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the task, and higher neck/shoulder NMI (p = 0.050) towards 
the end of the task during sitting compared to walking.
Conclusion Results suggest that walking while perform-
ing computer work may be effective in inducing healthier 
muscular patterns, possibly explaining the lower level of 
discomfort compared to sitting.
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Abbreviations
AD  Anterior deltoid
ANOVA  Analysis of variance
AWPM  Adjusted words per minute
CES  Cervical erector spinae
CoV  Coefficient of variation
EMG  Electromyography
EO  External oblique
FLDF  Forearm laser Doppler flowmetry
LDF  Laser Doppler flowmetry
LES  Lumbar erector spinae
LT  Lower trapezius
MI  Mutual information
MIVC  Maximum isometric voluntary contractions
MSDs  Musculoskeletal disorders
MT  Middle trapezius
NMI  Normalized mutual information
PSS  Perceived stress scale
RMS  Root-mean-square
SLDF  Shoulder laser Doppler flowmetry
UL  Upper limb
UT  Upper trapezius
WaW  Walk-and-work
Wext  Wrist extensor
WRMSD  Work-related musculoskeletal disorder

Abstract 
Purpose This project aimed to quantify the effects of 
modifying computer work posture on neck/shoulder pat-
terns during a prolonged typing task.
Method Twenty healthy participants completed a 90-min 
typing task while sitting or walking on a treadmill. Elec-
tromyography (EMG) was recorded from eight upper body 
muscles and laser Doppler flowmetry (LDF) from two 
upper body sites. Effects of Time and Posture were assessed 
for EMG amplitude (RMS), variability (CoV), normalized 
mutual information (NMI), LDF and upper limb discomfort.
Results Upper limb discomfort was higher during sit-
ting and increased with time, from 0.86 ± 1.3 to 3.7 ± 3.1 
out of 10. Interaction effects showed that EMG amplitude 
decreased over time for the lumbar erector spinae (LES) 
(from 6.3 ± 2.9 to 5.6 ± 3.2 % MIVC) and wrist exten-
sor (from 12.4 ± 2.7 to 11.3 ± 3.5 % MIVC) during walk-
ing, but increased during sitting. Anterior Deltoid EMG 
amplitude was 64 % lower during walking while External 
Oblique EMG amplitude (43 %) and Lower Trapezius EMG 
variability (65 %) were higher during walking. Interaction 
effects showed higher LES CoV during walking compared 
to sitting (p = 0.019) in the beginning but not at the end of 
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Introduction

Work-related musculoskeletal disorders (WRMSD) are 
chronic musculoskeletal symptoms which interfere with 
ones’ activities, can develop over time and can be partly or 
entirely related to a person’s main work (Stock et al. 2011). 
Larsson et al. (2007) identified neck/shoulder MSDs to 
typically develop from repetitive work, forceful exertions, 
high and/or prolonged static loads, and static or extreme 
postures. Previous literature has identified elements to sup-
port the presence of three injury pathways: a neuromuscu-
lar, a postural and a vascular one (Forde et al. 2002; Strom 
et al. 2009b).

Although the neck/shoulder load during computer work 
is quite low, with EMG values of associated muscles below 
10 % of maximum contractions (Johansson et al. 1999; 
Roe and Knardahl 2002; Blangsted et al. 2004), increases 
in activity over time may still pose a risk for developing 
MSDs (Cooper and Straker 1998; Aaras et al. 1997; Kleine 
et al. 1999). However, previous studies do not show a clear 
association between trapezius muscle activity amplitude 
and neck symptoms during computer work (Strom et al. 
2009a), such that other measures of muscle activity may be 
better predictors of symptoms. One such measure of muscle 
activity may be variability, which has been defined as the 
variation of behavioral outcomes over repetitions or time 
(Latash et al. 2002). Variability of the supraspinatus has 
been previously observed to increase with shoulder fatigue 
(Fedorowich et al. 2013), and greater variability of shoul-
der muscles has been seen in pain-free workers compared 
to those with pain (Madeleine et al. 2008b; Moseley and 
Hodges 2006). In addition, observing patterns of two mus-
cles working together is another characteristic of muscle 
activity which has been studied lately. Mutual information 
(MI) is a statistical method which accounts for both linear 
and non-linear relationships as it quantifies shared activa-
tion patterns of two muscles’ electromyographic time series 
(Jeong et al. 2001; Kojadinovic 2005). Research has shown 
MI to increase with muscle fatigue and delayed onset mus-
cle soreness (Madeleine et al. 2011) whereas another study 
found that initial low MI was a predictor of higher endur-
ance (Fedorowich et al. 2013). Taken together, the recent 
literature suggests that high MI is not beneficial; however 
more experimental data need to be gathered to relate MI to 
better understood patterns associated with neck/shoulder 
work.

