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Amyloids are highly structured, thermodynamically stable, proteinaceous aggre-
gates that have classically been associated with various systemic and neurological
pathologies[1, 2, 3, 4]. However, despite their pathological connections, several studies
have actually shown that these aggregates can also possess physiological attributes[2].
In fact, the Audas laboratory at Simon Fraser University, studies a form of physiological,
stress-induced amyloid aggregation. It has been observed that, in response to envi-
ronmental stresses such as heat shock or extracellular acidosis, mammalian cells form
subnuclear structures that share several properties with classical amyloid aggregates[5].
These structures, termed as Amyloid-bodies, have a cellular protective effect, and allow
the cell to withstand harsh environmental conditions[5]. Mechanistically speaking, a
class of long non-coding RNA, transcribed from the ribosomal intergenic spacer region,
seed the formation of these structures within the nucleoli[5, 6, 7, 8]. The proteomic
composition of these structures is extremely diverse, with several hundred endogenous
proteins comprising the Amyloid-body. Proteomic and cell-culture based experiments
suggest that this composition varies in a stress-specific manner[5, 9]. The occurrence
of Amyloid-bodies is not exclusive to mammalian cells, as a recent paper from the
Audas laboratory, has shown that these structures can also form in certain insect, bird
and fish species, thus suggesting that this phenomenon is evolutionarily conserved in
eukaryotes[10].
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As mentioned above the Amyloid-body is a physiological structure that is com-
prised of several endogenous, non-pathological proteins. However, published[5] and
unpublished experiments have shown that several exogenously expressed, pathological
proteins and peptides are also capable of aggregating within the Amyloid-bodies. This
includes the notorious, Alzheimer’s disease associated β-amyloid peptide[5]. This has
led to the theorisation that the dysregulation of the Amyloid-body stress response
pathway may be linked to pathological amyloid aggregation. The Audas laboratory is
currently investigating this possibility.

The image on the cover page of this year’s SURJ edition shows two acidosis-treated
MCF-7 cells, expressing exogenous, green-fluorescent protein tagged β-amyloid. A
large quantity of this protein can be seen in the subnuclear Amyloid-bodies. The image
was taken on the Zeiss LSM880 laser scanning microscope using the 63× oil emersion
lens.
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Foreword

Dear Reader,

Since 2015, the SFU Science Undergraduate Research Journal has aspired to expand and
nurture budding interests in research by providing opportunities for undergraduate
students to exhibit their work. To chase this vision, we continually seek out students
and faculty members who are passionate about enriching the scientific community. We
hold annual poster competitions, highlight the accomplishments of student researchers
on our blog, and publish a yearly journal to encourage scientific discussions. Combining
the efforts of SFU undergraduate students and faculty members has allowed us to
produce this journal, which carries the desires of all involved to further the boundaries
of research.

Facing the remnants of the COVID-19 pandemic, the transition back to in-person
activities was undoubtedly exciting, yet challenging. The return to on-campus activities
allowed for long-awaited opportunities for social interaction, but it was accompanied by
long hours of commute and an immeasurable worry for the safety of ourselves and our
family members. In the face of these worries and challenges, the authors, editors, and
reviewers advanced through the process with great tenacity. This ability to persevere
despite all odds is characteristic of the scientific community, and is further reflected in
the research that was put forth. We are truly thankful for the hard work that everyone
has put into this publication.

Without further delay, we present to you, the sixth edition of SFU Science Undergradu-
ate Research Journal.

Meghan Dunn and Michelle Lam

Executive Editors
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A Review of the Paradoxical Effects of
Microglia in Ischemic Stroke and the Future

of Treatment

Alison Fee-Ping Chung1 *

1Simon Fraser University, Department of Psychology

Abstract

Deadly if attended to too late, ischemic strokes affect millions of individuals around
the world yearly. Microglia are one of the first respondents to brain injury, acting
quickly to repair and prevent damage in the event of a stroke. These cells have been
long held as beneficial protectors and healers in the neuroimmune response as they
are pro-inflammatory and remove toxic debris. Microglia have on the other hand
also been found to mediate deleterious effects such as becoming neurotoxic when
overactivated, which may compromise the damaged tissue instead of healing. Given
its beneficial effects, researchers have attempted to target microglia in ischemic
stroke intervention and treatments but due to its paradoxical role in inflammatory
response, these attempts have encountered difficulties and many complications.
The future of microglial-targeted treatment and intervention methods therefore is
uncertain. This review summarizes the main findings of microglia following stroke
to exemplify the need for continual research in this area. Currently, modulation of
microglia rather than total blockage may be the best option, however, more research
must be conducted using methods that can optimize the benefits while minimizing
detriments as well as methods that are able to be easily translated to the people
who experience strokes.

Keywords — Ischemic Stroke, Microglia, Treatment

1. Introduction

Microglia play an influential yet paradoxical role in the nervous system when
damaged, providing both beneficial and harmful injury responses. As the
brain’s resident macrophages, microglia promote cellular differentiation by

providing trophic support for astrocytes, oligodendrocytes, and vessels [1]. After injury,
glial cells form containment zones around damaged brain cells and aid in accelerating
the recovery process of damaged sites by removing harmful debris [2]. These are
beneficial abilities, especially during the recovery process of strokes, however microglia
have also been implicated in detrimental effects on the central nervous system post-
stroke. In this review, by examining this seemingly paradoxical role of microglia in
ischemic strokes, I hope to clarify the role of microglia in the intervention and treatment
of stroke, as well as describe the current challenges researchers face with developing
effective treatment methods.

Strokes are the third leading cause of death in Canada, with more than 400,000
Canadians living with long-term disability due to stroke [3, 4]. This number is predicted

*Corresponding Author. Contact: alison_chung@sfu.ca
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to double in the next 20 years by the Heart and Stroke Foundation of Canada [4].
Though there are multiple types of strokes, the focus of this review is on ischemic
strokes as they are the most common type, caused by a blood clot in the brain [4]. If
the stroke injury is not treated in time, the implications can be deadly as the blockage
interrupts the regional blood supply, leading to neuronal dysfunction, and cell death
(apoptosis) [5, 6]. The penumbra which surrounds the necrotic core, is an area of
constrained blood flow comprised of potentially preserved energy metabolism which
can progress to infarction due to the excitotoxicity that results from prolonged oxygen
deprivation caused by the vascular blockage [6]. Alongside infarction, other secondary
deleterious phenomena may also occur such as accumulation of excessive glutamate in
extracellular space due to spreading depolarization, the production of toxic mediators
activated by post-ischemic inflammation, and apoptosis of cells [6]. Excitotoxicity
mechanisms can also cause inflammation and edema followed by acute cell death, or
delayed apoptosis [6]. The severity of these effects however, affects the neuronal ability
to recover from the stroke; the more severe, the worse the stroke outcomes [7]. After
the site has been deprived of oxygen even for a brief moment, the brain is exposed to
systemic responses that further the damage already done, potentially exacerbating the
cognitive and physical deficits that occur from a stroke [7].

2. The Beneficial Role of Microglia

Microglia are an important component of the immune response, playing a beneficial
role in response to injury. When the stroke injury is attended to in the brief time
frame before extensive damage can be done, treatments can prevent further damage
[8]. During this period of time, microglia elicit an immune response critical in post-
ischemic injury recovery. Comprising 10% of the brain’s cells, microglia lead the brain’s
immune system response following stroke and attend to the injured or damaged site
[7]. Microglia are phagocytes which develop after the formation of the blood-brain
barrier, making them unique, as they evolve in a specialized neural microenvironment
devoid of other types of glial cells [7]. They continuously monitor the brain, responding
to changes in brain homeostasis, even in their presumed resting state [9]. In order to
search for these changes, microglia send out branching thin processes which survey
the microenvironment and detect potential threats [9]. This is an important function of
microglia, as it allows for them to remove toxic cellular debris, keeping sites of injury
protected [9].

Alongside this function, studies on mice suggest that microglia may play a beneficial
role in neuroprotection post-ischemic stroke [10, 11]. Lalancette-Herbert et al., [10]
found that microglial proliferation may play a primary role in regulating or modulating
both pro- and anti-inflammatory responses following ischemic injury in mice. As
the inflammation process initiates, microglia are activated and differentiate into one
of two phenotypes: M1 and M2 as a response to stress [12]. M1 microglia act as a
pro-inflammatory mediator and defense against pathogens, typically being the first
responder to the injury and infection [13]. This inflammation assists with stimulating
myelin repair and removing toxic proteins from the central nervous system [14]. M1 is
however also implicated in harmful effects which will be mentioned below [13]. M2
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acts in opposition to M1 as an anti-inflammatory response and promotes repair gene
expression following the initial microglial response [13]. M2 also produces neurotrophic
factors, insulin-like growth factors 1 and 2 as well as brain-derived growth factors
which aid the inflammation resolution process and promote neuron survival [13].

