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Abstract

Purpose The aim of this study was to investigate the effect of working from home on neck pain (NP) among office workers
during the COVID-19 pandemic.

Methods Participants from two Swiss organisations, aged 18—65 years and working from home during the lockdown (n=69)
were included. Baseline data collected in January 2020 before the lockdown (office work) were compared with follow-up data
in April 2020 during lockdown (working from home). The primary outcome of NP was assessed with a measure of intensity
and disability. Secondary outcomes were quality of workstation ergonomics, number of work breaks, and time spent working
at the computer. Two linear mixed effects models were fitted to the data to estimate the change in NP.

Results No clinically relevant change in the average NP intensity and neck disability was found between measurement time
points. Each working hour at the computer increased NP intensity by 0.36 points (95% CI: 0.09 to 0.62) indicating strong
evidence. No such effect was found for neck disability. Each work break taken reduced neck disability by 2.30 points (95%
CI: —4.18 to —0.42, evidence). No such effect was found for NP intensity. There is very strong evidence that workstation
ergonomics was poorer at home.

Conclusion The number of work breaks and hours spent at the computer seem to have a greater effect on NP than the place
of work (office, at home), measurement time point (before COVID-19, during lockdown) or the workstation ergonomics.
Further research should investigate the effect of social and psychological factors.

Trial registration ClinicalTrials.gov, NCT04169646. Registered 15 November 2019—Retrospectively registered, https://
clinicaltrials.gov/ct2/show/NCT04169646.

Keywords Neck pain - Neck disability - COVID-19 - Pandemic - Working from home

Abbreviations Background

COVID-19 Coronavirus disease 2019

NDI Neck disability index The COVID-19 pandemic has suddenly forced around 50%
NP Neck pain of employees in Switzerland into a working from home set-
NRS Numeric rating scale ting during March and April 2020 [1]. In 2019, by compari-
RCT Randomized-controlled trial son, only 24.6% of employees worked from home at least

once a month and only a fraction (3%) worked predomi-
nantly from home [2]. Initial studies claimed that working
from home during the COVID-19 pandemic was often per-
formed at poorly designed workstations (49% out of 1100
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respondents [3, 4]). Moreover, evidence indicates that regu-
lar break schedules were reduced such that office workers
were taking fewer breaks during their work than before the
lockdown (34% agreement [3]). In terms of workload, office
workers experienced either under- or overwork, depending
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on their tasks and responsibilities [5, 6]. There are emerging
reports that approximately one out of three office workers are
more regularly performing overtime at home than previously
in their offices before the lockdown [3, 4, 6].

COVID-19-related working from home appears to have
changed the work experiences of office workers consider-
ably. Positive changes (e.g., better work life balance, lower
commuting demands) accompany the negative ones (e.g.,
loss of social contact with colleagues and supervisors, inter-
ruptions [1, 3, 6, 7]). Among the negative consequences
related to working from home in times of the COVID-19
pandemic, an increase in non-specific neck pain (NP) has
been reported [8, 9]. These findings need to be confirmed
with higher levels of evidence, which is driver for this paper.

NP is a global burden of disease [10, 11]. In the work-
force, especially among office workers, NP is epidemic [12].
Risk for NP and resources to reduce risk among office work-
ers are multifactorial, including ergonomic, physical, psy-
chological and psychosocial [13]. Among work-related risk
factors, poor ergonomics (i.e., keyboard position close to the
body, poor computer workstation design and work posture,
sedentary work behaviours), high job stress, and low satis-
faction with the workplace environment have been identified
as risk factors in recent reviews and a longitudinal study
[13—-15]. Recently, some evidence for long working hours
and prolonged sitting as risk factors for occupational NP has
been reported [14, 16]. While long breaks during work do
not seem to lower the risk of NP, evidence for frequent short
breaks is weak to moderate [17, 18].

