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ABSTRACT 

 

This study examined the biomechanical and neuromuscular responses to a structured 

active seating protocol compared to traditional seating and standing workstation use. 

Twenty-four healthy participants (12 male, 12 female) performed computer tasks at each 

of the workstations for 30-minutes. The active seated workstation had participants actively 

plantarflex and dorsiflex the ankles in a “stepping” motion to the sound of a metronome 

operating at 40 beats per minute. The participants’ biomechanical and neuromuscular 

responses were recorded using electromyography (EMG); near Infrared Spectroscopy 

(NIRS); pressure mats; galvanic skin receptors; heart rate (HR) monitor; and subjective 

discomfort data (ratings of perceived discomfort- RPD) for each collection period. 

Statistical analysis was conducted using a repeated measures analysis of variance for 

within-task and between-workstation comparisons. A Tukey’s post hoc analysis was 

calculated for any significant findings. This study demonstrated that the active sitting 

protocol significantly increased blood oxygenation levels to the gastrocnemius. 
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INTRODUCTION 

Sedentary behavior is defined as “any waking behavior characterized by an energy 

expenditure of ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or lying 

position” (Tremblay et al., 2017, pg. 9). On average, Canadians spend approximately 70% 

of their waking hours being sedentary (Canada, 2017). Sedentary behavior has been 

associated with lower cognitive function (Falck et al., 2017) and increased rates of pre-

mature mortality (Katzmarzyk et al., 2009; Grontved & Hu, 2011; Proper et al., 2011), 

musculoskeletal (MSK) disorders (Morl & Bradl, 2013), depression (Teychenne et al., 

2010), some cancers (Lynch, 2010), hypertension (Lee & Wong, 2015), obesity (Brown 

et al., 2003), type 2 diabetes (Grontved & Hu, 2011; Proper et al., 2011; Dunstan et al., 

2012; Patterson, 2018), metabolic syndrome (Edwardson et al., 2012; Alavi et al., 2015), 

and cardiovascular disease (Grontved & Hu, 2011; Dunstan et al., 2012;  Patterson, 2018).  

Prolonged Sitting 

The most common sedentary behavior found in an office environment is prolonged sitting, 

also known as passive sitting (Canada, 2017; Tremblay et al., 2017). Passive sitting is 

“any waking behavior in a seated position that has an energy expenditure ≤1.5 METs” 

(Tremblay, et al., 2017, pg. 10). It is estimated that Canadian office workers spend 

approximately 77 to 80% of their working day passively sitting (Canada, 2017).  For an 

8-hour work period, that equates to over 6 hours of sitting per day. 

 According to O’Sullivan et al. (2013), it is believed that the ideal sitting posture includes 

the spine being in an upright posture and maintaining lumbar lordosis. Thoracic upright, 

lumbo-pelvic upright, and slumped sitting postures have been found to have lumbar 

multifidae, iliocostalis lumborum pars thoracis, and thoracic erector spinae activity levels 

over 10% of maximum voluntary contraction (MVC) when held for 5 seconds in each 

position (O'Sullivan et al., 2006). Activity levels lower than 10% (approximately 2% of 

maximum voluntary contraction) have been shown to elicit fatigue in spinal extensor 

muscles with sustained, low-level contractions for 30 minutes. The onset of fatigue in this 
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particular muscle group was not likely caused by a lack of oxygen but may have been the 

result of an increase in interstitial potassium concentration (van Dieen et al., 2009). When 

fatigue in the spinal extensor muscles occurs, neuromuscular adaptations similar to spinal 

creep (gradual lengthening of muscles and ligaments, and a loss of proprioception) can set 

in and increase spinal flexion (Zawadka et al., 2018) leading to a slumped sitting posture. 

Prolonged, passive sitting in a slumped posture can provide significant strain on the spine, 

such as: increased posterior spinal ligament and dorsal lumbar fascia tension (Adams et 

al., 1994; Dunk et al., 2009), increased tension on the iliolumbar ligaments (Snijders et 

al., 2004), decreased disc heights with resultant increased facet joint compression (Owen 

et al., 2009), increased anterior shear of intervertebral discs (IVDs) (McGill & Kippers, 

1994; Callaghan & McGill, 2001), increased IVD vulnerability to injury (Adams et al., 

1996), increased facet and sacro-iliac joint instability (Richardson et al., 2002; O'Sullivan 

et al., 2006), decreased proprioceptive ability of lumbar musculature (O'Sullivan et al., 

2013), and inflammation of spinal ligaments. These injuries can lead to increased 

discomfort in the low back, hip, thigh, and buttock regions (Baker et al., 2018), and muscle 

spasms (Solomonow, 2006; 2009; 2012). The cumulative effects of sitting in a slouched 

posture can result in an unstable lumbar spine (O'Sullivan et al., 2010) that may be in a 

vulnerable condition for 24 hours after the cessation of sitting (Solomonow, 2006; 2009; 

2012).  

Prolonged, passive sitting has also been shown to impede blood flow to the legs with 

significant reductions in blood flow to the popliteal vein and artery. Reduced blood flow 

through the popliteal vein, while seated, is likely caused by decreased muscle activation 

of the calf (Hitos et al., 2007). However, decreased blood flow to the popliteal artery while 

seated, may be caused by changes to blood vessel orientation due to altered muscle length 

of the calf, or increased sympathetic nervous system activity to the calf muscle (Kruse et 

al., 2018). 
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Prolonged Standing 

One strategy to replace prolonged, passive sitting in the workplace is to have workers 

stand. In an Australian cohort study by van der Ploeg et al. (2014), citizens 45 years and 

older who stood in the workplace were found to have positive benefits associated with 

prolonged standing and all-cause mortality. The health benefits of increased standing time 

were found to be independent of sitting, moderate to vigorous intensity physical activity, 

and health status. However, prolonged standing has also been found to have negative 

impacts on low back pain and cardiovascular health.  

 In a Canadian study using data from 11, 735 respondents to the self-administered 1998 

Quebec Social and Health Survey, an association was found between standing without the 

freedom to sit down and low back pain (in males and females) who primarily worked 

standing up. This was a household-based population survey that used a weighted random 

sample of all residents outside of institutions and Indian reserves in Quebec, Canada. The 

survey measured musculoskeletal (MSK) pain using an 11-point body diagram and work 

postures with a series of multiple-choice questions (Tissot et al., 2009). Another Canadian 

study following an Ontario cohort of 7,320 participants from 2003-2015, found that the 

rate of developing heart disease was twice as high for predominately standing jobs when 

compared to predominately seated jobs (Smith et al., 2017). Although the researchers 

Smith et al., 2017, were unsure of the reason for their results, their findings were consistent 

with previous studies that found prolonged occupational standing was linked to a number 

of circulatory pathologies (Messing et al., 2014), and this may be the cause of the 

increased rate of heart disease. Prolonged standing has been associated with carotid 

atherosclerosis (Krause, et al., 2000), MSK pain (McCulloch, 2002; Antle & Cote, 2013; 

Antle et al., 2013; Waters & Dick, 2015), MSK disorders (van der Ploeg et al., 2014), 

body part discomfort, (Antle & Cote, 2013; Antle et al., 2013; Waters & Dick, 2015), 

physical fatigue, and tiredness (Waters & Dick, 2015). 
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Prolonged standing has also been associated with a number of health implications in the 

lower limb that can lead to an increased risk of chronic venous insufficiency (McCulloch, 

2002), varicose veins (Tuchsen et al., 2005; Bahk et al., 2012; van der Ploeg et al., 2014), 

leg swelling, ( Antle & Cote, 2013; Antle et al., 2013; Waters & Dick, 2015), lower limb 

arterial stiffness (Caldwell et al., 2018), and lower limb discomfort (Antle & Côté, 2013). 

The negative effects of prolonged standing in the lower limb may be caused by a 

combination of increased foot blood volume, blood pressure, and a decrease in EMG 

activity in the gastrocnemius and tibialis anterior muscles. This lack of muscle activity 

may lead to decreased venous muscle-pump activation and blood pooling in the lower 

limbs, causing discomfort (Antle & Cote, 2013). 

Sit-stand workstations 

Based on self-reported questionnaires, office workers reported that the use of sits-stand 

workstations led to a reduction in occupational sitting time, the increased time spent 

standing led to decreased musculoskeletal discomfort in the neck, shoulders, and lower 

limbs, and improved work ability (when compared to office workers that stayed in 

prolonged seated positions) (Gao et al., 2016).  

Objective studies have also found that sit-to-stand workstations can be an effective and 

acceptable method for reducing passive sitting time in office workers, when used as a 

singular intervention (Carr et al., 2016; Hadgraft et al., 2017), or as part of a 

multicomponent intervention (Danquah et al., 2017; Gibbs et al., 2018). The reduction in 

sitting time was primarily due to an increased amount of standing time. This led to an 

overall decrease in sedentary behavior and had the added benefits of increased alertness, 

concentration and energy levels (Hadgraft et al., 2017), increased caloric expenditure 

(Carr et al., 2016), and reduced low back pain (Gibbs et al., 2018).  

