatic complaints and decreased job satisfaction. The results of this thesis however, 

found no relationship between job satisfaction and perceived discornfort whiie subjects were 

working at their own workplace. It should be noted that the subjects for this thesis were 

volunteers, and were more likely to be motivated individuals with positive affectivity. The 

prevalence rate arnong self-reports of discomfon may be attributed to negative affectivity as 

described by Burke et al. (1993). Individuais with a high level of negative affectivity will 

focus on the negative aspects of their work environment. while individuals with positive 

affectivity will not. 

Performance (Word Count) 

There was a significant difference in the number of words typed across the three 

postures where the overall mzan words typed incnased from testing condition posture 1 

through to posture 3. This thesis work can not assume a cause and effect relationship on 

performance and working postures, since subjects noted thai the reference matenal for 

posture three was more technical in nature than that for postures 1 and 2. Also, the Tukey 

HSD post hoc test revealed a non-signifiant relationship between the mean word count of 

postures 1 and 2. The difference in text dificulty for posture 3 venus 1 and 2, explains the 

greater number of words typed for posture 1 and 2 and the fewer words typed in posture 3. 



Posture Sampling and RULA 

According to Corlett (1999), there is a lack of methodology for the assessment of 

upper limb disorder, use of the results of such assessment tools, and a lack of indicators for 

the best direction of change. For these reasons. McAtamney and Corlett (1993) developed 

R U  as a system for assessing whether the workplace could present a hazard to a worker, 

which may place that individual at a risk of developing an upper limb MSD. Corlett (1999) 

also states that the final score, derived from the grand score table (Figure Il) ,  gives an 

estimate of the nsk potential for a specific task. As the final score moves from the top left 

comer to the bottom right comer, Corlett (1999) proposes a greater risk of MSD symptoms. 

There are however, limitations to this posture sampling approach. Although muscular force 

and repetition are addressed. other measures (equipment positioning based on ergonomic 

guidelines, body discomfort surveys. and user feedback) are crucial in the ergonornic 

assessment of a workplace. 

Li and Burke (1999) in their review of technology for assessing physical exposure to 

work-related MSD, emphasized that most scoring systems associated with posture sampling 

have been largely hypothetical. In 1995, Genaidy et al. noted a need to rank the stressfihess 

of body segment (joint angles) deviations h m  neutral postures in order to better understand 

their effects on the workforce and the development of MSD. 

The object of this thesis has attempted to quanti@ physiologicaily as well as 

psychophysiologically the scoring system found in RULA. The only conclusive link found 

was between RULA's scoriag system and the level of perceived discomfort experienced by 
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individuals. It is difficult to calculate a ''grand score" level of risk that a task or workstation 

may place on an individual when we are still uaable to determine with any degree of certainty 

the risk factors, combinations of these nsk factors, and the "amount" of risk factors that lead 

to the development of MSD. From the results of this thesis, we cm conclude that funher 

investigation is crucial in quantiwng exposure levels and that other methods of measuring 

the body's response to various working postures are essential. 



Chapter Si.: Conclusion 

The purpose of this thesis work examined the relationship between RULA's postural 

scoring and a number of physiological and psychophysiological parameters in a laboratory 

setting. The assessrnent of RULA included objective measures of electromyography (EMG), 

heart rate response, and blood pressure, as well as self-reports of perceived discornfort to 

observe the body's response io various cornputer-working postures. As a second purpose this 

thesis work examined whether a relationship exists between various job attitude factors and 

perceived discomfort scores. 

The results have led to the following conclusion: 

Do not reject Null Hypothesis. There was no significant difference in EMG 

(RMS) activity of the upper trapezius, antenor deltoid, biceps brachii, and forearm 

extensors across the three working postures. 

Do not reject Null Hypothesis. There was no significant difference in heart rate 

response across the three working postures. 

Do not reject Null Hypothesis. There was no significant difference in systofic and 

diastolic blood pressure across the three working postures. 

