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ABSTRACT

Petra IhalainenFall 2014.Lack of muscle activity ireg muscles of office workeiiseffectof a
dynamic office chair. Department of Biology of Physical Activity, University of Jyvaskyla.
M.Sc Thesis in the science of spooaching and fitness testiry pp, 5 appendicies

The World Health Organization has named physical inactivity as a wwdllel healthrisk.
Physical inactivity has shown to induce harmful health respoimsependently from physical
activity. A great deal of daily physical inactivity is accumulated framlongedsitting perials.
Furthermore,daily sitting may accumulate at work.ff@e work, in particular, has been
identified highly passive due to the high rates of sitting during working hBeent findings
indicate that local muscular acition is the key factor sigtiag the metabolic responses to
activity behavior When interrugng prolonged inactivity period, the number of activity breaks
has shown to be more significant for health parameters, than the intensity of the. activity

In the present study, we investigated local muscle activity in lower extremities during
occupationakitting in Finnish office workers (n=4). Wexpectedthat replacing ataticoffice

chair with a dynamic chair might induce enhanced muscle activity, thod, decrease the
inactivity timein lower extremities during sitting. We compared two dynamicreh@G and

HM) to a conventional static chair (S@jat were used by the office workeesach chair being
usedfor one weekn randomized orderElectromyogaphic (EMG) activity was recoed from
quadriceps, hamstring, gastrocnemius and tibialis anterigscles with textile electrodes
embedded into clothingndaveraged for quadriceps and hamstring muscles (QH) and lower leg
muscles (LL). The average sittitigne in the office was 5.16 A 1.04h during the 12 days of
measurementd he LL muscles were ingiwe for 82 + 1.63 % and QH muscles for £0.66 %

of sitting time, LL muscles being proportionally more active during sitting than QH muscles.
No markeddifference between dynamic chairs and SC chair was observed in inactivity time.
However, a positive trend was seen in LL muscle activity when dynamic chairs were compared
to SC chair: greater than 10 % difference in average EMG, mean amplitude anctewss
detected with dynamic chairs, when compared to SC chair. The results from the present study
give slight support for the hypothesis that dynamic chairs would enhance muscle activity during
sitting. Dynamic chairs might predispose leg muscles to mioeect i ve o sitti ng,
research is needed to determine if the intensity of the muscle activity induced by dynamic chairs

is enough for significant health benefits.

Keywords: dynamic chair, electromyography, inactivity, muscle actiwf§ice work, physical
activity, sitting, static chajitextile electrodes



TIIVISTELMA

Petra IhalainenKevat 2014 Lihasaktiivisuuden puute alaraajojen lihaksissa toimistotyo6laisilla
T dynaamisen ty6tuolin vaikutukiikuntabiologian laitos, Jyvaskylan Yliopistvalmennus ja
testausopin Pro Gradtutkielma57s, 5 liitetta

Maailman terveysjarjest6 WHOon nostanut fyysisen inaktiivisuuden lisdantymisen
merkittavaksi terveysriskiksi maailmanlaajuisesti. Fyysisen inaktiivisuuden haittavaikutukset
terveyteen ovat riippumattomifyysisen aktiivisuuden tery#td edistavista vaikutuksista
Inaktiivisuusaika kertyy hereilla oloaikana muun muassa toistuvista istumisjaksoista.
Toimistoty6td tekevilld paivittdinen istuen kulutettu aika voi olla huomattasaari.
Lihasaktiivisuuden tutamat paikalliset vasteet ovat avainasemassa fyysisen aktiivisuuden
terveyshyotyja tarkasteltaessa Inaktiivisuusjakson  keskeyttavien aktivisuusjaksojen
lukumé&ralla on havaittu olevarterveysvaikutusten kannalta suurempi merkitys, nkui

aktiivisuudenintensiteetilla.

Tassa tutkimuksessa tutkittin istumisen aikaista lihasaktiivisuutta jalkojen lihaksissa
suomalaisilla toimistotyolaisilla (n=4) tydpaivan aikana. Vertasimme kahta dynaamista
ty6tuolia (HG ja HM tuolit) perinteiseen staattiseen toimistbin (SC tuoli) koehenkilGiden
istuessa kolmen viikon ailana 5 perakkaista tyopaivaa kullakin tuolillaatunnaisessa
jarjestyksesa. Lihasaktiivisuutta rekisterditiin vaatteeseen integroiduilla tekstiilielektrodeilla
nelipaisen reisilihaksen, hamstring kaksoiskanta sekd etummaisen saarilihaksen paalta
ElektromyografiaEMG) data keskiarvoistettiin etja takareiden lihaksista (QH) seka saarten
(LL) lihaksista. Tuoleihin Kkiinnitettiin kiihtyvyysmittarit (ACC) rekister6imaan istuimen
likkeitd istumisenaikana. Koehenkilt istuivat keskiméaarin 5.1 1.04 htydpaivan aikaa
omalla tyopisteelldarlL -lihakset olivatinaktiiviset 82+ 1.63 % ja QHihakset 92 + 0.66 %
ajastaistumisen aikanaDynaamisilla tuoleilla istuttaessa Hihaksissa rekisteroitiidievasti
korkeampi aktiivisuustaso staattiseen tuoliin verrattuna (+10 % ero), kunsteltika
aktiivisuuden keskiarvoaat aktiivisuusdurstien lukumaaraa. Qhhaksissa tulokissa ei
havaittu systemaattisia eroavaisuuksiaaktiivisuusjaksot LLlihaksissa olivat lyhyempia
dynaamisella tuolilla istuttaessa, mutta inaktiivisuusajassa ei hasaitttaeroa tuolien valilla.
Tulokset tukevatoletusta ettd dynaamiset tyotuolit saattavat lisata aktiivisuutta alaraajojen
lihakdssa staattiseen tuoliin verrattuna. Lisatutkimuksia tarvitaan, jossa kyetaan osoittamaan,
onko istumisen aikana rekistergity lihasaktiivisuus intensiteetiltdan riittdvad terveyshyotyjen

saavuttamiseksi.

Asiasanat: Dynaaminen tuoli, elektromyografia, fyysin aktiivisuus,riaktiivisuus,istuminen
lihasaktiivisuus staattinen tuolitekstiilielektrodit,toimistotyd



ABBREVIATIONS

ACC Accelerometrydevice

BMR Basal netabolicrate

CPA The Compadium of Physical Activities

EE Energyexpenditure

EMG Electromyography

EMGuvc Electromyocraphic @ivity recorded during maximaboluntary
contraction

HDL High-density Lipoprotein

HG Hag 05-chair

HM Herman Miller Aerori chair

IPAQ International physical activity questionnaire

LPL Lipoprotein lipase

MVC Maximal voluntary cotraction

NEAT Non-exerciseactivity induced thermogenesis

PA Physical activity

REE Restingenergyexpenditure

SC Static chair

TG Triglyceride

WHO TheWorld Health Organization
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1 INTRODUCTION

1.1 Low physical activity is a world-wide phenomenon- reason for
action

In 2013, The World Healt®rganization (WHQ2013) listed physical inactivity one of

the leading health risk for human society. The phenomenon of low physical activity
level (e.g. Hamilton et al. 2007; Haskell et al. 2007) is seen worldwide, yet the severity
might vary regionally (Figure 1). It wastemated bythe WHO that 3.2 million deaths
yearly were associated with people being insufficieptiysically active (WHO 2013

The physical inactivity data from 76 countries was collected during years 2002 to 2004
by using The International Physical Adty Questionnaire (IPAQ) (Bauman 2009;
Dumith 2011; Guthold 2008; Sjostrém 2006). An average level of physical inactivity,
when weighted for population, was 17.4 %, ranging from 2.6 % to 62.3 %. Inactivity
was more prevalent amgrwomen than men, 23.7 ¥6. 189 % respectively. (Dumith

et al. 2011.)

D No data
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FIGURE 1. Physical inactivity among population based on data from 76 countries. Varying

levels of physical inactivity may be seen on each continent wadd. (Dumith et al. 2011.)

One out of five individualsvas insufficiently physically active in global comparison
(Dumith et al. 2011). In 1990, about one third of US adults met the-£CS M6 s
recommendations for moderate activity (Jones et al. 2008). The epidemiologic
investigations suggest that the perceatagf physically inactive population has
decreased among U.S. adults (Jones et al. 1998; Haskell et al. 2007; WHO, 2013). Yet



2

the level of physical activity is still not meeting the recommendations for health
(Haskell et al. 2007). Sjostrom and coworker80@&) conducted the Eurobarometer
study about physical activity across EU countries. Approximately 30 % of European
adult population was sufficiently physically active for health, Netherlands and Sweden
presenting the highest (44%) and the lowest (23%)abeace for physically active
citizens, respectivelyThe results suggeshat moderate level of physical activity and
recommendations are met in majority of the participating countyiets the prevalence

of physical inactivity varied from 7 to 43 % be®vecountriesAs much as two thirds

of the European population was insufficiently active for optimal health benefits
according to these resultsSjostrom et al. 2006.) The level of physical activity varies
between regions, while demographic charactesstiso seem to determine the activity
behavior of population. (e.g. Bauman et al. 2009; Brownson et @0) AZhe statement

of WHO (2013)that the high prevalence of physical inactivity should be regarded as a
world-wide health risk, does not seem grousdle

1.2 Sitting exposures to sedentary behavior

In general, people are awake for 16 hours per day. The daily life consist of different
domains of daily life; leisure, transportation and work for example. Daily hours spent in
each domain might be relatively ctant, yet individual. An individual might spend 8
hours at work and 2 hours commuting to work. This would leave 6 hours of leisure time
for optional activities. Total amount of physical activity is accumulated from
independent domains of daily life, whigach involves individual types of activity.
(Howley 2001;Shephard 2003.)

A great deal ofphysicalinactivity is accumulated from sitting periods during waking
hours. This is why inactivity time is usually detected by asking sitting timeviéWing

time is often regarded as a marker of leisure time inactivity and sitting time, however
this does not take into account total sitting time for which occupational and commuting
also contribute Mlarshall & Gyi, 2010;Van Uffelen et al. 2010). Categorizing the
physical activity according to life domains, might help an individual to recall his/hers
total sitting time, thus the daily inactivity time is summed up from sitting time occurring
during leisure, transporting and work (Caspersen et al. 1985). The ressjiswdm et

al. (2006) revealed that meeting headtthancing activity level did not decrease the
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prevalence of high rates of sitting. For examplieland showed one of the highest rates

of physical activity (91 % of population meeting the recommendgti@mong
European countries. Simultaneously 49 % of Finnish habitants sat over 6h /day, while
the average among European countries was 41 %. (Sjostrom et al. R@®pJrtion of

the time spent seated from the waking hours has increased remarkably, as there is a
global trend towards less active lifestyle (Hamilton et al. 2007) due to office work,
automatization of houseold chores and commuting (Hamilton et al. 20€6@aly et al.