A recent Cochrane review focusing on prolonged, passive sitting interventions found 

similar results when sit-to-stand desks were used alone, or in combination with 

information and counseling. The Cochrane review found that these measures reduced 
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sitting times by 100 minutes per day, for up to 3 months, and by 57 minutes per day for 

3-12 months. The review did not find a significant difference between the effects of 

standing desks and sit-to-stand desks on reducing sitting at work, or any evidence to 

support the long-term (>12 months) use of sit-to-stand desks to reduce sitting time. Many 

of the studies were of low-quality and did not provide specific sit-to-stand guidelines 

(Shrestha et al., 2018).  

A Canadian study that compared prolonged, passive sitting, standing, and 5-minutes 

standing to 15-minutes sit-to-stand (1:3) ratio in an office work setting, found that 

discomfort scores were lower in the sit-to-stand group compared to sitting or standing only 

groups (Karakolis et al., 2016). It has also been suggested that a sit-to-stand ratio of 1:1 

may be the ideal balance (Callaghan et al., 2015). Although a definitive sit-to-stand ratio 

has not been established, literature supports the idea of routinely changing postures before 

the onset of pain or discomfort (Callaghan et al., 2015; Waters & Dick, 2015). 

Active Sitting 

For the purpose of this study, it is important to identify the differences between dynamic 

and active chairs. Dynamic chairs are designed so that the user is required to be in constant 

motion, such as sitting on a rocking chair (Pynt et al., 2015). Active chairs are designed 

so that the sitter is providing the action to move the chair, while the mechanism of the 

chair accommodates that action (Pynt et al., 2015).  

An article by Pynt (2015) gave a thorough and comprehensive review of active office 

seating history, design factors, and challenges including active features and research 

opportunities for four active office chairs that required involvement of the sitter. To this 

author’s knowledge, only the multi-directional stool and the chair with a split seat pan 

design reviewed by Pynt (2015) have been involved in published research* (Cardoso et 

al., 2020 submitted). 
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The first active office chair reviewed by Pynt (2015) was an active stool with a saddle 

shaped seat-pan that was tilted forward and was mounted on a circular base and ball that 

allowed multi-directional mobility. The chair could be set to a “stable” or “unstable” 

position depending on the user’s mobility preferences (Pynt, 2015). The active stool was 

found to decrease paraspinal muscle activation while allowing a more upright lumbar 

posture compared to a standard office chair in those without low back pain (LBP) 

(O'Sullivan et al., 2012). The active stool was also found to have reduced low back 

discomfort scores in participants who had previously experienced low back pain while 

seated, when compared to a standard office chair (O'Keeffe et al., 2013). The active stool, 

when compared to a conventional office chair, showed lower muscle activity and center 

of pressure (CoP) displacement when in a stable and unstable position. These findings 

were contrary to the researchers’ expectations, that chairs that promoted active sitting and 

postural changes, would also have higher levels of trunk muscle activity and postural sway 

(Grooten et al., 2013). 

 

The second active office chair reviewed by Pynt (2015) was a split seat pan technology. 

This technology involved a longitudinally split seat pan that allowed motion in the lumbar, 

pelvic, and hip regions through the use of actively pumping the ankles in a dorsiflexion 

and plantar flexion motion. This stepping motion also allowed a range of 10 degrees in 

alternating hip flexion and extension (Pynt, 2015). Cardoso et al. (2020 submitted) found 

significant increases in thoracic extensor and external oblique muscle activity; increased 

sagittal and decreased frontal plane movement; and increased lower limb blood flow when 

comparing the chair with the spilt seat pan technology to a prototype and a control chair. 

The chair with the split seat pan technology also scored lower on discomfort scores when 

compared to the control chair. The active seat with the split seat pan technology 

demonstrated promise in promoting muscle activation and blood oxygenation to the lower 

limbs, even when participants controlled the engagement of the chair’s active components.  
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To fully appreciate the ability of the technology in promoting both muscle activation and 

blood oxygenation, a structured research protocol of the chair’s use should be investigated.  

A structured research protocol on active sitting, would also provide a baseline to compare 

biomechanical and physiological outcomes between the active chair and standing 

workstation for potential health benefits. 

In summary, recent research has focused on the benefits of standing as a potential strategy 

to reduce muscle fatigue and back pain associated with prolonged sitting.  The literature 

on standing is still in its infancy and has yet to identify the best strategy for alternating 

between sitting and standing to complete computer related work.  Research has also 

identified that there is an increase in low back pain that can develop in many people within 

an hour of standing.  An alternative to standing, may be the use of active sitting, which 

promotes motion thereby engaging different musculature and promoting blood 

circulation.  To date, there is limited research as to the benefits of active sitting. Therefore, 

the purpose of this study was to determine biomechanical, physiological, and 

neuromuscular responses to a structured active seating protocol as compared to traditional 

seating and standing working station use.   

 

The proposed study had the following research hypotheses: 

 
1. The active sitting protocol will be associated with an increase in trunk muscle 

activity, an increase in seat pressure distribution, an increase in lower limb blood 

oxygenation, and a decrease in perceived discomfort compared to traditional 

seated work. 

2. The active sitting protocol will promote higher blood oxygenation to the lower 

extremities, decreased perceived strain on the lower back, and lower perceived 

discomfort than standing work. 
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MATERIALS AND METHODS 

Participants 

Twenty healthy participants, ten males and ten females, were recruited. The inclusion 

criterion to participate consisted of a 3-month history of being pain and injury free in the 

low back region, 19-65 years of age, the ability to stand for 30 minutes or longer, and the 

absence of diagnosed vasculature disorders in the lower limbs. Health data was recorded 

using a self-reported questionnaire. Prior to participation, informed written consent was 

obtained and the project was approved by the University’s Research Ethics Board. 

Procedures 

Three workstation protocols were compared: sitting in a standard office chair (Control 

Chair, figure 1 (right)); sitting in an active office chair (Active Chair, figure 1 (left)); and 

standing (The Desk, no picture).  For each workstation, participants were instructed to 

perform two computer tasks: web browsing and typing. The web browsing task involved 

the participants having one hand on the mouse and one hand on the keyboard at all times 

while they browsed the internet. The typing task involved the participant keeping both 

hands on the keyboard while they re-typed a short-story on the right-hand-side of the 

computer monitor. For both conditions, the participants’ feet remained in contact with the 

ground and were not allowed to cross over each other.  The participants were also 

instructed not to talk during each 15-minute collection period.. The order of the 

workstations use was randomized. The active seat had the seat pan split longitudinally 

which promotes lumbar, pelvic and hip motion by alternating active ankle plantar and 

dorsiflexion and a 10-degree range of alternating hip flexion/extension similar to a 

walking action.  The design was engineered to address concerns related to: 1) back pain 

generated by slumped sitting postures, resulting from sustained static contractions and 

fatiguing of the spinal support muscles; 2) swelling and discomfort in the lower legs due 

to lack of leg movement and reduced circulation; and 3) soreness in the buttocks and thighs 

due to compressed tissues under the Ischia.  
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Figure 1. Active chair, with the split seat pan technology (left) and the control chair 
(right). Both chairs had their arm rest removed. 
 

Each participant had the office chair, desk, and computer monitor adjusted for them using 

ergonomic guidelines according to the Canadian Centre for Occupational Health and 

Safety for each workstation setup (Canadian Centre for Occupational Health and Safety, 

2018). Each office chair was set to an inclined seat-pan angle of 5 degrees from horizontal. 

The seat-back angle was reclined 10 degrees from vertical. Both measurements were 

calculated using the FASTRAK electromagnetic motion tracking system (Polhemus Inc., 

VT, USA) captured at a frequency of 120Hz. This equipment has been verified by the 

manufacturer to have a static accuracy of 0.1cm position and 0.15oorientation. 
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Figure 2. Seated workstation setup 
 
 
Participants sitting in the chair with the split seat pan technology, listened to a metronome 

for one-minute during each collection period. During that time, the participants were asked 

to simultaneously alternate their feet between plantar and dorsiflexion to the beat of the 

metronome, that was operating at 40 beats per minute (BPM), for the entire collection 

period. 

Similar to the sitting protocol, during standing work, participants were instructed to have 

at least one hand on the mouse or keyboard at all times and have both feet in contact with 

the ground while standing. Each participant was fitted for the standing workstation using 

ergonomic guidelines according to the Canadian Centre for Occupational Health and 

Safety (Canadian Centre for Occupational Health and Safety, 2018). 

Data collection 

Seat or standing pressure pad, Near Infrared Spectroscopy (NIRS), Empatica, and heart 

rate baseline data was collected for 1 minute while the participant was sitting or standing 

still (depending on the workstation). After a baseline was recorded, data was continuously 
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collected during two 15-minute intervals for the duration of the computer task, totaling 30 

minutes.  EMG, seat or standing pressure pad, NIRS, Empatica, and heart rate data 

collections were synchronized at the beginning of each collection period. The rate of 

perceived discomfort (RPD) was administered at baseline and after each 15-minute 

interval. At the end of the collection period, the participant was given a 10-minute, 

unmonitored break. During this time the office chairs or desk height was changed before 

the process was repeated.  

