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Abstract 

 

In today’s work force many occupations such as paramedics, long-haul truck drivers and 

individuals employed with moving companies face complications from bouts of prolonged 

sitting or driving and are then asked to perform strenuous occupational lifting tasks. These 

lifting tasks put emergency medical service employees at a four times greater risk of back 

and trunk injuries than the average worker (Maguire, 2013). Paramedics in low-populous 

areas much like most of Atlantic Canada, have been shown to spend a significant amount 

of their working days being sedentary which puts them at risk for development of diseases 

associated with this behavior (Coffey et al., 2016). To date, there has been no effort in the 

research community to biomechanically assess the effects of a simulated prolonged 

driving task on an occupational lifting task. This study evaluated the lifting kinematics and 

muscle activation during a basic occupational lifting task before and after a three-hour 

simulated driving task to relate it primarily to paramedic’s occupational duties but also 

those of long-haul truck driving and moving companies. It was found that there were no 

changes in upper body lifting kinematics however, there were significant differences in 

maximum and mean percent activation levels when compared to their 100% maximum 

voluntary contraction. It was also found that there were significant differences in average 

and peak pressure as well as contact area on the seat pan when comparing the first and 

last fifteen minutes of the driving task. The implications of this study could be an indicator 

of injury risk for EMS personnel and could be used to direct a future study exploring this 

issue on a larger scale. 
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1.0 Introduction 

1.1 Injury and Health Concerns in the Workplace 

Over the last quarter of a century, our understanding of the interactions of the human 

body and  our workplace environments has greatly improved due to a health forward 

society and scientific technological advancements. Today, health and safety protocols 

play a vital part to each occupation as they are implemented to keep employees happy, 

productive and healthy. The cost associated with employee turnover and injury has led to 

safety protocols such as lifting restrictions, proper training and ergonomic interventions 

to educate and decrease the risk of injury of employees (Sparks et al., 2001).. Through 

biomechanical analyses and an ergonomic approach, safety protocols are constantly 

evolving as new evidence becomes available through research.  

Physically demanding occupations often not only have negative repercussions on the 

individual’s health, but also the company in which they are employed. If a workplace 

injury occurs, much of the work is passed on to other employees which potentially 

impacts productivity, performance, and increases the risk of injury for other employees 

(de Castro et al., 2010). A company with injured employees face increased rates of 

employee insurance due to workplace injury compensation claims, which leads to a 

significant financial burden on the company. Injuries can occur in any profession, even in 

non-physically demanding occupations. Sedentary behavior has been brought to light by 

extensive research and media exposure. Many occupations today require individuals to 

be seated for their entire shift, typically four to twelve hours at a time. These prolonged 

bouts of sitting have been shown to increase the risk of developing type II diabetes, 
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cardiovascular disease, obesity and other prevalent chronic health problems (Owen, 

2009). Prolonged sitting has also been linked to low back pain (LBP) as well as lower limb 

vascular issues (Beach et al., 2005). With this in mind, many employers have made health 

and safety a priority to prevent unnecessary worker injury claims and employ healthy and 

happy individuals (Amick et al., 2000).  

Prevention of injuries is more desirable than treatment of injuries due to several 

reasons: injuries are likely to reoccur if the worker returns without any significant changes 

in the task, workers often return to work before they are fully healed, cost of treatment 

and compensation for lost time is often much higher than investing in preventative 

measures, and occupational injuries require extended time and resources from the 

company (Kumar, 2001). Physically demanding occupations often have higher injury rates 

than their counterpart, but it realistic to assume many of these individuals go to work 

daily and never become injured on the job. Injury mechanisms are important to 

understand as they may lead to bettering injury prevention protocols for industry. There 

are many ways in which this population may become injured on the job such as: repetitive 

strain and overuse (Rempel et al., 1992), technique or style differences (Straker, 2002), 

biomechanical loading due to high to moderate loads during occupational lifting tasks 

(Keyserling, 2000), peak and cumulative joint loading (Kumar 1990; Waters et al., 2006), 

and fatigue influences on loading patterns and muscle coordination shifts (Bonato et al., 

2003).  

Individuals employed as an emergency medical service (EMS) provider are faced with 

a multidimensional occupation which encompasses all the health and injury risks listed 
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above. EMS personnel are at a four times greater risk of back and trunk injury than the 

average worker in the United States of America with low back pain being the leading 

injury causing missed days (Maguire, 2013; Letendre et al., 1999). Currently in the Atlantic 

Provinces of Canada, there is no mandated lifting technique. Although education is 

provided during training, lifting technique is subjective as patient care is the primary goal. 

It would be difficult, if a technique was mandated, to enforce such a policy as the 

environment in which these individuals work is fast paced and unpredictable. The 

possibility of introducing a standardized lifting protocol which could be enforced begins 

with the employees. Beginning at entry level, education is important to allow the 

individuals to understand the risks associated with these tasks. Partners may report on 

the others lifting and other safety protocols in a similar manner in which Coffey and 

colleagues did in 2016. 

1.2 Lifting Technique 

Individuals are biologically unique and therefore perform tasks slightly different 

from each other. When lifting an object there are several techniques which may be 

used. The stoop, where the individual rounds their back to pick the object up; the squat, 

where the individual squats down keeping the back upright to pick the object up; and 

the freestyle technique which is subjective to the person. A variety of these techniques 

could be used during a patient response (van Dieën et al., 1999). When treating a 

patient, the focus for the EMS provider is stabilizing and transporting the patient as 

quickly and safely as possible. The freestyle method may be chosen by some EMS 

personnel to satisfy moving quickly, however this may not be the safest way to 
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transport a patient. It may be comfortable for the initial lift but it may lead to joint 

loading issues and increase the likelihood of injury (Burgess-Limerick et al., 1995). 

The likelihood of the EMS provider to perform the squat lift for each patient when 

speed is a factor is minimal so each lift must be considered. Each type of lift has 

biomechanical and physiological impacts on the body with the stoop technique being 

classified as the most unsafe due to the larger shear forces acting on the spine. The 

squat technique may be the safest as the load is kept close to the body creating a 

smaller moment arm as the back is straight and the legs promote the lift (van Dieën et 

al., 1999). The freestyle lift is somewhat hard to classify asit is an open technique and is 

subjective to the individual, however it could increase the risk of injury due to the 

potential for increased biomechanical loading depending on the position the lift is 

performed (Boston, 1993). 

1.3 Occupational Concerns in the Emergency Medical Services  

Individuals who work in the Emergency Medical Services endure a variety of physical 

and mental challenges during each shift. Dobson and colleagues (2013) held a focus group 

to identify certain risk factors for obesity and injury in the EMS occupations. Several main 

themes surrounding the overall health of the paramedics emerged from the focus group. 

The EMS providers eating habits were often unusual and unhealthy and were shown to 

be more erratic at busy stations. There was also a lack of opportunity for physical fitness 

improvements during time off. The interviewees also suggested that their jobs are 

primary sedentary as they spend most of the working day (12-24 hours) seated. It was 
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also reported that their sleep schedule and quality were poor due to overnight shifts. 

Overall, when examining these themes, it is noted that their jobs are primarily sedentary 

coupled with a poor diet and exercise habits. This increases the risk for several adverse 

health effects such as cardiovascular disease (CVD), type II diabetes as well as other 

chronic health issues.  A Canadian cross-sectional survey was administered to 295 

paramedics to assess their risk for CVD. The self-reported survey resulted in 79% of 

paramedics claiming to be overweight or obese and another 90% characterized 

themselves as being at risk for CVD as well as other adverse chronic health issues (Hegg-

Deloye et al., 2015). In comparison to other occupations, EMS personnel are at a higher 

risk for circulatory and mental health problems with an increased prevalence of high 

blood pressure, self-reported musculoskeletal injuries, and general health problems 

(Sterud et al., 2006). 

According to Coffey and colleagues (2016), employee’s geographical location has a 

major impact on the physical demands during the work day. The purpose of their research 

was to characterize the physical demands from several different geographical locations 

across Canada to compare high populous and low populous areas. As paramedics work in 

pairs, they took turns assessing their physical activity levels after being trained on how to 

do so. The data was collected for one day and one night shift per evaluator in seven 

different areas of Canada. It was reported that both the low and high populous areas 

spend a significant amount of time sedentary during their shift (either spent driving or 

sitting with the vehicle’s ignition on in the catchment area). As expected, high populous 

areas responded to significantly more calls compared to the low populous area.  Lifts 
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ranged from 1-200kg in both areas, however, the highly populated personnel were 

subject to these loads at a higher frequency. In summary, the high populous areas were 

subject to a more physically demanding work day than the low populous areas.   

Shift work is an area for concern in the EMS profession. Paramedics in the Atlantic 

Provinces work 12 hour shifts where as firefighters work 24-hour shifts in a set rotation. 

