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Relationships Between the Physical Work Environment, Postures
and Musculoskeletal Pain During COVID-19

A Survey of Frequent Computer Users

Suzanne J. Snodgrass, PhD, Ishanka Weerasekara, PhD, Suzi Edwards, PhD, Nicola R. Heneghan, PhD,
Emilio J. Puentedura, PhD, and Carole James, PhD

Objective: To understand the flexible work practices during the COVID-19
pandemic and their impact on work-related musculoskeletal disorders (MSDs)
and depression in frequent computer users. Methods: An e-survey determined
the extent of workplace changes and MSD, and the relationships between them
using descriptive-statistics and chi-squared tests. Results: Of 700 who com-
menced the survey, 511 were analyzed. Since the pandemic commenced, 80%
of respondents reported they were working more from home; and 89% reported
some musculoskeletal pain. Compared with prepandemic, more people worked
in nonergonomic environments, computer configurations and body postures.
Work location was associated with upper back pain (P = 0.011); body posture with
headache (P = 0.027) and low back pain (P = 0.003). Conclusion: Nonergonomic
work environments of frequent computer users during COVID-19 are related to hav-
ing upper back pain, whereas nonergonomic postures are related to having headache
and low back pain.

Keywords: musculoskeletal pain, working From home, computer user, SARS-2,
corona virus, ergonomics, posture, depression

he COVID-19 pandemic has dramatically changed many aspects of
individuals working life. Businesses across the world have had to
unexpectantly pivot their work environment to embrace flexible work
practices. Workers had to quickly adapt to working from home, often
in nonergonomic workspaces and/or with atypical working hours to ac-
commodate family commitments (e.g., homeschooling). The impact of
these changes to the work environment on musculoskeletal complaints
is largely unknown.
Musculoskeletal disorders (MSDs) include a wide range of
inflammatory and degenerative conditions affecting musculoskeletal
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structures, mainly the muscles, tendons, ligaments and joints.1 Work-related
injuries cost Australia $62 billion annually, with 77% of these costs borne
by workers primarily in lost wages and the remainder being health care
costs.> Fifty-one percent of these costs are from MSD with the ma-
jority of MSD comprising neck and back pain.* These costs are com-
parable to other countries. The United Kingdom has reported £7.5 bil-
llion of combined annual costs of new cases of work-related MSD and
stress in 2013/14.* US workers compensation costs for the most dis-
abling, nonfatal workplace injuries being $55 billion.> These figures
suggest MSD are a large burden on governments, health care systems
and individuals.

Working on computers or other electronic devices has been linked
to MSD. Australian data before the COVID-19 pandemic identified that
80% of office workers (59% working flexibly) report MSD (neck pain
60%, shoulder pain 53%, back pain 47%).% Data from Europe suggests
60% of people with a work-related health problem identify MSD as their
most serious problem.” MSD prevalence is also increasing in low- to
middle-income countries.® Posture is one risk factor possibly contributing
to these MSD statistics as workplace ergonomics has been previously
been linked to MSD.” Contributing factors to work-related MSD are mul-
tifaceted. A body of literature suggests work-related MSD are associated
with physical (e.g., nonneutral body postures either dynamic or static,
rapid work pace, repetitive motion patterns and insufficient recovery time)
and psychosocial risk factors (e.é, depression, employer/employee re-
lationships and job autonomy).'~'? Established relationships between
physical loads in the workplace and pain, impairment, and disability
suggest that gosture plays an important role in maintaining healthy
ergonomics.'

The rapid shift to home working during the COVID-19 pandemic
meant that many workers found themselves working in nonergonomic
workspaces and using nonneutral postures. An ergonomic workstation
supports the body in a neutral spinal posture, and has been shown to
reduce musculoskeletal symptoms in office workers.'> One pilot study
0232 telecommunications workers in Croatia suggested that the work
environment during COVID-19 may be related to musculoskeletal
symptoms.'* Despite potential nonergonomic workspaces, the more re-
laxed environment at home, the ability to work at their own pace and take
breaks as they choose and reduced commuting time may assist some
workers. The effect of working at home on stress,'> fatigue or tiredness, '®
and depression'” has been studied with mixed results.'® Whether a worker
experiences stress or depression from working at home appears to be me-
diated by several factors including gender,'*° organizational support,'
social connectedness,” and voluntary versus mandated working from
home.** The extent of changes to the physical working environment
during COVID-19 has not been elucidated, and whether these changes
affect the frequency or severity of MSD is not established.

The aim of this study is to understand the flexible work prac-
tices that have proliferated during the COVID-19 pandemic and their
impact on work-related MSD and depression levels in workers in flex-
ible computer-based jobs. The specific research questions were:

1. How has COVID-19 changed the workplace and work-habits (loca-
tion, computer type and body postures) of frequent computer users?
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2. Are workplace and work-habits (location, computer type and body
posture) related to having musculoskeletal pain or depression in
computer users?

DESIGN AND METHODS

An online survey of computer users was open for completion
between July 24, 2020, and 26 October 26, 2020, and accessible online
using a computer or mobile device. It was administered using the
Qualtrics platform (Qualtrics, Provo, UT). The questionnaire was in
English only and thus participants had to be able to read and under-
stand English to participate. Informed consent was obtained from all
subjects. The survey and results are reported according to the Check-
list for Reporting Results of Internet E-Surveys®* (Supplementary file,
http://links.lww.com/JOM/B201).

