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ARTICLE

The effect of walking and stationary work on the acute back pain, muscle
activation, posture and postural control of older women

Marco Arkesteijna , Rhys Jonesa and Daniel C. Lowb

aInstitute of Biological, Environmental and Rural Sciences, Aberystwyth University, Aberystwyth, UK; bCentre for Human Performance,
Exercise and Rehabilitation, Brunel University London, London, UK

ABSTRACT
Back pain is associated with activity such as walking or assembly line work that involves upper-
body movement. However, no single study has explored the effect of these tasks on back pain,
spinal angles and balance in an older adult female population. This study investigated changes
in back pain, postural sway, upper-, lower- and full-spine angle and EMG activation of trunk
muscles following 30minutes of walking and a modified quiet standing task. Fourteen older
adult females (62±11yrs) with low to moderate chronic back pain were recruited as participants.
Findings demonstrated that following these activities, increased acute back pain and upper-
spine flexion occur although acute back pain was not clinically significant; postural control and
muscle activation remained unchanged. This suggests that walking and modified quiet standing
can lead to subtle acute back pain in older females that could be due to an increased upper
spinal flexion rather than muscle fatigue.

Practitioner summary: Back pain and postural problems are common in older adults. Older
adult female participants experienced increased back pain and greater upper-spine flexion fol-
lowing 30-minute walking and standing with trunk rotation, but the practical importance was
less clear. However, balance was unaffected, suggesting no increase in fall risk.

Abbreviations: CBP: chronic back pain; MQS: modified quiet standing; QS: quiet standing; RPE:
rating of perceived exertion; TD: trapezius descendens; TT: trapezius transversalis; TA: trapezius
ascendens; ESL: erector spinae longissimus; C7: seventh cervical vertebrae; T7: seventh thoracic
vertebrae; T10: tenth thoracic vertebrae; T12: twelfth thoracic vertebrae; L2: second lumbar ver-
tebrae; S2: second sacral vertebrae; AP: anterior-posterior; ML: medial-lateral; SWAYtot: total pos-
tural sway; M: mean
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Introduction

It is estimated that 12.5% of UK work absences are
back pain related (Bevan et al., 2012, cited in Wynne-
Jones et al. 2014) and it has been observed that the
longer an individual remains off work, the lower the
probability they will return (Waddell & Burton, 2006,
cited in Wynne-Hones et al. 2014). Chronic back pain
(CBP) also impacts the ability to perform daily func-
tional tasks and activities (Nordeman et al. 2017;
Yiengprugsawan et al. 2017). CBP has been associated
with monotonous tasks such as repetitive stationary
assembly line work (Balasubramanian, Adalarasu, and
Regulapati 2009; Coenen et al. 2018; Macfarlane et al.
1997). Similarly, acute back pain can arise during quiet

standing over a period of 30minutes to 4.5 hours,
even in healthy people without chronic lower back
pain (Gregory and Callaghan 2008; Wall et al. 2019;
Waters and Dick 2015; Andersen, Haahr, and Frost
2007); this may also develop into chronic back pain
(CBP) (Locks et al. 2018). A systematic review tenta-
tively suggested a detrimental effect of prolonged
standing on lower back pain, but also noted that there
were a limited number of high-quality studies (Coenen
et al. 2018). The mechanisms for back pain is therefore
not yet clear and need understanding so that they
can be avoided.

The task demands are an important factor to con-
sider in the aetiology of chronic and acute back pain
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and the study of the causative factors would benefit
employees in work environments (Claus et al. 2016).
Moreover, older employees are at potentially greatest
risk of lower back pain, due to effect of ageing; this is
particularly problematic for older women (Mika,
Unnithan, and Mika 2005; Sinaki et al. 2005). Thus
given the increasing average age of the working
population, CBP will likely become a greater problem
in older female employees. However, limited occupa-
tional task constraints have been studied in older
female populations.