EMG Data Collection   

Participants were prepared for surface EMG recordings from four muscles bilaterally: 

external oblique [EO], splenius capitis [SC], thoracic erector spinae [TES] located at the 

level of the T9 spinous process, and lumbar erector spinae [LES] located at the level of 

the L3 spinous process. A ground electrode was placed on the left, posterior aspect of the 

acromion process. Electrode placement were confirmed with palpation and instruction 

from guidelines established by the Surface Electromyography for the Non-invasive 

Assessment of Muscles project (SENIAM, 2018). Prior to electrode placement, each 

electrode site was prepared to control for unwanted noise; to provide sustained, electrode 

adhesion during the prolonged sitting task; and to decrease the occurrence of electrical 

interference. Skin preparation included removing all skin oils, dirt, sweat and hair by 

shaving the located site, if necessary, and cleaning the site with an alcohol swab after 

abrading the area with a rough paper towel. Abrading the area helped to remove any debris 

or loose skin cells that might interfere with the EMG signal. Once the skin was prepared, 

the electrodes were placed on the surface.  All participants were informed of the possible 

risks associated with EMG data collection before data collection begins (i.e., possible 

redness and marks on the skin after the electrode is removed). To help secure the electrode 
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in place, HypafixTM tape was used to cover the electrode. HypafixTM tape is a high quality, 

hypo-allergenic, latex free cloth tape with paper-backing that was cut to specific sizes. 

HypafixTM is permeable to air and moisture, which makes it an ideal covering for 

electrodes.  

 

 

Figure 3. EMG placement 

 

Pairs of pre-gelled, disposable, silver-silver chloride, surface bipolar electrodes 

(Duotrode, Myotronics Inc., Kent, USA) were placed over the specified muscle bellies.  

The electrodes were 12.5 mm in diameter with an inter electrode spacing of 21 ± 1 mm 

(center to center). To ensure uniformity of spacing, snap connectors were used to help 

facilitate a secure connection with the electrode lead. 

Maximal voluntary contractions (MVC) were performed for each muscle using specific 

isometric contractions. For each MVC, the participant held the contraction for 3 seconds. 

Up to 2 MVC repetitions were performed, unless the participant felt they had achieved 
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maximal effort during the first attempt. If needed, there was a minimum of 60 seconds of 

rest between each exertion. MVCs for the thoracolumbar extensors (TES, LES) included 

a maximal back extension, which required participants to perform thoracolumbar 

extension against manual resistance, applied by one of the researchers. While performing 

the MVC for thoracolumbar extension (figure 4), the participants torso was suspended off 

the end of table with their anterior-superior iliac spine (ASIS) contacting the superior edge 

of the table. 

 

 

Figure 4. MVC of thoracolumbar erector spinae 

 

Maximal contractions for the neck (SC) required participants to extend their neck 

against resistance while their torso was secured to the table (figure 5). Resistance to the 

neck was applied using a metal chain attached to the ground and secured around the 

head with a Velcro strap. 
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Figure 5. MVC of splenius capitis 

 

Maximal contractions for the trunk flexors (EO) included a series of maximum forward-

flexion contractions, and right and left trunk twisting with flexion (figure 6). Participants 

were positioned on a table with their knees flexed to approximately 90° and the trunk 

positioned approximately 45° from horizontal while manual resistance was provided by 

one of the investigators, restricting flexion and twisting movements. During this 

procedure, the feet were secured to the table by another investigator. 
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Figure 6. MVC of external oblique 
 

Seat Pressure Data Collection 

The seat–participant interface was monitored to track micro-movements of the buttocks 

and spine using a pressure mapping system (X3, XSensor, Calgary). These data were 

recorded in 15-min increments and sampled at a frequency of 5 Hz. The pressure pads 

were mounted on the seat pans and seat backs of the two seats. Pressure pads had a 

dimension size of 45.7 cm × 45.7 cm with a 0.81 mm thickness when compressed. The 

accuracy of the pressure pads is based on a maximum standard deviation of 5 mmHg with 

less than 1.3% hysteresis and less than 5% creep over an hour-long use. 

Standing Pressure Data Collection 

Similar to the seat-participant interface, the floor-participant interface was also measured 

using a pressure mapping system (BodiTrak SHIFT), the data was recorded at a sampling 

frequency of 5Hz for each 15-min increment. The floor mat provided center of pressure 

distribution while standing. 
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Near Infrared Spectroscopy Data Collection 

NIRS was used to assess changes in oxygenated and deoxygenated blood to the left lower 

limb. The medial and lateral head of the left gastrocnemius was chosen due to its ability 

to plantar flex the ankle, and large, superficial cross-sectional area. The left gastrocnemius 

was also chosen as a sampling site due to its close proximity to the NIRO-200NX 

machine’s location. The gastrocnemius has been used in previous NIRS research 

involving plantar flexion of the ankle (Luck et al., 2017; Evans, 2019, Cardoso et al., 2020 

submitted). The sampling speed of the NIRO-200NX was set at a recording frequency of 

5 Hz. The NIRO-200NX (NIRS spectroscopic oximeter, Hamamatsu Photonics KK, 

Hamamatsu City, Japan) uses two diodes (sensors), one to emit a light into the leg and the 

second to detect the refraction of light returned.  The absorption of the light provides an 

indication of the oxygenation level of the blood in the area. Skin preparation and diode 

application for NIRS followed the same procedures as electrode application for EMG 

stated earlier.  
 

 
 
Figure 7. NIRS sensor placement over the lateral (left) and medial (right center) heads of 
the left gastrocnemius. 
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E4 Empatica 

The E4 Empatica data measured galvanic skin response and recorded at a frequency of 

4Hz. The resolution was 1 digit ~900 pico siemens, with a range between 

0.01microsiemens (uS) to 100 uS. The sensors were placed on the ventral side of the wrist.   

Heart-Rate Monitor 

The heart rate was collected (bpm) with the Polar RS800CX heart rate monitor (using the 

lab chart processing software), at a recording frequency of 1000Hz. The heart rate monitor 

was placed around the chest, at the level of the sternum, with the sensors leveled around 

the apex of the heart.  

Discomfort Data Collection 

The participants’ perceived discomfort, ratings of perceived discomfort (RPD) was 

monitored throughout the computer task. The RPD questionnaire was a 100 point  

continuous analogue scale that helped measure discomfort relative to specific body parts; 

0 being no discomfort and point 100 representing the worst discomfort imaginable. 

Thirteen different body parts were measured: neck; right and left measures for the 

shoulder, upper back, lower back, buttock, upper and lower leg. Participants were 

instructed to complete the questionnaire (using a 100-point scale, e-VAS) at baseline and 

after each 15-minute interval.  

Exit Survey 

Following the second interval, an exit survey of eight questions was given to each 

participant to quantify which workstation was preferred. Questions included: 1-Which 

seat provided the most lumbar support? 2- Which seat provided the most upper back 

support 3- Which seat provided the most upper thigh/gluteal support? 4- Which seat 
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provided the best overall comfort? 5- Which seat did you feel less “stiff” or “sore” after 

the computer task? 6- Which seat did you prefer? 7- Which workstation provided the most 

comfort? 8- Which workstation did you feel that you were the most productive? Please 

explain why in the box below. 

Data Analysis  

Electromyography 

The myoelectric signal was recorded using an 8-channel system (AMT-8, Bortec 

Biomedical Ltd., Calgary, Canada). The myoelectric signal was collected at 1048 Hz and 

the raw signal was band pass filtered from 20-500 Hz to remove unwanted frequencies. 

Peak activity was found for each muscle during the MVC trials and used to normalize all 

subsequent EMG data. During each 15-minute collection period, the EMG data was 

compiled into 1-minute intervals to determine the percentage change from MVC during 

the computer tasks. 

Seat Pressure 

The seated pressure data was processed using XSensor software (X3) to gather 

information on center of pressure (CoP) distribution (x and y coordinates) during each 15-

min increment for each of the sitting protocols. CoP scores were compared to baseline, 

which consisted of 5-minutes of quiet sitting; the last minute of the 5 minutes of quiet 

sitting was used as the sampled data set for baseline.   

Standing Pressure Pads 

The amount of sway was determined by comparing the spread of the CoP tracing to a 

baseline, during each 15-min increment. CoP coordinates were compared to baseline, 

which consisted of 5-minutes of quiet sitting; the last minute of the 5 minutes of quiet 

sitting was used as the sampled data set for baseline.   
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Near-Infrared Spectroscopy 

Hemodynamic data was also collected for a total of 30 minutes (the 30min of 

hemodynamic data was recorded in 2 X 15 minutes blocks to help control for the size of 

the recorded data files). Relative scores were compared to baseline, which consisted of 5-

minutes of quiet sitting or standing (depending on the workstation); the last minute of the 

5 minutes of quiet sitting was used as the sampled data set for baseline. The collected data 

during the computing task was compiled into one–minute intervals to determine the level 

of change from baseline during the computer tasks. Change percentage ratio of 

oxygenated hemoglobin to total hemoglobin (%TOI) were recorded. The %TOI equation 

was as followed: TOI(t) = 100×k[O2Hb] / k[cHb], cHb represented, total hemoglobin 

from time = t0 and k was an unknown constant.  

