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Abstract

Computer display height and desk design to allow forearm support are two critical design features of workstations for information
technology tasks. However there is currently no 3D description of head and neck posture with different computer display heights and no
direct comparison to paper based information technology tasks. There is also inconsistent evidence on the effect of forearm support on
posture and no evidence on whether these features interact. This study compared the 3D head, neck and upper limb postures of 18 male
and 18 female young adults whilst working with different display and desk design conditions. There was no substantial interaction
between display height and desk design. Lower display heights increased head and neck flexion with more spinal asymmetry when work-
ing with paper. The curved desk, designed to provide forearm support, increased scapula elevation/protraction and shoulder flexion/

abduction.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The majority of people in affluent countries now use
computers. For example, recent figures showed that 66%
of Australian adults and 55% of European Union adults
used a computer (Australian Bureau of Statistics, 2000b;
Demunter, 2005). Computer use is growing rapidly, for
example in the USA 18% of adults used a computer
in 1984 compared with 36% in 1993 and 64% in 2003
(Cheeseman-Day et al., 2005). Computers are being used
for work tasks but also for activities of daily living includ-
ing social communication and entertainment. Computer
use is now as common at home as at work with 47% of
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Australian adults using a computer at home and 42% at
work in 2000 (Australian Bureau of Statistics, 2000b).
Nearly half of all households in affluent countries now have
a computer at home (e.g. 47% in Japan in 2004) (Statistics
Bureau of Japan, 2005). The prevalence of computer use is
related to education level, urbanisation, level of income
and sex. Age has a particularly strong effect on computer
use, with senior school children having the highest preva-
lence and use declining with age thereafter (Australian
Bureau of Statistics, 2000a,b; Cheeseman-Day et al.,
2005; Demunter, 2005).

Following the introduction of microcomputers in the
early 1970s there has been concern over the prevalence of
musculoskeletal disorders related to computer use. Recent
epidemiological studies have found annual musculoskeletal
symptom prevalence rates of 76% across a range of
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industries (Cook et al., 2000) and as high as 86% in inten-
sive data processing workers (Woods, 2005). Whilst the evi-
dence for a causal relationship between computer use and
musculoskeletal disorders is inconclusive, there is evidence
of a dose response relationship (Marcus et al., 2002). The
neck/shoulder region is often the most common location
of discomfort with Karlgvist et al. (2002) reporting a
neck/shoulder monthly discomfort prevalence of 45% com-
pared with 32% for back and 30% for forearm/hands. With
more than two thirds of young adults now using comput-
ers, compared with less than one third of people aged over
55 years, young adults are a group at particular risk of
computer related musculoskeletal disorders (Australian
Bureau of Statistics, 2000b; Demunter, 2005).

Physical and psychosocial, personal and environmental
factors have been identified as possible risk factors (Buckle
et al., 1999), with workstation design factors such as dis-
play height and arm support thought to be important. Pos-
ture is an important component of the physical impact of
computer use (e.g. Burgess-Limerick et al., 1999; Straker
et al., 2000) and is widely used to estimate musculoskeletal
stress with evidence that postures away from the vertical
result in greater gross moments (e.g. Chaffin, 1973) and
that postures nearer the end of available range result in
increased tissue stresses (e.g. Dolan et al., 1994). These
‘poorer’ postures have been associated with musculoskele-
tal disorder development in epidemiological, human labo-
ratory and animal model studies (Buckle et al., 1999;
National Research Council, 1999). This paper reviews
available evidence for display height and arm support
effects on posture and presents new data on the three
dimensional posture effects of these workstation design fac-
tors. The focus of this paper is information technology
tasks, using either computers or paper.

1.1. Visual display height and posture

Visual display height has an important, though contro-
versial, effect on posture. In early epidemiological studies
Hunting et al. (1981) and Starr et al. (1985) found muscu-
loskeletal symptoms tended to increase with lower displays
whereas more recently Marcus et al. (2002) found the
opposite. We have identified 24 studies (four field, 20 labo-
ratory) reporting the effect of display height on posture in
peer reviewed journals. Table 1 provides a summary of the
testing scenarios for these studies, including the partici-
pants, site of research, input devices used, seat adjustments
and desk details. The table also summarises display type
(cathode ray tube [CRT] or liquid crystal/thin film transis-
tor [LCD]), size (screen diagonal), angle from eyes (or
height if angle not specified), tilt and distance from eyes
and the posture variables reported.

One of the major difficulties in summarising the avail-
able evidence on the effect of display height on posture is
the range of posture measures used. To enable a compari-
son and encourage more standardised reporting of postures
in the future, we developed a taxonomy of the posture mea-

sures used (Table 2). We believe reporting angles for each
segment with respect to a vertical or horizontal axis (see
head flexion in Fig. 1) is essential as this provides informa-
tion on the effect of gravity and can be used to calculate
intersegmental angles. Intersegmental angles (see cranio—
cervical angle in Fig. 1) provide information about stresses
related to joint range, but can not be used to derive seg-
ment angles with respect to gravity. Some studies used
angles with respect to a reference posture which provides
information on postural deviations away from a ‘usual’
posture, however without a description of the reference
posture these data are of limited use. Another issue with
reported postural measures is the variation in the marker
set used to define the postural angles.

The postures reported in these studies show consider-
able variability but an overall relatively linear increase
in head and neck flexion (relative to the vertical) as the
visual target moves lower than eye height (negative gaze
angles relative to the horizontal) as shown in Figs. 2
and 3. Interestingly, as the visual target moves above
eye height (positive gaze angles), head flexion decreases
on the same linear relationship, but neck flexion appears
to change less rapidly. Fig. 4 shows the curvilinear rela-
tionship between gaze angle and cranio—cervical angle
(intersegmental angle between head and neck, derived
from the head and neck angles). The quadratic trend line
(v = 0.004x” + 0.460x + 155.2) more closely matched the
data (*=.70; p<.001) than a linear trend line
(v — 0.296x + 156.2; r* = .58;p < .001). To aid comparison
with real world postures a ‘neutral’ zone corresponding to
gaze angles between 0° and —15° is shown.

