Work 61 (2018) 257-266 257
DOI:10.3233/WOR-182796
10S Press

Differences in posture kinematics between
using a tablet, a laptop, and a desktop
computer in sitting and in standing

Zhongming Yu?, Carole James®P, Suzi Edwards®¢ and Suzanne J. Snodgrass®®¢*

aSchool of Health Sciences, Faculty of Health and Medicine, The University of Newcastle, NSW, Australia
bPriority Research Centre for Physical Activity and Nutrition, The University of Newcastle, NSW, Australia
¢School of Environmental and Life Sciences, Faculty of Science and IT, The University of Newcastle,

NSW, Australia

dCentre for Brain and Mental Health Research, The University of Newcastle, NSW, Australia

Received 11 August 2017
Accepted 21 February 2018

Abstract.

BACKGROUND: Alternative methods of accessing the internet and performing computing-related work tasks are becoming
common, e.g., using tablets or standing workstations. Few studies examine postural differences while using these alternative
methods.

OBJECTIVE: To assess neck and upper limb kinematics while using a tablet, laptop and desktop computer (sitting and
standing).

METHODS: Differences in neck flexion/extension, lateral flexion, rotation; elbow flexion/extension; wrist flexion/extension,
radial/ulnar deviation; and shoulder elevation in 30 participants were assessed in four conditions, three in sitting (tablet, laptop
and desktop computer) and one in standing (desktop computer). Three-dimensional motion capture recorded posture variables
during an editing task. Differences between variables were determined using one-way ANOVA with Bonferroni post-hoc
tests.

RESULTS: Compared to the desktop (sitting), tablet and laptop use resulted in increased neck flexion (mean differ-
ence tablet 16.92°, 95% CI 12.79-21.04; laptop 10.92, 7.86-13.97, P<0.001) and shoulder elevation (right; tablet 10.29,
5.27-15.11; laptop 7.36, 3.72-11.01, P<0.001). There were no meaningful posture differences between the sitting and
standing desktop.

CONCLUSIONS: These findings suggest that using a tablet or laptop may increase neck flexion, potentially increasing
posture strain. Regular users of tablets/laptops should consider adjustments in their posture, however, further research is
required to determine whether posture adjustments prevent or reduce musculoskeletal symptoms.
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1. Introduction Individuals use a variety of devices: desktop or laptop
for 94% of users, mobile or smart phone for 86% and

The majority of households (84-86%) in west- tablets for 62% [1]. The use of computers has been
ernized countries have access to internet [1, 2]. associated with neck and wrist pain [3], though there

has been less research investigating the use of tablet
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ool of Health Sciences, Faculty of Health and Medicine, Univer-

sity of Newcastle, Callaghan, NSW 2308, Australia. Tel.: +61 2 ing frequency [5]. Neck pain is a worldwide health
49212089; E-mail: Suzanne.Snodgrass @newcastle.edu.au. problem, as it is the 4th greatest contributor to global

*Address for correspondence: Prof. Suzanne Snodgrass, Sch-

1051-9815/18/$35.00 © 2018 — 10S Press and the authors. All rights reserved


mailto:Suzanne.Snodgrass@newcastle.edu.au

258 Z. Yu et al. / Differences in posture kinematics between using a tablet, a laptop, and a desktop computer

disability [6] and results in reduced work productivity
[7].

Poor posture during computer use is a likely
contributor to altered muscle activation patterns con-
tributing to neck and shoulder pain [8]. Of particular
concern is that poor posture could be further exag-
gerated by using a tablet computer which is smaller
and difficult to position efficiently for good posture
[4]. Tablets are being used with increasing frequency,
with one report indicating a 25% increase in tablet
usage between 2014 and 2015, with 59% of 2000
respondents aged 18—75 having access to a tablet in
2015 [5]. Thus research on posture during tablet use
is timely and relevant.

Many studies have investigated posture during the
use of either a desktop or laptop computer [9-16].
Most of these studies investigated postural changes
during the use of one electronic device with different
workstation configurations, e.g., using or not using
arm rest [16]; few studies examined postural differ-
ences during the use of different electronic devices
[13] or the same electronic device at different work-
stations [9]. Increased neck flexion while using a
laptop compared to a desktop computer has been
previously reported [13, 17]. However, fewer studies
have examined tablet computer use and posture [4,
15, 18]. Tablet use likely results in different postural
changes compared to laptop computer use. Indeed,
increased neck flexion has been demonstrated with
tablet use [4, 18], as well as increased wrist flexion
and ulnar deviation [4]. With increasing use of var-
ied workstations such as tablets and laptops within
society, the postures assumed during use of these
alternative workstations warrant investigation.