Standing for up to 40minutes at a time has been
recommended to alleviate the detrimental effects of
siting, in dominantly sedentary jobs, in an attempt to
increase physical activity levels (Parry et al. 2019).
However, given that back pain can occur during
standing for 30minutes per hour in adult workers
(Andersen, Haahr, and Frost 2007) it may not be advis-
able for some. Further still, back pain has been put
forward as a reason that older adults experience diffi-
culty standing in one place for longer than 15minutes
(Edmond and Felson 2003), suggesting that there may
be a larger effect in this specific population. This is
further suggested by Freitas et al. (2005), who showed
that 30minutes of quiet standing negatively impacted
postural control in older adults. Along with standing,
continuous walking for up to 40minutes has been
recommented to avoid sedentary working (Parry et al.
2019). However, researchers such as Edmond and
Felson (2003) found restricted ability to walk a half
mile associated with back pain. The occurrence of
back pain may therefore undermine the positive
impact of standing and walking as older adults try
and avoid pain. Similarly, the early experience of back
pain in assembly line workers may make the work
experience unpleasant and lead to increased pain that
could make the completion of their role impossible,
impacting both them and the employer. Thus, greater
understanding of back pain aetiology is warranted.

Research has demonstrated increased muscle acti-
vation in the trunk muscles, including the trapezius
and erector spinae muscles, during prolonged stand-
ing (Balasubramanian, Adalarasu, and Regulapati 2009;
Madeleine et al. 2002). In addition, increased muscle
activation of different back muscles has also been
associated with back pain (van Die€en, Selen, and
Cholewicki 2003). As such, prolonged activity such as
periods of standing or walking may induce fatigue
(Ament and Verkerke 2009; Ghamkhar and Kahlaee
2019), which when sufficient has been associated with
back pain (Waters and Dick 2015). Another conse-
quence of fatigue and pain is the adoption of different

postures such as increased flexion in the upper and
lower spine (Gregory et al. 2008; Hung-Kay Chow et al.
2011). Lumbar and hip flexion could be an adaptive
strategy to reduce pain (Gallagher and Callaghan
2016; Gallagher, Campbell, and Callaghan 2014).
Similarly, individuals who develop pain can demon-
strate greater extension of their lumbosacral spine
(Gallagher and Callaghan 2016). Potentially, the
change in posture could explain the negative impact
of standing and walking activity on balance/postural
control too (Fewster et al. 2020; Garcia, Laubli, and
Martin 2018; Ghamkhar and Kahlaee 2019; Walsh, Low,
and Arkesteijn 2018), although this has not yet been
explored previously.

In much of the aforementioned literature, the pro-
tocols typically do not encompass upper body motion.
This is despite during stationary assembly line work,
the quiet standing tasks typically involve upper body
movements and axial rotational activities as part of
manual handling of objects and tools (Allread, Marras,
and Burr 2000). Upper body movement has been
shown to influence the postural movement/position
(Glinka et al. 2018). Rotational activities have also
been shown to influence spinal loading and muscle
recruitment (Rohlmann et al. 2001; Schinkel-Ivy and
Drake 2019). Furthermore, dynamic tasks are less fati-
guing than stationary tasks (Balasubramanian,
Adalarasu, and Regulapati 2009). Within these studies,
the tasks also typically involve younger adults
(Balasubramanian, Adalarasu, and Regulapati 2009)
who do not demonstrate the age-related changes that
can impact posture, balance and back pain. Therefore,
the use of quiet standing to evaluate fatigue has limi-
tations to occupational task specific demands of older
employees. Similarly, given the past observations that
relatively short periods of standing may lead to acute
back pain, understanding of the impact of incorporat-
ing upper-body movement whilst standing may be
beneficial to those making recommendations to effect-
ively limit sedentarism.

Although previous research has shown that pro-
longed standing and continuous walking can affect
back pain, postural alignment and control, this has not
been explored in a single study in older females.
Further still, walking and prolonged standing have
been previously evaluated separately, but not directly
compared in the same population. Therefore, the aim
of this study was to compare the posture, static pos-
tural control and acute back pain in older females
before and after a bout of walking and modified quiet
standing (MQS) comprising of repetitive manual han-
dling requiring axial rotations. The primary hypothesis
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was that following MQS and walking, there would be
an increase in acute pain, upper spine flexion and pos-
tural sway.