Eligibility and Recruitment

Eligible participants were those who worked at least 75% of their
working time on a computer or other mobile device (laptop, tablet, and/
or smart phone). The eligibility threshold of “at least 75% of work time”
was selected to represent workers who spent most of their working time
on computers. Previous research has used this threshold to represent
workers who do intensive computer work, and working a greater per-
centage of work time at a computer is associated with neck and shoulder
symptoms.*® Participants were primarily recruited through social media,
using platforms, such as Facebook, Twitter, and LinkedIn alongside
sharing by the authors to their colleagues locally, nationally and interna-
tionally. Snowball sampling was used aiming to encourage sharing the
social media posts among colleagues internationally, with posts origi-
nating from the authors, who were based in Australia, the United
Kingdom or United States. Emails about the survey were circulated
among the university workplaces of the authors, i.e., The University
of Newcastle in Australia, the University of Birmingham in the
United Kingdom, and Baylor University in Waco, TX.

Survey Structure, Content and Development

The adaptive survey contained a mix of multiple choice and text
entry questions, with most items requiring a forced choice. The number
of items per page varied, depending on the type of question and on the
previous responses of a participant. Participants were directed to spe-
cific sections based on their responses, which allowed for efficient
completion. Therefore, responses to individual questions do not consis-
tently total 100%. Completeness checking was performed in the
Qualtrics software by using the “force response” option, with an option
for “other” responses where appropriate to allow participants to prog-
ress through the questionnaire. Respondents were allowed to finish
their survey at a later time. Qualtrics uses cookies to assign a unique
user identifier to each client computer so that respondents could return

the survey from the point where they stopped, provided they used the
same computer. Respondents were informed of this in the information
distributed about the survey. Duplicate entries were handled via the
unique user identifier in Qualtrics (i.e., IP address) and no duplicate en-
tries were detected in the dataset.

Informed by a review of existing evidence and literature, the
questionnaire included four sections: (1) demographics including em-
ployment, education, household size to describe the participant sam-
ple; (2) work practices including work habits, locations, computer
types (i.e., workstation set-up), and body postures; (3) prevalence, in-
tensity and impact of MSD (via a Nordic questionnaire modified to in-
clude head pain)*® with validated questionnaires to quantify physical
disability related to a respondent’s specific symptoms; and (4) general
health including physical activity (Godin Leisure-time Physical Activ-
ity Questionnaire) and a depression screen (Center for Epidemiologic
Studies Short Depression Scale [CESD-10]). The CESD-10 is a vali-
dated 10-question screening tool for symptoms of depression. While
it is not a diagnostic tool for depression, a score of 210 is generally ac-
cepted as an indication of depressive symptoms.’

Work locations were defined as any physical space used for
work; selections included office desk at work, office desk at home,
dining room table, kitchen bench/counter, couch, bed, hotel room,
park bench, one that moves (e.g., train), waiting at child’s activity,
other. These categories were suggested to capture some of the poten-
tially nonergonomic work settings respondents might use by assisting
them to identify any location within or outside their home that they
might have used for work. For the location where they worked most
often before the pandemic, and the locations (up to three) where they
worked most often since the onset of the pandemic, respondents se-
lected their computer type (desktop computer; laptop with external
keyboard, monitor and mouse; laptop with external monitor and
mouse; laptop with external mouse only; and laptop without external
equipment) and body posture. For body posture, respondents selected
a posture from five validated illustrations®® that they believed they
used most commonly, also described with text: trunk a little bent for-
ward, straight up, back against backrest; straight up, back NOT against
backrest; bottom dropped, lower back not against backrest; and vari-
able, alter at least once per % hour (Fig. 1).2%

Intensity of MSD was quantified with a pain visual analog scale
(VAS), and questions about whether they had sought treatment or
taken medications. The VAS, anchored by no pain on the left and
worst pain imaginable on the right, was generated using the Qualtrics
slider bar tool; by default, it included numbering above the scale at
10-point intervals, though participants could place the bar anywhere
along the scale. Participants were also asked if they believed their pain
had worsened during the pandemic. To quantify physical disability,
participants completed one of the following, based on the body area
they selected as their most problematic: Headache Impact Tool,*® Neck
Disability Index,”® Disabilities of the Shoulder, Arm and Hand Ques-
tionnaire,”' the Oswestry Disability Index,** and the Lower Extremity

FIGURE 1. lllustrations of body posture used by respondents to select the body posture they used most often while working before and
during the COVID-19 pandemic (trunk a little bent forward (A), straight up, back against backrest (B); straight up, back NOT against
backrest (C); bottom dropped, lower back not against backrest (D); and variable, alter at least once per 2 hour (no illustration).
Reproduced with permission from James et al. Applied Ergonomics,® and originally published by Ijmker et al. Applied Ergonomics.?®
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Functional Scale.*® All are scored out of 100% with a higher number
representing more disability. The Lower Extremity Functional Scale,
scored with a lower number representing more disability, is presented
as reversed, to allow better comparisons with the other scales. See sup-
plementary files for a copy of the questionnaire items (Supplementary
Digital Content, http://links.lww.com/JOM/B201).

Before participant recruitment, the questionnaire was piloted with
a convenience sample of office workers (n = 13) from Australia and the
United Kingdom, some with and others without MSDs. Minor modi-
fications were made after piloting to improve the clarity of wording of
some questions. Pilot data were excluded from the analysis.

Data Management and Analysis

Data were exported from Qualtrics survey software and analyzed
using R (Version 4, The R Foundation, www.r-project.org) and SPSS
(Version 27.0; IBM Statistics, Armonk, NY) software. Chi-squared tests
were used to determine if completers of the survey were different to
noncompleters with respect to the included demographic variables. A
completer was defined as a participant who answered the question ma-
trix in section two about their workplace environment (locations, com-
puter types and body postures), regardless of whether they completed
the remainder of the questionnaire. Descriptive statistics were calculated
and tabulated for those who completed the survey. Data are reported as
collected without imputation for missing data, and numbers responding
are reported for each question. As work location included many catego-
ries, they were collapsed for reporting descriptive statistics based on the
common selections of respondents.