Despite the substantial number of studies, most only
reported head and neck posture in the sagittal plane and
there are no reports of 3D head and neck postures. Fur-
ther, whilst there are some early reports of head/neck pos-
ture during work with paper technology (Bridger, 1988;
Freudenthal et al., 1991), no single adult study has evalu-
ated the postural effects of both computer and paper infor-
mation technology tasks. Therefore there is no adequate
comparison of the postural risks of computer and paper
information technology.

1.2. Forearm support and posture

In a prospective epidemiological study Marcus et al.
(2002) found arm support to be associated with a lower risk
of neck/shoulder symptoms and disorders, as Hunting
et al. (1981) and Bergqvist et al. (1995) had found previ-
ously in cross sectional studies. However there are very
few reports of the effect of arm support on actual postures.
Table 3 provides a summary of the testing scenarios for the
six studies we found reporting a posture effect from fore-
arm support. Various types of wrist or forearm support
have been evaluated including support built into a laptop,
desk based support and chair or ceiling based support. Lin-
tula et al. (2001) conducted a six week intervention study,
whilst the rest of the studies were short term laboratory

Kines (2006), doi:10.1016/j.jelekin.2006.10.007

Please cite this article in press as: Straker L. et al., The impact of computer display height and desk design on 3D ..., J Electromyogr




Table 1

L. Straker et al. | Journal of Electromyography and Kinesiology xxx (2006) xxx—xxx

Summary of studies (N = 24) investigating effect of visual display height on posture (see Table 2 for definitions of reported data variables)

Reference

Workstation scenario

Visual display

Reported data®

1. Aaras et al.
(1997)

2. Bauer and
Wittig (1998)

)

. Burgess-
Limerick et al.
(1998)

4. Burgess-
Limerick et al.
(1999)

. Mon-Williams
et al. (1999)

6. Burgess-
Limerick et al.
(2000)

. Delleman and
Berndsen (2002)

W

~

(o)

. De Wall et al.
(1992)

9. Grandjean et al.

(1984, 1983)

10. Karlqvist et al.
(1999)

11. Kietrys et al.
(1998)

12. Kleine et al.
(1999)

13. Psihogios et al.
(2001)

14. Sommerich
et al. (2001)

15. Sommerich
et al. (2002)

16. Turville et al.
(1998)

17. Straker et al.
(1997)

18. Straker and
Mekhora (2000)

19. Szeto and Lee
(2002)

20. Szeto and Lee
(2002)

n =20 (VDU operators), lab, keyboard, mouse.
Seat height unspecified. Desk provided forearm
support, height unspecified

n =238 (students), lab, keyboard. Seat height
adjusted for horizontal thigh, vertical leg;
backrest upright. Desk height set 3 cm below
elbow height

n =12 (students), lab, mouse. Seat height
unspecified. Desk height 69 cm

n = 12 (staff/students), lab, typing. Self-selected:
seat height (43-57 cm), back rest inclination, desk
height (65-76 cm)

n =12 (office workers and students), lab, viewing;
chair height and backrest inclination self-selected
n =12 (students), lab, viewing. Seat unspecified
except backrest inclination for TF-h of 100° and
110°

n =8 (typists), lab, keyboard. Seat height
‘comfortable’, backrest inclination at 0°, —15°.
Keyboard height at sitting elbow height

n =10 (CAD/CAM workers), field, CAD mouse;
chair height 47 cm, desk height 80 cm

n =68 (VDU operators), field, keyboard; chair
height and backrest inclination self-selected

n =20 (VDU operators), lab, mouse/trackball.
Seat (45-75 cm) and desk height (70-76 cm) self-
selected.

n =27 (workers, >3 h/day VDT use), lab,
keyboard. Self-selected seat height (41.9-52.1 cm),
desk height 73.7 cm

n =9 (office workers), lab, keyboard. Seat height
self-selected. Desk height unspecified

n =20 (software company workers), field, typing,
mousing. Seat and desk unspecified

n =16 (eight typists), lab, typing, mousing,
reading. Seat pan set for thighs horizontal, legs
vertical, feet flat on floor. Keyboard height set at
elbow height, distance for vertical forearms and
elbows at 90°

n =10 (unspecified), lab, mouse, keyboard; chair
height adjusted for 90° knee flexion with feet flat,
keyboard height at elbow height. Laptop, with and
without external keyboard and/or mouse

n =12 (unspecified), lab, keyboard, mouse. Seat
height at popliteal height +2 cm, then adjusted for
90° knee flexion. Keyboard height at elbow height
n = 16 (office workers), lab, keyboard; chair (seat
height and angle, backrest height and angle), desk
height self-selected

n =20 (students), lab, keyboard. Seat height at
popliteal height, pan inclined 5° forwards. Desk
height at seated elbow height.

n = 16 (clerical workers, eight asymptomatic), field,
keyboard; chair and desk height self-selected

n =21 (students), lab, keyboard. Seat adjusted for
‘comfortable’, desk height 72 cm

Unspecified

Display unspecified; GA-h at 0°, —17.5°, —35°;
distance 74, 82, 105 cm; tilt perpendicular to GA-h

33 cm display; (1) GA-h at 0°, —15°, —30°;
distance unspecified; tilt perpendicular to GA-h;
(2) height self-selected (60—130 cm); tilt self-
selected (0-40°)

35.6 cm display: (1) Height* ~100 cm; distance
58 cmy; tilt 0°; (2) height® 88 cm; distance 70 cm; tilt
30°

7.1 cm display; GA-h at +30°, +15°, 0°, —15°,
—30°, —45°, 60°; distance 65 cm

7.1 cm display; GA-h at +30°, +15°, 0°, —15°,
—30°, —45°, 60°; distance 65 cm

Display unspecified; height (with respect to eye
height) +5, —10, —25, —40 cm (eye height not
reported)

Display unspecified; GA-h at +15° and —15°;
distance unspecified

Display unspecified; height (103 + 4.6cm); distance
to desk edge (66 £ 7.9 cm); tilt (5 £ 3.9°) self
selected

Display unspecified; distance to desk edge 50 cm

33 cm display; height 96.5, 109.2 cm; distance
unspecified; tilt self-selected 9.6° (£2.8), 3.6° (£2.6)

Unspecified

48.3 cm display; height unspecified; distance
unspecified; tilt unspecified

(1) 35.6 cm or 48.3 cm display; (2) GA-h at 0°,
—17.5°, —35°; distance self-selected (50-100 cm);
tilt perpendicular to GA-h

