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Adjustable-height desks may provide musculoskeletal health benefits to offset the effects of prolonged sitting.
One mechanism may be increased postural variability, here characterized by head and trunk postural sway.
Linear acceleration of the head and trunk were measured while participants used computer workstations in
seated and standing positions during keyboard and mouse tasks; secondary measures were discomfort and
proprioception (head and neck repositioning error). Median accelerations of the head and trunk were 20-26%
lower in mouse tasks compared to keyboard tasks (p < 0.01). There were no significant differences in sway
parameters between seated and standing positions. Discomfort and proprioception were correlated; subjects who
experienced increased neck discomfort after 1.5 h of computer work had almost twice the head and neck
repositioning error. The results suggest that postural sway is more affected by different tasks (keyboard vs.
mouse) than by different workstation configurations and that low proprioception acuity may relate to the
development of discomfort.

1. Introduction

Sit-stand (or adjustable-height) workstations may reduce the detri-
mental effects of prolonged sitting. Studies have reported positive health
benefits such as improved cardiometabolic health, better mood, and
decreased low back pain [e.g., (Pronk et al., 2012; Davis and Kotowski,
2014)], but these results are not universal [see scoping review (Cham-
bers et al., 2019)]. Moreover, because time spent sitting is a risk factor
for neck pain (Ariens et al., 2001), there is a need to examine the effects
of sit-stand desks on neck biomechanics, neck discomfort and pain.

In addition to sitting time, postural measures (especially non-neutral
postures) are implicated in neck pain. For example, increased non-
neutral postures were found while sitting compared to standing (Bab-
ski-Reeves and Calhoun, 2016); in this study, participants did not use a
backrest and experienced more discomfort in all body parts while
sitting. More extended neck postures have been measured while sitting
compared to standing computer work (Lin et al., 2017; Barbieri et al.,
2019). In these studies, participants used a backrest; only the study by

Lin et al. reported discomfort, with most participants reporting low back
discomfort while standing. In contrast, other studies found similar head
and neck angles during sitting and standing computer use (Ailneni et al.,
2019; Kang et al., 2021); in these studies, participants used a backrest,
but discomfort was not reported.

Besides mean or median position during different conditions,
postural variability is also an important parameter to consider. Higher
motor variability has been associated with lower musculoskeletal pain
and discomfort (Srinivasan and Mathiassen, 2012); the mechanisms may
be related to alterations in muscle activity and reduced joint loads
(Callaghan and McGill, 2001) or to increased tissue oxygenation
(Reenalda et al., 2009). Sit-stand desks may thereby decrease discomfort
by increasing postural variability. In support of this idea, a laboratory
study of sit-stand workstations found more switching between posture
categories (defined as neck and trunk angles of 0-5, 5-15, 15-30, 30-45
and greater than 45° relative to a baseline) while standing than while
sitting (Ghesmaty Sangachin et al., 2016). However, a field study found
that postural variation, defined as standard deviation of head and trunk
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angles during 1-min epochs), was larger while sitting than standing
(Barbieri et al., 2019). Because postural variability was defined differ-
ently in the different studies, it is difficult to say conclusively whether
sitting or standing results in higher variability. In addition, dis-
tinguishing between computer tasks may be important because in a
seated position, subjects were found to have lower variability in trape-
zius muscle activity and head flexion (Bruno Garza et al., 2012) and
fewer postural changes (Van Niekerk et al., 2015) during mouse tasks
than during keyboard tasks.

Postural sway is another feature that can be quantified to charac-
terize variability of sitting and standing postures. Postural sway can be
assessed by measuring changes in the location of center of pressure or
linear acceleration of body segments; it reflects the integration of a va-
riety of sensorimotor processes including visual, vestibular and propri-
oceptive input. In patients with neck pain, increased sway (center of
pressure excursion) is correlated to increased pain intensity (Ruhe et al.,
2013). In healthy subjects, variability of seated postural sway (measured
by standard deviation of the center of pressure location or number of
postural shifts) is positively correlated to body discomfort (Sondergaard
et al., 2010; Waongenngarm et al., 2020). This is seemingly in conflict
with findings that increased motor variability is associated with
decreased pain and discomfort. For instance, subjects who developed
low back pain after prolonged standing had fewer weight transfers
(Gallagher and Callaghan, 2015) and more muscle co-contraction
(Nelson-Wong and Callaghan, 2010) compared to non-pain de-
velopers. The increased muscle co-contraction in the subjects who
developed low back pain is indicative of increased joint stiffness, man-
ifested as decreased magnitude and increased frequency of postural
sway (Winter et al., 1998). Specifically for participants using computer
workstations, standing resulted in a larger standard deviation of center
of pressure and greater regularity of sway (Kang et al., 2021). There is
little to no information, however, evaluating postural sway and its
relation to neck pain or discomfort while using sit-stand workstations.