No previous research was identified comparing
neck and upper limb posture during the use of all
three devices: desktop, laptop and tablet computer.
Furthermore, only one identified study investigated
kinematic changes of posture while working at a
standing computer workstation as compared to a stan-
dard desk [19]. The current study aimed to determine
whether there were differences in neck and upper
limb postures when using different computing con-
ditions including 1) a tablet in sitting; 2) a laptop
computer in sitting; 3) a desktop computer in sitting
and 4) a desktop computer in standing. We hypoth-
esised that there would be differences in neck and
upper limb postures with the use of tablets and laptops
resulting in poorer posture. These data will improve
the understanding of postures during computerised
device use and ultimately lead to recommendations
for workstation or device choices.

2. Methods
2.1. Study design

This within subject observational study compared
the posture of the same individual in four different
conditions (sitting with a desktop computer, standing
with a desktop computer, sitting with a laptop and
sitting with a tablet) using three dimensional (3D)
motion analysis.

2.2. Participant recruitment

Sample size calculation was based on previous
data indicating the standard deviation of neck flex-
ion/extension ranges of motion between 8.1° when
sitting at a desk and 9.7° when using a laptop [4].
Using an average estimate of the variation in neck
flexion/extension of 9°, a difference in neck flex-
ion/extension angle of 5° between workstations could
be detected with 80% power at an alpha of 0.05 with
a sample size of 27 per comparison. As this was a
within-subjects design, we set the sample size for
recruitment at 30.

Volunteers for this study were recruited by adver-
tising the study on noticeboards around the University
campus where the study took place and on the Uni-
versity Facebook pages. Participants were required to
have had at least some previous experience of using
a tablet, a laptop and a desktop computer. Potential
participants were excluded due to chronic disease or
deformity in the neck, back or arms; or pain, injury or
trauma in these areas for which they sought treatment
in the past 2 years. This research complied with the
American Psychological Association Code of Ethics
and was approved by the Institutional Review Board
at the University of Newcastle. Australia (H-2015-
0039). Informed consent was obtained from each
participant.

2.3. Task

The most common online activities, email (per-
formed by 97% of internet users), browsing (96%)
and searching for information (95%), are related to
typing and editing [20]. Therefore, a 5-minute editing
task requiring typing and editing was performed on
each device. Participants first performed a 2-minute
typing task on each device as a warm-up to familiar-
ize themselves with the workstation, the electronic
device and the software used. This 2-minute typing
task required participants to type out Edgar Allen
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Fig. 1. Device placement for each experimental condition: (A) tablet, (B) laptop, (C) desktop, sitting, and (D) desktop, standing, with

retro-reflective marker configuration.

Poe’s The Raven, and data were not collected during
this task. The 5S-minute editing task performed in each
condition (laptop, tablet, and desktop sitting, desk-
top standing) involved selecting, deleting and typing
new phrases using prompts in a standardised article
in Microsoft Word (Microsoft Corp., Redmond, WA,
USA), previously used by Gold et al. [12]. Data were
collected during the fourth minute of the editing task
for each condition. In order to minimise the effects
of altered posture due to anticipation or familiarized
content in the comparison of workstations, all partic-
ipants completed each workstation in a randomised
order determined by a computerised random number
generator.

2.4. Electronic devices

The keyboard of each electronic device was posi-
tioned 6-7cm from the edge of the desk, and for
the desktop conditions using the external keyboard, it
was laid flat without using the two posteriorly placed
supporting legs [21, 22]. The 9.7-inch iPad4 with no
case or other add-ons was placed on the desk flat
and in landscape orientation. For the tablet condition,
Microsoft 365 Word was used on iPad 4 with iOS 8
(Apple Inc., Cupertino, CA, USA) operating system
to ensure the computerized editing activity was the
same on each device. A 15.6-inch laptop (Model No.
E6540, Dell Inc., Round Rock, TX, USA) with no
mouse or other add-ons was used for the laptop com-
ponent in this study. The screen tilt angle was adjusted
to the participant’s preference, as ideal tilt angles

for working on laptops have not been established
[23]. For the laptop, Microsoft Office Word Home
and Business 2013 (Microsoft Corp., Redmond, WA,
USA) was used with the Microsoft Windows 7 oper-
ating system. For the simulated desktop conditions
(sitting and standing), the same laptop was equipped
with a standard 104-key Windows keyboard (Model
No. KB212B), a chorded optic mouse (Model No.
MS116) and a 23-inch monitor (Model No. P2314 H,
Dell, Inc, Round Rock TX, USA) mounted on an
adjustable sitting/standing workstation. The display
was projected on the monitor using a standard Video
Graphics Array (VGA) cable with the laptop lid in the
closed position. The devices and their positioning for
each condition are illustrated in Fig. 1.

