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Abstract.

BACKGROUND: Computer-intensive office work associations with health challenges may intensify following COVID-19
pandemic-related changes to home-based office work.

OBJECTIVE: To determine working conditions, perception and physical elements affecting health after pivoting to full
time home-work.

METHODS: An online questionnaire addressed physical, productivity, motivation, and work-practice factors. Photos of the
worker in their home-work environment showed side and front-back perspectives.

RESULTS: Sixteen questionnaires were received, and 12 respondents supplied photos. Home and office workplace differences
varied. Ten felt productivity was affected, most often positively. Four noted increased pain or fatigue intensity, particularly
in the eyes, neck / head, lower back, and shoulders. Working posture was not optimal; six didn’t use traditional chair-sitting
for up to half the day. Forward and backward trunk inclination accounted for at least 10% of the workday for 12 respondents;
lateral inclination affected ten and eight had unsupported legs. Fifteen used an adjustable chair, but photos revealed ergonomic
recommendations were not consistently followed. Fourteen participants communicated regularly by telephone, eight only for
moderate duration and ten using adapted telephone equipment. Half of the ROSA scores were high.

CONCLUSIONS: Workers forced into telework during the pandemic experience positive and negative impacts. Postures
vary more than in offices, potentially increasing health risk.

Keywords: Telework, office ergonomics, musculoskeletal disorders, posture, change, COVID-19

1. Introduction experiencing this change, it is crucial to understand

and quantify real office work conditions in workers’

Following the declaration of the global COVID-
19 pandemic in March 2020, employers asked their
employees, who were able, to work from home. The
large-scale transformation to “telework™ (computer-
based work from home) imposed by a rapidly
developing global pandemic did not follow the usual
methodical analysis and investment in home-work
office spaces [1, 2]. Given the large population newly
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homes.

Several articles have studied the impact of tele-
working during the pandemic, including considera-
tion of the impact on telework frequency [1], physical
discomfort [3, 4], and office equipment use [4, 5].
Some of these consider a particular employer, either
in higher education [3, 4, 6] or acommercial company
[7]. In this research, our interests focus on muscu-
loskeletal disorder (MSD) risk while considering the
holistic nature of these costly health degradations
and including various employers. Since MSDs in
office environments are a function of physical factors,
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including posture and duration, and psychophysical
elements [8—10], multiple dimensions must be con-
sidered. In this study, we consider work practices,
worker perception, working tools, physical layout,
posture, and adherence to ergonomics recommenda-
tions.

1.1. Background

A review of research into ergonomics and effects
of telework found an “almost unlimited number of
factors” that can be studied and can impact research
results, from distraction, to environmental impact,
inadequate home spaces and isolation [11]. Psy-
chosocial risks and social supports play moderating
roles in MSD risk [12].

In contrast, most common physical MSD risk
factors of modern computer-intensive office work
are postural deviation from neutral, fixation, and
exposure duration [13]. Working supports should
be arranged to maintain neutral posture of wrists,
to respect the normal reach space of the forearm,
to avoid neck or trunk rotation, torsion or flexion,
to maintain hip flexion between 90° and 120°, and
to support both feet flat on the floor [14]. Com-
puter workers who regularly change posture will have
better health and productivity relative to sedentary
workplaces [15]; experts recommend standing for at
least 25% of the working day [16]. Physical isola-
tion imposed by working from home makes managing
adherence to such recommendations difficult. In the
paragraphs that follow, we focus on physical aspects
which have been studied in office ergonomics con-
texts.

Computer work has long been associated with
physical discomfort and MSD risk. Multiple stud-
ies report that over 60% of workers engaging in
computer-intensive work experience regular physi-
cal discomfort in one or more body regions [17-22].
Already in 2004, computer work was associated with
increased risk of musculoskeletal disorders (MSDs)
particularly in the upper trunk and upper extremities
[23], with more recent research focussing concern
on back, neck and shoulders [18, 24]. These statis-
tics consider workers in predefined desk-based office
environments with a chair, and traditional desk-
top computer components, including a separately
adjustable computer screen, keyboard, and a point-
and-click device (“mouse”). Working with a laptop
computer which includes a computer screen, key-
board and mouse in a predefined manner, reduces
postural variation [25] and is associated with different

postures among male and female college students
[26]. The typical, gradual development of MSDs adds
to the challenge of intervening in this pandemic-
imposed telework environment in a sufficient and
timely manner.