Impairment of proprioception, or the sense of body position, is
related to neck pain. Examination of proprioception (here characterized
as the ability to recreate a remembered head position) may be relevant
to the development or prevention of neck pain during computer tasks.
Individuals with neck pain have greater head repositioning error than
individuals without neck pain (Dugailly et al., 2015; Stanton et al.,
2016). Greater head repositioning error is also associated with a more
flexed habitual neck posture (Yong et al., 2016). In addition, during
simulated computer work (hands on a keyboard and gaze on a video
display), head repositioning ability decreases, with the error toward
more flexed postures (Wong et al., 2006).

Proprioception can also be related to postural control. Manipulating
proprioceptive information (by tendon vibration or surface sway-
referencing) in healthy subjects causes increased postural sway (Dou-
mas et al., 2019), and impaired postural control and increased postural
sway are associated with decreased position sense in patients with dis-
orders such as Parkinson’s Disease, ataxia or fibromyalgia (Carpenter
and Bloem, 2011; Onursal Kilinc et al., 2019; Toprak Celenay et al.,
2019). However, it is not clear how proprioceptive ability (or its lack)
may be related to postural sway or to the development of pain or
discomfort in otherwise healthy individuals during computer work.

The purposes of this study were to investigate how postural sway
differs during computer work in sitting and standing positions, how
different kinds of computer tasks affect postural sway, and how pro-
prioception, discomfort and postural sway during computer work may
be related. We hypothesized the following. (1) Postural sway would be
larger during computer work in standing positions than in seated posi-
tions, because of the different biomechanical demands (Roerdink et al.,
2011). (2) Postural sway would be smaller during mouse tasks compared
to keyboard tasks, similar to other biomechanical measures (Bruno
Garza et al., 2012). (3) Discomfort would be lower in standing positions
compared to seated positions (Babski-Reeves and Calhoun, 2016;
Fedorowich and Cote, 2018). Finally, we performed an exploratory
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analysis to evaluate correlations among proprioception, discomfort, and
postural sway parameters.

2. Methods
2.1. Participants

10 subjects (6 women, 4 men) ranging in age from 18 to 57 years
(median age 20.5) participated in this study. The average height was
164 cm for women and 176 cm for men; the average weight was 59 kg
for women and 80 kg for men. Participants had no current pain and no
history of chronic neck or back pain, traumatic injury, or surgery to the
neck or back. This study was approved by the Institutional Review Board
at Washington State University, and all subjects provided informed
consent.

2.2. Protocol

The study took place in a laboratory environment with measures of
proprioceptive ability, discomfort, and postural sway during two com-
puter work sessions with a 20-min rest between them (Fig. 1 and details
below).

After participants provided consent, anthropometric data were
measured and reflective markers were placed on the C7 spinous process,
tragus, and on a line connecting the tragus and canthus (Fig. 2). Then
participants wore a blindfold while completing a head and neck repo-
sitioning test (Proprioception Test #1, described below) to measure
proprioceptive ability. Inertial measurement units (IMUs; Trigno, Del-
sys, Natick, MA) were then placed on the forehead and sternal notch to
measure postural sway of the head and trunk (Fig. 2). Subjects answered
a questionnaire about their current levels of discomfort (Discomfort #1)
in their neck, shoulders/upper arms, lower arms/wrists, upper back,
lower back, hips/upper legs, and lower legs/feet via a verbal scale on
which 0 indicated no noticeable discomfort and 10 was very, very high
discomfort (Borg, 1973).

Each subject received information on best practices (modified from
information on the OSHA website (OSHA, n.d.), Supplementary Mate-
rials) to set up computer workstations in seated and standing configu-
rations. In the seated position, participants used an adjustable-height
chair with a backrest. They adjusted their workstation (Workfit, Ergo-
tron, Saint Paul, MN) accordingly, which included raising/lowering the
monitor and the tray containing the keyboard and mouse relative to the

Proprioception Test #1

Discomfort Questionnaire #1
y A

Computer Work #1
(45 minutes)

Discomfort Questionnaire #2

Discomfort Change
after Individual Sit
or Stand Work
Sessions

Discomfort
Rest (20 minutes) Change after
N Both Sessions
Discomfort Questionnaire #3