Blood flow plays an important role in supplying and 
regenerating muscles. Extended periods of computer work 
may compromise circulation, as flexed-neck or round 
shoulder postures could limit the thoracic circulatory area 
and blood flow to more distal structures (Keller et al. 1998). 
Physical activity has been proposed as a positive strategy 
in promoting blood flow, as cycling with relaxed shoulders 

has shown to increase blood flow to the shoulder and fore-
arm (Andersen et al. 2010; Green et al. 2002; Tanaka et al. 
2006). However, no studies have measured the effective-
ness of methods to augment blood flow (e.g. through exer-
cise) on the upper limb patterns during computer work.

Posture also appears to be a risk factor associated with 
MSD (Forde et al. 2002). Seated work may pose a risk as 
previous research has observed that neck pain was associated 
to prolonged sitting (odds ratio = 2.06) (Cagnie et al. 2007). 
A new trend in the workplace is Walk-and-Work worksta-
tions, with some documented benefits on physical activity as 
well as cardiovascular health (Thompson et al. 2008; Lev-
ine and Miller 2007). Nevertheless, one concern of this type 
of dual tasking is impairments in work performance which 
was seen by John et al. (2009) and Straker et al. (2009), 
although Funk et al. (2012) tested three walking speeds and 
found an optimal speed of 2.25 km/h where no effects were 
seen on typing performance. In one of the few studies on 
walk-and-work that accounted for acclimation to this novel 
task, a year-long study with treadmill workstations found all 
aspects of performance (quantity, quality, interaction quality) 
to exceed the initial performance measures (Ben-Ner et al. 
2014). This may point to physical and psychological benefits 
of using a treadmill workstation, although the impacts on 
blood flow and musculoskeletal health, and the mechanisms 
underlying these potential benefits, remain unclear.

The objective of this study was to quantitatively assess 
the effects of Time and Posture on the muscular, vascular, 
discomfort and computer performance characteristics asso-
ciated with a computer-typing task. To meet this objective, 
we recorded variables through time during the performance 
of a 90-min computer-typing task performed in the postures 
of sitting and walking on a treadmill. We hypothesized that 
there would be significant changes in our variables through 
Time and between Postures (but with no impact on com-
puter performance measures), and that walking while work-
ing on the computer would alter the muscular, vascular and 
discomfort time responses.

Materials and methods

Participants

A convenience sample of 20 healthy young adults (10 
males, 10 females; mean age = 27.65 ± 6.18 years; 
mean height = 169.72 ± 9.07 cm; mean 
mass = 69.31 ± 12.41 kg) was recruited by the research-
ers from the institutional social network. The inclusion cri-
teria were the use of a computer for more than 40 h per 
7 days, between the ages of 20 and 50, available for three 
experimental sessions, and free of neurological and muscu-
loskeletal injuries, cardiovascular diagnoses and any other 
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general health concern, as assessed by the Par-Q Health 
Questionnaire. A measure of perceived stress within the 
past month was assessed by a 14-question Perceived Stress 
Scale (PSS-14) (Cohen and Williamson 1988), which each 
participant completed prior to beginning the first experi-
mental session. The study was performed at the Occupa-
tional Biomechanics and Ergonomics Lab (OBEL) of the 
Jewish Rehabilitation Hospital in Laval, Quebec. Informed, 
written consent was given by the participants prior to par-
taking, by signing forms approved by the Research Ethics 
Board of the Center for Interdisciplinary Research in Reha-
bilitation (CRIR) of Greater Montreal.