The aim of this study was to investigate the effect of the
forced working from home situation during the COVID-19
pandemic on NP. We hypothesized that COVID-19-related
working from home would increase NP as measured by NP
intensity and neck disability. Secondly, we hypothesized that
poor workstation ergonomics, the number of breaks at work,
and long working hours at a computer would be associated
with higher NP intensity and neck disability.

Methods
Design and participants

This is a longitudinal study based on data from an ongoing
stepped-wedge cluster randomized controlled trial (RCT)
[19]. The study was approved by the Ethical Commis-
sion of the Canton of Zurich, Switzerland (Swissethics
No. 2019-01678). Participants were recruited from two
Swiss organisations in the Cantons of Zurich and Aargau
between October and December 2019. Inclusion criteria
were Swiss office workers aged 18-65 years, working
more than 25 h per week (0.6 full-time equivalent) in pre-
dominantly sedentary office work, able to communicate in
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German (written, spoken), and provided written informed
consent. Exclusion criteria were severe health conditions
such as previous trauma or injuries of the neck, inflam-
matory disease, any history of cervical spine surgery or if
exercise was contraindicated [19]. For this analysis, only
those participants in the control cohort (control cluster,
similar to a waiting list) between January and April 2020
(n=280) who answered the COVID-19-related questions in
full (n="72 out of 80) and were working from home at the
time of follow-up (n =69 out of 72) were included (Fig. 1).
Outcomes and measures

The association of working from home with NP was ana-
lysed. The primary outcome of NP was assessed with a
measure of intensity (severity) and the level of disability.
The mean intensity of NP over the last four weeks was
rated on a numeric rating scale (NRS) scored from 0 (no
pain) to 10 (maximum pain), and the neck disability,
measured with the neck disability index (NDI) scored
from O (no disability) to 100 (high disability). Both the
NRS and NDI are validated assessment instruments
for use in NP populations [20, 21]. Clinically relevant
results were accepted with a minimal difference of 2.5
points on the NRS or 7 points in the NDI score [22,
23]. Secondary outcomes were number of breaks during
work, time spent working at the computer (hours per day
without lunch break), and self-rated quality of worksta-
tion ergonomics (overall rating, e.g. height of chair and
table). Workstation ergonomics was rated by the study
participants using a NRS scored from 1 (very good ergo-
nomics) to 5 (very poor ergonomics). Furthermore, the
participant characteristics, e.g. educational status, were
collected.

Procedure

Baseline data refers to work in the office, whereas follow-
up data refers to working from home. Baseline data were
collected with a 30-min online questionnaire administered
in January 2020 ten weeks before the COVID-19 pandemic
restrictions became effective in Switzerland, follow-up data
in April 2020 during the fourth and fifth week of lockdown.
On completion of the 30-min follow-up questionnaire of the
main study in April 2020 (e.g., NDI, NP intensity, partici-
pant characteristics; see Aegerter et al. [19]), participants
were invited to voluntarily answer another 20 COVID-19
related questions (5 to 10 min, e.g. working from home,
workstation ergonomics at home and at the office). Informa-
tion on workstation ergonomics in the office (i.e. at baseline
before the pandemic) was collected retrospectively at follow-
up. UNIPARK® (Berlin, Germany) was the platform used
to host the online questionnaire.
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Persons contacted N = 1333

l [ Enrollment ]

Assessed for eligibility N = 133
Accepted participation N = 127

Excluded N=7
Not meeting inclusion and exclusion criteria:
Prolonged absence from work N = 4
Pregnancy N = 1
y no predominantly sedentary office work N = 1
NP grade 4 N = 1

Included in the main study, randomization
N=120

10/19 —12/19

Allocation

—

—

\4

\4

control group (January to April 2020)
N =80

intervention group (January to April 2020)

N=40

'

baseline measurement N = 80

'

Follow-up measurement N = 69
Did not answer the questionnaire N = 8
Not working from home N=3

Fig.1 Flow-chart

Statistical analysis

Participant characteristics at baseline and follow-up were
analysed using descriptive statistics with mean values
(including standard deviation), median, minimum, and
maximum value, or in case of factor variables, relative and
absolute frequencies. Wilcoxon Mann—Whitney rank sum
tests were performed to investigate differences in partici-
pant characteristics between baseline and follow-up, as the
assumption of normal distribution was not met.