For research question one, changes in work locations, computer
types and body postures were examined with chi-squared, comparing
these variables prepandemic with those used most often postpandemic.
For research question two, chi-squared was used to determine relation-
ships between work locations and presence of MSD or depression,
and between body posture and presence of MSD or depression. For
these analyses, categories were collapsed as follows: work locations
(office desk at work, office desk at home, dining room table, kitchen
bench/counter, couch/bed, other location), computer types (desk-
top + laptop with all peripherals; laptop with minimal or no peripherals),
body posture (trunk bent forwards, straight up against a backrest,
straight up not against a back rest, bottom dropped, and variable). Rela-
tionships with significant chi-squared values were further examined
using adjusted standardized residuals 22 to determine the category pairs
where the assumption of independence between variables in the table is
likely to be false. The cells with large residuals signify significant dif-
ferences in the distribution of locations worked or body postures with
respect to the presence or absence of pain.

As pain responses differ by gender and proportions of respon-
dents with pain differed by gender for some pain conditions in our sam-
ple, we explored the effect of gender on our main outcomes (work loca-
tion and body posture) using multinomial logistic regression. The
models contained a main effect for pain condition, gender and their in-
teraction. The interaction term provides the test as to whether the effect
of gender modifies the relationship between pain condition and the out-
comes (work location or body posture). Separate models were con-
structed for each pain condition and for depression. Because of the ad-
ditional testing using gender above our original research questions we
chose to adjust for multiple testing (7 conditions) to reduce the chance
of false positives. For each outcome (location and body posture), we ap-
plied the Bonferroni correction and set the significance at P < 0.007 for
the interaction term (pain*gender).

RESULTS
Participants
Of 700 who commenced the survey, 25 (3.6%) did not work at

least 75% of working hours at a computer and were excluded; 27

€784

(3.9%) did not answer this screening question or any further questions;
137 (19.6%) answered one or more demographics questions but did
not complete the question about where they worked, so were not in-
cluded in this analysis. Thus, 511 surveys were considered complete.
Completers and noncompleters did not differ in terms of demographics,
e.g., age, gender. However, a higher proportion of respondents who
completed the survey were working full time (71%, n = 420 of 593
who provided their work status) than those who commenced the survey
but did not complete it (10%, n= 61, chi-squared = 3.66, P =0.056). For
completers, the percentage of missing data from any one question was
<7%, most often <5%.

The 511 completing respondents had a mean age 0f42.6+ 11.5 years
and included 70% (n = 359) females. Demographics of the respon-
dents are reported in Table 1. A majority (89%, n=452) reported mus-
culoskeletal pain in at least one body area in the previous 4 weeks. Re-
spondents were mainly from Australia (55%, n = 281), UK (20%,
n=100) and US (7%, n = 36). Eighty-six percent held a university de-
gree or higher and 75.7% were full-time paid employees. Over 70%
(n =367) were categorized as physically active (Godin score).>* Forty
percent (n = 204) had self-reported depressive symptoms and 88.5%
(n=452) had experienced musculoskeletal discomfort in the previous
12 months (Table 1).

Working From Home Habits

Table 2 summarizes working habits before and during the
COVID pandemic in 2020. While more than half of the respondents
(54%,n=276) indicated that their workplace offered flexible work be-
fore COVID, 81% (n = 413) reported the amount of time they worked
at home had increased during the pandemic, from 28% (SD, 29) of
work time on average to 48% (SD, 28). Most were working at home
due to employer requirements (47%, n = 198) or government restrictions
(39%, n=241). Seventy-five respondents spent time homeschooling dur-
ing the pandemic (40% of those with dependent children). Of these, 65%
reported that homeschooling affected their work productivity (Table 2).

Work Locations and Body Postures

Work locations used most frequently, type of computer used,
and body postures were reported before and during the COVID-19
pandemic (Table 3). If respondents used more than one work location,
they prioritized their locations as the most, second most and third most
often used. Table 3 shows that compared with before the pandemic,
during the pandemic a greater number of respondents used locations,
computer types and postures that were less likely to be ergonomic, and
they used these more often. Chi-squared tests comparing pre-pandemic
to setting used most during the pandemic showed significant changes
in work location (fewer people working at an office desk (chi-
squared = 57.50; df, 4; P < 0.001), computer type (fewer people
using a desktop or laptop with external monitor, keyboard and mouse
(chi-squared = 96.89, df 1, P <0.001), and body posture (fewer people
sitting straight up (chi-squared = 392.92, df 4, P < 0.001).

Musculoskeletal Pain and Disability

Reported discomfort in each body area during last 4 weeks,
pain intensity, level of disability, and treatment seeking behavior in-
cluding medications are tabulated in Table 4. Except for headache,
pain intensities and disability were somewhat low (range of means:
VAS, 37-42 mm; disability, 14-23%). Depending on the pain loca-
tion, 30% to 50% of respondents indicated their musculoskeletal prob-
lem had worsened during the pandemic.

Relationships Between MSD and Work Location or
Body Posture

Table 5 reports relationships between MSDs and work locations.
There was a statistically significant association between the work location

© 2022 American College of Occupational and Environmental Medicine
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TABLE 1. Characteristics of Respondents (n=511)