Laptop display unspecified; distance unspecified;
tilt unspecified

Display unspecified; GA-h at —15°, —40°; distance
75-80 cmy; tilt perpendicular to GA-h

(1) Desktop: CRT Display 35.6 cm; (2) Notebook:
LCD display 24.1 cm; height self-selected; tilt self-
selected

Display unspecified; GA-h at —10° (tilt 5°) or —30°
(tilt 25°); distance self-selected 30-75 cm

Display unspecified; distance unspecified; height
unspecified; tilt unspecified

(1) Desktop: 35.6 cm display; distance 53.6 cm
(£7.4); tilt 9.5° (£3.9); (2) notebook: 29.7 cm
display; distance 54.5 cm (£6.6); tilt 28.0° (+6.9);
(3) sub-notebook: 22.1 cm display; distance

47.2 cm (£7.3); tilt 37.0° (49.0); distance self-
selected; tilt self-selected

HLB-i, HF-i, TF-f,
TF-s, SF, SA

HF-h3, HNR

CCA, CTA2, HF-h,
GA-cel

CTA2, CCA, HF-h

HF-h, CCA, CTA2,
TF-c7gt

CCA, GA-cel, CTA2,
TF-c7gt

GA-h, HF-ref, TF-ref,
HF-change

HLB-i, HF-i, TF-,
TLB-i

NF-v, TF-acgt, SF,
SA, EA, RUD

NF-ref, SF, SR, SA,
EA, WF, RUD

GA-eel-top, TF-
TISN, NA-h, CTA23,
CCA2

C7E, L/R SE

NF-v, TF-c7gt, TB,
GA-h, HF-h

HF-h, NF-v, TF-c7gt,
TB, TRTI

GA-h, HF-h-15,
CTA2, TF-c7gt, TB,
SF, SR, EA, WF,
RUD

HF-h-15

HF-h, NF-v, TF-v,
SF, EA, WF, NPR,
SPR2

GA-EEL, CCA,
CTA-ext, TF-c7gt

HT-v, NF-v, SE2,
SPR2

HNF, HNLB, HNR,
TF-c7t8, TLB, TR2

(continued on next page)
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Table 1 (continued)

Reference Workstation scenario

Visual display Reported data®

21. Saito et al.
(1997)

n =10 (students), lab, keyboard; chair height
adjusted ‘appropriately’, desk height 70 cm,
keyboard position 4 cm from desk edge

n = 10 (unspecified), lab, mouse. Seat height
adjusted so forearm is horizontal when using
mouse. Desk height 67 cm

n =10 (unspecified), lab, mouse. Seat height
adjusted so forearm is horizontal when using
mouse (43.0 & 1.8 cm). Desk height 67 cm

n =10 (unspecified), lab, keyboard; chair adjusted
for horizontal forearm when hand over home-key,
desk height 70 cm

22 Villanueva
et al. (1996)

23. Villanueva
et al. (1997)

24. Villanueva
et al. (1998)

(1) Notebook: 26.4 cm LCD display; distance self-
selected 32.9 cm (45.4); (2) desktop: 35.6 cm CRT
display; distance self-selected 40.6 cm (£4.3)

35.6 cm CRT display; height from floor 80, 90, 100,
110, and 120 cm; distance 56 (£7.5) cm

GA-h, HF-h2, NF-h2

HF-h2, TB, TF-c7gt,
TRT2

35.6 cm CRT display; height from floor 80, 100, HF-h2, TB, TF-sic
120 cm; distance unspecified

GA-h, HF-h2, TF-
c7ic, SR, SF, SA, EA,
WF, RUD, EP

(1) Desktop: 43.2 cm CRT display; height: 96 cm;
distance 50.5 cm (£8.7); tilt 5.5° (£3.0); (2)
notebook: 35.1 cm LCD display; height: 92.9 cm;
distance 49.3 cm (47.2); tilt 22.2° (£5.7); (3)
notebook: 26.4 cm LCD display; height: 81.1 cm;
distance 46.7 cm (£8.0); tilt 32.6° (+£4.8); (4)
notebook: 18.3 cm LCD display; height: 80.2 cm;
distance 43.4 cm (£7.1); tilt 37.3° (£7.1); (5)
notebook: 15.5 cm LCD display; height: 76.4 cm;
distance 41.2 cm (£6.5); tilt 41.0° (+6.3); distance,
tilt self-selected

# Measurement made to top of screen (else middle of screen).
® Posture angles — see Table 2 for definitions.

studies involving a simulation of work tasks. Several stud-
ies focussed on the position of the hands while typing,
though Aaras et al. (1997) and Moffet et al. (2002) evalu-
ated head/neck posture.

Aaras et al. (1998), found a ‘few’ degrees increase in
head flexion, and up to 10° increase in shoulder flexion
and arm abduction with an intervention allowing forearm
support on the desk. Cook et al. (2004a) found similar
changes in shoulder flexion with forearm support, together
with decreased elbow flexion and ulnar deviation. Moffet
et al. (2002) found no change in head flexion when using
a palm rest and Hedge and Powers (1995) reported no
effect of full motion forearm supports on posture. However
Lintula et al. (2001) reported reduced wrist extension with
arm support. Earlier, Grandjean et al. (1983) had found the
majority of office workers used a wrist or forearm support
if one was provided and used the desk surface if no specific
support was provided. They also reported data showing a
trend for slightly higher discomfort when no supports were
provided. Whilst not information technology tasks, Feng
et al. (1997) reported a change in arm posture with arm
supports but no change in head posture. The available evi-
dence is therefore unclear on the impact of a desk design
which enables forearm support on spinal and scapula pos-
ture and therefore this needs to be more adequately
investigated.

1.3. Interaction of display height and forearm support effects
on posture

Some studies have investigated the interaction of display
height with chair design on posture (Delleman and Bernd-
sen, 2002) and muscle activity (Babski-Reeves et al., 2005),
but none have assessed the potential interaction between
desk design/forearm support and display height. Aaras

et al. (1997) did assess two display heights and forearm
support and no forearm support conditions but did not
report on any interactions.