Linear mixed effects models for repeated measures con-
sider that measurements within a subject (participant) or
time (baseline vs. follow-up) may be correlated. The strength
of the evidence (confidence interval, p-value) might indicate
that COVID-19-related working from home would increase
or decrease NP as measured by NP intensity and neck dis-
ability. Two linear mixed effects models were fitted to the
data to estimate the change in NP. The intensity of NP was
the criterion variable in the first model, whereas NDI score

was the criterion variable in the second model [Egs. (1) and
(2)]. The fixed effects were the same for both models: work-
station ergonomics, working hours at the computer, number
of breaks during work, and time. Time was included in the
model to estimate whether the different measurement time
points (baseline, follow-up) may have an effect on the crite-
rion variables. An assumed normally distributed between-
subject variation with zero mean and a variance for the sub-
ject’s Gle, with ID as subject identification, was included
as a random effect. Furthermore, the model contained an
assumed normally distributed within-subject variation with
zero mean and a variance 62 as an error term. Normality
assumptions of between-subject and within-subject varia-
tion were verified graphically with quantile—quantile plots
of random intercepts and residuals.

A sensitivity analysis extending the Egs. (1) and (2) with
the variables age and gender was performed for each linear
mixed effect model. No interaction effects were integrated
into the model. All analyses were performed in R using base
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and following analysis-specific packages: Ime4 and mult-
comp [24]. Significance level alpha was set at 0.05. The
p-values are expressed as the strength of evidence with little
or no evidence (p>0.1), weak evidence (0.05<p <0.1), evi-
dence (0.01 <p <£0.05), strong evidence (0.001 <p <0.01)
and very strong evidence (p <0.001) [25]. The data analyst
was blinded to the identity of the participants.

The STROBE Statement checklist was used to guide the
reporting of the study [26].

NPintensity; = f, + f; X workstationergonomics;;

+ p, X computerworkhours;; + f3 X workbreaks;;

i+, with i

+ f4 X measurementtimepoint; + ID; + £,

= 1,..., 69 subjects and j = 1 (baseline), 2 (follow - up)

ey

Table 1 Participant characteristics at baseline (work in the office) and
follow-up (work at home)

Baseline (N=69)  Follow-up (N=69)

Neck disability index [NDI]
Mean (SD) 11.71 (10.14) 11.10 (10.80)
Median (Min, Max) 12.00 [0.00, 52.00] 12.00 (0.00, 52.00)
Neck Pain (NP) intensity [NRS]

Mean (SD) 2.26 (1.86)
Median (Min, Max) 2.00 [0.00, 8.00]
Work breaks [number per day]

Mean (SD) 2.38 (0.91)
Median (Min, Max) 2.00 [1.00, 6.00]
Workstation ergonomics [NRS]

Mean (SD) 1.93 (0.77)
Median (Min, Max) 2.00 [1.00, 5.00]
Computer work [hours per day]

Mean (SD) 7.46 (1.29)
Median (Min, Max) 7.00 [5.00, 9.00]

2.14 (2.19)
2.00 [0.00, 7.00]

2.54 (0.96)
3.00 [0.00, 5.00]

3.35(0.98)
3.00 [2.00, 5.00]

7.58 (1.19)
7.00 [5.00, 9.00]

Neck disability index scored from O (no disability) to 100 (high dis-
ability); Neck Pain (NP) intensity scored with the numeric rating
scale ranging from O (no pain) to 10 (maximum pain) and workstation
ergonomics scored on a numeric rating scale ranging from 1 (very
good ergonomics) to 5 (very poor ergonomics)

NDI; = fy + f; X workstationergonomics;; + f, X computerworkhours;;