Characteristics Mean (SD) or n (%)
Age (yr), mean (SD) 42.6 (11.47)
Sex (female), n (%) 359 (70.3)
Country, n (%)
Australia 281 (55)
UK 100 (19.6)
us 36 (7.0)
Other 94 (18.4)
Highest level of educational qualification
Higher university degree 272 (53.2)
Bachelor's degree 170 (33.3)
Certificate, high school or trade 63 (12.3)
Year 10 or lower qualification 6(1.2)
Household size, n (%)
Number of adults
1 86.0 (16.9)
2 321 (62.8)
34 94 (18.4)
5 or more 10 (2.0)
Number of dependent children, n (%) (missing, n = 1)
0 318 (62.2)
1 65 (12.7)
2 100 (19.6)
3 or more 27(5.3)
Employment status, n (%)
Full time paid 387 (75.7)
Part time paid 73 (14.3)
Self-employed full time 15 (2.9)
Self-employed part time 11(2.2)
Contract/temporary full time 18 (3.5)
Casual/temporary part-time 6(1.2)
Employer 1(0.2)
Employment industry, n (%)
Agriculture, mining, manufacturing, electricity/gas/ 18 (3.6)
water services, construction
Retail/transport 7(14)
Media/telecommunications 23 (4.5)
Financial/insurance 33 (6.5)
Professional/technical 96 (18.8)
Public administration 23 (4.5)
Education 194 (38.0)
Health care 80 (15.7)
Other 37(72)
Physical activity (category), n (%)
Insufficiently active 73 (14.3)
Moderately active 70 (13.7)
Active 367 (71.8)
Mental well-being: CES-D 10* (category), n (%)
Depressed (“having depressive symptoms”) 204 (40.0)
Not depressed (not ‘having depressive symptoms’) 231 (45.2)
Experienced musculoskeletal discomfort in previous 452 (88.5)

12 months; all also reported discomfort in the
previous 4 weeks, n (%)

Reported pain in the last 4 weeks, by body area (respondents could choose

multiple body areas)

Headache 122 (27)
Neck pain 322 (71)
Shoulder pain 297 (66)
Elbow pain 61 (14)
Wrist/hand pain 138 (31)
Upper back pain 159 (35)
Lower back pain 280 (62)
Hip pain 146 (32)
Knee pain 105 (24)
Ankle pain 69 (15)

*Center for Epidemiologic Studies Short Depression Scale.

© 2022 American College of Occupational and Environmental Medicine

and self-reporting upper back pain (chi-squared (5)=14.8, P=0.011).
Analysis of the adjusted residuals indicated that the categories where
significant differences occurred between the pain and no pain groups
were the kitchen bench/counter (adjusted residual +2.0) and the
couch/bed (£3.1). For the kitchen bench/counter category, a higher
proportion of people reported upper back pain (4%) than would have
been expected under the assumption of independence, i.e., no associa-
tion, compared with those with no upper back pain who used the kitchen
bench/counter less than expected (1%). Similarly, for the couch/bed, the

TABLE 2. Working From Home Habits before and During the
Covid-19 Pandemic 2020 in Workers Who Spend 275% of
Work Time on Computers (n =511)

Workplace Offered Flexible Work Before COVID, n (%)

Yes 276 (54)

No 235 (46)
Worked from home before COVID, n (%)

Yes 272 (53.2)

No 239 (46.8)

Percentage of time (average per week) worked at home before 28.4 (29.3)
COVID, mean (SD)
Work at home during the previous 4 weeks, n (%)

Some hours 204 (39.9)
All hours 257 (50.3)
No 50 (9.8)
Percentage of work time at home in the previous 4 weeks, 474 (27.9)
mean (SD)
How work at home changed since COVID, n (%)
Increased 413 (80.8)
Decreased 12 (2.3)
Stayed the same 35 (6.8%)
Reason currently working at home, n (%)
Government restrictions 198 (38.7)
Employer requirements 241 (47.2)
Carer's responsibilities 28 (5.5)
Health issues 42 (8.2)
General fear of contracting COVID 65 (12.7)
Other 92 (18.0)
Reason not working at home, n (%)
COVID restrictions lifted 8 (1.6)
Home/family situation not conducive to working at home 3 (0.6)
Home does not have access to Internet or proper equipment 1(0.2)

Other 4(0.8)
Spent additional time on computer to help children, n (%) of

n = 192 with dependent children

Yes 75 (39.1)

No 117 (60.9)
Of n = 75 who spent additional time on computer to help children
Homeschooling affected ability to work usual work hours

Never 6 (8.0)

Rarely 14 (18.7)

Sometimes 25(33.3)

Often 19 (25.3)

Always 11 (14.7)
Homeschooling affected work productivity

Never 10 (13.3)

Rarely 16 (21.3)

Sometimes 23 (30.7)

Often 18 (24.0)

Always 8 (10.6)
Number of different locations worked 2 6 hours in the last

4 weeks, n (%)

1 225 (44.0)

2 204 (39.9)

3 53(20.4)

Greater than 3 29 (5.7)
Hours per week, on average, using computerized devices 19.54 (13.7)

for activities outside of work, mean (SD)
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TABLE 3. Work Locations, Computer Types and Body Postures Most Often Used for Work Before and During the COVID-19
Pandemic 2020 in Workers Who Spent =275% of Work Time on Computers (n =511)

During COVID
Pre-COVID Most* Second Most* Third Most*
n (%) n (%) n (%) n (%)
Location
Office desk at work 400 (78.3) 166 (32.5) 83 (29.1) 17 (21.0)
Office desk at home 79 (15.5) 241 (47.2) 71 (24.9) 7 (8.6)
Dining room table 15(2.9) 61 (11.9) 48 (16.8) 7 (8.6)
Kitchen bench/counter 2(0.4) 10 (2.0) 12 4.2) 6(7.4)
Couch 2(0.4) 19 (3.7) 35(12.3) 20 (24.7)
Bed 2(04) 7(1.4) 13 (4.6) 5(6.2)
Other 11(2.2) 7(1.4) 23 (8.2) 19 (23.4)
Computer typef
Desktop computer 213 (41.7) 139 (27.2) 47 (16.5) 9(11.1)
Laptop, external monitor, keyboard, mouse 236 (46.2) 234 (45.8) 84 (29.5) 6(74)
Laptop, external keyboard, mouse 6(1.2) 29 (5.7) 16 (5.6) 4(4.9)
Laptop, external mouse only 26 (5.1) 38 (74) 38 (13.3) 12 (14.8)
Laptop, no external equipment 30 (5.9) 71 (13.9) 100 (35.1) 50 (61.7)
Body posturef
Trunk a little bent forward (A) 183 (35.8) 202 (39.5) 93 (32.6) 21 (25.9)
Straight up, back against backrest (B) 163 (31.9) 122 (23.9) 53 (18.6) 8(9.9)
Straight up, back NOT against backrest (C) 56 (11.0) 53 (10.4) 42 (14.7) 7 (8.6)
Bottom dropped, lower back not against backrest (D) 35(6.8) 50 (9.8) 44 (15.4) 21(25.9)
Variable: alter at least once per 1/2 hr 74 (14.5) 84 (16.4) 53 (18.6) 24 (29.6)