In summary, the available evidence for the effect of dis-
play height on posture is limited by not including 3D pos-
ture assessment and not providing a comparison to a paper
based information technology task. Similarly, the available
evidence for the posture effect of forearm support by desk
design is inconclusive. Finally, there is no clear evidence to
determine whether two critical workstation features, dis-
play height and desk design/forearm support, will interact
in their effect on worker posture. This evidence is needed to
inform international standards and guidelines for the
appropriate design of workstations for information tech-
nology tasks.

The aim of this study was to assess for the first time the
independent and interactive effects of display height and
forearm support on head, neck and upper limb posture in
three dimensions during work with computer and paper
information technologies.

2. Methods
2.1. Study design

The independent variables in this study were display and desk
conditions. The first factor, display, comprised three levels: (1)
high-top of electronic display set at participant’s eye height, (2)
mid-bottom of electronic display set at desk height, (3) book-paper
on desk. The second factor, desk, had two levels: (1) ‘traditional’
straight desk set at 3 cm below participant’s elbow height with 0°
shoulder flexion and forearms unsupported, and (2) ‘horseshoe’
partly wrapped around curved desk set at 3 cm above elbow
height enabling full forearm support with some shoulder flexion.
This paper reports on mean postures, with a companion paper
reporting on mean muscle activity levels.
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Taxonomy of posture measures used in studies investigating effect of visual display height on posture

Angle

Name

Definition

Gaze angles

With respect to (WRT)
horizontal

WRT eye—ear line

Head angles
WRT vertical/horizontal

WRT reference posture
WRT neck or trunk

head/neck combined

Other

Neck angles
WRT vertical/
horizontal

WRT reference posture
WRT trunk

Other

Trunk angles
WRT vertical

WRT horizontal

WRT reference posture
Intersegmental angle

GA-h?*

GA-eel
GA-eel-
top

HF-v*
HF-v2
HF-h

HF-h2

HF-h3
HF-h-15
HF-i
HLB*

HLB-i
HR'd

HF-ref

CCA*
CCA2
HNF
HNLB
HNR
HF-
change

NF-v*

NF-h
NF-h2

NLB?*
NF-ref
CTA?
CTA2
CTA-ext
CTA3
NPR

TF-v*
TF-v2
TF-c7gt
TF-c7ic
TF-sic
TF-acgt
TF-i
TF-tlsn
TF-c7t8
TLB
TLB-i
TR‘J

TR2
TF-ref
TB
TRTI1
TRT2

Gaze angle WRT horizontal

Gaze angle WRT the ear—eye line
Gaze angle WRT the ear—eye line

Head flexion WRT vertical
Head flexion WRT vertical
Head flexion WRT horizontal
Head flexion WRT horizontal

Head flexion WRT horizontal
Head flexion WRT horizontal
Head flexion WRT vertical

Head lateral bending WRT vertical

Head lateral bending WRT vertical
Head rotation

Head flexion with respect to head flexion in
reference position

Cranio-cervical angle

Cranio—cervical angle

Head/neck flexion

Head/neck lateral bending

Head/neck axial rotation

Head flexion WRT trunk flexion

Neck flexion WRT vertical

Neck flexion WRT horizontal
Neck flexion WRT horizontal

Neck lateral bending

Neck flexion relative to a reference posture
Cervico-thoracic angle

Cervico—thoracic angle

External CTA

Cervico-thoracic angle

Neck protraction/retraction

Trunk flexion

Trunk flexion

Trunk flexion

Trunk flexion

Trunk flexion

Trunk flexion

Trunk flexion

Thoracic trunk angle
Thoracic trunk angle
Thoracic trunk lateral bending
Trunk lateral bending
Thoracic trunk rotation

Thoracic trunk rotation

Trunk angle relative to a reference posture
Thoracic bend angle

Trunk relative to thigh

Trunk relative to thigh

Centre of visual display, eye and horizontal line through eye

Centre of display, eye and eye—ear line
Top of display, eye and eye—ear line

Tragus, eye and vertical line through ear

Tragus—forehead and vertical line through ear

Eye-ear line and horizontal line through ear

Reid’s line (infraorbital margin and upper margin of external
auditory meatus) and horizontal line

Head relative to floor in sagittal plane

Eye—ear line and horizontal line through ear minus 15°

Sagittal plane head position from inclinometer

Lateral angle between OCl-tragus, and the vertical line through
OCl1 (negative to left)

Frontal plane head position from inclinometer

Angle between OCl-cyclops and anterior axis in transverse plane
(negative to left)

Ear-eye line with respect to ear—eye line in reference posture

Eye-tragus-C7

Eye-ear-T1

Head relative to C7 in sagittal plane

Head relative to C7 in frontal plane

Head relative to C7 in transverse plane

Change in head flexion versus change in trunk flexion

Tragus, C7 and vertical line through C7

Tragus, T1 and horizontal line through T1

Tragus, acromion process and horizontal line through acromion
process

OC1-C7 and vertical axis through C7 in frontal plane

Head and neck markers unspecified

Tragus-C7-T5

Ear—C7-hip

Ear—C7-hip

Ear-T1-suprasternal notch

Horizontal distance between ear and C7

C7-greater trochanter and vertical line through greater trochanter
C7-iliac crest and vertical line
C7-greater trochanter and horizontal line
C7-iliac crest and horizontal line
Inferior angle of scapula — iliac crest and horizontal line
Acromion process — greater trochanter and horizontal line
Sagittal plane trunk position from inclinometer
T1 — suprasternal notch and horizontal line
C7 relative to T8 in sagittal plane
C7 relative to T8 in frontal plane
Frontal plane trunk position from inclinometer
Angle between sternum-T5 and anterior axis in transverse plane
(negative to left)
C7 relative to T8 in transverse plane
C7-hip with respect to C7-hip in reference postures
C7, inferior angle of scapula, hip
C7, hip, knee
C7, iliac crest, knee
(continued on next page)
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Table 2 (continued)

Angle Name Definition
Upper limb
SPR? Scapula protraction/retraction Angle between acromion—C7 and lateral axis
SPR2 Scapula protraction/retraction Horizontal distance between C7 and acromion process
SE* Scapula elevation Angle between acromion—C7 and vertical axis
SE2 Scapula elevation vertical displacement of acromion process with respect to C7
C7E C7 elevation Vertical displacement of C7 marker
SF* Shoulder flexion Angle between lateral humeral epicondyle, acromion and vertical
axis in sagittal plane
SA? Shoulder abduction Angle between lateral humeral epicondyle, acromion and vertical
axis in frontal plane
SR Shoulder rotation
EA Elbow angle
EP Elbow position Horizontal distance between elbow and desk
WA®? Wrist angle Conical angle between elbow, wrist and hand
WF* Wrist flexion Angle between hand, wrist and vertical axis
RUD?* Radial/ulnar deviation Angle between hand, wrist and lateral axis

# Postural angle definitions used in this study and recommended for future studies. Note: for 3-D measures, OC1 — mid way between left and right tragus;

Cyclops — mid way between left and right eye.