2.5. Condition descriptions

The sitting workstation for the tablet, laptop and
desktop computer included a standard 760 mm height
desk and a 5-pronged caster base, height adjustable
office chair (Model No. QU26, Sturdy Framac, Pad-
stow, NSW, Australia). Chair height was measured
in standing with the highest point of the seat right
below kneecap. Participants were seated so the back
support of the office chair was used at all times when
they were in sitting [22].

For the desktop conditions, the flat panel moni-
tor was mounted on an adjustable sitting/standing
workstation (Kangaroo Pro, Ergonomic Essentials,
North Ryde, Australia) placed on top of the standard
office desk. The sitting/standing workstation had an
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independently adjustable screen height and work sur-
face height. For sitting and standing, the screen height
was set to have the top one-third of the screen at or
below eye level. For standing work surface height was
set to have the top of the desk at elbow height [22].
This adjustable workstation was removed from the
desk for the laptop and tablet conditions.

2.6. Procedure

Participants attended a university laboratory where
they completed a demographic questionnaire includ-
ing: age, gender, dominant hand, occupation, physical
activity using the Godin-Shepherd Leisure-time
Physical Activity Questionnaire (GLPAQ) [24], types
of electronic devices used every day (desktop com-
puter, laptop computer, tablet, phone), and average
time spent on each. Six Qualisys motion capture
cameras (100 Hz; 300+, Qualisys AB, Gothenburg,
Sweden) were used to record the three-dimensional
(3D) movements of the head, trunk and upper limbs.
Retro-reflective markers were taped on bony land
marks bilaterally on the mastoid, acromioclavicular
(AC) joint, greater tubercle of the humerus, anterior
and posterior glenohumeral joint, medial and lateral
epicondyle, radial and ulnar styloid process, head of
the third metacarpal, and laterally on the iliac crest
and lowest point on the ribs. Single markers were also
taped on the C2 spinous process, sternal notch (SN),
and xiphoid process. In addition, five tracking clusters
of three markers each were positioned with medical
adhesive tape on bilateral humeri, forearms and C7.
A tracking headband of four markers was positioned
around the head, so that markers aligned vertically
with the nose anteriorly, tragus of the ear laterally,
and midpoint of the external occipital protuberance
posteriorly.

2.7. Kinematic analysis and reduction

Three-dimensional kinematic data were analysed
using Visual 3D software (Version 5; C-Motion, Ger-
mantown, MD, USA). All raw kinematic coordinates
were filtered using a fourth-order zero phase-shift
Butterworth digital low-pass filter (f; = 8 Hz) prior to
calculation of individual joint kinematics. Geometric
primitives were used to model the inertial properties
of each segment [25], classifying the neck and thorax
as cylindrical [26]; the upper arm and forearm as a
frusta of a cone [27]; the hand as spherical; and the
head and head-neck as an elliptical cylinder.

Traditionally, the head and neck segments are
treated as one segment (head-neck); however, to
enable more complex kinematic modelling, separate
head and neck segments were created. The distal joint
centre of the head was defined as the mid-head land-
mark (the midpoint of the four headband markers),
with a radius of 50% of the distance between the
left and right lateral headband markers. The proximal
joint centre of the head was defined as the prox-head
(the axial and medial lateral position of the mid-head
landmark and the axial position of C7-SN landmark
(50% distance between these C7 and SN markers)
with a radius of 50% of the distance between the left
and right C7 markers. The neck joint centres were
defined as for the proximal joint as the C7-SN land-
mark, and distal joint as the C7-SN landmark with a
0.1 m axial offset inferiorly with a radius of 50% of
the distance between the left and right C7 markers.
The traditional head-neck segment joint centres were
defined as the C7-SN and mid-head landmarks, with
a radius of 50% of the distance between the left and
right lateral headband markers.