Computer Work #2
(45 minutes)

L J
Discomfort Questionnaire #4

Rest (5 minutes)

Proprioception Test #2

Fig. 1. Timeline of laboratory session. Computer work #1 and #2 were ran-
domized to start with sitting or standing position.
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Fig. 2. Placement of reflective markers (circles) and IMUs (rectangles). The
dotted line indicates the line connecting the tragus and canthus. Markers could
not be placed directly on the canthus because of the blindfold used for the head
and neck repositioning test.

desk, as well as raising/lowering the monitor relative to the key-
board/mouse tray. The subjects then worked at the computer worksta-
tion for 45 min in either a seated or standing position. The initial
working posture (seated or standing) was randomly selected. Subjects
always began their session with a keyboard task, then periodically
switched back and forth to a mouse task at their own pace. The keyboard
task (TypingMaster) was a touch-typing training program, in which
subjects were presented with phrases on the screen which they typed.
The mouse task (Geoguessr) was a web-based geography game, in which
players try to guess a location in the world by navigating around
street-view images. Subjects were allowed to switch between tasks at
their discretion, and the times during the session when the subjects
switched tasks were noted by the investigator.

After the first 45-min computer work session, the subjects reported
their discomfort (Discomfort #2) and rested for a minimum of 20 min.
Following the rest, they were again given the discomfort questionnaire
(Discomfort #3). Then they had the opportunity to adjust their chair,
monitor and keyboard/mouse tray and worked for 45 min in the position
(seated or standing) that they did not work in during the first test. After
the second working session, a final discomfort questionnaire (Discom-
fort #4) was given and the IMUs were removed. The subjects rested for
5 min and repeated the head and neck repositioning test (Proprioception
Test #2).

Proprioception tests (for head and neck repositioning ability) were
performed at the beginning and end of the session. Subjects wore
blindfolds during these tests to limit visual information. The tests were
performed without IMUs to avoid cutaneous feedback from IMUs on the
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skin. For this reason, head and neck repositioning abilities could only be
measured before the first work session and after the second. Subjects
were first asked to hold their head and neck in a self-selected neutral
posture. A lateral photograph was taken in the original neutral posture
and after each subsequent instructed movement sequence. Subjects were
then asked to move their head and neck through either extension fol-
lowed by flexion (EFE) or flexion followed by extension (FEF), returning
to the original neutral position, as described in Table 1 (Hallgren and
Andary, 2008). Each movement sequence (FEF or EFE) was performed
twice, alternating, and the initial movement sequence was presented
randomly.

2.3. Data analysis

IMU data were collected at 148 Hz. To remove the effects of gravity
from the acceleration data, a high pass filter of 0.5 Hz was applied to
remove the constant acceleration offset on all three axes, followed by a
low pass filter of 60 Hz. The net acceleration vector was calculated from
X, ¥, and z acceleration channels. Data were separated according to
workstation configuration (sit or stand) and task (keyboard or mouse).
Sway parameters were calculated for the head, trunk, and the ratio of
head to trunk: median acceleration, 10th — 90th percentile acceleration
range, and median frequency of acceleration data. To evaluate the effect
of working position and task (hypotheses 1 and 2), sway parameters
were compared using two-way repeated measures ANOVAs; factors were
position (sit vs. stand) and task (keyboard vs. mouse).

Differences in body position relative to the workstation were char-
acterized by digitizing video images taken at the beginning of each
seated and standing session. The participants’ tragus, shoulder, elbow
and wrist were digitized, as well as a marker attached to the keyboard,
and the top and bottom edges of the monitor, which were averaged to
obtain the midpoint of the monitor from the side view. The distances
between the tragus to monitor, tragus to shoulder, shoulder to keyboard,
and monitor to keyboard were calculated. To account for differences in
participant size, the percent change was calculated for all linear di-
mensions as:

(standing — sitting)

mean (standing, sitting) )

T-tests were used to evaluate whether the percent change was
significantly different from zero. The elbow angle (the angle between
vectors connecting the elbow to shoulder and elbow to wrist) was also
calculated for both sitting and standing positions and evaluated using a
paired t-test.

Discomfort scores for each body segment and total body discomfort
were recorded before and after each computer work session. To evaluate
the effect of sitting and standing on discomfort, the discomfort scores
were compared using two-way repeated measures ANOVAs, with the
factors as working position (sit vs. stand) and time (beginning vs. end of
session). An overall measure of discomfort change over both sessions
was calculated as Discomfort #4 — Discomfort #1, regardless of whether
sitting or standing was the first session.