2008; Van Uffelen et al. 2010).

A comparison between 20 countries revealed a median sitting time of 300 minutes per
day. In 12 out of the 20 countries, median sitting time was more than 5 hours per day.
On average, participants reportedo38thours of daily sitting. (Bauman et al. 2011.) A
recent longitudinal studyof Australian midage women revealed that 53 % of
participants were sitting 6 hours per day and one third was sitting 6 to 9 hours per day
(Peeters et al. 2013). Even more conioey results were achieved by Jans et al. (2007),
when theyinvestigatd the physical activity behavi@mongDutch working population

within various occupationaategoriesThe mean sedentary time fdutch workersvas

14 h / day and @out one half of te sedentary time was accumulated by sitting. The
evidence indicates that thgreat amount ositting during daily life is a worldvide
phenomenonThis has raised interest about the influence of prolonged sitting on
metabolic healtlfMarshall & Gyi, 2010)

1.3 Work occupies a great deal of waking hours

Occupational physical activity contributes strongly to the total amount of physical
activity (Levine 2007; Tigbe et al. 2011) and the cumulative energy dipen (EE)
(Shephard 2003) during waking hours. Tispent at work might contain various Ron
exercise activities and thereby increase the time spent physically active on daily basis
(Levine, 2M@7). Activity at work contributedior one third of the daily physical activity

in Dutch workerswhen averaged for vi@us occupationgJans et al. 2007; Proper &
Hildebrandt 2006). The mirror image is that working hours might also significantly

i ncrease the inactivity time when the wo
work station e.g. work on computer (€mblay et al. 2010)Epidemiological gidies

about the physical activity of working poptitan revealthatover 60 % of participants
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engageregular physial activity during leisure timgDuncan et al. 20%2Proper &
Hildebrandt 2006) yet only 27 %of British working population actually met the

recommendations for sufficient daily physical activity (Duncan et al. 2012

1.3.1 Occupation is a strong determinant for daily physical activity

Epidemiologic evidence from the studies conducted on working population (e.g.
Duncan et al. 2012; Proper & Hildebrandt 2006; Schofield et al. 2005; Toomingas et al.
2012) indicate how the modern society places a great challenge for an individual to
maintan the physical activity levebptimal for health. The energy requirement of daily
living and the time spent physically active has decreased substantially (Haskell et al.
2007). A great deal of static sitting is required in various occupations, e.g. affioag o
workers (Oliver et al. 2010; Pesola et al. 2014) and administrative personnel (Duncan et
al. 2010; Mummery et al. 2005).

In the crosssectional study, conducted by Brownson et al. (2000), occupational activity
increased the activity level among womernng the U.S. compared to situation when
only leisure time activity was considered. Physically demanding work may expand daily
EE by 1500 kcal /day compared to sedentary work (Levine 2007). However, a great
variation in totalEE has been observed betwedifferent occupations, varying from

300 kcal/ day for seated workers compared to over 2000 kcal/day for vigorous intensity
activity requiring occupations (Hamilton et &007). Proper and Hildebran{2006)
reported that amondoutch workers the most aive occupational sectors were
agriculture, wood and furniture industry, construction industry, metal industry and
service functions. Also Schofield et al. (2005) found that certain ambuladsed
occupations accumulated more physical activity duringkimgrtime when measured
objectively with pedometers. In their study, conducted on working population in New
Zealand, bluecollar workers and nurses were the most active occupations compared to
relatively inactive office and retail workeferred as deskased jobsPhysically active

and inactive occupations were compared within same service sector. Walking delivery
postal workers were reported to spend daily 1.7 h longer in upright posture than their
colleagues performing administrative, offlbeund work.In contrast, the office staff
spent 1.5 h / day longer in sedentary posture. (Tigbe et al. 2011.)



1.3.2 Work -related sitting time varies among occupations

Studies conducted on working population (Chau et al. 2012; Duncan et al. 2010;
Mummery et al. 2005) havevealed that certain occupations involve sitting in greater
extent compared to others; administrative and office workers, managers, scientific
professionals are often reported to sit the majority of the working time (Duncan et al.
2010; Jans et al. 2007;whmery et al. 2005) corresponding to 4 to 6 hours of sitting
(Chau et a. 2012). Lowest engagement to sitting at work has been observed within
laborers, production and transport workers and other industrial occupations, service
workers and agricultural ocpations (e.g. Jans et al. 2007) also referred asduolller
workers (e,g, Mummery et al. 2005). Less than 2 hours of sitting at work was reported

by Chau et al(2012) for this occupation category.

From one thirdup to one halfof daily sitting might beaccumulated during working
hours and commuting to and from worfDuncan et al. 2012Jans et al. 2007
Occupational sitting time among Australian workers was over 3 h / day (Chau et al.
2012; Mummery et al. 2005) while 25 % of the participants reported @\ of daily
occupational sitting (Mummery et al. 200&gisure time may accumulate daily sitting
time for additional 3 hours (Chau et al. 2012; Van Uffelen et al. 2@189. workers in

the U.S. spend up to one half of their working time sitting char, corresponding to

4.2 hours of gting (Van Uffelen et al. 20)0However,for British working population

the mean sitting time exceeded 9 hours on work@ayacan et al. 2012)

1.3.3 Passive nature of office work

Both selfreported and objective assesmnt of the physical activity give support for the
passive nature of office work, &ggh percentage of sitting timevarying from 50 to 80

%, from total working time has been recorded in office work@ssola et al. 2014;
Ryde et al. 2013Tigbe etal. 2011; Toomingas et al. 20LZall-center operators were
reported to spend 75 % of their working time sitting, on average (Toomingas et al.
2012).By recordings of muscle activity during waking hours, lower limb muscles of
Finnish office workerswere found to be inactive for 78.6 % of working hours, on
average. Leisure time inactivity time for these subjects was 6-brfreasuredhours,

on average. (Pesola et al. 2014.) Tigbe et al. (2011) conductedh and4itoring of
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physical activity with acceleromesein postal workers. Office staff was reported to
spend half of their working time in sedentary posture. Oliver et al. (2010) also reported
office workers to sit 69 % of waking hours when assessed with accelerometers. It is
worth noticing, that among dedlased occupations, the inactivity periods are often
prolonged as they usually involve concentration to tasks conducted while seated (Weber
et al. 2009).

Some generalization is possible to make about the physical demands of different
occupations. Similarlyto occupatiorrelated energy requiremeniccupation is
associated with the accumulation of inactivity time, in particular the amount of sitting
time during working hours. There are certain occupations which require workers to
remain seated for relative@yreat portion of the working time. Office work, among other
occupations, exposures people to low physical activity because workeegjairedto

remain seated for prolonged periods of tinveet the individual variation among
workers is great(Miles-Chanet al. 2013.)A study conducted on catlenter operators
revealed how the working time spent seated ranged from as low as 6 % to as high as 95
% (Toomingas et al 2012%imilarly, Tikkanen et al. (2013) reported great individual
variance within the durain of the longest continuous inactivity period, ranging from 3

to 40 min during waking hours.



2 DAILY ENERGY EXPENDITURE AND THE ROLE OF
PHYSICAL ACTIVITY IN METABOLIC HEALTH

Human health relies on metabolic health which is closely associated with theflevel
daily physical activity. However, physical activity has decreased in modern society as a
great portion of waking hours is actually spent seden@ayly energy expenditure
provides one aspect for the observation of daily physical activity level,lsmuticcal
factors, insulin and lipoprotein lipase activity, reflect the metabolic health in human
body via their important role in glucose and fat metaboliShe elationshipbetween
metabolic healttand physical activitys discussed here briefly as reates the base for
understanding the novel aspect of inactivity physiology, introduced by Hamilton et al.
(2004).

2.1 The basal metabolism at rest determines daily energy
expenditure

Human daily energy expenditure at rest comprises of processes relatedato ba
metabolism and the thermic effect of food ingested. Basal metabolic rate (BMR)
describes the minimal energy cost of metabolic processes of the human body. (Miles
Chan et al. 2014.) Determining BMR requires standardized laboratory assessment. The
restirg metabolic rate (RMR), estimated to correspond to the oxygen consumption of
3.5 ml//kg/min (Howley, 2001; Tremblay et al. 2010), should be considered as a proxy
for BMR. The two terms are oftaimderstood to be equivalettut the assessment of
RMR allows less controlled conditions regarding the metabolic state of the subject.
(Miles-Chan et al. 2014.)

In supine position, resting energy expenditure (REE) is about 5.4 kJ/min (Levine et al.
2000), also expressed as 1.0 kcdlk@Ainsworth et al. 2011). The resting metabolic
rate (RMR) is dependent on age, gender, body weight and body composition
(Frankenfield 2013; Pourhassan et al. 201dm et al. 2014). REE accounts for the
major part of dailyEE for healthy adults. An estiated REE for a man with normal
bodyweight is about 1400 kcal / day yet individual variation results from the body
composition related characteristics (Frankenfield 2013)}frEatmass (FFM), skeletal

muscle mass in particular, has been determined tihéetrongest predictor of REE
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(Pourhassan et al. 2014), explaining over 75 % of the variation between individuals
(Lam et al. 2014). The thermal effect of ingested food has shown to contribute on daily
EEby 10 % (Levine 2007).

2.2 Physical activity of daily life

Thetotal daily energy requirement is a combinatiorRMR and physical activity level
(Lam et al. 2014) as illustrated indure 2. Any physical activity, involving muscular
contraction, increases thenergy expenditur@above resting value (Caspenset al.
1985). This encompasses both +exercise and physical exercise activities during
waking hours and in different domains of life. The major part of daily EE is involved in
basal metabolic processes and the thermal effect of food ingested, thig-antuced
energy expenditure has been evaluated to cowd02%h of the dailyEE (Westerterp
2003). However lifestyle and behavioral characteristics strongly influence the level of

daily physical activity, adopted by an individual.

- | T
Kcal day '__"_,, Exercise
3000 -
Activity Non-exercise
thermogenesis Activity
Thermogenesis
2000 Thesmic effect of food {MEAT)
1000 Basal metabolic rate -
1]

FIGURE 2. Daily endaty expenditure (EE) is highly dependent on the energy cost of metabolic
processes, leaving only fractional role for daily physical activity. Furthermore, the daily
physical activity is mostly comprised of lighttensity physical activity conducted whil®m

exercise activities (Levine et al. 2007).