*Most often used, second most often used, third most often used; respondents only provided answers for second most/third most if they worked in more than one location for 26 hr/wk.
TRespondents provided computer type and body posture for each location where they worked; responses for computer type and body posture are summed, regardless of location.

pain group reported higher levels of use than the no pain group (9% vs
2%, Table 5).

Table 6 reports relationships between MSD and reported body
postures commonly used. Body posture was associated with having
headache (chi-squared (4) = 10.9, P = 0.027) and with having lower
back pain (chi-squared (4) = 16.3, P = 0.003). The categories where
significant differences occurred between the headache and no head-
ache groups were the straight up, back against backrest posture (ad-
justed residuals +2.1) and the variable posture (+2.9). A lower propor-
tion of people reporting headache sat with their back straight up,
against the backrest (16%) compared with those with no headache

(26%), whereas this was reversed for variable postures where a higher
proportion with headache (24%) used variable postures compared
with those without headache (13%). For the low back pain analysis,
the significant differences between pain and no pain groups were for
the bottom dropped posture (adjusted residual £2.7) and the variable
posture (£2.4). A higher proportion of people with lower back pain
compared with no low back pain reported they sat most often with
their bottom dropped, lower back not against backrest (13 vs 5%) or
used variable postures (19 vs 11%, Table 6). Approaching significance
(chi-squared (4) = 9.3, P = 0.054) was a relationship between having
depression and body posture, with the categories contributing most

TABLE 4. Number of Respondents Reporting Discomfort in each Body Area in the Last 4 Weeks, With Pain and Disability Scores for

Each Body Region for Preceding 4 Weeks

Number of Visual Number Who Number Who Have Number Reporting Pain Level of Disability
Pain Area Respondents (%)  Analogue Scale  Sought Treatment*  Taken Medications*  Worsened During COVID* (Mean, SD)t
Headache 122 (23.9) 42.97 (25.60) 29 (40.3) 9 (12.5) 29 (40.3) 61.48 (7.62)
Neck 322 (63.0) 35.65 (22.50) 132(52.2) 153 (60.5) 97 (38.3) 17.49 (11.43)
Shoulder 297 (58.1) 36.88 (23.56) 108 (50.2) 144 (67.0) 73 (34.0) 19.29 (16.65)
Elbow 61 (11.9) 42.78 (25.34) 16 (61.5) 17 (65.4) 11 (42.3) 21.59 (16.81)
Wrist/hand 138 (27.0) 37.68 (23.93) 53 (63.9) 63 (75.9) 22 (26.5) 21.05 (15.67)
Upper back 159 (31.1) 36.95 (21.48) 50 (51.5) 71(73.2) 29 (29.9) —
Lower back 280 (54.8) 39.24 (22.84) 115 (56.4) 135 (66.2) 87 (42.6) 14.08 (11.45)
Hip/thigh 146 (28.6) 39.23 (22.77) 37 (45.1) 53 (64.6) 30 (36.6) 24.22 (23.40)t
Knee 106 (20.7) 36.74 (22.38) 26 (49.1) 33 (62.3) 25(47.2) 24.93 (14.90)f
Ankle/foot 69 (13.5) 36.83 (25.85) 19 (55.9) 23 (67.6) 20 (58.8) 20.27 (21.95)%

*Columns 4, 5, and 6 only include those who selected the specific body area as their most, second most, third most or fourth most discomfort (head n = 72, neck n = 253, shoulder
n =215, elbow n = 26, wrist/hand n = 83, upper back n = 97, lower back n = 204, hip/thigh n = 82, knee n = 53, ankle/foot n = 34) and % are calculated from these totals.

FColumn 7 only includes those who selected the body area as their area with most discomfort (head n = 33, neck n = 104, shoulder n = 78, elbow n = 6, wrist/hand n = 20, upper back
n =26 no disability questionnaire for this group, low back n= 100, hip/thigh n =31, knee n = 18, ankle/foot n = 14. Disability scales were: Headache Impact Tool (headache), Neck Disability
Index (neck pain), short version Disabilities of the Shoulder, Arm and Hand Questionnaire (shoulder, elbow and wrist/hand), the Oswestry Disability Index (low back pain), and the Lower

Extremity Functional Scale (hip/thigh, knee, ankle/foot).

iLower Extremity Functional Scale score has been reversed to allow easier comparison to the other disability scores, i.e., LEFS normally assigns a lower score to lower function, i.e., more
disability, but in this table we have reported it in reverse: a higher number representing more disability.
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TABLE 5. Number (%) of Respondents (n = 511) With and Without Pain in Specific Body Areas and the Locations Where They Work
Most Often, With Associations Between Presence of Pain and Work Location Determined Using Chi-Squared

