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Abstract.
BACKGROUND: COVID-19 lockdown caused a sudden change in the work culture and environment.
OBJECTIVE: The aim of this study was to evaluate the impact of COVID-19 lockdown caused changes in musculoskeletal
pain (MSP), physical activity (PA), workplace properties, and their in-between relationships among office workers.
METHODS: A total of 161 office workers (64.6% female) with a mean age of 38.2 ± 9.5 years participated. The study
was conducted as an online form. Baecke Physical Activity Questionnaire, NORDIC Questionnaire, and questions about the
work environment were used. The participants were asked to describe the current situation and retrospectively the situation
3 months before.
RESULTS: We found no significant differences in the prevalence of MSP or between the mean number of body regions
suffering from MSP before and during the lockdown. During the lockdown, a significant (p < 0.001) reduction in total PA and
sport-related PA and a significant (p < 0.001) increase in work-related PA was noted. A significant drop in both workplace
comfort rating (p < 0.05) and workplace ergonomics rating (p < 0.001) was suggested during the lockdown. Our data also
suggested several individual factors influencing the MSP among office workers during the lockdown.
CONCLUSIONS: Maintaining habitual physical activity level and preparing a more comfortable and ergonomic workspace
can play a role in a healthier transition to working from home.
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1. Introduction

The coronavirus (COVID-19) pandemic was first
announced in Wuhan, China in December 2019, and
on March 11, 2020, the World Health Organiza-
tion (WHO) declared a global pandemic [1]. The
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first case of coronavirus in Estonia was discovered
on February 26, 2020, and on March 12, 2020, the
government of Estonia declared an emergency situ-
ation. The main methods for reducing the spread of
the virus were implementing social distancing rules,
restricting travel, indoor and outdoor gatherings, and
services including physical contact. The emergency
situation ended on May 17, 2020, lasting a total of
66 days [2]. The emergency situation changed a lot
about how people worked and moved. During the
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emergency situation in Estonia, the sport and fitness
centers were closed, but people were allowed to exer-
cise and move outdoors when social distancing rules
were followed. Due to social distancing rules, office
spaces were closed and workers had to work from
home. Until the virus persists, many companies in
Estonia continue to implement teleworking. It is pre-
dicted, that this changes how we work in the future,
as in addition to reducing the chance of spreading
viruses, remote work is proving to have benefits both
on an organizational and individual level [3, 4].

Teleworking, also known as remote work, has
been gaining popularity due to rapid advances in
information technology and electronic equipment.
There have been reported several individual bene-
fits of telework, such as lower stress due to less
time spent on commuting, better work output as a
result of fewer interruptions, fewer sick days and
depending on the organization, flexible schedule,
and better work-family balance. Despite the bene-
fits, there are several problems regarding teleworking
and occupational health. The main concerns include
excess working hours, workers might continue work-
ing when ill, ignore health-related problems, and not
have adequate equipment [5, 6]. Several psychosocial
factors have also been reported, such as the feeling
of isolation and possible conflict between work and
family life [6]. In the context of COVID-19, the sud-
den shift to teleworking for an unknown time might
have caused less attention to workplace safety and
ergonomics [7]. Therefore this sudden change to tele-
working might have an impact on musculoskeletal
health.

The prevalence of musculoskeletal pain (MSP) is
high among office workers [9, 10]. MSP can have a
significant negative impact on the quality of life, work
efficiency, and work ability [10, 11]. During the 3-
month coronavirus lockdown in Turkey, increases in
the prevalence of low-back pain in people who stayed
home compared to those who kept going to the office
were reported [12]. In Italy, Moretti and colleagues
described a worsening of low-back pain and neck pain
in the remote workers questioned [13], however, it is
not known how teleworking affected the prevalence
of MSP.

There have been documented several risk factors
for developing MSP including individual factors and
inadequate workplace equipment and ergonomics
[8]. One of the individual factors, that could be influ-
enced by the lockdown restrictions, is low physical
activity (PA) [14, 15]. PA and sedentary lifestyle is a
known risk factor for poor overall health, premature

mortality, and several types of disease, including
musculoskeletal disorders [14, 16–18]. Increasing PA
has proven several benefits for office workers, such as
reducing work-related and general MSP [19, 20] bet-
ter work ability [21], and better mental health [22].
Since it is reported, that quality of life, well-being,
and mental health problems have worsened during
COVID-19 [23], PA might play an important role
in how we prevent both physical and mental health
issues and complex biopsychosocial issues like MSP
in the future. It is known, that the restrictions dur-
ing the lockdown period had a negative effect on
the overall PA of adults in Greece [24], but we are
uncertain how exactly people with physically inac-
tive work, such as office workers, were affected. It is
also unknown how such sudden changes in PA on an
individual level affect MSP.