Session randomization

The three experimental sessions focused on recording data 
during the performance of a computer work task performed 
in the postures of sitting, standing or walking on a tread-
mill. In order to provide an opportunity for acclimation to 
the Walk-and-Work (WaW) task, that session could not be 
scheduled first. First a randomization process took place 
between the seated and standing sessions, then between the 
remaining session and the walking session. The WaW prac-
tice trial was performed at the end of the session preceding 
the WaW session. The sessions were separated by at least 
48 h to avoid day-to-day fatigue or soreness effects. In this 
paper, we only report the analysis and results pertaining to 
the seated and WaW data.

Instrumentation

The participant was fitted with electromyographical (EMG) 
recording equipment (TeleMyo, Noraxon, USA, 10-350 Hz 
operating bandwidth). Eight muscle areas of the right arm, 
shoulder and trunk were prepared by being marked and 
shaved and then cleaned with rubbing alcohol to allow for 
better signal transmission. The Ag/AgCl surface electrodes 
(Ambu, Del) were then placed side by side in bipolar con-
figuration, parallel to the muscle fibers. The 8 muscles were 
outfitted with electrodes in the same configuration each ses-
sion. The placement over the cervical erector spinae (CES) 
was approximately 10 mm lateral to the C5 vertebra. For the 
upper trapezius (UT), the position was midpoint between C7 
spinous process and acromion. Electrodes were also placed 
on the following sites—anterior deltoid (AD): between 
the lateral 1/3 of the clavicle and the deltoid tuberosity of 
the humerus; wrist extensor (Wext): over the muscle belly, 
approximately 2 finger widths distal to the elbow; middle 
trapezius (MT): midpoint between the thoracic spine and the 
medial border of the scapula; lower trapezius (LT): midpoint 
between the T8 spinous process and the inferior angle of the 
scapula; lumbar erector spinae (LES): midpoint between 
T12 and S1, along the lumbar spine over the transversus 

process; external oblique (EO): two finger widths below 
the last rib and three inches forward to the body’s midline 
(Basmajian and Blumenstein 1980). A reference electrode 
was placed over the right external epicondyle. Following 
this, the participant was outfitted with the cardiovascular 
equipment. Two laser Doppler flowmetry (FloLAB Moni-
tor, Moor Instruments, Devon, England) electrodes were 
used: one positioned over the right UT, medial to the UT 
electrodes [shoulder LDF (SLDF)], and the second over the 
right Wext muscles, between the Wext electrodes and the 
external epicondyle [forearm LDF (FLDF)], to measure sur-
face blood flow over the skin surface of these two areas.

Initial measures

After the electrodes and attached cables were placed and 
fixed with medical tape, the participant was instructed in 
completing maximum isometric voluntary contractions 
(MIVC), which were based on published standards (Bas-
majian and Blumenstein 1980; Madeleine et al. 2011). The 
UT was tested with the arm at the side; participants elevated 
their shoulder against external, static resistance applied 
on the shoulder. For the AD, the shoulder performed flex-
ion with the arm flexed 45°, against resistance applied on 
the upper arm. The MT MIVC action consisted of scapula 
adduction with the shoulder at 90° flexion. The LT action 
was performed with the shoulder in an angle of 90° flexion 
and the scapula depressed against resistance applied under 
the upper arm. The Wext was tested by performing wrist 
extension from a neutral wrist angle, forearm pronated, with 
the arm resting on a table at 90° flexion in the elbow, against 
resistance applied on the dorsal part of the hand. To test 
the CES, subjects were lying prone, resistance was applied 
against the posterior aspect of the head, and the subject per-
formed neck extension. The test for the LES involved the 
subject lying prone and performing lumbar extension with 
their arms at the side with stabilizing resistance applied on 
their hamstrings. To test the EO, the subject laid supine with 
knees flexed 90° and performed upper trunk flexion-rotation 
against resistance applied on the right pectoral, their trunk 
flexed 45°. A rigid frame structure was custom adapted to 
subject sizes to allow external resistance to be applied in 
the procedures for the first 4 muscles listed above, while 
resistance was applied manually for the last 4 muscles listed 
above. For each, two ramp-up, ramp-down, five-second 
MIVC trials were completed for each muscle with encour-
agement to push as hard as possible in the designated force 
direction. One minute of rest was given between each of the 
trials to ensure maximum effort was given in the next trial.