Material and methods

Participants

Fourteen older adult females (62 ± 11yrs;
162.3 ± 7.6 cm; 70.6 ± 11.8 kg), with no known neuro-
muscular or cognitive impairment which would inhibit
stability agreed to take part in this study. The study
was approved by an institutional ethics process in
accordance with the Declaration of Helsinki. Each par-
ticipant completed a health questionnaire and con-
sentform to confirm their understanding of the
protocol and their right to withdraw at any time with-
out consequence. Chronic back pain using the Von
Korff pain scale (Von Korff, Ormel, Keefe, & Dworkin,
1992) was assessed and participants were considered
as having similar back pain (prior MQS median ¼ 1
(range 1–5) and prior walking median ¼ 1
(range 1–2)).

Experimental procedures

Participants attended a familiarisation and two test
session all of which were separated by at least
48 hours (See Figure 1). Within the familarisation ses-
sion, participants were given a verbal and visual
description of the tasks, shown the equipment used,
experienced walking on the treadmill and signed the
information and consent forms. On the test occasions,
participants completed a walking or MQS task, in a
randomised order across participants. Within 3minutes
prior to and following these activities, five quiet stand-
ing trials were collected each lasting 30 seconds in
duration. During these trials, upper body kinematics,
postural control and upper body muscle activation
were measured while standing in a double
leg position.

Participants completed the walking task at a self-
selected pace, undertaken using a treadmill (h/p/cos-
mos, Germany). Participants were given a two-minute
warm-up period to select their preferred walking
speed and then walked in a normal fashion and with-
out holding the treadmill support bars, for 30minutes,
modifying the speed throughout in order to maintain
a sustainable walking pace (average speed of
0.92 ± 0.40ms�1) that allows them to complete the
duration of the test.

During the MQS task, participants performed a lat-
eral rotation of the trunk at the hips, whilst keeping

the feet fixed to the floor, moving weights from one
plastic container to another. In total, three plastic con-
tainers (33.5 cm wide, 45 cm long 17 cm deep) were
placed within easy reach from one another, on top of
a table (93 cm high [55–60% of the participants’
height], 152 cm long, 79.5 cm wide); five weights were
placed into one container, each weight accounted for

Figure 1. caption. Schematic of the data collection during
quiet standing trials (QS) before and after the randomised
order of the modified quiet standing (MQS) and walking
task allocation.
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approximately 1% of the participants body mass, to
the nearest decimal. Participants moved each weight,
one at a time, from one container to the next. Once
all weights were moved from left to right, the process
continued with the weights being moved from right
to left; this process continuing for 30minutes. During
both tasks, Rating of Perceived Exertion (RPE) meas-
ured via a 10-point Likert scale was recorded at
minutes 5, 15 and 25 of the activity.

In all sessions, participants wore a medical gown,
which was secured using Hypafix tape (5 cm x 10 cm,
Hillside Medical Supplies) to expose their posterior
trunk. Reflective markers were placed at the bony
processes of the cervical 7th (C7), thoracic 7th (T7),
thoracic 10th (T10), thoracic 12th (T12), lumbar 2nd
(L2 and sacral 2nd (S2) vertebrae; these locations were
based on a modified model used previously (Fowler,
Rodacki, and Rodacki 2006). Surface EMG activation of
the Trapezius Descendens (TD), Trapezius Transversalis
(TT), Trapezius Ascendens (TA) and Erector Spinae
Longissimus (ESL) were recorded on both the right
and left side, by wearing electrodes located and pre-
pared in accordance with the SENIAM guidelines
(Hermens et al. 2000); these were placed parallel to
the muscle fibres.

Participants were required to stand quietly in their
natural foot position with arms relaxed at their sides.
Trials were performed with eyes open whereby partici-
pants were instructed to stare at a cross placed at
approximately eye-height, 1.8m from the force plat-
form that was not adjusted during the course of the
study. Foot position was noted by an outline traced
around the participants’ feet on an acetate sheet, fixed
by sticky tape to the force platform to ensure inter-
trial consistency. The number (5 trials) and length of
trials (30 seconds) were based on previous research
(Doyle et al. 2008; Letz and Gerr 1995; Santos et al.
2008) to provide sufficient data, that when averaged
produces reliable CoP analysis without induc-
ing fatigue.