From the photographs taken during the head and neck repositioning

Table 1

Description of motions for head repositioning test. A subject would perform four
sequences before Work Session 1 (e.g., starting with extension, EFE-FEF-EFE-
FEF), and four sequences after Work Session 2, starting with the opposite
sequence (e.g., starting with flexion, FEF-EFE-FEF-EFE).

Motion  Description of motion sequence

EFE Rotate your head backward as far as is comfortable, rotate your head
forward as far as is comfortable, and then return as closely as possible to
the starting position

FEF Rotate your head forward as far as is comfortable, rotate your head
backward as far as is comfortable, and then return as closely as possible to
the starting position
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test, head angle was calculated as the angle of the tragus-canthus line
with respect to horizontal, and neck angle was calculated as the angle of
the line connecting the C7 spinous process and tragus with respect to
horizontal. Positive was defined as counter-clockwise from horizontal
(extension when viewing the subject’s right side). Head and neck
repositioning errors were separately quantified as the difference be-
tween each “neutral” posture and the previous one, and average repo-
sitioning error (absolute value) was calculated for the four movements.
Repositioning error was compared between the beginning and the end of
the session (Proprioception Test #1 vs. #2) using a paired t-test.

Linear regressions were performed to evaluate relationships between
repositioning errors, discomfort, and sway parameters. A further anal-
ysis (t-test) was conducted to compare repositioning error among sub-
jects who experienced increased discomfort over the entire session
(positive value of Discomfort #4 — Discomfort #1) and those who did
not.

3. Results
3.1. Subject population, workstation, and task characteristics

The population self-reported as 40% left-handed on a questionnaire,
although during computer tasks only 10% used the mouse on the left
side. Subjects reported spending 7.5 h per day on average in a seated
position, and 50% of the subjects reported familiarity with sit-stand
workstations. During the 45-min seated sessions, subjects spent on
average 22.8 (£+3.6) minutes on the keyboard task (TypingMaster) and
22.2 (+3.6) minutes on the mouse task (Geoguessr); while standing,
subjects spent 23.4 (+3.7) minutes on keyboard and 20.6 (+3.8) mi-
nutes on mouse tasks. Subjects always started with TypingMaster and
made 1-5 transitions (median = 3) between TypingMaster and Geo-
Guessr during the 45-min period. The number of transitions was not
significantly different for seated and standing configurations.

In the seated position, participants adjusted their chair height so that
their thighs were roughly parallel to the floor and leaned against the
backrest most of the time. Distances between landmarks on the partic-
ipants and the workstation were significantly different for standing
relative to sitting; in the standing condition, the workstation was closer
to the participant horizontally (in the anteroposterior direction) and
lower vertically compared to body landmarks. The horizontal distance
between the tragus and the monitor was 13.9% (£+9.3% S.D) smaller (p
= 0.001), and the horizontal distance from the shoulder to the keyboard
was 17.6% (+9.6%) smaller (p < 0.001) for standing compared to
sitting. The vertical distance between the tragus and the monitor was
77.9% (+75.8% S.D) larger (p = 0.01), and the vertical distance from
the shoulder to the keyboard was 18.4% (+20.1%) larger (p < 0.001) for
standing compared to sitting. The horizontal and vertical distances be-
tween the monitor and keyboard were not significantly different be-
tween sitting and standing (p = 0.409 for horizontal and p = 0.795 for
vertical). The horizontal and vertical distances between the participants’
tragus and shoulder were also not significantly different between sitting
and standing (p = 0.952 for horizontal and p = 0.537 for vertical). The
participants’ elbow angle was 94.3° (+10.2°) during sitting and 93.7°
(£9.9°) during standing; this difference was not significant (p = 0.868).

3.2. Postural sway

There was no main effect of workstation configuration on any of the
postural sway variables. Linear acceleration (median and 10th-90th
percentile range) and median acceleration frequency of the head,
trunk, and ratio of head:trunk were not significantly different between
seated and standing postures (Fig. 3 - 5; 0.19 <p < 0.98).