3. The Deleterious Role of Microglia

Though microglia have been implicated as the primary immune response to injury to
the brain, there has been speculation regarding the neurotoxic effects resulting from mi-
croglial activation. As microglia carry out their neuroprotective role, they may produce
reactive oxygen species and anti-inflammatory cytokines which can inhibit tissue repair
when overactivated [15]. Mice studies have shown that when injecting the microglial
activation inhibitor, minocycline, secondary oligodendrocytes, and axonal degeneration
decrease following an injury to the central nervous system [11, 16]. Minocycline as well
as other microglial inhibitors have also been found to provide some neuroprotection
following stroke, producing better neurological outcomes with treatment [16]. Inhibi-
tion of microglia in these experiments contradicts the previous findings that microglia
provide beneficial effects to sites of injury. Microglial overactivation may therefore
turn beneficial effects into detrimental effects. Additional studies also indicate that this
overactivation can be attributed to either direct stimulation via environmental toxins
and endogenous proteins or reactive microgliosis after neuronal damage occurs [17, 18].
These seemingly opposing duties have been long questioned, as microglia play a large
role following ischemic injuries.

Gomes-Leal [15] suggests that altered neurons, glia, and blood vessels among other
sources, may release both beneficial and detrimental factors into the extracellular space
where microglia reside. Other studies have found that in non-infectious diseases such
as stroke, the destructive mechanisms used to eliminate pathogens may unintentionally
also destroy healthy neurons [19]. Particularly in the case of ischemic strokes, disrup-
tion of the blood-brain barrier due to reactive oxygen species produced by overactive
microglia can induce great damage within the barrier itself [20]. In doing so, neurotoxic
agents may leak into the ischemic tissue, eliciting a cascade of post-ischemic inflamma-
tion events which can further damage the barrier [20]. Though these destructive effects
appear detrimental, alongside the homeostatic role of microglia, they also play a key
role in supporting the barrier and continue to attend the site of injury for hours after
the initial damage occurs [21]. This relationship between microglia and the blood-brain
barrier exemplifies the paradoxical role of microglia post-ischemic stroke.

4. Microglial-Targeted Treatment and Intervention

As microglia have been found to hold both beneficial and detrimental effects following
neuronal injury, they are of great interest in the treatment of damaged tissue, especially
in the recovery process of ischemic stroke. As summarized previously, the paradoxical
effects of microglia appear to prevail mainly when overactivation of microglia or
the release of neurotoxic agents occur [19, 20]. Though studies involving drugs and
antibiotics such as minocycline have established that they are capable of fully inhibiting
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microglia activation to alleviate the tissue damage resulting from ischemic stroke, many
researchers oppose the use of abolishing microglia activation [15, 16]. Block et al., [17]
suggest that early attenuation of microglial response to non-deleterious levels would
be the ideal therapeutic approach in the treatment of strokes and neurodegenerative
disorders. They hypothesize that given the progressive and cumulative process of
microglial activation, intervening early on would allow for an opportunity to ensure
that microglia are not overactivated at any point. Gomes-Leal [15] also believes that
drug use should be avoided in addressing the microglia overactivation. He states that
it is fundamental to identify which microglia receptors contribute to the beneficial
or detrimental effects following strokes. By being able to identify these receptors,
experimental manipulation or pharmacological applications may be able to enhance
the beneficial effects of microglia while diminishing detrimental effects. Guruswamy et
al., [7] agree with Gomes-Leal, elaborating further that fine-tuning immunomodulatory
interventions while avoiding harmful immunosuppressive effects would be the most
effective method in promoting the repair of damaged tissue post-stroke. A consensus
among these researchers regarding the modulation of microglia activation levels rather
than the total blockage of microglia activation is apparent. These methods of therapeutic
remedy can and should be explored in the future through experimental design to
analyze the effectiveness of modulating microglial activation post-ischemic stroke.

Recent studies have utilized these ideas to develop methods of intervention targeting
microglia in ischemic stroke therapy [22, 23]. As suggested, modulation of microglial
activation using pharmacological methods can improve the recovery process post-stroke
[22]. Aside from minocycline, other treatments that modulate the effects of microglia
rather than inhibit them such as noggin, which modulates microglial phenotypes, and
tumour necrosis factor (TNF), which modulates microglial activation, can also be used
to assist in post-stroke recovery in animal models [18]. Though these are promising
steps toward creating the most optimal method of microglial intervention, nothing
has been clinically approved for use in humans yet [22]. Other non-pharmaceutical
methods utilizing cellular therapies in animal models that involve direct administration
of microglia have also been found to yield improved axonal outgrowth and reduced
tissue damage [23, 24]. Other animal studies using non-medical interventions such as
exercise and environmental enrichment can also aid in stroke-recovery for older mice
as the activity can modify age-related microglial dysfunction [25, 26].

5. Challenges of Treatment and Intervention

Despite these promising techniques, research on model systems is more extensive than
humans as we do not perform these types of experiments on humans [22]. Human
research comes with complications given the challenges of applying experimental and
laboratory techniques from animal studies to human patients. This may be due to
practical differences between lab studies and real stroke victims. Even if treatments are
found to work in animals, they may only work in a brief window of time post-stroke
when the individual may not even be aware that they are experiencing a stroke, leading
to decreased efficacy if used [6]. These treatments may also work differently in animal
models as for example, rats have three times the glucose, oxygen metabolism, and
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blood flow as humans, and effects of treatment may be species dependent [6]. These
studies are conducted in laboratories, using special equipment in ’ideal environments’,
while also often using young and healthy mice while stroke victims are often older
human adults [6]. In addition, other reasons concern the approach of studying strokes,
as every stroke is different and therefore not as heterogeneous and predictable as those
studied in the lab [6]. Though it is useful studying animal models, the generalizability
in some cases is questionable.

Treatments for ischemic stroke cannot be optimized using the findings of the current
literature, likely due to a lack of understanding of the modulation of microglia [22].
The complexity that comes with attempting to selectively target the deleterious effects
of microglia without impacting the beneficial effects also contributes to this difficulty
in identifying treatment methods [22, 27]. Animal models may further complicate
this problem as drug concentrations and limits of tolerated dosages vary between,
for example, rodent models and humans which may exacerbate side effects 6. Even
if methods targeting microglia are found to be effective in improving post-stroke
symptoms, due to its paradoxical effects, side effects could potentially further decrease
the quality of life in these individuals who already face many daily struggles as a
result of their injury. Drug side effects can be monitored in animal models, but side
effects may be missed or more complicated than can be observed with laboratory tools.
Not only do researchers have to keep in mind the paradoxical effects but also the
psychosocial impacts on the individuals that they are trying to help since inevitably
these humans are more complex than animal models.

6. Conclusion

Researchers hold consensus that microglia play a large role in the neuroimmune system,
possessing healthy inflammatory, and debris clearing properties as well as destructive
neurotoxic, and disruptive properties. Microglia are vital in the immune response
following stroke, however the paradoxical effects make these cells complex targets for
treatment and intervention. Due to this reason, the progress research has made toward
developing clinically safe therapeutic methods of intervention targeting microglia has
been overall met with limited success. In attempting to yield the most beneficial effects
of microglia, deleterious effects may result instead. Though it has been established
that the selective modulation of microglia yields the most optimal improvements in
stroke symptoms, research from animal models has not yet been able to be replicated
in humans, resulting in this stand still in the literature. This finding prompts the need
to explore the modulation of this activation and experimentally test if it is a feasible
intervention method while being aware of its potentially harmful effects. Microglia
hold great potential as a treatment target for ischemic stroke, therefore if selective
modulation of microglia is able to be applied to humans, while yielding minimal
deleterious or harmful effects, perhaps science may someday significantly change the
outcome for stroke victims.
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Abstract

Chronic pain conditions affect a significant proportion of Canadian and U.S. citizens
and is a leading driver in the opioid crisis. They are usually non-life threatening
and debilitating; however, most healthcare professionals opt to prescribe pain-relief
drugs despite evidence showing pharmacological treatments often cause lower men-
tal wellbeing and more functional limitations. Non-pharmacological treatments,
such as mindfulness-based treatments (MBTs), are a fairly new approach that have
been proven to be better at long-term pain management for chronic pain conditions.
MBTs also provide opportunities for creating asynchronous and virtual delivery
methods of treatment for chronic pain. This study seeks to synthesize research con-
ducted on the delivery of MBTs through virtual and asynchronous methods. Five
studies were used in this review from which seven themes emerged: motivation,
patient empowerment, reduced medication overuse, accessibility, increased life
skills, technological difficulties, and consistency. Virtual MBTs can greatly improve
the quality, efficiency and accessibility of chronic pain treatment services through
reducing healthcare expenditures, removing transportation barriers and providing
immediate access to care. Although MBTs are a powerful pain management tool,
there is still a lack of research in the field, especially concerning remote methods of
delivery. Additional large-scale studies and standardization of MBTs are needed to
improve the efficacy and delivery of services.

Keywords — Chronic pain, Mindfulness-based treatments, Opioids, E-health

1. Introduction

Chronic Chronic pain is the leading cause of disability in Canada and the U.S.
In 2012, 19% of the Canadian population was estimated to have a chronic pain
condition and, in the U.S., 8.0% reported persistent chronic pain that restricted

daily activities for six months or more [1, 2]. Additionally, individuals with severe
cases of chronic pain were found to be frequent visitors to hospitals, which resulted in
increased healthcare expenditures [3]. In 2008, the total cost of healthcare expenditures
from chronic pain and losses due to worker productivity resulted in losses ranging
from $560 to $635 billion for the U.S. [3].