Office ergonomics is a well-developed field which
has given birth to specific tools to quantify ergo-
nomics risks [27]. The Rapid Office Strain Assess-
ment (ROSA) uses a similar format to the Rapid
Upper Limb Assessment (RULA) but considers the
physical tools specific to a computer-intensive office
environment [28] and their effect on physical con-
straints. Published and verified office-ergonomics
questionnaires range in length from 312 items in
a call-centre environment [29] to a 37-question
checklist considering chair, desk, monitor, keyboard,
mouse, telephone and physical environment [30] to
equipment-only Yes/No/Not-applicable tools [14].
Most office ergonomics evaluation tools anticipate
standard office elements (chair, desk, keyboard,
screen, telephone) in a purpose-built environment.
Only recent documents like the Canadian Standards
Association’s (CSA Group’s) Office Ergonomics
standard (Z412-17) explicitly reflects “new tech-
nology and work practices”, including non-office
workplaces where office work occurs [31].

Physical distancing requirements associated with
the COVID-19 global pandemic make remote evalu-
ation necessary. Emerson et al. [32] described how to
effectively accomplish office ergonomics evaluation
remotely, based on principal computer workstation
components, and typical suggestions to limit mus-
culoskeletal pain and symptoms to improve safety
and comfort. Blake and Taylor describe successfully
using 30 second video recordings in two planes (side,
and behind and above) to support remote home office
assessments [33]. Indeed, the ROSA has been suc-
cessfully applied remotely using with photographs if
the images include key body areas and typical con-
textual factors [34].

This study describes home-based office work
environments more than 4 months after the global
COVID-19 pandemic had been declared.

1.2. Objective

The objective of this article is to provide an over-
view of the variety of both physical and psychophys-
ical work characteristics which may affect the risk
of musculoskeletal disorder (MSD) development due
to pandemic-imposed work-from-home. This infor-
mation is important for managers and employers to
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adapt their training and support as a function of this
home-based office work.

2. Methods

The protocol was approved by the research ethics
board of the Université de Moncton (dossier 2021-
009).

2.1. Data collection tools

To measure the work situation, we used two
sources: 1) an electronically administered self-report
questionnaire including a variety of elements and pos-
tures used during office work and 2) photographic
evidence. The 15-minute questionnaire consisted of
mostly multiple-choice questions. In addition, partic-
ipants were asked to supply two photos of themselves
in their typical posture showing their workstation and
office-work elements in frontal and sagittal planes
(taking an estimated 5 minutes). Both questionnaire
and instructions for taking the photographs were pro-
vided in English and French. These data collection
tools are described in detail elsewhere [35] and were
based on the ROSA tool and public institutions sup-
porting wellness at work [36, 37].

2.2. Recruitment

An emailed invitation was sent to the human
resource manager at three local employers (public
and private) and a call-centre networking organiza-
tion; in all cases, these representatives subsequently
distributed the one-page invitational announcement
to their employees.

Typically, all communication between the rese-
archers and participants was electronic. In response
to the announcement, potential participants emailed
the researchers, who responded with a one-page
informed consent form to be filled in. Upon receiving
the completed consent form, the researchers com-
municated a unique alphanumeric participant code
which consisted of a letter (indicating workplace),
and a 3-digit number, starting with 001 for each
workplace. This code was used to complete the ques-
tionnaire accessible through a Google Forms link.
The two requested photos were sent separately; these
were pre-processed to hide individual-identifying
elements with an opaque form, and then were saved
on a shared research computer disk, associated with
the participant code. By coding and pre-processing

participant data, the questionnaire and photos were
linked while maintaining participant confidentiality.