In a self-reported survey conducted in the United Kingdom, EMS personnel reported 

negative effects on their physical health, fatigue, family life, occupational safety, and 

performance due to their hours and schedule rotation. Some of the effects of shift work 

include musculoskeletal injury, decreased energy levels, burnout and emotional distress 

on family and friends. Another theme from this study emerged, indicating that many 

experienced psychological stresses from this profession (Kirby et al., 2016). Other 

research suggests that individuals working shift work are at a higher risk of creating a 

disturbance in their normal circadian rhythms and can affect their psychophysiological 

functions. This primarily impacts an individual’s sleep and wake cycle and increases 

workplace error and accident (Costa, 1996). Deterioration of one’s health has also been 

noted and is manifested in disturbances of their normal sleep and eating habits that can 

lead to more severe disorders such as: gastrointestinal abnormality, neuro-psychic issues, 

and cardiovascular disease. An estimated 20% of employees have had to leave their 

occupation due to shift work because of previously mentioned issues stemming from 

adverse health effects of the job (Costa, 1996).  

 



11 
 

1.4 Prolonged Sitting and Driving  

Preventable lifestyle diseases such as cardiovascular disease, obesity and diabetes are 

on the rise in Western societies (Studebaker & Murphy, 2014). One potential explanation 

for the increase in their prevalence is the rise of sedentary behavior and decline of 

physical activity both on the job and at home (Brownson, Boehmer & Luke, 2005). It is 

estimated that adults are spending over half of their waking hours driving, watching 

television, using a computer or using a handheld device (Bauman et al., 2011). There is 

also evidence of increased low back pain and intradiscal pressure of the spine when 

exposed to prolonged bouts of sitting. This increase was seen in an hour in males and 

after two hours in females (Callaghan & McGill, 2011; Andersson et al., 1975, Beach et al., 

2005). EMS employees are one of the primary populations at risk for development of the 

preventable lifestyle diseases and low back pain due to their highly sedentary occupation 

(Coffey et al., 2016). 

Driving has become an essential component to adult life and is considered an 

instrumental activity of daily living as many high populous area residents must commute 

to their place of employment; often accounting for a long part of their working day. Beach 

and colleagues (2005) found that men who worked seated saw an increase in lumbar 

spine stiffness in just one hour, where women displayed variable results starting around 

the two hour mark. While examining discomfort and posture during a two-hour simulated 

drive, it was found that posture did not significantly change, however, lumbar spinal 

stiffness  significantly increased after the two-hour simulated drive (Carvalho & Callaghan, 

2011). Occupational drivers are at a higher risk for low back pain. A cross-sectional study 
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was conducted to investigate occupational driver’s exposure to posture demands, manual 

materials handling and whole-body vibration as risks for low back pain. It was found that 

60% of their 12-hour shift was spent driving with their trunk unsupported or in flexion. 

Heavy vibration was also observed as the engine of the vehicle was running for the 

majority of the working day and the driver was exposed through the driver’s seat, floor 

and steering wheel. In the occupational driving industry, a four times higher prevalence 

of low back pain and overall musculoskeletal discomfort is reported when compared to 

the general population (Okunribido et al., 2007).  

Sammonds, Fray and Mansfield (2017) found that there was a clear correlation with 

the amount of movement in a car seat and the level of comfort. In a simulated 140-minute 

drive, it was shown that as participants subjective discomfort increased, the frequency of 

their seat fidget and movements increased respectively (Sammonds, Fray & Mansfield, 

2017).  

1.5 Occupational Lifting and Manual Materials Handling  

Although emergency medical service workers have been found to be primarily 

sedentary throughout their working day, they have bouts of higher intensity  activity 

when responding to a call  such as patient lifting and cardiopulmonary resuscitation. 

Evidence suggests that the risk of injury is prevalent within this population with back 

injury being reported as the leading injury causing lost time in this occupation (Maguire 

& Smith, 2013).  



13 
 

An evaluation of EMS tasks were considered to assess their associated risk of 

musculoskeletal injury. Through the use of questionnaires and participant focus groups, 

it was found that injuries to the back were most prevalent followed by shoulder injuries. 

They also reported that 86% of paramedics were asked to carry stretchers up and down 

the stairs. During the task simulation and image posture matching it was found that 

individuals spent significant amounts of working time in extreme spinal flexion (greater 

than 35°). It was also found that awkward postures and twisting while handling heavy 

loads exposed these individuals to higher injury risk. Finally, it was noted that exposure 

to vibration and awkward posture while working in the ambulance could contribute to 

adverse health risks (Letendre & Robinson, 2000).   

 Building on work done by Letendre and Robinson (2000), Prairie and Corbeil 

(2014) conducted a study to assess dynamic trunk motions during a paramedic response 

call using a continuous posture recording system known as a CUELA system (computer-

assisted recording and long-term analysis of musculoskeletal load). The motion tracking 

system was worn like a backpack that tracked spinal motion and captured data from the 

arrival of the paramedic at the scene until the patient was delivered to the hospital. Nine 

paramedics were assessed during their twelve-hour shifts with a total assessment of 

thirty-four calls. While they were on call, it was found that the paramedic spent 44% of 

their response time in greater than 40° spinal flexion and 17% of the call in a twisted 

posture greater than 24°. Being in these positions while working with heavy loads, 

increases the risk of developing low back pain as well as other musculoskeletal injuries 

(Prairie and Corbeil, 2014).  
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 Lavender and colleagues in 2000 developed a study to assess the biomechanics of 

strenuous and frequently used tasks in the paramedic profession. Markers were placed 

on various anatomical landmarks and tracked using a motion capture system. After 

twenty active EMS personnel went through the protocol of several simulated 

occupational lifts, it was found that only a quarter of the population had the strength to 

perform these lifts as back and shoulder strength were the limiting factor. More 

importantly, it was found that many of the required occupational lifts exceed the National 

Institute for Occupational Health and Safety (NOISH) compression action limit on the 

L4/L5 (NIOSH, 1992). This indicates that some occupational lifting in this profession is 

unsafe and increases the risk of injury.  

1.6 Proposed Research 

The adverse effects of sedentary occupational behavior are not disputed. Neither are 

the musculoskeletal risk associated with lifting and patient transfers within paramedic 

duties. There is still a large knowledge gap in regards to relating the adverse effects of 

sedentary behavior and intermittent intense occupational activity. The relationship 

between being seated for prolonged periods and high intensity occupational lifting is not 

yet well understood. This is especially important when assessing occupational risk factors 

in the emergency medical services, long-haul trucking and moving company employees.  

The relationship of spinal stiffness after a bout of prolonged simulated driving was 

investigated by Beach and colleagues in 2005 and suggested that spinal stiffness can occur 

in the lumbar region after 2 hours of driving. Based on this finding, this project assumes 

that spinal stiffness may play a role when it comes to injury during a lift proceeding a 
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prolonged drive. Muscle stiffness and injuries have not been extensively examined but 

Butler and colleagues (2003) suggest that there may be adverse effects of being outside 

the optimal zone for performance. When exceeding or not meeting the optimal zone, 

individuals may change their movement based on the perception of stiffness therefore 

adopting a different technique in performing a task (Butler, 2003). Based on this evidence 

it is hypothesized that after a bout of prolonged driving followed by a lifting task, 

individuals may adopt a different lifting strategy, such as a freestyle technique, to 

compensate for potential muscle stiffness; which in turn may alter neuromuscular activity 

in certain muscles depending on the lifting technique.  

 This research purpose is to primarily identify changes in kinematic and 

neuromuscular lifting patterns associated with prolonged driving and sitting task. The 

following research questions were addressed: 

1. Are there significant differences in kinematic lifting waveforms from the baseline 

pretest compared to after the prolonged driving task? 

2. Are there muscle activity changes from the baseline pretest compared to after the 

prolonged driving task? 

3. Are there changes in seat pressure distribution  when comparing the first and last 

twenty minutes of the simulated driving task? 

4. Does perceived discomfort increase as the simulated driving task progresses? 
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Hypotheses Statements: 

1. The pre-drive kinematic lifting waveforms will be significantly different from the 

post-drive lifting waveforms. 

2. There will be significantly higher muscle activation levels in the three assessed 

muscle sites when comparing pre and post-drive occupational lifts.  

3. There will be a significant change in pressure distribution from the first and last 

twenty minutes of the simulated driving task. 

4. There will be a greater perceived discomfort score as the prolonged driving event 

proceeds. 
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2.0 Methods 

2.1 Participants 

Seventeen males and females were recruited for this study. There were four 

females and seven males with an average age of 25 (±7.2); weight of 172.4 (±28.4) lbs; 

and height of 175.3 (±8.58) cm. Of the seventeen participants who volunteered, only 

eleven of the participants (N=11) were included in results of this study due to instrument 

error during data collection and motion sickness while performing the driving task on the 

simulator. Four subjects were excluded due to malfunction of the trigger system which 

synchronized muscular activity with motion tracking. Another two subjects could not 

complete the protocol due to motion sickness on the simulator and removed themselves 

from the study.  Any individual with reported shoulder, back or lower extremity disorder 

causing lost work days within the past year were excluded from the study. Participants 

were all licensed drivers and participated in driving a motor vehicle regularly. Participants’ 

sex, age, height and weight were recorded prior to the start of the study.  
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Table 1: Participant information taken at the beginning of data collection. 