Reject Nul1 Hypothesis. There was a significant difference in perceived discomfort 

scores across the three working postures. 

Reject Null Hypothesis. There was a significant difference in performance (word 

count) across the three working postures. 

There was no signdicant relationship between the on-site perceived discomfort scores 

and job attitude questiomaire scores among the subjects. 



Recommenda tions 

Further investigation is crucial in understanding the relationship between perceived 

discornfort and signs of systernatic physiological change while perforrning seated cornputer 

tasks. Other methods of measurement worth exploring include recording the number of non- 

work related movements or postural shifts, biomechanical analysis of the joints in question 

(joint moments and forces), measuring stress indicators such as catecholamines and cortisol 

(Schreinicke et al., 1990), and measuring end-tidal P C a  as an index of psychophysiological 

activity (Schleifer and Ley, 1994). Another technique for continuous measurement of joint 

angle uses Rock of Birds, an electromagnetic system. This system tracks the position and 

angular orientation of different lightweight receiven. The advantages of the system include 

joint motion which cm be continuously measured and several joint movements which can 

be recorded simultaneously. 

Research design recommendations include using test subjects with equivalent 

keyboard skills and comparing the results of various keyboarding styles, for example "touch 

typists" versus "fmger" typists. Also, a longer testing period may prove usefùl dong with a 

longitudinal study. Although no significant difference was found in perceived discomfort 

from posture 1 to 2, as weli as from posture 2 to 3, this author believes, with a constant load, 

thzt a longer testing period wouli elicit a difference in perceived dixomfon across ai i  three 

postures. Any subtle change in posture becomes more noticeable with a longer exposure 

time. For the purpose of nomaikation, it is recommended to utilize the "posture bias" 

technique as descnbed on page 70 under the discussion section. 
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The results of this study would suggest that RWLA's scoring system may be too 

generai in nature, and therefore, weaknesses in its application to computer workstations have 

emerged. It is the author's opinion that RULA can be improved into an even more powemil 

tool through the development of task specific RULA versions, for example a RULA for 

office tool and a RULA for industry tool. Funher work is required to expand upon the results 

of this thesis and develop the necessary revisions to RULA. 



AppendUr A 

Consent Form 



Consent Fonn 

Dear participant, 

Thank you for your interest in participahg in a research project that is examinhg the 
relationship between the Rapid Upper Limb Assessrnent (RULA) postural scoring and 
physiological and psychophysiological signals. The knowledge gained from this study may 
be used to improve upon RULA as a tool for ergonomie assessrnent and reduce the risk of 
injury. 

The task that you would be performing will require you to work at a cornputer 
workstation for three half hour testing periods with two half hour rest periods between each 
test. The total time, including set up, would be approximately tbree and a half houn. During 
testing, measures of your heart rate, blood pressure, muscle activity and self reported body 
discomfort will be collected. A Polar kart rate monitor will record your hem rate throughout 
the three trials and two rest periods for d y s i s .  This will ensure recovery during the rest 
periods. Additionally, you will be video recorded using a VHS video carnera. Prior to 
testing, reflective markers wüi be attached to your skin on the outside of your eye, ear, neck, 
shoufder, elbow, wrist and little finger. Surface elecvodes will be placed on the right side of 
your body over the muscles of the neck, shoulder, arm, and forem. These electrodes 
measure the electrical activity of your muscles and do not cause any discomfort. Verbal 
instructions will be given prior to al1 testing and you will have an opportunity to ask 
questions. 

The complete protocol will require your participation for a half hour orientation 
session prior to testing and 3.5 hours on one day for testing. Both the orientation and testing 
will take place in the Dalplex Occupational Biomechanics and Ergonomics Laboratory. The 
day More your testing. you wiH be asked to complete a job attitude questionnaire and body 
discomfort survey at your workplace. These forms will take approximately 20 minutes to 
complete. 