2.2. Participants

Eighteen males and 18 females aged between 18 and 25 years
were recruited by notices in local universities and community
newspapers and through personal contacts. This age range was
specified to ensure skeletal maturity but limited degenerative
changes. These participants had no history of significant chronic
musculoskeletal disorder in the neck and upper limb, no current
neck and/or upper limb pain and no diagnosed acute or chronic
musculoskeletal condition. Participants had no psycho-active
prescription medication or diagnosed mental disorder and were
required to have normal or normal ‘corrected’ vision. Participant
heights were between 5th and 95th age/gender percentiles to
minimise impact from extreme anthropometry. Hypermobility
was assessed using Beighton’s scale (Beighton et al., 1973). All
participants were using computers at least two times per week for
a total of at least 2 h per week. Level of typing skill was measured
using a standardised typing test (TypeMaster Pro, TypingMaster
Inc., Helsinki, Finland). Characteristics of the subjects are sum-
marized in Table 4.

2.3. Variables

Posture was measured using the Peak Motus passive reflector
motion analysis system (Chattanooga, USA). Semi-spherical
retro-reflective markers were placed bilaterally on the outer
canthi, tragii, acromions, posterior mid humeri, lateral humeral
epicondyles, midway between radial and ulnar styloid processes
and distal end of the 3™ metacarpals and greater trochanters,
and on the C7 and TS spinous processes and suprasternal notch.
Markers were also placed on the desk and display. The x, y, z
coordinates of the markers were determined from infrared ima-
ges collected simultaneously by seven cameras for 120 s in the
2nd and 3rd, 5th and 6th and 9th and 10th minutes. Data were
compared over the different epochs, and as no differences were
observed, the mean value over the final 2 min of each trial was
used for analyses. Gaze (eye to visual target), head (flexion/
extension, lateral bending, rotation), neck (flexion/extension,
lateral bending), cranio—cervical angle, cervico-thoracic angle,
trunk (rotation), scapula (protraction, elevation), arm (flexion/
extension, abduction), and wrist (conical deviation, flexion/

extension, ulnar/radial deviation) angles were calculated from the
marker positions (see definitions in Table 2). Mean angles ref-
erenced to vertical for sagittal and coronal angles and to the
anterior sagittal plane for transverse angles are reported. The
reliability and validity of the motion analysis system has been
demonstrated (e.g. accuracy in marker determination, estimation
of skeletal movement and joint angle estimation) (Salo et al.,
1997; Scheirman et al., 1997; Scholz and Millford, 1993) with
callibration in our laboratory resulting in <5mm standard
deviation in assessed length of a 916 mm rod. A digital video
image was also collected simultaneously to assist quality control
of data.

2.4. Procedure

Participants completed a general history knowledge task in
each condition which required reading from an electronic (with
navigation by mouse) or paper encyclopedia and completing an
activity sheet using either keyboard/mouse or pen and paper input
(as relevant for the condition). Six parallel forms of the tasks were
developed and the order of form of task was randomly allocated
to task condition. The study was conducted in a climate and
lighting controlled motion analysis laboratory. Upon arrival at
the laboratory, participants signed written informed consent, were
fitted with retro-reflective markers and were instructed in the task.
A standard office chair (Burgtec, Perth Western Australia) was
adjusted to the participant’s popliteal height. A specially designed
desk was adjusted to height and shape (straight/curved). An
adjustable height display arm (Swing Arm Single, Atdec Pty Ltd.
Padstow, New South Wales) was used to adjust the 15" LCD
display (model LM520, AOC, Fremont, California) so the top of
the display was set level at participant eye height/bottom of dis-
play at desk height or turned away from the participant during
paper conditions. The same keyboard (model KM-2601, Turbo-
Star, China) and mouse (Optical Wheel Mouse, Microsoft, Red-
mond, Washington) were used in all computer conditions.
Participants were then led by voice and palpation through full
head/neck flexion and extension, left and right lateral flexion and
rotation and chin protrusion and retraction motions (to measure
individual available range). Finally, participants sat in a relaxed
‘usual’ posture looking at an eye height visual target at 5 m.
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Fig. 1. Examples of angle definitions: (a) head flexion, (b) neck flexion, (c)
cranio—cervical angle, (d) cervico—thoracic angle and (e) gaze angle.

Participants performed each task for 10 min. Between tasks,
participants moved away from the desk area while the desk and
display were adjusted. Participants worked for 10 min in each
condition followed by 5 min breaks. A balanced ordering of
desk/display conditions and task across genders was used. All
participants were right-side dominant for the required tasks.
Statistical analysis was conducted using SPSS for Windows®
version 13 (SPSS Inc. Chicago, IL). The study was approved by
the Human Research Ethics Committee of Curtin University of
Technology.

3. Results

Table 5 shows the spinal angles in the different study
conditions. Univariate RANOVA with post hoc contrasts
were calculated for each dependant variable using a
critical alpha level of 0.01 to balance familywise error
and power (Table 6). Huynh—Feldt epsilon corrections
were used if Mauchly’s test indicated lack of sphericity.
Table 7 shows the upper limb angles in the different con-
ditions, with RANOVA results summarised in Table 8.
Covariate analysis using gender had no effect on the pat-
tern of results and so unadjusted results are given. Signif-
icant effects of display and desk were found on spinal and
arm postures.