 Sex 
Height 
(cm) 

Height of Shelf 
(%) 

Weight 
(lbs) 

Age 
(years) 

P01 F 169.0 44.4 142 42 

P02 F 162.0 46.3 154 19 

P03 M 168.0 44.6 145 20 

P04 M 184.0 40.8 164 20 

P05 F 176.0 42.6 191 22 

P06 M 167.0 44.9 192 37 

P07 F 169.0 44.4 127 22 

P08 M 178.0 42.1 168 25 

P09 M 179.5 41.8 190 21 

P10 M 190.0 39.8 229 21 

P11 M 186.0 40.3 194 26 

 

2.2. Instrumentation 

2.2.1 3-D Motion Tracking 

Kinematic data was collected using the Liberty electromagnetic 3D motion 

tracking system (Polhemus Inc., Vermont, USA) sampled at 120Hz. The Liberty provides a 

three-dimensional coordinate system in x, y, and z. It also gives orientation in azimuth, 

elevation, and roll in relation to the central source box. The Liberty electromagnetic 3D 

motion tracking system has been validated to have a 0.1cm static accuracy and 0.15° 

orientation accuracy. The sensors of the Liberty system were placed bilaterally on the 

center of the hands (posterior 3rd metacarpal), forearm, upper arm and thigh. Three 

sensors were also placed on the spine at C7/T1, T8, sacrum, and were all secured using 

Hypafix®, a hypoallergenic adhesive, as well as double sided tape.  
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2.2.2 Electromyography  

 Three muscle sites were assessed during the lifting task: erector spinae 

(bilaterally), anterior deltoid (bilaterally) and biceps brachii (bilaterally) and each 

placement followed the Surface Electromyography Non-invasive Assessment of Muscles 

(SENIAM) guidelines (seniam.com). The participant’s skin was first prepared by shaving 

the site and wiping with an alcohol swab to help provide an accurate signal. EMG was 

collected by an 8 channel EMG system (Octopus, Bortec Technologies, Calgary, Alberta, 

Canada) at a rate of 1000 Hz. EMG signals were recorded by pre-gelled, silver-silver 

chloride, surface bipolar electrodes. The EMG data was collected along with the Liberty 

motion tracking system during each lift through custom Labview software and 

synchronized through external triggers to collect data uniformly.  

2.2.3 Pressure Pads 

 The simulator was equipped with XSensor™ pressure pads (X2 Seating System 

model LX100:36.36.02; XSensor Technology Corporation, Canada) on the driver seat, 

measuring 45.7cm x 45.7cm and are 0.81mm thick when compressed. The interface was 

used to identify the participants postural shift movements using the center of pressure 

(CoP). The pressure pads have an accuracy of 5 mmHg with less than 1.3% hysteresis and 

5% less creep over one hour use. The pressure data was collected at a frequency of 10 Hz 

over the duration of the drive and calibrated before and after each participant. 
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2.2.4 Driving Simulator 

 Participants were asked to drive on a driving simulator (VS600M, Virage 

Simulation, Canada). The open truck simulator resembles the interior of a large cabin 

truck. The simulator consists of a truck seat, steering column, accelerator and braking 

pedals, automatic transmission and a dashboard which includes a speedometer. There is 

also a side display which is needed to control the transmission, hand brake and sirens. 

The Virage VS600M has a state-of-the-art motion system with a three-axis platform with 

electric actuators that provide sensory cues for acceleration, deceleration, obstacles and 

turning. Vehicle engine vibrations are simulated through revolutions per minute, as well 

as vehicle speed through the tires on the road surface. These vibrations are transmitted 

through the steering wheel, seat and simulator platform through and external air 

compressor. Three 52”, 1920x1080 pixel LCD displays provide 180° front view with the 

addition of side view mirrors on the exterior displays.  
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Figures 1a and 1b: Figure 1a (left) is a full view of the Virage VS600M driving simulator with the three 52” 

screens. Figure 1b (right) is a view of the simulated truck cabin with the front dash being behind the 

steering wheel and full ambulance controls such as sirens and air conditioning are located on the external 

panel on the far right.  

2.2.5 Rate of Perceived Discomfort Questionnaire 

 The ROPD questionnaire was designed to target 13 areas on the body that may 

experience discomfort during the driving task. The paper print out of the human body is 

numbered to the corresponding body part (see ROPD in Appendix D). 

2.3 Procedures 

2.3.1 Initial Set Up  

Participants were welcomed into the Occupational Performance Laboratory in the 

Lady Beaverbrook Gymnasium upon commencement of the study. They were given an 
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information package outlining the details and requirements of the study and handouts 

that were explained by the primary researcher. Participants were also asked to sign an 

informed consent form accepted and reviewed by the University of New Brunswick’s 

Research Ethics Board. At this point the participants were given the opportunity to ask 

questions and familiarize themselves with the equipment and driving simulator. A 15-

minute period was allotted for training on the simulator. The allotted time spent on 

training allowed individuals to drive freely around the simulated city, practice accelerating 

and braking, and asking any questions regarding the software or operation of the 

simulator. Each participant was properly fitted for self-perceived comfort that falls within 

the Canadian Centre for Occupational Health and Safety (CCOHS) guidelines. Once fitted 

to the seat. Participants’ anthropometric data was collected which included: height, 

weight, self-reported age and self-reported sex. EMG electrodes were placed on the 

participant at the sites previously mentioned. Isometric maximal voluntary contractions 

(MVC) were taken prior to the data collection. To determine MVC’s, each participant 

repeated each exercise three times for a duration of ten seconds each. These exercises 

included: 

1. Biceps Curl – Participants were seated in a bicep curl chair. A chain was connected to 

the floor and was placed around their wrist with a Velcro strap.  The participant flexed 

their elbow against the chain towards their body as hard as they could for ten seconds 

while the researcher encouraged them to pull as hard as they could for each exercise 
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2. Shoulder Pull – The same chain was connected to the floor and the participant was 

standing shoulder-width-apart. They were asked to flex their shoulder out in front of them 

the chain straight in the air as hard as they can for ten seconds. 

3. Biering-Sorensen Back Endurance Test- The participant placed their hips in line with the 

edge of a massage table and extended the hips so their bodies were completely 

horizontal. The chain was placed around the upper back via a harness. The participant 

extended their back as hard as they could against the resistance of the chain for ten 

seconds. The middle 3 seconds were averaged and used as the MVC. 

 The Liberty sensors were then placed on the body and they were asked to stand 

in anatomical position to be a reference point during analysis. The preliminary lifting task 

was then completed followed by the prolonged driving task and the post-drive lifting task. 

2.3.2 Preliminary Lifting  

To assess the differences between each participant’s movements during the 

occupational lifting task, a series of lifts took place before the prolonged driving task. The 

participants were asked to perform a box lift weighted to a standardized 22kg from the 

floor to a shelf that is 0.75 meters in height for ten repetitions. The box used in the 

protocol was a standard milk crate that measured 12”x12”x10.5” with handles located at 

9.5” in height on all sides. Participants were not educated on lifting technique and were 

advised to lift however felt comfortable to them. Each lift consisted of picking the box up 

from the ground and placing it gently onto the shelf and then returning the box to the 

floor. When the box returned to the floor the lift cycle was completed. Data was collected 
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for the entire lift cycle and the participant was given a fifteen second break to allow the 

researcher to save, recalibrate and collect the next lift. The kinematic data was collected 

by the Liberty electromagnetic motion tracking system. EMG data was collected through 

a custom made Labview program synchronized to the Liberty electromagnetic motion 

tracking system via external triggers on the floor and shelf.  

 

Figure 2: The occupational box lifting task will be completed on this shelf. The shelf is measured exactly 

0.75 meters from the ground to simulate the height of a back of an ambulance. 

2.3.3 Driving Task and Post-Drive Lifting Task 

Once the initial baseline lifting assessment was completed, the participant began 

the prolonged driving task.The participant was then to 140 minutes of being seated. This 

was broken up into twenty minute intervals: fifteen-minutes of driving on the simulator 

and five-minutes of rest while remaining seated. Participants were instructed to drive 
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freely for the fifteen minute interval and then pull over and keep the ignition running 

during the five minute rest period. Collection of the pressure pad data took place during 

the driving task sampling at 10 Hz for the duration of the fifteen-minute drive. During 

each five minute rest period, the self-perceived rate of discomfort questionnaire was 

administered. After completion of the 140 minute driving task, the participant exited the 

simulator and prepared for the lifting task. Ten repetitions were completed in the same 

manner as the pre-driving lifts. Once the lifts are completed, the data collection is 

finished.  

2.4 Data Analysis 

2.4.1 Kinematic Data 

 Kinematic data was analyzed using custom LabView and MatLab Software (The 

MathWorks, Natick, MA) to create the lifting waveforms. The data was filtered using a 

dual pass (zero-lag), 2nd order low-pass Butterworth filter with a cut-off frequency of 6 

Hz. The analysis output included the joint angles for shoulders, pelvis and trunk (thoracic 

and lumbar). The anatomical position was used as the origin and was calibrated as a 

reference point to derive the joint angular kinematics.  Hip angles were derived from 

subtracting the upper thigh marker sensors elevation pitch from the sacrum marker 

sensors elevation pitch. The lumbar angle was calculated by subtracting the T8 marker 

elevation pitch from the sacrum marker elevation pitch. The thoracic spine angles were 

calculated using the same method but subtracting the C7 marker from the T8. Finally, the 

shoulder angles were calculated from the upper arm marker subtracted from the C7. The 
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joint angle position was determined through the waveform for flexion and extension of 

the joints mentioned previously as this was a symmetrical lifting task. The waveforms 

were then cut using the triggers to identify the start of the lift, when the box hit the shelf. 

