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Abstract 

 Over 2.2 million individuals are employed as wait staff in the US, and 

experience considerable number of musculoskeletal disorders (MSD’s) each year. Little 

is known about how their occupation impacts the risk factors associated with MSD’s 

(Wills et al., 2013).  The impact of prolonged standing, particularly in occupations 

requiring long work shifts has been shown to cause significant musculoskeletal 

discomfort and disorders (King, 2002). The risk of fatigue and developing a 

musculoskeletal injury is a growing problem in the food service industry; and 

modifications must be made to the workplace or work tasks to reduce reported injuries. 

Recent advances in technology, including wireless physiological and biomechanical 

wearable sensors, have allowed researchers to better study the impact of standing on 

posture and fatigue in the work environment. Fatigue can be estimated using various 

methods including questionnaires and force-based estimates. Surface electromyography 

(sEMG) has also been used extensively to monitor fatigue. SEMG provides an estimate 

of muscle activity and signal parameters have been used to accurately estimate muscle 

fatigue. The purpose of this thesis was to examine muscle fatigue of the lower legs using 

sEMG during prolonged standing. Specifically, fatigue measures including 

questionnaire, force data and sEMG were recorded and compared pre-and post a typical 

work shift. There were no significant changes in root mean square (RMS) or median 

frequency (MDF) in any muscles across all time points. Reported discomfort post shift 

increased in the right knee, and feet. The data indicated that although there were no 

significant changes in EMG variables workers may have experienced increased fatigue 

or discomfort as shift time increased. 
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Chapter 1:  Introduction 

Many occupations require workers to be on their feet for prolonged periods while 

completing work tasks. The food service industry is an example of a workforce that 

requires prolonged standing, including long standing periods on wet and hard surfaces 

such as tiled or concrete kitchen floors. Over 2.2 million individuals are employed as wait 

staff in the US and a considerable number of experience musculoskeletal disorders 

(MSD’s) each year (King, 2002). Little is known about how their occupation impacts the 

risk factors associated with MSD’s (Wills et al., 2013). It is also quite common for 

workers to complain of pain and discomfort in the back and legs as a result of prolonged 

standing (Staurt-Buttle, Marras, & Kim, 1993). The risk of fatigue and developing a 

musculoskeletal injury is a growing problem in the food service industry, and 

modifications must be made either to the work place or workers’ strategies to prevent 

these injuries from occurring (Laperrière, Messing, & Bourbonnais, 2017). A work-

related MSD is damage to the nerve, tendons, muscles and supporting tissues from or 

made worse by work conditions (Hyeonkyeong et al., 2007). Prolonged standing is 

essential in numerous occupations and the negative outcomes of worker’s developing 

MSD’s has an impact on workplace productivity, absenteeism and well-being. Prolonged 

standing has been linked to health problems such as lower extremity fatigue, pain, 

swelling and discomfort, venous blood-pooling, low-back pain and whole-body fatigue 

(Karimi et al., 2016).  

The Canadian Centre for Occupational Health and Safety (CCOHS, 2014) has 

reported that working in a standing posture on a regular basis can cause sore feet, swelling 

of the legs, varicose veins, general muscular fatigue, low back pain, as well as other health 
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problems. CCOHS recommendations to employers and workers include changes in job 

design (e.g. changing positions, avoiding extreme bending, stretching) as well as the use 

of floor mats, shoe inserts, compression hosiery and ergonomic seating (e.g. sit to stand 

stools) to limit and/or avoid exposure.  

Research examining musculoskeletal disorders and ergonomic risk factors for 

food service workers has used different methods to gather information including 

interviews, surveys, self-reported fatigue questionnaires, ergonomic checklists and 

pressure sensors (force plates). While various methods have been used to measure fatigue 

during work, the ability to measure accurate data from workers during actual work 

operations could provide significant information to prove human factors and ergonomic 

risk factors. In addition, most studies of prolonged standing in the workplace have been 

either qualitative in nature (i.e. interview or questionnaire based) or have simulated work 

tasks in a laboratory setting. Recent advances in technology, including wireless 

physiological and biomechanical wearable sensors, have allowed researchers to better 

study the impact of standing on posture and fatigue. These sensors can easily be worn by 

workers during their workday and do not interfere with job tasks while providing 

important physiological and biomechanical data. This wireless technology allows 

researchers the ability to record data for prolonged periods of time in the field. Obtaining 

this information will help develop appropriate methods of assessment in the workplace 

and allow employers to develop preventative methods to avoid long-term injury.  

Information regarding muscle activity can be retrieved from the use of surface 

electromyography (sEMG). sEMG provides a measure of activity and can be measured 

using surface electrodes over the belly of muscle. The resulting signal can be used to 
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examine muscle activation patterns, muscle co-contraction, and fatigue (Ervilha, Graven-

Nielsen, & Duarte, 2012). 

Continuously monitoring muscle activity and activation patterns of local muscle 

fatigue during performance of certain work is possible by measuring myoelectric activity 

of muscles by the method of sEMG (Cifrek, Medved, Tonkovic, & Ostojic, 2009). 

Biomechanical and physiological changes in muscles during fatiguing contractions can 

be reflected in properties of myoelectric signals recorded on the surface of the skin above 

the muscle(s) concerned (De Luca, 1984). sEMG is used commonly in the field of 

research to determine local muscle fatigue. Some of the advantages of sEMG include 1) 

non-invasiveness; 2) real-time fatigue monitoring during the performance of defined 

work; 3) ability to monitor fatigue of a particular muscle; and 4) correlation with 

biomechanical and physiological changes in muscles during fatiguing (Cifrek, Medved, 

Tonkovic, & Ostojic, 2009). A wireless EMG device (Due-Pro, OT Bioelettronica, Turin, 

Italy) was used to measure muscle activity from the worker throughout the day. The 

advantage of this equipment is its ability to record for longer time periods (> 8 hours) 

without any degradation of signal quality. The majority of research studies have been 

limited to exposure time from 2 to 4 hours and are often conducted within a controlled 

laboratory setting (Orlando & King, 2004). This research study monitored muscle activity 

over up to 5 hours during a typical shift, to better represent typical working conditions.  

The impact of prolonged standing, particularly in occupations requiring long work 

shifts, has been linked to musculoskeletal discomfort and disorders. MSD’s are injuries 

and disorders that affect the human body’s movement or musculoskeletal system 

(muscles, tendons and ligaments) (Sartika & Dawal, 2008). Occupations with high 
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physical strain, non-neutral postures, prolonged static muscle contractions, and repetitive 

movements are regarded as harboring an increased risk of musculoskeletal pain (Haukka, 

et al., 2006).  

Work in food service can involve heavy lifting, repetitive movements, prolonged 

standing and other physical challenges (Laperrière, Messing, & Bourbonnais, 2017). The 

purpose of this research was to determine if there were any differences in lower limb 

muscle activation patterns during prolonged periods of standing. Research findings may 

be beneficial to employers and employees in occupations requiring prolonged hours of 

standing. Understanding the impact of prolonged standing on industry workers could help 

improve the work protocols for this industry, workplace design to better understand the 

necessary concerns for workers’ well-being.  

 It is important to determine one’s capabilities in performing required occupation 

tasks. In the food service industry workers are presented with a variety of tasks, some of 

which could be classified as manual materials handling tasks. In manual materials 

handling tasks, a person must perform the task without excessive strain or fatigue (Garg, 

Chaffin, & Herrin, 1978). Physiological measurements can be used to determine an 

objective level where industrial type jobs can be designed to consider the levels of 

physical strain and fatigue. Examples of physiological measurements are metabolic 

energy expenditure and heart rate. Literature suggests these measurements are most 

often used to determine the maximum task intensity that can be maintained over time 

without exceeding an excessive physical fatigue. Energy expenditure rates were 

calculated for each worker based on their occupational requirements and self-reported 

fatigue levels were used to compare to these rates to determine if fatigue is present. The 
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goal of this research study was to assess these variables throughout a prolonged period 

in order to ensure the data encompasses the demands of an entire working shift. With the 

benefits of new advancements in technology and in the field work, the research recorded 

muscle activity without restricting workers range of motion during a work shift.  

The purpose of this research was to examine muscle fatigue of the lower legs 

through sEMG pre-and post-shift of a standing protocol. Specifically, risk of 

musculoskeletal injury and long-term fatigue is investigated. Identifying those risk 

factors that expose workers to injury and long-term fatigue is essential to developing 

better work protocols. Therefore, the proposed research aims are as follows: 

1. Are there significant increase in lower limb muscle fatigue measured by 

sEMG parameters (median frequency (MDF) and root mean square (RMS)) 

between time points during a work shift? 

2. Will food service workers report changes in body discomfort, physical, and 

mental fatigue pre-and post-shift? 

Hypotheses 

1. There is significant increase in EMG the MDF and RMS between time points 

during the collection period. This may be caused by an increase in firing rate and 

recruitment of high frequency motor units as found during low force muscle 

contractions (20 % MVC) by Potvin & Fuglevand (2017). 

2. There will be significant increase in self-reported whole-body fatigue and 

discomfort pre-and post-shift. 

3. There will be a significant decrease in handgrip strength pre-and post-shift
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Chapter 2: Literature Review 

2. 1 Musculoskeletal Disorder and Prolonged Standing            

   Musculoskeletal disorders have consistently been shown to be the leading cause 

of injury and lost-time at work. In the sales and service group there is 3% average reported 

injury rate with chefs or cooks reporting a 7% prevalence rate (Shiue, et al., 2008). Also 

at higher risk were workers in food and beverage services, and protective services (Shiue, 

et al., 2008). Food service workers are exposed to a variety of stressors including 

repetitive manual work, lifting and forceful movements, and awkward postures and 

prolonged standing (Shiue, et al., 2008).  

            The most frequently affected body part in restaurant cooks is the low back, and 

elbow (Shiue, et al., 2008). Work-related back pain has a higher prevalence in standing 

than sitting work (Messing, Fortin, Rail, & Randoin, 2005). In addition, occupational 

activities that require prolonged standing likely contribute to lower-extremity and/or back 

disorders (Garcia, Laubli, Martin, & Arbor, 2015). Prolonged standing at work can result 

in fatigue, leg muscle pain, and backache. 

           The impact of prolonged standing, particularly in occupations requiring long work 

shifts, has been shown to cause significant musculoskeletal discomfort and disorder. 

Employees who work in static standing positions or associated work postures often 

complain of foot, knee, hip, and low back pain (Orlando & King, 2004). The reported pain 

response can increase as the employee ages or as the work demands increase 

(Hoogendoorn, et al., 2002). 

  Working in standing positions, both static and dynamic, can also result in venous 

disease of lower limbs (Medeiros da Luz, Pacheco da Costa Proenca, Rodriguez Ortiz de 
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Salazar, & do Nascimento Galego, 2013). Standing workers are often confined to small 

or awkward areas. Prolonged standing has been associated with reduced work 

performance as the discomfort and potential injuries can increase lost workdays and 

decreases the efficiency with which workers perform tasks (Halim, Omar, Saman, & 

Othman, 2012). Ergonomic approaches have been used to assess standing work in the 

food service industry and other related workplaces. Previous methods include ergonomic 

tools such as interviews and questionnaires, as well as the use of pedometers, stopwatches, 

as well as thermo-hygrometers to measure circulation have been used (Medeiros da Luz 

et al., & do Nascimento Galego, 2013; Messing, Fortin, Rail & Randoin, 2005). 