Questionnaire responses included the few elements
required for ROSA scoring that could not be reliably
observed from an image. The majority of ROSA anal-
ysis required analysis of the photographs, including
angular measurement of key postural elements, using
free KINOVEA software (version 0.8.15).

3. Results

The results section is divided into two parts: ques-
tionnaire results and ROSA scores.

3.1. Questionnaire results

Sixteen people of working age responded to
the questionnaire between October 2020 and Jan-
uary 2021. Twelve of these supplied the requested
photos. Given this small sample, only summary statis-
tics results are presented. Questionnaire results are
presented over the following sections, divided by par-
ticipant demographics, work practices, perception of
work-at-home environment, impact of home-work on
pain and posture, body posture over working day,
workstation components, and telephone usage and
devices.

3.1.1. Participant demographics

Twelve of the 16 respondents were women. The
most common age group was 40-49 years (seven par-
ticipants) followed by 50-59 years (six participants),
30-39 years (two participants) and finally 19-29
years (one participant). Average population stand-
ing height was 163.4 cm (standard deviation + 9 cm)
with men being nearly 10cm taller than women
(169.5 £ 12.7 cm and 160.2 9.2 cm, respectively).

3
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Difference relative to regular office environment

Number of respondants

Fig. 1. Number of respondents by perceived difference of home
your home office from your work office, on a scale from 1 (no
different) to 10 (completely different).
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3.1.2. Work practices

When responding to the questionnaire, 15 partic-
ipants had been working from home for at least 4
months, with the other one working from home for
3 months. Only one had been working from home
prior to the pandemic. All worked on the computer
for at least one continuous hour or for more than four
hours total daily and sat for similarly high daily work
periods.

3.1.3. Perception of work-at-home environment
Respondents judged the difference between their
home-workplace and their office environment on an
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ordinal scale of 1 (not at all different) to 10 (com-
pletely different). All ten values occurred with the
most common responses being 2 and 6 (Fig. 1).
Nine worked in a spare room, with other locations,
in descending order of frequency, being bedroom
(three), basement (two), and other common areas
(studio, solarium, one each).

3.1.4. Perception of work-at-home productivity
Nearly ten of the 16 felt that working at home had
impacted their productivity, all of those noting one or
more positive impacts, and seven of that same group
noting one or more negative impacts (Figs. 2 and 3).

Factors increasing productivity during work-from-home

Temperature of office space is better...
No wasted travel time to-from work
Less stress going through traffic
Less anxiety when working from home
Happier
Easier access to nature during breaks
More frequent breaks
Better time management with family
Schedule flexibility
Better work-life balance
Better use of breaks
Less time commuting
Less distractions from co-workers
More quiet and relaxing

o

[uny

2 3 4 5 6 7

Number of respondents (/16)

8

o

10

Fig. 2. Responses to "What is causing you to be more productive working from home?". More than one response was possible.

Factors decreasing productivity during work-from-home

Pain and discomfort from workspace at...
Lack of motivation
Children or other people at home
More time on the computer
Less proximity to stakeholders
Technical difficulties
Too many virtual meetings
Stress due to coronavirus

Missing social interactions

o

=

2 3 4
Number of respondents (/16)

Fig. 3. Responses to "What is causing you to be less productive working from home?" More than one response was possible.
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3.1.5. Impact of home-work on pain and posture
Participants rated the intensity of their current
typical pain or fatigue relative to the typical levels
they experienced in their office environment, and if
increased, they provided detail of current intensity
on an ordinal scale from 1 (no pain or fatigue) to 10
(the worst pain of your life). Four of the respondents
(three women and one man) experienced more pain
or fatigue after a day of working at home, compared
to working at the office. Among those people, current
pain / fatigue ratings by body region varied from 1
to 8, with average values in of at least 5 in the eyes,
neck / head, lower back, and shoulders (Table 1).

3.1.6. Body posture over working day

To determine postural MSD risk, respondents esti-
mated the percentage of their working day in different
postural classes in 10% increments.