Next, subjects were positioned in the desired work posture 
(sitting or walking), which included adjusting the chair and 
computer desk. In the seated posture, an angle of 90° was cre-
ated at the knee. In the walking session, the treadmill speed 
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was programmed to 2.25 km/h as used in Funk et al. (2012). 
In all sessions, the work surface was adjusted to 5 cm below 
elbow height (Grandjean and Kroemer 1997) to maintain an 
approximate 90° elbow angle. After positioning the subject 
in the sessions’ computer work posture, the baseline car-
diovascular measures were taken when the subject adopted 
a relaxed, static state. In order to see if stress affected the 
computer task, at this time the subject was asked to rate their 
pre-test level of stress on a scale of 0–10. The question posed 
was: “On a scale of 0-10 how stressed do you feel about par-
ticipating in this session?” and the response was recorded.

Computer task

The typing task consisted of reproducing article text dis-
played on the computer using the Mavis Beacon Teaches Typ-
ing software, as used in Funk et al. (2012) and Straker et al. 
(2009). The subjects performed 10 blocks of 9 min each with 
EMG data collection taking place the last 30 s of each block. 
Immediately after each of these recordings, the participants 
were prompted to rest their arms at the sides of the computer. 
LDF was then collected for 30 s and during this time, partici-
pants were asked to refrain from shifting their body weight, 
in order to minimize movement artifacts in the LDF data. 
Following this, typing performance was recorded as average 
typing speed and errors during the previously finished block 
and discomfort was rated using a body map and discomfort 
scale (Messing et al. 2008; Antle et al. 2013). Subjects were 
prompted to indicate the body location(s) on the body map 
where they felt any discomfort, and for each identified region, 
they gave a number from 0 to 10 to indicate the intensity of 
this discomfort. At the end of the 90 min task, subjects again 
rated their stress level (on a scale of 0–10), and their response 
was recorded as post-test level of stress.

Data analysis

EMG data were filtered using a dual-pass fourth-order But-
terworth band-pass of 20–500 Hz. The heartbeats were 
removed from the signals by first identifying a reference 
heartbeat in one trial and then cross-correlating it with 
the other signals to eliminate heartbeats from all 8 muscle 
signals. Following this, signals were full-wave rectified 
and then normalized to the EMG data collected during the 
MIVC, giving a percentage of the MIVC values for each 
muscle. Root-mean-square (RMS) values were calculated 
over 30 1-s non-overlapping windows for each collection 
period, and the 30 RMS values were averaged to obtain 
one representative mean amplitude value for each muscle 
from each collection block. Variability was calculated by 
computing coefficients of variation (CoV) for each muscle 
in each block by dividing the standard deviation of the 30 
RMS values by the average RMS value.

Normalized mutual information (NMI) was calculated 
using EMG time series from each block. Calculations are 
detailed in Johansen et al. (2013). Briefly, NMI is based on 
the Entropy calculation, (average amount of information: 
H) of EMG time series where NMI is valued between 0, 
indicating no connectivity, and 1, indicating complete func-
tional connectivity of the muscle pair. NMI was calculated 
for all the possible pairs in this study within two muscle 
groups: neck/shoulder group, CES, UT, AD, MT, LT, and 
trunk group, LES, EO. NMI of each muscle pair was calcu-
lated over 500-ms windows for each trial, and the median 
value was taken to represent the trial.

