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Abstract

Background: In some occupational groups, prolonged standing is associated with adverse symp-

toms. While the introduction of sit-stand workstations in office workers is increasingly common,

the profile of symptom development is not known.

Objectives: To identify and describe the location, intensity, quality, and timing of symptoms

experienced by office workers while standing at a sit-stand workstation.

Methods: This cross-sectional observational study was performed in an university campus labo-

ratory simulated as an office with a sit-stand workstation. Sixty-three office workers without low

back pain or prior exposure to a sit-stand workstation participated. For primary outcome meas-

ures, participants recorded any symptoms of pain, stiffness, and/or fatigue on a body chart

every 15 min during a 2-hour standing task. Participants rated symptom intensity on an 11-point

numerical rating scale (NRS).

Results: Fifty-three participants (84%) experienced symptoms during the 2-hour standing task,

with 30 participants (48%) reporting at least one symptom within 30 min of standing. A greater

number of participants reported symptoms rated �2 on the NRS in the lumbar spine, lower

extremity, and feet/ankle than the upper quadrant (odds ratios from 3.84 to 6.86). Mean maxi-

mal symptom intensity for the lumbar spine was greater than that for the upper quadrant and

feet/ankles (incidence rate ratios: 1.46 to 1.79).

Conclusion: Symptoms of pain, stiffness, and fatigue, especially those affecting the lumbar

spine, lower extremity and feet/ankles are common in office workers who stand at a worksta-

tion. Study findings suggest that physical therapists should advise workers using sit-stand work-

stations to monitor symptoms and consider changing position within 30 min.

© 2022 Associação Brasileira de Pesquisa e Pós-Graduação em Fisioterapia. Published by Elsevier

España, S.L.U. All rights reserved.

KEYWORDS
Office workers;
Pain;
Sit-stand
workstations;
Standing

* Corresponding author at: School of Health and Rehabilitation Sciences, The University of Queensland, St Lucia, Brisbane, Queensland,
4072, Australia.

E-mail:m.smith5@uq.edu.au (M.D. Smith).

https://doi.org/10.1016/j.bjpt.2022.100393
1413-3555/© 2022 Associação Brasileira de Pesquisa e Pós-Graduação em Fisioterapia. Published by Elsevier España, S.L.U. All rights reserved.

Brazilian Journal of Physical Therapy 26 (2022) 100393

Brazilian Journal of
Physical Therapy

https://www.journals.elsevier.com/brazilian-journal-of-physical-therapy

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjpt.2022.100393&domain=pdf
mailto:m.smith5@uq.edu.au
https://doi.org/10.1016/j.bjpt.2022.100393
https://doi.org/10.1016/j.bjpt.2022.100393
http://https://www.journals.elsevier.com/brazilian-journal-of-physical-therapy


Introduction

Populations are increasingly adopting sedentary lifestyles,
which are associated with increased risk of mortality.1 Much
of this sedentary behaviour is accumulated in prolonged
periods of occupational sitting.2,3 It is estimated that
approximately 82% of office work is sedentary.2 Sit-stand
workstations have been introduced to many office environ-
ments to reduce sedentary behaviour at work and provide
opportunity for regular postural change. This is based on the
rationale that postural variation and incorporation of stand-
ing opportunities may mitigate the detrimental impact of
sedentary behaviour on overall health.4,5

In occupational groups such as hairdressers, nurses, cash-
iers, and manufacturing workers, prolonged standing is
thought to increase the risk of pain in the low back,6 legs,
and feet.7 A systematic review of epidemiological studies
identified that greater than four hours of occupational
standing per day was associated with low back pain (LBP).8

While there is some inconsistency in findings,9,10 studies pre-
dominately using samples of students,11-15 and less fre-
quently office workers,16 have indicated that prolonged
standing at workstations may be associated with LBP. How-
ever, few studies have investigated whether office workers
using standing workstations experience symptoms in other
areas, such as the lower limbs and feet,8, 17 that are com-
monly experienced by other professions who stand for pro-
longed periods.7,18 In light of evidence that standing episodes
among office workers using sit-stand workstations vary from
15 min to one or more hours,19-21 it is important to understand
the profile of symptom development in this population. This
information will guide recommendations from physical thera-
pists and ergonomists for sit-stand workstation use.

The aim of this study was to identify and describe the
location, intensity, and onset of symptoms experienced by
office workers who stand at a sit-stand workstation.