2.2 Prolonged Standing and Fatigue 

 A limitation with previous studies is the sensitivity of the measures used and there 

has been limited research on prolonged standing and the development and persistence of 

long-term fatigue (Garcia, Laubli, Martin, & Arbor, 2015).  Many research studies have 

assessed prolonged standing but have not used a long enough time frame. There have been 

studies that have investigated postural stability (Madeleine, Voigt, & Arendt-Nielsen, 

1988), surface electromyography (Cham & Redfern, 2001 & Hansen, Winkel, & 

Jorgensen, 1998) and subjective discomfort (Antle & Cote, 2013). However, most of these 

examined exposures of less than 2 hours, much less exposure than workers face in reality. 

Subjective measures such as questionnaires have shown limited correlation with long-

term muscle fatigue (Garcia, Laubli, Martin, & Arbor, 2015). This research study 

collected data for 8 continuous hours of work. 

Another limitation with previous standing work studies is the use of simulated 

(laboratory-based) occupational settings. The advantage of these laboratory-based studies 
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is that they enable control of biomechanical and physiological variables (Anderson, 

Williams, & Nester, 2016).  EMG data can be difficult to collect in the field due to external 

environmental factors. The limitation is the transferability of the outcomes to real world 

applications, however advances in wireless technology have improved the ability to 

collect data in real world applications.  

According to Dutch ergonomic guidelines for prolonged standing, exposure is 

classified into one of three zones—Green (safe-continuous standing  1h and total/day  

4), or Amber (action recommended-continuous standing  1h or total/day  4h), or Red 

(direct action required-continuous standing  1h and total total/day  4h) (Waters & Dick, 

2015). Although these ergonomic guidelines for prolonged standing are beneficial and 

could be implemented into work places they do not account for occupations that require 

> 4 hours of standing. Numerous studies have determined that prolonged standing results 

in an increased physical fatigue and muscle/general discomfort reported in several regions 

of the body (Jorgensen et al., 1993; Flore et al., 2004; Dury et al., 2008; Balasuabramanian 

et al., 2009).  A consensus among these research studies is that prolonged standing without 

dynamic movement, even for periods as little as 30 minutes can lead to physical fatigue, 

discomfort and pain (Waters & Dick, 2015). The effects of prolonged standing and fatigue 

rates is of considerable interests to not only employers but for workers who are most 

greatly affected by their working conditions. If workers are aware of the hazards 

associated with their job they may be able to reduce the risk of injury at work. 

2.3 Measuring Prolonged Standing in the Field            

  Recent advances in wireless sensor technology has increased our ability to 

measure biomechanical and physiological data to better assess musculoskeletal 
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discomfort and fatigue during work. These sensors include those that track movement, 

measure heart rate, and measure muscle activation using surface electromyography 

(sEMG). The ability to collect this data with minimal interruption to the worker during 

their operations has opened the door for researchers to collect highly accurate and 

powerful data. This information can provide significant physiological and biomechanical 

information to improve human factors and ergonomic risk factors for this population.  

2.4 Muscle Fatigue and Surface Electromyography  

The use of surface electromyography has been widely used to study localized 

muscular fatigue and the analysis of myoelectric signals that are detected through the 

surface of the skin over a muscle (De Luca, 1984). sEMG signals provide an electrical 

presentation of the neuromuscular activity of a contracting muscle and the amplitude 

and spectral analysis of these signals can be used to study fatigue rate (Balasubramanian 

et al.,2009; De Luca., 1984). A research study conducted by Balasubramanian, 

Adalarasu, & Regulapati (2009) aimed to determine signifcant differences, if any, 

between fatigue rates of dynamic and stationary standing during assembly work by 

analyzing sEMG recordings in the time and frequency domains. This research study 

computed mean power frequency during a 60 minute standing assessmbly task.  A 

visual-analog scale based questionnaire was conducted to elvaulate levels of perceived 

pain. Significant increase in root mean sqaure (RMS) (mV) and decrease in mean power 

frequency (MPF) (Hz) indicated that workers experienced lower limb fatigue in the 

gastrocnemius (bilateral), erector spinae (right), and trapezius (right) when the one hour 

assembly task was stationary. This indicates that workers completing tasks that may be 

classified as stationary will experience muscle fatigue within one hour of working.  
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 There is research contradicting the findings of Balasubramanian et al. (2009) that 

states lower limb muscle activity measured by EMG RMS did not have an association 

with lower limb muscle fatigue. Antle and Cote (2013) found that EMG RMS did not 

have an association with lower limb discomfort during a 34 minute assembly task 

consisting of box folding. Participants shifted their weight but did not move their feet.  

For these studies the data collection time period was signifcantly shorter than 

standard working shifts and does not give an accurate representation of fatigue during a 

full working day. This highlights the need for longer data collection periods to record 

data to better simulate a full working shift.  

2.5 Changes in EMG Variables due to Prolonged Standing 

Surface EMG is commonly used to assess muscle activation and muscle fatigue. 

Enoka & Stuart, (1992) reported that muscle fatigue is multifactorial, and identified four 

themes that provide an overview of muscle fatigue. Muscle fatigue is task dependant, 

and mechanisms that cause fatigue include; central nervous system drive to motor units, 

the motor units that are activated, neuromuscular activation, excitation-contraction 

coupling, availability of metabolic substrates, the contractile apparatus, and muscle 

blood flow. Muscle fatigue is goverened by force fatigue relationship. An increase in 

force production causes an increase in muscle fatigue. Also, sustained activity causes 

decline in force production, relaxation rate, and motor unit dischage rate. Lastly, 

percieved effort comes from central motor commands and is linked to muscular fatigue.  

 Halim et al. (2012) reported that muscle fatigue can be identified by an increase 

in EMG signal amplitude and a shift to lower power frequencies. Balasubramanian et al. 
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(2009) reported that EMG based fatigue is identifed by the increase in signal amplitude 

(RMS), decrease in mean power frequency (MPF) and force generating capacity.  

Masuda et al. (1999) recorded muscle fiber conduction velocity (MFCV), 

median frequency (MDF) and mean amplitude (AMP) in the vastus lateralis of 19 

healthy male adults. Participants performed knee extension movements both statically 

and dynamically until they were exhuasted. Results from the experiment showed there 

was no change in MFCV during the dynamic contraction. However, MDF during the 

dynamic contraction decreased with time. This also occurred during static contractions. 

To conclude the overall results of their experiment determined there was a decrease in 

MDF and an increase in AMP during both the static and dynamic contractions and these 

results are similar to previous research findings. In the research experiment muscle 

fatigue may be indicated by the increase in signal amplitude and a decrease in MDF in 

later timepoints during the experimental protocol.    

2.6 Muscle Fiber Types and Recruitment 

Skeletal muscle consists of both slow and fast twitch muscle fibers which are 

categorized into three groups (Type I, Type IIa and Type IIb). Protein type or (myosin 

isoform) is what determines the speed of a contraction of a skeletal muscle cell. Slow-

twitch muscle fibers are categorized as Type I and fast-twitch fibers are categorized as 

Type II (Enoka R. , 2008).  Slow-twitch muscle fibers can produce a high aerobic 

function based on blood supply, mitochondrial density and high aerobic enzyme content 

(Enoka R., 2008; Beam & Adams, 2014). Fast-twitch muscle fibers can produce a high 

anaerobic function based on higher concentrations of stored glycogen and anaerobic 

enzymes.  
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The smallest functional unit to explain the neural control of muscle contraction is 

a motor unit, which can be defined as the cell body and dendrites of a motor neuron, the 

many axon branches and the muscle fibers that innervate it (Konrad, 2005). The force in 

which a muscle contracts is controlled by the recruitment of motor units and the 

frequency of the firing rate. A muscle is able to generate a larger force when more motor 

units are recruited.  

During prolonged standing, there may be a change in muscle fiber type as fatigue 

increases. If the fatigue is great enough this may be measured by a decrease in median 

frequency. During maximal contractions, there is typically sudden activation of all 

motor units followed by a drop-in discharge rate and ability to generate force (Enoka, 

2008). It is believed that fatigue during maximal contractions is caused by central 

fatigue (Enoka, 2008). Masuda et al. (1999) defined central fatigue as a decrease in 

activation of motor units that power muscle fibers.  

Masuda et al. (1999) measured muscle fatigue of the vastus lateralis in 19 

healthy males during dynamic and static contractions at 50% maximum voluntary 

contraction (MVC). They reported a decrease in conduction velocity during static 

contractions. However, there was no significant decrease in conduction velocity during 

dynamic contractions. There was significant decrease in MDF and increase in signal 

amplitude for both contraction types. MDF decrease was greater during static 

contractions than dynamic contractions.  

Potvin and Fuglevand (2017) created a phenomenological model of muscle 

fatigue and found different results during sustained muscle contractions at 20% MVC. 

There was an increase in activation from 28 to 100% MVC during the 512 second 
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contractions. This was caused by an increase in firing rate and recruitment of high 

frequency motor units. Most high frequency motor units reached maximum firing rate 

during the contraction, and low frequency motor units initiated the contraction at close 

to maximum firing rate. The low frequency motor units provided steady force during the 

trial and high frequency motor units had gradual force decrease. Based on their findings 

it appears that low frequency motor units provide relative constant force, and high 

frequency motor units provide intermittent force while fatiguing during sustained 

contraction at 20% MVC. Potvin and Fuglevand (2017) reported that during sustained 

contractions motor units fatigue at difference rates based on their different firing rates 

and the fatigability of the muscle fibers.  

2.7 Fatigue Questionnaire and Body Map Questionnaire 

Results and feedback from pilot work indicated participants had difficulty 

understanding the fatigue questionnaire and Nordic questionnaire that was administered 

(Appendix E). In this research study the identical fatigue questionnaire (Chalder, et al., 

1993) was used, however the scale was modified to consist of a number and a short 

description. The original questionnaire did not include a short description that correlates 

with the number. However, this may make it easier for participants to indicate their level 

of fatigue more accurately. It is not known how this would affect the validity of the 

fatigue questionnaire. By making it easier to understand for the user may make it more 

likely for them to select a fatigue rating. In addition, self-administered body maps will 

be used so participants can indicate how working tasks are related to soreness in certain 

areas of the body. Venzina et al. (1998) administered body maps to slaughter house 

workers. When workers reported problems during a cutting task their responses on the 
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body map were examined in relation to their answers on the questionnaire. They 

concluded that they could better generate hypotheses regarding work place 

musculoskeletal discomfort by adding the administration of body maps to the 

experimental methods.  There are many different variations of body maps and have been 

implemented differently depending on the experiment (Messing, Fortin, Rail, & 

Randoin, 2005).  