The data collected from LDF were integrated over non-
overlapping 1 s windows for the 30 s time series. The 30, 
1-s windows were averaged to obtain one representative 
value of blood flow following each work block. The initial 
LDF collection taken during the static state was consid-
ered the baseline blood flow measure, and the 10 following 
measures taken during the task were calculated as a percent 
change from this baseline. All analyses were done using 
Matlab software (Mathworks, Massachusetts, USA).

Since 79 % of subjects reported some discomfort in 
their neck/shoulder area (identified as the ensemble of the 
6 regions shaded in yellow on the Fig. 1), we focused our 
discomfort analysis on this region, in analyzing the effects 
of Posture and Time on the highest discomfort score in that 
region. The highest score from the region, at each point in 
time, for each subject, was identified and kept for statistical 
analysis.

Statistical analysis

Statistical analyses were performed to test the main effects 
of independent variables Time and Posture, as well as their 
interaction, on the muscular and vascular parameters. Time 
(blocks 1–10) × work posture (sit, walk) repeated meas-
ures ANOVA was run on the RMS, CoV, NMI and LDF 
variables. A Friedman ANOVA of work posture × time was 
run on discomfort measures reported for the neck/shoulder. 

Fig. 1  Body map used by subjects to indicate areas of discomfort. 
Region shaded in yellow indicates the six regions focused on for fur-
ther analysis
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A post hoc Wilcoxon paired analysis was run to establish 
where significant differences existed. Significance was set 
as p < 0.05. All analyses were run using SPSS software.

Results

Discomfort and performance

Upper limb (UL) reported discomfort was found to be sig-
nificantly higher in the seated work posture (main Posture 
effect, Friedman ANOVA (19,19), 153.95, p < 0.0001) 

(see Fig. 2). Discomfort also significantly increased with 
time for each of the postures sit: Friedman ANOVA (19,9), 
89.258, p < 0.0001 and walk: Friedman ANOVA (20,9), 
53.831, p < 0.0001. Average performance measures after 
sitting for 9 min yielded errors: 105.2 ± 42.68 words; 
AWPM: 40.32 ± 11.85 words, and after 90 min, yielded 
errors: 113.6 ± 48.84 words; AWPM: 41.22 ± 11.12 words. 
The average performance measures after walking for 9 min 
were: errors: 96.85 ± 47.63 words; AWPM: 41.50 ± 9.54 
words and after 90 min errors: 109.25 ± 50.68 words; 
AWPM: 42.25 ± 9.16 words. There were no significant 
effects found on any of the typing performance variables.

Posture and time effects

Both the LES and Wext EMG RMS displayed decreases 
over time in the walking session but conversely increases 
with time were seen during sitting(significant Time × Pos-
ture interaction effects, LES [F(9,144) = 2.845, p = 0.004] 
(see Fig. 3a) and Wext [F(9,126) = 2.651, p = 0.008] (see 
Fig. 3b). The AD EMG RMS was found to be 64 % lower 
(as a  % of MIVC) during walking compared to sitting, 
whereas the EO EMG RMS was found to be 43 % higher 
during walking compared to sitting (significant Posture 
main effects, AD [F(1,15) = 9.447, p = 0.008] and EO 
[F(1,15) = 19.001, p = 0.001]). LT average muscle activ-
ity displayed a significant 7 % increase from min 9 to min 
90(main effect of time: [F(9,144) = 2.068, p = 0.036]). No 
other significant effects were found for average EMG RMS 
variables (see Table 1).

The variability of LES was shown to somewhat decrease 
over time with walking, but to increase while sitting 
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(Time × Posture interaction effect [F(9,144) = 2.306, 
p = 0.019] (see Fig. 4)). In addition, 65 % higher variabil-
ity was displayed at the LT in the walking condition com-
pared to sitting (Posture main effect [F(1,16) = 23.548, 
p = 0.000]). No other effects were found significant for any 
of the other variability parameters (see Table 2). 