Experimental measurements

Upper body kinematics were recorded using an eight-
camera, 3-dimentional motion capture system (50Hz,
Eagle cameras, Cortex, Motion Analysis Corp., CA,
USA). Simultaneous and synchronised force platform
(AMTI, MA, USA) data were also recorded at a fre-
quency of 50Hz. Kinematic data was filtered using a
2nd order Butterworth filter with a cut-off frequency
of 10Hz before joint angles were calculated. Three,
two-dimensional (2D) angles were calculated using

motion analysis software for the upper (C7-T7-T12),
lower (T10-L2-S2) and full trunk (C7-T12-S2) segments.
A straight spinal position was defined as an angle of
zero degrees, with increasing angles indicating any
change in flexion. The average angular position of the
segment was calculated for each trial.

The anterior-posterior (AP) and medial-lateral (ML)
positional data provided by the force plate, were used
to calculate total postural sway during the trial
(SWAYTOT) utilising Equation (1):

DisplacementAP ¼ ½APn � APn�1�

DisplacementML ¼ MLn � MLn�1½ �

SWAYTOT ¼
Xi¼1

i¼3000

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DisplacementAP

2 þ DisplacementML
2

q"

where i¼ 1 and i¼ 3000 denote the first and last data
frame and APn and MLn represent displacement for
the whole sample (n).

EMG activity was recorded at a sample frequency of
1000Hz using eight wireless transmitters (BTS
FREEEMG 300, BTS Bioengineering, Milan, Italy) fitted
with pre-gelled silver-silver chloride disposable electro-
des with an inter electrode distance of 20mm. The
signals were amplified and A/D converted by the wire-
less transmitters before being transferred to
EMGAnalyser software (BTS Bioengineering, Milan,
Italy). Processing of all EMG signals was conducted
using custom made programme written in MatLab
software (Mathworks Inc., MA, USA). The raw EMG sig-
nals were bandpass filtered using a dual-pass 4th
order Butterworth filter with a 20–450Hz cut-off fre-
quency before subtracting the mean of the signal to
correct baseline-offsets. The bandpass filtered signal
was then full-wave rectified and low-pass filtered to
produce a linear envelope using a dual-pass 2nd order
Butterworth filter with a 10Hz cut-off frequency. Mean
amplitude was recorded and normalised as a percent-
age of peak activation level collected during a max-
imal back strength test conducted after the associated
period of quiet standing. Maximal back strength was
assessed using a back-strength dynamometer (Takei
Back-D, Takei Scientific Instruments, Japan). Five meas-
urements were taken using this equipment, with the
largest EMG muscle activation used to normalise the
EMG data. Finally, participants rated their acute back
pain at the start and end of the prolonged walking or
MQS on a 10-point Likert scale, with 10 being the
worst pain possible.
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Statistical analysis

Statistical analysis was performed within SPSS (IBM,
version 26.0). Independent variables included Time (2
levels [before and after task]) and Task (2 levels
[Walking and MQS]). For the kinematic, postural con-
trol and EMG dependent variables, the data calculated
for each of the 5 trials was averaged across trials and
used for the statistical analysis. Back strength was ana-
lysed using the highest value obtained with the
dynamometer.

Data assumptions for parametric tests were met
and subsequently, separate Two-way repeated meas-
ures Multivariate Analysis of Variance (RM MANOVA)
were conducted for the spine angles and EMG data
given that there were multiple sub-category of data
for each dependent variable. The RPE scores collected
during the prolonged tasks were analysed- using a
Two-way RM ANOVA, with Time (3 levels [5, 15 and
25minutes]) and Task (2 levels [Walking and standing])
as independent variables. Upon significant RM
MANOVA, univariate analysis, provided within the
SPSS output was then explored. Postural control
(SWATTOT), back pain and back strength were analysed
using a Two-way repeated measures ANOVA since
there was only one sub-category data collected for
each dependent variable.

