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Abstract
Objectives In March 2020, the COVID-19 pandemic necessitated a rapid public health response which included mandatory 
working from home (WFH) for many employees. This study aimed to identify different trajectories of multisite musculo-
skeletal pain (MSP) amongst employees WFH during the COVID-19 pandemic and examined the influence of work and 
non-work factors.
Methods Data from 488 participants (113 males, 372 females and 3 other) involved in the Employees Working from Home 
(EWFH) study, collected in October 2020, April and November 2021 were analysed. Age was categorised as 18–35 years 
(n = 121), 36–55 years (n = 289) and 56 years and over (n = 78). Growth Mixture Modelling (GMM) was used to identify latent 
classes with different growth trajectories of MSP. Age, gender, working hours, domestic living arrangements, workstation 
comfort and location, and psychosocial working conditions were considered predictors of MSP. Multivariate multinomial 
logistic regression was used to identify work and non-work variables associated with group membership.
Results Four trajectories of MSP emerged: high stable (36.5%), mid-decrease (29.7%), low stable (22.3%) and rapid increase 
(11.5%). Decreased workstation comfort (OR 1.98, CI 1.02, 3.85), quantitative demands (OR 1.68, CI 1.09, 2.58), and 
influence over work (OR 0.78, CI 0.54, 0.98) was associated with being in the high stable trajectory group compared to low 
stable. Workstation location (OR 3.86, CI 1.19, 12.52) and quantitative work demands (OR 1.44, CI 1.01, 2.47) was associ-
ated with the rapid increase group.
Conclusions Findings from this study offer insights into considerations for reducing MSP in employees WFH. Key con-
siderations include the need for a dedicated workstation, attention to workstation comfort, quantitative work demands, and 
ensuring employees have influence over their work.

Keywords Musculoskeletal pain · Working at home · COVID-19 · Trajectory analysis · Quantitative demands · Influence · 
Workstation

What is already known on this topic?
The significant disruption to traditional working patterns 

due to the COVID-19 pandemic demonstrated to many 

organisations that new ways of working are possible. There-
fore, it is likely that new models of working arrangements 
will emerge as the pandemic ends and organisations reassess 
operational needs; however, evidence is required to under-
stand the requirements for creating sustainable working con-
ditions to prevent the development of musculoskeletal pain.

What this study adds?
Four distinct trajectories of multisite musculoskeletal 

pain (MSP) were identified in employees working from 
home during COVID-19 lockdowns. Work and non-work 
factors were associated with trajectory membership.

How this study might affect research, practice or policy?
Findings support the need for organisations to consider 

the location and equipment of workstations of employees 
working at home. in addition, the allocation of quantitative 
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demands and the degree of influence workers have in their 
roles require consideration.

Introduction

The disruption to working lives caused by the COVID-19 
pandemic is unprecedented. In March 2020, Australia went 
into the first of multiple lockdowns which required people 
who could work at home to do so to reduce viral transmis-
sion (Douglas et al. 2020). Melbourne, the capital of the 
southern state of Victoria, experienced strict lockdowns 
which were in place for 262 days, the longest period across 
the world. Such a dramatic shift to working conditions has 
not been previously witnessed and the impact on employ-
ees’ physical and mental health is starting to emerge as 
highly varied. Musculoskeletal pain (MSP) is a significant 
occupational health burden (Von Bonsdorff et al. 2010; 
Bevan 2015; Bayattork et al. 2019; Vos et al. 2020; Wu 
et al. 2020) and associated with reduced work ability and 
early exit from work. Therefore, understanding the impact 
of working from home (WFH) on employees’ musculo-
skeletal pain is an important consideration to inform future 
strategies designed to reduce the negative health impacts 
on workers.