The 14-question fatigue questionnaire (Chalder, et al., 1993) has been found to 

be reliable and valid and includes questions that highlight both physical and mental 

aspects of fatigue. There was a high degree of internal consistency and scoring for the 

questionnaire which was carried out using a bimodal response system. A response 

system will be used in the questionnaire used in this research study and each number 

will associate with a correlating description (Appendix C).  

The proposed research is significant as it will employ state-of-the-art technology 

to collect data regarding prolonged standing and develop a comprehensive overview of 

the health of workers in this field. Biomechanical and physiological data will be 

integrated to provide a complete picture of a number of health indicators including 

posture, energy expenditure, and muscle activity. The data collected will allow the 

researcher to determine those variables that are correlated with injury risk and fatigue. 

The ability to collect continuous data from a group of food service workers over two 

years and the ability to collect highly accurate biomechanical and physiological data in 

the field will contribute significantly to improved management of these workers and 

their health. 
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Chapter 3: Methods 

 

Participants  

 Sodexo Canada Inc. agreed to participate in this study and a pilot project and the 

studies were approved by the University Research Ethics Board. Ten participants were 

recruited from the University of New Brunswick’s food production company, Sodexo 

Canada Inc., to volunteer in the study. Two additional participants were recruited from 

the Fredericton Community Kitchen, because activity at Sodexo locations on campus 

slowed down during the month of April. In order to participate, workers were asked to 

have at least three years of previous work experience in the food production service. 

Currently, workers at the dining hall locations are between the ages of 40 and 60 years 

old. Exclusion criteria included any musculoskeletal pain requiring a doctor’s visit, 

and/or time off from work in the past six months. Interested volunteers were briefed 

orally on the study’s procedures and purpose. An information sheet detailing the 

procedures was also provided (Appendix A). Furthermore, participants were asked to 

read and sign an informed consent form (Appendix B). The informed consent form was 

approved by the Research Ethics Board at the University of New Brunswick during the 

pilot work and for this study. Participants had the opportunity to ask questions before, 

during and after the experiment. The participants were also free to withdraw at any point 

during the experiment.  

 After completion of the study all participants were provided with a brief 

overview of the purpose of the work and a summary of their results. They were invited 

to leave contact details if they wished to receive study findings.  
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Ten females (age=52.5 ± 11.43 yrs; height=161.79 ±6.81 cm; mass= 75.68 ± 

12.89 kg) and two males (age=63.5 ±5.5 yrs; height= 169.79± 19.37 cm; mass= 79.38 ± 

14.12 kg) participated in the experiment. All participants had over 3 years working 

experience in the food production service. All participants were recruited in person by 

both the researcher and a senior staff member. Exclusion criteria included any 

musculoskeletal pain requiring a doctor’s visit, and/or time off from work in the past six 

months. All participants recruited had the same job title and were known as general 

help.  

Pilot work 

Between January and April 2017, a pilot project was completed with this 

population (Appendix E). The purpose was to determine if good quality data could be 

collected without affecting work operations. The pilot work showed that accelerometers 

and in-sole shoe sensors could be used effectively. The pilot work did not include any 

sEMG data and it was determined that the EMG data will provide valuable information 

regarding fatigue that accelerometers and questionnaires may not capture accurately.  

Experimental Setup 

 Participants were asked to perform a normal day of work activities. The data 

collection took place in the university dining hall kitchen area and community kitchen 

where workers prepare and serve meals.  

Anthropometric Data 

Once the participant agreed to take part in the study, sex, weight, height, and 

handedness for placement of Fitbit was collected. Data was collected regarding the 

participants’ scheduled shift times and overall work schedule. 
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 Questionnaire Data 

There are numerous questionnaires and scales that can be used to assess workers’ 

pain and discomfort. For this experiment two standard ergonomic scales were used: 

Fatigue Questionnaire  

A fatigue questionnaire was used as an indicator of participants fatigue levels 

with a bi-modal rating scale (Appendix C). The fatigue questionnaire was separated into 

a physical and mental section with a response on a scale from 0-3.  

 0 = Better than usual 

 1 = No more than usual 

 2 = Worse than usual 

 3 = Much worse than usual  

Body Map  

The body map has been chosen to use as an indicator of musculoskeletal 

discomfort. This tool has been assessed for worker-oriented ergonomic interventions 

and found to obtain valuable information from workers regarding their self-assessment 

of pain (Messing, Fortin, Rail, & Randoin, 2005) (Appendix D). 

Instrumentation 

Handgrip Dynamometer  

A handgrip dynamometer (Inline, Noraxon, USA) was used to collect handgrip 

strength. Grip strength is commonly used as a tool to assess a wide variety of 

evaluations such as health status, aging and functional capacity (Borg & Borg, 2013). 



18 

 

Handgrip strength has been used as a predictor of health and vitality in both men and 

women as it is a measure of physical health and muscle function as it is associated with 

many morphological features related to health (Gallup, White, & Gallup, 2007; Sasaki, 

Kasagi, Yamada, & Fujita, 2007). Handgrip strength can be easily collected; therefore, it 

was suitable to be used on food service workers without interrupting their food service 

routine.  

Accelerometer 

An accelerometer based physical activity tracker (Fitbit Surge) was used to 

measure activity levels and estimate energy expenditure. The tracker was non-invasive 

and did not interfere with the worker’s clothing or ability to complete their work tasks. 

This tracker was used in the pilot work and was found to be reliable and well accepted 

by the workers.  

Surface Electromyography (sEMG)  

sEMG data was collected to investigate the neuromuscular activation of muscles 

during functional movements during the food service workers shifts. sEMG was 

collected to determine a preliminary data set of muscle activity during the day to day 

tasks completed by food service workers. A wearable EMG device (Due-Pro, OT 

Bioelettronica, Turin, Italy) was used to measure muscle activity from the worker 

throughout the day. The EMG device is well suited for ergonomics and prolonged 

recordings of muscle activity during particularly demanding work tasks and in complex 

workstations. The system records up to 14 EMG signals and two auxiliary signals 

(force, angle) with seven wireless pods which each contain two channels (OT Bio 

Elettronica, 2017). The signals are limited to 10-500 Hz and the system collects data at a 
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sampling frequency of 2048 Hertz (Hz) and interfaced with a PC laptop computer. Due-

Pro works with PCs (with receiving unit), tablets and smart phones (direct 

communication). With Due-Pro users may acquire, visualize and process data using the 

OT BioLab software, Matlab scripts and Android apps (OT Bioelettronica, 2017). For 

this research study OT Bioelettronica’s software was used to interpret and analyze the 

sEMG data collected. Ag/AgCl Disposable pre-gelled bipolar surface electrodes with 

concentric connector surface electrodes will be placed in a bipolar fashion over the belly 

of the muscle of interest. The electrodes were 15 by 15 mm in dimension and placed 30 

mm apart. The electrodes had an 11-hour continuous transmission.  

EMG-Skin Preparation and Electrode Placement 

 EMG site skin preparation followed guidelines from The Seniam Project, (1999). 

EMG sites were marked, shaved, and wiped with and alcohol swab. Hypafix tape was 

used to cover the electrode to prevent the electrode from detaching from the skin.  

 Following adequate skin preparation, the wireless leads connecting the 

disposable pre-gelled bipolar electrodes were connected to the sEMG system, which was 

fastened around participant’s calves.  Participants were asked to walk around after the 

electrodes and the EMG system have been set up to assess whether the electrodes have 

been placed correctly over the muscle and connected to the equipment properly so that a 

reliable sEMG signal was recorded. It was also important to ask participants to walk 

around to determine if the electrodes felt comfortable and did not cause any discomfort 

to the participant. During the time participants were asked to walk around they were also 

asked to flex their lower legs and bend over and stand back up straight to ensure the 
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signals were being received. During this time, signals were assessed for increases in 

muscle activity corresponding movements and low levels of interference. 

EMG Placement Procedures  

Muscle activation was monitored from the lower leg similar to previous research 

(Karimi et al., 2016). Surface electrodes were placed over the medial gastrocnemius 

(GA) and tibialis anterior (TA) and soleus muscle (S) for both legs. The (GA) electrodes 

were placed on the most prominent bulge of the muscle on both legs (The Seniam 

Project , 1999). The (TA) electrodes were placed at 1/3 on the line between the tip of the 

fibula and the tip of the medial malleolus on both legs (The Seniam Project , 1999). The 

(S) electrodes were placed at 2/3 of the line between the medial condyles of the femur to 

the medial malleolus (The Seniam Project , 1999). 
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Table 1: Summary of the muscle groups and 6 corresponding channels for sEMG data 

with electrode placement guidelines (The Seniam Project, 1999) 

EMG 

Channel 

Location Electrode Placement 

1/2 Gastrocnemius 

(medialis) 

With the participant standing erect with arms 

hanging to their side. Participants will be asked to 

lift one of their legs off the ground and plantar flex 

their foot while their leg is extended out. Using the 

proximal and posterior part of the medial condyle 

and adjacent part of the femur, capsule of the knee 

joint. Electrodes will be placed on the most 

prominent bulge of the muscle in the direction of 

the leg.  

3/4 Tibialis (anterior) With the participant standing erect with arms 

hanging to their side. Participants will be asked to 

lift one of their legs off the ground and dorsiflex 

their foot while their leg is extended out. Using the 

lateral condyle and proximal ½ of lateral surface 

tibia, interosseous membrane, deep fascia and 

lateral intermuscular septum. Electrodes will be 

placed at 1/3 on the line between the tip of the 

fibula and the tip of the medial malleolus.  

5/6 Soleus  Electrodes will be placed at 2/3 of the line between 

the medial condylis of the femur to the medial 

malleolus. With the participant seated with the 

knee approximately 90 degrees flexed and the heel 

/ foot of the investigated leg on the floor. A hand 

will be placed on the knee and keep/ push knee 

downward while asking the participant to lift the 

heel from the floor.  
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a)                                   

  b) 

                                 c) 

Figure 1 Bilateral sEMG placement sites based on SENIAM recommendations for EMG 

sensor locations a) Gastrocnemius (medialis), b) Tibialis (anterior), c) Soleus (The 

Seniam Project, 1999) 
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EMG System 

The Due-Pro wearable EMG device was attached to a Velcro material surface on 

a cloth strap manufactured by OT Bioelettronica. The device attached to the straps and 

was placed around the participant’s body segments (See Figure 2).  

 

     Figure 2 OT Bioelettronica Due Pro 14 channel sEMG device with straps    

  

 



24 

 

Windows Tablet 

The Due-Pro system communicates and records data wireless via Bluetooth 

connection. One Windows Tablet (Insignia Flex 8” 32 GB Tablet + Wi-Fi with Intel 

Cherrytrail Z8300 Processor) was used in this experiment to record wireless sEMG data 

from participants. The tablet could have up to seven sensors communicating via 

Bluetooth connection at one time. A Bluetooth dongle was connected to tablet in order 

to receive the Bluetooth signal coming from the DuePro system. 

Pilot work showed no statistically significant difference in change in plantar peak 

pressure pre-and post a four-hour work period. Surface EMG was not collected in the 

previous work and it is possible that the EMG measures may be more sensitive to 

fatigue changes. The extension of the observation period and the inclusion of surface 

EMG and a body discomfort scale may result in more observable changes. 