Due to the nature of the working postures, there is a potential of experiencing some 
muscular discomfort. This muscle soreness tends to disappear w i t b  a couple of minutes and 
can be greatly reduced by stxetching. Skin irritation may occur due to the adhesive on the 
surface electrodes and the joint markers but this is only as Mtating as the removal of a 
Band-Aid. 
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If you feel any discomfort during a test, you may terminate the session without 

coercion to continue or other repercussions. Should you choose to terminate further testing, 
al1 records of your participation and al1 data pertinent to you will be omitted from any 
research publications. If you are dissatisfied with the study or your treatment, please inform 
us imrnediately and we will do everythng possible to correct the problem. If our response 
is not satisfactory, you may contact the research advisor Dr. John Kozey at 494-1 148 or 
Leslie Fountain at 494-3589. 

Although you will not receive any direct benefits as a result of your participation in 
this study, you will provide vaiuable information on the efficiency of RULA'S postural 
scoring based on physiological signals and help improve the risk assessrnent phase of the 
ergonornic process. To thank you for your participation, a complimentary Ergonomie Office 
Assessrnent valued at $150.00 will be offered to you by Leslie Fountain. 

Your participation and any data coiiected during this study wili be heid in the strictest 
of confidence. All data will be kept under the control of the study's principal investigator, 
Leslie Fountain, until the completion of the study. After this the .  the thesis supervisor, Dr. 
John Kozey will maintain al1 data, until such time as the results of the study are published 
in peer review joumals. Your name will not appear on any published documents or in any 
results. Your data will be represented by subject number, which is used for identification 
purposes. Al1 data will be represented by subject number and will be grouped for the 
purposes of analysis and interpretation. Additionally, al1 information is confidential to this 
study's pnnciple investigator, Leslie Fountain. 

If you have concems about this study, please feel free to contact Leslie Fountain at 
(902) 494-3589 or via email at Ifountui@is2.dal.ca. 

1, , have read and understood the purpose of the 
present study provided by the researcher and hereby consent to take part in this study. 

- -  - 

Signature Date 



Appendix B 

Body Discornfort Survey 





Appendix C 

Job Attitudes Questionnaire 



Dalhousie University 
School of Health and Human Performance 

6230 South Street 
Halifax, Nova Scotia 

The following is a set of questions that wiii be used to gather information regarding your job 
attitudes at your current place of employrnent. Considenng ali aspects of your present work 
situation. please answer al1 questions to the best of your ability and understanding. If you 
have any questions please ask the researcher for assistance. 

Please note that your identity will be kept confidential. 

Date: 

Please answer the following questions before proceeding: 

Time you have worked with current employer: - Years Mon ths 

Time you have been working at your current 
position: - Years Months 

Current job title: 









Appendix D 

Statistical Results and Graphs for N=20: 

Kinematic Data, EMG (RMS), Heart Rate, Blood 

Pressure, Perceived Discomfort and Job Attitudes. 
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Kinematic Data 

laval-2 

POSTURES 

Table D 1: Summary of al! Effects for the neck 

F i w e  D 1 : Plot of means for the neck across postures 

Source 
Po 
Ti 
Tri 

Po*Ti 
Po*Tri 
Ti*Tri 

Po*Ti*Tri 

DF Effect MS Effect DF Error MS Error F P 
2 2 t 66.83 36 330.53 6.56 0.00 
5 107.42 90 26.70 4.02 0.00 
2 80.84 36 25.52 3.17 0.05 
10 51.41 180 34.39 1.49 O. 14 
4 44.84 72 23.19 1.93 0.1 1 
10 23.57 180 23.76 0.99 0.45 
20 29.49 360 28.39 1 .O4 0.4 1 

N=20 (Po = Posture; Ti = Time; Tri = Trial) 