Cartesian local coordinate system sign convention
was conserved by defining all segments as follows:
the x-axis as mediolateral axis, the y-axis as anterior-
posterior axis and the z-axis as superior-inferior axis.
Intersegmental joint angles were conveyed using an
x,y,z Cardan sequence of rotation. Data collected at
100 Hz included joint angles (°) for head-neck (HN)
and headneck-trunk (HNT) flexion/extension, lateral
flexion (left or right) and rotation (left or right), bilat-
eral elbow flexion, bilateral wrist flexion-extension
and radial-ulnar deviation. As a measure of shoulder
elevation usually considered as a marker of exces-
sive upper trapezius muscle activity and tension in
the upper shoulders and neck, AC-C7 vertical dis-
tance (mm) was measured by calculating the mean
vertical distance from the acromioclavicular joint
marker perpendicular to a horizontal line bisecting
C7. To calculate mean bilateral shoulder elevation
(mm) during a task, the AC-C7 vertical distance mea-
sured in a static standing position was subtracted
from the mean AC-C7 vertical distance during the
one-minute typing tasks. Although the psychometric
properties of posture measurement using 3D motion
analysis have not been fully established [28], 3D
motion analysis has demonstrated high test-retest
reliability for joint angles [29] (the focus of the
current study), and greater reliability when using
marker ‘clusters’ (as used in the current study) rather
than single markers for measuring spine movements
[30].
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2.8. Statistical analysis

Descriptive statistics were used to report par-
ticipant characteristics and posture variables. Dif-
ferences in the posture variables between the
four workstation conditions were compared using
repeated measures analyses of variance (RM
ANOVA) with Bonferroni post-hoc tests. The signif-
icance threshold was set at (P <0.05). Each posture
variable was examined separately using RM ANOVA,
with the repeated factor being workstation (tablet,
laptop, desktop [sitting] and desktop [standing]).
Partial Eta® are reported for each RM ANOVA to
indicate the size of the effect of workstation on pos-
ture. Greenhouse-Geisser adjustment was used when
Mauchley’s test of sphericity was not met. SPSS
v21.0 (IBM Inc., Armonk, NY, USA) was used for
all statistical analyses.

3. Results
3.1. Participants

Thirty participants completed the study (17
females, 13 males, mean age 25.9+7.42 years,
range 20-50, mean height 171.62+9.22 cm, mean
weight 69.90 & 14.14 kg). Three participants (10%)
reported left hand dominance, however all of them
reported that they typically used a computer mouse
in their right hand; therefore, all participants used
a right-handed mouse in this study. Twenty-three
(76.7%) were university students and seven (23.3%)
were employed full-time in various occupations,
e.g. clerical, wait staff. The majority of participants
were considered active, scoring >24 on the GLPAQ
(80.0%, n=24) with 10% (n=3) moderately active
and 10.0% (n=3) insufficiently active.

Eleven participants (36.7%) self-reported daily
desktop computer use, 25 (83.3%) laptop, 16 (53.3%)
tablet and all 30 (100%) daily smart phone usage. The
daily desktop usage had a mean of 1.45 = 2.45 hours;
laptop 3.18 £2.54 hours, tablet 0.70 & 1.09 hours;
and smart phone 3.07 & 3.61 hours.

3.2. Postural variables

Descriptive data for posture variables for each
workstation are reported in Table 1. The variables
of wrist flexion/extension and radial/ulnar deviation
at the tablet station only include 29 participants, as

one participant was an outlier; they rested their left
arm on table without using it for the editing task.

3.3. Effect of workstation

There was a statistically significant effect of work-
station on all postural variables, except for HN
lateral flexion and HN rotation (Table 1). Therefore,
pairwise differences in posture variables between
workstations are reported for all variables excluding
these two in Tables 2 and 3. Observations of differ-
ences between workstations for the HN and the HNT
postural variables were similar (Table 1), but overall
differences did not reach significance for HN lateral
flexion and HN rotation whereas these were signif-
icant for the HNT angles. The difference between
workstations for AC-C7 vertical distance and shoul-
der elevation was the same, as the calculation of
shoulder elevation represented a simple transforma-
tion of the AC-C7 vertical distance data. Therefore
workstation differences are only included for shoul-
der elevation in Tables 2 and 3.

Significantly greater HN and HNT flexion, bilat-
eral elbow flexion, and shoulder elevation occurred
when using the tablet compared to all three other
workstations, though the difference in right shoulder
elevation between the tablet and the laptop did not
reach significance (Table 2). There was greater wrist
flexion using the tablet compared to the desktop in sit-
ting or standing, but not the laptop (Table 2). Though
there was statistically less HNT lateral flexion using
the tablet compared to the three other workstations,
the magnitudes of the absolute differences were func-
tionally irrelevant (<2°, with 95% ClIs for each of
the three comparisons spanning approximately 3°
or less), and also suggested by a small effect size
(0.212).