There were significant main effects of task on most of the postural
sway variables examined. Median acceleration during mouse tasks was
25-28% lower compared to keyboard tasks for the head (p = 0.013) and
20-21% lower for the trunk (p = 0.002) in both sitting and standing
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Fig. 3. Median acceleration (average and standard deviation of 10 subjects) of
the head and trunk during seated and standing workstation use with keyboard
(K) or mouse (M) tasks. * indicates significant difference between keyboard and
mouse tasks (p < 0.05, two-factor ANOVA).

positions (Figs. 3 and 6). Acceleration range was significantly smaller in
mouse tasks (21-23%; p = 0.003) for the trunk; it was 23-24% smaller in
mouse tasks for the head, but this difference was not significant (perhaps
due to the extremely high variability of this measure in the head; p =
0.10; Fig. 4). Median head acceleration frequencies were 43-48% higher
(p = 0.002) and median trunk accelerations frequencies were 14-17%
higher (p = 0.008) during the mouse task than during the keyboard task
(Fig. 5). There were no significant differences by task in the ratio of
head:trunk median acceleration (p = 0.15) or acceleration range (p =
0.49). However, the ratio of head:trunk median frequency differed
significantly by task (p = 0.024), with head median frequency 42% of
trunk median frequency for keyboard tasks and 51% of trunk median
frequency for mouse tasks.

3.3. Discomfort

In general, discomfort increased during the 45-min sessions
(compare before and after columns in Table 2). ANOVA indicated a

06
Head _ Trunk
05} Seated Standing Seated Standing
NA
(%)
i
e04r
g 1
= 0371
g * *
8 0.2t
(@]
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©
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T

L INTTT

K M K

Fig. 4. Acceleration range (average and standard deviation of 10 subjects) of
the head and trunk during seated and standing workstation use with keyboard
(K) or mouse (M) tasks. * indicates significant difference between keyboard and
mouse tasks (p < 0.05, two-factor ANOVA).
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Fig. 5. Median frequency of acceleration (average and standard deviation of 10
subjects) of the head and trunk during seated and standing workstation use with

keyboard (K) or mouse (M) tasks. * indicates significant difference between
keyboard and mouse tasks (p < 0.05, two-factor ANOVA).

4 - T T T T T =

——Keyboard
35! Mouse ||

Acceleration (m/s?)

Time (min)

Fig. 6. Representative linear head acceleration over 45 min, illustrating dif-
ferences between tasks.

significant main effect of time (before vs. after 45 min of computer
work) with significant increases in lower arm/wrist (p = 0.004), lower
legs/feet (p = 0.002) and total discomfort (p = 0.001). The increase in
neck discomfort with time was almost significant (p = 0.059) in ANOVA,
and paired t-tests showed a significant increase in neck discomfort while
seated (p = 0.012) but not while standing (p = 0.780). There were sig-
nificant main effects of position, with greater discomfort in the seated
position for the lower arm/wrist (p = 0.037) and greater discomfort in
the standing position for the lower legs/feet (p = 0.005). For the lower
legs/feet there was also an interaction effect (p = 0.004); post-hoc paired
t-tests indicated that discomfort was significantly greater after working
in the standing position (p = 0.002) but not after working in the seated
position (p = 0.23).

Discomfort was moderately correlated to some sway parameters
(mostly negatively in the upper limb and positively in the neck and
lower body). Total discomfort change (sum of all body parts) was
negatively correlated to trunk acceleration range while standing (R? =
0.474, p = 0.028), but there were no significant correlations with trunk
median acceleration magnitude or frequency or any head acceleration
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Table 2

Average (standard deviation) subjective discomfort in different body regions.
“Before” and “After” refer to scores of the discomfort questionnaire before and
after the 45 min work session.? indicates significant effect of time (before vs.
after 45-min session);” indicates significant effect of position (seated vs.
standing).

Seated Standing
Body region Before After Change Before After Change
Neck 0.4 1.4 1.0 (1.0) 0.5 0.6 0.1 (1.1)
(0.5) (1.2) 0.7) (0.8)
Shoulders/ 0.3 1.2 0.9 (0.7) 0.6 0.6 0.0 (1.2)
Upper Arm 0.7) (1.0) (0.8) 0.7)

Lower Arm/ 0.1 0.9 0.8 0.0 0.6 0.6
Wrist (0.3) 0.7) (0.8)*° (0.0) (0.5) (0.5)*°
Upper Back 0.1 0.6 0.5 (0.8) 0.2 0.4 0.2 (0.6)