Plot of Means 

TlME Main Effsct 

F(5,90)=4.02: pc.0024 

TlME 

F i a r e  D2: Plot of means for the neck across time 

Plot of Means 

2-way interaction 

TlME 

e POSTURES 
leval-1 

-* POSTURES 
Ievsl,2 

+- POSTURES 
level-3 

Figure D3: Plot of means for the and posture effects for the neck 



Table D2: Summary of al1 Effects for the shoulder 
Source 1 DF Effect MS Effect DF Error MS Error F P 

Plot a l  Means 
POST UA€ Main Etfsct 

Po 
Ti 
Tri 

Po*Ti 
Po*Tri 
Ti*Tri 

Po*Ti*Tri 

POSTURE 

2 3 1255.35 36 402.16 77.72 0.00 
5 143.21 90 31.80 4.50 0.00 
2 1.70 36 29.35 0.05 0.94 
10 54.49 180 27.72 1.96 0.04 
4 1 1.44 72 17.9 1 0.63 0.63 
10 23.12 180 23.78 0.97 0.47 
20 22.16 360 23.75 0.93 0.54 

Fieure D4: Plot of means for the shoulder across postures 

N=20 (Po = Posture; Ti = Time; Tri = Trial) 



Plot of Msini 
TlME M ~ i n  Effect 

F(5,90)=4.50; pc.001 O 

level-1 level-2 Ievel-3 Ievsl-4 level-6 

TlME 

Figure D5: Plot of means for the shoulder across time 

Plot of Means 

2-way interaction 

F(10, tBO)=l.97; pc.0395 

Fimire D6: Plot of means for timc and posture effects for the shoulder 
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Table D3: Summary of al1 Effects for the elbow 
Source 
Po 

N=20 (Po = Posture; Ti = Time; Tri = Trial) 

DF Effect MS EEfect DF Error MS Error F P 
2 5062.02 36 406.92 12.43 0.00 

Ti 
Tri 

Po*Ti 
Po*Tri 
Ti*Tn 

Plot of Means 

POSTURE Main Effect 

F(2,36)=12.44; pc.0001 

5 19.17 90 20.05 0.95 0.45 
2 16.09 36 8.7 1 1.84 O. 17 
10 16.99 180 15.12 1.12 0.35 
4 4.12 72 8.47 0.48 0.75 
10 1 3.45 180 11.71 1.14 0.33 

1eve1-2 

POSTURE 

Fimire D7: Plot of means for the elbow across postures 



Plot ot Maans 

2 - w i y  intariclion 

F(10,180)=1.12: pc.3470 

Fimire D8: Plot of means for time and posture effects for the elbow 
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Table D4: Sumrnary of al1 Effects for the wrist 
Source 1 DF Effect MS Effect DF Error MS Error F P 

Q .  , ..... 1 .... ...--....-a ..:.:-.. .:--..a:-.:. .-L .: .-.- :. . .-.*A .. -- + .-......-. --T.. .- 

' . * .  ' O . .  - .  - 
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N=20 (Po = Posture; Ti = Time; Tri = Trial) 
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Plot of Mains 

POSTURES Main Elfoct 

F(2,38)=06.24; pc.0000 

POSTURES 

Figure D9: Plot of means for the wrist across postures 
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F(lO.l80)=.79; pc.6431 
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Fimire D 10: Plot of means for time and posture effects for the wrist 
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EMG 

N=20 (Po = Posture; Ti = Time) 

Table D5: Summary of al1 Effects for Upper Trapezius 

Plot of Means 
POSTURE Main Efftct 
F(2,34)=2.03; pc. 1463 

Source 
Po 
Ti 

Po*Ti 

Isvel-2 

POSTURE 

DF Effect MS Effect DF Error MS Error F P 
2 0.0 1 34 0.00 2.03 O. 15 
5 0.00 85 0.00 1.26 0.29 
10 0.00 170 0.00 0.73 0.70 

Fiare D 1 1 : Plot of meam for upper trapezius across postures 



Fiare  D12: Plot of means for time and posture effects for upper trapezius 

Plot of Usons 

2-way interaction 

F{lO,I70)=.73; pc.6963 
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Table D6: Summary of al1 Effects for Anterior Deitoid 

s . . 