Many healthcare professionals often opt to prescribe opioids to chronic pain patients,
which can lead to opioid misuse disorders and overdoses [4]. However, recent research
has shown the long-term use of opioids may result in significant health concerns due
to fear, distress and avoidance of activities that may cause pain. This, in turn, can lead
to the disuse and decreased functioning of muscles [5, 6]. There is a growing need
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in healthcare to find evidence-based alternatives that allow chronic pain patients to
manage pain effectively and in a dignified manner. With the rising rates of prescription
opioid-related deaths, more patients and healthcare professionals are being cautious of
the use of opioids in treating chronic pain long-term. The Center for Disease Control
and Prevention (CDC) recently published a set of guidelines for chronic pain that
recommended exploring non-opioid treatments first and only using opioids if benefits
outweigh the risks [7]. Even non-opioids can cause health problems, such as ulcers and
internal bleeding, depending on the dosage, patient’s age, and how long the patient
has been taking them [8].

Chronic pain conditions can be treated through three different types of treatments:
opioids, non-opioids, and non-pharmacological treatments. Several studies have shown
non-pharmacological treatments, such as mindfulness-based treatments (MBTs), are
often more effective in long-term pain management. MBTs focus on building awareness
and target psychosocial factors that may influence the trajectory and severity of chronic
pain conditions [9, 10]. MBTs also seek to increase patients’ self-efficacy during flare-ups
or difficult times by providing them with effective coping skills [9]. This allows patients
to feel more confident in their ability to handle long-term pain and reduce their reliance
on short-term fixes, such as opioids. Pharmacological treatments do not cure chronic
pain but decrease pain and inflammation, and often require physical rehabilitation as
well to ensure full function [10].

Due to the pandemic, there has been a proliferation and increased demand and
acceptability for remote health services in an effort to stem the transmission of COVID-
19 [11]. Due to the rise of technology, an increasing number of households have access
to at least one digital device with which they can connect remotely to others, making
remote delivery of services more feasible and acceptable [12]. Moreover, technology
provides many benefits, such as better patient outcomes and reduced demands on
resources and wait times in hospitals as patients can be connected to a healthcare
professional quicker and more easily [11, 13]. As MBTs do not require prescriptions
or in-person care, they provide opportunities for virtual and asynchronous methods
of delivery that can help reduce barriers to access and wait times. In this paper, I will
be investigating whether MBTs are an acceptable non-pharmacological treatment for
chronic pain patients that can be delivered through virtual and asynchronous means.

2. Materials and Methods

A scan of the literature on PubMed was conducted using the search terms "chronic
pain", "mindfulness", and "ehealth", with the date of publication restricted to 2010
to 2021. Qualitative and quantitative data were included to gather insight on users’
experience and the success of the program based on the study’s outcomes. Studies
needed to have an intervention targeting chronic pain that included an element of
mindfulness.
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3. Results

3.1. Description of Included Studies

The study selection process is summarized in Fig. 1. A total of 561 eligible studies were
gathered; however, based on the titles and abstracts, only 17 were found to be relevant
to the study and were considered original research. After reviewing the abstracts of
the articles for relevance to the research question, a further 12 studies were eliminated
as they were not related to chronic pain or did not contain results of a completed
study. Three studies were not related to virtual care delivery methods, but, as their
intervention could be translated to a virtual platform or delivered asynchronously, they
were retained.

Figure 1: Flowchart of systematic review. Shows the exclusion and inclusion processes.

Studies used in the review were from the United States [14, 15, 16], the United
Kingdom [17], and Italy [18]. The studies were a blend of randomized control trials
and pilot studies with sample sizes varying from 20 to 206 participants. All of the
studies aimed to examine the effectiveness and adherence rate of a mindfulness-based
program targeting chronic pain. Some of the studies focused on a general chronic
pain population [14, 15], while others focussed on more specific populations, such
as chronic lower back pain [16], chronic pelvic pain [17], and chronic migraines [18].
Study populations were mostly mixed genders and adults of a wide age range and
demographic, except for one study that looked exclusively at women and another study
that recruited participants from a veteran’s clinic. Studies looked at various virtual
platforms for MBTs, such as apps [14] and digital monitoring devices [15], as well as
hybrid formats that combined in-person and virtual delivery care methods [16? , 18].
The studies are summarized in Fi. ??.
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Study Design Sample Size and Population Intervention and Control Sessions and 
Duration 

Summary of findings 

Zgierska 
et al., 
2016 
 
 

RCT 35 Adults in the US with 
Chronic Lower Back Pain 
treated with ‡30 mg of 
morphine-equivalent dose per 
day for 3+ months  

Control: usual care alone 
Intervention: MM-based 
intervention combined with 
usual care 

8 sessions 
2 hours group sessions 
+  
30 minutes/d, 6 
days/wk home practice 

59% (10/17) reported course 
was useful for pain management 
47% (8/17) reported improved 
pain coping skills  

Cosio & 
Swaroop, 
2016 
  

RCT 96 veterans in the US with 
chronic, non-cancer pain 
 

Intervention 1: Acceptance 
and Commitment Therapy 
(ACT)  
Intervention 2: Cognitive 
Behavioral Therapy (CBT) 

N/A (self-help 
workbook)   

ACT: decreasing trend for 
distress with number of sessions 
CBT: quadratic trend (sig 
increases for certain lessons 
such as pleasant activity 
scheduling and activity pacing)  

Greenberg 
et al., 
2020 
 
 

RCT 82 Adults in the US with chronic 
pain 

Intervention 1: Mind-body 
physical activity program 
(GetActive)  
Intervention 2: GetActive 
with a digital monitoring 
device 

N/A conducted on 
their own time 

Program 1: +41m with effect 
size of 0.99 SD units for 
physical function 
Program 2: +50m with effect 
size of 0.85 SD units for 
physical function 

Ball et al., 
2019 
 
 

RCT 90 patients from two 
gynaecology clinics within Barts 
Health NHS, London, UK who 
have chronic pelvic pain for 6+ 
months with access to 
smartphone or computer and 
understand English 

Control: waiting list (usual 
care) 
Intervention 1: MBT + 
additional pain module 
delivered by smartphone app 
Intervention 2: muscle 
relaxation from same app  

N/A smartphone app 
used on their own time 

Qualitative data 
Patients: were excited before 
study, but less positive after 
Staff: expressed concerns of 
extra workload support due to 
need to troubleshoot tech 
problems  

Grazzi et 
al., 2020 
 
 

RCT 20 patients in Italy with history 
of chronic migraine ≥ 10 years 
and overuse of triptans or non-
steroidal anti-inflammatory 
drugs ≥ 5 years 

Intervention 1:  
Pharmacological prophylaxis  
 
Intervention 2: MBT 
delivered through smartphone 

6 weekly-45-min 
sessions for 12 months 
+ 12 mins long daily 
asynchronous sessions  

Headache frequency decreased 
significantly (p<0.001) for both 
groups at 6M and 12M  
 

Figure 2: Summary of Characteristics of Studies Included.

4. Discussion

With the rising incidence of opioid-related deaths, MBTs provide a powerful tool in
combatting this growing issue. MBTs have the ability to reduce healthcare expenditures
significantly from reducing unplanned hospital visits to cutting the costs associated
with pharmacological treatments. Chronic pain patients are also more likely to see
sustainable long-term improvements in their pain resilience and are better able to
perform daily activities of living through MBTs. MBTs can also improve the quality of
life and wellbeing of chronic pain patients by increasing an individual’s self-efficacy
and providing them with the skills needed to manage their pain effectively without
medications. Virtual and asynchronous delivery methods of MBTs, such as through
apps, CDs, booklets, and other virtual platforms, are a fairly new field in research.
However, through further research and quality improvement, they have the ability to
provide people with tools to manage pain on their own after an MBT program has
ended and to decrease the burden on the healthcare system. Results from the systematic
review have been summarized into seven themes concerning the benefits and barriers to
implementing virtual and asynchronous MBTs, as well as the limitations of the review.

4.1. Motivation

The effectiveness and usefulness of MBTs are often underestimated and discounted,
leading to low adherence rates. One study found providing staff with training on how
to introduce MBTs, as well as information about the link between psychology and
pain management, was extremely important in translating the importance of MBTs to
participants [17]. It is also important to remember that MBTs require a significant time
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commitment from participants to regularly practice these skills, especially during pain
flare-ups. Therefore, programs must be accessible to allow participants to recognize
the objectives are achievable. Greenberg et al. [14] found personalized goal-setting
also helped motivate and empower participants. In this study, participants set physical
activity goals; however, if they missed a weekly goal, they were given the opportunity
to decrease their goals or set a more realistic one based on their weekly activity. This
allowed participants to stay in control of their goals and to ensure that the goals
matched their lifestyle and capabilities. It is important that the goals and layout of the
program are easily understood and tailored to participants.