The data was then time normalized and each participant’s pre and post lifts were 

averaged using custom LabView software. A cross correlation technique was used to 

compare joint angle waveforms through custom MatLab software before and after the 

driving task to assess the similarities between lifting patterns. If the coefficient is close to 

a value of 0, that indicates there is a difference in the waveform but as it approaches 1, 

the more similar those waveforms are. Lag time was also calculated to measure the 

differences in timing of the lifting motion.  

2.4.2 Electromyography 

EMG data was analyzed using custom LabView software and was collected at 1000 

Hz. The MVC’s collected prior to the lifting task were then analyzed taking the averaged 

three second window in the middle of collection for each muscle site to represent 100% 

of the participants activation. Next, the raw EMG data was single-passed with a band-pass 

filter with a low cut off frequency of 20Hz and a high cut off of 450 Hz using a 4th order 

Butterworth filter. Next a band-stop with a low cut off of 59 Hz and a high cut off of 61 Hz 

(4th order Butterworth) was applied to eliminate the 60 Hz noise from the electrical and 

lights in the facility. The data was then full wave rectified and smoothed. For the analysis 

of the pre and post drive lifting tasks, the percent activation levels were calculated for 

each muscle relative to their MVC’s root mean square. The peak percent activation level 

during each participants lift was assessed both pre and post as well as the mean percent 
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activation levels. The lifts only included the floor to shelf motion as there was minimal 

activation levels during the drop phase. 

2.4.3 Pressure Distribution and Rate of Perceived Discomfort Questionnaire  

The data obtained by the pressure pad Xsensor software was used to determine 

each participant’s changes in center of pressure, peak pressure and average pressure. The 

data was exported from the Xsensor collection software to an Excel file for analysis. The 

comparison was made between baseline (first 20 minutes of the drive) and the end of the 

drive (last 20 minutes) for each of the outcome measures. 

The values obtained from the perceived rate of discomfort questionnaire were 

recorded in an Excel file and assessed on an individual basis to observe trends in specific 

pain related areas. The scale on the RPD questionnaire was 0-100 and the scores were 

averaged and then assessed as percent change. 

2.5 Statistical Analysis 

 All statistical analyses were completed using SPSS version 23 (SPSS, Inc., Chicago, 

IL, USA). A repeated measures ANOVA was used to assess pre and post kinematic and 

neuromuscular changes. The same test was performed on the first 20 minutes of the drive 

versus the last 20 minutes for center, average and peak pressures as well as contact area 

on the seat pan. The information provided from the rate of perceived discomfort 

questionnaire was completed on an individual basis and no statistical analysis was used 

due to the large variances among the individuals. The alpha level was set at 0.05 for all 

analyses.  
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3.0 Results 

The results are presented in several sections as follows: kinematics of the lifting 

task, cross-correlation analysis and neuromuscular activity for the lifting portion of the 

task, seat pan pressure distribution and rate of perceived discomfort questionnaire. The 

results from the discomfort (RPD) questionnaire from each participant can be found in 

Appendix E as a qualitative assessment was done for analysis here. Each of the bars on 

figures three through eight indicate standard deviation. 

3.1 Kinematics of the Lifting Task 

 Participant data was first compiled into a database for each of the measured joint 

angles for both the pre-drive lift and post-drive lift. The bilateral joint angles that were 

analyzed were flexion of the shoulders, hips, thoracic spine and lumbar spine. Through a 

repeated measures ANOVA, it was found that there were significant differences in 

bilateral shoulder flexion and extension (p<0.001) no significant differences in any of the 

pre and post lifts at any other joint (p>0.05). All kinematic data was analyzed for the floor 

to shelf only. The lowering of the box from shelf to floor was excluded from this project. 

During the lift, it was observed that most of the participants lifted with a squat technique 

and had very minimal joint movement as the height of the shelf was below hip level 

limiting any shoulder extension. 
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Figure 3: Right shoulder Flexion/Extension during the lifting task before and after a 

prolonged bout of driving. 

 

 

Figure 4: Left shoulder Flexion/Extension during the lifting task before and after a 

prolonged bout of driving. 
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Figure 5: Right Hip Flexion/Extension during the lifting task before and after a prolonged 

bout of driving. 
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Figure 6: Left Hip Flexion/Extension during the lifting task before and after a prolonged 

bout of driving. 

 

 

 

Figure 7: Lumbar Flexion/Extension during the lifting task before and after a prolonged 

bout of driving. 
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Figure 8: Thoracic Flexion/Extension during the lifting task before and after a prolonged 

bout of driving. 

 

3.2 Cross-Correlation Analysis 

 Cross-correlation technique was used to determine if the post-drive joint angle 

waveform ran relative to the pre-drive lift at time 0. It was found that there were no 

significant differences in any of the joint angle waveforms as the cross-correlation value 

as a numerical value close to 1.0 represents a strong correlation between lifts.  

 Lag time demonstrates the cadence in which the lift was completed in. Since this 

research project was not a fatiguing task, it was expected that the participants would 

complete the lifts in a similar fashion both technique-wise, and at generally the same 

speed. This was shown through achieving a lag time of 0 for all participants.  
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Tables 2a, 2b and 2c: Cross-Correlation and Lag analysis results for each participant 

during the lifting phase. 

   (a) 

 

Right 
Shoulder 

Coefficient Lag 

Left 
Shoulder 

Coefficient Lag 

P01 0.97743 0 0.99278 0 

P02 0.99748 0 0.99982 0 

P03 0.99944 0 0.99865 0 

P04 0.99995 0 0.99998 0 

P05 0.99957 0 0.99999 0 

P06 0.99996 0 0.99953 0 

P07 0.99564 0 0.99846 0 

P08 0.97527 0 0.93645 0 

P09 0.98687 0 0.99988 0 

P10 0.99907 0 0.99884 0 

P11 0.94931 0 0.97717 0 

 
 
  

 

   

(b)     

     

 

Right Hip 
Coefficient Lag 

Left Hip 
Coefficient Lag 

P01 0.99854 0 0.99782 0 

P02 0.99956 0 0.99873 0 

P03 0.92740 0 0.98627 0 

P04 0.99886 0 0.99996 0 

P05 0.99898 0 0.99813 0 

P06 0.99958 0 0.99998 0 

P07 0.98715 0 0.99682 0 

P08 0.96082 0 0.97479 0 

P09 0.99400 0 0.98448 0 

P10 0.98530 0 0.96992 0 

P11 0.88683 0 0.95081 0 
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(c) 
 

 

Lumbar 
Coefficient Lag 

Thoracic 
Coefficient Lag 

P01 0.99809 0 0.99181 0 

P02 0.99915 0 0.99224 0 

P03 0.99422 0 0.99267 0 

P04 0.99998 0 0.99999 0 

P05 0.99935 0 0.99745 0 

P06 0.99997 0 0.99645 0 

P07 0.99846 0 0.99510 0 

P08 0.98540 0 0.99531 0 

P09 0.98842 0 0.98435 0 

P10 0.99392 0 0.99374 0 

P11 0.98983 0 0.93378 0 

 

Table 3: Averaged Cross-Correlation and Lag analysis results for the sample population 

during the lifting phase. 

 

Cross 
Correlation 

Mean 

Cross 
Correlation 

SD Lag 

Right 
Shoulder 0.989 0.015 0 

Left Shoulder 0.991 0.018 0 

Right Hip 0.976 0.035 0 

Left Hip 0.987 0.015 0 

Lumbar 0.995 0.005 0 

Thoracic 0.988 0.018 0 

 

3.3 Neuromuscular Activity  

 Electromyography results were compared for the lifting action for both the pre 

and post drive tasks. Analysis was completed based on 100% of maximum voluntary 

contraction and compared as percent activation before and after the driving tasks. Mean 
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and maximum percent activation were used for comparison and all statistical analyses 

were a repeated measures ANOVA with the alpha level set to 0.05.  

 

Figure 9: Mean percent muscle activation normalized to 100% MVC for the sample 

population at all 6 muscle sites. 
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Figure 10: Maximum percent muscle activation normalized to 100% MVC for the sample 

population at all 6 muscle sites. 

Table 4: Statistical results from the maximum percent activation levels when comparing 

pre and post drive lifts. 

 

Max % Act 
Left 
Erector 
Spinae 

Max % 
Act Right 
Erector 
Spinae 

Max % Act 
Left Ant 
delt 

Max % Act 
Right Ant 
delt 

Max % 
Act Left 
Bicep 

Max % 
Act Right 
Bicep 

p-value 0.001905* 0.02724* 0.006195* 0.000305* 0.225664 0.535508 

 *Indicates statistical significance  

Table 5: Statistical results from the mean percent activation levels when comparing pre 

and post drive lifts. 