(0.3) 1.0) (0.6) (0.5)
Lower Back 0.4 1.1 0.7 (1.3) 0.6 0.8 0.2 (0.8)
(0.5) 1.2) (0.8) (1.1)
Hips/Upper 0.0 0.3 0.3 (0.9) 0.6 1.0 0.4 (0.5)
Legs (0.0) 0.9) (1.1) 0.9)
Lower Legs/ 0.2 0.3 0.1 0.8 2.7 2.0
Feet 0.49) (0.5) (0.3)? (1.2) 1.4 (1.5)*°
Total 1.5 5.7 4.2 3.3 6.7 3.4
(1.5) (3.9) 3.1 (2.5) (2.9) (2.5)*

parameters. Other specific body part discomfort changes were also
correlated to sway parameters (Table 3), but there were no meaningful
trends with regard to sit/stand or task conditions, likely due to the small
spread of discomfort values. Head median acceleration was correlated to
discomfort change of lower arm, low back, hip and lower leg, and trunk
median acceleration was correlated to discomfort change of lower arm
and lower leg. Head acceleration range was positively correlated to
discomfort change of neck, low back and hip; it was negatively corre-
lated to discomfort change of shoulder and lower arm. Trunk accelera-
tion range was negatively correlated to discomfort change of shoulder
and lower arm as well as total discomfort. Trunk acceleration median
frequency was only correlated to shoulder discomfort change while

Table 3
Correlations between discomfort scores and sway parameters. Only significant
correlations (p < 0.05) are displayed. * indicates a negative correlation.

Body part Sway parameter Condition R? p-
value
Neck Head Acceleration Range Stand/Mouse 0.4029  0.0487
Neck Head Acceleration Range Sit/Keyboard 0.6831  0.0032
Shoulder Head Acceleration Range* Stand/Mouse 0.6586  0.0044
Shoulder Trunk Acceleration Range* Stand/ 0.4026  0.0488
Keyboard
Shoulder Trunk Acceleration Range* Stand/Mouse 0.7415  0.0014
Shoulder Trunk Acceleration Stand/ 0.5320  0.0167
Frequency Keyboard
Shoulder Trunk Acceleration Stand/Mouse 0.4603  0.0310
Frequency
Lower Arm Trunk Median Stand/Mouse 0.4345 0.0382
Acceleration*
Lower Arm  Head Median Acceleration*  Sit/Mouse 0.6434  0.0052
Lower Arm  Trunk Median Sit/Mouse 0.6581 0.0044
Acceleration*
Lower Arm  Head Acceleration Range* Stand/Mouse 0.4332  0.0386
Lower Arm  Head Acceleration Range* Sit/Keyboard 0.6495  0.0049
Lower Arm  Head Acceleration Range* Sit/Keyboard 0.5179  0.0189
Lower Arm  Trunk Acceleration Range* Sit/Mouse 0.4094  0.0463
Lower Head Median Acceleration Stand/ 0.4653  0.0298
Back Keyboard
Lower Head Acceleration Range Stand/ 0.8444  0.0002
Back Keyboard
Hip Head Median Acceleration Sit/Keyboard 0.4084  0.0467
Hip Head Acceleration Range Sit/Keyboard 0.6014  0.0084
Lower Leg Head Median Acceleration Stand/Mouse 0.4980  0.0226
Lower Leg Trunk Median Acceleration Sit/Mouse 0.4144  0.0446
Total Trunk Acceleration Range* Stand/Mouse 0.4737  0.0278
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standing, and head acceleration median frequency was not correlated to
any discomfort change scores.

3.4. Proprioception

Head and neck repositioning error tended to decrease slightly after
1.5 h of computer work (Table 4); this change was almost significant for
the head (p = 0.053) and not significant for the neck (p = 0.241). There
was a positive correlation between repositioning error and overall in-
crease in neck discomfort, measured between the first and last ques-
tionnaires (i.e., Discomfort #4 — Discomfort #1). Both neck
repositioning error (R? = 0.758, p = 0.001) and head repositioning error
(R? = 0.469, p = 0.028) were significantly correlated to overall increase
in neck discomfort (Fig. 7). These relationships held for both the first
and second head repositioning error values, although only the results of
the initial proprioception test are shown in Fig. 7. Moreover, the subjects
who reported an overall increase in neck discomfort (n = 5) had
significantly larger head and neck repositioning errors than those who
did not report an increase in neck discomfort (Table 4; p < 0.03).

Head repositioning error was moderately correlated to some postural
sway parameters, specifically acceleration range and frequency, but not
median acceleration. Head repositioning error had significant positive
correlations to head acceleration range while sitting during keyboard
tasks (R2 = 0.443, p = 0.036) and while standing during mouse tasks (R2
= 0.491, p = 0.024); it was also correlated to trunk acceleration range
while sitting during mouse tasks (R2 = 0.426, p = 0.041) and while
standing during mouse tasks (R?> = 0.477, p = 0.027). There were sig-
nificant negative correlations between head repositioning error and
acceleration frequency. Specifically, head repositioning error was
negatively correlated to head acceleration frequency under all four
conditions (sitting-standing and keyboard-mouse; 0.417 < R? < 0.480,
0.026 < p < 0.044). Head repositioning error was also negatively
correlated to trunk acceleration frequency while sitting during keyboard
tasks (R2 = 0.427, p = 0.040) and while standing during both keyboard
(R% = 0.625, p = 0.007) and mouse (R = 0.573, p = 0.011) tasks.