When comparing the laptop to the desktop com-
puter (in both sitting or standing), laptop use resulted
in significantly greater HN, HNT, elbow and wrist
flexion and shoulder elevation (Table 3), except for
right shoulder elevation between the laptop and the
desktop in standing. Participants displayed signifi-
cantly greater right wrist ulnar deviation using the
laptop compared to the desktop in standing, but this
difference did not reach significance when comparing
the laptop to the desktop in sitting. Most postu-
ral variables were similar between a sitting and a
standing desktop (Table 3). Although participants
displayed significantly greater HNT left rotation
when using a desktop in sitting compared to stand-
ing, the magnitude of the absolute difference was
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Kinematic postural variables (mean, SD) at each workstation over one minute of editing with results of repeated measures ANOVAs for
overall differences between workstations

Posture variable Tablet Laptop

Desktop (sitting) Desktop (standing) df** F

P-value Partial Eta®

HNT extension (+)
/Flexion (-)°*

-13.68 (6.31) -7.67 (6.57)

HN lateral flexion, right -0.12 (3.31) 0.44 (3.72)
(+)/Left (-)°
HN rotation, left (+) -1.27 (5.65) -0.88 (6.01)

/Right (-)°
HNT? extension (+)
/Flexion (-)°*

-36.20 (8.56) —30.88 (7.85)

HNT lateral flexion, right -0.91 (2.71) 0.77 (3.21)
(+)/Left (-)°
HNT rotation, left (+) -1.83(4.22) -1.22(3.97)

/Right (-)°
Left elbow flexion
(+)/Extension (-)
Left wrist flexion
(+)/Extension (-)°
Left wrist ulnar (+)
/Radial deviation (-)°
Right elbow flexion
(+)/Extension®*
Right wrist flexion
(+)/Extension (-)°
Right wrist ulnar (+)
/Radial deviation (-)°
Left AC-C7 distance (mm) 78.23 (16.25) 72.88 (15.39)
Left shoulder elevation (mm) 21.57 (14.51) 16.22 (12.65)
Right AC-C7 distance (mm)  80.08 (18.16) 77.15 (16.02)
Right shoulder elevation 17.02 (14.70) 14.09 (13.30)
(mm)

96.72 (12.04) 87.17 (10.55)
~17.23 (10.49) -12.92 (8.56)
~15.65 (10.89) —10.79 (11.46)
100.97 (10.12) 89.85 (11.16)
~14.83(8.10) —13.36(9.17)

-16.33 (7.74) -15.58 (7.28)

3.24(9.85)
0.51 (3.96)
-0.23(7.17)
-24.85 (8.35)
0.77 (3.24)
-0.29 (3.90)
90.49 (11.12)
~17.36 (9.96)
~17.76 (9.61)
84.26 (13.80)
-19.41 (10.12)
~18.89 (9.50)
66.62 (16.18)
9.96 (13.58)

69.78 (15.24)
6.73 (13.86)

1.22 (8.47) 3 92.086 <0.001 0.761
0.17 (3.09) 3 0816 0.489 0.027
-1.88 (6.01) 2.00 2951 0.060 0.092
—24.93 (6.84) 3 98.89 <0.001 0.773
0.35(2.87) 3 7.81 <0.001 0.212
-1.57 (4.04) 1.98 320 0.049 0.100

85.81 (9.94) 3 1275 <0.001 0.305
-19.09 (9.98) 249 747 <0.001 0.211
-20.38 (10.16) 2.12 7.81 0.001 0.218
81.53 (10.50) 3 3739 <0.001 0.563
—22.10 (9.84) 3 2382 <0.001 0.451
—22.24 (8.67) 3 8.39  <0.001 0.224

68.69 (15.01)  2.29 21.58 <0.001 0.427

12.03 (11.23)  2.29 21.58 <0.001 0.427
73.70 (14.74) 3 1195 <0.001 0.292
10.65 (10.41) 3 1195 <0.001 0.292

*(+) = positive; a positive number for that value indicates that movement direction; (—) = negative; a negative number for that value indicates
that movement direction. **df =degrees of freedom. Values for the Greenhouse-Geisser adjustment are reported when Mauchley’s test of
sphericity was significant. THN = Head segment on neck segment. 'HNT = Headneck segment on trunk segment.

functionally irrelevant (1.28°, 95% CI 0.23, 2.29,
effect size 0.100).