e POSTURE 
Isvet_l 

: -e POSTURE 

levol-2 
: +- POSTURE 

Isvel-3 

Source 
Po 
Ti 

Po*Ti 

DF Effect MS Effect DF Error MS Error F P 
2 0.003758 38 0.078 17 0.480753 0.622027 
5 0.001300 95 0.001217 1.068364 0,382877 
10 0.001035 190 0.001573 0.657759 0.762468 

N=20 (Po = Posture; Ti = Time) 



Plot of Means 

POST UCIE Main Effect 

F(2,38)=.48; pc.6220 

levol-2 

POSTURE 

Figure - D13: Plot of means for Anterior Deltoid across postures 

Plot of Means 

2.wry interactian 

F(10,190)=.66; pc.7625 

POSTURE 
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a+- POSTURE 
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Figure D14: Plot of means for thne and posture effects for Anterior Deltoid 



N=20 (Po = Posture; Ti = Time) 

Table D7: Summary of ail Effects for Biceps Brachii 

Plot of Means 

POSTURE Main Effsct 
F(2,38)=.37; pc.694! 

Source 
Po 
Ti 

Po*Tri 

POSTURE 

DF Effect MS Effect DF Enor MS Error F P 
2 0.002925 38 0.007934 0.368622 0.694133 
5 0.000928 95 0.003 i05 0.298840 0.9 12399 
10 0.003535 190 0.002 123 1.6650 12 0.091560 

F i w e  D15: Plot of rneans for biceps brachii across postures 



Plot of Means 
2-way interaction 

F(10,190)=1.67; p<.0916 

POSTURE 
tevel-1 

POSTURE 
level-2 

POSTURE 
level-3 

Figure D 16: Plot of means for time and posture effects for biceps brachii 

Table D8: S u m a r y  of al1 Effects for Forearm Extenson 
Source 1 DF Effect MS Effect DF Error MS Error F P 
Po 
Ti 

Po*Ti 

2 0.00 38 0.0 1 0.35 0.70 
5 0.0 1 95 0.00 3.23 0.0 1 
10 0.00 190 0.00 0.64 0.78 

N=20 (Po = Posture; Ti = Tirne) 



Plot of Means 

POSTURE Main Effect 

F(2,30)=.35; pc.7040 

O. 144 

0.142 

0.140 

0.138 

O. 136 

0.134 

0.132 

n inn 

Fimire D 17: Plot of means for forearm extenson across postures 

Plot of Means 
2-way interaction 

F(lO.l90)=.64; pe.78 17 

POST UR€ 
Ievel-1 

POSTURE 
laval-2 

POSTURE 
laval-3 

F i w e  18: Plot of means for the  and posture effects for fonann extensoa 



Heart Rate Response 

Table Dg: Summary of al1 Effects for Heart Rate Response 
Source 1 DF Effect MS Effect DF Error MS Enor F P 

Plot of Mains 

RFACTOR 1 Main Elfect 
F(2,36)*3.09: pc.0577 

Posture 

Fimire D 19: Plot of means for heart rate response across postures 

Blood Pressure 

Table D10: Summary of aii Effects for Systolic Blood Ressure 
Source 
Posture 

DF Effect MS Effect DF Error MS Error F P 
2 16.22 38 40.08 0.27 0.76 

N=20 



Plot of Moins 

RFACTOfil Main Effect 

F(2.38)r.27: pe.7619 

leval-2 

Posture 

Figure D20: Plot of means for delta systolic blood pressure across postures 

Table D 1 1 : Summary of al1 Effects for Delta Diastolic Blood Pressure 
Source 1 DF Effect MS Effect DF Error MS Error F P 
Posture 1 2 4.87 38 25.46 O. 19 0.83 