A range of factors are typically associated with the 
complex aetiology of MSP including gender (Collins 
and O'Sullivan 2015), increasing age (Macpherson et al. 
2018), poor psychosocial working conditions (Haukka 
et al. 2011), and high physical demands (Silva et al. 2016). 
However, the issue of WFH introduces a range of unique 
contextual factors which include the location and design of 
the workstation, impact of domestic living arrangements, 
and role of managers and supervisors in providing remote 
leadership and support to their employees. Previous stud-
ies have largely focussed on situations where WFH was 
voluntary and often undertaken as a strategy to improve 
work life balance, through reduction of commuting, or to 
provide undistracted working conditions. Mixed impacts 
on employee health have been reported but in a different 
context to the current situation (Coggon et al. 2013; Oak-
man et al. 2020). The significant disruption to traditional 
working patterns has demonstrated to many organisa-
tions that new ways of working are possible. Therefore, 
it is likely that new models of working arrangements will 
emerge as the pandemic ends and organisations reassess 
operational needs. A focus on creating sustainable working 
conditions will be required to optimise employees physical 
and mental health.

Musculoskeletal pain in multiple body sites is a com-
mon occupational problem and has been linked with 
more severe consequences compared to single site pain 
(Nordstoga et al. 2017). Previous studies have explored 

multisite MSP in a range of occupational groups includ-
ing health care (Neupane et al. 2016), kitchen workers 
(Haukka et al. 2012), and municipal workers (Neupane 
et al. 2018). Although, MSP is a significant problem for 
white collar employees (Silva et  al. 2016), they have 
received less attention, particularly in the areas of manda-
tory WFH arrangements. Therefore, the current study aims 
to examine the developmental trajectories of multisite pain 
among Australian employees working from home during 
the COVID-19 pandemic, and to examine the influence 
of work and non-work factors on multisite MSP over an 
18-month period.

Methods

This study used data collected from the Employees Work-
ing from Home (EWFH) study conducted in Australia 
during the COVID-19 pandemic from October 2020 to 
November 2021. Sampling and recruitment and a full 
description of the study profile for the EWFH study have 
been described elsewhere (Oakman et al. 2022). Briefly, 
convenience sampling was used to recruit a sample of Aus-
tralian adults aged 18 or more years who WFH 2 or more 
days per week during the COVID-19 pandemic. Recruit-
ment occurred via Facebook’s paid service, professional 
and personal networks, the La Trobe University Facebook 
page, and LinkedIn.

Respondents were offered the opportunity to go into 
a prize draw to win a gift voucher, if they completed the 
questionnaire and provided contact details. In general, the 

Fig. 1  Flow of respondents through the study
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surveys were open for approximately 4 weeks from the time 
of opening. Response numbers to the survey at baseline and 
for the subsequent two time points are outlined in Fig. 1.

Procedure

Data were collected by questionnaire at three time points via 
Qualtrics XM software (Qualtrics, Provo, UT). All respond-
ents who consented to be recontacted after the first survey 
were invited to participate in the second and third surveys. 
Following the first survey, non-responders were provided 
with three reminders via email. Responses rates at Survey 
2 and 3 were 67% and 53%, respectively. The study flow is 
outlined in Fig. 1.

Ethics approval was obtained through La Trobe Univer-
sity Human Ethics Research Committee, approval number 
HEC20388. All study participants were provided with writ-
ten information about the study. All participants provided 
informed consent prior to participation.

Measures

Musculoskeletal pain

Musculoskeletal discomfort was recorded separately for five 
body regions (neck/shoulders, hands/fingers, arms, middle to 
lower back, and hips/bottom/legs and feet) using a measure 
with evidence of validity in a number of different industry 
sectors (Oakman et al. 2014). Question was, “in the past six 
months have you ever experienced discomfort or pain in part 
of your body, especially towards the end of your working day 
or night”. Response options for pain/discomfort frequency 
ranged from never (1) to almost always (5). For each body 
region, the score was dichotomised as no pain (0) or having 
pain (1). The sum score was then ranged from 0 (no pain 
sites) to 5 (pain in all 5 body regions).

Other variables

Questions on psychosocial factors were selected from the 
Copenhagen Psychosocial Questionnaire III (COPSOQ) 
(Burr et al. 2019). For the current study, constructs (num-
ber of items) included: Quantitative Demands (2), Qual-
ity of Leadership (2), Vertical Trust (3), Role Clarity (3), 
and Influence at Work (3). A sample item for quantitative 
demands was ‘I get behind in my work’. Each item was 
measured on a 5-point Likert-scale from 1 (Never/hardly 
ever) to 5 (Always) or 1 (To a very small extent) to 5 (To a 
very large extent), depending on the item. Mean rating scales 
for each construct were summed and divided by the number 

of items. Dimensions were treated as continuous variables 
in the current analyses, ranging from 1 to 5.