4. Discussion

Prior to this study, there was little evidence for
posture differences between the use of a tablet, a
laptop, a desktop computer, and a standing worksta-
tion. Significant differences were found in postures
between all four types of workstations. The key find-
ing was that tablet and laptop use were associated
with increased neck flexion, elbow flexion and shoul-
der elevation compared to the desktop (sitting or
standing), suggesting these devices position the neck
and shoulder joints in potentially damaging positions.
These three variables (neck and elbow flexion, shoul-
der elevation) were higher for the tablet compared
to the laptop, suggesting that of the four devices
tested in this study the postures during tablet use are
potentially the most problematic for joints. Another
notable finding was that right wrist ulnar deviation

was greater using a tablet or laptop compared to using
adesktop in standing. This finding suggests that using
atablet or laptop may be problematic for the wrist, as
non-neutral wrist postures are associated with chronic
musculoskeletal symptoms such as carpal tunnel syn-
drome [31]. The posture differences observed while
using a tablet or laptop as compared to a desktop
computer have the potential to lead to joint pain or
muscle dysfunction, particularly if a person spends
long periods using these devices.

Consistent with previous studies [4, 13, 17], this
study found significantly greater neck flexion with
tablet and laptop use for both the HN and HNT angles,
compared to a desktop computer (Tables 2 and 3).
Greater neck flexion while using the tablet and laptop
computer is likely related to the position of the screen.
Comparing screen positions between the four work-
stations, the tablet had the lowest screen position,
being flat on the typing surface. The laptop screen
was also low, being erected directly on top of the
desk as it would normally be positioned, whereas the
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Table 2

Mean differences in kinematic postural variables between workstations focussing on tablet use [Tablet — Laptop, Tablet — Desktop (sitting),
Tablet — Desktop (standing)]

Tablet — Laptop**

Tablet — Desktop (sitting)

Tablet — Desktop (standing)

Mean 95% CI P 95% CI P Mean 95% CI P
Difference® Difference Difference

HN' extension (+) -6.00 -8.74,-3.26 <0.001 -16.92 -21.04,-12.79 <0.001 -14.89 -18.22,-11.57 <0.001
/Flexion (-)°*

HNT! Extension (+) -5.32 -7.05,-3.58 <0.001 -11.35 -13.99,-8.71 <0.001 -11.26 -13.49,-9.04 <0.001
/Flexion (-)°*

HNT Lateral Flexion, -1.69 -2.77,-0.61 0.001 -3.07,-0.30  0.011 -1.26 -2.29,-0.23  0.010
Right (+)/Left (-)°

HNT Rotation, Left -0.61 -1.83,0.61 1.000 -3.62, 0.54 0.267 -0.26 -1.66, 1.15 1.000
(+)/Right (-)°

Left elbow flexion 9.55 4.73,14.38 <0.001 0.90, 11.57 0.015 10.91 4.55,17.27 <0.001
(+)/Extension (-)

Left Wrist Flexion -4.08 -8.31,0.16 0.064 -3.00, 3.67 1.000 2.10 -2.38,6.58 1.000
(+)/Extension (-)°

Left Wrist Ulnar -4.80 -11.96,2.37 041 -2.92,7.21 1.000 4.45 -1.30,10.20  0.218
(+)/Radial
Deviation (-)°

Right Elbow Flexion 11.13 6.79, 1547 <0.001 10.97,22.46 <0.001 19.44 14.02,24.86 <0.001
(+)/Extension (-)°

Right Wrist Flexion —1.47 -4.95,2.01 1.000 1.27,7.88 0.003 7.27 3.73,10.80  <0.001
(+)/Extension (-)°

Right Wrist Ulnar -0.75 -4.67,3.17  1.000 -1.33, 645 0.434 591 1.29, 10.53 0.007
(+)/Radial
Deviation (-)°

Left Shoulder 5.35 0.99,9.72  0.010 591,17.31  <0.001 9.55 4.73,14.37  <0.001
Elevation (mm)

Right Shoulder 2.93 -2.44,8.230 0.798 547,15.11  <0.001 6.37 0.15, 12.60 0.042

Elevation (mm)

*(+) = positive; a positive number for that value indicates that movement direction; (—) = negative; a negative number for that value indicates
that movement direction. **To indicate the direction of comparisons, > —* denotes the difference was calculated as the first workstation ‘minus’
the second workstation for each comparison. #Mean differences for Bonferroni post-hoc tests following one-way analysis of variance based
on the estimated marginal means, with Bonferroni-adjusted p values. THN = Head segment on neck segment. {HNT = Headneck segment on

trunk segment.