 
E4 Empatica and Heart Rate 

The E4 Empatica (microSiemans)and heart rate data (beats per minute), were compared 

to baseline, to then calculate the percentage change from baseline. Baseline consisted of 

5-minutes of quiet sitting or standing; the last minute of the 5 minutes of quiet sitting was 

used as the sampled data set for baseline. 

Questionnaires: Rate of perceived discomfort and exit survey 

To determine discomfort change using the RPD, all values were compared to baseline. 

The questionnaire was based on a 100-point scale and descriptive statistics were used for 

the exit survey. 
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Statistical Analysis 

All statistical analyses were conducted using SPSS v. 27 (IBM SPSS Statistics), using an 

alpha level set at p<0.05.  The outcome variables of interest during each 15-minute epoch 

were as follows: 1) EMG data (percent change from baseline); 2) Pressure distribution 

(center of pressure); 3) Change in hemodynamics (total oxygenation index (TOI, %)); 4) 

Empatica, 5) Heart rate and 6) Rate of perceived discomfort.  Within task comparisons 

were conducted to determine changes in outcome variables over time using a repeated 

measures analysis of variance (ANOVA). Between-workstation comparisons were 

performed using a repeated measures ANOVA. A Tukey’s post hoc testing was calculated 

to explore significant findings. 
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 RESULTS 

Table 1. Anthropometric Data of Participants 

Participants Number Age (years) Height (cm) Weight (kg) 
Female 12 22.1 (3.3) 168.9 (10) 69.9 (13.9) 
Male 12 26 (4.8) 174.3 (8.4) 81.5 (24.2) 
All 24 23.9 (4.4) 171.4 (9.5) 75.2 (19.8) 

*Average (standard deviation) 
 
 
 
Electromyography 
 
Figures 8 and 9 provide an overview of the average percentage amplitude change from 

baseline at T15 and T30, respectively. Table 2 and 3, provides the mean and standard 

deviation (SD) of the % change scores and identifies the determined significant 

differences at T15 and T30, respectively.   

 
At T15 
 
Left Splenius Capitus: Participants using the Active Seat (mean ± standard deviation = 

4.4± 3.0% MVC) had significantly greater neuromuscular activity than the Control Seat 

(3.5±2.1%, p < .001) and The Desk (3.0±2.1%, p < .001) (figure 8).  

Right Splenius Capitus: Participants using the Active Seat (6.5±3.5%) had significantly 

greater neuromuscular activity than The Desk (5.1±3.1%, p = .035) (figure 8).  

Left Thoracic Erector Spinae: Participants using the Active Seat (3.8±3.4%) had 

significantly greater neuromuscular activity than the Control Seat (2.9±1.7%, p < .001) 

and The Desk (1.7±1.6%, p < .001) (figure 8). 

Right Thoracic Erector Spinae: Participants using the Active Seat (2.4±1.8%) had 

significantly greater neuromuscular activity than the Control Seat (2.0±1.2%, p < .001) 

and The Desk (1.4±1.3%, p < .001) (figure 8). 
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Left Lumbar Erector Spinae: Participants using the Active Seat (7.1±3.3%) had 

significantly greater neuromuscular activity than the Control Seat (6.9±3.2%, p < .019) 

and The Desk (5.4±2.6%, p < .001) (figure 8). 

Right Lumbar Erector Spinae: Participants using the Control Seat (4.8±2.9%) had 

significantly greater neuromuscular activity than the Active Seat (4.5±3.0%, p < .001) 

and The Desk (3.3±2.0%, p < .001) (figure 8). 

Left External Obliques: Participants using Active Seat (6.4±3.7%, p < .001)  and The 

Desk (6.1±2.7%, p < .001) had significantly greater muscular neuroactivity than the 

Control Seat (5.1±2.7%) (figure 8). 

Right External Obliques: Participants using Active Seat (8.5±4.1%) had significantly 

greater muscular neuroactivity than Control Seat (7.6±4.2%, p < .001) and The Desk 

(8.2±3.1%, p < .001) (figure 8). 

Overall, participants required significantly more neuromuscular activity using the 

Active Seat when compared to The Desk for all muscles, except the left external 

oblique. The Active Seat also had significantly higher levels of neuromuscular activity 

than the Control Seat for all muscles except the right splenius capitus and right lumbar 

erector spinae. 
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*Error bars represent SD 

 
Figure 8. EMG findings for each of the 3 working tasks (Active Seat, Control Seat, and 
The Desk) for each of the following bilateral muscles during T15: Splenius Capitus 
(SC), Thoracic Erector Spinae (T9), Lumbar Erector Spinae (L3), and External Obliques 
(EO). The increase in EMG activity is a sign that more neuromuscular activity is being 
required/engaged. 
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Table 2. Electromyography Mean, SD, and Significant Pairings at T15 
 

  Mean SD Significant Pairings 
Left SC 
Active 4.37 2.97 vs Control, p < .001; vs Desk p < .001 
Control 3.50 2.09 vs Desk p < .001 
Desk 3.01 2.05   
Right SC 
Active 6.52 3.51 vs Desk, p = .035 
Control 6.77 3.50 vs Desk, p < .001 
Desk 5.13 3.07   
Left LES 
Active 7.14 3.27 vs Control, p = .019; vs Desk, p < .001 
Control 6.86 3.15 vs Desk, p < .001 
Desk 5.36 2.61   
Right LES 
Active 4.50 2.98 vs Desk, p < .001 
Control 4.80 2.86 vs Active, p < .001; vs Desk, p < .001 
Desk 3.34 1.97   
Left EO 
Active 6.36 3.72 vs Control, p < .001 
Control 5.07 3.68   
Desk 6.12 2.71 vs Control, p < .001 
Right EO 
Active 8.45 4.05 vs Control, p < .001; vs Desk, p = .010 
Control 7.57 4.21   
Desk 8.27 3.12 vs Control, p < .001 

*Splenius Capitus (SC), Thoracic Erector Spinae at T9 (TES), Lumbar Erector Spinae at L3 (LES), External 
Oblique (EO) 
 
 
 
At T30 

Left Splenius Capitus: Participants using the Active Seat (4.7±2.9%) had significantly 

greater neuromuscular activity than the Control Seat (4.0±2.6%, p < .001) and The Desk 

(3.4±2.1%, p < .001) (figure 9). 

Right Splenius Capitus: Participants using the Control Seat (7.3±3.3%) had 
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significantly greater neuromuscular activity than the Active Seat (6.5±3.2%, p < .001)  

and The Desk (5.5±2.4%, p < .001) (figure 9). 

Left Thoracic Erector Spinae: Participants using the Control Seat (3.7±2.8%) had 

significantly greater neuromuscular activity than the Active Seat (3.3±2.5%, p < .001)and 

The Desk (1.8±1.5%, p < .001) (figure 9). 

Right Thoracic Erector Spinae: Participants using the Control Seat (2.8±1.8%) had 

significantly greater neuromuscular activity than the Active Seat (2.7±1.9%, p < .001)  

and The Desk (1.7±1.4%, p < .001) (figure 9). 

Left Lumbar Erector Spinae: Participants using the Active Seat (7.5±3.4%) had 

Significantly greater neuromuscular activity than the Control Seat (7.1±3.5%, p < .001) 

and The Desk (5.7±2.4%, p < .001) (figure9). 

Right Lumbar Erector Spinae: Participants using the Control Seat (5.2±3.0%) had 

significantly greater neuromuscular activity than the Active Seat (4.9±3.1%, p < .001)and 

The Desk (3.8±2.2%, p < .001) (figure 9). 

Left External Obliques: Participants using The Desk (6.4±3.0%) had significantly 

greater muscular neuroactivity than the Active Seat (6.0±3.5%, p < .001) and the Control 

Seat (5.2±3.3%, p < .001) (figure 9). 

Right External Obliques: Participants using The Desk (8.2±2.9%) had significantly 

greater muscular neuroactivity than the Active Seat (8.0±3.9%, p = .003) and the Control 

Seat (7.0±4.0%, p < .001) (figure 9). 

The overall key finding was that participants required significantly more neuromuscular 

activity while standing (The Desk) in the External Obliques versus sitting down in the 

Active Seat and the Control Seat (with the Active Seat generating the second highest 

EMG activity of the 3 different workstations). In the Thoracic Erector Spinae, greater 
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neuromuscular activity was found using the Control Seat versus the two other 

workstations.  