Compared with the mid display, the high display
resulted in 15° less head flexion, 6° less neck flexion, 7°
more cranio—cervical angle and 5° more cervico—thoracic
angle associated with a 23° less gaze angle. There were
no upper limb differences between high and mid displays.
There were even larger differences in head and neck pos-
tures between book and high display. Compared with the
mid display, the book display resulted in marked increases
in head (20°) and neck (18°) flexion associated with a 39°
lower gaze angle. The book display also resulted in more
spinal asymmetry, characterised by lateral bending of the
head (2° to right) and neck (3° to left), 5° more head rota-
tion to left and 2° more trunk rotation to left than both
electronic displays. The book also resulted in 5° less right
scapula elevation, 6° less left scapula protraction and 4°
less left arm abduction. The mid display postures lay
between high and book postures.

The curved desk resulted in spinal postures essentially
similar to the straight desk except for 2° less head flexion.
In contrast the curved desk resulted in quite different arm
postures, characterised by scapulae in 4-7° more elevation
and 2-3° more protraction, shoulders in 6-13° more flexion
and 12-17° more abduction, and left wrist 8° straighter.
Display x desk interactions were only evident for left arm
flexion and abduction (greater difference between desks
when using high display), and left wrist deviation (less dif-
ference between desks when using book) with a trend for
greater cranio—cervical angles in the high display with the
curved desk.

4. Discussion

These data are the most comprehensive description of
head and arm postures during information technology
use. Most prior studies have only reported posture in a sin-
gle plane and none have compared computer and paper
information technology.

We had anticipated some interaction between the effects
of display and desk design on posture, however the results
showed very little interaction. The only prior study to
investigate both display height and forearm support, Aaras
et al. (1997), did not analyse potential interaction effects.
Whilst not tested in their paper, they reported a 4° differ-
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Fig. 2. Head flexion (eye—ear with respect to vertical) postures relative to gaze angle (display-eye with respect to horizontal) reported in 24 studies (data
from current study shown with open squares). ‘Neutral’ zone illustrated in grey. Numbers correspond to references in Table 1. (Data from Aaras,
Delleman, Karlqvist, Kleine, Straker and Szeto not included as comparable head and/or gaze angle data not provided.)

ence in head posture with forearm support — suggesting the ~ as we have argued (Burgess-Limerick et al., 2000), whilst
potential for an interaction. However our data do not sup-  less head flexion has been recommended from simple
port any interaction effect on posture. moment modelling, the load on deep sub-capital muscles

The high display had no important effects on upper limb ~ may be increased. EMG has been used to provide estimates
posture, but resulted in substantially less head and neck  of superficial muscle loading, but deep sub-capital muscle

flexion than the mid display as was expected. However, loads are yet to be estimated.
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squares. ‘Neutral’ zone illustrated in grey. Numbers correspond to references in Table 1.)
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Fig. 4. Cranio—cervical angle (CCA) relative to gaze angle reported in seven studies. (Studies 3, 4, 5, 6, 11, 13 in Table 1 and current study. Each point
represents separate data from each study. ‘Neutral’ zone illustrated in grey. Regression line shows quadratic line of best fit.)

Table 3

Summary of studies investigating effect of arm support on posture

Reference ~ Workstation scenario Support type Reported data®
Aaras n =20 (workers), lab, keyboard, mouse. Seat height Forearm support provided by desk HLB-i, HF-i,
et al. unspecified. Desk height unspecified TF-i, TLB-i, SF,
(1998) SA
Cook n =13 (workers), lab, keyboard. Seat height unspecified. =~ Forearm support — provided by desk (elbow at 90°); Wrist  SF, EA, WF,
et al. Desk height dependent on condition support — adjustable wrist rest (Rubbermaid 6800); no RUD
(2004a) support
Cook n =15 (workers), lab, keyboard, mouse. Seat height for =~ Forearm support — provided by desk (elbow at 90°); wrist WF, RUD
et al. feet flat on floor. Desk height so forearms supported with  support 20 mm high
(2004b)  no shoulder elevation/depression
Fengetal. n=12 (office workers), lab, keyboard. Seat height self- Forearm support (full motion forearm support); wrist EA, WF, RUD
(1997) selected. Desk height 68 cm support (negative slope keyboard support); no support
Lintula n =21 (office workers), field (6 week intervention), No support; 1 Ergorest support with mouse pad for WF, RUD
et al. keyboard, mouse. Seat & desk height unspecified preferred hand; 2 Ergorest supports — with mouse pad for
(2001) preferred hand, basic arm support for non-preferred hand
Moffet n = 8 (non-experienced laptop users), lab, keyboard. Seat  Laptop 1: built in palm rest with keyboard positioned close =~ HF-v, TF-acgt,
et al. height 46 cm, backrest 100°, desk height 73 cm. Laptop to screen; laptop 2: no palm rest with keyboard positioned  SF, SF-v, WF,
(2002) used on desk or lap close to front of base RUD
# Posture angles — see Table 2 for definitions.
Table 4
Summary of participant details
Females Males All
Age years [mean(sd)] 20.8 (2.4) 20.4 (2.1) 20.6 (2.1)
Height, cm [mean(sd)] 168.4 (5.6) 179.5 (6.9) 172.2 (9.7)
Weight, kg [mean(sd)] 61.7 (10.6) 74.8 (10.6) 68.3 (12.4)
Hypermobility [median(range)] 1(0-8) 0 (0-4) 1(0-8)
Typing net speed keystrokes/min [mean(sd)] 41.8 (11.5) 36.8 (8.8) 39.3(10.4)
Typing accuracy % correct [mean(sd)] 95.9 (1.6) 93.2 (5.8) 94.6 (4.4)
Typing style (no. touch typists) 5 6 11
Age started using computers years [mean (sd)] 9.7 (3.6) 10.2 (2.7) 9.9 (3.2)
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Table 5

Mean (standard error) absolute spinal angles (°) in six display (high, mid, book) and desk (curved, straight) conditions