Physical activity should not be conceptualizettrchangeablavith physical exercise.
Apart from daily routines at work or during leisure time at home, physical exercise is
usually planned and structured adtvi(Caspersen et al. 1985.) Thus, exercise is a sub
category, and a specific form, of physical activity, usually conducted to maintain or

improve and physical fithess and health (Corbin et al. 2000, adapted from Bouchard et
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al. 1990). The routines of dgilife consist of a wide range of n@xercise activities
often with relatively light intensity level, yet increas&E with respect to rest
(Hamilton et al. 2007). In a study conducted by Healy et al. (2008a) the physical
activity time during waking hourzas detected with accelerometers. About 40 % of the
observed time could be considered as physical activity time out of which over 90 % was
categorized to be lighhtensity activity. (Healy et al. 2008a.) Tikkanen et al. (2013)
observed averaged EMG aniptie from thigh muscles of 4 % EMfx. EMGuc
refers to muscle activity recorded during maximal voluntary contrgcterving as
reference recordingyf the muscle in questiomhus very light intensityactivity was
required from the muscles of lowkmbs duringwaking hous (11h) When activated,

the average amplitude of activity burst was about 6 % R)MGThe averagamplitude

in daily life activitiescan be regardetb remainrelatively light as for example, the
EMG level requiredvhen walking(5 km/h) would bel0 % EMGuyc. (Tikkanen et al.
2013.) Finni et al. (2014) reported that the time spent in moderate intensity level
contributed only for about 8 % of the waking hours. Morep\ativity time in
moderateto-vigorous intensity covered only 4 &6 the waking hours, corresponding to

0.61 h / day on average, according to Healy €R808a).

The role of norexercise activities in total energy expenditure is significant. An average
individual spends 65 % of their active time at lowensity actity (Westerterp 2003).
The physical activity level is mainly determined by the amount ofifdensity activity,
involving various norexercise actions (Finni et al. 2014; Healy et al. 2008a). Energy
expenditure induced by nagxercise activity (NEAT) ishte most variable component of
the activityinducedEE (Hamilton et al. 2007; Levine et al. 2000) as it may vary from 3
to 50 % in frediving conditions [Lam et al. 2014) or from 300 to 200 kcal / day
(Levine 2007). For nomxercise activities it is char@eistic that they occur frequently,
often accumulating up to hundreds of bouts per day, and every day during altveek.
intensity usually remains low which enablessttype of activity to be repeated during
the day. Frequent, yet relatively short, adtyy bouts throughout the day may
accumulate the total activity time beyond 8 fyHamilton et al. 2007 Exercise for
fithness was found to increase total daily energy expenditurenigrl3 % (Finni et al.
2014).Moreover, br physical exercise the tanframe is usually about & min but
may vary between 30 min and 150 mirnis is a relatively limited time window with
respect to nomxercise activities conducted throughout the d&ynni et al. 2014;
Howley, 2001.)
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There is no clear consensus in the field of physical activity, what is considered as
sedentary action, nor sedentary lifestyle (Tremblay et al. 2010). Sedentary time typically
comprises of activities not requiring physical activity thus associated witfEEwWhe
duration, intensity, and frequency together define the energy requirements of physical
activity. While the intensity of physical activity may vary along a continuum from high
to low, the activityinduced energy expenditure and daily physical @gtievel depend

all of these determinants. (Haskell &t 2007.)Sitting increases thEE only slightly

with respect to supine position (Mik&han et al. 2014). Sedentary behavior usually
involves actions done while maintaining seated or reclined moétiealy et al. 2011),

such as reading, typing or watching a TV while seated or driving a Tdwe.
investigation of daily life activity patterns strives to identify the entire range of physical
activities from sedentary to light and more vigorous actwit{Pate et al. 2008;
Shephard 2003.)

The development of the modern socidigs resulted in less time being spent at the
lightest quartile on the continuum of physical activiis in other words, physical
inactivity time has replacethe time spent inlight-intensity activities. Various daily
routines involving light activity level have been replaced by inactivity; people tend to
use elevator instead of walking stairs or drive to grocery store instead of walking
(Hamilton et al. 2007)Finni et al. (2a4) observed about 30 % of the waking hours to
consist ofsome level ofphysical activity. Furthermore, physical exercise did not
decrease the inactivity time during daily life, thus a significant part of the day is spent
physically inactive (Finni et a014)

2.3 Benefits of regular physical activity

Physical activity and health are closely associated. According to Blair et al. (2012),
cardiovascular disease, diabetes and cancer explain 65 % of all deaths/iderl&ach

of these conditions is considerem lie related to physical activity at some level. The
health benefits of regular physical activity are related to a lower risk of developing
metabolic disorder, diabetes mellitus and obesity as, for example, a risk of diabetes is
associated with deceasedde of physical activity (Bauman 2004). The international
recommendations for physical activity aim to describe guidelines about sufficient

physical activity for maintaining or i mp]
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The Compendium of Physical Activities (CPA) waeveloped to enhance the
evaluation of intensity of various physical activities and comparability between
independent investigations within the research of physical activity. The purpose is to
provide estimations for the energy expenditure, expressedetabotic equivalent
(MET) value, for various physical activities typically present in daily life. This should
help investigators to convert the sedported questionnauieased physical activity into
metabolic values without direct objective measuremdiie CPA was originally
completed in 1993 and has then been updated, most recently in 2011 by Ainsworth and
her colleagues. (Ainsworth et al. 2011.) 1 MET is equivalent for resting metabolic rate
RMR (1.0 kcal/lkg/h), the caloric expenditure for a persorrest. The metabolic
equivalent for specific activity expresses the energy cost as a multiple of 1 MET (e.g.
Brownson et al. 2000; Howley, 2001; Martin€pnzalez et al. 2a) Weber et al.
2009). The CPA strives to encompass the entire range of physicatiesctwith
specific energy demands, from sleeping (equivalent for 0.9 METs) to light and
moderate intensity activities up to very vigorous running at 14 mph speed (23 METS).
Specifications exist for the intensity of activity, for example for home aetvit
cleaning with light effort is considered with lower MET value than sweeping with
moderate effort (2.3 METs vs. 3.8 METS, respectively). (Ainsworth et al. 2011.) A wide
range of daily activities fadl between the sedentary actions and activities innglv
moderateto-vigorous intensitythat is between 1.5 and 3 METs (Haskell et al. 2007;
Tremblay et al. 2010).

In 1995, The Centers for Disease Control and Prevention and the American College of
Sports Medicine established a committee (CPAIFSM) in orde to create
recommendations for physical activity for the American populatién updated
recommendation given for 18 to 65 yedd adults includes a minimum of 30 min of
moderateintensity aerobic physical activity on 5 days each week. The intensity leve
influences on the amount needed on weekly basis, thus conducting viguemssty

for a minimum of 20 min on three days each week is enough to meet the
recommendations. In addition to aerobic endurance activity recommendations, also

muscular conditiomg is taken under consideration. (Haskell et al. 2007.)
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2.3.1 Insulin and lipoprotein lipase are central metabolic biomarkers

Insulin and lipolysis lipase (LPL) are central biomarkers for the metabolism of skeletal
muscle. Insulinis a key factor in the processes of energy substrate usage and storage.
Insulin-resistance hinders the transportation of ingested glucose into glycogen stores of
skeletal muscles. Instead, the excessive glucose is carried to liver to be processed in
hepatc lipogenesis. The decreased muscle glycogen synthesis and increased hepatic
lipogenesis change the energy storing pattern in human body. (Petersen et al. 2007.)
Lipoprotein lipase (LPL) is an enzyme that regulates the lipid metabolism in human
body by regilating the hydrolysis of plasma triglycerides. By binding to circulating
lipoproteins it regulates and facilitates the uptake of lipoprotein derived fatty acids and
triglycerides (TG) into skeletal muscle and adipose tissue (Hamgtt@h 2004), thus

LPL contributes to HDL metabolism and regulates the supply of fatty &midsither
storage or oxidation (Wang & Eckel 2009 PL is produced in various tissues but

skeletal muscle ia major site for LPL synthes{8Vang & Eckel 2009.

Changes in glucose tgke of skeletal muscles (Biensg et al. 2012; Stephens et al. 2011)
and lipid metabolism reflect the metabolic health and physical activity be{@agr&
Hamilton 2003; Hamilton 2004)The development of insuliresistance has shown to
play a role of inpathogenesis of metabolic syndrome, cardiovascular consliaod

type 2 diabetes mellitu$etersen et al. 20Q7Ahsulin sensitivity and_PL activity have

been widely investigated by researchers on the field of physical activity, because they
respond redily to the changes in the physical activity status (Tremblay e al. 2010).

2.3.2 Physical activity level is associated with metabolic health

Paffenberger et al. (1993) reported that regular modé&ratigiorous physical activity

was associated with lower rate$ @eath from all causes and from coronary heart
disease among middle aged and older mmadependently of other life style
characteristics such agiitting cigarette smoking, maintaining normal blood pressure
and avoiding obesityl'he findings of Paffenbger have later been confirmed by several
research groupd.ow level of physical activity increases the risk of premature death
substantially. When compared to sedentary individuals, the risk of death was 17 %

lower in women who met the recommendationsploysical activity and 39 % lower for
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those who were moderately fit (Blair et al. 2012). Regular physical activity at moderate
intensity level, as recommended, protect from premature death, decreasing the risk of
death with 30 % (Bauman 2004). Metabolic ltteés predisposed to risk factors such as
high blood pressure, high blood glucose, obesity, and insufficient level of physical
activity. In addition these contributoase associated with each other (Blair et al. 2012
The risk for developing cardiovadau disease (CVD) is considered to be related with
the level of physical activity, even though controversial opinions exist due to the
difficulties in proving the causality (Bauman 2004; Thorp et al. 2011). Levels of
occupational and leiswteme physicalactivity are determined to be independently
associated with the risk of abdominal obesity. High occupational activity contributes to
lower risk of abdominal obesity. Respectively, individuals who are sedentary on leisure
time predispose to higher risk obdominal obesity if they have physically inactive
occupation, compared to those whose work canefgbhysically active tasks. (Steeves

et al. 2012.)0ther conditions also, for example different types of cancers, osteoporosis,
anxiety and depression migalso be associated with insufficient physical activity (e.g.
Haskell et al. 2007).