It was expected that with a longer data collection period and potential 

instrumentation of sEMG observable change in assessing muscle fatigue due to 

prolonged standing in the workers would be possible.  

Table 2: Summary of Sensor Devices and Measures to be recorded 

Questionnaires Accelerometer/ 

Activity Tracker 

EMG Device 

• Anthropometrics 

• Health Profile 

• Discomfort Ratings 

• Heart Rate 

• Energy 

Expenditure 

• Muscle 

Activation 

• Fatigue 

Estimate 
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Experimental Protocol 

Prior to data collection participants were provided with an overview of the study and 

shown the research equipment that was used for data collection. Participants were then 

asked to complete a 14-question survey regarding fatigue and complete a body map 

which assess body discomfort. Once the consent form had been signed and all other 

additional documents were completed participants’ anthropometric data was recorded 

into an Excel document. Participants were asked to place their thumb and fingers on the 

proper surfaces of the handgrip dynamometer, a short practice demonstration was 

provided. Handgrip strength of both dominant and non-dominant hands was measured 

before and after the participants work shift.  Participants were asked to stand with their 

arms in line with their sides, while not touching the body, and to keep their elbow in 

extension. Participants alternated hands after each trial to ensure a small rest period 

occurs between each strength test. While exhaling, participants squeezed the handgrip 

dynamometer using as much force as they could produce. The handgrip dynamometer 

measures grip strength in kilograms (kg) to the nearest 0.5 kg result.  

Participants were then instrumented with wireless sEMG electrodes (Due-Pro) and 

asked to wear a Fitbit activity tracker on their non-dominant hand’s wrist for the 

duration of the data collection period. Participants were asked to ensure a finger can fit 

between their arms and the strap of the tracker to prevent any unnecessary rubbing and 

interference with the tracker.  

After the set-up of the activity tracker was completed participants were instrumented 

with the sEMG electrodes and asked to complete maximum voluntary contractions 

(MVC). MVCs were collected from each muscle for normalization purposes. The 
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instructions for the MVC were to stand on the very tips of their toes for 10 seconds and 

then to maintain balance (GA). Then to lean back on their heels for 10 seconds (TA). 

The participants were also then asked to sit with their knees approximately at 90 degrees 

flexed and the heel/ foot of the investigated leg on the floor (S). A researcher’s hand was 

placed on the knee to keep/ push the knee downward while asking the participant to lift 

the heel from the floor and hold for 10 seconds. These MVC methods were chosen 

based on participant’s age and the work environment where data collection took place. 

The dynamic EMG was then recorded throughout the work tasks.  

Once participants completed all the requirements prior to data collection they were 

asked to complete their regular work shift tasks as they normally would. After the data 

collection period ended participants were asked to complete a post-shift fatigue 

questionnaire, body map and post-shift handgrip test. All research equipment was 

removed from the participant and they were thanked for their participation in the 

research study.  

Data Analysis 

 The sEMG data was collected for up to a five- hour period during a regular work 

shift. Collection time length was based on equipment. The participants were asked to 

complete a fatigue questionnaire before and after this time-period of work. All 

questionnaire data collected was entered into a database where the response was summed, 

and no fatigue score was generated. The focus of the quantitative assessment of this data 

was to assess levels of energy expenditure.  
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Handgrip Strength 

The handgrip dynamometer values collected pre- and post- shift for each 

participant were recorded and inputted into an Excel spreadsheet. Each hand had two trials 

per collection. These values were compared to determine if there was any muscle fatigue 

occurring between pre- and post-shift. Once all handgrip results were recorded the results 

were compared to Statistics Canada results for mean and standard deviation of maximum 

grip strength in healthy household population aged 6 to 79 from 2007 to 2013 (Canadian 

Health Measure Surveys [CHMS], 2013). The Statistics Canada results were used to 

determine if the handgrip strength of the participants was within the Statistic Canada 

healthy range. A paired t-test was used to test for significant difference in handgrip 

strength pre-and post-shift for right and left hands p> 0.05 for significance.  

Heart Rate 

Fitbit Surge activity trackers were used to measure participants’ heart rate 

throughout the data collection period. Data recorded by each Fitbit Surge was transferred 

to a Fitbit Dashboard using Bluetooth. From the Fitbit Dashboard, the heart rate values 

were provided in five-minute intervals and values were inputted into an Excel spreadsheet 

for analysis. Heart rate values were inputted into an energy expenditure calculation to 

determine overall energy expended during the data collection.  

Energy Expenditure  

       An energy expenditure prediction calculation, which was developed by Keytel et 

al. (2005) was used by taking heart rate values from the Fitbit Surge data. By only using 

participants’ age, weight, and heart rate values the energy expenditure calculation gives 

an estimated energy expenditure value. The energy expenditure calculation was applied 
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to heart rate data during each 5-minute interval as output by the Fitbit. The equation 

calculated energy expenditure in kJ/ min. 

Equation 1: Energy Expenditure kJ/ min  

EE = gender × (−55.09069 + (0.6309 × HR) + (0.1988 × weight kg) + (0.2017 × 

age)) + (1 − gender) × (−20.4022 + (0.4472 × HR) − (0.1263 × weight kg) + (0.074 

× age)). Where gender =1 for males and 0 for females.   

(Keytel, et al., 2005) 

Fatigue Questionnaire  

 Fatigue questionnaire results were summed for each question pre-and post-shift. 

Total responses for all participants were tallied to identify increases in fatigue post shift.  

Body Map  

 Body map results were summed for each question pre-and post-shift. Total 

responses for all participants were tallied to identify increases in discomfort post shift.  

Surface Electromyography  

 A three-minute window of sEMG was recorded every 30 minutes until the end of 

the collection period (3-5 hours). Tasks being completed during each collection were 

recorded. OT BioLab software was used to analyze and assess sEMG signals recorded 

using the DuePro system. All filtering and EMG signal analysis was completed in OT 

BioLab software using built in functionsMea. The software has user friendly menus with 

built in functions for calculating RMS and MDF. A Butterworth band pass filter with cut 

off frequencies of 20-500 Hz was used to filter raw sEMG signal. The filtered signal was 

used to calculate the RMS of the signal with an epoch of one second. The same epoch size 

was used to calculate the MDF. The mean divided by the max RMS of all the epochs was 



29 

 

used to report the RMS for each particular time point. The mean divided by the max of 

all epoch MDF was used to report the MDF of each time point as well. Mean RMS and 

MDF were compared between each of the time points. RMS and MDF were calculated in 

one second epochs and mean values for each variable were calculated.  

Table 3: List of data collection times in 30-minute intervals 

Time point Minutes Hour 

1 0 1 

2 30 1 

3 60 1 

4 90 2 

5 120 2 

6 150 2 

7 180 3 

8 210 3 

9 240 3 

10 270 4 

11 300 4 

12 330 4 

13 360 5 

14 390 5 

15 420 5 

 

Statistical Analysis 

 Statistical analysis was completed using R with a significance level of 0.05 (R 

Studio, 2012). A linear mixed model was used to calculate if there were any significant 

differences between mean RMS and median frequency values across all time points while 

approximating for missing data. Any cell that contained 0 to indicate there was no data 

collection recorded during that time point for that muscle was replaced with “NA”. The 

linear mixed model took into consideration for missing electrode site values and replaced 

missing values with NA. The model allows for comparison of time point as a factor and 

then determines after running a second model if there is a significant difference in time as 

an effect. Individual muscles were assessed for all participants across all time points to 
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determine if there was a significant difference in time for a specific muscle site. A Tukey 

post hoc method was used to assess any muscle sites that showed a significant difference 

for both mean RMS and median frequency.  

Independent and Dependent Variables  

 The dependent variables examined include sEMG data, Fitbit data (hear rate and 

energy expenditure), pre-and post-shift hand-grip dynamometer results, and perceived 

body map discomfort ratings and fatigue questionnaire scale results.  

Table 4: Summary of Independent and Dependent Variables to be Measured and 

Recorded 

Independent Variables Dependent Variables 

Time (up to 5-hours) • sEMG Muscle Fatigue (median 

frequency across time points, an 

average RMS from each time 

point) 

 • Accelerometer Data (heart rate, 

energy expenditure) 

 • Hand-grip Dynamometer 

 • Perceived Discomfort and Fatigue 
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Chapter 4 Results 

 

 

Handgrip Strength 

 

There was no statistically significant difference for left or right hand pre-and 

post-shift. Statistics Canada maximum grip strength results from 2007 to 2013 show a 

mean grip strength in healthy household males ages 40-59 to be 47.5 ± 9.9kg and 

females ages 40-59 to be 28.2 ± 6.5kg, respectively (Canadian Health Measure Surveys 

[CHMS], 2013). Patricipants handgrip strength was not within normal range based on 

age when compared to Statistics Canada health measure surveys. A paired t-test found 

no significant differences in left and right-hand grip strength pre-and post-shift. The 

results of the paired t-test showed no significant differences of the right-hand paired t 

(11) = -0.41, p= 0.69 and left hand paired t (11) =-0.68, p= 0.51 grip strength pre-and 

post-shift. Although the table separates by sex t-tests were performed on the entire group 

due to the small male sample size (only males). 

                Table 5: Mean handgrip Strength (kg) for Pre-and Post-Shift. 

 

 

 

 

 

Sex Mean Handgrip 

Strength (kg) 

Mean Handgrip 

Strength Pre-

Shift (kg) 

Mean Handgrip 

Strength Post-

Shift (kg) 

Male 29.13 ± 6.91 27.25 ± 9.13 31.0 ± 4.33 

Female 23.09 ± 4.87 22.95 ± 3.86 23.24 ± 5.81 
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Heart Rate and Energy Expenditure  

Fitbit data was not collected for one of the participants due to a technical malfunction.  

Table 6: Energy Expenditure (kJ), and Normalized Energy Expenditure (kJ/hr) for all 

participants. Energy expenditure was the sum of energy expended every five minutes. 