Another factor associated with MSP is workplace
ergonomics. There are several theories about the
mechanisms of pain pathogenesis in the case of
cognitive work with low physical demands, but the
exact mechanism is still unclear [25–27]. Still, an
association between workplace ergonomics and the
prevalence of MSP has been noticed widely [8, 28].
Since there is some evidence on the effect of comfort-
able work equipment on MSP [29, 30], the sudden
change to working from home might influence work-
related MSP, as we hypothesize that most homes do
not have ergonomic workstations.

The aim of this study was to evaluate the COVID-
19 lockdown caused changes in MSP, PA, workplace
properties, and their in-between relationships among
office workers. Considering the recent research about
MSP during COVID-19 [12, 13, 31], we hypothe-
size an increase in the prevalence of MSP among
office workers during the lockdown in Estonia. We
also hypothesize, that because of the shift to remote
work and closure of sports facilities, office work-
ers report higher work-time PA, lower sport-related
PA compensating with higher leisure-time PA during
the lockdown period. Due to the sudden transition
to working from home, we hypothesize lower work-
place comfort and ergonomics scores during the
lockdown period.

2. Materials and methods

2.1. Subjects

A total of 161 office workers (64.6% females)
with an age range of 20–59 years (mean 38.17 ± 9.52
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years) participated in this study. The mean work expe-
rience as an office worker was 13.07 ± 8.59 years.
The inclusion criteria were job described as office
work, working with a computer at least 6 hours
per day, age 18–60 years. The exclusion criteria
were chronic neurological, orthopedic, metabolic, or
inflammatory conditions, and legally-designated dis-
ability. The participants were recruited by contacting
their organization’s occupational health and safety
officers. A total of ten organizations participated.
Our participants worked in the sectors of telecom-
munication, banking, and information technology.
Participation in this study was anonymous and vol-
untary. Consent was asked before directed to the
questionnaire. The study was approved by the Ethics
Review Committee on Human Research, University
of Tartu. (Report nr 287/T-26)

2.2. Study design

The study was conducted as an online ques-
tionnaire. The form consisted of 5 parts: informed
consent, gender and age, MSP, self-reported PA, and
work environment. The study took place between
May and June 2020.

Musculoskeletal complaints were recorded using
a modified NORDIC Musculoskeletal Question-
naire. The NORDIC Musculoskeletal Questionnaire
records MSP in different body regions with preva-
lence in the previous 7 days or 6 months. However,
in this study, for assessing the impact of lockdown,
more detailed options were needed to better identify
the onset of MSP. Therefore the answering options for
the duration or period of musculoskeletal complaints
were modified to (1) no pain, (2) onset 3 months
before lockdown, with the pain disappearing during
the lockdown, (3) onset during the lockdown, and (4)
onset before the lockdown, but the pain is still persis-
tent. When calculating the prevalence of MSP before
and during the lockdown, options 2 and 4 sum up as
pain before the lockdown and options 3 and 4 as pain
during the lockdown.

Self-reported PA was measured using the Baecke
Physical Activity Questionnaire (BPAQ). BPAQ has
a total of 16 questions and consists of three parts:
work-related PA, sport-related PA, and leisure-time
PA. The work-related PA section includes questions
about the physical demands of work, the sport-related
section includes questions about the frequency and
intensity of participating in sports, and the leisure-
time section about everyday PA outside of work and
sports. The answers are used to calculate an index

for each section, which sum up as Baecke Physical
Activity Index (BPAI). In this study, the questions of
BPAQ were duplicated, as first asking retrospectively
about 3 months pre-coronavirus period and second
during the lockdown. BPAQ has been confirmed as
a reliable and valid tool to measure self-reported PA
among adults [32].

The work-environment form consisted of ques-
tions about work-experience, working with a desktop
computer or laptop, frequency of work-at-home days
before the lockdown, type of workspace before
the lockdown, duration of continuous work with-
out taking a break, and self-reported comfort and
ergonomics rating for the workplace. Comfort and
ergonomics ratings were collected using a 5-point
Likert scale with answering options as (1) strongly
disagree, (2) disagree, (3) neither agree or disagree,
(4) agree, (5) strongly agree. Comfort rating was
asked as “Do you agree, that your work environment
and work equipment are comfortable?”. Ergonomics
rating was inquired as “Do you agree, that your
work environment and equipment is ergonomic and
adjusted to your personal characteristics to prevent
work-related pain?”.