 
 

 
*Error bars represent SD  

 
Figure 9. EMG findings for each of the 3 working tasks (Active Seat, Control Seat, and 
The Desk) for each of the following bilateral muscles during T30: Splenius Capitus (SC), 
Thoracic Erector Spinae (T9), Lumbar Erector Spinae (L3), and External Obliques (EO). 
The increase in EMG activity is a sign that more neuromuscular activity is being 
required/engaged. 
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Table 3. Electromyography Mean, SD, and Significant Pairings at T30  
  Mean SD Significant Pairings 
Left SC 
Active 4.66 2.86 vs Control, p < .001; vs Desk p < .001 
Control 3.97 2.58 vs Desk p < .001 
Desk 3.43 2.13   
Right SC 
Active 6.47 3.21 vs Desk p < .001 
Control 7.32 3.32 vs Active, p < .001; vs Desk p < .001 
Desk 5.54 2.35   
Left TES 
Active 3.34 2.47 vs Desk p < .001 
Control 3.68 2.75 vs Active, p < .001; vs Desk p < .001 
Desk 1.80 1.45   
Right TES 
Active 2.69 1.92 vs Desk p < .001 
Control 2.83 1.79 vs Active, p < .001; vs Desk p < .001 
Desk 1.67 1.39   
Left LES 
Active 7.45 3.38 vs Control, p < .001; vs Desk p < .001 
Control 7.13 3.52 vs Desk p < .001 
Desk 5.67 2.37   
Right LES 
Active 4.87 3.08 vs Desk p < .001 
Control 5.21 2.99 vs Active, p < .001; vs Desk p < .001 
Desk 3.75 2.23   
Left EO 
Active 5.97 3.46 vs Control p < .001 
Control 5.21 3.33   

Desk 6.42 2.89 
vs Active, p < .001; vs Control p < 
.001 

Right EO 
Active 8.03 3.90 vs Control p < .001 
Control 6.99 4.07   

Desk 8.20 2.93 
vs Active, p = .003; vs Control p < 
.001 

*Splenius Capitus (SC), Thoracic Erector Spinae at T9 (TES), Lumbar Erector Spinae at L3 (LES), External 
Oblique (EO) 
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Centre of Pressure 

Figures 10 through 12 provide scatter plots for center of pressure changes. Table 4 and 5 

provide the mean and SD of the % change scores and identifies the determined significant 

differences at T15 and T30 for the Row and Column coordinates respectively. 

At T15, participants experienced significantly more side-to-side sway while using the 

Active Seat (-3.0±0.4%) compared to the Control Seat (-0.3±0.5%, p < .001), The Desk 

(left) (1.9±2.6%, p < .001), and The Desk (right) (0.5±3.2%, p < .001) (figure 10b). The 

participants experienced significantly more front-to-back sway using The Desk (left) 

(1.7±0.6%) and The Desk (right) (-6.3±3.2%) compared to the Active Seat (-0.5±0.1%, 

p < .001) and Control Seat (-0.7±0.3%, p < .001) respectively (figure 12b).  At T30, 

participants experienced significantly more side-to-side sway using The Desk (right) 

(7.4±2.3%) compared to the Active Seat (-5.8±0.2%, p < .001), Control Seat (0.6±0.5%, 

p < .001), and The Desk (left) (5.7±1.8%, p < .001) (figure 12c). The Active Seat (-

5.8±0.2%) also had significantly more side-to-side sway than the Control Seat 

(0.6±0.5%, p < .001) and The Desk (left) (5.7±1.8%, p < .001) (figure 10c). The 

participants experienced significantly more front-to-back sway using The Desk (right) (-

4.4±2.9%) and The Desk (left) (3.6±1.5%) compared to the Active Seat (0.7±0.2%, p < 

.001) and Control Seat (-1.3±0.2%, p < .001) respectively (figure 12c).  The Desk (right) 

(-4.4±2.9%) also had significantly more side-to-side sway than The Desk (left) 

(3.63±1.5%, p < .001) (figure 12c).  The overall key findings were that participants 

experienced significantly more side-to-side sway using the Active Seat compared to the 

Control Seat and The Desk (except at T30 on the right); and more front-to-back sway 

using The Desk compared to the Active Seat and Control Seat. 
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Figure 10. Center of pressure (COP) scatter plot for Active Seat a) baseline, b) T15, c) 
T30. Changes in length represent forward/backward movement, with increases 
representing backward motion and decreases representing forward motion. Changes in 
width represent side-to-side movement, with increases representing motion towards the 
left and decreases representing motion towards the right. 
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Figure 11. Center of pressure (COP) scatter plot for Control Seat a) baseline, b) T15, c) 
T30. Changes in length represent forward/backward movement, with increases 
representing backward motion and decreases representing forward motion. Changes in 
width represent side-to-side movement, with increases representing motion towards the 
left and decreases representing motion towards the right. 
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Figure 12. Center of pressure (COP) scatter plot for The Desk a) baseline, b) T15, c) 
T30. Left, refers to the left foot and Right refers to the right foot. Changes in length 
represent side-to-side movement, with increases representing motion towards the left 
and decreases representing motion towards the right. Changes in width represent 
front/back movement, with increases representing forward motion and decreases 
representing backward motion. 
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Table 4. Center of Pressure Mean, SD, and Significant Pairings at T15 and T30 Row 

  Mean SD Significant pairings 
T15 Row 
Active -2.98 0.44 vs Control, p < .001; vs Desk Left, p < .001; vs Desk 

Right, p < .001 
Control -0.28 0.52   
Desk Left 1.85 2.56 vs Control, p < .001; vs Desk Right, p = .003 
Desk Right 0.53 3.19   
T30 Row 
Active -5.81 0.18 vs Control, p < .001; vs Desk Left, p < .001 
Control 0.55 0.52   
Desk Left 5.66 1.78 vs Control, p < .001 
Desk Right 7.39 2.29 vs Active, p < .001; vs Control, p < .001; vs Desk Left, p 

< .001 
*Desk (left) refers to the left-side of the standing pressure pad. Desk (right) refers to the right-side of the 
standing pressure pad 
 

Table 5. Center of Pressure Mean, SD, and Significant Pairings at T15 and T30 Column 

  Mean SD Significant pairings 
T15 Column 
Active -0.50 0.14   
Control -0.65 0.27 vs Active, p < .001 
Desk Left 1.71 0.62 vs Active, p < .001; vs Control, p < .001 
Desk Right -6.32 3.24 vs Active, p < .001; vs Control, p < .001; vs Desk Left, p 

< .001 
T30 Column 
Active 0.73 0.16   
Control -1.31 0.21 vs Active, p < .001 
Desk Left 3.63 1.54 vs Active, p < .001; vs Control, p < .001 
Desk Right -4.43 2.85 vs Active, p < .001; vs Control, p < .001; vs Desk Left, p 

< .001 
*Desk (left) refers to the left-side of the standing pressure pad. Desk (right) refers to the right-side of the 
standing pressure pad 
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Near Infrared Spectroscopy (Blood Oxygenation) 
 
Figures 14 and 15 highlight the changes in total oxygenation index (TOI) at T15 and T30, 

respectively. Table 6 provides the mean and SD of the % change scores and identifies the 

determined significant differences at T15 and T30. 

 
At T15 
 
Sensor 1: Participants had significantly more oxygenated blood in the lateral head of the 

calf muscle (gastrocnemius) while sitting in the Active Seat (7.2±4.5%) versus the 

Control Seat (0.6±2.3%, p < .001) and The Desk (-1.4±4.8%, p < .001) (figure 14).  

Sensor 2: Participants had significantly more oxygenated blood in the medial head of the 

calf muscle (gastrocnemius) while sitting in the Active Seat (5.8±4.4%) versus the 

Control Seat (0.8±2.4%, p < .001) and The Desk (0.4±4.8%, p < .001) (figure 14).  

The overall key finding was that significantly more oxygenated blood was detected in the 

left calf while using the Active Seat versus the two other working conditions (Control 

Seat, and The Desk). 
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*Error bars represent SD 

 
Figure 13. NIRS findings for each of the 3 working tasks (Active seat, Control Seat, and 
Desk) for the two sensors placed on the following sites during T15: lateral head of the 
gastrocnemius (Sensor 1) and the medial head of the gastrocnemius (Sensor 2). TOI 
depicts oxygen saturation levels which is a representation of the ratio of oxygenated 
hemoglobin to total hemoglobin. 
 
 
At T30 

Sensor 1: Participants had significantly more oxygenated blood in the lateral head of the 

calf muscle (gastrocnemius) while sitting in the Active Seat (10.9±4.9%) versus the 

Control Seat (1.2±2.5%, p < .001) and The Desk (-1.3±6.9%, p < .001) (figure 15). 

Participants also had significantly less oxygenated blood during the standing task (figure 

15). 

Sensor 2: Participants had significantly more oxygenated blood in the medial head of the 

calf muscle (gastrocnemius) while sitting in the Active Seat (8.8±5.6%) versus the 

Control Seat (1.6±2.8%, p < .001) and The Desk (-0.4±5.8%, p < .001) (figure 15). 
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Participants also had significantly less oxygenated blood during the standing task (figure 

15).  