General working posture was categorized across
five predefined options: sitting at a desk, sitting on
a couch, sitting on a bed, lying on a bed, or stand-
ing at a desk. Sitting at a desk was the most observed
category, accounting for all the time for ten of the par-
ticipants and at least 50% of the time for the others
(Fig. 4). Among the six respondents who varied pos-
ture, three varied amongst three postures, and the rest
used two postures. None of the respondents included
“lying on a bed” among their typical postures.

The questionnaire also inquired about body posture
when seated using three categories: sagittal inclina-
tion, lateral lean, and leg position (Table 2). Only
two consistently maintained an upright sagittal trunk
position. Backward leaning occurred more frequently
than forward leaning, and indeed reclining was the
most common posture for three respondents. Eight
regularly leaned to the side. Legs were most likely
to be in the recommended posture (2 legs supported)
throughout the day (seven respondents).

Table 1
Summary statistics of pain or fatigue intensity by body region
across the population with greater-than office pain / fatigue (1 to
10 ordinal scale)

Body region  Average  Standard ~Maximum  Minimum
deviation
Eyes 5.75 222 8 3
Neck / head 5.50 2.38 8 3
Upper back 4.50 2.08 7 2
Lower back 5.00 1.41 6 3
Shoulders 5.00 3.16 8 1
Wrists 2.50 1.73 5 1
Hands 3.00 2.71 7 1
Legs 3.50 2.38 [§ 1

3.1.7. Workstation components

Workstation components considered in the ques-
tionnaire included the chair and computer compo-
nents including the nature of the computer itself, its
screen, and pointing device for data entry. The work
surface was assumed to be a large, flat surface, with
or without a keyboard tray.

3.1.7.1 Chair. All but one respondent used an adju-
stable office chair. All adjustable chairs had height
adjustability and 13 of these had adjustable armrests.
Interestingly, 11 had both back and seat tilt and two
had only one or the other of these tilts. Both lumbar
support and depth adjustability was present in eight
of the chairs, and two had only one or the other.

3.1.7.2 Computer components and locations. Alt-
hough we did not specifically ask what type of com-
puter respondents used, of the twelve that supplied
photographs six had a laptop computer in their work-
station in addition to at least one separate computer
screen. The others used a desktop computer.

Of the entire respondent population, most (13 of
16) used an external mouse. When using an external
mouse, all judged that they held the mouse in a sup-
ported (recommended) fashion and maintained the
mouse and keyboard on the same (height) work sur-
face. However, only six judged that their mouse was
typically in the recommended location (not requiring
lateral reach).

All participants judged their wrist postures as
neutral when using their keyboard, avoiding prob-
lematic lateral deviation and extension. However, two
recognized typically raised shoulders, one when key-
boarding, and the other due to the work surface height.
The principal computer screen was located directly in
front for all but one person whose screen was to one
side, requiring neck rotation.

3.1.8. Telephone usage and devices

Fourteen of the respondents made phone calls dur-
ing their home-work day. The majority of these (8)
spent less than 30 minutes at a time or a total of at
most one-hour daily on calls, while four spent some-
what more (less an hour at a time or between one and
four hours total daily), and one spent over an hour
consecutively on the phone or more than 4 hours
total. The telephone was within arms’ reach for all
required to make phone calls regularly. Telephone
devices used included a headset (6), a phone with
speaker mode (3), hand-held receiver (3) or a combi-
nation of computer-based video calls and hand-held
receiver (1). All using hand-held telephones were in
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the “less than 30 minutes at a time or one-hour daily”
category.

3.2. ROSA scoring results

ROSA elements were calculated whenever possi-
ble for all respondents, although since some elements
required visualization, the four respondents who did
not supply the required two photographs could not be
fully evaluated. Furthermore, certain elements could
not be determined for three more respondents who
submitted photographs, because views were partially
obstructed. As a result, ten ROSA final scores were
determined for two men and eight women. Average
and standard deviation score indicate areas of partic-
ular concern (Table 3). Of this population, 50% were
at the level of “further assessment required as soon
as possible”, that is at least 5 out of a maximum 10
score [28]. A high ROSA score was most frequently
due to chair limitations (four respondents scored 5 /
8 for “height and depth”, and one scored 7/9 in “arm
rest and back support”). Monitor occasionally had a
high score (two participants scored 6 / 7).