Methods

Participants

Volunteers were recruited for this cross-sectional observa-
tional study via an online newsletter at a university campus
between May and November 2016. Participants were eligible
if they were 18-65 years of age, worked a minimum of
30 hours/week performing predominantly computer work
and had not previously used a sit-stand workstation. Exclu-
sion criteria were: a history of lower limb or spinal surgery;
circulatory disorders; pregnancy; pain, discomfort, stiffness,
or fatigue anywhere in the body prior to testing; LBP in the
last six months requiring treatment from a health profes-
sional; or neurological conditions. Ethical approval was
obtained from The University of Queensland Medical
Research Ethics Committee, Brisbane, Queensland, Australia
(Approval #2015000469). All participants provided written
informed consent prior to participation.

Experimental protocol

The study was performed in a university campus laboratory
simulated as an office with a sit-stand workstation.

Participants arrived at testing via their own means. Partici-
pants performed their own computer work during a 2-hour
standing task.22 They were asked to wear flat footwear that
would be comfortable to stand in for two hours. Participants
stood fist-width away from a standing workstation that was
set up according to the Workplace Health and Safety

Queensland guidelines.23 The desk height was 3 cm below
the olecranon process of the elbow with the elbow flexed at
90°, and the top of the monitor was at eye-level at a dis-
tance equal to the length of the participant’s reach. Partici-
pants placed the mouse and keyboard in their preferred
location. They were instructed to remain within a
0.61£1.22 m area marked on the ground and weight shift as
much as required, but not lean on the desk.

At baseline (0 min) and every 15 min throughout the 2-
hour test, participants marked any symptoms on a body
chart and completed a pain Numeric Rating Scale (NRS). The
standing task ceased after 2 h or earlier if the participant
requested to stop the test or reported severe pain (defined
as greater �7 out of 10 on the NRS24).

Measures

Locations of symptoms experienced at baseline and during
the standing task were recorded on a body chart. Partici-
pants were asked to ‘shade in any areas of the body in which
they felt pain, discomfort, stiffness, or fatigue.’ Participants
were then asked to rate the symptom intensity using an 11-
point NRS anchored with ‘no pain or discomfort’ at 0 and
‘worst pain or discomfort imaginable’ at 10.

An online questionnaire was used to collect information on
participant demographics (age, height, weight, sex), physical
activity level, and work history to describe the study sample.
Physical activity level was evaluated using the Active Australia
Survey (AAS) which has acceptable reliability and validity,25

and quantifies leisure and transport related physical activity
levels to classify individuals as: inactive (0min/week), insuffi-
ciently active (1-149min/week), or sufficiently active (�150-
300min/week). Participants were asked the number of hours
they worked in the last seven days. The Occupational Sitting
and Physical Activity Questionnaire (OSPAQ)26 was used to
assess the time (minutes) spent sitting, during a typical work-
day. This questionnaire has acceptable validity and reliability
in office workers.27

Data management

The number of individuals who experienced symptoms and
the NRS symptom intensity were calculated for different
body areas, with data combined for left and right sides. For
comparisons between symptom locations, body areas were
combined into four regions: upper quadrant (head, face,
neck, cervical and thoracic spines, upper limbs); lumbar
spine (lumbar spine and upper buttocks); lower extremity
(hips, thighs, knees, and lower legs to the Achilles tendon);
feet/ankles. Due to suggestions that pain �2/10 on the NRS
is clinically meaningful,28 data on the number of partici-
pants with symptoms of this intensity were also reported.
Maximal symptom intensity across the entire standing task
and mean symptom intensity for each 15-minute epoch for
each body region were calculated from participants who
reported a symptom in the region (i.e. participants who did
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not report a symptom were not included in the calculation of
the mean or maximum.)

Statistical analyses

Statistical analyses were conducted using Stata (Version
13.0, StataCorp, USA). Data are presented as mean § stan-
dard deviation and range for continuous variables, and num-
ber and percentage for categorical variables. Statistical
significance was set at p<0.05. Logistic regression was used
to examine differences in the number (frequency) of partici-
pants reporting symptoms across the four body regions, with
data presented as odds ratio (OR). Analyses were conducted
for participants who reported symptoms with NRS �1, and
again for participants who reported symptoms with NRS �2.
Poisson regression models were used to investigate differen-
ces in mean NRS scores between the four body regions at the
end of the standing task, and mean maximal NRS scores dur-
ing the standing task. Data are presented as incidence rate
ratios (IRR). Linear regression was used to examine possible
associations between maximal symptom intensity during the
standing task and body mass index (BMI), for each of the
four body regions, with age and sex as covariates.