Work family conflict (WFC) included five questions from 
previously validated items (Netemeyer et al. 1996) with 
a seven-point scale from strongly disagree (1) to strongly 
agree (7). Average scores across the items were used to con-
struct the final measure as a continuous variable ranging 
from 1 to 7.

Job satisfaction was measured from the item “How 
pleased are you with your job overall, everything taken into 
consideration?” with respondents selecting an option from 1 
(very unsatisfied) to 5 (very satisfied) (Oakman et al. 2014).

Demographics Age was based on the question “What is 
your age group?” 18–25 years; 26–35 years; 36–45 years; 
46–55 years; 56 years and over. The categories were then 
collapsed to 18–35 years; 36–55 years; 56 years and over. 
Gender was based on the question “Are you: Male, Female, 
Other”. Work hours were classified from the following ques-
tion, “Currently what are your usual working hours (average 
per week)?”—with those answering ≥ 35 h per week classed 
as ‘full time’ and others as ‘part-time’.

Workstation location Based on the question, developed 
for this study, “When you are working at home, where do 
you usually work?”. Three response options were offered: 
Wherever—“I just find a place somewhere that’s free, such 
as on the kitchen table or other place”; Separate—“I have 
my own place in a separate room by myself”; and Interrup-
tions—“I have my own place but in a room that can be busy 
with other people” (Oakman et al. 2022).

Workstation comfort Based on the question “How com-
fortable is your home workstation in comparison to your 
usual workstation?”, with four response options, very 
uncomfortable to very comfortable.

Domestic arrangements Questions included “Which 
of the following best describes your usual living arrange-
ments?”, “Do you have caring responsibilities other than 
children”, and “When you are working at home are chil-
dren usually at home with you?” A three-level classifica-
tion was created: Single person household, Adults only, or 
Dependents.

Work sector Based on a question about the sector of 
employment at the time of the questionnaire.

Statistical analysis

To describe the course of MSP over the study period, Growth 
Mixture Modelling (GMM) analyses were used to identify 
latent classes with different growth trajectories of number of 
reported pain sites over the three time points. These models 
are less restrictive than a latent class analysis, as the GMM 
accounts for between-subject heterogeneity within the latent 
classes by including random effects. Respondents were 
required to have at least two survey responses to be included 
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in the trajectory modelling. GMM models with one to five 
classes were examined, with each model being run 50 times 
with different starting values to ensure the optimal solution 
was found instead of local maxima. The optimal solutions 
for each class number were compared and the Bayesian 
information criterion (BIC) was used to select the best fit 
model (see Fig. 1; Table S1). Trajectory analyses were run 
with the ‘hlme’ function from the R package ‘lcmm’ (Proust-
Lima et al. 2016).

Individuals were matched to a latent class using posterior 
probabilities, with each individual allocated to the group for 
which the probability was the highest (Berlin et al. 2014). 
Demographic differences between participants in each group 
were calculated using the chi-squared test of independence. 
Due to small numbers, the n = 3 respondents who identified 
their gender as ‘Other’ were excluded from further explora-
tory analysis. A multinomial logistic regression model was 
used to determine the associations between predictors at 
baseline and group membership based on the GMM. Multi-
nomial regression analysis was used, because the response 
variable has several unordered categories. Odds ratios 
(OR) with 95% confidence intervals (CI) were determined, 

comparing membership in each group to the chosen refer-
ence category which was low stable.

All statistical analysis was performed in R version 4.1.1 
“Kick Things” (R Core Team 2021). All tests of statistical 
significance were two-tailed, and p < 0.05 was considered 
significant.