2.3. Statistical analysis

The data of work environment ratings and self-
reported PA indexes are presented as mean ± SD,
with a 95% confidence interval (CI). A paired t-test
was used to compare the data of self-reported PA,
workplace comfort and ergonomics ratings, and the
number of body areas suffering from MSP before and
during the lockdown. The effect size was determined
using Cohen’s d, and the magnitude of the effect is
classified as small (from 0.2), medium (from 0.5),
and large (from 0.8). A Chi-square test was used to
compare the prevalence of MSP in different body
areas before and during the lockdown. Pearson cor-
relation analysis was used to find relations between
self-reported PA, workplace comfort and ergonomics
scores, and MSP. The interpretation of significance
in the correlation analysis was calculated as p < 0.05
on r > 0.155, p < 0.01 on r > 0.203, and p < 0.001 on
r > 0.257. The minimal statistical significance level
was set to p < 0.05.

3. Results

The prevalence of MSP in different body areas
and in total are presented in Fig. 1 There were no
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Fig. 1. The prevalence of musculoskeletal pain in office workers (n = 161) before and during COVID-19 lockdown in different body regions.
Legend: LB – low back, UB – upper back, LSH – left shoulder, RSH – right shoulder, LEF – left elbow & forearm, REF – right elbow &
forearm, LWH – left wrist & hand, RWH – right wrist & hand, LHT – left hip & thigh, RHT – right hip & thigh, LKC – left knee & calf,
RKC – right knee & calf, LFA – left foot & ankle, RFA – right foot & ankle, MSP – musculoskeletal pain.

Table 1
Self-reported physical activity of office workers (n = 161) before and during COVID-19 lockdown. (mean ± SD)

Self-reported Before During Change p Cohen’s d
physical activity COVID-19 lockdown (95% CI)

BPAI work 2.27 ± 0.32 2.45 ± 0.40 +0.18 ± 0.54 (0.10 to 0.26) < 0.001 0.50††
BPAI sport 2.94 ± 1.31 2.42 ± 1.18 –0.52 ± 0.98 (–0.67 to –0.37) < 0.001 0.42†
BPAI leisure 2.74 ± 0.62 2.67 ± 0.63 –0.07 ± 0.59 (–0.16 to 0.02) 0.15 0.11
BPAI total 7.95 ± 1.60 7.54 ± 1.55 –0.41 ± 1.37 (–0.62 to –0.19) < 0.001 0.26†

BPAI – Baecke Physical Activity Index; †small effect; ††medium effect.

statistically significant differences in the prevalence
of MSP before and during the COVID-19 lockdown
in different body areas and in total.

Figure 2 presents the means of body areas with
MSP and their chronological features. The mean
number of body areas suffering from MSP before and
during lockdown was not statistically significant.

During the lockdown, the total self-reported PA
was statistically significantly lower (p < 0.001) than
before the lockdown. (Table 1) The main contribu-
tor to lower total self-reported PA was statistically
significantly lower (p < 0.001) BPAI sports score,
however, BPAI work score had statistically signif-
icantly increased (p < 0.001) during the lockdown.
(Table 1) There was no statistically significant change
in the BPAI leisure score. (Table 1)

During the lockdown, we noticed an increase
( + 25.47%) in laptop usage for work. Table 2 presents

Fig. 2. The mean number of body areas with musculoskeletal pain
with different chronological features in office workers. (n = 161).
Legend: MSP- musculoskeletal pain.

the work environment features before and during
COVID-19 lockdown. There was a statistically sig-
nificant decrease in workplace comfort (p < 0.05) and
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Table 2
Features of work environment among office workers before and during COVID-19 lockdown (n = 161)

Feature Before During Change p Cohen’s d
COVID-19 lockdown (95% CI)

WCR (mean ± SD) 3.72 ± 1 3.44 ± 1.05 –0.28 (–0.51 to –0.05) p < 0.05 0.27†
WER (mean ± SD) 4.05 ± 0.86 3.05 ± 1.12 –1.00 (–1.21 to –0.79) p < 0.001 1.00†††
HCW (mean ± SD) 2.04 ± 1.05 2.22 ± 1.30 0.18 (–0.01 to 0.36) p = 0.06 0.15

WCR – workplace comfort rating; WER – workplace ergonomics rating; HCW – hours of continuous work; †small
effect; †††large effect.

workplace ergonomics rating (p < 0.001). The hours
of continuous work did not increase statistically sig-
nificantly (p = 0.06).