==
|

4. Discussion

The population responding was comprised mostly
of women (12 of 16), which may be or may not
be representative of the general population fac-
ing imposed COVID-19-related work-from-home.
Although the percentage of women working in offices
environments may be closer to 50% since 52% of
Americans in “management, professional and related
occupations” were women, 73% in “office and admin-
istrative support occupations” were women [38].
Since we did not ask about the type of work done
in the home-office, we cannot be confident that this
population represents the gender distribution in the
participating workplaces. Since gender affects per-
ceived musculoskeletal risk factors [39, 40], the
presence of both genders in this study is important.
In our results increased pain and fatigue intensity
affected the subset of participants of both genders
in similar proportions to the total study population.
Similarly, there was no evident gender-based differ-
ence in ROSA scores.

¥ Sitting on couch

Z
2 1

|

16
Sitting at desk
14
12
[©) [0 Sitting on bed
210
> B Lying on bed
c 8
g Standing
g 6
[J]
e
4
2
0 BN S RS S

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

Percentage of home-work day by posture category

Fig. 4. Distribution of working posturesover typical home-work day across respondent population.

Table 2
Summary statistics of perceived period in typical postures by body region when seated, reported in 10% increments by participant
Body region Posture Average Standard deviation Maximum Minimum
Sagittal inclination Upright (neutral) 68% 26% 100% 20%
Backward lean 19% 24% 70% 0%
Forward lean 13% 13% 40% 0%
Lateral lean™ Upright (neutral) 78%* 24% 100% 20%
Lateral lean 21%* 24% 80% 0%
Leg posture 2 legs supported 80% 27% 100% 0%
Crossed at knee 9% 15% 40% 0%
Cross-legged 11% 26% 100% 0%

*One respondent only accounted for 90% of their day; thus, averages consider less than 100%.



Table 3
ROSA results summarized for available data for all 16 participants. Final score over 4 designates ‘further assessment required as soon as possible’
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Since standing height of our population was sim-
ilar to that of an American adult population [41],
anthropometric correspondence to workstation ele-
ments would be similar to the general population.
Participant age was captured by decade, with respon-
dents coming from all age ranges except over 60 years

Photo
insufficient to
determine
0
2
0
2
0
0
0
0
0
0
0
2

2 .Lé and 13 at least 40 years of age. Since MSDs are more
e tle—~<t|locolocoo|o |« common with increasing age [42], the probability of
= g observing MSD symptoms is greater in this study
population than in the general working population
which includes all age ranges in similar numbers.
§ _Lé How much the at-home work environment differed
jg g gl alenolece|lecsle |o frorp t‘he usual office .env1r0nrnen.t varle.d vx.ll(.iely. This
< S variation may be partially a function of individual per-
JZ‘S B ception since we did not provide reference examples.
Bedroom, basement, and solarium locations differ
more fundamentally than the most frequently cited
£E3 . “spare room”. Further questioning of general charac-
E g g Mmoo ~|~—ala  |o teristics of the workspace is warranted to refine the
s8°7 understanding of this factor.

Most respondents recognized that their productiv-
ity was affected by working-from-home, and more

£ .. . .
220 numerous positive factors were cited than negative
.gﬁas NS~ OWn|nn o|n Vel : . . .
223 factors, consistent with other teleworking populations
=° pre-pandemic [11]. We supplied a predefined list of
impact options based on previous studies [11, 36],
o g but participants were able to define their own addi-
-‘.Z‘ ki eaggggieses |B tional factors. The fact that such factors were deemed
2 g Rl A A i important is consistent with observations from a sys-
tematic review of the literature into ergonomics and
telework [11].
go a.glaealzzzls o Our quest.ionnaire found oply four of 16 respon-
:t; ¥ S| Sdd|ddd|a | dents experienced greater discomfort and fatigue

intensity than in their usual office environment. We
expected that discomfort in these improvised office