There was an increase in CES-AD connectivity over 
time during sitting especially in the later blocks of the 
typing task, but an opposite pattern of decrease towards 
the end occurred during walking (significant Time × Pos-
ture interaction effect [F(9,135) = 1.951, p = 0.050])(see 
Fig. 5). CES-LT connectivity was found to increase over 
time, for the two postures (significant main effect of time, 
the [F(9,144) = 2.479, p = 0.012]). The walking condition 

displayed significantly greater LES-EO connectivity com-
pared to sitting (main Posture effect [F(1,16) = 5.573, 
p = 0.031]). No other effects were found for any of 
the other muscle pairs. (See Table 3 for significant 
comparisons.)

LDF analyses looking at percent change from base-
line found a trend toward increased blood flow with time 
at the shoulder [F(9,126) = 1.928, p = 0.054] and fore-
arm [F(9,117) = 1.736, p = 0.088]. However, these 
results were found to not be statistically significant. There 
were no significant effects of Posture either (shoulder: 
[F(1,14) = 1.321, p = 0.270], forearm: [F(1,13) = 0.934, 
p = 0.351]).

The stress scale (0—indicating no stress up to 10—
highly stressed) yielded a lack of change in response from 
pre- to post-test; therefore, these measures were chosen to 
be excluded from further analyses. During the sitting ses-
sion, the average values were in the pre-test: M = 0.211, 
SD = 0.419; and post-test: M = 1.18, SD = 1.81 dis-
playing little change in stress levels. Similarly during 
walking, average values were in the pre-test: M = 0.150, 
SD = 0.489; and post-test: M = 0.500, SD = 1.05 display-
ing a very small change from pre- to post-test.

Discussion

Discomfort and performance

UL discomfort was found to be significantly lower dur-
ing walking compared to sitting. In addition, there was a 

Table 1  Mean, range and 
standard deviation of muscle’s 
EMG RMS expressed as a 
percent of MIVC

Muscle Time Sit Walk

Mean Range SD Mean Range SD

CES T1: 9.83 36.97 10.97 10.35 66.86 15.46

T10: 10.79 35.42 10.66 10.40 65.16 15.11

UT T1: 5.64 27.23 7.00 4.03 12.59 3.05

T10: 6.40 31.04 7.40 3.80 7.55 2.45

AD T1: 4.78 6.83 2.26 2.42 7.36 2.11

T10: 5.04 9.39 2.98 2.66 7.65 2.14

WEXT T1: 9.40 29.33 6.53 12.37 11.28 2.81

T10: 7.83 10.30 2.63 11.08 10.80 3.55

MT T1: 3.70 10.09 2.70 2.47 8.82 2.34

T10: 3.39 7.09 2.09 2.02 4.19 1.24

LT T1: 2.58 10.69 2.45 1.91 3.48 1.06

T10: 2.59 11.63 2.60 2.09 4.32 1.84

LES T1: 4.62 11.11 3.08 6.39 10.17 2.95

T10: 4.91 11.21 3.43 5.61 11.08 3.16

EO T1: 4.99 21.01 6.01 9.54 17.40 4.61

T10: 3.75 17.04 4.05 10.31 23.81 5.80
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There was a significant Time × Posture interaction effect (p < 0.05)
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later onset of discomfort while walking. Interestingly there 
were no effects of Time or Posture on any of the typing 
parameters. John et al. (2009) and Straker et al. (2009) both 
observed changes in computer performance while walking. 
However, those studies had not provided acclimation peri-
ods, and they used walking speeds of 1.6 and 3.2 km/h. In 
comparison, a 2.25 km/h walking speed (deemed to be an 
average, comfortable speed) was previously found to pro-
duce no decline in performance (Funk et al. 2012); there-
fore, we believed that using this speed would produce simi-
larly stable performance measures. Thus, in order to obtain 
benefits from WaW without affecting performance, our 
results lead us to recommend an acclimation period, and 
regulation of the speed of walking while working.