There was a significant negative correlation
(p < 0.01) between the change in self-reported
sports PA and the change in the numbers of body
regions with MSP during the lockdown (Fig. 3a).
A significant negative correlation (p < 0.001) was
present between the change in workplace comfort
score and the number of body regions with MSP
onset during the lockdown (Fig. 3b). We also found
a negative significant correlation (p < 0.01) between
the change in workplace ergonomics score and the
number of body regions with MSP onset during the
lockdown (Fig. 3c).

4. Discussion

This study indicated no significant differences in
the prevalence of overall MSP and MSP in specific
body regions before and during the lockdown. In light
of recent findings of the lockdown’s negative impact
on mental well-being, such as worsening of anxiety,
depression, and stress [33], our result was surpris-
ing. Since MSP is a biopsychosocial phenomenon
[34, 35] and previous evidence, that the home-office
population might experience an increase in mental
health issues and pain affecting the spine [13], we
expected an increase in the prevalence of MSP dur-
ing the lockdown. Both not measuring the intensity of
pain and investigating mental health issues we con-
sider a limitation of our study and we are not certain
how the lockdown affected pain intensity among our
subjects. However, we consider the 66 days of expo-
sure to the lockdown as not enough to cause changes
in the prevalence of MSP.

Since PA has an important effect on the preven-
tion and treatment of MSP [19, 20, 36, 37], sudden
changes can have an impact on MSP. In this study,
we hypothesized, that due to the closing of sports
facilities, people compensate for their indoor work-

Fig. 3. Correlations between the change in self-reported sport-
related physical activity and the change in the number of body
regions with musculoskeletal pain, between the change in work-
place comfort and ergonomics scores and musculoskeletal pain
onset during the lockdown. (n = 161). Legend: MSP – muscu-
loskeletal pain. BPAQ – Baecke Physical Activity Questionnaire.

outs by engaging in more leisure-time PA. We also
hypothesized an increase in work-related PA due to
a more flexible schedule and a smaller boundary
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between work, family, and home-related tasks. The
results indicate that our hypothesis became partly
true, however, the effect size was small. Our result of
an overall decrease in self-reported PA among office
workers is similar to other populations studied during
the COVID-19 lockdown period [24, 31]. However
previous studies haven’t investigated the subclasses
of PA. When looking at the overall participation in
sports, it remained similar (78% before and 81% dur-
ing the lockdown). However, our secondary analysis
of independent questions from the BPAQ sports sec-
tion showed several reasons behind the lower BPAI
sports score. First appeared to be lower participation
in more than one sport activity. 96% of participants
who engaged in exercising regularly used to have
more than one sport activity before the lockdown.
During the lockdown having more than one sport
activity decreased to 62% of participants. The second
reason appeared to be significantly (p < 0.001) lower
sport intensity and frequency, which means a lot of
participants switched their activity for another, with
fewer training sessions per week and less intensity in
nature.

The reason behind significantly higher work-
related PA appeared to be a significantly lower seden-
tary time and more time spent standing during work,
while other physical activities during work, such as
walking or lifting heavy objects appeared to be lower
when working from home during the lockdown. Less
sedentary time and less walking might be controver-
sial, but when answering the questionnaire, the par-
ticipants might not have reasoned taking a few steps
while participating in home and family-related tasks
as walking. On the other hand, walking to a colleague
in the office or going for lunch might be described as
walking since it has a longer duration when compared
with taking a few steps at home. Since we found no
significant difference in the duration of continuous
work, and there was less sedentary and more stand-
ing time, the participants could have worked more
in other positions than sitting. Also, our participants
might not have counted interruptions at home as tak-
ing a break, since no difference in continuous work
duration. We did not include questions about family
in this study, such as the number and age of chil-
dren. Since the mean age of our sample was 38.2
years, we can assume many of them have school-aged
children who also had to study from home. There-
fore, parents might have overlapped responsibilities
of working from home and minding their children at
the same time [7]. Mixing work with such responsi-
bilities might lead to less continuous computer use

and slightly more PA during the working hours, but
at the same time to more psychosocial strain.