Results

Three surveys were completed by 303 respondents with a 
further 185 respondents completing two of the surveys—
first and second or first and third—for a total sample of 
n = 488. The four-class solution was selected as the best 
fit for the trajectory modelling (Fig. 2). The largest group 
high stable (36.5% of respondents) was characterised 
by a high number of pain sites which remained constant 
throughout the study. The second largest group, mid-
Decreasing (29.7% of respondents) was characterised by 
the number of pain sites dipping during the first follow-
up compared to baseline. The low-stable group accounted 
for 22.3% of the respondents and was characterized by a 
low number of pain sites reported with minimal changes 

Fig. 2  Profiles of MSP during WFH during the COVID-19 pandemic, data collected at three time points: October 2020, April and November 
2021
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throughout the study. The rapid-increase group was small 
(11.5% of respondents) with participants in this group 
reporting a low number of pain sites at baseline that sub-
sequently increased during follow-up.

The four trajectory groups showed demographic dif-
ferences in age, gender and state of residence (Table 1). 
The optimal low-stable group were older, include more 
men and living in states other than Victoria (which had 
experienced the longest lockdown periods). Groups were 
unrelated to baseline domestic arrangements and num-
ber of hours worked but were associated with the level 
of workstation comfort compared to their pre-pandemic 
office location. The members of the high stable and mid-
decrease groups reported a higher number of pain sites 

at baseline. Further details on domestic arrangements are 
provided in Table S2.

Increasing quantitative demands significantly increased 
the odds of being in a group other than low-stable (Table 2). 
Being female predicted membership in the high stable (OR 
2.81 95% CI 1.43, 5.55) and mid-decrease (OR 1.99 95% CI 
1.01, 3.91) groups, as did a decreased workstation comfort 
(OR 1.98 95% CI 1.02, 3.85 and OR 2.31 95% CI 1.15, 4.66, 
respectively). Each increase of one in the scale influence at 
work was associated with a decrease in odds of belonging 
to the high stable group (OR 0.78 95% CI 0.54, 0.98). The 
mid-decrease had higher odds of work family conflict (OR 
1.25 95% CI 1.00, 1.58). Being required to work wherever 
there was free space, such as on the kitchen table rather than 
having a separate room, significantly increased the odds of 

Table 2  Multivariate multinomial logistic regression associations between pain site trajectories and baseline predictors

*p < 0.05 **p < 0.01 ***p < 0.001

Rapid-increase v low-stable
OR (95%CI)

High-stable v low-stable
OR (95%CI)

Mid-decrease v low-stable
OR (95%CI)

Age
18–35 years Ref Ref Ref
36–55 years 0.58 (0.22, 1.52) 0.53 (0.24, 1.18) 0.46 (0.21, 1.03)
56 years and over 0.44 (0.12, 1.61) 0.92 (0.34, 2.47) 0.45 (0.16, 1.28)
Gender
Male Ref Ref Ref
Female 1.22 (0.53, 2.81) 2.81 (1.43, 5.55)** 1.99 (1.01, 3.91)**
Average hours worked
< 25 h Ref Ref Ref
26–34 h 0.69 (0.13, 3.74) 0.80 (0.23, 2.74) 1.46 (0.43, 4.98)
35+ hrs 1.04 (0.28, 3.83) 0.88 (0.32, 2.39) 0.88 (0.31, 2.46)
Workstation location
Separate room Ref Ref Ref
Interruptions 1.01 (0.40, 2.56) 1.28 (0.65, 2.52) 1.03 (0.51, 2.08)
Work wherever 3.86 (1.19, 12.52)* 1.21 (0.42, 3.54) 1.44 (0.50, 4.19)
Domestic arrangements
Single person household Ref Ref Ref
Adults only 0.93 (0.27, 3.17) 0.73 (0.27, 2.01) 0.42 (0.16, 1.13)
Dependents 0.65 (0.17, 2.42) 0.82 (0.29, 2.35) 0.47 (0.17, 1.32)
Workstation comfort
Stayed the same Ref Ref Ref
Decreased 1.84 (0.76, 4.45) 1.98 (1.02, 3.85)* 2.31 (1.15, 4.66)*
Increased 1.70 (0.62, 4.68) 0.78 (0.33, 1.83) 1.37 (0.59, 3.19)
Psychosocial conditions
Work–family conflict 0.96 (0.72, 1.29) 1.12 (0.89, 1.40) 1.25 (1.00, 1.58)
Job satisfaction 1.27 (0.81, 2.01) 1.27 (0.91, 1.78) 1.04 (0.74, 1.47)
Quantitative demands 1.44 (1.01, 2.47)* 1.68 (1.09, 2.58)** 1.11 (0.72, 1.71)
Quality of leadership 0.98 (0.66, 1.45) 0.95 (0.70, 1.30) 0.92 (0.67, 1.25)
Vertical trust 0.79 (0.48, 1.30) 0.95 (0.64, 1.41) 1.06 (0.71, 1.59)
Role clarity 1.15 (0.63, 2.08) 0.90 (0.57, 1.42) 0.92 (0.58, 1.47)
Influence 1.22 (0.76, 1.96) 0.78 (0.54, 0.98)* 1.06 (0.73, 1.55)
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being in the rapid-increase group (OR 3.86 95% CI 1.19, 
12.52).