Participant 

Time 

(hrs) 

Total Energy Expenditure 

(kJ) 

Normalized Energy Expenditure 

(kJ/hr) 

1 6.50 1597.53 245.77 

3 4.25 1056.58 248.61 

4 4.75 891.58 187.70 

5 6.50 1038.84 159.82 

6 6.08 1405.02 230.96 

7 3.42 665.74 194.85 

8 4.50 1266.61 281.47 

9 5.58 1347.69 241.38 

10 3.75 698.88 186.37 

11 3.33 440.50 132.15 

12 3.08 861.29 279.34 

Mean 4.70 1024.57 217.13 

SD 1.28 354.62 48.39 
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Body Map Questionnaire  

 

 

Increased discomfort in body segments are highlighted below. Discomfort 

decreased post shift for the left hip. There was no change in discomfort for the head, 

upper back, midback, left arm, left elbow, left forearm, right hip, coccyx, and right 

thigh. Reported discomfort increased in six participants post-shift. Reported discomfort 

decreased in two participants post-shift, and remained the same for four participants 

post-shift.  
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Table 7: Body segments that increased in discomfort levels post-shift for all participants 

Body Segment Pre-Shift (N = 24) Post-Shift (N = 58) 

Head 0 0 

Upper traps  1 3 

Left shoulder 0 1 

Right shoulder  0 2 

Upper back 0 0 

Midback 1 1 

Left arm 0 0 

Right arm 0 3 

Left elbow 2 2 

Right elbow 0 1 

Left forearm 0 0 

Right forearm 0 1 

Left wrist 1 2 

Right wrist 1 2 

Left hand 1 3 

Right hand 1 6 

Left hip 1 0 

Right hip 2 2 

Buttock 1 2 

Coccyx 0 0 

Left thigh 0 1 

Right thigh 0 0 

Left knee 1 3 

Right knee 1 0 

Left calf 2 3 

Right calf 1 2 

Left ankle 0 1 

Right ankle 0 1 

Left foot 2 6 

Right foot 2 6 
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Table 8: Number of discomfort tallies reported by participants pre-and post-shift 

Participant Number Pre-Shift Post-Shift 

1 2 4 

2 0 2 

3 2 5 

4 0 16 

5 2 1 

6 1 1 

7 4 4 

8 0 0 

9 9 5 

10 5 10 

11 0 9 

12 0 0 

 

 

Fatigue Questionnaire  

 

Figures 3 to 6 show few minor changes in responses to the physical section on 

the fatigue questionnaire pre-and post-shift. In Table 8 the total number of questionnaire 

responses is shown. The highlighted cells in the table below show which questions had 

an increase in responses post-shift.  
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Figure 3 Fatigue Questionnaire Results for Physical Section Pre-Shift 

 

 
 

Figure 4 Fatigue Questionnaire Results for Physical Section Post-Shift 
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Figure 5 Fatigue Questionnaire Results for Mental Section Pre-Shift 

 

 

 
Figure 6 Fatigue Questionnaire Results for Mental Section Post Shift 
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Surface Electromyography  

 

Errors bars in graphs indicate high uncertainty in measured RMS and MDF data. 

This is likely because there is a high variation in mean EMG data during each 3-minute 

collection period. 

Amplitude (Root Mean Square)  

 

There were no significant differences in EMG RMS between right 

gastrocnemius, right tibialis anterior, left gastrocnemius, tibialis anterior, right soleus, 

left soleus across time points.   

There was no significant time point effect for right gastrocnemius RMS 2(14) = 20.67, 

p= 0.11. 

  

Table 10:  Mean RMS (mV) at each Time (min) for right gastrocnemius. 

Time (min) N RMS Standard 

Deviation  

0 10 25.18 14.01 

30 9 24.09 5.56 

60 10 19.27 12.03 

90 10 21.56 12.09 

120 10 18.80 10.13 

150 10 17.34 9.96 

180 9 17.01 7.69 

210 10 16.63 6.69 

240 9 22.31 14.76 

270 5 18.53 9.68 

300 6 18.78 9.74 

330 5 15.50 6.84 

360 4 23.60 14.29 

390 4 14.79 1.97 

420 4 10.85 5.17 
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Figure 7.  Mean RMS (mV) at each Time (hr) for right gastrocnemius. 

There was no significant time point effect for right tibialis anterior RMS 2(14) = 14.13, 

p= 0.44.  

 

Table 11:  Mean RMS (mV) at each Time (min) for right tibialis anterior. 

Time (min) N RMS Standard 

Deviation  

0 10 35.09 19.34 

30 9 38.76 20.00 

60 10 25.74 20.51 

90 10 28.28 18.00 

120 10 27.47 11.88 

150 10 38.68 45.56 

180 9 25.91 16.38 

210 10 20.49 10.56 

240 9 30.83 23.49 

270 5 30.03 7.71 

300 6 34.08 13.06 

330 5 44.35 39.35 

360 3 21.08 10.99 

390 4 22.35 17.45 

420 4 11.76 6.08 
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Figure 8. Mean RMS (mV) at each Time (hr) for right tibialis anterior. 

 

There was no significant time point effect for left gastrocnemius RMS 2(14) = 13.63, 

p= 0.48.  

  

Table 12:  Mean RMS (mV) at each Time (min) for left gastrocnemius. 

Time (min) N RMS Standard 

Deviation  

0 10 27.66 19.56 

30 11 32.64 28.34 

60 11 25.29 26.05 

90 11 30.88 34.84 

120 11 28.62 25.90 

150 11 28.56 35.36 

180 11 36.58 54.12 

210 10 17.69 9.14 

240 7 21.95 9.66 

270 5 27.80 21.31 

300 5 17.13 6.65 

330 5 18.33 5.10 

360 4 23.18 10.43 

390 3 15.53 6.43 

420 3 13.13 1.91 
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Figure 9. Mean RMS (mV) at each Time (hr) for left gastrocnemius. 

There was no significant time point effect for left tibialis anterior RMS 2 (14) = 6.88, 

p= 0.94.  

 

Table 13: Mean RMS (mV) at each Time (min) for left tibialis anterior. 

Time (min) N RMS Standard 

Deviation  

0 10 41.14 36.69 

30 11 37.19 21.86 

60 11 28.41 18.73 

90 11 29.56 26.25 

120 11 40.88 35.96 

150 11 31.02 29.53 

180 11 31.40 23.85 

210 11 28.73 18.36 

240 10 31.00 27.20 

270 7 30.58 14.72 

300 6 34.94 20.34 

330 5 28.47 16.79 

360 4 30.02 22.21 

390 3 15.24 7.45 

420 3 26.08 22.46 
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Figure 10. Mean RMS (mV) at each Time (hr) for left tibialis anterior. 

There was no significant time point effect for right soleus RMS 2 (14) = 11.05, p= 0.17.  

 

Table 14:  Mean RMS (mV) at each time (min) for right soleus. 

Time (min) N RMS Standard 

Deviation  

0 11 43.19 22.13 

30 11 42.83 29.96 

60 11 36.20 27.12 

90 11 36.65 35.50 

120 11 37.45 35.85 

150 11 36.23 37.86 

180 11 39.15 42.91 

210 10 36.98 35.29 

240 10 30.92 21.80 

270 7 35.67 29.55 

300 7 34.07 24.90 

330 6 24.95 13.31 

360 4 30.42 19.52 

390 4 19.00 5.03 

420 4 12.34 6.91 
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Figure 11:  Mean RMS (mV) at each Time (hr) for right soleus. 

 

There was no significant time point effect for left soleus RMS 2 (14) = 18.94, p= 0.17.  

 

Table 15: Mean RMS (mV) at each Time (min) for left soleus. 

Time (min) N RMS Standard 

Deviation  

0 11 33.67 14.93 

30 11 33.47 16.30 

60 10 25.99 15.69 

90 11 25.47 16.36 

120 11 24.49 10.69 

150 10 25.00 20.53 

180 11 23.32 11.26 

210 11 23.19 11.85 

240 10 25.48 15.70 

270 6 31.74 15.32 

300 7 31.88 15.08 

330 6 24.47 10.39 

360 4 26.74 10.00 

390 4 18.00 1.72 

420 4 17.03 11.27 
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Figure 12: Mean RMS (mV) at each Time (hr) for left soleus. 

Median Frequency  

 

There were no significant differences in EMG MDF for right gastrocnemius, 

tibialis anterior, left gastrocnemius, tibialis anterior, right soleus, left soleus across time 

points.   

There was no significant time point effect for MDF right gastrocnemius 2 (14) = 15.94, 

p= 0.32.  
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Table 16:  Mean MDF (Hz) at each Time (min) for right gastrocnemius. 

Time (min) N MDF Standard 

Deviation  

0 10 103.69 15.78 

30 9 98.36 9.82 

60 10 112.97 29.10 

90 10 110.34 31.65 

120 10 111.25 13.58 

150 10 116.47 30.56 

180 9 116.49 24.91 

210 10 113.65 18.99 

240 9 115.01 39.03 

270 5 115.17 20.72 

300 6 112.57 33.91 

330 5 112.77 15.16 

360 4 95.31 14.49 

390 4 118.03 28.01 

420 4 126.11 39.77 

 
Figure 13: Mean MDF (Hz) at each Time (hr) for right gastrocnemius. 

 

There was no significant time point effect for right tibialis anterior MDF 2 (14) = 

15.50, p= 0.34.  
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Table 17: Mean MDF (Hz) at each Time (min) for right tibialis anterior. 

Time (min) N MDF Standard 

Deviation  

0 10 112.23 21.40 

30 9 99.92 16.81 

60 10 123.36 26.42 

90 10 118.36 27.27 

120 10 114.91 33.43 

150 10 119.90 28.78 

180 9 124.74 27.42 

210 10 125.08 33.47 

240 9 117.25 31.41 

270 5 117.76 28.64 

300 6 121.50 27.60 

330 5 121.23 49.18 

360 3 119.76 29.32 

390 4 129.60 30.87 

420 4 133.64 33.05 

 

 
Figure 14: Mean MDF (Hz) at each Time (hr) for right tibialis anterior. 
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There was no significant time point effect for left gastrocnemius MDF 2 (14) = 12.92, 

p= 0.53.  

Table 18: Mean MDF (Hz) at each Time (min) for left gastrocnemius. 

Time (min) N MDF Standard 

Deviation  

0 10 120.89 26.72 

30 11 108.45 14.71 

60 11 122.15 31.51 

90 11 121.01 37.82 

120 11 118.76 31.38 

150 11 121.40 31.86 

180 11 118.01 30.10 

210 10 115.05 33.38 

240 7 101.38 16.48 

270 5 121.83 26.12 

300 5 118.18 40.07 

330 5 113.37 29.16 

360 4 111.28 17.01 

390 3 113.69 11.75 

420 3 115.53 15.71 

 

 

 
Figure 15: Mean MDF (Hz) at each Time (hr) for left gastrocnemius. 
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There was no significant time point effect for left tibialis anterior MDF 2(14) = 9.41, 

p= 0.80.  

 

Table 19: Mean MDF (Hz) at each Time (min) for left tibialis anterior. 

Time (min) N MDF Standard 

Deviation  

0 10 123.57 25.26 

30 11 116.41 26.43 

60 11 121.84 28.62 

90 11 118.21 28.83 

120 11 115.52 24.37 

150 11 117.59 21.77 

180 11 117.47 29.08 

210 11 115.30 29.30 

240 10 120.84 35.63 

270 7 116.63 32.39 

300 6 112.94 34.12 

330 5 114.58 25.47 

360 4 119.25 22.83 

390 3 114.78 15.54 

420 3 110.15 22.07 
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Figure 16: Mean MDF (Hz) at each Time (hr) for left tibialis anterior. 

 

There was no significant time point effect for right soleus MDF 2 (14) = 17.86, p= 

0.21.  