Evidence exists for the preventive role of physical activity against diabetes and
metabolic syndrome, and alduse cancers (Bauman 2004lyeady a fight increase in
contactile activity already can result in notable benefits in glucose tolerance in
previously sedentary individuals (Tremblay et al. 20E¥)en bw contractile activity

also enhancegshe sensitivity of LPL activity in skeletal muscles. In result, the active
muscle tissue clears the surrounding extracellular fhoioh lipids. (Zderic & Hamilton
2006.) Interrupting inactivity with two minutes of lighttensity activity has shown to

be enough to trigger the advantageous effectd even stronger response was achieved

with moderatantensity activity Bailey & Locke 2014; Dunstan et al. 20)2a
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3 INACTIVITY PHYSIOLOGY

3.1 Association of sedentary behavior with metabolic health

Nowadays, physical inactivity is one of the leadingltieproblems worldwide (Blair

et al. 2012; WHO, 2013). A novel perspective towards the metabolic health is the
concept of Oinacti vi t yexgdseg ghysiodl actyity,outside a ¢ k
the domain of leisure time sports, places a new aigdlefor metabolic health.
(Hamilton et al. 2004). Physical inactivity has both direct and indirect effects on
metabolic health and the development of chronic health conditions (Blair et al. 2012).
Each of these conditions might be related to other lifestiibracteristics as well, and

are simultaneously influenced by various fast(e.g. Stephens et al. 201%gpdentary
behavior induces the risk of various metabolisiated conditions such as obesity,
cardiovascular disease (Hamilton et al. 2007; Thoral.e2011), hypertension, type 2
diabetes (Van Uffelen et al. 2010), but alsecallise mortality (Thorp et al. 2011; Van
Uffelen et al. 2010)Peeters et al. (2013) found that women sitting more than 6 hours
per day had increased odds of having problevita breathing, tiredness and other
health related responses. The risk seemed to increase for women sitting over 9 hours per
day (Peeters et al. 2013ccording to the metanalysis by Edwardsaet al(2012), the

time spent sedentary was related to thespects of developing a metabolic syndrome.
WhereasHealy et al. (2008b) concluded that sedentary time may have a stronger
influence on waist circumference than the time spent in moderaigorous intensity
activities. Similarly, sedentary behavior ikotight to increase the risk of CVD

independently from the time spent physically active

Not only does physical inactivity decrease the d&iyin total, and thus increase the
risk of metabolic disorders, obesity and mortality (Thorp et al. 2011), behtrec
findings about the changes ilocal biomarkers support the independent role of
inactivity in metabolic health (i.e. Bey & Hamilton 2003; Hamilton et al. 2004g
cellular responses to physical inactivity are shown to differ from those of physical
exacise, despite the equivalent biomarkers reflecting the respofised.PL activity,

for examplejs influenced by both inactivity and physical activity but, the mechanisms
seem to differ. (Hamilton et al. 2007; Tremblay et al 201XQXidative posture

supporting muscles show higher LPL activity compared to glycolytic muscles ey
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Hamilton 2003), indicating that neexercise activitiesare supposed tactivate the
oxidative sections of skeletal musckesquentlyin nomal daily life (Hamiltox 2004).

The benefits of physical exercise are particularly seen in the least oxidative regions of
the muscles, whereas thkanges in LPL activity associated with physical inactivity are
seen inoxidative regions of the muscle tiss@damilton et al. 2004 The causal
relationship between physical inactivity and specific metabolic biomarkers requires
further investigations about daily activities with objective measures of sedentary time
and behavior (Hamilton et al. 2007), for example with using acceléeosn@-ealy et

al. 2008b) and electromyographiEMG) recordings (Finni et al. 2@). While still
waiting for evidence ehieved with objective measuressearchers are consistent about
the role of sedentary behavior in metabolic healthpeddently fromphysical activity
(Edwardson et al. 2012; Hamilton et al. 2007; Thoral.€2011; Tremblay et al. 201.0

3.2 Inactivity -induced lack of local muscular activity

Investigators have been able to localize some of the effects of inactivity to be mediated
in skeleal muscle (Bey & Hamilton 2003; Stephens et al. 2011; Hamilton et al. 2004).
Stephens et al. (2011) examined the specific metabolic effects of minimizing low
intensity muscle activity; one day of prolonged sitting reduced whody insulin

action but thensulin mediated glucose uptake was disturbed in skeletal muscle stronger
than in liver. Even when the energy intake was reduced and matched to lowered energy
expenditure during prolonged sitting, the decline in insulin action was attenuated but not
preveried completely (Stephens et al. 20IMhHe decrease of LPL activity and fatty acid
uptake was only existent in unloaded muscles (Bey and Hamilton 2003) indicating the
site-specificity of the effects of inactivity on lipid metabolism (Hamilton et al. 2004

can be speculated that there are other factors, beside the energy surplus, involved in the

detrimental impact of inactivity (Stephens et al. 2011).

3.2.1 Local biomarkers reflect the inactivity-induced changes inskeletal

muscle

Results from bed rest studiesveal inactivityinduced changes in the regulation of
glucose uptake and storage in skeletal muscle. Lower content of the key proteins of
glucose transport and storage was observed after 7 days of bed rest (Biensg et al. 2010).
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Alibegovic et al. (2009) loserved increased insulin resistance after 9 days of bed rest at
whole-body level. The insulin sensitivity in skeletal muscle is impaired by prolonged
physical inactivity due to decreased inststimulated glycogen synthaé&libegovic et

al. 2009; Bienset al. 2012).

Skeletal muscle LPL activity is sensitive thanges inphysical inactivity level
(Hamilton et al. 2004)Reduced LPL activity is associated with unfavorable increase in
circulating TG levels, decreased HDL cholesterol and also with incteaslke of
cardiovascular disease (Hamilton et al. 2007) due to impaired uptake of fatty acids and
triglyserides (Hamilton et al. 2004). The rate of wHobgly lipolysis and basal fat
oxidation was decreased in response to 9 days of bed rest (Alibegali2@09). It is

the lack of local activation in postural muscles that is assumed to influence on
lipoprotein metabolism (Bey & Hamilton 2003; Hamilton et al. 200He dereaseof
skeletal muscle LPL activity finally impairs the lipid storing hence the inactivity
induced changes in whelody insulin action are associated with a turnover of
substrate utilization in basal metabolic processes (Wang & Eckel &tfiéating also

the close relationship between insulin and LPL activitgreased plasma insulin levels,
increased basal glucose oxidation and decreased fat oxidation promote hepatic synthesis
of triglyserides and accumulation of plasma lipids. Insstimulated noroxidaive

glucose metabolism is simultaneously decreased. (Alibegovic et al. 2009.)

3.2.2 Sitting predisposes to local muscular inactivity

Changes in metabolic biomarkers can be seen already after relatively short period of
sedentariness. Physical inactivity of 4 hours was enough to reduce LPL activity in
unloaded muscles in rodents. Both muscle TG uptake and plasmaCH®alesterol

were decrased after only 1 day of inactivity. The acute responses to one day of
inactivity were similar to chronic inactivity lasting 11 days, when compared to
ambulatory controls. (Bey & Hamiltn 2003.) Peddie et al. (2018pserve cardio
metabolic effects folloimg only 1 day of prolonged sitting in young healthy adults.
Similarly, only 1 day of sitting was enough to result in impaired insulin action in
humans (Stephens et al. 2011).
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Bed rest can be seen as a relatively severe case of physical inactivity, when n
contractile activity is required from weight bearing muscles at all. Sitting is also largely
static for skeletal muscles throughout the body (Ellegast et al. 2012). Moreover, sitting
is often executed during normal daily life. Prolonged sitting is stgde® induce
similar physiological responses on skeletal muscles than bed rest because the weight
bearing skeletal muscles are lacking contractile activity (Van Uffelen et al. 2010.)
Prolonged sitting might be an independent risk factor for symptomsiatgsbevith
metabolic syndrome or other conditions, like glucose metabolism malfunction or

alterations in lipid metabolism (Hamilton et al. 2007).

Metabolic biomarkers respond independently on inactivity, light activity and physical
exercise Daily physicd exercise alone does not prevent the negative consequences of
otherwise sedentary lifestyle (Mummery et al. 2005; Pate et al. 2008), dwuar 1
exercise bout does not compensate the deleterious health outcomes of prolonged sitting
(Duvivier et al. 2013)An increase in LPL activity was seen in glycolytic muscle fibers
after a physical exercise bout. Physical exercise did not change LPL activity in the
oxidative areas, which should be activated by regular ambulatory activation. (Hamilton
et al. 2004.) Biesw et al. (2012) compared the changes in insntinced glucose
extraction when an acute exercise bout was performed before and after bed rest. Acute
exercise increases glucose extraction in skeletal muscle via enhanced insulin activity.
Physical exerciseperformed after bed rest did not, however, return the glucose
extraction to similar level when compared to changes seen before bed rest. (Biensg et al.
2012). Replacing one hour out of 14 hours of sitting, with physical exercise did not
attain similarbereficial response in blood glucose and insulin levels or in plasma lipids

as seen with replacing six hours of sitting with ligitensity activity, even when the

energy expenditure of both adgtiwregimens were kept similar (Duvivier et al. 2013).
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3.3 Sedertary lifestyle is a strong contributor to daily inactivity time

331 Daily routines play a significant

behavior

A physically active personis defined as someone who regularly meets the
recommendations for physical actwitJones et al. 1998; Tremblay et al. 2010), that is,
practices moderat®-vigorous intensity activities three times a week, or corresponding
amount of aerobic exercise witharying intensity levels and regularly executes
exercises for thenuscular stregth and endurancéHaskell et al. 2007). Performing
regular physical exercise does not guarantee the level of total physical activity to be
sufficientfor health (Pate et al. 2008) as gexlentary behavior can occur together with
recommended levels of merateto-vigorous physical activity (Tremblay et al. 2010).

A great deal of daily lighintensity activities is replaced by automatized functions
resulting in more passive lifestyle, independently from the time spent with physical
exercise (Hamilton e al. 20073¥edentarineskas become an independent determinant

of daily activity behavior beside physical activity itself.
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Work (i.e. desk-based
office work)

= Transport (i.e. sitting in
acar)

m Leisure time (i.e.
watching TV, reading)

FIGURE 3 Dalily life encompass various opportunities to adopt sedentary behavior hence

accumulate daily sitting time as high as 15.5 hours daily (Tremblay et al. 2010).

Populationbased surveyshew the independent role of sedentary behavior within daily
life. The accumulation of sedentary time is highly influenced by the routines of daily
life throughout waking hours (Figure 3)he problem exists also on individual level; as

an individual mighttommit regular physical exercise at modettatgigorous intensity,
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yet also adopt otherwise sedentary lifestyle during the rest of the waking hours
(Tremblay et al. 2010According to Healy et al. (2008b) sedentary time covers 57 % of
waking hours, wherecorded with accelerometer. Similar results are attained with EMG
recordings, as the muscles of lower limbs were regarded to be inactive for almost 70 %
of the waking hours, corresponding to 7.5 hours per Bagdla et aR014; Tikkanen et

al. 2013). From the waking hours, only as little as94% might be classified as
moderateto-vigorous intensity activity, whereas -39 % may be classified as lew
intensity activity. The restthus over half of the waking houmsncompasseghysical
inactivity. (Finniet al. 2014; Healy et al. 2008b

3.3.2 Sufficient physical activity level is not attained with physical exercises

alone

Daily inactivity time is not altered by physical exerciseut Finni et al. (2014)
investigated whether the time spent sedentary is affdoyethe amount of physical
exercise done during the same day. The research group hypothesized that exercise
would increase the time spent in modeitatgigorous intensity and decrease the
muscle inactivity time. The mean sedentary time detected was @0wéaking hours.
Exercise for fitness increased the total time spent at an intensity level of mdderate
vigorous intensity during waking hours. However, significant difference in mean
sedentary time was not seen between days when the subject did rowt gpdrform
exercise for fitness. (Finni et al. 2014.) Even when being active, the activity time is
mostly spent at light intensity levels as only 25 % and 9 % of physical activity is
performed at moderateand highintensity levels, respectively. Thus himtensity
activity does not have a significant impact on the level of physical activity on daily
basis. (Westerterp 2003.)