The overall key finding was that significantly more oxygenated blood was detected in 

the left calf while using the Active Seat versus the two other working conditions 

(Control Seat, and The Desk). 

 

 
 *Error bars are 95% Confidence Intervals 

 
Figure 14. NIRS findings for each of the 3 working tasks (Active seat, Control Seat, and 
Desk) for the two sensors placed on the following sites during T30: lateral head of the 
gastrocnemius (Sensor 1) and the medial head of the gastrocnemius (Sensor 2). TOI 
depicts oxygen saturation levels which is a representation of the ratio of oxygenated 
hemoglobin to total hemoglobin. 
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Table 6. Near Infrared Spectroscopy Mean, SD, and Significant Pairings at T15 and T30 

  Mean SD Significant Pairings 
T15 Sensor 1 
Active 7.23 4.50 vs Control, p < .001; vs Desk p < .001 
Control 0.63 2.31   
Desk -1.38 4.77   
T30 Sensor 1 
Active 10.89 4.86 vs Control, p < .001; vs Desk p < .001 
Control 1.17 2.52   
Desk -1.31 6.88   
T15 Sensor 2 
Active 5.75 4.38 vs Control, p < .001; vs Desk p < .001 
Control 0.85 2.41   
Desk 0.39 4.76   
T30 Sensor 2 
Active 8.82 5.64 vs Control, p < .001; vs Desk p < .001 
Control 1.60 2.77   
Desk -0.37 5.75   

 
 
Empatica  

Figure 16 highlights the changes in electrodermal activity at T15 and T30. Table 7 

provides the mean and SD of the % change scores and identifies the determined 

significant differences at T15 and T30. 

Participants experienced significantly lowered EDA rates using the Control Seat (-

3.2±3.1) compared to the Active Seat (-1.2±3.9, p = .000) and The Desk (-1.1±1.5, p = 

.000) for the first 15-minute collection period (figure 17). Participants also experienced 

significantly higher EDA rates using The Desk (17.6±3.2) compared to the Active Seat 

(9.6±2.0, p = .000) and Control Seat (9.5±1.4, p = .000) for the second 15-minute 

collection period (figure 17). 
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*Error bars represent SD 

 
Figure 15. Electrodermal activity (EDA) findings for each of the 3 working tasks 
(Active seat, Control Seat, and Desk) for the two collection periods: 0-15 minutes (T15), 
16-30 minutes (T30). 
 
 
Table 7. Empatica Mean, SD, and Significant Pairings at T15 and T30 
 
  Mean SD Significant Pairings 
T15 
Active -1.23 3.89   
Control -3.17 3.10 vs Active, p = .000; vs Desk p = .000 
Desk -1.14 1.50   
T30 
Active 9.55 2.00   
Control 9.54 1.35   
Desk 17.60 3.18 vs Active, p = .000; vs Control p = .000 
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Heart Rate 

Figure 17 highlights the changes in heart rate at T15 and T30. Table 8 provides the mean 

and SD of the % change scores and identifies the determined significant differences at 

T15 and T30. 

Participants had significantly lower heart rates using the Active Seat (1.1±1.91) 

compared 

to the Control Seat (2.4±2.1, p = .000) and The Desk (1.4±2.2, p < .001) for the first 15 

minute collection period (figure 16). Participants had significantly lower heart rates using 

the Active Seat (3.7±12.2) compared to the Control Seat (5.1±1.7, p = .000) and The 

Desk (5.0±2.2, p = .000) for the second 15-minute collection period (figure 16). 

The overall key finding was that participants experienced significantly lowered heart rates 

using the Active Seat compared to The Desk and Control Seat. 

 

 
 *Error bars represent SD 

 
Figure 16. Heart rate findings for each of the 3 working tasks (Active seat, Control Seat, 
and Desk) for the two collection periods: 0-15 minutes (T15), 16-30 minutes (T30). 
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Table 8. Heart Rate Mean, SD, and Significant Pairings at T15 and T30 
 

  Raw Mean SD % Change Mean SD Significant Pairings 
T15 
Active 69.97 0.84 1.10 1.91   
Control 70.48 1.36 2.40 2.06 vs Active, p = .000; vs Desk p 

= .000 
Desk 83.15 1.76 1.38 2.22 vs Active, p < .001 
T30 
Active 71.62 1.07 3.73 1.73   
Control 72.29 1.13 5.08 1.69 vs Active, p = .000; vs Desk p 

< .001 
Desk 83.92 1.66 5.00 2.21 vs Active, p = .000 

 
 
 
Discomfort Ratings 
 
Figure 18 and 19 provide the rate of perceived discomfort scores at T15 and T30, 

respectively.  Table 9 to 12 provide the mean and SD of the change scores and identifies 

the determined significant differences at T15 and T30. 

Right Lower Back: Participants reported significantly higher discomfort scores using 

The Desk (3.7±6.0) versus the Active Seat (0.0±5.1, p = .017) (figure 18). 

Left Lower Leg: Participants reported significantly higher discomfort scores using The 

Desk (5.0±7.5, p = .005) and the Active Seat (4.7±8.3, p = .007) versus the Control Seat 

(-0.4±2.8) respectively (figure 18). 

Right Lower Leg: Participants reported significantly higher discomfort scores using The 

Desk (5.2±8.0) versus the Control Seat (-0.3±2.3, p = .007) (figure 18). 

The overall key finding was that participants experienced significantly less lower leg pain 

using the Control Seat versus The Desk for the first 15-minute collection period. 
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*Error bars represent SD 

 
Figure 17. Rate of perceived discomfort (RPD) findings for each of the 3 working tasks 
(Active Seat, Control Seat, and The Desk) for each of the following body parts after the 
15-minute working task (T15): Neck, Left Shoulder, Right Shoulder, Left Upper Back, 
Right Upper Back, Left Lower back, Right Lower back, Left Buttocks, Right Buttocks, 
Left Upper Leg, Right Upper Leg, Left Lower Leg, Right Lower Leg. Therefore, a 
positive change in scores represents an increase in perceived discomfort. 
 
 

 
Left Lower Back: Participants reported significantly higher discomfort scores using the 

Control Seat (5.1±8.1, p = .009) and The Desk (4.8±9.4, p = .002) versus the Active Seat 

(-0.4±7.6) (figure 19). 

Left Upper Leg: Participants reported significantly higher discomfort scores using The 

Desk (3.9±5.3) versus the Control Seat (-0.5±1.8, p = .002) (figure 19). 

Right Upper Leg: Participants reported significantly higher discomfort scores using The 

Desk (3.6±5.6) versus the Control Seat (-0.4±2.1, p = .006) (figure 19). 

Left Lower Leg: Participants reported significantly higher discomfort scores using The 

Desk (8.2±10.1) versus the Control Seat (0.7±3.5, p = .002) (figure 19). 
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Right Lower Leg: Participants reported significantly higher discomfort scores using The 

Desk (7.4±10.2) versus the Control Seat (0.9±2.8, p < .006) (figure 19). 

The overall key finding was that participants experienced significantly less lower back 

discomfort (on the left-hand side) using the Active Seat versus The Desk and Control 

Seat.  

Participants also experienced significantly less, lower limb discomfort using the Control 

seat versus The Desk. 

 
 

 
*Error bars represent SD 

 
Figure 18. Rate of perceived discomfort (RPD) findings for each of the 3 working tasks 
(Active Seat, Control Seat, and The Desk) for each of the following body parts after the 
30-minute working task (T30): Neck, Left Shoulder, Right Shoulder, Left Upper Back, 
Right Upper Back, Left Lower back, Right Lower back, Left Buttocks, Right Buttocks, 
Left Upper Leg, Right Upper Leg, Left Lower Leg, Right Lower Leg. Therefore, the 
greater the change in scores represents an increase in perceived discomfort.  
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Table 9. Upper Body Rate of Perceived Discomfort Mean, SD, and Significant Pairings 
at T15 
 

  Mean SD Significant Pairings 
Neck 

Active 0.67 6.00   
Control 2.21 5.90   

Desk 1.88 4.22   
Left Shoulder 

Active 0.92 4.13   
Control 1.04 3.79   

Desk -0.13 4.82   
Right Shoulder 

Active 2.67 5.69   
Control 2.63 5.84   

Desk 1.58 4.65   
Left Upper Back 

Active 1.38 3.42   
Control 1.21 5.23   

Desk 2.21 6.14   
Right Upper Back 

Active 1.63 3.56   
Control 1.54 5.12   

Desk 2.63 6.23   
Left Lower Back 

Active -0.54 7.90   
Control 3.46 5.75   

Desk 3.38 6.24   
Right Lower Back 

Active 0.04 5.11   
Control 3.46 5.75   

Desk 3.71 6.04 vs Active, p = .017 
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Table 10. Upper Body Rate of Perceived Discomfort Mean, SD, and Significant 
Pairings at T30 
 