Results

A total of 169 people responded to study advertisements, of
which 104 were eligible to participate (62%). After removing

individuals who did not respond to contact (n = 17) and
declined to participate (n = 23), 64 participants attended
testing. One individual withdrew during testing for voiding
requirements (n = 1). 63 participants completed the study
(Fig. 1). Participation rate from those eligible for inclusion
was 60% (63 out of 105). No participants were required to
stop the test due to pain. Participant demographics for those
who completed the study are presented in Table 1.

Location and onset of symptoms

Fifty-three of the 63 participants (84%) experienced symp-
toms during the 2-hour standing task. Thirty-six participants
(57%) reported symptoms in multiple body regions (feet/
ankles, lower extremity, lumbar spine, upper quadrant): 19
participants (30%) reported symptoms in two regions, 15 par-
ticipants (24%) in three regions, and 2 participants (3%) in all
four regions. Seventeen participants (27%) reported symp-
toms in only one region. The number of participants who
developed symptoms in each body region after 15, 30, 60,
90, and 120 min of the standing task is displayed in Table 2.

The distribution of symptoms around the body during the
standing task is shown in Fig. 2. Analysis of body regions
indicate similar numbers of participants reported symptoms
(NRS �1) in the feet/ankles (n = 31, 49%), lumbar spine
(n = 30, 48%), and lower extremity (n = 28, 44%). The number
of participants reporting upper quadrant symptoms (n = 19,
30%) was significantly lower than those with feet/ankle
symptoms (OR = 2.24; 95% CI: 1.12, 4.49). Considering

Fig. 1 Flow diagram of participant screening and inclusion into the study.
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symptoms with NRS �2, the number of participants who
reported symptoms in each body region was: 20 (32%) in the
lumbar spine; 15 (24%) in the lower extremity; 13 (21%) in
the feet/ankles; and 4 (6%) in the upper quadrant. The num-
ber of participants reporting upper quadrant symptoms of
NRS �2 was lower than the number of participants reporting
lumbar (OR = 6.86; 95% CI: 2.28, 20.67), lower extremity
(OR = 4.61; 95% CI: 1.55, 13.74), and feet/ankles (OR = 3.84;
95% CI: 1.09, 13.52) symptoms.

Intensity of symptoms

Mean §SD maximal symptom intensity across the test (calcu-
lated from symptomatic participants) was 2.3 §1.3 out of 10
for the lumbar spine (n = 30), 1.8 §1.0 for the lower extrem-
ity (n = 28), 1.6 §0.8 for the feet/ankles (n = 31), and 1.3
§0.6 for the upper quadrant (n = 19). Maximal lumbar spine
symptom intensity was significantly greater than that expe-
rienced in the upper quadrant (IRR = 1.79; 95% CI: 1.13,
2.86) and feet/ankles (IRR = 1.46; 95% CI: 1.01, 2.12). There
were no differences in maximal symptom intensity between
other body regions. Linear regression did not demonstrate a
significant relationship between maximal symptom intensity

during the standing task and BMI for any of the body regions
(data not shown).

Mean symptom intensity for each 15-minute epoch
throughout the standing task for the four body regions (for
those participants who reported symptoms in the region) are
presented in Fig. 3. On completion of the 2-hour standing
task, the 23 participants who reported lumbar spine symp-
toms at 120 min had a mean intensity of 2.4 §1.4. This
intensity was higher than all other body regions (vs upper
quadrant IRR = 5.09; 95% CI: 2.19, 11.82, n = 7; vs lower
extremity IRR = 2.00; 95% CI: 1.11, 3.62, n = 14; vs feet/
ankles IRR = 2.07; 95% CI: 1.17, 3.68, n = 14). Mean symptom
intensity at the end of the standing task was also signifi-
cantly higher in the lower extremity (mean = 2.0 §1.2) than
for the upper quadrant (IRR = 2.55; 95% CI: 1.09, 5.97).
There was no difference in mean symptom intensity on com-
pletion of the standing task between the upper quadrant
(mean = 1.6 §0.8) and feet/ankles (mean = 1.5 §1.4,
respectively).

Discussion

The aim of this study was to describe the location, intensity,
and timing of symptoms experienced by office workers who
stand at a sit-stand workstation for two hours. The majority
of study participants (84%) experienced symptoms some-
where in the body during the standing task, with only 16% of
participants remaining symptom-free. Symptoms were more
commonly reported in the lumbar spine, lower extremity,
and ankles/feet, than in the upper extremity. The intensity
of symptoms reported was relatively low,24 with a mean
maximal intensity ranging from 1.3 to 2.3 for different body
regions. Onset of symptoms occurred early in the standing
task for many individuals. Nearly half of participants
reported experiencing at least one symptom after 30 min of
standing.