4.2. Patient Empowerment

Participants all enrolled in the studies due to an interest in learning new coping skills
and tools for pain management. Pharmacological treatments often have accompanying
side effects and may not be as effective in all situations [5]. Cosio & Swaroop [17] found
participants reported more interest in the programs after they learned more about the
link between psychology and pain maintenance. Throughout the program, participants
were also taught cognitive defusion techniques to help them identify their values and
relinquish pain anxiety, which allowed participants to feel more in control during
flare-ups. Greenberg et al. [15] also reported significant reductions in catastrophizing
and kinesiophobia, as well as improvements in pain resilience. Ball et al. [14] found
participants reported that, after a while, they were able to use MBT skills on their
own to manage their pain. Although all the programs provided different curriculums
featuring different mind-body skills, they all provided participants with new skills that
helped them with pain management.

4.3. Reduced Medicine Overuse

Prior to the start of one of the studies, participants were enrolled into a medication
withdrawal program [18]. Throughout the MBT program portion, staff would reinforce
the mindfulness-based practices and discourage participants from reverting back to
pharmacological treatments. This led to higher adherence to treatment than usual
in-person clinic visits and a very low drop-out rate (5% at 6M and 14% at 12M). This
shows that patients receiving MBTs were able to successfully maintain the transition
away from opioid treatments to mindfulness-based practices. Zgierska et al.’s [16]
study also focussed on a sample who used opioids. They found only three participants
reported that the program was not helpful. This was due to many reporting it was not
tailored enough for their population, chronic lower back pain, or that talking about
pain caused an increase in their pain levels. However, treatment groups in both studies
showed high adherence rate to MBTs. Thus, MBTs provide a non-pharmacological
alternative to pain management that can reduce opioid-related mortality and morbidity
amongst chronic pain patients.
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4.4. Accessibility

Transportation and getting to chronic pain services create barriers to chronic pain
patients who may experience high pain severity and frequency of flare-ups. Virtual and
asynchronous methods of delivery help remedy this by allowing services to be accessed
at a convenient time for patients. It also provides access to high-quality services for
those living in areas where chronic pain services or culturally-appropriate services
may not be easily accessible for them. Asynchronous programs provide flexibility and
portability for those who may also experience chronic fatigue or have a busy schedule
[17]. They also allow services to be accessed as a preventative method and on an
as-needed basis. Some studies have also found that, over time, participants became
self-sufficient and no longer needed resources (18). Asynchronous programs can also
reduce wait times and other barriers to enrollment into programs, such as anxiety
towards group therapy programs [19]. MBTs provide alternatives to pharmacological
treatments that can be delivered efficiently and are effective at pain management.

4.5. Increased Life Skills

MBTs provide skills that can be used in other areas of life. In Greenberg et al.’s [15]
study, participants reported significant improvement in their performance-based and
self-reported physical function. Participants in Zgierska et al.’s [16] study noted the
skills they learned could be used in other aspects of life, such as stopping arguments,
improving sleep and keeping a positive mindset. Many of the studies also found
participants reported general improvement in their mental health [14, 15, 16, 17, 18].
MBTs were also reported to help participants relax and destress [17]. The skills gained
from MBTs can be applied to many other aspects of life outside of pain management
and, in turn, significantly improve quality of life.

4.6. Technological Difficulties

All virtual platforms of delivering healthcare services come with inherent technological
difficulties and barriers to access. Ball et al. [14] reported participants who had
difficulties or were not comfortable with technology were less likely to stick with the
program, restrict the functionality of the program or refuse to start the program. To
remedy this, participants suggested creating infographics and video tutorials to help
orient first-time users to virtual platforms. Ball et al. [14] also recognized there may be
barriers to technology, such as not having a smartphone or storage space on a device
for downloading an app. Components that require Wi-Fi connectivity may also create
problems with accessibility. Staff recommended lending devices, creating desktop
versions, and allowing for download capabilities for when access to internet is not
possible. Staff also expressed concern at the additional workload it would place on
them to orient patients to apps and technology. When designing virtual methods of
delivery, it is important to consider the barriers that may be presented through this
method and the steps needed to address them.
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4.7. Consistency

Studies that did not have weekly check-ins found participants were less likely to adhere
to the program. Ball et al. (15) found withdrawal by participants was mostly caused by
lack of time by participants, as well as lack of motivation to try out mindfulness-based
practices. Ball et al.’s (15) program was designed to be part of a routine that was meant
to be practiced regularly in order to see benefits. However, some participants reported
using it intermittently due to missed reminders and not being able to fit it into their
routine or devote adequate time to it. In Greenberg et al.’s (16) study, participants’
progress was constantly monitored throughout the duration of the program. If they
missed a goal, staff members would check up on them to take steps towards meeting the
next goal. They also had weekly group sessions where they reviewed the weekly lessons
and solved barriers to adherence. This forced participants to stick with the program
and provided support and solutions, so participants felt motivated to persevere through
the program.

Virtual platforms can also be seen as impersonal and less favourable by participants
in comparison to face-to-face contact. Greenberg et al. [15] remedied technological
difficulties and provided social connection through conducting weekly check-ins with
participants to troubleshoot barriers to adherence and review the lessons for that week.
These check-ins assisted with adherence and provided a layer of accountability for
participants. Additionally, Zgierska et al.’s [16] study found peer support increased
motivation and adherence to the program. Although asynchronous programs increase
accessibility, they may also create barriers to services for others and should not replace
face-to-face services entirely. Hybrid programs that have a synchronous option and
opportunities for peer support and social connection should be further explored. The
biggest barrier to adherence for participants was motivation, which can be targeted by
adding accountability measures for participants and providing support from check-ins
by staff members and/or peer support.

4.8. Limitations of this Review

This review had several limitations. MBTs and e-health are both new fields in research
and, thus, have little research conducted. Therefore, the studies used in this review were
mostly pilot studies with small sample sizes. MBTs also currently have no standardized
guidelines on how they are delivered and what should be included in the different
sessions. Due to the lack of consistency in the programming between the different
studies, comparing the different studies’ effectiveness may not be feasible. Chronic pain
conditions also vary. Two studies looked at general chronic pain conditions and three
studies looked at specific conditions. Further research is needed to truly investigate
the effects MBTs can have on specific conditions to see if an all-size-fits approach is
applicable for chronic pain conditions.

5. Conclusion

Studies have shown us that future virtual and remote delivery of MBTs must have
certain requirements and considerations. Programs must be patient-centred by fitting
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the needs and lifestyle of participants. MBTs must also be accompanied with education
in order for programs to have high adherence. The science of how MBTs work is
not well understood by participants and, thus, can lead to misinformation. Proper
education about the importance and impact mindfulness-based treatments can have
on chronic pain in combination with the program can greatly increase motivation. As
chronic pain can be an isolating experience, providing opportunities for peer support
allow for participants to build relationships and support each other through their
journey. Apps and other asynchronous methods of delivery should look at ways to
build in social connection into their programs, as this will also provide alternatives
to individuals that are not keen on group therapies but are still looking for ways to
connect with others. Participants need accountability from a staff person to meet their
goals and stick with the program, as asynchronous programs can be impersonal and
lead to high drop-out rates. Staff can also troubleshoot any technological problems and
barriers to adherence for participants as they arise. Although many studies have been
successful in showing the benefits over usual care, there is still more research needed
to understand the costs and benefits of MBTs and to refine the design of virtual and
remote MBTs. MBTs have the power to revolutionize pain management and inspire
future innovation in the field of chronic pain of MBTs. However, there is still a long
way to go in terms of research and providing high quality MBTs to patients.
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Meditation-Based intervention is feasible, acceptable, and safe for chronic low
back pain requiring Long-Term daily opioid therapy. J Altern Complement Med, 22
(8):610–620, June 2016.

17



Vol. 6 (2020-21)

[17] David Cosio and Sujata Swaroop. The use of mind-body medicine in chronic pain
management: Differential trends and Session-by-Session changes in anxiety. J Pain
Manag Med, 2(2), March 2016.

[18] Licia Grazzi, Paul Rizzoli, and Frank Andrasik. Effectiveness of mindfulness by
smartphone, for patients with chronic migraine and medication overuse during
the covid-19 emergency. Neurol Sci, 41(Suppl 2):461–462, December 2020.

[19] Diana J Burgess, Roni Evans, Kelli D Allen, Ann Bangerter, Gert Bronfort, Lee J
Cross, John E Ferguson, Alex Haley, Emily M Hagel Campbell, Mallory R Mahaffey,
Marianne S Matthias, Laura A Meis, Melissa A Polusny, J Greg Serpa, Stephanie L
Taylor, and Brent C Taylor. Learning to apply mindfulness to pain (LAMP): Design
for a pragmatic clinical trial of two Mindfulness-Based interventions for chronic
pain. Pain Med, 21(Suppl 2):S29–S36, December 2020.

[20] Nicola Torrance, Blair H Smith, Margaret C Watson, and Michael I Bennett. Medica-
tion and treatment use in primary care patients with chronic pain of predominantly
neuropathic origin. Fam Pract, 24(5):481–485, August 2007.