N=20 



levd-2 

Posture 

Fimire D2 1 : Plot of means for delta diastolic blood pressure across postures 

Perceived Discomfort 

Table D 12: Summary of al1 Effects for Delta Body Discomfort Scores 
Source 
Posture 

DF Effect MS Effect DF Error MS Error F P 
2 247.85 38 15.48 158 16.01 0.00 

N=20 



Plot of Maacs 
RFACTOR1 Main Ef f tc l  

F(2,38)=16.01; pc.0000 

Posture 

Figure D22: Plot of means for delta body discornfort scores across postures 
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Fimire D23: Relationship between job attitude scores and body discornfort scores 



AppendUr E 

Statisticai Results for N=11: 

Kinematic Data, EMG (RMS), Heart Rate, Blood 

Pressure, Perceived Discornfort and Word Count. 
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Table E 1 : Kinematic Descriptive Statistics 

The multi-way repeated measures ANOVA showed a significant difference in the 

neck angle (F=3.46. df 2/18, p<0.05), shoulder angle (F=37.12, df 2/18, pd.ûû), elbow angle 

(F=5.23, df 2/18, pd.02) and wrist angle (F=57.38, df 2/18, pd.00) across the t h e  

working postures. The Tukey HSD p s t  hoc test revealed that there was no significant 

Mean 
SD 
Max 
Min 

difference between posture 1 (x=94) and posture 2 (x=96) (p=0.44) as well as between 

posture 1 and posture 3 (x=90) ( p d .  15) for the elbow angle. The Tukey HSD post hoc test 

N= 11 

SHOULDER 
Post 1 Post 2 Post 3 

13 25 33 
4 7 8 

19 45 45 
6 18 1q 

NECK 
Post 1 Post 2 Post 3 

30 31 33 
10 8 8 
50 42 49 
16 17 2a 

revealed that there was no sigrilficant difference in wrist angle between posture 2 (x=20) and 

posture 3 (x=19) (pd.79). The Tukey HSD post hoc test revealed that there was no 

significant difference between posture 1 (x=29) and posture 2 (x=30) (p=0.72), as well as 

between posture 2 and posture 3 (x=33) (pd.20). 

There was a time effect for the neck angle (F=3.68, df 5/45, p4.01) and shoulder 

ELBOW 
Post 1 Post 2 Post 3 

94 97 91 
4 7 7 

101 109 107 
Se 84 82, 

angle (F=3.73, df 5/45, pq0.01). The Tukey HSD post hoc test revealed that a significant 

WRlST 
Post 1 Post 2 Post 3 

4 20 18 
3 6 7 

12 29 27 
O 8 9 

time effect for the neck angle was found between tirne 1 (x=29) and time 2 (x=32) (pd.01); 

and time 1 and time 3 (x=32) (p=0.02). The Tukey HSD post hoc test revealed that a 

significant time effect for the shoulder angle was found between time 1 (x=26) and time 4 

(x=23) (p=0.02); and time 1 and time 5 (x=23) (pd.0 1). 
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Table E2: EMG (RMS) Descriptive Statistics in millivolts. 

The muiti way repeated masuRs ANOVA and the Tukey HSD p s t  hoc test nvealed 

a non significant difference in the upper trapezius (Fd.88. df 2/18? p<0.43), anterior deltoid 

Forearm Extensors 
Post 1 Post 2 Post 3 

(Fd.49, df 2/20, pd.62). biceps brachii (Fd.36. df 2/20. pe0.70) and foreami extenson 

Biceps Brachii 
Post 1 Post 2 Posta 

Upper Trapezius 
Post 1 Post 2 Post 3 

(F= 1.29, df 2/20, p<0.30) across the three working postures. There was a time effect for the 

Anterior Deltoid 
Post 1 Post 2 Post 3 

forearm extensoe (F=2.48. df 5/50, ~ 4 . 0 4 ) .  The Tukey HSD post hoc test demonstrated a 

significant time effect between time 1 ( x d .  1540) and time 4 ( x d .  1 18 1) (pd.02). 