 
Table 20: Mean MDF (Hz) at each Time (min) for right soleus 

Time (min) N MDF Standard 

Deviation  

0 11 106.44 43.37 

30 11 113.61 45.88 

60 11 121.45 61.39 

90 11 118.97 51.33 

120 11 113.14 50.39 

150 11 116.05 52.10 

180 11 113.82 42.83 

210 10 119.65 57.93 

240 10 118.74 35.53 

270 7 109.25 15.79 

300 7 101.40 19.60 

330 6 97.85 18.85 

360 4 97.74 21.21 

390 4 105.52 18.67 

420 4 109.75 22.87 
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Figure 17: Mean MDF (Hz) at each Time (min) for right soleus. 

There was no significant time point effect for left soleus MDF 2 (14) = 12.21, p= 0.59.  

 
Table 21: Mean MDF (Hz) at each Time (min) for left soleus. 

Time (min) N MDF Standard 

Deviation 

0 11 105.76 15.67 

30 11 105.32 16.34 

60 10 112.86 17.60 

90 11 109.06 18.74 

120 11 104.78 22.42 

150 10 115.20 19.61 

180 11 108.47 22.58 

210 11 103.32 25.97 

240 10 114.60 30.16 

270 6 111.93 21.48 

300 7 110.87 27.02 

330 6 106.93 31.53 

360 4 110.64 17.63 

390 4 116.62 18.64 

420 4 119.21 29.29 
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Figure 18: Mean MDF (Hz) at each time (hr) for left soleus. 
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Summary of Findings 

 

• No significant differences in left and right handgrip strength pre-and 

post-shift 

• Body map questionnaire showed that discomfort increase post shift 

occurred in the upper trapezius, right knee and right and left foot 

• There were small reported changes in physical fatigue based on the 

results of the fatigue questionnaire and mental fatigue  

• Most common reported aspects of physical fatigue were feeling more 

tired, needing more breaks and lacking energy at the end of a shift  

• There were no significant changes in RMS and MDF across time points. 
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Chapter 5: Discussion 

 

 

The study investigated muscular fatigue of the lower leg muscles using sEMG 

during prolonged standing in food service workers. There were no significant changes in 

RMS or MDF in any muscles across all time points. There was a small increase in 

reported discomfort post-shift in the upper trapezius, right knee, and feet. The data 

indicated that although there were no significant changes in EMG variables workers 

may have experienced increased fatigue or discomfort at some point during their shift.  

Enoka & Stuart, (1992) identified four themes that provide an overview of 

muscle fatigue. Muscle fatigue is task dependant, and mechanisms that cause fatigue 

include: central nervous system drive to motor units; the motor units that are activated; 

neuromuscular activation; excitation-contraction coupling; availability of metabolic 

substrates; the contractile apparatus; and muscle blood flow. Muscle fatigue is governed 

by force fatigue relationship. An increase in force production causes an increase in 

muscle fatigue. Also, sustained activity causes decline in force production, relaxation 

rate, and motor unit discharge rate. Lastly, perceived effort comes from central motor 

commands and is linked to muscular fatigue.  

Participants may not have shown signs of fatigue in sEMG RMS and MDF 

because of the high variability in work tasks, low force output during work tasks, and a 

low perception of fatigue. Participants frequently completed tasks with few periods of 

static standing. In addition, most participants took scheduled breaks during the 

experiment. Masuda et al. (1999) reported that dynamic contractions cause increased 

blood flow that promotes ion exchange across cell membranes and slows the onset of 

muscle fatigue. Also, some previous research has reported that sEMG may not be 
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sensitive enough or ideal measurement method for detecting muscle fatigue during low 

level contractions (Rys & Konz, 1989).   

Hunter et al. (2004) reported that muscle force is determined by the number of 

recruited motor units and their discharge rates. During fatigue the number of recruited 

motor units increases and over time the discharge rates of the early recruited motor units 

typically decreases, causing additional motor unit recruitment. Hunter et al. (2004) also 

reported that practice of a task may increase time to task failure and prolong the time for 

muscle fatigue to occur. Since all participants have worked as food service workers for 

at least three years, repetitive shifts with prolonged standing may delay the onset of 

muscle fatigue. This may be because participants’ lower leg muscles were trained to 

withstand prolonged standing conditions. However, this effect could be the opposite if 

workers do not have adequate rest time to recover from prolonged standing work.  

During the experiment, MVC trials were conducted for every muscle before each 

trial.  Redfern & Cham (2000) reported that during experiments with prolonged low-

level contractions, completing MVC trials before the experiment may mask the effects 

of fatigue during the experiment. This may occur because the MVC contractions have 

much higher amplitudes than the trial contractions and may cause fatigue before the 

experiment begins. Although MVCs were collected, they were not used to normalize 

data in the experiment.  

Results indicated participants may have experienced primarily low force 

dynamic contractions that did not tax the lower limb muscles to cause fatigue.  

Balasubramanian et al. (2009) reported that leg muscles fatigue faster in stationary 

standing posture compared to dynamic postures.  Participants in the study were rarely in 
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a static posture and were frequently retrieving and using light objects such as knives. 

Early research by Kuorinka et al. (1978) reported that few indicators of muscle fatigue 

were present in leg muscles after prolonged standing and Kim et al. (1994) reported 

similar findings.  

Halim et al. (2012) recorded sEMG from 20 male manufacturing workers during 

a metal stamping task. sEMG was recorded from the erector spinae, tibialis anterior and 

gastrocnemius muscles for five hours of prolonged standing. sEMG was recorded for 1h 

15m in the morning, 2h mid-day, and 2h 30m at the end of the day.  There was a 

decrease in MDF during each of the time intervals. However, when the entire day was 

considered there were inconsistent changes in MDF. They may have found significant 

decreases in MDF because workers were completing a highly repetitive manufacturing 

task. There were no changes in MDF in food service workers when sEMG was recorded 

over 3 five-hour work periods. Unlike the study by Halim et al. (2012) food service 

workers completed many different tasks and rarely repeated similar motions. Tasks 

included cutting vegetables, making pizzas, cleaning tables, washing dishes, serving 

food, and preparing meals. The task variability meant that different muscles may have 

been fatiguing depending on the task or muscles did not fatigue due to the high task 

variability and low-level muscle contractions. Therefore, when measuring muscle 

fatigue in ergonomic field work using sEMG researchers may want to consider 

controlling for high task variability.  

Despite the lack of significant findings in the sEMG results there is a large 

amount of research linking prolonged standing to increased discomfort and 

musculoskeletal injuries.  Waters & Dick (2015) reported that lower back, leg pain, 
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cardiovascular problems, fatigue, discomfort, and pregnancy related health issues are 

linked to prolonged standing. The body map questionnaire showed a small increase in 

self-reported foot pain post experiment in food service workers. Also, McCulloch 

(2002) reported that standing periods ≥ eight hours per day was a major health risks for 

lower back and feet pain. Food service workers typically stand 8 hours or more per day. 

However, this was not captured because of research study equipment battery life. Best et 

al. (2002) reported that back pain was the most reported musculoskeletal disorder 

amongst 204 hairdressers who stood for prolonged periods at work.  

 There were small reported changes in physical fatigue based on the results of the 

fatigue questionnaire and only one participant reported increased mental fatigue during 

their work shift. The most common reported aspects of physical fatigue were feeling 

more tired (N=3), needing more breaks (N=2), and lacking energy at the end of a shift 

(N=5). Resnick et al. (2006) completed a cross-sectional analysis of survey results from 

3130 adults between the ages of 20 and 59. They found that increased reported fatigue 

was associated with higher waist circumference, higher body mass index (BMI), and not 

meeting physical activity guidelines. Dembe et al, (2005) reported increased risk of 

injury associated with jobs with long working hours. This association was not 

necessarily associated with the danger of the job. Dembe et al. (2005) found that there 

was a strong dose response effect between increasing hours worked per day and week 

with increased injury rate. Based on findings from Resnick et al., (2006) food service 

workers who reported increased fatigue post shift may do so because they do not 

exercise enough. Exercise habits were not measured in this experiment, but employee 

health may be a factor in worker fatigue. Monitoring employee fatigue and comparing 
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with the number of hours worked may reduce risk of injury. However, questionnaire 

data was collected from a small sample size on one occasion. This may mean that 

workers were simply just tired on the day of data collection.   

Multiple literature reviews have reported that handgrip dynamometry is used to 

measure physical exertion (Innes, 1999; Bohannon, 2008). However, Innes (1999) 

reported that no single method reporting exertion using handgrip dynamometry can be 

recommended. Instead the literature identifies handgrip strength as a possible outcome 

predictor for frailty, nutritional status, and a state of being strong and active (vitality) 

(Innes, 1999; Norman et al., 2011).  Handgrip strength for males and females was below 

the mean maximum grip strength for healthy Canadian households between 2007 and 

2013. These results may act as an indicator of the samples nutritional status, strength 

and activity levels. However, there is likely not a causal relationship between handgrip 

strength and the samples nutritional status, strength and activity levels.  

Participants expended an average of (217.13 ± 48.39 kJ/hr). Howley (2001) 

quantified intensity of occupational work, which ranged from 510 kJ/hr for light work to 

>1884 kJ/hr for very heavy work. If the average energy expenditure of the participants 

was extrapolated over an 8-hour workday (1737.04 kJ/day) it appears their energy 

expenditure correlated with sedentary to light work. However, six of the 12 participants 

reported more discomfort, or areas of discomfort, during their work shifts. Wills et al. 

(2013) observed 20 servers for about 3.5 hours during a regular work shift. Participants 

spent up to 75% of the 3.5-hour collection period standing or walking. They reported 

that servers noted light work load but self-reported up to 60% more discomfort 
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throughout their shift. This indicates that prolonged standing may be more of a factor in 

workplace discomfort than workload or energy expenditure.  

Study Limitations  

 Keytel et al., (2005) developed an energy expenditure equation using a mixed 

model analysis. Participants completed 𝑉𝑂2𝑚𝑎𝑥 and steady state exercise with heart rate 

and respiratory exchange ratio collected continuously. Fitbit outputs an average heartrate 

every five minutes to the Fitbit dashboard. This value was input into the energy 

expenditure equation to approximate energy expenditure in food service workers. Based 

on the results it is likely that the average value underestimated energy expenditure and 

didn’t account for variations in heart rate during the five-minute intervals. Using a heart 

rate monitor that collected and output samples at a higher frequency would have given a 

more accurate energy expenditure approximation. 

Food service workers at UNB reduce working hours in early May when 

university students finish their semester. Therefore, it was challenging to recruit 

participants in the month of April as there was a limited number of workers working at 

the time. This required recruitment of two additional participants from another food 

service location. Tasks completed by participants from both locations were very similar 

however, this was not quantified.  

One participant’s Fitbit data was not recorded during the data collection due to 

Fitbit technical errors. One participant’s sEMG data was removed from analysis due to 

high noise in the muscle signal due to a broken DuePro pod and channel exposure. 

During the pilot study participants provided feedback indicating the fatigue 
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questionnaire was difficult to understand. Therefore, a short description was provided 

with each number on the rating scale.  