18



Vol. 6 (2020-21)

Savasana and Staph Infections: An
examination of the effectiveness of ’natural’

and commercial cleaners against
Staphylococcus carnosus on yoga mats

Meghan Dunn1**, Christopher Keane1*, Nina Liuta1*, Shreya Luthra1*,
Blake Danis1*, Kevin Lam1 †

1Simon Fraser University, Department of Biological Sciences

Abstract

Staphylococcus aureus is one of the most common bacterial strains found in com-
munity fitness centres in the United States. Recent studies have found a link
between methicillin-resistant S. aureus (MRSA) infections and improperly sanitized
fitness equipment, such as yoga mats. Therefore, effective disinfectant methods
are crucial for the prevention of bacterial transmission. As opposed to commer-
cial cleaners, ’all-natural’ or ’organic’ cleaners have been favoured by the yoga
community. However, there is very little information on their effectiveness as
disinfectants against various bacteria. The goal of this study was to examine the
effectiveness of different ’natural’ and commercial cleaning products in inhibiting
the growth of Staphylococcus carnosus when disinfecting yoga mats infected with
S. carnosus. All cleaners were compared to Lysol® All-Purpose Cleaner, a Health
Canada certified disinfectant. We hypothesized that the ’natural’ cleaners used
on the yoga mats would not be as effective at inhibiting the bacterial growth of S.
carnosus in comparison to the two commercial cleaners tested. It was found that
the commercial cleaner containing sodium hypochlorite (bleach) was significantly
more effective than all of the natural cleaning products.

Keywords — Fitness, Yoga Equipment, Cleaners, Disinfectants, Staphylococcus

1. Introduction

Antibiotic resistance in Staphylococcus aureus is a major health concern worldwide
[1]. In the United States alone, methicillin-resistant S. aureus (MRSA) causes
over 80,000 infections and 11,000 deaths per year [1]. MRSA can be transmitted

via skin contact and through the touching of contaminated surfaces. Roughly one-third
of the world’s total population carries MRSA on their skin and in their nose [1, 2]. S.
aureus becomes a threat when it enters the body, as it has the capacity to cause mild
to life-threatening diseases and is resistant to most commercially available antibiotics
[3]. S. aureus is one of the most common bacterial strains found in community fitness
centres, and recent studies have found a link between MRSA infections and improperly
sanitized yoga mats [1, 2]. Yoga mats are often shared within fitness facilities and
between individuals, especially in highly trafficked recreational centers [1]. For most

*Equal First Authorship
†Corresponding Author. Contact: klamf@sfu.ca
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athletes, a yoga mat is essential, and usage involves intimate and prolonged mat contact,
particularly with the hands and feet, during sweat-inducing activities that contaminate
yoga mats and provide a viable mechanism for bacterial transmission [1].

In an attempt to bypass the use of toxic chemicals, ’all-natural’ or ’organic’ cleaners
made with a number of different ingredients including essential oils have been favoured
by the yoga community. However, there is insufficient information on their effectiveness
as disinfectants [4]. Our study examined the efficacy of two ’natural’ cleaners on a yoga
mat infected with Staphylococcus carnosus in comparison to two commercial cleaners.
To our knowledge, no prior studies have investigated bacterial adhesion and ’natural’
cleaner efficacy on yoga mats made of polyvinyl chloride (PVC). The first chosen
’natural’ cleaner was lemongrass essential oil. Previous studies have demonstrated
it has general antibacterial properties [4]. The second was B CLEAN, a ’natural’
antibacterial yoga mat spray. The ’natural’ disinfectants were tested against Lysol® All-
Purpose Cleaner, a Health Canada certified disinfectant [5], and Vim® Power and
Shine™ Multi-Purpose Cleaner, a commercial disinfectant containing bleach that is
used at Simon Fraser University’s Fitness Centre.

Due to its prevalence on most gym surfaces, the genus Staphylococcus was selected
[6]. We used the S. carnosus species, a Biosafety Level 1 classified bacteria. S. carnosus
was selected because it belongs to the same genus as S. aureus but lacks the virulence
genes, making it safer to work with for this study. Considering that S. carnosus is
non-pathogenic, it makes for a suitable model organism to study pathogenic bacterial
strains like S. aureus [7].

Based on the absence of common disinfectant chemicals present in lemongrass
essential oil and B CLEAN [4], our hypothesis was that the effectiveness of the ’natural’
cleaners on the yoga mat would not be as successful at inhibiting the bacterial growth
of S. carnosus in comparison to both commercial cleaners.

2. Materials and Methods

Disinfectants*:

• Lysol® All-Purpose Cleaner (positive control)

• Water (negative control)

• Sage 100% lemongrass pure essential oil

• Vim® Power and Shine™ Multi-Purpose Cleaner

• B CLEAN Mat Spray

The disinfectants were tested at full concentrations because when tested on S. aureus
they were less effective at diluted concentrations [4], and none of the directions found
on any of the product’s packaging instructs users to dilute the products. Lysol® was
used as a positive control as it is a phenolic compound, which has repeatedly shown to
inhibit the growth of many strains of bacteria, including S. aureus [8]. Water was used
as a negative control.
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A diagram of the methods is shown in Fig. 1. To begin, we pipetted 50 µl of S.
carnosus onto the center of a 5 cm by 5 cm piece of sterile Athletic Works Yoga Mat
(3 mm thick, made of PVC) which was placed in a sterile petri dish, and spread the
bacterial broth using aseptic technique. We let the piece incubate for 30 minutes at
37°C, to imitate core body temperature and because this is the optimal inoculation
temperature for the genus Staphylococcus [9]. Afterwards, we placed the mat piece in a
petri dish and pipetted 1 mL of disinfectant from a sterile Erlenmeyer flask onto the
center of the piece and spread it using aseptic technique. Based on our preliminary
experiments, 1 mL was proven to be a sufficient amount to completely cover the
surface of the mat. After 30 seconds, a 500 g weight was placed onto the center of a
pre-autoclaved 15 cm by 15 cm Mainstays Bar Mop Dishcloth cotton towel and was
used to wipe the yoga mat piece in a consistent manner 4 times. Next, we cut the
mat piece, with sterilized scissors and forceps, into 9 squares to increase surface area
exposure and to allow the remaining S. carnosus bacteria on both the surface and
absorbed into the mat to be released when placed into a 50 mL falcon tube filled with
15 mL of Trypticase Soy Broth (TSB). We determined that 15-35 mL of TSB would be
required for each replicate, as preliminary tests determined that the yoga mat piece
displaced 6 mL of solution. We then manually shook the tube for 30 seconds to ensure
full surface coverage of the mat pieces. The same person shook the tube each time
to ensure consistency. We then performed several serial dilutions on the TSB and
mat solution by transferring 0.1 mL of the 1/10 dilution from the falcon tube onto
Trypticase Soy Agar (TSA) and spread it using aseptic technique. The whole procedure:
Infect/Disinfect/Cut/Serial Dilute/Plate, was replicated 13 times for each disinfectant
for a total of 65 replications. The plates were placed in the incubator at 37°C for 2 hours.
The number of bacterial colonies were then counted, and the number of colony-forming
units per mL (CFU/mL) were calculated. One limitation of this study was that we did
not have the ability to confirm that all bacterial colonies found on the PVC yoga mats
after incubation were S. carnosus. For the purpose of this study, all bacterial colonies
found on the PVC yoga mats were assumed to be S. carnosus.

The statistical analysis was done using JMP® (Ver. 14. SAS Institute Inc., Cary, NC).
We graphed the mean number of recovered bacteria S. carnosus with 95% confidence
intervals for each disinfectant. We then ran a one-way analysis of variance (ANOVA) test
to get the p-value. Lastly, we ran a post-hoc Tukey-Kramer HSD multiple-comparison
test (MCT) to get the Connecting Letters Report.

3. Results

The mean number of bacteria present on the yoga mat pieces after disinfection varied
between the disinfectants (Fig. 2; F(4, 55) = 7.1648, p = 0.0001). Vim® Power and
Shine™ Cleaner was significantly more effective than lemongrass oil, B CLEAN, and
water. It was not significantly more effective than Lysol® All-Purpose Cleaner. Thus,
both commercial cleaners did not significantly differ in their ability to inhibit the growth
of S. carnosus. No significant difference was observed between Lysol® All-Purpose
Cleaner and lemongrass oil, nor between lemongrass oil, B CLEAN, and water. There
was a significant difference observed between Lysol® All-Purpose Cleaner, B CLEAN,
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Figure 1: Diagram of Methods. 1. Infect 5 cm by 5 cm PVC yoga mat with 50 µl of S. carnosus
broth. 2. Incubate the infected mat piece. 3. Disinfect with 1 mL of cleaner. 4. Wipe with a
flat-bottom 500 g weight placed on a sterile cotton cloth. 5. Cut mat 4 times into 9 pieces.
6. Place pieces into Trypticase Soy Broth and shake. 7. Perform serial dilutions and plate on
Trypticase Soy Agar plates. Image created with BioRender.com.

and water. Water, the negative control, allowed for the most growth of S. carnosus. The
cleaning agent that claimed to disinfect surfaces that allowed for the most growth of S.
carnosus was B CLEAN. Vim® Power and Shine™ Cleaner was the most effective at
inhibiting the growth of S. carnosus on PVC yoga mat (Fig. 2).
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Figure 2: Mean number of Staphylococcus carnosus present (CFU) on yoga mat after incubation for 30
minutes at 37°C and disinfection with Vim Power and Shine, Lysol All Purpose Cleaner, Saje
Lemongrass Oil, B Clean Mat Spray, and Water. Mean disinfectant bars that do not share a
letter significantly differ in disinfecting ability according to Tukey’s HSD. Error bars represent
95% confidence intervals, α = 0.05.