Posture and time effects

Previous studies have suggested that increases in mus-
cle activation over time may be associated with increased 
risk to develop musculoskeletal disorders (MSD) (Cooper 
and Straker 1998; Aaras et al. 1997; Kleine et al. 1999). 
Our results showed increases in EMG RMS values of 
the LES, Wext, AD, EO, and LT. These increases may be 
small especially when normalized to each muscle’s maxi-
mum voluntary activity level, but they were observed over 
only 90 min, suggesting that further increases could occur 
over a work day, which over time could represent a non-
negligible accumulation of load during prolonged, long-
term computer work. Moreover, both the LES and EO were 
more activated while walking, indicating that both may be 
working to stabilize the trunk and upper limbs against mov-
ing lower limbs, so that computer-typing movements can 
be adequately performed. Although higher activity may 
place these muscles at greater risk of developing injuries, 
the initially high activity of the LES during walking dis-
played a significant decrease over time and by the end of 
the 90-min task, reached nearly the same as the activity lev-
els measured during sitting. One explanation is that motor 
learning takes place during the first few minutes of the 
walk-and-work task, with the body searching and finding 
upper trunk stabilizing strategies that at first depend on low 
back muscles, but that may eventually span more muscles. 
Conversely, the increases in activity seen while sitting may 
indicate a negative effect as this may place the LES more 
at risk of developing fatigue accumulation and injury in a 
prolonged sitting position. Previous studies have suggested 

Table 2  Mean, range and 
standard deviation of muscle’s 
CoV

Muscle Time Sit Walk

Mean Range SD Mean Range SD

CES T1: 0.14 0.20 0.074 0.14 0.36 0.092

T10: 0.14 0.38 0.11 0.14 0.32 0.075

UT T1: 0.19 0.41 0.14 0.13 0.32 0.074

T10: 0.16 0.46 0.11 0.20 0.48 0.13

AD T1: 0.30 0.70 0.18 0.38 1.05 0.27

T10: 0.36 0.90 0.26 0.41 0.77 0.23

WEXT T1: 0.27 0.51 0.12 0.24 0.32 0.074

T10: 0.25 0.38 0.11 0.23 0.33 0.095

MT T1: 0.15 0.44 0.12 0.23 0.67 0.17

T10: 0.19 0.42 0.11 0.29 1.23 0.27

LT T1: 0.11 0.23 0.059 0.23 0.40 0.096

T10: 0.13 0.25 0.063 0.26 0.36 0.12

LES T1: 0.11 0.19 0.057 0.19 0.34 0.079

T10: 0.20 0.42 0.16 0.18 0.35 0.092

EO T1: 0.16 0.78 0.19 0.18 0.32 0.083

T10: 0.14 0.23 0.072 0.21 0.45 0.12

0
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Fig. 5  Normalized mutual information for the muscle pair CES-AD. 
There was a significant Time × Posture interaction effect (p < 0.05)
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that seated work may indeed place a higher strain on low 
back structures (Nachemson 1966; Wilke et al. 2001). 
However, little is known about the specific mechanisms 
that could underlie this higher low back load in the seated 
position (Mork and Westgaard 2009).

The Wext EMG RMS activity level was similar to levels 
reported previously during a seated computer task (Strom 
et al. 2009a). In our study, the significant interaction effect 
of the Wext muscle showed higher muscle activity during 
walking, although it increased over time only in sitting. This 
may reflect an attempt to stabilize the forearms when walk-
ing and typing, as walking creates more lateral body sway. 
The decreased Wext activity with time during walking can 
then be due to habituation to the WaW task, so over time the 
subjects may become better apt to type while walking.

The LES muscle displayed higher variability during 
walking compared to sitting. Higher motor variability has 
been hypothesized to prevent the development of symptoms 
and less variable movement patterns may be associated with 
a greater risk of injury (Mathiassen et al. 2003; Madeleine 
et al. 2008a). In the current study, the higher LES variability 
seen throughout the task during walking likely indicates a 
search to adapt to the novel task of typing while walking, 
although this also occurred during sitting. The fact that LES 
variability remains higher during walking compared to sit-
ting, over the duration of the 90 min task, supports a pro-
tective effect of walking with regards to low back strain. 
Another postural muscle but this time for the shoulder gir-
dle, the LT, which displayed higher variability while walk-
ing compared to sitting, may play a role in steadying the 
arms for typing. Therefore, greater variability in the LT may 
also indicate a healthy adaptive mechanism to performing a 
prolonged typing task in the standing position.