Statistical significance was indicated at a� 0.05. For
significant main univariate effects and interactions,
post-hoc tests were performed using Bonferroni
adjustments. Group mean data, standard deviations

and effect sizes were also determined. For effect size,
Partial Eta Squared (gp

2) statistics were used wherein
0.02 was categorised as small, 0.13 as moderate and
0.26 as large (Cohen 1988).

The inter-session (using average scores provided as
baseline on the two test sessions) and intra-session
(using the five angles calculated on the first test ses-
sion) reliability of spinal angles were assessed using a
single measures and average measures two-way ran-
dom ICC respectively. To interpret the reliability statis-
tics, 0.5 or less is indicative of poor reliability 0.5–0.75
moderate reliability, 0.75–0.90 indicative of good reli-
ability and 0.9 and greater indicates excellent reliabil-
ity (Portney and Watkins 2015).

Standard Error of the Measurement (SEM) was cal-
culated using the square root of the mean square
error term provided from within the ANOVA table
(Weir 2005). The SEM units are those of the data for
which the SEM is calculated (e.g. degrees). This meas-
urement provides an estimation the random variation
occurring across scores, collected on multiple occa-
sions, when no real change has taken place (Beninato
and Portney 2011; Portney and Watkins 2015)

Results

Spine angle

The Two-way RM MANOVA indicated a significant
main effect of Time on spine angle (F(3, 11) ¼ 6.781;
p¼ .007; gp

2 ¼ 0.649). The subsequent univariate

Figure 2. caption. The upper, lower and full spine angles during quiet standing before (black) and after (grey) the Walking (black
line) and Modified Quiet Standing task (grey line). � indicates significant increase in angle from before to after task completion.
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analysis demonstrated greater upper (Mbefore ¼ 22.5
degrees ± 7.54, Mafter ¼ 23.18 ± 7.17, F(1, 13) ¼ 11.474;
p¼ .005; gp

2 ¼ 0.469) and full-spine (Mbefore ¼ 20.39
degrees ± 9.17, Mafter ¼ 21.36 ± 9.15, F(1, 13) ¼ 13.292;
p¼ .003; gp

2 ¼ 0.506) angle following the tasks; lower-
spine was not significantly different (Mbefore ¼ 12.15
degrees ± 7.42, Mafter ¼ 12.00 ± 7.25, F(1, 13) ¼ 1.368;
p¼ .263; gp

2 ¼ 0.095) (Figure 2). There were no effect
of Task performed (F(3, 10) ¼ 0.318; p¼ .813; gp

2 ¼
0.080) on spine angle. There were also no significant
interaction between the independent variables for any
spine angle (F(3, 11) ¼ 0.141; p¼ .933; gp

2 ¼ 0.037).
The inter-session reliability of the upper and full

spine were moderate (ICC ¼ 0.824 and 0.672 respect-
ively), whilst the lower spine was poor (ICC ¼ 0.052).
SEM for the upper, lower and full spine angle was
3.21, 7.63 and 5.42 degrees respectively.

The intra-session reliability for the upper, lower and
full spinal angles were shown to be excellent (ICC ¼
0.99 for each angle). The SEM for upper, lower and full
spinal angles were 0.63, 1.10 and 0.84 degrees
respectively.

Postural control

For the analysis of postural control, there were no sig-
nificant main effects of Time (F(1, 13) ¼ 1.781; p¼ .205;
gp

2 ¼ 0.120) or Task (F(1, 13) ¼ 1.453; p¼ .249; gp
2 ¼

0.101) on SWAYTOT. Likewise, there was no significant
interaction between Time and Task for this measure
(F(1, 13) ¼ 0.173; p¼ .684; gp

2 ¼ 0.013) (Figure 3).

Muscle activation

The Two-way RM MANOVA analysis of the EMG data
indicated that there was no significant main effect of
Time (F(8, 1) ¼ 3.106; p¼ .414; gp

2 ¼ 0.961), or Task
(F(8, 1) ¼ 1.375; p¼ .581; gp

2 ¼ 0.917) (Table 1).