4. Discussion

Our hypothesis was that the effectiveness of the ’natural’ cleaners on the yoga mat
would not be as successful at inhibiting the bacterial growth of S. carnosus in comparison
to both commercial cleaners. The results differed from what we anticipated and contrast
with the findings of relevant past studies. For instance, a previous study investigating
the general effectiveness of ’natural’ cleaners against S. aureus found no ’natural’ cleaner
to be more effective than Lysol® All-Purpose Cleaner [4]. Again, we hypothesized
that the ’natural’ cleaners would be less effective than the commercial cleaners due to
their lack of common disinfectant chemicals [4]. Lysol® All-Purpose Cleaner contains
phenolic compounds and ammonium chlorides, such as benzalkonium chloride, which
are responsible for its strong disinfecting abilities [4, 5, 6, 7, 8, 9, 10]. However, our
results suggest that Lysol was equally effective as lemongrass oil.

The disinfectant properties in Cymbopogon citratus (lemongrass) can be attributed
to its chemical makeup [11]. A past study determined that the main components
present in the leaves of lemongrass were hexadecenoic acid (Palmitoleic acid), hepta-
9,10,11-trienioc acid, octadecenoic acid (Stearic acid), 2-ethenyltradecan-1-ol, eicosane
aldehyde and 1-ethoxyoctadecane [11]. These phytocompounds are believed to exhibit
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a wide range of functions including antibacterial, antiviral, and antifungal abilities
[11]. Lemongrass oil should be further studied with regards to its ability to inhibit the
growth of bacteria, including S. carnosus and S. aureus.

We were surprised to find that Lysol® All-Purpose Cleaner, our positive control,
was equally as effective as Vim® Power and Shine™ Cleaner. This could be a result
of Vim’s primary active ingredient, sodium hypochlorite (bleach), which is commonly
known for its antibacterial properties [12]. B CLEAN was found to be equally as
effective as water, despite claiming to prevent bacterial growth, and it is significantly
more expensive than water [13].

Overall, our data suggests that either of the commercial cleaners tested in this study
could be effective at inhibiting the bacterial growth of S. carnosus on yoga mats. However,
further research is needed to determine how variables such as contact times for the
disinfectants, incubation times and temperatures, humidity levels, types of bacteria,
and different mat materials can affect the cleaners’ ability to eliminate pathogens.
From this list, the further testing of disinfectant contact time could be particularly
important. We speculated that most people spray and then immediately wipe their
mats, so even our contact time of 30 seconds could be seen as generous if trying to
mimic real life. Studies should also perform Minimum Inhibitory Concentration tests
and determine the exact composition of each disinfectant – the precise concentrations
of each ingredient contained within each bottle and each droplet – and explore the
different combinations of essential oils and other natural ingredients in order to achieve
maximum effectiveness against S. carnosus [4].

Although the results from this experiment did not support our hypothesis, in
combination with results of previous external experiments, it revealed that these natural
products do possess some potential to function as antibacterial disinfectants for yoga
mats. As fitness becomes more popular, especially in the community setting, a need
for effective sanitizing agents for yoga mats and fitness equipment will be in higher
demand. Accordingly, the demand will also increase the production of alternative
‘all natural’ products because their nature suits the practice and lifestyle of yoga well.
Future studies must be conducted to determine whether a ‘natural’ disinfectant, as
successful as a chemical agent like Lysol® All-Purpose Cleaner or Vim® Power and
Shine™ Cleaner, can be created for safe and effective use on yoga mats in gyms and in
yoga studios.

5. Conclusion

This study yielded results consistent with other studies that have evaluated the an-
timicrobial activity of natural ingredients, but to our knowledge, this study was the
first to test various disinfectants on PVC yoga mats [14]. Further research is needed to
better comprehend how disinfectants work on PVC yoga mats. Different concentrations
and combinations of essential oils and natural ingredients, as well as contact time
before wiping, could all be investigated more extensively [4]. Further research on
the antibacterial properties of essential oils, such as lemongrass oil, should also be
carried out in order to appeal to the fitness community with regards to surface cleaners.
Equipment specific studies, such as this one, are important to help determine the most
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effective ways to reduce bacterial transmission in fitness facilities.
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Abstract

The purpose of this study was to determine whether student seating (Perry chairs)
are objectively and subjectively comfortable for Simon Fraser University students.
Purposeful sampling occurred within an undergraduate Kinesiology class (BPK
303) to ensure students from both ends of the height range of university students
were captured. Students were asked to rate their subjective comfort after sitting in
Perry chairs for two hours. Subsequently, six key anthropometric measures were
taken (hip breadth, buttock-to-scapula height, lumbar support height, hip angle,
buttock-to-popliteal length and popliteal height) and compared to Perry chair
dimensions to determine ergonomic fit. 25 BPK 303 students’ anthropometrics were
collected but only 16 had completed a subjective survey evaluating comfort during
a two-hour lecture. Overall mean comfort ratings had a decreasing trend from
5.1/7 at the beginning of lecture to 3.1/7 after lecture. Results showed that only the
seat breadth was found to provide adequate ergonomic fit. None of the participants
were accommodated by all six of the chair dimensions. However, participants
reported no significant change in their subjective comfort ratings before and after
the lecture and participants’ change in subjective comfort ratings were found to
not be correlated to their anthropometric measures (r = 0.1; p = 0.84). In order to
adequately assess the benefits of adjustable chairs and their ability to accommodate
university students, future studies should increase the duration students are seated
for and sample size, as well as make subjective comfort ratings more specific to the
different affected body parts

Keywords — Ergonomics, Perry Chairs, Students, University, Anthropometry

1. Introduction

University students often sit for prolonged periods of time at school hence it is
crucial that school furniture accommodate their wide range of anthropometrics.
Sitting in inadequate furniture for extended amounts of time could lead to

harmful sitting postures and result in poor health outcomes such as musculoskeletal
disorders [1, 2, 3]. It has been found that musculoskeletal discomfort earlier in life
is a significant risk factor of serious joint problems later in life [4]. Several studies
have found linkages between prolonged sitting and back pain as well as a strong
relationship between backrest height, chair to ground height and presence of lordosis
in female students [5, 6, 7]. A study conducted in 2017 found that most seat heights in
university settings were only optimal for 19.6% of participants and were often too low

*Corresponding Author. Contact: sarah_chae@sfu.ca
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for participants causing an increase in kyphotic posture when writing [8]. This lack of
good ergonomic fit is a significant concern for students’ wellbeing.

Chairs have certain dimensions and ranges that must be satisfied in order to
accommodate the diverse SFU student population. The literature identifies four chair
dimensions which are critical in assessing the ergonomics of chair design. Seat pan
width helps to provide stability for the legs, feet, and back for long periods of time
[9]. To be ergonomically fit, the width of the seat pan is dependent on the largest
individual so that it can accommodate the majority of the populations’ hip breadth
[10]. As females tend to have wider hip breadths, chairs are often based on the 95th
percentile of female hip breadths [11]. Backrest height provides users support for their
lumbar spine and reduces paraspinal muscle activation and muscle fatigue [12, 13].
Carcone and Keir [14] found that backrests can decrease the peak pressure on the back
by 35% and lower the average pressure on the back by 20% when sitting on a chair
with a backrest than without. It is believed that the height of the backrest should be
below the scapula to allow arm and trunk movements and must fit the 5th percentile
of females to be classified as ergonomically correct [15]. Lumbar support height (the
point on the back that curves in the most) is believed to provide the most support when
the height and the shape resembles the height and the curve of the user [16, 17, 18].
Lumbar support height has been discovered to reduce both the sitting load on the
lumbar spine and the lumbar muscular activity [19]. Moreover, ergonomically correct
lumbar support height reduces lower back and referred leg pain when compared to
an unsupported backward slouching posture [18]. Seat pan angle between 90

◦
to 110

◦

is believed to result in a healthier retracted head and neck posture of individuals,
improving the alignment of the upper body [10, 20]. As the hip flexion angle decreases,
the greater the chances of developing hip abnormalities in the joints [20]. Hip angle
is also dependent on popliteal height and buttock-to-popliteal length matching up
with the chair’s seat pan height and length. An ergonomically adequate hip angle is
necessary to maintain and protect the natural curvatures of the spine and reduce the
incidence of lower back pain. Although, there are various chair dimensions that must
be accounted for, these are the most commonly researched measures in the literature
and the biggest contributors to students’ wellbeing.

Perry chairs are a type of chair commonly offered on university campuses in study
areas, libraries, classrooms, etc. (Fig. 1). Due to their high prevalence on site, they are
used regularly and for long periods of time by students. Unfortunately, there is a lack of
literature available on whether these chairs are ergonomically fit for university students’
anthropometry. In this study, we examined whether Perry chairs are subjectively and
objectively ergonomically adequate for university students at SFU based on the seat
pan width, backrest height, lumbar support height, and hip angle when seated. We
gathered anthropometric measures of students and compared them to the dimensions
of the Perry chair. We hypothesized that the seat pan width would be ergonomically
adequate, but backrest height, lumbar support height, and height and length of seat pan
would not be. We also compared students’ objective measures and subjective comfort
ratings to Perry chairs, to determine whether the ergonomics of chair dimensions can
influence the comfort ratings of the user. We hypothesized that SFU students will
report lower comfort ratings as class progresses, especially for individuals who are less
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ergonomically fit for the chair.