S work environments would increase due to an inability

2 E to access and optimally locate typical office compo-

g _ g nents. However, a study of two universities found

® § 2 |9 musculoskeletal pain decreased when teleworking
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tant. Greater control over one’s work environment
is a psychophysical factor associated with reduced

2 § £ MSD risk [10, 12], and was recognized as a posi-
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ative to the previous office environment, preferably
by individual body region. Using the Standardized
Nordic Questionnaire format (36) would allow clear
comparative data, but would also lengthen the dura-
tion of the questionnaire, possibly reducing future
participation.

It is not surprising that half of the ROSA scores
calculated with this population suggest that “fur-
ther assessment follow as soon as possible”. Other
studies have found average scores of at least this
level, and people experiencing pre-existing mus-
culoskeletal pain have significantly higher ROSA
scores than those without [43]. The rapid change
to working-from-home with the developing COVID-
19 pandemic due to public health restrictions was
expected to be temporary. Where traditional telework
changes require justification and are accompanied by
ergonomic evaluations and equipment procurement,
the uncertainty of a global pandemic precluded such
methodical approaches [1]. Furthermore, the eco-
nomic uncertainty of an extended pandemic-imposed
shutdown makes sufficient investment in office equip-
ment to adequately transform one’s spare room or
solarium doubtful.

On the positive side, physical and psychosocial
supports are easily available to support at home
office work, often free of charge. Internet-accessible
resources are published by publicly supported orga-
nizations at no cost [36, 37] and recommendations are
appearing in the general press [44] suggesting inex-
pensive adaptations to compensate for ergonomics
limitations in a home environment. Indeed, the ten-
dency to improve psychosocial aspects of office work
due to increased control of one’s work environment,
and the potential necessity to move more frequently
whether due to discomfort, distraction or some other
reason together bode positively for workers in this
work-from-home office environment when consistent
with ergonomics.

4.1. Limitations

While attempts were made to ensure questions
asked were consistent with the published literature,
this study protocol, including questionnaire com-
bined with the two photographic views, comprises
a new measurement tool which has not been val-
idated in a controlled study. In retrospect, some
questions would be enhanced by reformulation; for
example, asking about improvements, maintenance
and worsening of physical discomfort, would be more

inclusive, as mentioned earlier. When both ques-
tionnaire and photographic information were present
for a particular element, questionnaire data were
used to determine the elemental ROSA scores, so
conclusions depend on reliable self-reporting; the
photographs provided useful contextual confirma-
tion for the questionnaire statements. Even with
Kinovea’s quantitative angular analyses including
baseline and segment of interest, some body segments
were not sufficiently visible to have confidence in the
score (Table 3); in these cases, that score was omitted,
and the participant’s final ROSA score could not be
calculated. While these limitations would be over-
come by a closer researcher-employer-respondent
relationship, establishment of such relationships
would limit the breadth of participating employers
and employees.

The data presented here refer to a small popu-
lation of workers normally in different offices who
were forced to work from their home during the
COVID-19 pandemic. The variability in home-office
environments would already normally be greater
than in a purpose-designed office, but these varia-
tions are compounded by individual perception of
the stresses and opportunities. Thus, the fact that this
study included respondents from a variety of employ-
ers also increases the probability that, with a small
population, this data is not fully representative. Fur-
ther data collection involving a refined questionnaire
tool is warranted.

5. Conclusion

This study presents a wide variety of data on
individual office work conditions during work-from-
home imposed during an extended public health
pandemic. With only 16 participants, our population
was too small to determine statistically significant
changes with the questions asked. However, the
responses to a brief self-administered questionnaire
paired with two images showing the respondent in
their work environment provide valuable insight into
the challenges and successes of traditional office
work in non-planned office spaces. These provide
a structure for revising ergonomics evaluations and
recommendations. Employers and researchers must
be sensitive to these home-based office work varia-
tions when formulating recommendations to ensure
that their results reveal positive health-impacting dif-
ferences.
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