When looking at the analysis of between-muscle connec-
tivity, three pairs of muscles exhibited significant effects. 
The increases over time seen in the CES-LT pair and the 
increase towards the end during sitting for the CES-AD 
pair seem in line with the findings from Madeleine et al. 
(2011) who found functional connectivity within the tra-
pezius of males to increase with muscle fatigue. Although 
the computer task used in this project was not fashioned to 
induce muscle fatigue, the significant changes seen in EMG 
RMS muscle activation may support that some muscles 
experienced some fatigue. Therefore, the increased con-
nectivity seen in these muscle pairs may suggest that over 
a prolonged time and during sitting, the CES may search 
for a muscle to partner with in order to share the load to 
continue the task, in line with the interpretation provided 
in Fedorowich et al. (2013). Conversely, during walking, 
the CES-AD pair showed a decrease in connectivity dur-
ing the last few minutes of the task, which is in line with 
the decreases with time seen in NMI of the neck/shoulder 
area in the Fedorowich et al. (2013) study, although in that 

study, the task was performed to exhaustion. In that study, 
authors had interpreted the strategies of lowering NMI as 
efficient strategies of isolating muscle fatigue effects in 
order to prevent the spread of symptoms across more mus-
cles. Furthermore, Svendsen et al. (2011) found lower NMI 
between muscle pairs in the forearm during a dynamic task 
compared to a static task which could indicate a beneficial 
muscular strategy during active work. Thus, our results of 
decreased CES-AD connectivity with time during walking 
could also seem to be a beneficial strategy.

Finally, the overall low level of muscle activity needed for 
the computer-typing task may be the reason for our fewer 
significant results compared to previous studies. Despite this, 
one last significant effect related to functional connectiv-
ity, the significantly higher mutual information between the 
trunk pair during walking, is easily explained by a need to 
coordinate the low trunk region during the highly stereotypi-
cal task of walking. However, it should be pointed out that 
it is possible that factors other than true differences in mus-
cle activity firing may have impacted our findings especially 
for the walking condition. As such, the extra body move-
ments produced during walking may have had an impact on 
the surface EMG signals; although we took care to stabilize 
the electrode cables against the moving limbs, it is possible 
that there was more movement of the electrodes relative to 
the muscles during the walking condition, inducing an addi-
tional source of error during those trials.

We initially hypothesized that walking would increase 
blood flow in the neck/shoulder, as exercise has previously 
been shown to augment blood flow in non-working limbs 
(Green et al. 2002; Tanaka et al. 2006) and more specifi-
cally, the neck/shoulder area (Anderson et al. 2010). How-
ever, this was not significant in our study. In previous stud-
ies, participants were not performing an upper limb task, 
and were instructed to relax their upper limbs, whereas 
in our study, the muscle activity required to stabilize the 
shoulders and forearms during computer work may have 
been sufficient to partly occlude blood flow to the upper 
limbs during walking. Lastly, our data may also be under-
powered, although these studies referred to had on average 
8 (Green, Tanaka, Anderson) and 28 (Strom) healthy par-
ticipants, which is comparable to our sample size. More-
over, the observed power of some comparisons reached 
comparatively high values (AD EMG RMS Posture effect: 
0.943; EO EMG RMS Posture effect: 0.982; LT EMG vari-
ability Posture effect: 0.995). Still, it is likely that some of 
the reported comparisons are affected by possible type II 
error. Further studies with larger sample sizes are necessary 
to confirm our findings.

In conclusion, the present study investigated the effects of 
modifying computer work posture on trunk and upper limb 
muscular and vascular patterns during a prolonged computer 
task. Walking displayed generally lower muscle activity and 
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higher variability patterns whereas sitting was character-
ized by higher between-muscle functional connectivity and 
greater discomfort. This study contributes to the growing 
literature around walk-and-work computer workstations and 
may further help to identify mechanism-based interventions 
to reduce or even prevent neck/shoulder MSD.
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