0 = Better than usual 

 1 = No more than usual 

 2 = Worse than usual 

 3 = Much worse than usual  

 The work area where data collection occurred was a large kitchen and dining hall 

and Bluetooth connection with the sEMG DuePro system was often lost. This presented 

challenges when recording sEMG signal. When Bluetooth connection was lost the tablet 

needed to be reconnected to the data collection pods before resuming the study. This 

process involved manually restarting each pod while the participant was trying to 

complete his or her job duties. The EMG system was able to record data for an entire 

shift, but loss of Bluetooth signal made this impossible. OT Bioelectronica developed an 

app that was compatible with Android cell phones that was meant to reduce loss of 

Bluetooth signal. Participants would have had the cell phone on them during data 

collection. However, the app did not work so a Windows tablet was purchased and used 

to collect data. The tablet had the windows version of the OT BioLab software. This was 

the best solution that could be found at the time. Maintaining Bluetooth connection 

remained the greatest limitation. When connection was lost each EMG pod had to be 

reset and collection time was lost. A linear mixed model was used to calculate if there 

were any significant differences between mean RMS and MDF values across all time 

points while approximating for missing data. Any cell that contained 0 to indicate there 

was no data collection recorded during that time point for that muscle was replaced with 
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“NA”. The linear mixed model took into consideration for missing electrode site values 

and replaced missing values with NA. The model allows for comparison of time point as 

a factor and then determines after running a second model if there is a significant 

difference in time as an effect. 

Participants often completed many different tasks during one shift such as 

cutting vegetables, cleaning dining tables, stocking shelves and serving meals to 

students. Although task types were recorded during data collection trials it was not 

possible to control for tasks. Also, the high task variability and small sample size meant 

that EMG activity during matching tasks could not be compared. The high task 

variability could have been a contributing factor to the lack of significant findings in 

fatigue variables. Controlling for tasks in a laboratory setting may have provided more 

information on demand and fatigue associated with each task. 

A linear mixed model was used to analyse the sEMG data. Results from a linear 

mixed model are predictions based on the data available and a data set with high 

variation may make it challenging for the model to predict missing data points. 

Parameters set in the model are based on approximations (Nami, 2008). Therefore, the 

statistical outputs are based on assumptions from the model and may not give an 

accurate representation of the data. With a complete data set a repeated measures 

ANOVA would have been used to test for significant differences between RMS and 

MDF between times. With a full data set it may have been more likely that significant 

differences were found in the sample of 12 participants. A larger sample size was likely 

needed to get a dataset with less variable results when using a linear mixed model. 

However, due to high task variability it is quite possible that neither method would 
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provide a dataset with less variability. The high task variability meant that participants 

may have been completing completely different tasks during each collection period. 

This likely caused such large variability between mean values as indicated by the large 

errors bars in the results section. 

Balasubramanian et al., (2009) used a linear regression to compare RMS and 

MDF slopes during dynamic and static contractions. Nine participants completed the 

study, and significant results between static and dynamic postures were found. 

Completed assembly tasks while maintaining dynamic postures caused significantly less 

fatigue. Significant differences were found using a non-parametric Wilcoxon signed 

rank test. This indicates that there was high variability in the dataset, but significant 

differences could be found. Balasubramanian et al., (2009) also controlled for posture. 

Significant differences in RMS and MDF may have been found in the sample of food 

service worker if RMS and MDF over time were compared instead of mean values. An 

amplitude probability distribution function (APDF) is sometimes used to describe 

amplitude of muscle activation over a period of time, and would have been better for 

comparing tasks with high variability (Merletti & Parker, 2004). The APDF would have 

accounted for, and helped visualize, periods of high and low activation. 

Balasubramanian et al., (2009) findings also indicate that significant findings could be 

found with a small sample size. However, a larger sample size may have reduced 

variability in the datasets for both studies.  

Participants in the study also had varying data collection lengths due to the loss 

of Bluetooth signal and the Windows tablet operating system battery life. This made it 

difficult to compare participant’s specific data due to varying data collection time 
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lengths. OT Bioeletronica has created an app available for Android type cell phone that 

communicates and recorded sEMG data wireless from the DuePro system. However, the 

app was tested and is still in the early stages of development. The Android cell phone 

would have been a more reliable data collection device compared to the Windows tablet 

as the battery life for the cell phone was much longer.  

Mean RMS and MDF were calculated for each time point. It was expected that 

due to the long shift length and high activity of workers in this job that mean values 

would decrease as shift length increased. However, results turned out to be more 

complex. Task variability was high and it appears that original thoughts on what would 

happen to MDF during periods of low activation may have been wrong. If the study is to 

be repeated it would be advantageous to try and set up task completed by food service 

workers based on observations in the field in a laboratory setting. Also a time domain 

analysis for each time point would be beneficial to reduce the amount of lost data. 

Collecting mean values during periods of low activation may not have given an accurate 

representation of changes of activity. In the future finding a way to collect data for the 

entire shift may highlight more changes in low muscle activity.  

Participants were not asked to disclose any information regarding a health 

condition and or past injury they may have had. This could have been a limitation that 

may have affected the results of the study. There was no exclusion criteria for a health 

condition and or previous injury. By disclosing this information, it may have supported 

why participants reported pain and or discomfort in certain areas on the body map 

questionnaire. Participants were not asked to disclose any information regarding 

activities they partake in outside of working hours. This may have been a limitation as 
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someone could have been performing light to extraneous activities outside of work 

which, could have contributed to report fatigue. In future research considerations could 

be made towards including disclosing of certain information regarding health conditions 

and injuries along with activities performed outside of working hours.  

Future Research  

In future research using wireless EMG to measure muscle fatigue during 

prolonged standing researchers may wish to use a laboratory setting to control for task 

variability. Also, completing studies using wireless EMG in a laboratory setting may 

reduce the loss of Bluetooth connection. There is also a high reported prevalence of 

back pain associated with prolonged standing (Marshall, Patel & Callaghan, 2011; 

Nelson-Wong, Gregory, Winter & Callaghan, 2008). Adding a sensor to the erector 

spinae muscles during prolonged standing may help provide further insight on this 

common finding. Participants reported pain and or discomfort in the upper trapezius 

muscles post-shift. Investigating prolonged standing using sEMG at different muscle 

sites may help determine where pain and or discomfort associated with fatigue is 

occurring. A review of literature found few studies evaluating lower limb muscle fatigue 

using EMG, and research indicates there is an increase in lower limb discomfort in 

prolonged standing (Best et al., 2002; McCulloch, 2002; Waters and Dick, 2015). 

Therefore, capturing prolonged standing in a lab setting may help to further evaluate 

lower limb muscle fatigue.  

Food service workers are underrepresented in ergonomics research and sales 

from fast food and restaurants are increasing. Also, the number of people working in the 

food service industry is increasing. This may cause and increase in reported 
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musculoskeletal injuries from workers in the industry that should be monitored. Step 

count was recorded during the data collection however, was not analyzed. Future 

research could investigate the difference in step counts among workers and determine if 

this is a factor associated with prolonged standing fatigue. 

Recommendations  

 Based on findings from Wills et al. (2013) and the findings of the experiment it 

appears that fatigue in this sample of food service workers, if present, was not because 

of muscle fatigue. It is more likely that prolonged time in standing and walking postures 

caused musculoskeletal discomfort that was not measured in this experiment.  

Monitoring time spent in standing and walking postures and surveying employees on a 

regular basis may be useful in reducing fatigue and risk of musculoskeletal injury in the 

long term.  

 Further recommendations for Sodexo Canada Ltd. would be to consider the 

results from the body map questionnaire. Workers indicated areas of pain and 

discomfort post-shift and these areas should be investigated further to determine if 

workers posture while completing work tasks is a contributing factor. Considering the 

use of incorporating wireless mobility sensors to monitor heart rate and or blood 

pressure could be useful in investigating the effects of prolonged standing with the use 

of physiological variables. Allowing food service workers to rotate between different 

jobs in the dining hall could help reduce the effects of fatigue by allowing an individual 

to complete different postures for the different requires job tasks. 
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Conclusion 

 High task variability and the low force of tasks likely contributed to no 

significant findings in sEMG RMS and MDF. In future research investigating prolonged 

standing findings suggest that there should be control mechanisms in place for task 

variability. However, there is a large amount of research indicating that prolonged 

standing is linked to many different musculoskeletal injuries after prolonged exposure. 

Body map questionnaire data indicated increased discomfort post shift in both the right 

and left feet. However, the increase in foot pain post shift was small.  

 This study was the first to use wireless EMG (DuePro) that allowed for 

prolonged signal measurement (up to 6.5 hours) to assess lower limb muscle fatigue in 

food service workers. This was important as it allowed the researcher to examine muscle 

activity over a typical shift. It highlighted the potential differences in findings regarding 

prolonged standing in laboratory-based studies compared to field work. The results also 

found that discomfort post shift increased in the upper trapezius, right knee, and feet 

suggesting that while there were no significant changes in EMG variables workers may 

have experienced increased fatigue or discomfort as shift time increased. Field studies of 

workers in their typical environment are important in order to understand the impact of 

muscle fatigue during prolonged standing.  
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Appendix A 

 

Information Letter for Participants 

 

 

 

Project:  Muscle Fatigue Assessment of Prolonged Standing Work 

in Food Service Workers Using Surface 

Electromyography During Typical Work Operations  

 

 

Location:  Andrew and Marjorie McCain Human Performance Lab, 

RICHARD J CURRIE CENTRE, University of New 

Brunswick 

 

Principle Investigators: Emily Wood, Graduate Student, Faculty of Kinesiology, 

UNB Tel: (506)-470-6591  Email: ewood@unb.ca  

 

                                  Usha Kuruganti, Professor, Faculty of Kinesiology, UNB, 

Tel: (506)-447-3101  Email: ukurugan@unb.ca 

 

 
 
     

 

Purpose:   

Wireless technology is of considerable interest in the field of human factors engineering 

and ergonomics. The impact of prolonged standing, particularly in occupations requiring 

long work shifts, has been shown to cause significant musculoskeletal discomfort and 

disorder. While various methods have been used to measure fatigue during work, the 

ability to measure data from the body wirelessly during actual work operations could 

provide significant information to improve human factors and ergonomic risk factors. 

 

The purpose of this research is to examine lower limb muscle activity during prolonged 

standing during work operations of food service staff at the University of New 

Brunswick (UNB). 

  

Procedures:  

You will be invited to participate in this experiment during normal shift hours 

(approximately 8 hours). First, you will be provided with an overview of the testing 

protocol. You will then be asked to fill out a body map questionnaire (Messing et al., 

2008) along with a perceived fatigue questionnaire.  

 

Once you have completed the questionnaires, you will be asked to complete a strength 

test using a handheld dynamometer. The hand dynamometer simply measures grip 

strength. You will be asked to hold the dynamometer in your dominant hand and exert 

mailto:ewood@unb.ca
mailto:ukurugan@unb.ca
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as much force as possible. You will be asked to repeat this at the end of your shift. 

Maximal contractions will be recorded pre-and post- shift. You will be provided with an 

opportunity to become comfortable with the dynamometer, and once you are 

comfortable, testing will commence.  

 

You will also be asked to wear a heart rate monitor throughout your shift. 