Daily energy expenditure is more likely to alter with lightensity activity than
physical exerciseDaily life offers opportunies for norexercise activities to be
executed throughout much of the day, but time spent on physical exercise is limited
compared to thaDaily physical exercise bouts do not significantly increase the daily
energy expenditure. Instead, the total EE of everyday life is strongly affected by non
exercise activities (Hamilton et al. 2007; Westerterp 2003), if the daily routines

encompass variaulightintensity activities or, in contrast, is spent sedentary (Tremblay
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et al. 2010). A 13 observation of two individuals revealed differing caloric
expenditurewith different activity behaviorsGreater energy expenditure during daily
actions was aegnulated for an individual who did not execute any modérmte
vigorous intensity activity but spent 75 % of the time observed at light intensity range.
Whereas for an individual who took part in modettat@igorous intensity activity for 1

hour, 70 % ofthe time was categorized as sedentary and only 23 % as light intensity
activity. Moreover, the estimated energy expenditure for total efi Ibservation
remained lower for this subject. (Pate et al. 20Q@yine et al. (2000) reported a
systematic increse in energy consumption along the continuum of daily actions at
different intensities, when compared to resting state. Sitting motionless increased
energy consumption by 4 %, whereas when standing still the increase was 13 % with
respect to resting levélLevine et al. 2000)Standing usually induces greater energy
expenditure compared to sitting, yet it does not remarkably alter the daily EE-(Miles
Chan et al. 2014). Replacing static sitting or standing with performing fidgétang
movements and posturahanges, should increase the metabolic cost with respect to
total sedentariness (Levine et al. 2000), in particular when performed over prolonged

portion of waking hours (Mile€han et al. 2013).

It is worth noting, that the recommendations for physacdivity should be regarded as

an additional part of weekly routines in addition to +fexercise activities occurring in
other domains of daily life (e.g. household work, ®alfe, walking around home or
office) (Haskell et al. 2007)The energy expendita produced by exercise bouts does
not correspond to the energy expenditurdaly nonexercise physical activity. Neither

do they produce similar metabolic responses in terms of glucose and lipid metabolism.
Furthermore, because the rexercise activies might be executed repeatedly, even
every day, they have a potential to frequently interrupt the inactivity periods and thus
increase the total activity time more efficiently than physical exercise labome.
(Hamilton et al. 2007.Health recommendi@ns for physical activity are not worthless,

yet consideration should be given also to-earrcise time during waking hours as this
might reveal the volume of lighhtensity activity (Finni et al. 2014Health promoters
should pay attention on how tencourage people to decrease their sedentary time
through increasing the engagement to daily ligkensity and nofexercise activities
(Dunstan et al. 202 Healy et al. 2008b).
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4 DECREASING PHYSICAL INACTIVITY BY INCREASING
LOCAL MUSCLE ACTIVITY DURING DESK-BASED
OFFICE WORK

4.1 Sedentary occupation exposes tanbeneficial health outcomes

Various occupations require workers to sit relativalge portion of working time, as
discussed earlier. Moreover, work encompasses consecutive days on weekly basis. This
results in frequent bouts of prolonged sitting during working tifine. independent role

of physical inactivity on metabolic health increases the concern thatbdeskl
occupations might have severe implicati
physical inactivity during office days might reveal useful information about the passive
nature of office work.Occupational sitting, in particular, has shown to promote
unfavorable metabolic health responses, including overweight and increased BMI
(Duncan ¢ al. 2012; Mummery et al. 2005), cardiovascular disease, diabetes mellitus
and even mortality (Hamilton et al. 2007; Peeters et al. 2013; Van Uffelen et al. 2010).
In Australian men, sitting over 6h / day was associated with BMI over 25 (Mummery et

al 20®). The risk of abdominal obesity was increased especially in sedentary workers
who did not compensate for wetkne sedentariness by increasing their physical
activity during leisurdime (Steeves et al. 2012). Mummery et al. (2005) also reported
that meéng the recommended minimal amount of physical activity (30min/day) was
not enough to prevewbesity if working time involvea lot of sitting time.

It is suggested, that occupational physical activity may contribute stronger to health than
leisure time pursuits (Schofield et al. 2005; Tigbe et al. 2011) as the time frame for
occupational activity is longer compared to leisure time on daily basis. €halu
(2012) stated that leisuteme sitting would be a stronger predictor of obesity than
occupational sitting. However, occupation influences physical activity level at work
independently of leisure time, as no occupational influence is seen irelgmmersitting
behavior (Chau et al. 2012). Not forgetting the health benefits of leisure time PA for
workers with strenuous work, when the occupation does not involve physical activity,
the leisure time physical activity contributes strongly on healtboougs (Steeves et al.
2012). Differing perspectives complicate the interpreting of the results from individual

studies. Nevertheless, a consensus exists that total accumulation of occupational and
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nonoccupational sitting time is an independent predictahe risk of obesity beyond
physical activity (Chau et al 2012; Healy et al. 2008b; Steeves et al. ZDHA.
sedentary occupation exposures people to physical inactivity along with other domains

of life; passive commuting and leisure time habits withphytsical activity.

4.2 Local contractile activity inhibits the deleterious influence of
muscular inactivity

The causal relationship between prolonged sitting and impaired metabolic health has
gained support from recent findings. The insulin action was reduced after only 1 day of
sitting, even if energy intake was matched to low expenditure (Stephens et al 2011).
Even though no significant difference is seen in EE between seated and supine position,
the activityinduced changes in heart rate and determinants of respiratory gas exchange
indicate greater activation of postural muscles during sitting (Milesn et b 2014).

Light intensity activity, conducted by walking, induced beneficial changes in
postprandial lipaemia in healthy men when compared to sitting. However, within this
subject group, standing did not change postprandial responses in lipid metabolism.
(Miyashita et al. 2013.) The initial metabolic health status might influence on the
intensity required to see changes in metabolic parameters. Thorp et al (2014) reported
that standing periods interrupting prolonged sitting showed beneficial effects on
posprandial blood glucose response in overweight subjddealy et al. (2008a)
reported a positive association between number of breaks in the sedentary time and the

metabolic biomarkers, even though the average intensity of the breaks remained light.

Activation of postural muscles with light intensity is enough to trigger advantageous
changes indcal biomarkers (Bey & Hamilton 2003; Dunstan et al. 20Iayivier et

al. 2013).The postural switch from seated position to standing activates the posture
suppating skeletal muscles (MileGhan et al. 2014), provoking the local contractility
associated with LPL regulation and insulin action (Tremldayal. 2010; Zderic &
Hamilton 2006). The responses on skeletal ml@sglucose and fat metabolismoint

out therole of local muscular activity in interrupting inactivity periods. Interchanging
between sitting and standing resulted in lower blood glucose response in overweight,
previously sedentary subjects (Thorp et al. 2014). Two minutes of walking be2@een

min sitting periods was enough to induce lower postprandial blood glucose response

when compared to uninterrupted sitting (Bailey & Locke 2014). Nygaard et al. (2009)
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concluded that the beneficial influences of lightensity activity appear regardless of
the intensity, as slow walking induced similar response than more vigorous walking.
The deleterious effects of sedentary behawas presupposed to be preventable by
ordinary lightintensity contractile activity occurring during nemercise activities
(Zdeic & Hamilton 2006). Standing time was recently reported to be negatively
correlated with alcause mortality, even though it can be regarded as very light
intensity activity (Katzmarzyk et al. 2013).

4.3 Breaking up prolonged inactivity periodsduring office work

Physical activity deficiency cannot be replaced just by adding recommemtegd/ely

short bouts of physical exercisa the week schedule if the rest of daily life comprises

of sedentar behavior (Finni et al. 2014Pate et al. 2008; Tremblay at. 2010)
Interrupting the sedentary time associated with metabolic risk variables independently
from physical activity.The research of physical activity has woken up to identify the
characteristics of activity and inactivity periodeadependently Findings from
experimental studies indicate that other factors than impaired energy status explains the
deleterious effects of physical inactivity on metabolic health. Not only does the
sedentary time in total count for the metabolic outcomes discussealsbuhe manner

in which the sedentary time is accumulated during daily life (Healy et al. 2008a;
Tikkanen et al. 2013; Toomingas et al. 201Phe positive effect of acute physical
activity bout on glucose metabolism and insulin action has been obserVeoth
healthy, normalveight adults lygaard et al. 200Peddie et al. 2013) and obese and
overweight subjects (Altenburg et al. 2013). Biensg et al. (2012) observed that the
physical exercise performed after bed rest did not fully normalize the dmlsteffects

of prolonged inactivity. Instead, a short physical activity bout breaking up sedentary
time stimulated insulin action in skeletal muscles (Dunstan et al. 2012a) resulting in
enhanced skeletal muscle glycogen synthesis (Bienab 2012; Pedé et al. 2013)
increased insulin sensitivity and reduced insulin secretion (Altenburg et al. 2013;
Dunstan et al. 2012a).

In order to facilitate physical activity during occupational sitting, manufacturers have
developed dynamic chairs to replace conwsrdl office chairs which are often
regarded to be relatively static (Ellegast et al. 204&man Miller 2007; Hag 20).3
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Standing desks have been adopted into work places to enable workers to stand instead
of sitting. However, the ihdings from recent westigations are inconsisteabbout the
efficiency of standing instead of sitting, in terms of metabolic health respadnses
previously sedentary office workers, postural interchanging between sitting and
standing resulted in beneficial changes in blohtt@se responses (Thorp et al. 2014).
However, Bailey and Locke (2014) recently reported ligat activity breaks between
sitting periodgesulted in reduced blood glucose response but no effect wais digh
parameters, owhen sitting was interruptl with only standing.Miyashita et al. (2013)
reported reduced postprandial lipga during briskwalking, yet neither did they
observeany response with standin@onclusions should be made with caution due to
the variation in subject characteristi@$e total number oéctivity breakshad stronger
beneficial relationship with metabolic variables than total time spent sedentary, time
spent at moderati®-vigorous intensity or mean intensity of the breaks between
sedentary periods. (Healy et al. 2008aeduent activity breaks were found to lower the
postprandial insulin response more effectively than continuous physical activity (Peddie
et al. 2013).