High display

Mid-display

Book display

Curved Straight Curved Straight Curved Straight
Gaze angle —6.5(0.5) -9.0 (0.4) —29.3(0.7) —32.3(0.5) —67.6 (0.9) —71.3 (1.1)
Head flexion 72.4 (1.3) 752 (1.2) 87.4 (1.3) 90.0 (1.2) 107.7 (1.2) 109.3 (1.7)
Head lateral bending —0.6 (0.7) -0.9 (0.8) —1.0 (0.8) —1.7 (1.0) —0.4 (1.8) 2.2(1.5)
Head rotation —0.9 (0.8) —3.7(1.0) -0.3(1.0) —0.7 (1.0) —5.6 (2.0) —4.4(2.4)
Neck flexion 56.2 (1.1) 55.2 (1.0) 61.7 (1.1) 61.3 (2.3) 78.3 (1.3) 80.5 (1.5)
Neck lateral bending 0.0 (0.7) —0.5(0.7) 1.0 (0.7) 0.5 (0.7) -3.4(2.3) -3.6(1.1)
Cranio—cervical angle 164.2 (1.7) 157.5 (2.5) 154.5(1.2) 152.7 (1.1) 150.5 (1.0) 151.7 (1.6)
Cervico-thoracic angle 153.3 (1.1) 1534 (1.4) 148.7 (1.1) 147.2 (1.1) 138.8 (1.0) 137.1 (2.3)
Trunk rotation —0.3 (0.7) -0.9 (0.7) 0.4 (0.6) —0.1(0.7) -2.5(1.1) —2.2(0.7)
—ve lateral bending = to the left, —ve rotation = to the left.
Table 6
Summary of RANOVA results for spinal posture variables
Display Desk Display x desk
Far P Far p Far P
Gaze angle 3895.62762 <.001 48.1131 <.001 0‘92‘62 394
Head flexion 466.6, 53 <.001 10.84 29 .003 0.3558 766
Head lateral bending 3. 7260 .031 0.51 30 475 1.5560 238
Head rotation 5.3560 .019 0.5130 491 1.2260 289
Neck flexion 214-42,60 <.001 0.11_30 7125 1-52,60 242
Neck lateral bending 9.62.60 .003 0.2 30 .651 0.02,60 933
Cranio—cervical angle 35.5:58 <.001 5.61 29 .025 4.5;58 .015
Cervico-thoracic angle 94.8, 55 <.001 2.4 29 131 0.1, 58 855
Trunk rotation 9.75.66 <.001 0.5133 .500 0.55.66 .632
Table 7
Mean (standard error) absolute upper limb angles (°) in six display and desk conditions
High display Mid-display Book display
Curved Straight Curved Straight Curved Straight
Right scapula elevation 101.2 (1.4) 109.5 (0.6) 103.7 (1.1) 111.1 (0.9) 109.8 (0.8) 115.5 (0.7)
Left scapula elevation 105.6 (1.2) 110.2 (0.9) 107.7 (0.9) 111.6 (0.8) 109.8 (0.9) 113.6 (0.9)
Right scapula protraction 26.5(1.2) 25.1(0.9) 24.2 (1.1) 23.1(0.9) 24.3 (1.4) 21.9 (1.3)
Left scapula protraction 22.5(L.1) 22.4(1.2) 25.0 (1.3) 22.0 (1.4) 17.5 (1.4) 16.4 (1.1)
Right arm flexion -3.7(1.8) —12.2(1.5) —5.4(2.3) —11.6 (1.3) —8.0 (1.9) —10.7 (1.8)
Left arm flexion 11.6 (2.5) -7.9(2.5) 8.9 (2.3) —4.6 (3.3) 6.6 (3.2) 0.2 (2.5)
Right arm abduction 34.7 (0.8) 20.4 (1.3) 33.3(0.9) 23.2 (1.0) 35.1(1.5) 23.4(1.0)
Left arm abduction 38.6 (2.6) 20.8 (1.1) 40.7 (1.3) 18.3 (2.0) 30.4 (1.9) 20.6 (1.8)
Right wrist angle 159.7 (0.8) 156.2 (4.1) 159.1 (0.6) 160.3 (0.9) 158.1 (1.2) 158.0 (1.7)
Left wrist angle 163.0 (1.0) 148.6 (5.6) 162.7 (1.0) 156.9 (1.9) 161.5(1.9) 158.4 (2.0)
Right wrist flexion 77.4 (0.7) 76.1 (0.5) 78.3(0.9) 75.9 (0.6) 81.2 (1.6) 81.0 (1.8)
Left wrist flexion 79.7 (1.2) 73.5(2.4) 82.1 (1.6) 74.8 (2.5) 86.1 (1.8) 83.0 (1.9)
Right wrist deviation 99.0 (2.9) 104.4 (2.9) 99.4 (2.2) 107.2 (2.2) 83.7(2.9) 86.5 (1.8)
Left wrist deviation 124.8 (2.8) 97.5 (2.4) 126.0 (3.5) 104.2 (3.0) 124.1 (3.9) 115.2 (3.7)

The book display had a substantial effect on head and
neck flexion as expected. Whilst a number of studies have
reported postures during reading and writing with paper
(e.g. Bridger, 1988; Freudenthal et al., 1991), we were
unable to find any other study comparing adult postures
during computer and paper use. Bridger (1988) reported
marked head/neck flexion when writing on paper placed
on a flat desk which was reduced slightly with a sloping
desk surface. Freudenthal et al. (1991) reported similar
findings for reading and writing on a flat surface and

slightly inclined desk surface. The actual head and neck
flexion values from both studies are difficult to compare
with our findings due to their angle definitions.

The increased head and neck flexion when working with
paper suggests increased moment around both the lower
and upper cervical spine and thus a higher level of tissue
stress and musculoskeletal disorder risk. Participants may
not have experienced more discomfort after the book con-
ditions if there was increased postural variability (Mathias-
sen, 2006), however this is yet to be determined.
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Table 8
Summary of RANOVA results for upper limb posture variables

Display Desk Desk x display

For p Far p Far p
Right scapula elevation 78.35.66 <.001 145.51 33 <.001 23566 110
Left scapula elevation 30.65,64 <.001 110.6, 3, <.001 0.35.64 715
Right scapula protraction 10.75.66 <.001 5.7 33 .022 0.65.66 557
Left scapula protraction 79.45 64 <.001 21.71 52 <.001 2.5564 .086
nght arm flexion 0v42‘66 .645 41.81_'33 <.001 2-92,66 .064
Left arm flexion 0.3264 .687 36.61 32 <.001 6.85.64 .002
Right arm abduction 1.5568 .220 2522134 <.001 2.72.68 .072
Left arm abduction 6.1566 .004 87.8133 <.001 9.05.66 <.001
Right wrist angle 0.52; 68 544 0.4 34 549 1.0568 362
Left wrist angle 1.52,54 224 12.91,32 .001 2.22@4 119
nght wrist flexion 11-52.66 .001 2.21_'33 143 0‘72‘66 435
Left wrist flexion 8.15.60 .001 11.7, 50 .002 1.02.60 371
Right wrist deviation 38.45.68 <.001 10.8 34 .002 0.85.68 448
Left wrist deviation 3.5266 .053 48.7) 33 <.001 5.25.66 .008

Interestingly the possibility that working with paper could
be a greater musculoskeletal risk than computer work has
not been widely accepted.