Prevalence of standing-induced low back symptoms in our
study was 48%, which is similar to that reported in previous
research using a standing task (50-81%).12,14,15,29 Gallagher
and colleagues found LBP that developed during a standing
task among university students did not resolve spontane-
ously with sitting,12 and a specific exercise intervention was
required.30 The mean maximal intensity of symptoms expe-
rienced in the low back by individuals who developed symp-
toms in our study increased from 0 at baseline to 2.3 out of
10 at some point throughout the test, which is considered
clinically meaningful.28 These data suggest that LBP may be
a problem among office workers who stand for prolonged
periods. The mechanism underlying the development of LBP

Table 1 Participant characteristics (n = 63).

Demographic characteristics Data

Age, years 39 §14

Female sex, % 44 (70%)

Height, m 1.70 §0.10

Weight, kg 69 §14

Body mass index, kg/m2 23.9 §3.8

Body mass index categorya

Underweight 2 (3%)

Normal weight 37 (59%)

Overweight 19 (30%)

Obese 5 (8%)

Physical activity levelb

Inactive 0 (0%)

Insufficiently active 6 (10%)

Sufficiently active 55 (90%)

Hours worked in the last 7 days 38.1 §12.5

Percent of typical work day spent sitting 82 § 15

Data are mean § standard deviation or frequency (proportion).
a Definition of categories for body mass index from the World

Health Organization.48
b Physical activity level data are only available for 61

participants.

Table 2 Number (%)a of participants who reported symptoms within each time period (minutes) of the standing task.

Body region 0-15min 0-30min 0-45min 0-60min 0-90min 0-120min

Upper quadrant 4 (6%) 7 (11%) 10 (16%) 12 (19%) 14 (22%) 19 (30%)

Lumbar 2 (3%) 9 (14%) 14 (22%) 23 (37%) 28 (44%) 30 (48%)

Lower extremity 2 (3%) 10 (16%) 16 (25%) 21 (33%) 26 (41%) 28 (44%)

Ankles and feet 4 (6%) 14 (22%) 18 (29%) 22 (35%) 26 (41%) 31 (49%)

Any location 12 (19%) 30 (48%) 38 (60%) 46 (73%) 51 (81%) 53 (84%)

a Percentages are calculated from the number of participants who completed the standing task (n = 63).
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during prolonged standing in office workers is not well
understood. Research has suggested that an individual’s
standing posture during the first 15 min at a standing work-
station may be associated with the development of LBP.31

The amount of lumbar spine flexion/extension10,13 and fati-
guability of the hip abductor muscles32 have also been pro-
posed to be related to LBP development.

Our data indicate that when using a standing workstation,
office workers also commonly develop symptoms in other
areas of the body, particularly the feet/ankles and lower
extremities. However, while symptoms in these areas were
prevalent, the mean pain intensity was 1.5-2.0 out of 10,
which may not be clinically meaningful. Similar to previous
findings in sales and kitchen staff,33 half of the participants
in our study developed symptoms in the feet and ankles dur-
ing standing. In manufacturing employees, it has been sug-
gested that higher pressure through the metatarsal heads
during gait and footwear with hard soles may be related to
the development of foot pain.34 Further research is needed
to investigate the role of footwear in the development of
foot/ankle pain in office workers using standing worksta-
tions.

In our study 44% of participants developed lower extrem-
ity symptoms. Calf pain/fatigue associated with standing is
frequently reported in the literature, and is proposed to be

associated with decreased muscle activity which reduces
venous return and leads to blood-pooling, swelling, and
metabolite build up in the legs.35 Previous research has
shown that lower extremity symptoms are reduced and/or
prevented when assembly-line workers move.36 Participants
in our study were instructed to weight-shift as much as
required, but the amount of weight-shifting or movement
performed was not recorded. Further research on the rela-
tionship between weight-shifting and other forms of move-
ment on the development of lower extremity symptoms in
office workers using sit-stand workstations is warranted.