 

Mean % 
Act Left 
Erector 
Spinae 

Mean % 
Act Right 
Erector 
Spinae 

Mean % 
Act Left 
Ant delt 

Mean % 
Act Right 
Ant delt 

Mean % 
Act Left 
Bicep 

Mean % 
Act Right 
Bicep 

p-value 0.01586* 0.021615* 0.000847* 0.001423* 0.481956 0.373083 

 *Indicates statistical significance 

3.4 Pressure Distribution on the Seat Pan 

 Pressure distribution was analyzed using XSensor software, where average center 

of pressure, peak pressure, average pressure and contact area was calculated over the 

first and last fifteen minutes of the driving task. There was statistical significance for peak 

pressure (p=0.015), average pressure (p<0.001) and contact area (p=0.003). There was no 

significant differences found in center of pressure (CoP X, p=0.486; CoP Y, p=0.732), 

however there was a noticeable trend found as the majority of participants showed a shift 
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in the positive X direction from 7.05(2.40) to 9.81(2.36) as well as in the negative Y 

position from 7.45(2.54) to 3.93(1.04) indicating that the population moved slightly to the 

right and forward in their seat. 

 

Figure 10: Comparison of average pressure during the first and last 15 minutes of the 

driving task by participant. 
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Figure 11: Comparison of contact area during the first and last 15 minutes of the driving 

task by participant. 

 

 

Figure 10: Comparison of peak pressure during the first and last 15 minutes of the 

driving task by participant. 

3.5 Rate of Perceived Discomfort Questionnaire 

 The RPD questionnaires were analyzed on an individual basis because discomfort 

is subjective to the individual. From qualitative examination, it can be noted that as the 

driving task progressed, discomfort scores increased across each individual site. Upon 

further examination of the average scores, every area of the body indicated on the 

questionnaire had increased discomfort scores compared to baseline. The average 

increase was 5.16 with a minimum of 2.12 (lower legs) and maximum of 9.18 (mid back). 

Table 6 indicates the group averaged score and is presented as percent change.  Based on 
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these results, participants experienced the most discomfort in the back and the least 

amount in their legs over the course of the driving task. You will find participant by 

participant results of the RPD questionnaire in Appendix E.  

Table 6: Averaged group scores of the Rate of Perceived Discomfort questionnaire 

represented as percent change. 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Body Segment 1 2 3 4 5 6 7 8 9 10 11 12 13

Pre Score (%) 6.27 2.18 2.68 2.68 2.73 7.18 6.73 3.14 4.55 4.23 4.59 3.36 4.23

Post Score (%) 10.41 6.09 7.00 8.55 9.00 12.09 12.50 12.32 13.23 9.00 9.50 5.64 6.35

Percent Change (%) 4.14 3.91 4.32 5.86 6.27 4.91 5.77 9.18 8.68 4.77 4.91 2.27 2.12
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4.0 Discussion 

 This study aimed to identify lifting movement pattern and neuromuscular changes 

after a bout of prolonged driving in 11 participants. These individuals did not experience 

any shoulder, neck or back pain causing missed days in the last 6 months and all were 

currently employed full time or were full time post-secondary students. It is important to 

note that 10 of the 11 participants had little to no experience with lifting tasks while the 

other participant was a paramedic of 14 years. When analyzing the data, there was no 

attempt to consider sex differences as the majority of the population in the study was 

male. The nature of this study was a preliminary investigation to assess the 

aforementioned outcome measures to provide insight into what happens in specific 

occupations requiring driving followed by a lifting task such as, paramedics and long-haul 

truck drivers.  

4.1 Kinematics and Cross-Correlation Analysis of the Lifting Task 

 The research hypothesis was that there would be a difference between lifting 

technique after a prolonged drive due to trunk muscle stiffness. The results of this study 

did not support this hypothesis. Through individual analysis of each joint angle respective 

to each participant, there were only statistically significant differences found bilaterally 

in the shoulders the lifting phase when comparing the pre and post drive lifting tasks. This 

result shows that the population used similar movement trajectories for each of the ten 

lifts before and after the driving task. The shoulders increased by approximately 10° 

bilaterally when comparing pre and post lifts suggesting that there is more shoulder 
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flexion after the prolonged driving task. Throughout the study, it was noted that when 

the participants lifted from floor to shelf there was little “reach and swing” motion due 

to the height of the box limiting hip and shoulder flexion. Thoracic and lumbar joint angles 

also increased approximately 5° during the post-drive lifting task meaning the participants 

adapted a more upright position during the lift from the floor to the shelf. Although only 

a slight increase is observed, there is observed evidence during collection suggesting 

individuals adapted a more slightly upright “squat” lifting technique rather than the 

“stoop” technique in where the spine goes into greater amounts of flexion (van Dieën et 

al., 1999). Based on the observed technique used by participants, there was limited joint 

movement as the data began collecting when the box came off the trigger. Typically, the 

participant was already in the squat position as the trigger was activated and had limited 

motion during the box lift. The shoulders would extend slightly to guide the box onto the 

shelf.  

 The cross-correlation analysis technique provided similar results to assessing 

maximum and mean joint angle kinematics as it showed that there is a strong correlation 

between pre and post-drive lifting waveforms suggesting participants maintained the 

same technique before and after the drive. Lag time, which is an indicator of cadence, 

was found to have a value of 0 across all lifts indicating each participant maintained the 

same timing of lifting motion throughout the 10 lifts at each individual joint segment. 

 Assessing these results as a whole it can be said that there was little upper body 

movement when lifting the box to the shelf. Participants maintained a neutral spine 

posture when picking up the box keeping their back relatively upright throughout the lift 
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suggesting the squat technique was used both pre and post-drive. Shoulder flexion was 

not utilized as hypothesized as the shelf height and position allow them to squat down, 

pick up the box and it be at or below hip height limiting any reaching or lifting. 

4.2 Neuromuscular Activity 

Muscular stiffness could contribute to the increased neuromuscular activity 

shown in this research. Work done by Butler and colleagues in 2003 suggests that 

muscular stiffness can create a more powerful movement but there is an “optimal” 

stiffness designed to enhance performance. On the contrary, he suggests that when not 

in this optimal zone, there is going to be increased muscular activity to complete the 

movement resulting in the possibility of injury. In addition to the muscular activity, a 

certain degree of stiffness could be beneficial for performance but a muscle is too stiff or 

not stiff enough, there may be an increased range of motion leading to bony and soft 

tissue injuries (Butler et al., 2003). The information that was gathered through this project 

reinforces that there could be increased muscle stiffness after the driving task due to the 

sedentary nature of driving and therefore could contribute to the increased levels of 

muscular activity. Beach and colleagues in 2005 found there was an increase in lumbar 

stiffness in just one hour of simulated driving and women primarily saw an increase after 

two hours. Based on the results of this study, it can be assumed that a bout of prolonged 

driving followed by a lifting task can increase muscular activity and therefore increase the 

risk of injury. 
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 Although there were no kinematic changes observed there were increases in 

neuromuscular activity. Results were analyzed on an individual basis as well as in a group 

and found that over 90% instances showed statistically significant results. Maximum 

voluntary contractions were normalized to 100% prior to analysis and were used in 

comparison to the pre and post-drive lifting tasks muscle activation levels. As seen in 

figure 8, mean percent activation in the left erector spinae and bilateral have significant 

increases before and after the driving task. There was also a significant difference 

bilaterally in the biceps for the population. In figure 9, maximum activation levels exceed 

the 100% of the participants on several occasions. This was primarily seen at the 

beginning of the lifting task where the participant was required to remove the box from 

the floor causing and influx of recruitment of the motor units used in initiating the 

movement. On an individual level, it was observed (tables 4 and 5), that mean and 

maximum percent activation levels have statistically significant differences for the 

majority of the muscle sites. There are several explanations for this as muscle fatigue and 

stiffness play important roles in the increase between the two lifts.  

 Muscular fatigue is a major concern in occupational lifting as a sudden increase in 

muscular activity can consequently increase the risk of injury. Central fatigue is a lack of 

energy noted by the individual whereas peripheral fatigue is where the specific muscle is 

unable to do work (Bonato et al. 2003; Rempel et al., 1992). Fatigue while lifting can be a 

major concern for both employee and employer as there is evidence that fatigue may 

result in a less efficient technique and require more neuromuscular activity to complete 

the lift (Gandevia, 2001). When muscles begin to fatigue the need for motor unit 
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recruitment increases increasing the electrical activity in the cell, therefore seeing 

increased EMG output. Although there is no statistical evidence that kinematics changed, 

it is hypothesized that there may have been minor adaptations in technique in a different 

plane such as axial twist (as observed during the lifting task by the researcher) as only 

flexion and extension were examined in this research study.  

Vibration is another factor that could contribute to the increase in muscle activity 

in this study. A preliminary investigation by the researcher assessed vibration off the 

simulator prior to this research project and found there was no significant differences 

found between the simulator and an in-service ambulance in Atlantic Canada. In a study 

conducted by Lienhard and colleagues in 2015, it was found that whole body vibration 

increases muscle activity in both active and inactive individuals. The increase was 

between 7% and 8% in the assessed muscle sites when exposed to whole body vibration.  

Work done by Okunribido and colleagues in 2008 also reiterates that when 

occupational drivers are exposed to whole body vibration, seated postures and manual 

materials handling are contributors to precipitation of low back pain. With this is mind, 

these three factors were integrated in this study and could be a contributor to the 

increase in muscle activity and discomfort in these participants.  

4.3 Pressure Distribution on the Seat Pan 

 Pressure distribution was assessed for each of the 15 minute driving subsections. 