desktop screen was adjusted for each participant in
relation to their eye level as per ergonomic guidelines
[21]. Previous studies using a desktop computer have
demonstrated greater neck flexion is associated with
lower vertical height of the screen [32, 33], consistent
with our finding of greater neck flexion using a tablet
and laptop. However, tablets are often used in a vari-
ety of tablet positions and tilt angles [18], with some
authors recommending a tilt angle of between 20 and
50 degrees [34]. It has also been previously shown
that reading a book with it flat on a desk results in
greater cervical erector spinae muscle activity [35].
This activity is somewhat analogous to using a tablet
flat on a desk, and although the current study did not
measure muscle activity, the significant increase in
neck flexion during tablet use might be expected to
increase muscle activity in the posterior muscles of
the cervical spine. Together these findings suggest
probable increased loading on cervical spine struc-
tures due to increased neck flexion during tablet and

laptop use, supporting the development of strategies
to limit or manage the use of these devices, for exam-
ple, timed breaks or ergonomic guidelines for tablet
and laptop use.

The current study reported the wrist was in exten-
sion and radial deviation when typing on any of the
four devices (Table 1). Donoghue et al. [36] previ-
ously reported that the most frequently used wrist
position while typing on a standard keyboard is 20°
wrist extension and 20° wrist ulnar deviation. Our
findings for wrist extension are consistent with this,
however, we found the mean wrist position for our
participants was in radial rather than ulnar deviation.
This between-study difference is likely due to the
kinematic modelling employed to calculate the 3D
wrist joint angle and the methods used in reporting the
wrist joint variables. Whereas Donoghue et al. [36]
used only a four marker set to create a planar angle
for reporting radial and ulnar deviation, the current
study employed an eight marker set and the Cartesian
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Table 3
Mean differences in kinematic postural variables between workstations focussing on laptop use [(Laptop — Desktop (sitting), Laptop —
Desktop (standing), Desktop (sitting) — Desktop (standing)]

Laptop — Desktop Sitting**

Laptop — Desktop (standing)

Desktop (sitting) — Desktop (standing)

Mean 95% CI P Mean 95% CI P Mean 95% CI P
Difference” Difference Difference

HN' extension (+) -10.92 -13.97,-7.86 <0.001 -8.89 -11.94,-5.84 <0.001 2.02 -1.26,5.31 0.549
/flexion (-)°*

HNT! Extension (+) -6.04 -8.07,-4.01 <0.001 -595 -7.99,-3.90 <0.001 0.09 -2.28,2.46 1.000
/Flexion (-)°*

HNT Lateral Flexion, 0.01 -1.24,1.25 1.000 0.43 -0.57,1.42  1.000 042  -0.65,1.49 1.000
Right (+)/Left (-)°

HNT Rotation, Left -0.93 -2.59,0.71 0.740 0.35 -0.87,1.57  1.000 1.28 0.02, 2.55 0.046
(+)/Right (-)°

Left elbow flexion -3.32 -8.08,1.43 0.344 1.35 -4.61,7.32  1.000 4.68 -0.63,9.98 0.111
(+)/Extension (-)

Left Wrist Flexion 4.41 0.65,8.17  0.015 6.18 1.99,10.36  0.002 1.77 -0.97,4.50 0.465
(+)/Extension (-)°

Left Wrist Ulnar 6.94 1.53,12.35 0.007 9.25 2.48,16.02 0.003 230  -0.36,4.97 0.124
(+)/Radial
Deviation (-)°

Right Elbow Flexion 5.59 0.54,10.64  0.024 8.31 1.82,14.80  0.007 272 -3.74,9.18 1.000
(+)/Extension®

Right Wrist Flexion 6.05 2.94,9.15 <0.001 8.74 5.23,12.25 <0.001 2.69 -0.22,5.60 0.083
(+)/Extension (-)°

Right Wrist Ulnar 3.31 -0.82,7.45 0.184 6.66 2.02,11.30  0.002 335 -0.31,7.01 0.089
(+)/Radial
Deviation (-)°

Left Shoulder 6.26 2.62,9.90 <0.001 4.19 0.12,8.27  0.041 -2.06 -5.61,1.49 0.663
Elevation (mm)

Right Shoulder 7.36 3.72,11.01 <0.001 3.44 -2.02,891 0.509 -3.92 -8.90, 1.07 0.204

Elevation (mm)

*(+) = positive; a positive number for that value indicates that movement direction; (—) = negative; a negative number for that value indicates
that movement direction. **To indicate the direction of comparisons, * —° denotes the difference was calculated as the first workstation
‘minus’ the second workstation for each comparison. *Mean differences from Bonferroni post-hoc tests following one-way analysis of
variance, with Bonferroni-adjusted p values. THN = Head segment on neck segment. {HNT = Headneck segment on trunk segment.

coordinate system using an x,y,z Cardan sequence of
rotation to calculate the radial/ulnar deviation angle.
Furthermore, the current study calculated the mean
joint angle over the entire one minute typing task,
whereas the study by Donoghue et al. [36] reported
the percentage of time that joints were in each posi-
tion (radial or ulnar deviation), and excluded values
from small time increments where the wrist was in
extreme ranges (e.g.>50° any direction).