Fewer than one third of our participants developed upper
quadrant symptoms during the 2-hour standing task. While
upper quadrant pain is reported to be a common persistent
pain location among office workers, previous studies have
investigated the 12-month prevalence of symptoms or have
used traditional workstations which involve predominately
sitting.37-39 A recently convened meeting of experts in sed-
entary behaviour concluded that standing at work is not
associated with upper extremity discomfort.37,40 The work-
station set-up to avoid awkward and extreme postures41 and
the possible greater physical load being undertaken by the
trunk and lower limbs in a standing position, and lower load
undertaken by the upper extremity,42 may explain why our
participants experienced few upper extremity symptoms.

Fig. 2 The distribution of symptoms reported for individual body areas during the 2-hour standing task. The number of participants

(n) and mean (range) maximal numeric rating scale (NRS) intensity across the standing task are displayed. When n = 1, the raw NRS

data point is reported. Symptoms from the left and right sides of the body were collapsed into a single category (e.g., ‘shoulder’

presents data from the left and right shoulders).

5

Brazilian Journal of Physical Therapy 26 (2022) 100393



When considering appropriate guidelines for the use of
sit-stand workstations, timing of symptom onset must be
taken into account. In our study, 48% of participants experi-
enced symptoms within 30 min of standing at a sit-stand
workstation. International guidelines recommend that it is
safe to stand for up to one hour at a time.6 A recent system-
atic review recommended avoiding standing for longer than
40 min.43 Our data suggest that many office workers may
need to stand for less than 30 min at a time to avoid devel-
opment of symptoms. This is consistent with findings from
previous studies showing high participant pleasantness and
acceptability when standing for 30 min or less,11 and prefer-
ence to stand for at least 15 min at a time.9 Together these
data suggest that 15-30 min standing episodes may be ideal.
This is important for physical therapists, ergonomists, and
occupational health professionals to consider when estab-
lishing workplace guidelines for the use of sit-stand worksta-
tions and when managing patients with symptoms associated
with standing at work.

To optimise cardiometabolic health outcomes, it is rec-
ommended that time spent in uninterrupted sitting be lim-
ited to 30 to 60 min.44 Little is known about the duration of
sitting before returning to standing to avoid early onset of
symptoms in subsequent standing bouts. Previous work
found a 1:3 ratio of time spent sitting and standing (15 min
sitting: 45 min standing) was associated with LBP develop-
ment12; however, this is likely due to the length of time
spent standing rather than the duration of time spent sit-
ting. This is supported by work showing that development of
pain within the first 15 min of standing distinguished those
who would continue to experience LBP with standing.45 This
suggests that individually monitoring symptoms and chang-
ing posture based on symptoms may be important.

Study limitations must be considered when interpreting
data. Participants performed their own work at the com-
puter, rather than a standardised task. This was done to rep-
licate the actual work environment as closely as possible.
Footwear was also not standardised between participants.
Individuals were asked to wear flat comfortable footwear

for two hours of standing. The amount of support and cush-
ioning provided by different types of footwear could have
influenced symptom development. Participants were to
remain standing within a 0.61£1.22 m area for the duration
of the study and were not allowed to walk around or sit
down when they noticed the onset of discomfort. Our study
participants were active (90% of participants classified as
sufficiently active) and of normal body weight, with only
38% (n = 24) of participants overweight or obese (BMI>25kg/
m2). Obesity46 and low physical activity participation47 have
been identified as risk factors for the development of LBP. As
the majority of our sample had a normal BMI and met physi-
cal activity recommendations this may have restricted our
ability to detect an association with standing-induced back
pain development; however, previous research has identified
similar responses to sit-stand workstation in normal and
overweight individuals.11

Participants in our study did not have previous experience
using a sit-stand workstation, and therefore were unaccus-
tomed to standing at work. It is not known whether symp-
toms are more common and severe in those new to using a
sit-stand workstation. Further, individuals in this study were
previously asymptomatic and did not have a history of LBP. It
is not known whether the response to using a sit-stand work-
station would be similar in symptomatic individuals or indi-
viduals with a history of LBP. Further research is needed to
explore the development and management of symptoms
among symptomatic workers who are transitioning to sit-
stand workstations.

Conclusion

The findings from this study indicate that low back, foot/
ankle and lower limb symptoms are common in office work-
ers using standing workstations, and that nearly half of
workers develop pain within 30 min of standing. This sug-
gests that physical therapists and ergonomists should advise

Fig. 3 Mean intensity of symptoms (measured from 0-10 on a numerical rating scale) at each time point during the standing task for

participants who reported symptoms in the feet/ankles, lower extremity, lumber spine, and upper quadrant.
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workers to change position within 30 min and monitor symp-
toms when using sit-stand workstations.
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