  Mean SD Significant Pairings 
Neck 

Active 1.83 7.29   
Control 4.58 7.61   

Desk 1.92 4.60   
Left Shoulder 

Active 2.67 6.55   
Control 3.33 6.59   

Desk 0.58 4.83   
Right Shoulder 

Active 3.17 6.58   
Control 2.00 5.72   

Desk 2.21 4.67   
Left Upper Back 

Active 2.75 5.17   
Control 2.00 6.79   

Desk 7.08 11.95   
Right Upper Back 

Active 1.92 3.74   
Control 1.67 7.05   

Desk 5.50 12.39   
Left Lower Back 

Active -0.42 7.59   
Control 5.13 8.11 vs Active, p = .009 

Desk 4.79 9.37 vs Active, p = .002 
Right Lower Back 

Active 0.96 6.46   
Control 3.83 8.28   

Desk 5.33 8.43   
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Table 11. Lower Body Rate of Perceived Discomfort Mean, SD, and Significant Pairings 
at T15 
 

  Mean SD Significant Pairings 
Left Buttock 

Active -0.33 7.14   
Control 3.54 5.67   

Desk 0.67 2.18   
Right Buttock 

Active 0.67 3.57   
Control 3.21 5.53   

Desk 0.54 2.36   
Left Upper Leg 

Active 0.29 4.04   
Control 0.54 1.61   

Desk 1.50 3.32   
Right Upper Leg 

Active 1.54 3.90   
Control 0.33 1.99   

Desk 1.79 4.04   
Left Lower Leg 

Active 4.71 8.33 vs Control, p = .007 
Control -0.42 2.76   

Desk 5.04 7.53 vs Control, p = .005 
Right Lower Leg 

Active 2.75 6.25   
Control -0.25 2.25   

Desk 5.17 7.97 vs Control, p = .007 
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Table 12. Lower Body Rate of Perceived Discomfort Mean, SD, and Significant Pairings 
at T30 
 

  Mean SD Significant Pairings 
Left Buttock 

Active 1.92 9.18   
Control 3.79 6.24   

Desk 1.17 2.55   
Right Buttock 

Active 2.00 5.88   
Control 3.46 6.19   

Desk 1.38 3.94   
Left Upper Leg 

Active 1.38 5.52   
Control -0.46 1.82   

Desk 3.92 5.35 vs Control, p = .002 
Right Upper Leg 

Active 2.13 4.86   
Control -0.38 2.10   

Desk 3.63 5.56 vs Control, p = .006 
Left Lower Leg 

Active 6.42 9.44   
Control 0.71 3.47   

Desk 8.17 10.06 vs Control, p = .002 
Right Lower Leg 

Active 4.63 9.33   
Control 0.92 2.80   

Desk 7.38 10.24 vs Control, p = .006 
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Exit Survey 
 
Participants ranked the Active Seat higher than the Control Seat for lumbar support (15 

participants of 24), upper back support (14 participants of 24), and thigh/gluteal support 

(17 participants of 24) (table 1). Participants also ranked the Active Seat higher than the 

Control Seat and Standing Desk for feeling less “stiff” or “soreness” (10 participants of 

24), preferred work station (11 participants of 24) and comfort (12 participants of 24) 

(table 1). Participants ranked the Active Seat lower than the Control Seat and Standing 

Desk for productivity (3 participants of 24) (table 1). 

The overall key finding was that participants found themselves to experience less 

stiffness, more comfort and preferred the Active Seat. However, participants found 

productivity more difficult using the Active Seat.
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Table 13. Exit Survey Results: Each value represents the participant’s preferred choice (1 
of the 2 Office Chairs for questions 1 to 4; Or choosing 1 of the 3 different conditions for 
questions 5 to 8) for each of the following. 
 

  
Active 
Seat 

Control 
Seat 

Standing 
Desk   

Which seat provided the most lumbar support? Please 
rank the chairs in order of preference. 15 9 N/A 

Which seat provided the most upper back support? 
Please rank the chairs in order of preference. 14 10 N/A 

Which seat provided the most upper thigh/gluteal 
support? Please rank the chairs in order of 
preference. 

17 7 N/A 

Which seat provided the best overall comfort? Please 
rank the chairs in order of preference. 14 10 N/A 

Which workstation (prototype, standard office chair 
OR Desk) did you feel less “stiff” or “sore” after the 
computer task? Please rank the workstations in order 
of preference. 

10 8 6 

Which workstation (prototype, standard office chair 
OR desk) did you prefer? Please rank the 
workstations in order of preference. 

11 9 4 

Which workstation (prototype, standard office seat 
OR desk) provided the most comfort? Please rank the 
workstations in order of preference. 

12 9 3 

Which workstation (prototype, standard office chair 
OR desk) did you feel that you were the most 
productive? Please rank the workstations in order of 
preference. 

3 11 10 

 
*N/A = Not Applicable 
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DISCUSSION 

The proposed study had the following research hypotheses: 

1. The active sitting protocol will be associated with an increase in trunk muscle 

activity, an increase in seat pressure distribution, an increase in lower limb blood 

oxygenation, and a decrease in perceived discomfort compared to traditional seated 

work. 

2. The active sitting protocol will promote higher blood oxygenation to the lower 

extremities, increased trunk muscle activity, and lower perceived discomfort than 

standing work. 

Previous research that studied the effects of using an active office chair (AC) compared 

to a standard office chair during periods of prolonged sitting, found a significant increase 

in muscle activity, blood oxygenation to the calf and decreased discomfort scores, when 

participants used the AC (Cardoso et al., 2020 submitted); to actively move the AC, 

participants were required to alternate between plantar flexion and dorsiflexion of the 

ankles. The current study aimed to use a newly designed AC with technology that was 

specifically created to increase lower extremity muscle activity, blood oxygenation to the 

calf, seat pressure distribution and decrease discomfort when compared to a standard 

office chair. The active sitting protocol demonstrated an increase in lower limb blood 

oxygenation compared to traditional seated work and standing work, thus rejecting the 

null hypotheses. However, the active sitting protocol did not produce consistent, 

significant results regarding increases in trunk muscle activity,  increases in seat pressure 

distribution and  lowered perceived discomfort compared to traditional seated work and 

standing work, thus accepting the null hypothesis. 
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Reduced blood flow to the popliteal vein and artery has been found to be a common side 

effect of prolonged sitting (Hitos et al., 2007). Fidgeting has been found to be an effective 

strategy to maintain blood flow to the lower legs during periods of prolonged sitting and 

prevent endothelial dysfunction (Morishima et al., 2016). The AC used in the current study 

allowed the user to constantly plantar flex and dorsiflex their ankles while sitting, with a 

movement pattern very similar to that described in Morishima et al. (2016). 

Previous research with a similar study design, found that significant percent changes in 

TOI could be achieved when participants could self-regulate the tempo of alternating 

between plantar and dorsiflexion while using an AC (Cardoso et al., 2020 submitted). The 

greatest percent change of TOI over a 15-minute period found in Cardoso et al., (2020 

submitted) was 4.67% and 2.76% in the medial and lateral gastrocnemius, respectively. 

The current study had percent changes in TOI over 10% and 8% for the medial and lateral 

gastrocnemius respectively, over a 15-minute period. The increase in oxygenated blood 

to the calf using the AC in the current study, demonstrated the importance of using the 

AC in a continuous fashion. Sitting interventions, such as sit-to-stand desks, have been 

shown to be underutilized when consistent prompting is not implemented (Garrett et al., 

2019; Gao et al., 2015; Wilks et al., 2006). The changes in percent TOI found during the 

current study, suggest that a leg pumping rate of 40 BPM significantly increases blood 

oxygenation levels to the lower legs, when alternating between plantar and dorsiflexion 

of the ankles, while using the AC. Repetitive plantar and dorsiflexion has not been found 

to be a consistent mechanism to increase blood oxygenation to the calf muscles. In a 

healthy population that completed a supine, single-leg, planter-flexion activity at a rate of 

20 BPM for 14 minutes, it was found that this workload did not increase blood pressure 

(BP), HR or pain scores, but was enough to decrease muscle oxygen saturation (SmO2) 
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levels in the medial gastrocnemius (Luck et al., 2017). SmO2 and TOI are equivalent terms 

that are frequently used in NIRS literature (Barstow, 2019). Evans (2019) used repeated 

plantar flexion of the ankles to increase blood flow and oxygenation to the lower leg. The 

regiment consisted of 10 seated calf-raises every 10 minutes at a rate of 20 BPM and was 

shown to significantly decrease the tissue saturation index (TSI) when compared to normal 

sitting in the medial gastrocnemius after 170 minutes. TSI and TOI are equivalent terms 

that are frequently used in NIRS literature (Barstow, 2019). The findings of Luck et al., 

(2017) and Evans (2019) are contrary to what the results show in the current study and are 

likely the result of muscular fatigue. Yoshitake (2001) demonstrated that EMG amplitude 

decreased in coordination with muscle oxygenation and muscle blood volume 

measurements (using NIRS and Doppler ultrasound respectively) during isometric, low-

back extensions. The slow, rhythmic movements used with the AC provided enough 

stimulus to increase blood flow but did not initiate muscular fatigue or increase heart rate. 