Office Desk Office Desk Dining Kitchen
Pain Area (n) at Work at Home Room Table Bench/Counter Couch/Bed Other Significance (P)
Headache
Males*
Pain (21) 8 (38) 11 1(52) 0(0) 1(5) 0(0)
No pain (104) 28 (27) 58 (56) 13 (13) 0(0) 44 1(1)
Females*
Pain (101) 38 (38) 44 (44) 10 (10) 44 44 1(1)
No pain (224) 76 (34) 99 (44) 29 (13) 502) 12 (5) 3()
Total
Pain (122) 46 (38) 55 (45) 11(9) 4(3) 5@ 1(1) 0.587
No pain (330) 105 (32) 158 (48) 42 (13) 5(2) 16 (5) 4 (1)
Neck
Males
Pain (70) 20 (29) 44 (63) 3(4) 0(0) 2(3) 1 (1)
No pain (55) 16 (29) 25 (46) 11 (20) 0(0) 3(6) 0(0)
Females
Pain (251) 84 (34) 112 (45) 33 (13) 8(3) 11 (4) 3(1)
No pain (74) 30 (41) 31 (42) 6(8) 1(1) 5() 1(1)
Total
Pain (322) 104 (32) 157 (49) 36 (11) 8(3) 13 (4) 4(1) 0.582
No pain (130) 47 (36) 56 (43) 17 (13) 1(1) 8 (6) 1(1)
Shoulder
Males
Pain (61) 15 (25) 33 (54) 9 (15) 0(0) 3(5 1(2)
No pain (64) 21 (33) 36 (56) 5(8) 0(0) 2(3) 0 (0)
Females
Pain (235) 85 (36) 97 (41) 31(13) 703) 13 (6) 2(1)
No pain (90) 29 (32) 46 (51) 8(9) 2(2) 3(03) 2(2)
Total
Pain (297) 100 (34) 131 (44) 40 (14) 702) 16 (5) 3() 0.346
No pain (155) 51(33) 82 (53) 13 (8) 2(1) 503) 2(1)
Upper back
Males
Pain (36) 8(22) 21 (58) 1(3) 0 (0) 5(14) 1(3)
No pain (89) 28 (32) 48 (54) 13 (15) 0(0) 0(0) 0(0)
Females
Pain (123) 39 (32) 53 (43) 15 (12) 6(5) 74) 1 (1)
No pain (202) 75 (37) 90 (45) 24 (12) 302 16 (5) 3(2)
Total
Pain (159) 47 (30) 74 (47) 16 (10) 6 (4t 14 (9t 2(1) 0.011%
No pain (293) 104 (36) 139 (47) 37(13) 3() 72) 3()
Lower back
Males
Pain (84) 29 (35) 45 (54) 7 (8) 0(0) 3(4) 0(0)
No pain (41) 7 (17) 24 (59) 7 (17.1) 0(0) 2(5) 1(2)
Females
Pain (195) 63 (32) 88 (45) 21(11) 6(3) 14 (7) 3(2)
No pain (130) 51(39) 55 (42) 18 (14) 3(2) 2 (2) 1()
Total
Pain (280) 92 (33) 134 (48) 28 (10) 6(2) 17 (6) 3(1) 0.377
No pain (172) 59 (34) 79 (46) 25 (15) 32 4(2) 2 (1)
Hip/thigh
Males
Pain (33) 9(27) 20 (61) 4(12) 0(0) 0(0) 0(0)
No pain (92) 27 (29) 49 (53) 10 (11) 0(0) 5(0) 1(1)
Females
Pain (113) 33(29) 54 (48) 14 (12) 54 6 (5) 1(1)
No pain (212) 81 (38) 89 (42) 25(12) 4(2) 10 (5) 3()
Total
Pain (146) 42 (29) 74 (51) 18 (12) 503) 6(4) 1(1) 0.4438
No pain (306) 109 (36) 139 (45) 35(11) 4(1) 15 (5) 4 (1)
CES-D 10
Males
Depressed (45) 17 (38) 23 (51) 409 0 (0) 1(2) 1(2)
Not depressed (84) 21 (25) 50 (60) 8 (10) 0(0) 34 3(4)
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TABLE 5. (Continued)

Office Desk Office Desk Dining Kitchen
Pain Area (n) at Work at Home Room Table Bench/Counter Couch/Bed Other Significance (P)
Females
Depressed (159) 59 (37) 61 (38) 20 (13) 43 11(7) 11 (7)
Not depressed (145) 51(35) 71 (49) 15 (10) 3(2) 4(3)
Total 4(3)
Depressed (204) 76 (37) 84 (41) 24 (12) 4(2) 94 4(2) 0.416
Not depressed (231) 73 (32) 122 (53) 23 (10) 3(1) 5@2) 3(1)

*Male and female numbers do not sum to totals, as some participants did not identify as male or female or chose not to answer.
FThe category pairs contributing most to the chi-squared statistic, defined by adjusted standardized residual of 22.

1P <0.05, therefore the relationship is statistically significant.

to this relationship being sitting straight up, back not against a backrest
(adjusted residual +2.1) and bottom dropped (£2.2). A lower propor-
tion with depression compared with not depressed sat straight up, back
not against a backrest (7 vs 13%) and a higher proportion sat with bot-
tom dropped (13 vs 7%). Nonsignificant interaction effects between
gender and pain in the multinomial logistic regression models sug-
gested that gender did not affect the relationships between condition
and location or body posture.

DISCUSSION

This survey reports the impact of work practices on work-related
MSDs and depressive symptoms during the COVID-19 pandemic in
2020 when flexible work practices initially proliferated. It is the first
study to quantify pain disability using standardized outcome measures.
We surveyed 511 frequent computer users (275% of working time).
Most respondents (88%, n =452) had work-related pain. The most com-
mon painful areas were neck (63%, n = 322), shoulder (58%, n =297),
low back (55%, n = 280), and upper back (31%, n = 159). Forty percent
(n=204) were categorized as depressed based on the CESD-10. Eighty
percent (n = 413) reported they had increased the amount of time they
worked at home since the onset of the pandemic. Compared to before
the pandemic, more respondents reported working in locations less
likely to be ergonomic, e.g., dining room table, couch/bed; fewer used
a desktop computer most of the time. Chi-squared analysis suggested
respondents with upper back pain worked more often at the kitchen
bench/counter or on the couch or bed than those without upper back
pain. Those with headache used more variable postures and fewer
sat straight up back against a backrest than those without headache.
Respondents with lower back pain sat more often in a leaned back pos-
ture, with bottom dropped or used variable postures. Approaching sig-
nificance at P = 0.054, respondents with depression tended to sit more
often in the leaned back, bottom dropped posture and less often straight
up back against a back rest compared to those without depression. Gen-
der did not significantly affect the relationships between pain and loca-
tion or body posture. Together these results suggest COVID-19 has
changed work habits, and many work from home habits appear to exac-
erbate MSD, particularly back pain and headache.