2. Materials and Methods

2.1. Study Population

SFU students enrolled in BPK 303 class from January 2020 to April 2020 were recruited
for the study. They ranged from 18 to 30 years of age which was consistent with
the demographics of university students attending SFU. 25 subjects were purposely
selected to ensure at least 10(3/25) of the sample consisted of tall individuals and
another 10% (3/25) consisted of shorter individuals. The remaining 19 individuals
consisted of individuals in the middle to ensure a normal distribution. Unfortunately,
due to the COVID-19 pandemic, our data collection was interrupted, causing some
participants to have incomplete data for subjective measures.

2.2. Procedures

A survey was created to determine whether students subjectively perceived Perry chairs
as comfortable. Students were asked to fill out a quick survey throughout a BPK 303
lecture to rate how comfortable they felt sitting in Perry chairs before the lecture, during
the break, and after the lecture. The rating was done on a seven-point Likert scale with
one representing very uncomfortable, four representing neutral, and seven representing
very comfortable. Change in comfort ratings over time were calculated per person and
for the overall population.

Participants were able to get up and leave the chair during the mid-lecture break,
which was 10-minutes long. Students who did stand up during the break had to
report how long they left their seat for. Participants’ anthropometric measures were
collected to evaluate the ergonomic fit of the Perry chairs. The chosen anthropometric
measures were based on the landmarks endorsed by the International Society for the
Advancement of Kinanthropometry and previous research studies to ensure quality
and uniformity [21]. Six anthropometric measures were taken: hip breadth, buttock-
to-scapula height, lumbar support height, hip angle, buttock-to-popliteal length and
popliteal height. Each of the measurements were taken three times and the median
value was used for data analysis. All six measurements, except for the hip angle,
were taken on a seating surface that allowed the participants’ knees to be at 90

◦
. Hip

angle was measured when participants sat on a Perry chair. When collecting the data,
participants were asked to wear loose fitting clothing and remove their shoes to provide
access to essential landmarks used in measurements and increase accuracy. Perry
chair measurements and the corresponding sample anthropometrics were compared to
determine whether the Perry chairs are ergonomically fit for students (Table 3). Based
on the optimal seat dimensions, the proportion of students that fit the criteria was
assessed to determine if at least 95% of the sample was accommodated by the Perry
chairs.
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2.3. Statistical Analysis

Descriptives were taken for objective and subjective measures and a statistical analysis
was conducted to determine whether there was a correlation between subjective and
objective measures. Histograms were made to examine the trend in the change in
comfort ratings over time for all participants and within participants. The mean
and standard deviation (sd) were reported. For the objective measures, Perry chair
measurements were compared against anthropometric measures to determine whether
Perry chairs were ergonomically adequate or objectively comfortable for the 95th to 5th
percentile of BPK 303 students. The mean, sd, 5th and 95th percentiles were reported
for hip breadth, buttock-to-scapula height, lumbar support height, hip breadth, hip
angle, popliteal height and buttock-to-popliteal length. Histograms were also made to
examine where the distribution of anthropometrics fell. An alpha level of p ≤ 0.05 was
used as the criterion for statistical significance. Data analysis was conducted using IBM
SPSS statistics (version 25.0) and Microsoft Excel 2019.

3. Results

Overall, there were eight males and 17 females that had anthropometric data collected.
However, due to missing data, there were only four males and 12 females who had
their anthropometric measures linked with their subjective comfort ratings. Participants
all ranged from 20 to 25 years of age. Age distribution amongst the total number of
participants and linked participants were similar. Females tended to be younger, while
males tended to be slightly older. Overall, the age of participants fell into a normal
distribution with a mean of 22.3 years ± 1.3 for the total number of participants and
22.4 years ± 1.0 for linked participants (Tab. 1).

Table 1: Age and gender distribution of sample population. Linked participants are the participants
whose anthropometric measures were able to be linked to their subjective measures from the
in-class survey.

Total Number of Participants
(N = 95)

Age (Female) Age (Male) Age (Mixed)
Mean SD Mean SD Mean SD

22 1.13 23.2 1.37 22.4 1.3

Linked Participants
Age (Female) Age (Male) Age (Mixed)
Mean SD Mean SD Mean SD
22.1 1.12 22.6 0.78 22.3 1.04

Participants were asked to rate their comfort on a scale of one (very uncomfortable)
to seven (very comfortable) at three separate times during the lecture (at the beginning,
during the break and after the lecture). Before the lecture, most participants reported
high comfort ratings (75%) with a mean of 5.1 ± 0.9 and range of 3 to 6 (Tab. 2). For
those who stood during the break, participants reported high comfort ratings with a
mean of 4.8 and those who did not stand had a mean of 4.5. During the lecture, most
participants reported a comfort rating of three or four (81%) with a mean of 3.4 ± 0.8
and a range of two to five (Tab. 3). For those who stood during the break, participants
reported a mean comfort rating of 3.2 and 3.7 for those who did not stand. After the
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Table 2: Mean and standard deviation of subjects’ comfort rating at different times of the lecture.

Time Measure Was Taken:
Mean Comfort Rating

Total (N=16) Standing (N=9) Not Standing (N=7)
Before Lecture 5.1 4.8 5.4
During Lecture 3.4 3.2 3.7
After Lecture 3.1 2.7 3.7

lecture, most participants reported a comfort rating of three or four (69%) with a mean
of 3.1 ± 1.2 and a range of one to five (Tab. 2). For those who stood during the break,
participants reported a mean comfort rating of 2.7 and 3.7 for those who did not stand.
Overall, thedistribution for after lecture is very similar to the distribution of comfort
ratings taken during the lecture.

For the overall sample, on average, the change in comfort ratings over time was -2.0
for after lecture to before lecture. However, there was only a -0.3 decrease between after
lecture and during lecture and a -1.7 decrease in comfort ratings between during and
before lecture. Over time, participants showed an overall decreasing trend in comfort
ratings throughout the duration of the lecture. Students were also provided a ten
minute break during the halfway mark and students had the option to remain in their
seats or stand up. 43% (7/16) of participants did not stand up during the break. Three
individuals stood up for five minutes, three individuals stood up for seven minutes
and three individuals stood up for ten minutes. A Spearman’s rank-order correlation
was calculated to determine whether there was a significant difference for changes in
comfort rating within individuals and how long individuals stood up during the break.
Results showed a correlation of r = 0.38 (p = 0.15) which was deemed non-significant.

The Perry chair has a backrest height of 40.2cm. Participants’ buttock-to-scapula
height had a mean of 44.5cm ± 4.3. The 5th percentile of the buttock-to-scapula height
distribution was 33.5cm and the 95th percentile was 50.9cm (Tab. 3). The Perry chair was
found to not be ergonomically adequate as it did not accommodate the 5th percentile.
However, it accommodated 96% of the sample. In terms of lumbar support height,
the sample had a mean height of 29.9cm ± 3.7 (Fig. G-7). The 5th percentile of the
lumbar support height distribution was 23.1cm and the 95th percentile was 38.4cm
(Tab. 3). Lumbar support height of the chair was 26.3cm and matched up with 12% of
the sample (3/25). The Perry chair was found to not be ergonomically adequate for the
5th to 95th percentile.

Three measurements were taken to assess the seat pan: hip breadth, buttock-to-
popliteal length, and popliteal height. The sample had a mean hip breadth of 28.5cm
± 4.0. The 5th percentile of the hip breadth distribution was 22.5cm and the 95th
percentile was 37.5cm (Tab. 3). After adding an additional 10% for thigh width to the
sample’s hip breadth measures, Perry chairs were found to be ergonomically adequate
for all participants in terms of seat width. For popliteal height, the sample had a mean
of 43.1cm ± 3.0. The 5th percentile of the distribution was 38.6cm and the 95th percentile
was 49.4cm (Tab. 3). The seat pan height was 45.6cm. Therefore, the Perry chair was
found to not be ergonomically adequate as it accommodated only 40% of the sample
and not the 5th percentile (10/25) in terms of seat height. Buttock-to-popliteal length
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of the sample had a mean length of 47.2cm ± 5.5. The 5th percentile of the buttock-to-
popliteal length distribution was 32.9cm and the 95th percentile was 54.1cm (Table 3).
The seat pan length of the Perry chair was 45.6cm. Therefore, the Perry chair was found
to not be ergonomically adequate as it did not accommodate the 5th percentile for seat
pan length. Buttock-to-popliteal length only accommodated 72% of the sample (18/25).
The final measure, hip angle, was determined by measuring participants’ natural hip
angle when seated. The 5th percentile of the hip angle distribution was 88° and the 90th
percentile was 116

◦
. The mean of 104

◦
± 7.7, the chair’s seat angle only accommodated

64% of the sample (16/25) (Tab. 3). Thus, the seat pan was found to be ergonomically
inadequate in all dimensions except for seat pan width.

Table 3: Descriptive Statistics for Anthropometric Measurements.