Likewise, there were also no significant interaction
between independent variables (F(8,1) ¼ 1.312;
p¼ .592; gp

2 ¼ 0.913) for any EMG measurement.

Back strength

Back strength did not change pre- and post- activity
(F(1, 13) ¼ 0.682; p¼ .424; gp

2 ¼ 0.050). Likewise, the
activity type did not impact maximal back strength
(F(1, 13) ¼ 0.005; p¼ .946; gp

2 < 0.001) (Table 2).
Further still there was no significant interaction
between the independent variables (F(1,13) ¼ 0.196,
p¼ .665, gp

2 ¼ 0.015).

Acute back pain

Back pain change was demonstrated following the
30minutes of activity (F(1, 13) ¼ 8.273; p¼ .013; gp

2 ¼
0.389) where pain was higher immediately following
the tasks (Table 2). Similarly, there was also a signifi-
cant main effect of Task (F(1, 13) ¼ 7.601; p¼ .016; gp

2

¼ 0.369) where pain was shown to be higher for MQS

Figure 3. caption. Total sway before and after the Walking
(black lines) and Modified Quiet Standing task (grey lines).

Table 1. Muscle activation levels (%) during quiet standing
before (Pre)and after (Post) Walking and Modified Quiet
standing (MQS).

Walking
Modified Quiet Standing

PRE POST PRE POST

Erector Spinae Longissimus
Left 91 ± 4 89 ± 11 91 ± 11 94 ± 14
Right 88 ± 10 88 ± 11 90 ± 10 92 ± 28

Trapezius Ascendens
Left 88 ± 10 87 ± 11 91 ± 8 97 ± 18
Right 91 ± 10 96 ± 15 85 ± 15 93 ± 9

Trapezius Descendens
Left 82 ± 11 85 ± 34 82 ± 9 83 ± 25
Right 82 ± 10 90 ± 31 86 ± 10 86 ± 28

Trapezius Transversalis
Left 90 ± 10 92 ± 13 90 ± 7 96 ± 13
Right 90 ± 8 89 ± 9 91 ± 8 95 ± 14

Table 2. Maximal Voluntary Contraction and Acute Back Pain
during quiet standing before (Pre)and after (Post) Walking
and Modified Quiet standing (MQS).

Pre Post

Back Strength (kg)
Walking 42.5 ± 19.2 43.9 ± 19.1
MQS 43.2 ± 16.1 43.7 ± 17.2

Acute Back Pain (a.u.) �
Walking 1.1 ± 0.4 1.6 ± 1.2 #
MQS 1.8 ± 1.3 2.8 ± 1.9

5minutes 10minutes 25minutes

Rating of Perceived Exertion (6–20)
Walking 8.7 ± 1.8 9.2 ± 2 9.7 ± 2.5 $
MQS 8.8 ± 1.6 9.5 ± 1.9 10.3 ± 2.5

�Indicates significant increase from Pre to Post as main effect of Time.
#Indicates main effect of Task. $Indicates significant increase from 5 to
25minutes as main effect of Time.
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compared to Walking. However, these differences
were independent of time as there was no significant
interaction between the independent variables (F(1,13)
¼ 2.116, p¼ .169, gp

2 ¼ 1.40).

Rating of perceived exertion score

The RPE data collected during the activities changed
over time (F(1.293, 24) ¼ 6.970; p¼ .013; gp

2 ¼ 0.367)
(Table 2). RPE score increased between time points 1
and 3 (p¼ .043) but not between time points 1 and 2
(p¼ .064) or 2 and 3 (p¼ .164). There was no signifi-
cant main effect of Task (F(1, 12) ¼ 1.893; p¼ .194; gp

2

¼ 0.136), nor was there a significant interaction
between the independent variables (F(2, 24) ¼ 1.473,
p¼ .249, gp

2 ¼ 0.109).