Changes in Work Environments and Postures During
COVID-19 Pandemic

Respondents spent more time working at home during the
COVID-19 pandemic in 2020, and they reported using nonergonomic
work environments and postures more often than before pandemic. This
is similar to a survey of 51 Italian computer users working at home dur-
ing the pandemic, where a majority reported using nonergonomic work-
station components (e.g., nonadjustable chairs without casters, dining
tables) and for 50%, it exacerbated their neck and shoulder pain.35 In
the current study, during the pandemic fewer people used an office desk
(either at work or home), and fewer used a desktop computer or laptop
with monitor, keyboard and mouse as compared with before the
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pandemic. Alternative, less ergonomic work configurations were used
more often, such as a laptop on its own without peripherals, or sitting
on the couch. These ergonomic practices may contribute to postures that
place greater loads on musculoskeletal structures, leading to MSD.
Studies measuring three-dimensional postures show that less ergonomic
workstation configurations lead to increased muscle activity>® and poor
postures (e.g., %reater head and neck flexion) in individuals with and
without MSD.*”® Indeed, compared with before the pandemic, during
the pandemic fewer respondents reported their most common body pos-
ture while working was sitting straight up with their back against a back-
rest. Poor postures may contribute to MSD>*** and may be reflected in
the high numbers of participants reporting MSD in the current study.
These findings suggest that during the pandemic, working at home led
to work practices that may have placed workers at risk for MSD.

Relationships Between Work Environments, Postures
and Pain Disability

The work locations and body postures that respondents used
most often during the pandemic were related to having MSD in spe-
cific body areas. Having upper back pain was more common in people
who used the dining table or couch/bed most often for work. Using a
couch or bed is likely to result in greater upper back, head, and neck
flexion, which would be expected to increase stress on back and neck
structures. Indeed, flexed postures at a desk have been shown to be asso-
ciated with MSD.** A previous study also suggested not using an ergo-
nomic office chair or desk at home was associated with reporting greater
work-related musculoskeletal pain when working at home compared
with the office."* Related to posture, a greater number of people with
low back pain reported they sat most often with their bottom dropped,
lower back not against the backrest. Similar postures on a couch or bed
have been shown to cause pain in normally asymptomatic individuals.*'
Those with headache were less likely to report their most common body
posture was sitting straight up, and more likely to use variable body pos-
tures. Using variable body postures may be a coping mechanism, as pre-
vious studies have shown that having less variability in spinal posture is
related to having headache.*** It is possible the body postures associated
with low back pain or headache contributed to symptoms, or respondents
used certain postures to ameliorate their symptoms. As this survey was
cross-sectional, we cannot determine the cause or effect.

Relationships Between Work Environments, Postures
and Depression

Forty percent of respondents had depressive symptoms as classi-
fied by the CESD-10. This is higher than the 20% office workers previ-
ously reported in a Turkish study who were all working at home during
the pandemic,** and lower than the 63% of a New Zealand general pop-
ulation classified as depressed during the pandemic. Both of these other
studies used different scales than the current study to classify depression,
the Depression Anxiety Stress Questionnaire-Short Form in the Turkish
study and the Patient Health Questionnaire in the New Zealand one,
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TABLE 6. Number (%) of Respondents (n = 511) With and Without Pain in Specific Body Areas and the Body Posture They Reported

They Used Most Often, With Associations Between Presence of Pain and Body Posture Determined Using Chi-Squared

Straight Up, Back Bottom Dropped, Variable: Alter
Trunk a Little Straight Up, Back NOT Against Lower Back Not at Least Once Significance
Pain Area (n) Bent Forward (A) Against Backrest (B) Backrest (C) Against Backrest (D) per 1/2 hr (13)
Headache
Males
Pain (21) 4(19) 5(24) 1(5) 5(24) 6 (29)
No pain (104) 39 (38) 28 (27) 6 (6) 16 (15) 15 (14)
Females
Pain (101) 46 (46) 15 (15) 12 (12) 5(5) 23 (23)
No pain (224) 94 (42) 56 (25) 28 (13) 19 (9) 27 (12)
Total
Pain (122) 50 (41) 20 (16)* 13 (11) 10 (8) 29 (24)* 0.027%
No pain (330) 133 (40) 85 (26) 34 (10) 36 (11) 42 (13)
Neck
Males*
Pain (70) 21 (30) 22 (31) 34 12 (17) 12 (17)
No pain (55) 22 (40) 11 (20) 4(7) 9 (16) 9 (16)
Females*
Pain (251) 116 (46) 46 (18) 32 (13) 17.(7) 40 (16)
No pain (74) 24 (32) 25 (34) 8 (11) 7 (10) 10 (14)
Total
Pain (322) 137 (43) 69 (21) 35(11) 29 (9) 52 (16) 0.328
No pain (130) 46 (35) 36 (28 12 (9) 17 (13) 19 (15)
Shoulder
Males
Pain (61) 24 (39) 10 (16) 4(7) 13 (21) 10 (16)
No pain (64) 19 (30) 23 (36) 3(5) 8 (13) 11 (17)
Females
Pain (235) 103 (44) 46 (20) 27 (12) 19 (8) 40 (17)
No pain (90) 37 (41) 25 (28) 13 (14) 5(6) 10 (11)
Total
Pain (297) 127 (43) 57 (19) 47 (10) 32 (11) 50 (17) 0.085
No pain (155) 56 (36) 48 (31) 31 (10) 14 (9) 21 (14)
Upper back
Males
Pain (36) 12 (33) 6 (17) 2 (6) 7(19) 9 (25)
No pain (89) 31 (35) 27 (30) 5(6) 14 (16) 12 (14)
Females
Pain (123) 55 (45) 22 (18) 13 (11) 12 (10) 21(17)
No pain (202) 85 (42) 49 (24) 27 (13) 12 (6) 29 (14)
Total
Pain (159) 67 (42) 28 (18) 15(9) 19 (12) 30 (19) 0.196
No pain (293) 116 (40) 77 (26) 32 (11) 27 (9) 41 (14)
Lower back
Males
Pain (84) 29 (35) 19 (23) 5(6) 18 (21) 13 (16)
No pain (41) 14 (34) 14 (34) 2(5 3(7) 8 (20)
Females
Pain (195) 78 (40) 39 (20) 19 (10) 19 (10) 40 (21)
No pain (130) 62 (48) 32 (25) 21 (16) 5(4) 10 (8)
Total
Pain (280) 107 (38) 59 (21) 24 (9) 37 (13)* 53 (19)* 0.0037
No pain (172) 76 (44) 46 (27) 23 (13) 9(5) 18 (11)
Hip/thigh
Males
Pain (33) 12 (36) 6 (18) 2 (6) 5(15) 8 (24)
No pain (92) 31 (34) 27 (29) 505 16 (17) 13 (14)
Females
Pain (113) 51 (45) 23 (20) 14 (12) 11 (10) 14 (12)
No pain (212) 89 (42) 48 (23) 26 (12) 13 (6) 36 (17)
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TABLE 6. (Continued)