Chair Dimensions Anthropomorphic Measure Mean SD 5th Percentile 95th Percentile Chair Dimension Optimal Chair Dimension Fit (Y/N)
Chair Seat Pan Width Hip Breadth 28.5 cm 4.0 cm 22.5 cm 37.5 cm 46.4 cm 41.25 cm Y
Chair Backrest Height Buttock-to-Scapular Height 44.5 cm 4.3 cm 33.5 cm 50.9 cm 40.2 cm <33.5 cm N

Chair Lumbar Support Height Lumbar Support Height 29.9 cm 3.7 cm 33.5 cm 38.4 cm 26.3 cm Same as participants N
Chair Angle Measured Hip Angle 104

◦
7.7

◦
88

◦
116

◦
100

◦
90-100

◦
N

Chair Seat Pan Length Buttock-to-Popliteal Length 47.2 cm 5.5 cm 32.9 cm 54.1 cm 45.6 cm 32.9 cm N
Chair Seat Height Popliteal Height 43.1 cm 3.0 cm 38.6 cm 49.4 cm 45.6 cm 36.67 cm N

Several Spearman’s rank-order correlations were calculated to determine whether
there was a correlation between comfort rating changes within individuals and the
number of anthropometric measures that were ergonomically fit for the Perry chair.
Participants’ anthropometric measures that fell in the ergonomically adequate range
for the Perry chair dimensions were coded as 1, and those who fell outside of the
range were classified as 0. Change in comfort ratings were based on the change in
comfort rating from after lecture and right before lecture began. A correlation of
r = 0.1 (p = 0.8) was found for all six anthropometric measures. The change in
reported comfort ratings and how ergonomically fit participants were, was found to be
non-significant for both. Seven independent Spearman’s rank-order correlations were
calculated to determine whether there was a significant difference between comfort
rating changes for individuals and their specific anthropometric measures. Analysis
obtained correlations ranging from 0.01 ≤ r ≤ 0.3 (0.67 ≤ p ≤ 0.2) (Tab. 4). Although
none of the anthropometric measures were found to be significantly correlated to
comfort ratings, there was a moderate correlation for lumbar support height (r = 0.3,
p = 0.3) and buttock-to-popliteal length (r = 0.3, p = 0.2) (Tab. 4). Popliteal height was
also found to have a weak correlation to comfort ratings (r = 0.13, p = 0.63) (Ta. 4).
Additional Spearman’s rank-order correlations were calculated to determine whether
there was a significant difference between comfort rating changes and demographics.
Analysis obtained for gender found a correlation of −0.46 (p = 0.07) which was
moderate but non-significant. Analysis obtained for age found a correlation of -0.06
(p = 0.84) which was non-significant.

4. Discussion

The aim of this study was to determine whether Perry chairs are ergonomically fit for
students both objectively and subjectively. The results of this study show that when
sitting on a Perry chair for over a two-hour period, there was no significant change in
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Table 4: Results of Spearman’s Rank Order Correlation Coefficients for the change in comfort and
anthropometric measures.

Anthropomorphic Measure Spearman’s Rank Order Correlation Coefficients P-Value
Buttock-to-Scapula Height 0.059 0.827

Lumbar Support Height 0.297 0.265
Hip Angle -00116 0.669

Popliteal Height 0.130 0.631
Buttock-to-Popliteal Length -0.331 0.210

terms of subjective comfort for participants. However, in terms of anthropometric mea-
sures, students were only adequately accommodated by seat pan width. Furthermore,
the ergonomics of chair design were not correlated to the subjective comfort ratings.
Due to the COVID-19 pandemic that unexpectedly interrupted our data collection,
we could not collect survey responses concerning subjective comfort levels from all
participants that provided us with anthropometric measures. Additionally, we couldn’t
achieve a normal distribution with our data set due to the participants with missing
anthropometric and subjective measures being taller individuals. Change in subjective
comfort ratings and demographics was found to be non-significant, while there was
a moderate correlation for gender. Male participants reported a minor change while
females tended to report a greater change in their comfort ratings. However, our sample
may not be representative of males due to the small sample size. Nevertheless, future
analysis should consider gender as a possible confounding factor in subjective comfort
ratings.

4.1. Subjective Comfort Ratings

The results of this study show that there was a decrease in participants’ overall and
individual comfort ratings throughout the lecture, although this decrease was not
significant. However, it is important to consider potential for biases from participants
when collecting subjective measures. For example, there may be human error in
participants self-reporting their comfort ratings, such as forgetting to record the comfort
rating or the length of time they spent standing during the break. Additionally,
individuals may unintentionally record a trend in their comfort rating since they are
informed of the aims of the study prior to their participation. There may be other
factors that hinder the accuracy of the comfort rating such as the desk height and
the eye height when sitting on the Perry chair. As our survey only asked students
for comfort ratings of the chair, it fails to address other elements of the classroom as
well as the specificity of the chair. Future research is recommended to identify Perry
chairs’ compatibility to other university furniture as well as include a section where
participants can record their comfort ratings for certain body parts to allow for more
specificity.

4.2. Anthropomorphic Measures

The results of this study show that the Perry chair was not ergonomically fit for most
of the dimensions that we measured students for. Perry chair seat pan width can
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accommodate the 100th percentile of participants’ hip breadth, however, the other
dimensions measured in this study were not able to accommodate students. Hip
angle is highly dependent on how the subject sits and if they are able to reach the
backrest comfortably. It is also possible that there might have been some bias due
to the Hawthorne Effect as individuals may exhibit better posture in the lab than
in real world settings [22]. Shoes were also asked to be taken off to allow accurate
measurements however, this may imply that our results are not representative of
real-world applications as students typically wear shoes when seated in Perry chairs.
Participants may have even bigger differences in their hip angle, than what is observed,
outside of a lab setting. Majority of participants were also not accommodated by the
popliteal height and the buttock-to-popliteal length which can affect hip angle. When
the popliteal height is smaller than the height of the seat pan, the subject will have
a hip angle that is greater than 90

◦
. Additionally, participants will have hip angles

significantly greater than 90
◦

if they are sitting at the front of the chair as they tend
to lean towards the backrest. As Perry chairs implement a sloped edge seat pan, it
allows a natural increase in hip angle for those who do not fulfill the popliteal height
requirement [23]. However, this sloped edge still is not able to accommodate the
majority of students. In terms of the seat backing of the chair, the results of this study
show that the Perry chair backrest height does not meet the ergonomic standard for
accommodating the sample’s buttock-to-scapula height and lumbar support height.
Many studies have identified the backrest height of university furniture to not be
ergonomically fit for university students [15, 24]. Backrest as part of a chair design is
considered appropriate when it is below the scapula because it allows the movement
of arms and trunk [15]. Failure to accommodate the smallest individual, or the 5th
percentile, may result in decreased effects on both student performance and physical
responses [1]. Another key aspect of the backrest is lumbar support height which
has been shown to reduce both the sitting load on the lumbar spine and the lumbar
muscular activity when lumbar support height matches the chairs’ lumbar support
height [19]. It is recommended that chairs should allow for adjustability in the lumbar
support depth and height to allow the sitter to match it to their lumbar curves. However,
lumbar support height is something that is hard to accommodate everyone with through
non-adjustable equipment hence, our results show that no one was accommodated
by the chairs’ lumbar support height. As students in university range in heights and
distributions, exploration of adjustable chairs prior to future furniture decisions should
be made to reflect the need for back support that is adjustable for the diverse body
types of SFU students.

5. Conclusion

Overall, our study showed that Perry chairs may not be ergonomically adequate for SFU
university students as hip breadth was the only measure considered to have adequate
ergonomically fit. Buttock-to-popliteal length and buttock-to-scapula height were found
to be ergonomically adequate for 96% of all participants in the study. However, none of
the participants were accommodated by all of the Perry chair dimensions investigated
in the study. Furthermore, we found that participants’ subjective comfort ratings were

34



Vol. 6 (2020-21)

not correlated to anthropometric measures and there was no specific anthropometric
measure that had a higher impact on subjective ratings of comfort. Future studies may
wish to examine the change in comfort ratings between various chair types or examine
the impact of various chair materials on subjective comfort ratings, as well as other
furniture such as desks and tables. Future studies should also look at a larger and
more representative sample with a longer sitting period when investigating trends in
subjective comfort ratings. Additionally, adjustable seating in universities should be
investigated as it has the potential to accommodate the diverse student population
[14, 16, 17, 19]. Measures like lumbar support height are not easily accommodated in
static chair designs. Wang et al. [16] found that adjustment functions of chairs can
enhance comfort and decrease risk of musculoskeletal injuries. Similarly, Coleman et al.
[17] found that a significant number of participants would adjust the lumbar support
height to meet the ergonomic recommendations when the option was provided. They
also advised that the adjustment tool should be made accessible and user-friendly for
the sitter. Overall, our study found that Perry chairs at SFU may not ergonomically
accommodate the majority of students and that further research should be done to
ensure better health outcomes and satisfaction for students.
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7. Appendix

Figure 1: Visual representation of: (a) Chair Seat Height, (b) Chair Seat Pan Width, (c) Chair Seat Pan
Length, (d) Chair Backrest Height, (e) Chair Lumbar Support Height, (f) Chair Angle.

37