4. Discussion

These results do not support the first hypothesis, that postural sway
would be larger in standing positions than in seated positions. We had
expected increased postural sway in the standing position because of
biomechanical factors, such as increased distance from the base of
support to the center of mass. Some previous studies have found
increased center of pressure sway while standing compared to seated
(Roerdink et al., 2011). However, most previous studies examined

Table 4

Average (standard deviation) head and neck repositioning error and change in
neck discomfort over the session. Before refers to Proprioception Test #1, and
After refers to Proprioception Test #2. Subjects with increase in neck discomfort
were those with a positive value of Discomfort #4 - Discomfort #1 for the neck.?
indicates significant difference between the beginning and end of the session (p
= 0.05)." indicates significant difference between subjects with and without
increase in neck discomfort (p < 0.03 for all repositioning errors).

Head Neck Overall Neck
Repositioning Repositioning Discomfort
Error (degrees) Error (degrees) Change
Before After Before After

All subjects 8.9 7.0 3.1 2.7 0.7 (0.8)
(4.8)* (4.8)* 1.5) (2.0)

Subjects with 11.6 8.8 4.2 3.8 1.4 (0.5)

increase in neck (4.6)° (4.8) 1.2)° 2.2)°
discomfort (n = 5)

Subjects with no 6.2 5.2 2.1 1.5 0 (0)
increase in neck (3.4 4.5° (05" (09"
discomfort (n = 5)
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postural sway with arms crossed or at the side and often with eyes
closed. In our study, subjects had their hands on a keyboard or mouse in
both positions; in this case, both “light touch” (Lee et al., 2018) as well
as vision could stabilize the posture in both seated and standing condi-
tions. Thus, the lack of difference between seated and standing positions
was likely due to the fact that we examined postural sway during a
functional task (computer work) rather than in the standard conditions
(e.g., arms at sides, eyes closed) used for basic science research on
postural sway.

The second hypothesis, that type of computer task would affect
postural sway, was supported. Our results are consistent with previous
studies comparing keyboard and mouse tasks. Bruno Garza et al. found
that in keyboard tasks relative to mouse tasks, people had more trape-
zius muscle activity and head flexion and more variability in trapezius
activity, head flexion, and lateral tilt (Bruno Garza et al., 2012). Van
Niekerk et al. found that subjects had fewer postural changes while using
a mouse than while using a keyboard (Van Niekerk et al., 2015). For the
particular keyboard task in this study (TypingMaster), participants may
have been looking down at their keyboard more often if they were not
proficient in touch typing. Additionally, spatial tasks have been found to
induce less sway than nonspatial tasks (Maylor et al., 2001), and the
mouse task used in this study (Geoguessr) had a spatial component that
was not present in the keyboard task (TypingMaster). The differences in
sway parameters between our two tasks may be related to different
biomechanical demands of using a keyboard vs. mouse, to cognitive or
perceptual-motor differences in the task requirements, or both; our
study was not designed to distinguish those factors.

The third hypothesis, that discomfort would be lower in standing
positions compared to seated positions, was supported for lower arms
and wrist discomfort; neck discomfort trended toward significance, with
the decrease of 1.0 while standing comparable to the magnitude
considered clinically significant (Kelly, 1998). Other studies have simi-
larly found less upper body discomfort during standing computer work
(Babski-Reeves and Calhoun, 2016; Fedorowich and Cote, 2018). The
lower discomfort in standing could be related to postures that are closer
to neutral (Babski-Reeves and Calhoun, 2016), lower trapezius muscle
activity (Babski-Reeves and Calhoun, 2016; Fedorowich and Cote, 2018;
Cui et al.,, 2020), or more variability in trapezius muscle activity
(Fedorowich and Cote, 2018). In the current study, discomfort in other
body areas remained similar, except for the lower legs and feet, where
discomfort increased while standing. This indicates that there may be a
tradeoff between upper body and lower limb discomfort to consider for
sit-stand workstations. In contrast, Babski-Reeves and Calhoun found
greater discomfort in all body parts (including head/meck, hips,
elbow/forearm, shoulder/arm and lower back) when seated compared
to standing (Babski-Reeves and Calhoun, 2016). Although subjects in
this study only reported short-term effects, preventing or reducing
discomfort may be important because perceived musculoskeletal
discomfort is a predictor of future musculoskeletal pain (Hamberg-van
Reenen et al., 2008).