Heart rate levels can remain unchanged during physical activity if the exercise pressor 

reflex is not initiated (Luck et al., 2017). The exercise pressor reflex is a neuro mediated 

reflex activated when group III and group IV afferents within skeletal muscle respond to 

mechanical and metabolic stimuli (Kaufman & Hayes, 2002). There is evidence to suggest 

that tissue deoxygenation may be one factor that can initiate the exercise pressor reflex 

(Luck et al., 2017) and this may be the reason why using the AC produced significantly 

lower HR levels compared to the traditional workstation and the standing workstation. 

The ability to have movement without fatigue is an important finding considering that the 

likely population to use an AC would be office workers. 

Vergara and Page (2002) have suggested that subjective methods are a reliable way to 

quantify sitting comfort and discomfort. The AC had only one significant finding that 
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showed lowered RPD scores compared to the traditional workstation or the standing 

workstation. However, the AC was found to be the “preferred workstation”, the “most 

comfortable”, and caused “less stiffness” than the other workstations (table 1). These 

findings may be explained by the split seat pan design, which allowed for greater 

movement of the lower limbs and increased blood oxygenation (Cardoso et al., 2020, 

submitted). Higher discomfort scores for prolonged standing have been associated with 

blood pooling in the feet due to a lack of blood flow to the region (Antle & Cote, 2013). 

The exit survey ranked the control workstation the highest for “productivity” although 

productivity was not measured directly during the study. The reason for the high 

“productivity” scores could be that when compared to the AC, the control chair required 

less attentional demand to maintain a working posture. The users of the control chair did 

not have to sustain a constant tempo with the leg pumping motion. Limited evidence 

suggests that decreased productivity for office related tasks has been associated with 

increased physical activity, when office tasks and treadmill or cycling workstations have 

been combined (Ojo et al., 2018). The traditional workstation was also ranked higher than 

the standing workstation for “productivity” on the exit survey and this may be for a couple 

of reasons: First, sitting in a standard office chair and completing a web browsing (or 

typing task) are both common activities performed at a workplace (Canada, 2017); The 

second reason may be that participants found the control chair gave them significantly less 

discomfort in the lower legs than the standing workstation. Previous studies have found 

that office workers who reported increased discomfort scores were more likely to have 

decreased performance and productivity, while performing typing tasks (Liao & Drury 

2000; Haynes & Williams 2008). 
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The current study’s pressure pad data showed that while using the AC,  participants had 

significantly more sway only in the side-to-side direction when compared to the  

traditional workstation and standing workstation (except for the right side of the standing 

mat at T30). This was likely due to the continually changing pressure under the ischial 

tuberosities while performing the stepping motion. The combination of the stepping 

motion paired with the facilitated movement of the AC puts the user in a unique sitting 

posture. When the ankle plantar flexes, this may cause the user to experience a shift in 

their center of mass (COM) towards the contralateral side. The contralateral shift in COM 

may cause an ipsilateral increase in COP, similar to how the body maintains its COM 

during standing (Winter et al., 2003). The sway patterns while standing were consistent 

with previous quiet standing literature that showed COP measurements would continually 

oscillate to keep the COM in a stable position between two feet located approximately hip 

width apart (Winter et al., 2003). Increased sway patterns during prolonged standing have 

also been reported as a strategy to help increase blood flow and decrease discomfort to the 

lower limbs (Antle & Cote, 2013).   

EDA measured changes in skin conductance or skin potential (Andreassi, 2006). EDA is 

a sensitive marker for arousal, and the result of sympathetic activation of the autonomic 

nervous system (Boucsein, 2012). Higher levels of job stress have been associated with 

lower levels of parasympathetic activation (de Looff et al., 2018). The current study 

suggests that when participants were allowed to casually web browse they developed 

decreased amounts of sympathetic input. De Looff et al.’s (2018) findings suggest that 

web browsing task are very familiar and perceived as a low-stress activity. However, 

during the current study, when the participants were asked to complete a typing task, the 

amount of sympathetic input increased substantially.  The +9.6% change from baseline 
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for the AC and traditional workstation and a further +17.6% change from baseline in 

sympathetic input for the standing workstation was not likely due to the motor demands 

of the typing task (Kohlisch & Schaefer, 1996) but likely the perception that the typing 

task was more stressful (de Looff et al., 2018) than the web browsing activity. 

Although there were statistically significant changes within muscle group EMG data, the 

largest difference in percent change from MVC at T15 was 2.1% and at T30 was 1.9% 

between the AC and the control chair TES on the left respectively. Interestingly, a similar 

finding was also found in Cardoso et al. (2020 submitted), which showed the greatest 

difference in percent change from MVC was between the AC and the control chair. In 

Cardoso et al., (2020 submitted) the difference in neuromuscular activity for the left TES 

for the AC was (4.9 ± 4.05 %MVC) versus (4.25 ± 2.48 %MVC) (p=.00) for the control 

chair at T60, a difference of 0.65%. Cardoso et al. (2020 submitted) also reported 

significant EMG findings when comparing the active chair with the control chair for the 

right TES and right EO, although the differences were less than 1%. EMG data for the 

current study and Cardoso et al. (2020) have shown that statistically significant differences 

do exist between the workstations, although the differences are negligible and likely do 

not show a clinically significant difference in neuromuscular activity (Ranganathan et al., 

2015). To the best of this researcher’s knowledge, standardized criteria for assessing 

clinically significant differences for EMG activity does not exist. Cardoso et al. (2020, 

submitted) and the current study share a very similar protocol. The EMG results from 

these two studies further suggest that there is no functionally significant difference in 

neuromuscular activity when using an AC compared to a standard office chair or standing.  

Average EMG activity while using the AC was comparative to another active office chair 

that allowed for seat pan movement in flexion/extension, lateral bending, and axial 
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twisting motions. Holmes et al.  (2015) showed that using an alternating leg lifting motion 

for 20 seconds could produce average EMG percent changes from MVC in the left and 

right EO (~2%, ~5%), TES (~5%, ~5%), and LES (~3%, ~3%) that are within 2-4% of 

the average EMG activity that was found with the same muscles in the current study. This 

finding further validates that the EMG findings in the current study are reasonable. 

Study Limitations 

1. The study focused on the comparison of sitting with a traditional chair, and active 

seat and standing workstation.  As such, a short work time was used to address the 

specific research questions.  This short window of assessment does not provide an 

opportunity to assess the effects associated with prolonged working at these 

workstations, representative of an 8-hour workday or two-hour time blocks 

between regularly scheduled work breaks. It is anticipated that there would be 

significant changes in muscle activity due to muscle fatigue.  This could also result 

in increased fidgeting, and therefore larger COP distributions.   

2. Participants were keenly aware which seat they were using.  This could affect 

participants responses as there is a desire to conform to what the participant 

perceives the researchers wants as an outcome.  This would be specifically related 

to the questionnaire responses regarding personal preferences more so than the 

physical results. 

3. Although the project included both males and females, the sample size did not 

permit sex comparisons.  Future research should provide the opportunity to expand 

on the sex related difference in using active seating solutions, especially in terms 

of seat design and seat pan length required to actively engage the seat properly and 

effectively. 
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Future Directions 

The feasibility of using the AC in an office environment should be the next step to take. 

There are several challenges that need to be addressed before this can happen. The first 

challenge with implementing the current study’s protocol into an office setting is that the 

continual cuing to maintain a constant “stepping” motion would not be feasible in an office 

setting.  The metronome would be an audible distraction to other office workers. Using a 

single, blue-tooth earpiece may be an alternative to using a speaker. 

Secondly, a measure of productivity would need to be determined for an office setting. It 

would not be economically beneficial to the worker or a company to have an office chair 

that increases movement but decreases a worker’s productivity. 

Lastly, the cost of using the AC would have to be factored into its potential use in an office 

setting. The office worker or the company that employs the office worker would have to 

decide if the potential health benefits of using the AC were worth the cost. An analysis of 

work-related injuries or a job satisfaction survey may be helpful tools to get an accurate 

estimate of this. 

Conclusions 

There were not a lot of significant findings that separated the AC from the control chair 

and the standing workstation. However, the intended design of the AC gave the user the 

ability to change their working posture in an otherwise static environment. Given that 

there is a wealth of knowledge describing the negative health implications of holding a 

sustained posture in either a seated or standing position, increasing motion in area of the 

body, even from seated position, should be seen as a benefit in and of itself. The major 

observed physiological  change while using the AC’s capabilities in the present study was 

the increase in blood oxygenation to the lower limbs that it provided through continual 
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use. Using an AC for its associated health benefits is a feasible method of increasing 

movement for office workers for the following reasons: 

1. Inserting an AC into a sitting or sit-to-stand workstation does not require any 

additional changes to an existing workstation. 

2. The user of an AC can actively move when an increase in movement is needed but 

can also just sit on the chair. 

3.  To use an AC requires very little instruction, although proper chair setup and 

education are needed for the user to get the most benefit.   
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