Each task was individually assessed but there was little variance when comparing each 

individual drive. For this research the first and last 15 minutes were assessed and 
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compared, calculating average and peak pressure, contact area with the seat pan and 

center of pressure. It was found that there were significant increases for average and peak 

pressure as well as contact area (p<0.05). Center of pressure coordinates were found to 

have a slight difference in the spread (xmax–xmin; ymax–ymin) as we see a forward and to the 

left shift in both the X and Y directions. Similar results were found in a study assessing 

postural shift of on-duty police officers where there were differences in center of pressure 

spread and average and peak pressure values (Cardoso et al., 2017) A shift in center of 

pressure is a positive indicator of an increase in discomfort as Lee and colleagues cited in 

1995. It was found that there was a greater pressure being applied to the seat pan during 

the last 15 minutes of the drive indicating that there was a greater amount of postural 

shifts creating more pressure on the seat pan.  

4.4 Rate of Perceived Discomfort Questionnaire 

 There were evident trends suggesting that as the driving task progressed, the 

indicated body segments became increasingly more uncomfortable. This is to be expected 

and is supported with the results from the pressure pad indicating changes in all variables 

mentioned previously.  

4.5 Study Limitations 

 This research study was limited to include 11 participants who had little to no 

occupational experience in lifting with the exception of one paramedic. Due to 

instrumentation error, several participants were not included because of discrepancies in 

the motion and neuromuscular data. The number of sensors used in motion tracking was 
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also problematic because the lower limbs were not accounted for. With data from the 

lower extremity, there could have been sufficient evidence that there was a change in 

knee flexion to obtain a better understanding of the participants lifting technique as the 

shelf may have been too low to see any kinematic differences. The task was also not a 

fatiguing task which allowed the participants to lift with proper form as the task was not 

overly strenous. Another factor that may have limited the amount of difference in 

kinematics is when the beginning of the trial began. The triggers were synchronized to 

begin collecting when the box came off the ground so the initiation of the squat/stoop 

was missed. This may be altered for future projects to allow the investigator to capture 

the entire lift cycle.  The number of EMG channels used were also a limitation, as there 

were no electrodes placed on important muscles used in a lifting task such as: the triceps, 

quadriceps, hamstring, gastrocnemius and gluteus musculature. Although a kinematic 

assessment was completed to observe technique changes, there was no assessment of 

joint and soft tissue loading.  

4.6 Future Direction 

 This research project was a pilot study to evaluate changes in movement patterns 

and neuromuscular changes in a lifting task after a prolonged drive. This project opened 

the door for more extensive projects related to these occupations and could move in a 

direction where a stretcher is used for the lifts for the paramedics and biomechanically 

and physiologically assess the paramedic after a driving task. Furthermore, future 

research could add a variety of different tasks such as patient treatment in confined space 

and after a prolonged drive. Another interesting avenue could assess cognitive and 
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physiologic function during a simulated response. This study was a foundation for future 

work which could explore many avenues in the realm of this topic. 
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Appendix A: Sensor Locations for Motion Capture and Electromyography 

Table 1: Table 1 depicts the sensor locations and their corresponding sensor number for each data 

collection. 

Fastrak Motion Capture System 

 Sensor Number Sensor Location 

1 Left Hand 

2 Left Forearm 

3 Left Upper Arm 

4 Right Hand 

5 Right Forearm 

6 Right Upper Arm 

7 C7/T1 

8 T8 

9 S1 

10 Left Lateral Thigh 

11 Right Lateral Thigh 
 

Table 2: Table 2 depicts electrode location and its corresponding channel for each data collection 

Bortech Octopus Electromyography System 

EMG Channel EMG Electrode Location 

1 Right Erector Spinae 

2 Left Erector Spinae 

3 Right Anterior Deltoid 

4 Left Anterior Deltoid 

5 Right Biceps Brachii 

6 Left Biceps Brachii 
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APPENDIX B: HEALTH SCREENING FORM 

HEALTH SCREENING FORM 

Participant Code: _________ 
 
This questionnaire asks some questions about your health status. This information is used to guide us with your entry into the study. 

Contradictions to participation in this study include: 

1. Have you suffered from low back pain in the past 3-months? 
2. Previous lumbar or hip surgery 
3. Experienced bouts of dizziness and/or fainting 
4. Allergy or sensitivity to alcohol and/or adhesives 

 
Past Relevant Health History (Check all that apply): 

 
Musculoskeletal pain/disorders 

 Back Injury (Soft Tissue), please specify: _________________________ 

 Back Injury (Fracture), please specify:      _________________________ 

 Hip Injury, please specify: _________________________ 

 Knee Injury, please specify: _________________________ 

 Ankle Injury, please specify: _________________________ 

 Scoliosis 

 Spondylolisthesis 

 Scheuermann’s Disease 

 
Cardiovascular Disorders 

 Heart Murmur  Congenital Heart Disease 

 Disease of the Arteries  High Cholesterol 

 Heart Attack  Heart Disease 

 High Blood Pressure 

 
Respiratory disorders/disease 

 Emphysema  Pneumonia 

 Asthma  Bronchitis 

 
Other 

 Neoplasm  Arthritis 

 Fainting  Dizziness 

 

Current Relevant Health History (Check all that apply): 

 Irregular Heartbeat  Fatigue 

 Chest Pain  Persistent Coughing 

 Wheezing (Asthma)  Dizziness 

 Back pain/injury  Shoulder pain/injury 

 Leg Pain/injury   

 
Allergies 

 Rubbing Alcohol 

 Adhesives 
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APPENDIX C: SENIAM GUIDELINES 

 

Figure 3: SENIAM guidelines for EMG electrode placement for the Anterior Deltoid 

 

Figure 4: SENIAM guidelines for EMG electrode placement for the Erector Spinae 

 

Figure 5: SENIAM guidelines for EMG electrode placement for the Biceps Brachii 

http://seniam.org/images/SEMGlocations/LowerbackLoc04_large.gif
http://seniam.org/images/SEMGlocations/LowerbackLoc01_large.gif
http://seniam.org/images/SEMGlocations/ArmHandLoc01_large.gif
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Appendix D: Rate of perceived discomfort form 

 

During the break between drives, the rate of perceived discomfort (RPD) questionnaire 

will be administered. The participant will indicate their level of discomfort on the line 

where the far left of the line is zero discomfort and where there far right is the highest 

level of discomfort for each coordinating part of the body. 
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APPENDIX E: ROPD RESULTS 

 

P01 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 19 0 0 0 2 3 4 1 2 3 2 1 2

T 20-35 25 0 1 1 1 1 1 7 9 0 1 0 0

T 40-55 23 9 12 3 0 9 9 8 6 0 0 3 4

T 60-75 10 6 9 6 7 9 7 7 8 2 4 4 1

T 80-95 39 9 12 7 6 7 7 13 15 3 4 7 9

T 100-115 34 9 10 15 17 13 16 24 27 16 18 8 10

T 120-135 19 9 9 16 18 9 9 32 33 16 17 8 8

Average Pre 22 0 0.5 0.5 1.5 2 2.5 4 5.5 1.5 1.5 0.5 1

Average Post 26.5 9 9.5 15.5 17.5 11 12.5 28 30 16 17.5 8 9

P02 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 10 0 5 0 0 0 0 0 0 0 0 0 0

T 20-35 5 0 6 0 3 1 1 1 1 1 0 0 0

T 40-55 9.5 0 11 1 9.5 1 4 3 4 1 7 1 0

T 60-75 18 6 15 4 6 1 0 3 1 1 1 0 0

T 80-95 10.625 1.5 9.25 1.25 4.625 0.75 1.25 1.75 1.5 0.75 2 0.25 0

T 100-115 4 2 4 5 7 8 11 7 14 6 15 6 17

T 120-135 14 3 15 2 16 5 7 1 1 4 3 0 0

Average Pre 7.5 0 5.5 0 1.5 0.5 0.5 0.5 0.5 0.5 0 0 0

Average Post 9 2.5 9.5 3.5 11.5 6.5 9 4 7.5 5 9 3 8.5

P03 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 2 2 3 3 3 2 3 10 11 5 7 6 7

T 20-35 6 6 5 5 5 4 4 11 12 6 7 6 8

T 40-55 22 7 6 5 8 13 12 23 23 18 16 7 21

T 60-75 19 8 7 11 11 13 12 24 25 20 20 9 14

T 80-95 27 13 13 20 20 22 21 29 29 16 11 8 25

T 100-115 26 23 23 11 10 18 18 20 21 20 20 14 16

T 120-135 27 15 16 28 29 25 27 24 25 20 20 10 21

Average Pre 4 4 4 4 4 3 3.5 10.5 11.5 5.5 7 6 7.5

Average Post 26.5 19 19.5 19.5 19.5 21.5 22.5 22 23 20 20 12 18.5

P04 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 0 5 5 7 8 8 9 0 0 16 16 18 18

T 20-35 0 1 1 1 2 0 1 0 1 8 9 12 12

T 40-55 1 1 1 3 3 10 9 7 6 9 10 17 16

T 60-75 1 1 2 3 0 1 0 2 3 1 2 7 6

T 80-95 0 0 0 3 4 1 1 0 0 3 1 3 1

T 100-115 0 2 3 6 1 1 1 1 0 6 2 10 5

T 120-135 2 11 12 5 2 1 1 3 5 18 5 9 1

Average Pre 0 3 3 4 5 4 5 0 0.5 12 12.5 15 15

Average Post 1 6.5 7.5 5.5 1.5 1 1 2 2.5 12 3.5 9.5 3

P05 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 3 3 3 2 3 20 20 3 3 4 3 2 3