The correlation analysis suggested that a greater
decrease in sport-related PA score is related to an
increase in the number of body regions suffering
from MSP. Therefore, such sudden negative changes
in sport-related PA might increase the sensibility to
MSP. Since we did not include the measurement
of pain intensity in our study, we are not certain
how this kind of sudden decrease in habitual PA
can influence already existing MSP. There are phys-
ical and psychosocial factors that could contribute
to this finding. One of the reasons exercising or exer-
cise therapy is considered an effective prevention and
treatment method of MSP is due to its hypoalgesic
properties [38, 39]. The decrease in the intensity and
frequency of exercise could contribute to increased
sensitization to noxious stimuli, as less exercise might
cause less exercise-induced hypoalgesia, therefore
more sensitivity. Since engaging in sports activities
is often also a social occasion, the loss of exercising
with friends could contribute to psychosocial issues
related to social isolation such as loneliness, stress, or
depression, which are associated with MSP [40, 41].
There have been similar findings in people suffer-
ing from chronic pain during the lockdown period,
as decreases in PA lead to increased perception of
pain [31]. Considering our findings and previous evi-
dence, exercise can be an important method in MSP
prevention.

Because to the switch to working from home every
day had been sudden, the decreases in workplace
comfort and ergonomics scores were expected. This
finding suggests that for most participants, comfort
and ergonomics are interchangeable terms. One of
the reasons for this decrease could be the switch from
working with a desktop computer to a less comfort-
able laptop computer. In this study, the number of
laptop users increased by 25.5% during the lockdown.
Using a laptop instead of a desktop computer can
lead to working in more awkward positions and in
places not designed for everyday working. There has
also been found a link between laptop usage and the
worsening of neck pain during the lockdown [13].
We found significant negative correlations, as partic-
ipants with a greater decrease in workplace comfort
and ergonomics score had more MSP with an onset
during the lockdown. This correlation indicates that
improving the comfort and ergonomics of the work-
place might help to prevent MSP. Therefore, the
employees who continue to work from home need
better working conditions and more support, since
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Montreuil and Lippel’s trial concluded that adequate
equipment and ergonomic support might contribute to
even higher-rated working conditions at home when
compared with office workspace [5]. Considering
the results, more attention to workplace comfort and
ergonomics is needed at home to prevent MSP.

The main limitations of this study were the
questionnaire-based design, retrospective questions,
and the absence of data about psychosocial factors
and pain intensity. Although BPAQ is considered a
valid and reliable questionnaire for measuring self-
reported PA [32], it has several limitations. The main
limitation is the questionnaire not considering the
energy-expenditure or nature of activities in the sep-
arate sections. This makes work score, sports score,
and leisure score not comparable with each other,
and therefore the validity of the total score ques-
tionable, which is the reason we decided to analyze
the scores separately. Since we asked the questions
twice, first retrospectively about 3 months before the
lockdown and secondly at the moment of answer-
ing, during the lockdown, the participants might have
had a bias towards more negative answers about
the lockdown period. Because the questions about
the period before the lockdown were retrospective
with several months in between, recall bias should
also be considered. Since data about the health fac-
tors and ergonomics of the home-office population
is still scarce, further research should investigate
the home-office population with more detailed mea-
surements, such as pedometry and position sensors.
Future research could also incorporate interviews
about the work environment at home, occupational
health, and health beliefs for a better understanding
of the risks and benefits of teleworking. For fur-
ther conclusions, replication studies in non-lockdown
settings are needed to better distinguish between
lockdown-related and non-lockdown-related factors
contributing to the musculoskeletal health of the
home-office population.

5. Conclusion

In summary, the lockdown period of 66 days in
Estonia, which caused office workers to work from
home, did not change the prevalence or the mean
amount of body regions with MSP among office
workers in this study. There was a decrease in overall
BPAI and sport-related PA scores and an increase in
work-related PA scores during the lockdown when
compared with a period of up to 3 months before.

The main reason for lower PA and sport-related
PA was a change to less intense and less frequent
exercise, while the overall participation in sports
remained similar. The increase in work-related PA
score occurred mostly from less sedentary time and
more time spent standing. The sudden change to
working from home caused a decrease in workplace
comfort and ergonomics scores. Our analysis sug-
gests, that on an individual level, a larger decrease in
sport-related PA can be associated with MSP in more
body regions. Also, lower comfort and ergonomics
scores were associated with a higher chance of devel-
oping MSP during the lockdown period. In addition to
physical and workplace factors, future studies about
teleworkers’ health should also investigate the MSP-
related psychosocial factors. Maintaining the habitual
PA level and preparing the home environment for
more comfortable and ergonomic working can play
an important role in a healthier transition to working
from home.
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