Rising up from a chair gives the body a stimulus wanted to prevent deleterious effects
of prolonged inacdtity (Hamilton et al. 2007.)t is noteworthy that each neexercise
activity bout, regardless of its intensity or duration, interrupts the sedentary period.
However, itis not cleay if any muscular activation, regardless of the intensity, is
enough to pevent the deleterious health responses of prolonged inacivitylack of
muscular activation.Long term observation and objective detection of physical
inactivity behavior are still required, yetiggestive evidence already exis(Runstan et

al. 201d; Marshall & Gyi, 20109. While waiting for general recommendations for
limiting occupational sitting, one shouddtivate musclesegularly during working day.
There is growing interest if increasing physical activity during sedentary office work
could hnder the unbeneficial metabolic responses. Researchers have applied light
activity bouts in order to interrupt prolonged inactivity periods. However if leaving the
work station isnot possible for an individualwve would want to increase physical
activity without involving spatial movingin the office sitting by the desk is often
replaced by standing when pursuing greater physical activity [€kask, it is necessary

to determine, if we are able to induce muscular activation during passive office work,

despite of the static posture.
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5 DETECTING SKELETAL MUSCLE ACTIVITY WITH
TEXTILE ELECTRO DESS EMBEDDED INTO CLOTHING

The need for objective method for detecting muscle activity and inactivagv®us.

The accelerometers, used for detect inactivity tirniealy et al. 2008b; Weber et al.
2009) offer a feasible tool for detecting the onset and categorizing the intensity of
physical activity The limitation of accelerometeisthat they do not alwaydistinguish
standing from sitting, or the lowest activitgvels where postural changes are not
present. Electromyographic (EMG) recording deteelsctrical signals of skeletal
muscles and thus provides important information about the function of the
neuromuscular system, but also about the activation andvityacti the muscle (Enoka
2008, 197).

5.1 Electromyography

The EMG recording is based on the measurement of the difference between detecting
electrodes (Stegeman & Hermens 2000). There is as wide range of applications for
EMG measurement. Some of them arerenresearch oriented than others, aiming to
identify the function and behavioral strategies of motor units and the neuromuscular
system. (Farina et al. 2004n ergonomics, EMG is widely used to detect the @gtiv
patterns and relative stress of specifiuscles during work when sustaining a posture

for a prolonged period of time is required. (e.g. Zhang et al. 2011.)

Surface EMG (SEMG) detects the electrical activity of superficial muscle or muscle
groups as a summation of motor unit action potenfidsina et al. 2004; Mathiassen et

al 1996; Merletti et al. 2009) and thus provides a global measure of action potential
activity in the muscles of interesthe level of electromyographic activity is usually
expressed in voltageg{) (Merletti et al. 200). The conventional, practically valued
method, for surface electromyography is so called bipolar electrode recording, which is
also considered as a standard method (Marozas et al. 2011; Finni et al. 2007). Bipolar
electrode comprises typically of two metéarodes attached firmly on the skin above

the muscle. (Stegeman & Hermens 2000; Enoka 2008, 197.)
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5.2 EMG recording in the assessment of physical activity of daily life

There has been growing interest towards the utilization of EMG in-tkmg
recordings. e traditional SEMG recording involves laboratory assessment, thus it is

not a feasible method for large study groups, and for investigations of physical activity
during daily life. The conventional metal electrodes, attached firmly on the skin are not
themost <comfortable method from the subje
The skin preparation might cause irritation in lgegn recordings, whereas the
connection between the electrodes and the skin might undergo changes due to drying of
the eletrodes. Also the detection system; consisting of electrodes, wires and signal
capturing system; is rather difficult to apply in field conditions. (Finni et al. 2007.)

Textile electrodesenable longterm recordings Textile electrodes embedded into
clothing have been developed to provide a method for capturiogotentials from
human musclewith electrodes that are more feasible for lbegn recording than
conventional metal electrodes (Finni et al. 2007; Marozas et al. 2011). Similarly to
traditional meal electrodes, textile electrodes are applied on the surface of the skin,
above the muscles of interest. Textile electrodes provide a novel method for detecting
muscle activity from muscle groups thus textile electrodes provide a global measure of
synergis$ and antagonist muscles activity instead of monitoring the activation pattern of
specific muscle. (Finni et al. 2007).

The detecting of daily muscle activity patterns does not require muscle or muscle fiber
specific detectiorof activation,but a global reasure of the duration and intépsof
skeletal muscle activity (Finni et al. 200The advantages of textile electrodes include
elastic and fleible properties of the textilRattfalt et al. 207). They are also washable

and reusableThe greater surtae area of textile electrodes might contributdawer
dependency on electrode placement (Finni et al. 200®)ng-term recordings, it might

not be necessary to use electrode gel due to the moisture provided by the skin itself
during physical activityreducing the risk of irritating reactions on the skin (Marozas et
al. 2011). So far, textile embedded electrodes have shown to serve well in field
conditions and longerm recordingsvhen appliedn to electrocardiographic recordings
(Marozas et al. 2011andin recordings ofEMG activity of groups of antagonist and
synergist muscles (Finni et 2007).
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6 RESEARCH QUESTIONS AND HYPOTHESES

The present study investigated logalscle activitiesin lower extremities during
occupational sittingn Finnish office workers. The aim of the study was to determine
whether or not replacing a traditional office chair with a dynamic chair would show
difference in muscleactivity patterns during sitting in the lower extremities. No
structured consultationgea r da aitgi We was igiteh fomtlgedsubjects, but they
were instructed to perform their habitual sitting behavior in the office. We consider the
activity pattern as a construct of several features which inteweére the level or
intensity of localmuscular activation. These features include the amplitude and the

frequency of the activity bursts.

The back muscles and upper extremities have been traditionally investigated in the field
of ergonomics related to office wollEllegastet al. 2012).However in the light of
inactivity physiology, the leg muscles are relativielsge weightbearing muscles that

play a role in metabolic health with their contribution to energy expenditure and
metabolism.Both upper and lower limb muscles can be easily aetiMduring office

work performed while sittingln dynamic chairsthe seat is tiltinghorizontally and

allows greater inclinatioior forward and backward lean. Thus, when dynamic chairs
are used, they can provide propulsion for the chair movement, asdnpably for

muscle recruitment as well, during sitting.

Ellegast et al. (2012fonducted a study to compare four dynamic chairs with a
conventional static office chalEMG was recorded only from back muscles, whereas
the activity in lower extremities waassessed with accelerometer and specialized
movement sensor dat&hey reported greater peak intensities of the activity level for
lower extremities than for the back muscl@dlegast et al. 20121f seems reasonable
to investigate the possible influem of the dynamic chair on thauscleactivity of
lower extremities during prolonged sittingn the present study we investigated
occupational sitting during office work. We recorded muscle activity from thigh and
lower leg muscles with three differentfiok chairs, with each chair being used fioe
office days eachWe also applied a novel method for detecting EMG activity with
textile embedded electrodes. Thel& shorts were shown feasible method in the 1ong

term recording of muscle aciiy during ddly activities by Finni et al. (2007). No
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previous work has been conducteding the long version of the EMG garment;
recording muscular activation from the shank muscles in addition to the thigh muscles.

1) Does a dynamic office chaidecrease muscle indivity time with respect to a

static chair

Not only the &ack of physical activity but increaseddaily sedentarytime itself, has
deleterious effects ohedth. Epidemiological evidence of the relatship between
sitting andmetabolichealth existde.g. Edwardson et al. 2012; Hamilton et al. 2007).
Physical inactivity, resulting from prolonged sitting periods, is occupying a great
portion of the working time, especially in dels&sed occupations (e.g. Jans et al. 2007,
Ryde et al. 2013). This rasea question if it woual be possible to induce muscle
activity while sitting, and thus decrease daily inactivity time and hinder the harmful
effects of préonged inactivity. We expeetl that sitting with a dynamic chair would

differ from the activity timeecorded with a static office chair.

2) Doesa dynamic office chair inducemore frequent activity bursts to break up

prolonged inactivity periods during sitting when compared to a static chair

Controversial results have been attained about the requisgtsiityt of physical activity

to prevent unfavorable h&h implications. Howeverevidence exists that interrupting
inactivity with physical activity should hinder the deleterious effects of prolonged
inactivity (Healy et al. 2008a). Moreover, it is the dbactivation that is thought to
trigger the metabolic changes in the skeletal muscle (Bey & Hamilton 2003; Dunstan et
al. 2012). Dynamic chairs are assumed to involve skeletal muscles in controlling the
seat movement. We deduced that having shorter oheibi inactivity periods or
increased frequency of activity burst in skeletal muscles while sitting would indicate
more frequent breaks to interrupt the inactivity peridis. expected to see changes in
the length of inactivity periods or in the frequendyaotivity burstwhen a static office

chair was replaced with a dynamic chair.
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3) Does dynamic chair induce greater muscle activitin lower extremities during
sitting with respect to a static chair

Dynamic chairs are designed to follow the movementhetitter freely. The change in

the body posture shifts the center of the gravity, and thus, develops a momentum. For
example, the seat of dynamic chair is expected to tilt along when the sitter is leaning
forward of backwards(Herman Miller 2007; Hag 2@l) In contrast, conventional

office chairs are regarded to be static as they are designed to support the body in various
postures that may occur while sitting. The dynamic chairs might enable more fidgeting
during sitting and the changes in posture shaoNdlve muscular activation. On the

other hand, when the seat is tilting, skeletal muscles are recruited in order to stabilize
the seat.Thus, greater level of muscle activity during sitting might occur with a

dynamic chair with respect to a static offateair.
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7/ METHODS

7.1 Recruitment procedure

The subjects were recruited among the personnel of The University of Jyvaskyla by a
public email. Theinclusion criteria were that one was committed to office work on a
regular basis and did usually work on a persarakstation. In addition, the ability to
commit in the study period for three weeks was checked when the individuals contacted

the researcher. As a total, eight individuals indicated their interest to attend the study.

Five participants(Nemaie = 4, Mmale = 1) mMet the inclusion criteriand were selected
according to their availability and suitabili{the location of the office close enough to

the laboratory to ease the delivery of the chaif®chnical issues occurraturing
electromyagraphicrecordng, causing an interruption in the measurements fofittine
participant. Finally, foufemaleparticipants completed thev@eek study periodsThe
characteristics of the subjects are presentélhlrie 1. The study was approved by the
ethics committeeof the University of JyvaskylaThe subjects signed an informed
consent and permission for photographs to be taken and published for the purposes of
presenting the study settings.