Discussion

The main finding of the present study was that while
posture changed following both walking and MQS,
this did not increase the postural sway. In addition,
acute back pain increased following prolonged activ-
ity, irrespective of the task. Finally, there were no
changes in muscle activation, nor were any interac-
tions observed between time and activity for any of
the dependent variables, indicating that both tasks
had similar effects.

The present study is the first to show that both
prolonged walking and modified quiet standing with
axial rotations, increased the forward flexion of the
upper body during normal quiet standing in the same
female older adult population. This is in agreement
with previous research that has reported that walking
with a backpack in young adults induced increased
forward flexion (Hung-Kay Chow et al. 2011). In add-
ition, in younger adults, a static, repetitive forward
and vertical reaching task, performed to fatigue,
induced greater forward flexion (Fuller et al. 2009),
which is similar to the increase in flexion that occurred
with axial reaching task utilised in this study. Thus,
older women appear to show similar postural
response to that of young adults to these activities,
but without necessary the exposure duration or add-
itional load, such as backpacks. This suggests these
tasks could make older women more prone for
increased forward flexion during occupational tasks, in
particular if it would involve longer durations and
higher loading than in the present study.

The addition of a manual handling task to quiet
standing was considered appropriate to replicate typ-
ical upper-body activities associated with some

employment setting. The low dexterity demands
(Gilles et al. 2017)) and ability to self-pace could have
limited the biomechanical load experienced (Claudon
et al. 2020). This is supported by the lack of change in
maximal back strength and the unchanged muscle
activation in any of the muscles. Thus, it suggests that
muscle fatigue of the upper body was unlikely to be a
factor in the changes in spinal angles observed.
Potentially, the increased forward flexion was due to
other factors, such as such as the occurrence of creep
in ligaments or other soft tissues (Larson, Menezes,
and Brown 2020; S�anchez-Zuriaga, Adams, and Dolan
2010), or sensory feedback alterations (Pinsault and
Vuillerme 2010).

The present study showed that acute back pain
increased following both tasks which supports previ-
ous evidence from walking and standing studies
(Andersen, Haahr, and Frost 2007); the addition of the
lateral rotation also supports another study utilising
repeated movements (Nelson-Wong and Callaghan
2010) . The increase in acute pain was also reflected in
the RPE that increased from the beginning to the end
of the tasks. There was higher acute pain score before
and after MQS compared with prolonged walking; this
may have been due to anticipation effects, rather than
the development of acute back pain before that activ-
ity. Despite the change in back pain following the
tasks, the magnitude of change would not be consid-
ered clinically relevant (difference of 2<for numerical
rating scales) (Ostelo et al. 2008) and thus, it is ques-
tionable that the effect of the pain would have real
world impact. Given this, after adding lateral move-
ment of the trunk rotation to quiet standing,
30minutes of this activity for older adults remains
within the limit of safe exposure time previously sug-
gested (Coenen et al. 2017). However, although not
clinically relevant, it may be unpleasant for the individ-
ual and put them off from doing such activity.

The lack of effect on postural sway can be
explained by the small of change in posture (�1
degree). More rigorous, high intensity firefighting
tasks, have been shown to have a significant impact
on younger, healthy individuals, with (Gregory et al.
2008) reporting an increase in spinal flexion following
the 3minutes of these activities. Therefore, if the quiet
stance task used greater load, quicker movement or of
a longer duration a greater challenge on the postural
system may have been experienced, increasing the
postural sway experienced. In addition, the present
study indicates that the inclusion of more dynamic
movements during MQS could be sufficient to negate
impaired postural control compared with prolonged
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quiet standing (Fewster et al. 2020; Freitas et al. 2005;
Ghamkhar and Kahlaee 2019). This extends a previous
finding that fatigue and pain increase less during
dynamic tasks compared with static tasks and thus the
effect on postural control would also be less
(Balasubramanian, Adalarasu, and Regulapati 2009).
The lack of change following walking for sway path
length is also supportive of the findings of Walsh,
Low, and Arkesteijn (2018). Combined, it indicates that
the risk of a fall was not altered, potentially by allow-
ing the participant to move while standing in the
same place and/or a low intensity task.