 

You will then have wireless electromyography (EMG) sensors to monitor the activity of 

muscles. These electrodes will be placed on the skin over muscles in the lower leg 

(gastrocnemius and tibialis anterior and soleus muscle). These sensors are roughly the 

size of a quarter and will be attached with an adhesive backing, similar to a Band-Aid.  

 

You will then be asked to complete maximum voluntary contraction exercises (MVCs) 

for the lower leg muscles. These exercises require you to squeeze a muscle as hard as 

you can for about 10 seconds with at least two minutes of rest between sets. This will 

tell us how strong each muscle is and allow us to determine what percentage of your 

maximum strength is used while performing work tasks.  

 

All data will be coded such that your identity cannot be determined. The data will be 

maintained permanently; however, it will be secured with access limited to the Principal 

Investigator. This data may be used for comparison with future clinical studies.   

 

Participation in this study is voluntary. At any time, you may withdraw from the 

research or withdraw any data pertaining to you without penalty. 

 

Confidentiality  

The identity of the participant will be kept strictly confidential.  Any scientific report, 

presentation, or publication of the data will refer to the participant using only a subject 

number. This unidentifiable data may also be shared with other research institutions 

currently collaborating with the Faculty of Kinesiology at the University of New 

Brunswick.  Information on the participant’s sex and age may be used.  

 

Risks of Participation: There are no known risks to participating in this study.  

 

Benefits: This research will allow the investigator to examine foot pressure during 

standing and walking using wearable insole sensors. The results of this study will help 

to gain knowledge in the area of foot mechanics.   

 

Feedback/Concerns: The management of SODEXO CANADA LTD (UNB 

Fredericton) has given consent to conduct the study on the factory premises provided the 

willingness of  

 

employees. SODEXO CANADA LTD is aware of the study being conducted and the 

methods that are being used to gather data. At the end of this project a summary of the 

results of the overall project and general (coded) results will be provided to you and the 

management at SODEXO CANADA LTD. If you choose to participate or not to 
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participate in this study, the management at SODEXO CANADA LTD assures you that 

there will be no impact on your workplace. If you have any concerns about this research 

you are encouraged to speak with the Principal Investigator. In addition to contacting the 

Principal Investigator, if there are problems or concerns you can also contact the Dean 

of the Faculty, Dr. Wayne Albert (walbert@unb.ca). This project is on file with the 

university Research Ethics Board as REB 2018-047. 
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Appendix B 

Consent Form for Participation 
 
 
 
Consent: By signing this agreement you agree with the following statements: 

 

I have read and understood the information provided in the "Information Letter for 

Participants.” 

 

I understand the purpose, procedures and risks of this study and any questions or 

clarifications I have requested have been explained to my satisfaction by the researcher.  

 

I understand and I will be required to participate in this experiment for approximately 1 

hour.  

 

I understand that any data presented or published in educational, scientific or medical 

journals will be in a coded format, and that my individual data will not be identified and 

will be kept confidential.  

 

I understand that the data will be maintained permanently in a secured location and may 

be accessed by the Principal Investigator for future research. 

 

I understand that clips of the video analysis may be used during the research 

presentation, and I ALLOW/DO NOT ALLOW (please circle one) the primary 

investigators to include my video data in their presentation. 

 

I understand that I am free to withdraw my consent and discontinue participation in the 

study without any consequences at any time.  

 

 

 

Participant: _________________ Signature: ________________ Date: ___________  

 

Investigator: ________________ Signature: ________________ Date: ___________ 
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Appendix C 

 

Fatigue Questionnaire          
Participant Number: ____________________________________ 

 

Pre-Shift __________    Post Shift ___________ 

 

 
Physical 0- Better 

than 

usual 

1= No 

more than 

usual 

2= Worse 

than usual 

3= Much 

worse than 

usual 

1. Do you have problems with 

tiredness during your work 

shift? 

    

2. Do you feel the need to take 

more breaks? 

    

3. Do you feel sleepy or drowsy 

at any point during your shift? 

    

4. Do you have problems 

starting tasks at the start or 

end of your shift?  

    

5. Do you start tasks without 

difficulty but get weak as you 

go on during your shift?  

    

6. Are you lacking energy at 

any point during your shift? 

    

7. Do you have less strength in 

your muscles at the beginning 

versus the end of your shift? 

    

8. Do you feel weak right now 

after answering these 

questions? 
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Mental 0- Better 

than 

usual 

1= No 

more than 

usual 

2= Worse 

than usual 

3= Much 

worse than 

usual 

1. Do you have difficulty 

concentrating during your 

shift? 

    

2. Do you have problems 

thinking clearly about tasks 

that are required? 

    

3. Do you make slips of the 

tongue when speaking? 

    

4. Do you find it more 

difficulty to find the correct 

word? 

    

5. Do you have trouble 

remembering how to do tasks? 

    

6. Are you satisfied with the 

tasks you are assigned to do? 
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Appendix D 

Body Map  
Participant Number: ____________________________________ 

 

Pre-Shift __________    Post Shift ___________ 
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Appendix E 

Pilot Work Results and Discussion  

The questionnaire data showed mixed results as some participants stated the 

questionnaire was difficult to understand. The modified fatigue survey found that all 

participants indicated no fatigue in response to the 14 questions. The results of the Nordic 

Questionnaire showed that two of the 20 participants had a record of lower back pain 

(Kuorinka, Jonsson, Vinterberg, Biering-Soresen, & Andersson, 1987). However, 

participants did state that they found the Nordic Questionnaire to be difficult to read, 

therefore the use of a simplified body map may be beneficial for future research.  

Paired t-test showed that there was no significant difference between the pre-grip 

strength (M=29.5 kg, SD= 8.8 kg) and post grip strength (M=30 kg, SD=10.5 kg) for the 

right hand. Similar results were obtained for the left hand with a pre-grip strength (M=29.4 

kg, SD= 8.9 kg) and post grip strength (M=29.5 kg, SD=9 kg).  

The average energy expenditure for the 4 hours period was 20.7 ± 7.6 KJ/min. The 

average energy expenditures of the male and female workers are 27.7 ± 6.3 KJ/min and 

15.7 ± 3.6 KJ/min respectively.    

No significant change in the peak plantar pressure in the start, mid and end time 

points of the prolonged standing duration (see Figure 19).  Seven of the eight sensors on 

the left foot and five of eight on the right foot showed a slight increase in the mean peak 

plantar pressure (averaged across all participants). Upon analyzing the COP values, 12 of 

19 subjects showed a COP shift towards the posterior-anterior direction in the left and 

right foot. 10 of 19 subjects showed a COP shift in the left foot and 11 of 19 showed a 

COP shift in the right foot in the lateral aspect with the magnitude of change being very 
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less. Also, there was no significant change in the ground reaction forces in either of the 

feet.  

 

Figure 19: Mean values of Peak Plantar Pressure (kpa) for all eight sensors in the left and 

right feet averaged across all participants. The picture on the right shows the sensors 

locations. 

None of the participants reported fatigue in the questionnaire data. This is 

surprising given the nature of the work. It is possible that the participants underreported 

their symptoms.  

The hand grip strength data showed no significant difference between the pre-and 

post-time points, which indicated that prolonged standing didn’t have a considerable 

fatigue effect on the upper body. Some significant changes might be expected had the 

working shifts being studied longer (8 hours).  

For an eight-hour continuous work period, a physical work capacity limit of 5.2 

Kcal/min (21.8 KJ/min) is recommended by (Garg, Chaffin& Herrin, 1978) for a young 

healthy male. The male workers’ capacity is within the recommended capacity. The 

average energy expenditure was also found to be less than the recommended capacity 
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limit but 4 subjects individually exceeded the recommended capacity and are susceptible 

to fatigue before the end of their shift. As expected, the step counts of the general helps 

were seen higher than the cooks. It was also expected that the energy expenditure of the 

general helps to be higher than the cooks because more activities were performed by the 

general help. But that is not the case; the average metabolic rate of the cooks is 22.7 ± 9.9 

KJ/min while the general help 20.1 ± 7.3 KJ/min. The continuous exposure to heat during 

cooking may have increased the metabolic rates of the cooks.  The difference between the 

average energy expenditure of the first and last hours of the 4-hour data collection 

duration were determined. The result showed an increase in the energy expenditure of the 

workers in the morning session workers and a decrease in the energy expenditure of the 

workers in the afternoon session workers. This shows that time of the day may have a 

significant effect on work capacity. From the result obtained, if the two-work session were 

combined to make an 8-hour shift, there is high chance of accumulating fatigue as the 

shift becomes longer. The random shifts in the center of pressure show that the subjects 

change their postures to adjust their center of Pressure (COP) possibly due to the presence 

of fatigue. Prolonged standing causes fatigue in the gastrocnemius and peroneus muscles 

which results in this shifting effect (Gefen et al 2002). The abnormality in the results 

shows that there is no fixed direction in shifting of COP; people shift their pressure on the 

feet in a direction of their convenience which might be a general indication of fatigue. 

No significant changes were found across the time points in the peak plantar 

pressure data or in the ground reaction force. This was surprising given that the workers 

were standing for long periods of time. One of the limitations with the insole sensors used 

was the number of sensors. The insoles were limited to eight sensors distributed around 
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the foot and therefore accuracy may be limited. In addition, the data was reduced to less 

than 4 hours in order to remove rest breaks. A longer data collection may provide more 

information regarding the foot kinematics.  

The lack of significant findings with the questionnaire and handgrip data with respect to 

fatigue may also be due to the instruments used. This study did not employ the use of 

surface electromyography (EMG), which has been used extensively to monitor muscle 

fatigue. Gefen et al. 2002 assessed muscular fatigue in the gastrocnemius and peroneus 

muscles in high-heeled walking trials using EMG sensors as well as plantar pressure 

sensors and correlated fatigue in these muscles to the medial/lateral instability of COP. 

As discussed earlier, a longer working shift (8 hrs.) might result in significant changes.   

Four of the twenty participants showed energy expenditure levels higher than the 

recommended values. It is surprising that this was not reflected in the questionnaire data. 

It has recently been shown that the use of body maps can be helpful as indicators of 

physical pain for workers (Messing et al., 2008). Future work could employ the use of 

body maps to help workers identify pain. In addition, having focus groups with workers 

in this industry may help to provide a more conducive environment to share concerns 

regarding this workplace.  

Conclusion  

Prolonged standing work is common in many industries. It is important to 

understand the extent of the discomfort and fatigue to provide the employer with improved 

guidelines regarding work protocols as well as to consider how to best prepare workers. 

This study investigated the pre-and post-foot plantar pressure, energy expenditure, and 

hand grip strength of 20 food service workers to determine the presence of fatigue over a 
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4-hour work period. The questionnaire produced inconclusive information regarding the 

mental and physical fatigue of the participants. The results obtained showed that the 

workers worked within the recommended work capacity but may accumulate fatigue with 

a longer shift. The selected pressure parameters and force parameters showed no 

significant change at the pre-and post-shifts that could estimate the period when the 

participants experienced fatigue. There was no coordinated direction of the COP 

movement. These preliminary data with an addition of EMG data in a future study will 

provide valuable information regarding fatigue on workers with prolonged standing 

duties.  
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