+ B3 X workbreaks;; + f; X measurementtimepoint;;
with i

+ ID; + ¢,

= 1,..., 69 subjects and j = 1 (baseline), 2 (follow - up)

(@)

Results

Data from 69 participants were analysed with 11 excluded
from the analysis due to absent responses on the COVID-
19-related questions (n=8) or not working from home (n=3,
Fig. 1). The descriptive statistics of the outcomes at baseline
and follow-up are shown in Table 1. About three-quarters
of participants were female (71.01%, n=49). Seventy-eight
percent of participants had tertiary level education (n=>54),
20.29% (n=14) completed upper secondary education and
1.45% (n=1) primary compulsory education. The mean
age was 42.20 years at baseline (SD=9.00 years). At base-
line, the average BMI was 23.53 kg/m? (SD =3.47 kg/m?),
whereas it was 23.71 kg/m? at follow-up (SD =3.42 kg/m?).
The average of time between completion of the question-
naires was 101.30 days (SD=7.91 days). There was no sta-
tistical evidence for a difference in the outcomes between
baseline and follow-up (Table 1), except for workstation
ergonomics (p-value <0.0001, very strong evidence).

The results of the linear mixed effects models are pre-
sented in Tables 2 and 3. NP intensity was 0.68 points lower
at follow-up compared to baseline (95% CI ranging from
-1.35 to 0.00, evidence), indicating a slightly lower NP
intensity during the lockdown. There was strong evidence
that each working hour spent at the computer increased NP
intensity by 0.36 points (95% CI ranging from 0.09 to 0.62),
when all other covariates remained constant. In addition, for
every point higher (i.e. worse) in the quality of workstation
ergonomics, the intensity of NP increased by 0.35 points
(95% CI ranging from 0.02 to 0.75, evidence). There is no
evidence of an association of number of work breaks with
NP intensity.

Data presented in Table 3 shows that for each work break,
the NDI score reduced by 2.30 points (95% CI ranging

Table 2 NP intensity

Coefficient 95% Confidence interval p Value
Intercept -0.71 From —2.93 to 1.50 0.53
Workstation ergonomics 0.39 From 0.02 to 0.75 0.04
Hours of computer work 0.36 From 0.09 to 0.62 0.01
Number of work breaks -0.18 From —0.53 to 0.18 0.33
Measurement time point (follow-up) —0.68 From —1.35 to 0.00 0.05

Estimated coefficients of workstation ergonomics, hours of computer work, number of work breaks, and

measurement time point
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Table3 NDI Coefficient 95% Confidence interval p Value
Intercept 16.52 From 4.96 to 28.35 0.01
‘Workstation ergonomics -0.15 From —2.09 to 1.79 0.88
Hours of computer work 0.13 From —1.26 to 1.51 0.86
Number of work breaks -2.30 From —4.18 to —0.42 0.02
easurement time point (follow-u —-0. rom —3.68 to 3. .
M ime point (foll p) 0.05 F 3.68 t0 3.59 0.98

Estimated coefficients of workstation ergonomics, hours of computer work, number of work breaks and

measurement time point

from —4.18 to —0.42, evidence), when all other covariates
remained constant. There was no evidence of an associa-
tion of workstation ergonomics, hours of computer work or
measurement time point with neck disability.

All model assumptions were met. The log-likelihood test
was not significant. A sensitivity analysis showed no evi-
dence for an effect of gender or age on the results. There was
no difference in the baseline data of the participants (n =69)
compared to those excluded (n=11).

Discussion
Summary of findings

Our data yielded no evidence that neck disability, number of
work breaks, or number of hours of computer work changed
between pre COVID-19 pandemic (working at the office)
and follow-up during the lockdown (working from home).
However, we found evidence of a 0.68-point reduction in NP
intensity during the lockdown. The number of hours work-
ing on a computer and the quality of workplace ergonomics
may have an increasing effect on NP intensity, whereas the
number of daily work breaks may decrease neck disability.
There is strong evidence that workstation ergonomics was
poorer when working from home compared to work in the
office, but no association of time point of measurement with
neck disability was found.