T 20-35 2 5 4 2 1 9 9 2 1 2 2 2 2

T 40-55 0 1 1 5 9 2 9 1 1 1 1 0 0

T 60-75 1 3 3 10 12 6 11 1 1 1 1 2 3

T 80-95 3 1 1 7 7 12 6 0 0 0 0 0 0

T 100-115 2 1 1 8 6 10 10 4 4 0 0 0 0

T 120-135 2 2 1 6 5 10 6 5 6 0 0 0 0

Average Pre 2.5 4 3.5 2 2 14.5 14.5 2.5 2 3 2.5 2 2.5

Average Post 2 1.5 1 7 5.5 10 8 4.5 5 0 0 0 0

P06 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 5 4 2 3 2 3 2 3 3 2 3 3 3

T 20-35 2 6 6 6 6 7 7 12 13 8 8 8 9

T 40-55 1 1 6 4 4 7 8 7 12 7 12 6 17

T 60-75 1 1 4 4 4 5 5 6 9 4 10 4 12

T 80-95 2 4 6 4 4 6 6 7 9 7 10 11 11

T 100-115 2 5 6 5 5 10 10 7 7 5 14 5 14

T 120-135 2 4 6 4 4 6 6 7 9 7 10 11 11

Average Pre 3.5 5 4 4.5 4 5 4.5 7.5 8 5 5.5 5.5 6

Average Post 2 4.5 6 4.5 4.5 8 8 7 8 6 12 8 12.5
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P07 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 0 0 0 0 0 4 4 0 0 0 0 0 0

T 20-35 1 1 1 2 1 5 4 2 2 0 0 0 0

T 40-55 0 0 0 0 0 4 6 7 4 0 0 0 0

T 60-75 0 0 0 0 0 6 7 7 7 3 3 0 0

T 80-95 0 0 0 0 0 7 8 9 8 0 0 0 0

T 100-115 0 0 0 0 0 10 10 10 11 0 0 0 0

T 120-135 0 0 0 0 0 10 11 11 11 0 0 0 0

Average Pre 0.5 0.5 0.5 1 0.5 4.5 4 1 1 0 0 0 0

Average Post 0 0 0 0 0 10 10.5 10.5 11 0 0 0 0

P08 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 7 7 7 7 7 16 16 7 9 9 9 9 9

T 20-35 7 8 8 18 18 18 18 6 7 7 7 7 7

T 40-55 7 7 7 15 15 15 15 15 15 5 4 4 4

T 60-75 8 8 8 15 15 15 15 15 15 8 6 6 6

T 80-95 7 8 7 14 14 14 14 14 14 4 4 4 4

T 100-115 8 8 8 18 18 18 18 18 18 10 10 10 10

T 120-135 8 8 8 18 18 18 18 18 18 9 9 9 9

Average Pre 7 7.5 7.5 12.5 12.5 17 17 6.5 8 8 8 8 8

Average Post 8 8 8 18 18 18 18 18 18 9.5 9.5 9.5 9.5

P09 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 0 0 0 0 0 28 28 0 0 12 12 0 0

T 20-35 0 0 0 0 0 27 27 3 3 9 10 0 0

T 40-55 6 12 11 0 0 27 27 8 8 10 10 0 0

T 60-75 7 6 6 11 11 33 33 20 20 16 15 2 2

T 80-95 3 7 7 8 8 30 31 13 13 17 18 13 13

T 100-115 9 14 14 10 11 37 37 29 28 29 29 11 6

T 120-135 11 18 18 22 22 41 42 28 28 32 37 13 13

Average Pre 0 0 0 0 0 27.5 27.5 1.5 1.5 10.5 11 0 0

Average Post 10 16 16 16 16.5 39 39.5 28.5 28 30.5 33 12 9.5

P10 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 13 0 0 0 0 0 0 0 0 0 0 0 0

T 20-35 5 0 0 0 0 0 0 0 0 0 0 0 0

T 40-55 30 0 0 0 9 0 0 0 0 0 0 0 0

T 60-75 15 0 0 0 0 0 0 5 0 0 0 0 0

T 80-95 0 0 0 0 0 0 0 0 0 0 0 0 0

T 100-115 34 0 0 4 4 16 17 0 0 0 0 0 0

T 120-135 11 0 0 5 5 0 0 14 14 0 0 0 0

Average Pre 9 0 0 0 0 0 0 0 0 0 0 0 0

Average Post 22.5 0 0 4.5 4.5 8 8.5 7 7 0 0 0 0

P11 1 2 3 4 5 6 7 8 9 10 11 12 13

T 0-15 7 0 0 0 0 0 0 0 0 0 0 0 0

T 20-35 13 0 0 0 0 0 0 0 0 0 0 0 0

T 40-55 4 0 0 0 0 0 0 0 0 0 0 0 0

T 60-75 19 0 0 0 0 0 0 0 0 0 0 0 0

T 80-95 9 0 0 0 0 0 0 0 0 0 0 0 0

T 100-115 9 0 0 0 0 0 0 4 10 0 0 0 0

T 120-135 5 0 0 0 0 0 0 4 1 0 0 0 0

Average Pre 10 0 0 0 0 0 0 0 0 0 0 0 0

Average Post 7 0 0 0 0 0 0 4 5.5 0 0 0 0
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APPENDIX F: PRESSURE 

 

 

 

Participant 1 2 3 4 5 6 7

P01 0.35 0.41 0.47 0.53 0.59 0.65 0.41

P02 0.33 0.36 0.39 0.42 0.45 0.48 0.36

P03 0.44 0.50 0.56 0.62 0.68 0.74 0.50

P04 0.39 0.54 0.69 0.84 0.79 0.76 0.54

P05 0.35 0.46 0.57 0.68 0.79 0.90 0.47

P06 0.35 0.45 0.55 0.65 0.75 0.85 0.46

P07 0.33 0.51 0.65 0.78 0.94 0.96 3.20

P08 0.35 0.52 0.68 0.83 0.99 0.61 0.47

P09 0.34 0.54 0.71 0.87 1.06 0.88 0.49

P10 0.34 0.55 0.74 0.92 0.74 0.53 0.59

P11 0.34 0.57 0.77 0.97 0.82 0.86 0.51

Time Point

Average Pressure

Participant 1 2 3 4 5 6 7

P01 1.00 2.42 2.84 2.26 2.68 3.10 2.48

P02 1.15 1.59 2.03 2.47 2.91 3.35 1.61

P03 2.30 2.83 3.36 3.89 3.10 2.91 2.72

P04 1.64 1.81 1.98 2.15 2.32 2.49 1.88

P05 0.94 1.11 1.34 2.10 2.30 2.67 3.32

P06 1.01 1.86 2.71 3.56 2.12 2.39 1.94

P07 2.04 2.45 2.86 3.27 3.69 3.20 2.08

P08 1.65 2.49 3.33 2.21 3.27 2.61 1.21

P09 1.70 2.53 3.36 3.29 3.37 2.54 1.39

P10 1.76 2.57 3.39 3.38 3.48 2.47 1.65

P11 1.81 2.61 3.42 2.46 3.59 2.41 2.26

Time Point

 Peak Pressure

Participant 1 2 3 4 5 6 7

P01 990.32 1154.84 1319.36 1483.88 1648.40 1325.12 1183.21

P02 1264.52 1317.74 1370.96 1424.18 1477.40 1530.62 1343.21

P03 948.39 1193.55 1438.71 1683.87 1229.03 1174.19 1192.34

P04 888.71 929.03 969.35 1009.67 1049.99 1090.31 943.67

P05 1262.90 1372.58 1482.26 1591.94 1301.62 1211.30 1389.89

P06 1020.97 1117.74 1214.51 1311.28 1408.05 1504.82 1123.12

P07 512.90 1152.36 1391.83 1297.96 1337.42 1276.88 463.25

P08 754.84 1144.21 1533.58 1322.94 1312.31 1701.68 1375.43

P09 697.52 1136.05 1574.58 1013.11 1451.63 1390.16 1094.21

P10 640.21 1127.89 1615.58 1103.27 1590.95 1078.64 1384.89

P11 582.89 1119.73 1656.58 1193.43 1730.27 1267.12 1142.56

Time Point

Contact Area
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APPENDIX G: AVERAGE SACRAL SENSOR CHANGE DURING LIFTING TASK 

 

 

 

 

 

 

 

 

 

 

 

 

Participant

P01

P02

P03

P04

P05

P06

P07

P08

P09

P10

P11

30.1

28.2

32.1

Change in Sacral Sensor (cm)

28.2

29.7

29.2

31.4

27.9

26.3

29.8

29.7
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APPENDIX H: INFORMED CONSENT 

PARTICIPANT INFORMED CONSENT FORM 

 

PURPOSE OF THE STUDY  

 
The purpose of this research is to identify changes in movement patterns after a 

prolonged driving task through 3-D kinematic modelling and muscle activation 

 

BACKGROUND 

 

 Sedentary behavior in the workplace has been an area of concern for employees and 

employers alike due to the significant health risks for workers and the financial burden for 

employers. The development of type II diabetes, cardiovascular disease and obesity have been 

directly related to these prolonged bouts of sitting in the workplace (Owen, 2009). In today’s work 

force many occupations such as paramedics, long-haul truck drivers and individuals employed 

with moving companies face complications from bouts of prolonged sitting or driving and are then 

are asked to perform strenuous occupational lifting tasks. These lifting tasks put emergency 

medical service employees at a four times greater risk of injury than the average worker. 