Finally, we found some correlations among proprioception,
discomfort, and sway, which should be explored further. Head and neck
repositioning errors were related to neck discomfort and to some
postural sway parameters (acceleration range and frequency). Head and
neck repositioning errors did not increase during the session, indicating
no fatigue effect. These results suggest that examining head and neck
repositioning errors may be an effective measure to screen subjects that
are more likely to develop discomfort during computer tasks, and that
proprioceptive training may help to prevent or reduce discomfort. There
were negative correlations between head repositioning error and ac-
celeration frequency, suggesting that those participants with poorer
proprioceptive ability had lower joint stiffness, but further studies are
needed to investigate this idea fully. Although there were some mod-
erate correlations between discomfort and postural sway, it is difficult to
make conclusive statements about these results in relation to adjustable-
height workstations, mainly because of a lack of difference in sway
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Fig. 7. Relationship between initial head and neck repositioning errors (from Proprioception Test #1) and increase in neck discomfort (IND; Discomfort #4 —
Discomfort #1). A. Regression on neck repositioning error (NRE): IND = —0.800 + 0.481 * NRE; R? = 0.758, p = 0.001. B. Regression on head repositioning error

(HRE): IND = —0.421 + 0.125 * HRE; R = 0.527, p = 0.018.

parameters between standing and sitting.

The differences in workstation configuration between sitting and
standing in our study are similar to others in the literature (Babski-R-
eeves and Calhoun, 2016; Lin et al., 2017), namely that participants
stood closer to the workstation, and the workstation was lower relative
to the subject when standing than when sitting. These different distances
between the participant and workstation could potentially affect sway
variability. However, in our study, we did not find differences in ac-
celeration measures within subjects between standing and sitting, even
though the distance between the participant and the workstation had
changed. Our study has some methodological differences from previous
studies of sit-stand workstations. For example, some studies of sit-stand
workstations did not use a backrest (Babski-Reeves and Calhoun, 2016;
Fedorowich and Cote, 2018). Most participants in our study rested
against the backrest, similar to the studies of Lin et al. (2017) and Bar-
bieri et al. (2019). We would expect that the presence of a backrest
would decrease postural sway in the seated position compared to
standing, but we did not find differences in acceleration measures. Most
previous studies comparing sit-stand workstations have examined
postural angles but not postural sway, and most did not separate the
effects of different tasks. However, those studies are also difficult to
compare to each other, because of different types of measures (e.g.,
postural angles, categories, or number of switches).

Our study is also different from traditional studies of postural sway,
because we used accelerometers instead of a force plate to quantify
postural sway. However, studies have shown that accelerometer mea-
sures provide similar information about postural sway to traditional
force plate measures (Mancini et al., 2012). Finally, our study is
different than most because subjects were performing a computer task.
This is an advantage of our study, in that the tasks relate to conditions
wherein people may develop pain.

There are several limitations of this study. The sample size (10) is
small, but it is typical compared to other studies examining posture and
discomfort with prolonged sitting or standing (Callaghan and McGill,
2001; Sondergaard et al., 2010; Schinkel-Ivy et al., 2013). Because the
IMUs were affixed to body parts and not necessarily aligned to a ground
coordinate system, we did not separate acceleration components to
anterior-posterior, medial-lateral and superior-inferior directions and
examined net acceleration magnitude instead. We also did not distin-
guish between different levels of acceleration which could imply
different types of movements (e.g., fidgets, shifts or drifts (Gallagher and
Callaghan, 2015; Rekant et al., 2019)). The consumption of caffeine or
time since waking, which could affect postural sway, were not
controlled. However, this would likely have minimal effect, since most
comparisons were within-subjects.

5. Conclusions

This study examined the relations among postural sway, type of
computer task, proprioception, and discomfort while using sit-stand
workstations. We found that type of task, rather than workstation
configuration, is more related to postural sway during computer work.
We found lower magnitude and higher frequency of acceleration during
mouse tasks compared to keyboard tasks, consistent with increased joint
stiffness and/or muscle activity affecting postural sway (Winter et al.,
1998). Future studies should evaluate the relation between postural
sway and muscle activity by using electromyography. Finally, we found
that proprioception (head and neck repositioning error) is related to the
development of neck discomfort, indicating that future studies should
explore the relationship between proprioception and discomfort in the
workplace.
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