Interpretation and comparison with literature

Overall, our findings are consistent with results previously
presented in the literature [15—17]. In contrast to a recent
report [9], our first hypothesis, that COVID-19-related work-
ing from home would increase NP intensity and neck dis-
ability, was not confirmed. Instead, NP intensity seemed to
have decreased during the lockdown by slightly less than
one point on the NRS. This could be due to the low level
of NP intensity and neck disability at baseline. In our sam-
ple the prevalence of NP was very high (79%) due to the
inclusion criteria, albeit low in severity (mean NRS 3.06 at
baseline, NRS 2.81 at follow-up). It is more difficult to find

a difference in people who are already mildly affected, as the
measurement tool chosen (NRS) is not sufficiently sensitive
to change [27]. Moreover, pain is multidimensional experi-
ence and is episodic, which means that not only disability
and intensity (severity) but also frequency, duration, quality,
localisation, and extent must be considered in NP analy-
sis. Another possible reason for the findings could be the
short follow-up time frame. Although there is evidence that
a difference in NP can be observed after only a few weeks
[28], the period of working from home might not have been
enough long to cause a clear and clinically relevant change
in NP. Therefore, it would be interesting to investigate poten-
tial long-term changes such as 12 months.

The second hypothesis, that poor workstation ergonom-
ics, the number of breaks at work, and long working hours
at a computer would be associated with higher NP intensity
and neck disability was partially confirmed. Although Coté
et al. [15] found no association of poor workstation ergo-
nomics with NP intensity and neck disability, other studies
have reported a negative association between the number of
work breaks with NP intensity and neck disability [17], and
a positive association for hours of computer work with NP
intensity [16] which was confirmed in our analysis. Discrep-
ancies in findings could be due to the method of assessing
these outcomes (e.g., self-reported), the time frame and a
small sample size.

Other findings of interest might be, that the number of
breaks at work and the number of working hours did not
increase significantly during the lockdown. This could be
due to organisations as well as occupational health and
safety regulators proactively managing the risk for injury by
providing ideas and tips on how to stay well while working
from home via various channels [29]. It is possible that the
statistically significant worsening of workstation ergonom-
ics during working from home may have been effectively
counterbalanced by a decrease in risk factors or an increase
of resources such as social support at work which was not
measured in our study [30].

According to the biopsychosocial model of health, other
factors such as biological (e.g., neck muscle endurance,
physical activity level), psychological (e.g., job stress), or
social (e.g., relationships) could have a greater effect on NP

@ Springer
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than the predictors analysed in this paper [31]. One possible
assumption would be that most people may have experienced
a decrease in work satisfaction and general well-being as
well as a loss of communication and social exchange with
colleagues and supervisors during the lockdown [7]. Com-
pared to the work in an office, working from home requires
greater self-regulation, work organisation (e.g., time struc-
ture), technical skills (e.g., new online tools), and a better
distinction between work and private life (e.g., psychological
detachment from work, work-family issues) [7, 29, 32]. As
an example, it may happen that the employees notice too late
that they are tired and need a work break. In addition, the
duration and activity during the break might have changed
while working at home, and the working time in general
might have changed to be more flexible.

Another issue to consider is mental health and psycho-
logical distress, as there is evidence that people have become
lonelier and more depressed while working from home [33,
34]. Compared to other samples, our study population is
highly educated and was not challenged by an increase in
job insecurity before, during, or after lockdown [29]. An
important factor might be that the workers did not have to
commute and so they had more leisure time (e.g., change in
sleep duration or physical activity level, [35]). Hence, the
current study may have underestimated the effects on NP
during lockdown.

Limitations

All office workers were employed by the local government.
There were no reduced working hours during the lockdown
and the level of employment (full time vs. part time) did not
change. Therefore, the results cannot be generalised to office
workers in the private sector, where the COVID-19 pan-
demic may have led to substantial changes in work organisa-
tion and increased unemployment and job insecurity.