Mean SD
Age (yrs) 333 9.7
Height (cm) 166.8 10.8
BW (kg) 67.5 12.4
BMI (kg/m2) 24.1 2.6

TABLE 1. Characteristics for the participants (n = 4) of the present study.

7.2 The study protocol

The study period took up to three weeks for each suffiegptire 4).The subjects were
asked to sit with three different office chairs while working in the office. Each wiaair
used for five office days;orresponding to one work weeknd the order of the chairs

wasrandomizedyy a draw
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Before the study period, the subjects were asked to describectinesntoffice chair
and to fill out a baseline questionnaire concerning their sitting habits and general

information of the level of their daily physical activiigeeAppendixl).

On the first morning of each-&ay period, an office chair, equipped with an
accelerometer (ACC) was brought into the
to adjust thedynamic chairs were given in the office. The instructions covered the
adjustment of the height of the seat and the arm rests, and the tilt functidre for t
dynamic chairs.The current chair of the subject was serving as a static chair. The
subjectwas assumed to be weaccistomed with their current chair and no specific
instructions were provideduring the week the subject was asked to perform regular
office work and to followhis/hersnormal habitual behavior. Each week included one
day of electromyographic recordiEMG day) conducted with specific EMG
garments with textile electrodes embedded into clothing. The subject was asked to fill
out a questinnaire after each week, asking about their sensations during the week and
about the chair aissue (seeAppendix 2 for static chair Appendix 3 for dynamic
chairg.

Week1: Chaer> Week2: ChairB > Week3: Chair C

Day Day| DayJ Dayl Day | Day} Dayl Dayl Day Day Day| Day Day} DayJ Day

It B did el Bl el 2 1.l2 03, 44,8
%—A

— 4 /\

EM G EMG EMG
o S
\7’\~
|9am 9:30 am to 3:30 pm |3:30 pm
1; Subject arrives to a lab Working in an office | subject leaves the office
‘i * Start of EMG recording inalab | « Performing habitual office work ! *Termination of the EMG
| » Walking to the office « SitTime -diary | recording

* Intstructions

FIGURE 4. The protocol of the present study with a day of EMG recording emphasized. Each
subject underwent a study period of 3 equivalent weeks. Subjects sat with 3 different office
chairs, one work week with eachn order to detecthair movementsluring office work,
accelerometel(ACC) attached to the chawas recordingcontinuassly for the 5day period

EMG recordings were appliefdr one office day during each weélk detect muscle activity

during sitting
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The protocol for the EMG dayrhe EMG recording wasonducted once during each
week, resulting with three EMG days for eachtipgrant. Prior to the EMG day the
subject had sat for at least one day with the chair at issue, and the timing for EMG day
was same during theBeek period for the given subjedthe subjects were asked to
wear tights embedded with textile electrodeégyure 5) while working in their office

The subject signed in in the laboratory on the morning of the EMG day, where she was
presented with the EMG garment. The recording was set on after the signal was visually
checked in online mode. The subject thenkedlto her office under supervision. The
walk went through a straight hallway which was determined to be long enough for 10
strides during gait. The EMG data collected during this walk on a hallway provided a

reference measurement for the EMG activitytfat day.

In the office, the subject was asked to perform their workisagml The subject was
asked tanark downthe times when she rose up and sat back down on the chair at issue
in the sitting time-diary (Appendix4). The subject was also instructedpi@ss a button

on the recording module of the EMG tights each time she rose up or sat down. This was
done to ease the processing of the EMG signal, as the sitting time wotdedily
identified from the collected data. Both actions were only to be ddmen the subject

was working at her personal work station and with the chair at issue. Thus when the
subject was sitting somewhere else than in her office (i.e. in a meeting, eating lunch), no
sitting timewasincluded in the analysis. When leaving thea#fin the end of the day,

the subject returned the tights and the sitting time diary to the researcher.

7.3 The office chairs

In the present study, we asked the participantss&hree different chairguring their
normal workdays Two dynamic chairgFigure 5) were chosen beforehand by the
research group: Herman Miller Aeron (HM) and Hag HO5 (HG). The third chair,
serving as a reference chair for static office chair, was the original chair of the subject
(SO). The chairs were labelled with a tag tanmiize inappropriatehairmovements to
beincluded in the ACC data.é. colleagues or cleaning personnel moving the chair in
the office) and thuso interfere the results. When a new chaaswrought to a subject

for the first time, personal guidancand written instructions were given about the

mechanisms and adjustments fpven chair The instructions were repeated the
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EMG day to ensure propamvocationof the availableadjustments(Appendix 5)The
subjects were asked to maintain their reguléing habitsbut encouraged to utilizéhe
dynamic functions of thelynamicchairs However, with theircurrent chaifSC), they
were asked to lock off the tilting functioif,there was one. This was made to diminish
the variation within the mechanismstbe SC chairs.A more detailed description about
the dynamic chairs is represented in diair instructionswhich were given tothe

participants Appendix 5).

a) b)

FIGURE 5. Muscular activation during sitting with dynamic office chaivas comparedo

sitting with a conventional officehair. Two dynamic chairsvere applied in this study: a)

Herman Miller Aeron® chair (HM)i Th e pat e n? tét dneclanismelatsayour neck,
shoulders, hips, knees, and ankles pivot naturally. The Aeron chaisraffgglessly with your

whol e body, as i f your bodgHerman Miler 20@7]) b)iBgh g t h «
HO5 office chair i An  er gonomi c chair 1s one that f
seating positi on. nhovements doth sinalllamddadye, arfd stayb o d
still when the body wants it te. HAG HO5 was designed around the theory of balanced
rockingfi (Hag 2a.3.)

7.3.1 Herman Miller Aeron® -office chair

Herman Miller Aeron® chair (Figureb5a), mantiactured by Herman Mille(Herman
Miller, Inc., Zeeland, Michigan) was designed to support the natural gasirat
curvature and tilaction of the human body. The mechanism ofHMe chair is referred

as"kinematic ctherence model as it responds to the mementof the bodythroughout
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the continuum from reclined position to forward tilt. Tension for the tiltlmaadjusted
andthe seatan be locked to take the tilt mechanism ofutise Theheight of the seat
can be adjusted stepless. For the armrdsdeight andhe width can be adjusteaind

additional sacral suppotostureFif, is applied on the backrest. The chaieégliipped
with wheels enabling spatial movements during sittingrigkan Miller 2007.)

7.3.2 Hag HO5 office chair

The design of the & HO5 chair(Figure 5b), manufactured by & is based on
"dynamicergonomy". The HG chair is designed to follow the balance point of the body
and movemenbtf the sitter. The backrest of the chair is fixed to the seat so that the
torque istransmittedto the seat when thatter is leaning backwards. The patented tilt
mechanismBalancedMovementMechaniSfhallows the seat to tilt baekand forwards
freely. Thefreedom of the forward and backwarlt is 11° and 15, respectively. The
seat cannobe locked but the resistandor the tilt can be adjusted. The footrests ease
backwardtilting. Other adjustments in thedg HO5 chair include the height of theas

the heightand position of the armrests and the depth of the @kat,is the distance of
the sat from the backrsf). Wheels allow the sitter to move around at tfféce. (Hig
2013.)

7.4 Detecting activity in the office

7.4.1 Assessment and analysis of electromyographic data

EMG garnent with textile embedded electrodes were utiliZEelxtile embedded
electrodes (Myontec LtdKuopio, Finland) were utilized to record electromyographic
activity from lower limb muscles duringn office day The garment ere sportswear
alike tights Figure § measuring global muscle activity from superficial muscles of the

lower limbs.
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EMG shortsmanufactured by the same company were tested for validity and shown to
be a valid method for lonrtgrm physical activity recordings (Finni et &007). The

tights contanedeightpairs ofbipolartextile electrodes, made of conductive yams with
silver fibersover the following muscle groups of left and right legeadricepg52.5

cn?) hamstring (24 cnf), calf muscleg51 cnf) andtibialis anterior muscl¢24 cnf).
Additional ground electrode@8.5 cnf) were located on the lateral sides of the tights
over theiliotibial band. The EMG tights were equipped with portable recording device
to storethe recorced signas. The module was located on the waistline and the wires

connecting the module to electrodes were embedded into the g#Figeme 6)

~
MODULE

GROUND
ELECTRODE

TEXTILE
ELECTRODES

FIGUREG6. The EMG garments (Myontec LTd, Kupio, Finland) measure surface Bivfaur

muscle groups of lower extremities. A) The front side of the tights and the teleidrodes
shown inside out. B) The portable modatdlecting the daté attachedn the frort.

Electrode gel (Redux Electrolyte Creme, Parker Laboratories Inc, Fairfield, NJ, USA)
was applied on the electrodes to enhance the contact between the electrodes and the
skin. No other skin preparation was done. As the subject dressed the tights, proper
placement of the electrodes was confirmed by the researcher visually and by palpating

the muscles. The location of the electrodes determined by the manufacturer of the
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garment and could not be altered so the electrotsuring quadriceps and hanmsiri
muscledaid on the distal portion of the musclgirini et al. 200y, whereas for calf and
tibialis anterior muscles the electrodes were placed on the thpkesif the musclen
long-term recordings, it might be necessary to momentarily undresgtitee.g. when

going to toilet which might result with a replacement of the electrodes. Slight variation

in electrode location should not alter the detected data due to the relatively large
detectionsurface(Finni et al. 200Y. The tights were washeoy handwith detergent

after each measurement day to avoid any traces from the electrolyte gel and subjects’

skin from previous measurements.

7.4.2 Analyses of the EMG data

Detection of sittig periods.Pressing a button on the module during recording adds a
marker on th€eMG signal which can be seen when analyzing the data. Sjgrigds
were detected from the signal by comparing the sitting torey and markersn the
signal.All other activity signalwasexcluded from the data, resulting in a data witly
time periods when the subject was sittinghaher personal working statido be left

for further analyzes.

Sigral processing and data analing. Recording frequencyf 1000 Hz was used.
Averaging with 0.04 s timeframe was applied toeatified EMG signa) and this
rectified averaged EMG signal (25 Hz) was tletared into a portable modufeom
which it was afterwards imported into a R@egaWin software was used to visually
assess the quality of the signal andyochronize the dataith the sitting timediary.

To provide representativactivity data for thigh muscles during sittirthe activity data
detectedromthe quadriceps and hamstring muscles of the left and the right thigh (QH)
was averaged in MegaWirsoftware.This was aso performedfor the EMG signabf

lower leg muscleélLL) of the left and the right shankibialis anterior and calf muscles
Finally, theprocessedlata included averaged EMG activity fguper QH) muscles and

lower (LL) legmuscles separately.

MatLab -software was used to calculate the level of EMG actiidtye to the small
number of subjects, no statistical analysis was conducted on the data. The data was

imported from MegaWin to MatLaboftware in ASCII format and a custom algorithm
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was usedor processing the data (Tikkanen et al. 2013). The descriptive EMG variables
are represnted and explained in Table 2.