N=l 1 

0.0428 0.0438 0.0273 
0.0668 0.0430 0.0141 
0.2175 0.1648 0.0605 

Mean 
SD 
MAX 

0.01 13 0.0135 0.0155 
0.0088 0.0069 0.0183 
0.0252 0.0257 0.0688 
0.0031 0,0053 0.004C 

Table E3: Heart Rate Response Descriptive Statistics in beats per minute. 

0.0304 0.0544 0,0287 
0.0209 0.0611 0.0200 
0.0681 0.2197 0.0655 

0.1232 0.1510 0.1433 
0.- 0.0659 0.0656 
0.2197 0.3285 0.2234 
0.0447 0.0956 0.0180 MIN 

The one-way repeated measures ANOVA and the Tukey HSD post hoc test showed 

no significant difference in heart rate (F=2.14, df 2/20, p d .  14) across the three working 

postures. 

0.0077 0.0129 0.007% 0.0032 0.0067 0.0057 

Mean 
SD 
Max 
Min 
N=ll 

Posture 2 
74 
12 
92 
54 

Posture 1 
72 
12 
85 
49 

Posture 3 
75 
11 
88 
53 



Table E4: Delta Blood Pressure Descriptive Statistics in mmHg. 

The one-way repeated rneasures ANOVA and the Tukey HSD post hoc test revealed 

a no significant difference in systolic blood pressure (Fa.70,  df 2/20, p4.51)  and in 

Diastolic Blmd Pressure 
Posture 1 Posture 2 Posture 3 

3 2 6 
5 9 8 
13 24 28 
-5 -1 -8 

Mean 
SD 
Max 
Min 

diastolic blood pressure (F=1.64, df 2/20, p 4 . 2 2 )  across the three working postures. 

N=l 1 

Systolic Blood Pressure 
Posture 1 Posture 2 Posture 3 

1 5 4 
9 14 6 
14 41 14 
-1 1 -1 O -8 

Table ES: Delta Body Discomfon Scores Descriptive Statistics. 

The one-way repeated rneasures ANOVA test demonstïated a significant difference 

in perceived discomfon (F=9.26, df 2120, paû.00) across the three working postures. The 

Posture 3 
8 
6 
26 
7 

Mean 
SD 
Max 
Min 

Tukey HSD post hoc test revealed a non significant difference in perceived discornfort 

N=l 1 

between posture 2 and posture 3 (p=û. 13); and between posture 1 and 2 (p=0.08). 

Posture 1 
1 
3 
5 
3 

Posture 2 
4 
6 
20 
6 



Table E6: Performance (word count) Descriptive Statistics. 

The one-way repeated measures ANOVA demonstrated a significant difference in 

Mean 
SD 
Max 
Min 

word count (F=23.78. df 2/20. p4 .00)  across the three working postures. The Tukey HSD 

post hoc test revealed a non significant difference between postures one and two (pd.86). 

N=l l 

Posture 3 
638 
221 
1 023 
341 

Posture 1 
725 
238 
1180 
392 

Posture 2 
733 
254 
1240 
388 



Appendix F 

Statistical Results for Delta Heart Rate over Time 



Table F1: Summary of ali Effects for delta Heart Rate over time 

Table F2: Delta Hem Rate over time Descriptive Statistics 

Source 
Posture 

DF ~ffect MS Effect DF Error MS Enor F P 
2 0.33 36 7.39 0.06 0.96 

Source 
Postl 

Plot of Means: Delta Haart Rate Response 

RFACTOR 1 Main EIlect 

F(2.36)=.05: pc.9559 

Mean SD Max Min Variance 
1.65 2.78 7 -3 7.7 1 

Post2 
Post 3 

Posture 

1.40 2.80 7 -5 7.83 
1.68 3.38 10 -3 1 1.45 

Figure FI : Plot of means for delta heart rate over t h e  across postures 

N=20 
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