In this analysis, social desirability bias cannot be
excluded, as all data were collected using an online ques-
tionnaire (subjectivity). The measurement time point after
five weeks in lockdown may have been insufficient to change
NP (dose-response). The quality of workstation ergonom-
ics at the office was assessed retrospectively at the time of
follow-up, which may have led to recall bias. Moreover, no
objective criteria for assessing workstation ergonomics were
provided (e.g. correct height of the table), which may have
led to biased results.

Non-responder bias was potentially small with a partici-
pation rate of 86% (n =69 out of 80). There are three pos-
sible explanations for this rate. Firstly, only participants who
completed the additional questions after the 30-min main
questionnaire were included for analysis. This method was
chosen to minimise the impact on the response rate of the
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ongoing RCT. Secondly, it is likely that intervention stud-
ies show higher drop-out rates during COVID-19, driven,
among other things, by the sociodemographic and health
status of the participants. Thirdly, as the ongoing RCT is a
stepped-wedge design, all participants will receive the inter-
vention. Thus, allocation to the control group is unlikely to
have affected responses to the questionnaires or the response
rate (responder-bias). In addition, the baseline levels of NP
did not differ between participants and those excluded. Nev-
ertheless, the sample size in this analysis is rather small.
Sample size, corresponding statistical power, and the greater
than expected dropout rate in our sample may have led to
decreased power in detecting a true effect in our sample.

Clinically relevance

Overall, the coefficients of the linear mixed effects models
are very small. To achieve a clinically relevant change in NP
intensity of at least 2.5 points, the change on the respective
scale (covariate) must differ by several units; e.g. a reduction
of computer work of seven hours. The effect of worksta-
tion ergonomics on NP intensity is not considered clinically
relevant. A greater change would be necessary than is pos-
sible on the corresponding scale (seven points on a five-point
scale). The reduction of 0.68 points on the NRS at follow-
up is also not considered clinically relevant as it does not
exceed the minimum detectable change of 1.5 points [36].
In contrast, three additional work breaks are required for a
clinically relevant change in neck disability (7 points).

Implications

In general, the number of work breaks and time spent at the
computer seem to have a greater effect on NP than the place
of work (at home vs. at the office), measurement time point
(before the COVID-19 pandemic vs. during the lockdown),
or the workstation ergonomics. It therefore seems impor-
tant to inform and raise awareness on these two aspects,
rather than about the acquisition of ergonomic equipment
to improve NP.

Further research

Further dimensions of pain, such as frequency, duration,
location, quality, or extent would need to be investigated to
enable more comprehensive statements about NP. The effect
of psychosocial factors, such as mental health, or aspects
such as commuting should be assessed in future studies. In
other study populations, job insecurity could also play a sig-
nificant role. Studies with a larger sample size or a longer
follow-up phase are highly recommended, both of which will
be difficult, as the collection of data prior to the COVID-19
pandemic will often result in high recall bias. With regard
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to work breaks, the duration of these breaks as well as their
type (e.g. active vs. passive work breaks) should be inves-
tigated. Further studies should also consider variables of
family structure especially in view of the closures of schools
and day care centres introduced during the pandemic [29].

Conclusion

COVID-19 pandemic forced many office workers to work
from home. In this study, we investigated the effect of work-
ing from home on NP intensity and neck disability among
office workers and found no evidence for a clinically rel-
evant change in NP after five weeks of working from home.
The place of work (at the office or at home), measurement
time point (before COVID-19 vs. during the lockdown) and
workstation ergonomics had no clinically relevant effect on
NP, neither the intensity nor the level of disability. However,
we found evidence that three additional breaks during work
might reduce the degree of neck disability. NP intensity was
found to be increased by the numbers of hours working on
a computer, although a clinically relevant change requires
large changes in work hours (at least seven). With regards
to further research, the effect of psychological and social
factors should be investigated in more detail, as COVID-19
has changed everyday life, not only at the workplace.
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