Discussion

In this study of employees working from home during 
the COVID-19 pandemic, we found four distinct trajec-
tories of multisite MSP across the three rounds of fol-
low-up: high stable, mid-decrease, low stable and rapid 
increase. Approximately one-third of employees belonged 
to the high stable group and about one in ten to the rapid 
increase in MSP group. Based on the modelling, quantita-
tive demands were a common predictor for membership of 
the high stable and the rapid increase group. Work loca-
tion was relevant for the rapid increasing group, whilst 
workstation comfort and the degree of influence were 
associated with membership of the high stable trajectory. 
We were unable to locate previous studies which exam-
ined the predictors of MSP over time whilst in mandatory 
WFH conditions, thus these findings offer unique insights 
into potential strategies for organisations to implement for 
employees who may continue to WFH beyond the current 
COVID-19 pandemic.

The distinct differences between the four MSP trajecto-
ries support the importance of identifying relevant predic-
tive factors, which can then be appropriately targeted as 
part of a comprehensive occupational health prevention 
strategy. The rapid increasing group, although the small-
est, offers insights for occupational health profession-
als and highlights the importance of having an adequate 
workspace whilst working at home. During the peak of the 
pandemic when lockdowns where in situ and schools were 
closed, this was very challenging for many employees and 
necessitated working from wherever they could find. How-
ever, beyond the pandemic, when working from home is 
part of a negotiated employment pattern, the importance 
of a dedicated space may require negotiation with work-
ers about what will constitute an appropriate workstation 
to support sustainable WFH. Prior to the pandemic, many 
organisations required workstation assessments as part of 
WFH agreements; however, the rapid shift to WFH did 
not enable time and resources to facilitate remote worksta-
tion assessments for all employees. Beyond the pandemic, 
hybrid work models will require negotiation about who 
is responsible for equipment provision, in both “places 
of work”.

Quantitative demands, including workload distribution, 
time pressures and quantity, were important predictors of 
the high stable and rapid increasing groups, which com-
prised nearly 50% of the employees. An emerging issue 
from the pandemic relates to the challenges of manag-
ing workload and the close relationships with boundary 

setting, that is the division between home and work (Allen 
et al. 2021). Multiple competing demands were experi-
enced by workers trying to juggle work and home life. 
For managers and supervisors, the COVID-19 pandemic 
and WFH resulted in new challenges in the provision of 
effective leadership remotely. Without any training, man-
agers previously accustomed to leading mostly collocated 
teams, had to adapt and modify how they interacted and 
the ways in which they provided support to their direct 
reports. For employees, job roles needed to adapt to the 
conditions enforced by WFH, whilst some job tasks were 
easily shifted others were more difficult and required mod-
ification to suit new working arrangements (Wang et al. 
2021). The role for managers and supervisors in setting 
realistic expectations about workloads is highlighted in 
the current study, where quantitative demands emerge as 
an important predictor of MSP. Although the relationship 
between quantitative demands and MSP has previously 
been identified in computer users, particularly females, 
these were not in the WFH situation (Larsman et al. 2006; 
Johnston et al. 2009). The concept of quantitative demands 
has been raised as challenging by a number of researchers 
who suggest that it is poorly defined and therefore hard to 
address (Kristensen et al. 2004). For the purpose of work-
place prevention, clear communication about the inherent 
requirements of work, and setting deadlines collabora-
tively which enable employees to have some control over 
their workload may offer reasonable practical solutions 
to a complex problem, consistent with good job design 
principles (Wang et al. 2021).