Macfarlane et al. (1997) highlights that CBP is influ-
enced by short term factors that are avoidable. From a
practical perspective, the present study shows that
older employees performing 30minutes of repetitive
stationary tasks and walking might at best increase
forward flexion, but with a relatively small absolute
effect; this would also be true for 30minutes of habit-
ual walking or activities such as washing-up or factory
line work. Further still, although walking is suggested
as beneficial compared to standing for reducing lower
leg swelling and leg muscle fatigue (Wall et al. 2020),
it does not appear to impact the relative change in
forward flexion. These results also suggest that seden-
tary individuals may wish to encorporate either
approach to improve their activity level without
impacting posture and postural control differently.
However, it will not reduce the the occurance of sub-
tle acute back pain, which may develop over the lon-
ger term into CBP for both standing (Locks et al. 2018)
and walking (Balasubramanian, Adalarasu, and
Regulapati 2009; Coenen et al. 2018; Macfarlane et al.
1997). As such, regular rest periods are likely needed
for activities with durations longer than 30minutes.

A limitation of the present study is that the short
exposure time to the tasks may limit the application
to the full length of sustained work. Whilst some
subtle changes were observed they would have
likely been greater had a longer period of time
been used. The degree of change would have
impacted the ability to detect statistical changes.
Another study limitation is the use of relatively small
sample, although this was similar to other studies
with less than 20 participants where differences
were found during similar activities, albeit it in
younger adults (Balasubramanian, Adalarasu, and
Regulapati 2009; Fuller et al. 2009; Garcia et al.
2016; Lepers et al. 1997); it was expected that the
older age would excaserbate the observations of
younger adults and thus the power would have
been sufficeint in the current study to detect

change. Various large effect sizes were present,
which did not consistently result in significant differ-
ences, indicative of an insufficient sample size
(Johnson 1999; Sullivan and Feinn 2012). However,
small effect sizes were calculated for the spinal
angle data that were not significant, suggesting that
greater sample recruitment would unlikely lead to
‘real’ differences being demonstrated. The population
sample of older females, also limits drawing broad
conclusions to male employees, as their muscle acti-
vation levels during standing have recently been
found to be different (Cui et al. 2020). Similarly, clin-
ical populations were not included, and therefore
further research should expand the inclusion criteria.
Within the sample of older adult females, heterogen-
eity in physiological characteristics may have
impacted conclusions. Future research should take
appropriate measures to either narrow inclusion cri-
teria or explore how these factors influence the
degree of change in the outcome variables studied.
However, given the within subject nature of the
study design, this would detract from the significant
effects demonstrated in this study and the general-
isation to older adults. The present study did not
take into account the participant height in relation
to the working height, and no ergonomic adjustable
working height was selected. This could have exa-
cerbated the forward flexion during the manual han-
dling task for taller individuals. However, this is
common in various workplaces, and the present
study compared posture before and after the tasks
during quiet standing poses, not during the tasks.
Finally, it is important to add that whilst the intra-
session reliability of the spinal angle data was excel-
lent and the SEM values small, given the small
absolute change in spinal angle this may impact the
interpretation of the findings obtained.

Further research could directly compare quiet
standing with modified quiet standing and allowing
more movement, to determine if this could be of
potential benefit to assembly line workers. Monitoring
back pain during work activities also appears war-
ranted, as the present study showed minor increased
pain that may increase over a short period of time,
leading to greater postural change and control impair-
ment. Future research could focus on all day long
tasks, which might exercebate the increase upper
spine flexion and pain present, as well as including
more physically demanding tasks and exploring the
potential benefit of introducing short breaks.

To conclude, this study shows that 30-minute real-
world activities such as comfortable continuous
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walking or repetitive work similar to that performed at
a stationary assembly line impacts minimally on pos-
ture and acute back pain in older female populations.
Similarly, there were no muscle activation and postural
control changes suggesting that falls risk is also
unaltered. Therefore, the appearance of subtle acute
back pain following 30minutes of activity is most
likely due to increased upper spinal flexion, but the
magnitude of the effect is not considered clinic-
ally relevant.
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