Straight Up, Back Bottom Dropped, Variable: Alter
Trunk a Little Straight Up, Back NOT Against Lower Back Not at Least Once Significance
Pain Area (n) Bent Forward (A)  Against Backrest (B) Backrest (C) Against Backrest (D) per 1/2 hr (P)
Total
Pain (146) 63 (43) 29 (20) 16 (11) 16 (11) 22 (15) 0.794
No pain (306) 120 (39) 76 (25) 31 (10) 30 (10) 49 (16)
CES-D 10
Males
Depressed (45) 15 (33) 10 (22) 1(2) 12 (27) 7 (16)
Not depressed (84) 27 (32) 23 (27) 7(8) 8 (10) 19 (23)
Females
Depressed (159) 70 (44) 37 (23) 13 (8) 15(9) 24 (15)
Not depressed (145) 60 (41) 36 (25) 23 (16) 7 (5) 19 (13)
Total
Depressed (204) 85 (42) 47 (23) 14 (7)* 27 (13)* 31 (15) 0.054
Not depressed (231) 87 (38) 60 (26) 30 (13) 16 (7) 38 (17)

*The category pairs contributing most to the chi-squared statistic, defined by adjusted standardized residual of 2.4

TP < 0.05, therefore the relationship is statistically significant.

iMale and female numbers do not sum to totals, as some participants did not identify as male or female or chose not to answer.

which may be one reason for differences. A previous study of workers in a
shared office space found that satisfaction related to the workspace itself
(e.g., furniture, acoustics) was associated with a number of well-being out-
comes.*® Our study did not find any links between the physical work lo-
cation and having depressive symptoms, but we found a weak relationship
(chi-squared P value = 0.054) between the body posture most often used
for work and having depressive symptoms. More people with depressive
symptoms used a leant back, bottom dropped posture and fewer sat
straight up compared with those without depressive symptoms. These
postures may have been a result of having depressive symptoms, rather
than a cause of it, however longitudinal studies would be required to de-
termine this. Nevertheless, the observed relationship between depressive
symptoms and postures suggests that interventions to change postures
may possibly have an incidental effect on depression and could be ex-
plored in future research.

Strengths and Limitations

With over 500 responses to our survey from 42 countries, this
study provides broad perspectives on work practices across the globe.
However, 75% of respondents were from Australia or the United
Kingdom, and 85% had a university degree, limiting generalizability
to these populations. A strength of this study was the use of validated
questionnaires to quantify disability due to pain. A large proportion of
our respondents (89%) reported having MSD, potentially suggesting
recruitment methods contributed and prevalence of MSD in this pop-
ulation may be over-estimated. However, similarly high prevalence of
MSD (71%) was also reported in another survey of computer users
working at home® during the pandemic. Due to the nature of recruit-
ment using social media and snowball sampling, an exact survey re-
sponse rate could not be calculated. A larger sample size may have
produced different results.

IMPLICATIONS

With the observed relationships between MSD and work envi-
ronments and postures in the current study, it is important that practi-
tioners who treat patients with MSD consider the work environment
and assess whether changes to the patient’s work environment may as-
sist their condition. Interventions to alter the work environment have
included ergonomic workstation assessments,*” posture education,*®
and activity prompts.*’ While the evidence for individual interventions
is weak, " they are more effective in the context of a worker’s spe-
cific tasks.>® Employers, human resources, and health and safety pro-
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fessionals who oversee employee health should consider the ergonom-
ics of work from home and potentially intervene to prevent or reduce
MSD. Future longitudinal and intervention studies are needed to deter-
mine if MSD changes over time in response to changes in work envi-
ronments or postures, and the effects of any interventions.

CONCLUSION

COVID-19 has changed the work environments and postures of
frequent computer users. MSD and depression are commonly reported.
Nonergonomic work environments are related to having upper back
pain, and nonergonomic postures are related to having headache, lower
back pain and approaching significance, depression. These results sup-
port the development of interventions to improve work from home prac-
tices that may ultimately provide recommendations for preventing or
reducing work-related MSD in the new working normal.
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