An important new finding was the increased spinal
asymmetry in the book condition compared to the com-
puter conditions. Asymmetry is often considered a risk fac-
tor and there is some evidence to support this belief. For
example, Hunting et al. (1981) and Faucet and Rempel
(1994) found increased symptoms with increased head rota-
tion in cross sectional studies of office workers. Our
research clearly shows the increased head and neck asym-
metry associated with the use of paper information tech-
nology, compounding the potential increased risk
associated with greater head and neck flexion.

The curved desk had minimal effect on spinal posture.
The 2° less head flexion was probably due to the slightly
higher and further away visual target when participants
were looking at the book or the keyboard in the curved
conditions. This is reflected in the 3° less gaze angle and
in greater curved versus straight differences during active
keying (when non touch typists were looking at the key-
board frequently, data not shown). Whilst an increase in
head extension may increase sub-capital muscle load, the
small change observed suggests the effect of desk design
on head posture may be of little practical importance.

Scapula and arm differences when using the curved desk
were more significant. The decreased shoulder extension
was expected as part of the curved desk condition, indeed
the desk height increase of 6cm was based on modelling
the increase in sitting elbow height with 35° shoulder flex-
ion (50th percentile female shoulder—elbow length
330 mm). However participants chose to sit with less
extension, rather than more flexion as anticipated, which
meant the change in desk height was not needed. Therefore
the increased shoulder abduction and scapula elevation
may have resulted from an alternate posture strategy in
response to the raised curved desk. Faucet and Rempel
(1994) found a higher keyboard to be associated with more
symptoms, suggesting the raised scapula in the curved desk

condition could lead to increased symptoms. An increase
in shoulder flexion and abduction is usually considered
to increase musculoskeletal risk as anti-gravity moment
increases (Takala and Viikari-Juntura, 1991), but this is
only when the arm is unsupported. During this study the
curved desk provided an opportunity for support. Whether
participants utilised the desk support or maintained higher
muscular loads to stabilise the shoulder and counter the
gravity moment can be determined with SEMG (surface
electromyography) (Straker et al., in press). There was
some prior concern that the curved desk position could
encourage habitually protracted scapulae, which could
lead to scapulae retractor lengthening and weakening.
Whilst a significant increase in protraction was found, its
size (2-3°) is such that it may be of little practical
importance.

The curved desk was expected to result in reduced ulnar
deviation, as the keyboard was further away from the par-
ticipant. The curved desk was observed to result in hand
positions of 5° less ulnar deviation on the right and 19° less
on the left. However these hand angles were relative to the
lateral axis. When an intersegmental (hand—forearm) wrist
angle was used, there was no significant desk effect on the
right hand, though the left wrist was straighter with the
curved desk. This suggests the observed increase in shoul-
der abduction and smaller than expected increase in shoul-
der flexion may have minimised the effect of the curved
condition on wrist posture.

The clear implication of these results is that display and
desk design can affect working postures. However these
results are insufficient to determine the least-risk display
and desk design. The relationship between posture and
musculoskeletal disorder risk is fuzzy and multifactorial.
Risk can arise from: increased gravity resisting moment
with increased angulation away from vertical, increased
pressure/tension on tissues at more extreme postures, and
also from repetition and monotony. The mean posture
results presented here give insight into the risks associated
with gravity and posture extremes, however measures of
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postural variability are also needed. These posture results
also need to be combined with SEMG data to provide a
better understanding of loading. Further insight could also
be provided by modelling deeper structure stresses.

An important limitation of this study is the single short
duration of the use of each condition. When participants
have worked with a different desk and display set up for
a period of weeks they may develop different posture
responses. This could be investigated with long duration
field studies. The posture results reported here were the
average postures for each participant during the final
2 min of working in each condition. The computing tasks
involved active use of the keyboard, active use of the mouse
and postures where the hand(s) were held over the key-
board or mouse but were not active. Similarly, the book
tasks involved book page turning and writing with a pen
and postures where the hand(s) were holding the book or
pen but were not active. The postures and muscle activity
differences during these sub-tasks may well have been
obscured in the current whole-task analysis.

The postural effects of desk and display designs reported
here were for young adults. It remains to be tested whether
children and older adults (with musculoskeletal degenera-
tion) have similar postural responses. Similarly, our sample
included young adults with a variety of typing skills and
there may be differential postural effects on people with
touch typing skills compared to those who need to look
at the keyboard more frequently. A further limitation of
this study was that the display position factor was poten-
tially confounded by a different display mechanism for
the flat condition (paper vs. electronic). Tablet computers
were not available at the time of designing this study. In
an attempt to account for some of the display technology
differences we measured psychological flow (attentional
absorption — see (Arrowsmith et al., 2001; Webster et al.,
1993). No differences were found in the participants’ expe-
riences of flow between conditions therefore we have not
adjusted the posture analysis for flow. The use of the book
condition also provided an important comparison between
typical computer display postures and paper based infor-
mation technology task postures. Finally, different users
may require different workstation arrangements to suit
their particular postural characteristics.

5. Conclusion

Display and desk design features are critical to the min-
imisation of musculoskeletal risk as they clearly affect head
and arm posture. The study results suggest the potential
benefits of reduced head and neck flexion with a high dis-
play may be offset by an increase in upper cervical exten-
sion. The increased head and neck flexion and asymmetry
suggest an increased risk of musculoskeletal disorder when
working with paper. Whilst SEMG will assist in the inter-
pretation of risk, information on deeper cervical structures
and movement variation is needed prior to determining a
recommended display position. The study results also sug-

gest that a higher curved desk facilitates slightly less head
flexion and more scapula elevation and protraction and
more shoulder flexion and abduction. Whilst these results
show the desk created reasonable postural responses, the
potential benefit of supporting the forearms with a higher
curved desk needs to be evaluated with muscle activity.
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