Paramedics in low-populous areas much like most of Atlantic Canada, have been shown to spend 

a significant amount of their working days being sedentary which puts them at risk for 

development of diseases associated with this behavior. To this date, there has been no effort in 

the research community to biomechanically assess the effects of a simulated prolonged driving 

task on an occupational lifting task. 

 

PROCEDURES 

If you volunteer to participate in this study the following timeline will apply: 

i) You will be asked to review a letter outlining your role in this study and sign the 
informed consent form.  

ii) You will be asked to come to the Occupational Performance Lab, room C-209 in 
the Lady Beaverbrook Gymnasium one time for approximately 4.5 hours.   

iii) You will be equipped with electrodes to measure electrical activity in three 
muscle sites (biceps, deltoid and erector spinae in the back) and perform 3 
maximal voluntary contraction exercises 3 times each. 

iv) You will be equipped with electromagnetic sensors across the body to create a 
3-D model of your motion through a simple box lifting task for ten repetitions.  
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v) You will be subject to driving 3 hours on a driving simulator equipped with 
ambulance software to mimic a real life ambulance. The driving task will be 15 
minutes of continuous driving followed by a 5 minute break.  

vi) If you feel uncomfortable at anytime during the trial, you can stop the testing. 

  

POTENTIAL RISKS AND DISCOMFORTS 

 

The activity performed during this task may elicit some discomfort associated with the lack of 

movement from the seated posture.  Muscle soreness or stiffness, experienced after sitting for 

long periods, may last for a few hours after testing.  

 
POTENTIAL BENEFITS TO SUBJECTS AND/OR SOCIETY 

 

Participation in this study will contribute to further understanding of the effects of prolonged 

driving on paramedics and the occupational driving community and build a foundation for 

lowering the incidence of low back pain in this occupational group.  

 

CONFIDENTIALITY 

 

Any information that is obtained in connection with this study and that can be identified with 

you will remain completely confidential and will be only disclosed with your permission. Only 

the investigators will have access to the data.  All data will be stored in a locked environment 

within the Occupational Biomechanics Laboratory in the Faculty of Kinesiology at the University 

of New Brunswick and will remain there for a period of five years, at which point it will be 

destroyed.  A participant pin number in place of your name will be used to code the data and as 

such you will never be identified.  In addition, the results of the study will not include your 

individual data unless you have given prior consent.   

 

PARTICIPATION AND WITHDRAWAL 

 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you may 

withdraw at any time. If you choose to withdraw yourself from this study, all data collected will 

not be used in the analyses of this study.   

 

This study has been reviewed by the Research Ethics Board of the University of New 

Brunswick and is on file as REB 2017-095
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SUBJECT INFORMED CONSENT FORM 

 

CONSENT 

 

The purpose of this study has been explained to me by 

___________________________.  

I have understood the information, including the risks of participation, and agree to 

participate in the study. I have been given a copy of the Study Information sheet and 

the Consent form, which I have read and understood. I have been given an opportunity 

to ask questions about the study and my participation, and I understand that I may ask 

questions at any time.  

  

By signing this form, I agree to participate in the study to be observed and recorded during a 

manual material handling task using a technique of my own selection, with the understanding 

that I may withdraw from it at any time, without penalty. 

 

 

     

Name of Participant (Print)  Signature of Participant  Date 

     

     

Witness (Print)  Signature of Witness  Date 
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APPENDIX I: DATA COLLECTION SHEET 

Data Collection Sheet 
 

 
Date: __________________
 Participant: ____ 
 
Pre-Participant Arrival Checklist: 
 

 Pressure Pad Calibration (40 lbs sand)___ 

 Simulator Turned On free Mode: ___ 

 Liberty and EMG Systems On: ___ 

 Hypafix Cut: ___ 

 Accelerometer Calibration: ___ 

 MVC Chair Ready: ___ 

 Water, Shirt, Forms Printed: ___ 

 Set Up Participant Computer Files (Liberty, EMG, ACC, Pressure Pads) 
 
Anthropometric Data: 
 

 Age: _______  
 

 Gender: _______________ 
 

 Height: _____________ 
 

 Weight: _____________ 
 
 
Simulator Measurements: 
 

 Simulator Familiarity Training: ___ 

 Washroom: ___ 
 
CCOHS Measurements (goniometer): 
 

  Trial 1 Trial 2 Trial 3 

Pre Sit & Reach       

Knee Angle    x x 

Sternal Notch to Gear Stick  x x 

Chest to Steering Wheel  x x 

 
 
MVC Trials: 

EMG Electrode Placement: 
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 Shave sites and alcohol wipe location  

 Electrode Placement 

Channel Muscle Site 

1 Left Anterior Deltiod and Acromion (ground) 

2 Right Anterior Deltiod 

3 Left Biceps Brachii 

4 Right Biceps Brachii 

5 Left Erector Spinae 

6 Right Erector Spinae 

 

 Plug in Red Battery Plug 

 Plug in Yellow Power Supply to Main CPU 

 DAC Board On 

 Belt Secured and Comfortable 

 Collect 1 Minute Static Baseline Sample on Massage Table 

 MVC File Name: mvc_muscle_number 

o 3 MVC trials for each muscle site, 2 minute break between trials 

o 5 seconds quiet, 5 second contraction, 5 seconds quiet 

Muscle Location Trial 1 File Name Trial 2 File Name Trial 3 File Name 

Left Anterior Deltiod (lad)    

Right Anterior Deltiod (rad)    

Left Biceps Brachii (lbb)    

Right Biceps Brachii (rbb)    

Erector Spinae (es)    
 

Motion Capture Preparation:  

Liberty Sensor Placement: 

 Cut 20 Hypafix with Double Sided Tape for Sensor Placement 

 Cut 20 Hypafix Strips to Place Over the Sensor 

 Cut 20 Small Hypafix Strips to Place Over the Cord of the Sensor (online area of spine sensors) 
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Liberty Motion Capture System 

 Sensor Number Sensor Location 

1 Left Hand 

2 Left Forearm 

3 Left Upper Arm 

4 Right Hand 

5 Right Forearm 

6 Right Upper Arm 

7 C7/T1 

8 T8 

9 S1 

10 Left Lateral Thigh 

11 Right Lateral Thigh 

 

Program Set Up Procedure: 

1. Plug in external trigger in hole in the back (remove by plastic not by wire) 

2. Open PI manager  

3. Device -> Tracker Configuration -> Configure to CM -> External Sync On 

4. Click Sensor 1 -> Apply 

5. Continuous Mode 

6. Toggle Connection (off) 

7. Liberty Folder -> Liberty Angle Output Program  

8. Run -> ID # (P01_1) -> Record on/off -> stop at end of 10 trials 

9. Boresight, snap shot in anatomical 

Pre-Drive Lifting Task: 

 Milk Crate is Loaded with 25 lbs of Weight 

 Shelf Measures 0.8 Meters from Ground to Shelf 

 Lifting Technique not Specified 
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 10 Lifts with EMG Activated Throughout Each Lift 

 

Lift Motion Capture File Name Complete EMG File Name Complete 

1 prelift_1   prelift_1   

2 prelift_2   prelift_2   

3 prelift_3   prelift_3   

4 prelift_4   prelift_4   

5 prelift_5   prelift_5   

6 prelift_6   prelift_6   

7 prelift_7   prelift_7   

8 prelift_8   prelift_8   

9 prelift_9   prelift_9   

10 prelift_10   prelift_10   

 

Driving Task: 

 Free Mode Drive 

 Synchronized Accelerometer and Pressure Pad Data 

 5 Minutes Rest After Each 15 Minute Driving Interval 

 Subject Will be Asked to Pull to the Side of the Road During Breaks 

 Ambulance will Remain On During Breaks to Keep Vibration Active 

 The Perceived Rate of Discomfort Questionnaire Will be Administered During This Break 

 Driving Task Protocol: 

Post-Drive Lifting Task: 

 Removal of Accelerometers 

o Remove, Wipe, Reapply Hypafix and Sensors 

o QUICK 

 Repeat Lifting Task for 10 Repetitions  

 Liberty and EMG Captured Simultaneously 
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Lift Motion Capture File Name Complete EMG File Name Complete 

1 postlift_1   postlift_1   

2 postlift_2   postlift_2   

3 postlift_3   postlift_3   

4 postlift_4   postlift_4   

5 postlift_5   postlift_5   

6 postlift_6   postlift_6   

7 postlift_7   postlift_7   

8 postlift_8   postlift_8   

9 postlift_9   postlift_9   

10 postlift_10   postlift_10   

  

Post Sit and Reach: 

  Trial 1 Trial 2 Trial 3 

Pre Sit & Reach       

 

Debrief: 

 Removal of Sensors: ___ 

 Questions From Participant: ___ 

 Thank Participant: ___ 

 Pressure Pad Calibration: ___ 

 Clean Up of Lab: ___ 

 

 

 

 

 

 



70 
 

Curriculum Vitae 
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