Employees reporting having a low degree of influence 
was associated with membership of the high stable group. 
Research prior to the COVID-19 pandemic has found influ-
ence or job control as an important mechanism which ena-
bles employees to manage their MSP, through modifying 
their work tasks, hours of work, and when they schedule 
breaks. A large review by Lang et al. (2012) found low job 
control significantly increased the risk of developing mus-
culoskeletal symptoms, with OR 1.30 (95% CI 1.11–1.52). 
A large Belgian study found that higher levels of job control 
were associated with reduced risk of longer term sickness 
absence due to MSP in middle aged workers (Janssens et al. 
2014). However, this pre-pandemic research was not under-
taken in the WFH context so whilst it supports the impor-
tance of influence, the current study extends these findings 
to a new location and supports the need to provide workers 
with opportunities for influence in their work.

Work–family conflict arose as important for those in the 
mid-decrease group, along with being female and having low 
workstation comfort. Prior to the pandemic, WFH was con-
sidered a benefit offered by organisations which enabled bet-
ter integration of work and family, and a strategy to reduce 
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WFC (Felstead and Henseke 2017; Oakman et al. 2020). 
However, the pressures of the pandemic and mandated WFH 
removed employee control, with mixed impacts (Collins 
et al. 2021). Whilst some positive benefits from WFH dur-
ing the pandemic have been reported (Moens et al. 2021), 
negative gendered impacts are also emerging, with females 
experiencing higher levels of WFC compared to males (Carli 
2020). The longer term impacts of WFC arising from WFH 
will require careful scrutiny, as organisations adapt to new 
models of working, to ensure that any negative impacts of 
hybrid work patterns do not have unintended and gendered 
consequences. The relationship between WFC and MSP has 
been previously reported as significant (Weale et al. 2018, 
2021) but in more traditional work settings where WFH was 
optional rather than mandated.

Traditionally, prevention of MSP has been focussed on 
physical aspects of work and for office work the worksta-
tion set up and equipment (Macdonald and Oakman 2015). 
The results from this study support that whilst workstation 
comfort is an important factor, other work factors are also 
important influences on the development of MSP, such as 
the demands, influence, and work family conflict. Good 
ergonomic practice should take into account the systems 
of work related to an individual (Wilson 2014), but often, 
the focus is reduced to addressing the physical worksta-
tion set up, particularly in a WFH situation. The current 
study provides support for the need to take a more nuanced 
approach to MSP prevention, not only during the COVID-19 
pandemic but beyond to address the changing nature of the 
work environment that is likely to become the “new normal”.

Strengths and limitations

A strength of the study was the prospective design with the 
three data collection waves over an 18-month period dur-
ing the COVID-19 pandemic, which impacted global work-
ing conditions. Survey questions used previously validated 
measures with only a few exceptions (Neupane et al. 2017). 
In relation to MSP, specificity of body sites was not particu-
lar to this study, a body chart was used to assist participants 
in locating the regions of their MSP and may have aided 
the accuracy of responses. Data were not collected on par-
ticipants MSP levels prior to the COVID-19 pandemic. The 
question regarding workstation location was developed for 
the purpose of the current study as no suitable published 
question was identified.

The EWFH study population is a convenience sample, 
based in Australia, which may restrict the generalisability 
of the results. The sample contains a higher proportion of 
women compared to men. Whilst the sample size is adequate 
(de Jong et al. 2019), the relatively small size of some groups 
does impact the precision of the risk estimates. The drop out 
of participants across the study is a further limitation. All 

measures are based on self-report, objective measures were 
not practicable during the pandemic situation in which this 
data were collected. Finally, the data for the present study 
were collected during the COVID-19 pandemic; as such the 
broader environmental context involved significant changes 
to many aspects of lives beyond work and is an important 
factor to consider in the interpretation of the study results.

Concluding remarks

This longitudinal study of employees WFH during the 
COVID-19 pandemic adds to the current limited evidence 
on the impact of mandatory WFH on MSP over time. The 
results provide insights into future policy considerations for 
employers who wish to optimise working conditions for their 
employees working remotely beyond the pandemic. Further 
studies over time are suggested to examine the longer term 
impacts, both positive and negative, of WFH.
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