Greater wrist flexion and ulnar deviation occurred
when using a laptop compared to a desktop in the cur-
rent study, though the difference for right wrist ulnar
deviation only reached significance for the standing
desktop. While the keyboard was not propped up
for this study, its design had approximately 5° of
inclination when it was flat on the table, similar to
the 5° to 7.5° built-in inclination in most commer-
cial keyboards [37, 38]. Participants displayed less
wrist extension when using a laptop and typing onto
its flat surface compared to using a desktop where
the keyboard had an inclination, supporting previous

research that reported a 1° decrease in wrist exten-
sion for every 2° decrease in keyboard inclination
[37]. As working with a downwardly tilted keyboard
reduces wrist extension angles by up to 15° [37] and
slightly reduces forearm muscle activity [39], it is
postulated that typing on a laptop where the wrists are
in a less extended position might place less pressure
on the carpal tunnel than using a standard keyboard.
However, this change in keyboard tilt to reduce wrist
extension does not take into account the greater ulnar
deviation observed during laptop use that may also
affect carpal tunnel pressures.

Increased shoulder elevation during tablet and lap-
top use compared to a desktop computer in sitting or
standing was observed in the current study, poten-
tially suggesting increased muscle activity in the
upper trapezius muscles in order to raise the shoul-
ders. This is supported by findings from previous
research demonstrating 3-5% greater upper trapez-
ius muscle activity when reading a book placed flat
on a desktop [35] — a task that may require a similar
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neck and head position to the tablet task in the cur-
rent study — as compared to working with computer
screen. Interestingly, when comparing the tablet to the
laptop in the current study, only the left shoulder and
not the right demonstrated increased elevation while
using the tablet. This side-to-side variation may be
related to the slight, though statistically significant,
increased left neck lateral flexion observed during
tablet use. Increased lateral flexion during tablet use
is anew finding not reported in other studies, and may
possibly relate to handedness, as 90% of participants
wereright handed. As participants assumed neck flex-
ion and hovered over the tablet, their dominant right
hand might have blocked their view of the screen if it
was used more for typing, therefore, they may have
had to tilt their head slightly to the left to allow bet-
ter visualization of the screen, accompanied by an
increase in left shoulder elevation. The findings for
left shoulder elevation may have also been influenced
by participants’ arm movement while using a mouse
with the desktop workstations and moving between
the mouse and keyboard.

4.1. Limitations

The five-minute tasks participants completed in
this study may not reflect a real working environ-
ment where individuals remain in postures for much
longer time durations. The short length of the task
may be one possible reason that no differences in
postures were found between the sitting and stand-
ing desk conditions. A longer duration of study tasks
would provide a more realistic work environment
and should be considered in future research. Fur-
thermore, different participants have various levels
of English proficiency and computer literacy; there-
fore, the editing task may be very easy for some
participants but difficult for others. This may pos-
sibly affect posture as the participant struggling with
the task becomes more skilled as each subsequent
workstation is evaluated. To minimise any learning
effects of the task, we randomised the order of work-
stations for each participant and the within-subject
design reduces confounding factors in the posture
comparisons between workstations.

In the current study participants used the tablet
with it placed flat on a desk rather than a participants
preferred position, in order to minimise additional
confounding factors between participants from vari-
ations in positions. This use of a tablet may not be
as common as holding it on one’s lap, or propping
it up, and future studies could investigate postural

differences between these tablet positions. Postures
during the use of smart phone were not included in the
current study as the standardised typing task could not
be performed on a smart phone. However, postures
during smart phone use would be an important addi-
tion to future studies investigating the role of posture
and neck pain.

5. Conclusion

Using a tablet or laptop computer significantly
alters posture, resulting in greater neck, elbow and
wrist flexion, and shoulder elevation compared to a
standard desktop computer. This suggests that tablet
and laptop users should consider propping up their
device, connecting to an external monitor, and/or
reducing the time these devices are used to decrease
exposure to poor neck postures. When comparing
desktop computer use in sitting and standing, few
differences were identified, suggesting the possible
benefits of a standing desk may not be related to
neck and upper limb posture as measured in the cur-
rent study. These findings contribute to the evidence
for postural differences when using different types of
electronic devices.
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