TABLE 2. In the present study thEMG variableswere classified as temporal variables,
describing activity time, and variables thatpsess the level of EMG activity. Variables are
presented in the left column. Short explanations are given in the right column of the table.

Temporal EMGvariables (units) Description

Activity time-% (% sit.time)
Activity (min)

Muscular activity time during sitting
Datapoints above inactivity threshold (3pV)
Normalized to recording time and the absolute time

Inact-% (% sit.time)
Inacitivity (min)

Muscular inactivity time during sitting
Datapoints below inactivity threshold (3pV)
Normalized to sitting time and the absolute time

Activity categories:

Low act (% sit.time)
Mod act (% sit.time)
High act (% sit.time)

The intensity of the activation, in comparison to EMG activity
during walking. Normalized to recording time (% sit.time).
3uV< Low activity < walking intensity
Walking < Moderate activity < 2*walking
2*walking < High Activity

SUM_Inact.period_SUM
(% sit.time) and (min)

Summed duration of the 5 longest inactivity periods during
single recording. Normalized to recording time and the absolute
time

The level of EMG activity

Description

averEMG (% of walking)

Average level of EMG activity during sitting (including also
inactivity). Normalized to activity during walking.

Mean ampl (% of walking)

The mean amplitude of activation bursts. Normalized to
reference gait.

Burst rate (bursts/min)

Rate of the activation bursts

Burst duration (s)

Average duration of activity bursts

Intensity categories were applied to determine the level of muscle activity. Muscle
inactivity threshold was set abe the signal baseline (3uV). Based on our previous
experience, this threshold has been found to be high enough to classify random baseline
noise as inactivity, but sensitive enough to incorporate very light muscular contractions,
like those occurring dimg standing, to activity category. To further separate muscle
activity intensities, two additional thresholds were used: diglthoderate (individual
average EMG amplitude of normal walking) and modetadeigh muscle activity
threshold (2 x individuaEMG amplitude of normal walking) (Figurg.7The threshold

value of walking was measured on each EMG day (described in Ch 7.2). From this
walking period, average EMG amplitude was analyzed and entered in a template, which

was automatically read by the MatLab analysis program.
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FIGURE 7.Averaged thesholds for each activity category for thigh (QH) and lower leg (LL)
muscles.The inactivity threshold was set above the signal baseline (3uV). Light BuVv
walking), moderate (walking 2x walking) and high( @x walking) activities were categorized
basedon a reference walk at laboratory conditions. Reference walk was perfordmgdually

on each EMG day to determine dspyecific thresholds.

EMG normalization The absolute level of theuscle activityis expressed in voltages
(UV). To enable individuatomparison betweetlays the EMG signal was normalized
The EMG variables describing the level of EMG activity were normalized by using the
EMG activity recordedduring gait (seeCh 7.2 The Protocol for the EMG dayas a
reference levelThe total sittingtime varied between days for the subjects.réfwe
thetemporal variables of muscle activityerenormalized to recordingime in order to
standardize thisvariation in daily sitting time in the office Hence, he results
concerning activity time are regsented as a percentage of recording timeg@éime)

and te level of activation as a percentage of the EMG activity dugag (% of

walking), respectively

The effect sizevas evaluated by comparing the dynamic chairs withS@ehair. To
evaluatethe leg muscle activity when sitting witthynamic chas (HG and HM chairs)

the results were compared to tleerrent chair of the subjectéSC chair). The
differencesbetween two dynamic chaiesad theSC chair are expressed as percentages
of the SC chair value (% ofSC). When interpreting the temporal variabled5 %
difference toSC chair was chosen as a threshold value for noticeable .effectthe
EMG variables a 10 % difference with respect t8C chair was highlightedNo
comparisorbetween sbjects was performed due to the limited amount of data.
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7.5 Kinematics of the seaduring sitting

Accelerometers (ACC) were utilized for detecting the movements o$eheduring
sitting. 3D-accelerometer(Gulf Coast DataConcepts Inc, Waveland, MS, U$A
detecting gforce impacs$ within arangeof £6 g was attached to the chdiorizontally,
underneath the seffigure8), usingequivalent position with each chair.eAéxpected
to detect any fidgetingke movements that might occur during offie®rk: movng
around in the office with the chair, backward and forward tiltingotating around the
center.The ACC recording started on the first morning wh@nsubject sat on the chair

at issie and was finished after theday measurement period

”ﬂllh ( :

i

& L

FIGURE 8. 3D-acceleromete(Gulf Coast Data Concepts Inc, Waveland, MS, Y®%As

attached to record the movements of the chair dwiitigg. Positioning of the ACC device was

onthehorizontal plane underneath the seat.

Accelerometry data analysi€ollected ACCdata was exported @PC and processed
with custom softwareThe program composes a u#ant vector for the detecte®D
data. Data is then barmhss filtered (15 Hz) and a threshold filter (0.05g) was
applied. The ACC data from the day of EMG meas@meinwas included into further
analysis by synchronizing the data with sitting tichary. At the time of the present

study, the analysis process and parameters had not been fEstadalyze the present



40

datawe usedan existing parametersvhich has beensed to analyze thACC data

during daily activitiessuch as while agedentarywalking or runningLaukkanen et al.

2014). During the analyzing process we discoveiteat this analyzing protocol was not
sensitive enough for the present d&poc timesof 5, 15 and 60s were tested for the
present data. However no difference was observed between the results with these
analysesTheused parametersategorzed the intensity to sedentary (< 373), light (373
585), moderate (58881) and vigorous (>881).

7.6 Questionnaires

The participants were presented with four questionnaires in total duringweek3
study period Appendix1-3).

7.6.1 Baseline questionnaire

The kaseline questionnaire was filled prior to study period. Subjects were asked about
their habitualsitting behavior. Daily sitting time was examined by asking the subject to
estimate theccupational sitting time apart from working time andrafim leisure

time sitting. The subject wasisked if she was conscioughgrforming fidgetinglike
movementwhile sitting in the officeand also asked toevaluatetheir level of physical
activity in daily life byasking about their weekly exercise halifgopendix1.)

7.6.2 Postweek questionnaire

After each study week, the subject was asked to recall the past five days winenl she
beensitting in the office with a chair at issue. Thus the post week questionnaire was
filled three times. The subject was asked about how often she adjusted thendhair a
which features did she usually adjust. Tieeling of comfort was examined by asking
subject'ssensations in different body padsrring the 5day period When a dynamic
chair (HG orHM chair) was at stake, the subject was asked to rate the chaiegspibct

to her regular office chair $C chair) according to various features of the chairs.

(Appendix 2; Appendix 3
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8 RESULTS

The processed and analyz&#1G data included the office time when the subject sat at
hisher personal work station. The resulte averaged between the four participants.
The effect ofthe dynamic chairs (HG anéiM) is expressed as a percentage with
respect to the static chaiBC). The protocol of AC@lata analysis did ngtroduce
meaningful results oserve he purposes of the ment studythus no results for seat

movement are reported in this section

8.1 Sitting time during office work

For total, 61.9 hours of sitting was analyz@ble 3) On average, subjects spent
sitting at theirpersonal workstation for about 5 hours andndi@utes per day, varying

from 3.8 hoursup to 6.6 hours for per day. Total sitting times recorded for each subject
with differentchairs are presented in tal#eAccording to the baseline questionnaires,
the subjectestimated their daily sitting tim® cover 80 to 95 % of their working time,

out of which,about 89 % was spent at the personal work station. Subjects estimated that

they usuallysit 3 to 4 hours continuously during work.

TABLE 3 Total sitting time at the personal work station accumulated during the day with EMG
recoding, presented individualy’HG =H&g, HM =Herman Miller SC=Staticchair

Chair®
Total sitting time [h]
Subject HG HM SC Total Average SD
[h] [h] [h] (h] (h]

1 3,81 5,14 6,11 15,06 5,02 1,16
2 5,30 3,82 4,29 13,42 4,47 0,75
3 6,63 6,45 4,64 17,72 5,91 1,10
4 5,61 3,98 6,08 15,67 5,22 1,11
Total [h] 21,35 19,39 21,13 61,87

Average [h] 5,34 4,85 5,28 5,16 1,04

SD 1,17 1,22 0,95
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8.2 Muscle activity time and inactivity during sitting

Temporal variablesf muscle activity during sitting are expressed as percentages of the
total sitting time inTable4. Results are averaged between subjects for each diaair
HM indicating the dynamic chairand SC indicating the static chairPercentage

difference betweenythamic chairs and the SC chair is also presented.

In absolute timethe averageactivity time during sitting forthigh (QH) muscleswas
218 min £1.33min (21.6 min, 20.5 min and 23.2 mivith HG, HM chair and SC chair,
respectively).Average ativity time for LL muscleswas52.4 + 5.44 min, (52.7 min,
57.7 min and 46.9. min with HG, HM and SC chair, respectiv@lyaverage, the thigh
muscles (QH) were inactive for 4.8 = B.R of the time spent sitting whereas the lower
leg muscles (LL) were inactive fabout 4.3t 0.34h from the total of 5.2 1.04hours

of sitting(Table 4.

The majority of musclactivity during sitting was categorized to be low activityboth

muscle groupscorresponding to the intensity below the intensity of walkiogw-

intensity activityin QH musclesovered 90 % of overall activity time, whereas for LL
muscles corresponding value was 9%8of activity time. The percentages of higher
intensities remained ev 1.0 % of total sitting time (Table)4The averaged and
summed duration of théve longest inactivity period{SUM_Inact.periodl for QH
muscleswas 24.5+ 3.17 min and for LL muscles 17.Z 3.48 min. With temporal
variables, a 15 % difference between chairs was considered as notable change. In shank

muscles,dynamic chairs had lower sum of inactivity periods witkpect to SC chair
(Figure 9.
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TABLE 4 Muscle ativity time during sitting (% of recording time) averaged between subjects.
a) Results beig averaged between chairs. ja@ specific results falemporal variables.

a) TEMPORAL VARIABLES OF MUSCLE ACTIVITY

Thigh Muscles (QH) Average  sd
Activity -% [% sit time] 795 0.66
Low act [% sit time] 7.16 0.75
Mod act [% sit time] 0.61 0.09
High act [% sit time] 0.18 0.05
Inact% [% sit.time] 9205 0.66
SUM_Inact.period [% sit.timé&] 789 057
Lower Leg Muscles (LL?)

Activity -% [% sit time] 184 163
Low act [% sit time] 1818 155
Mod act [% sit time] 0.19 0.06
High act[% sit time] 0.03 0.02
Inact% [% sit.time] 816 163
SUM_ Inact.period [% sit.timé&] 58 1.03

b) CHAIR SPECIFIC RESULTS FOR TEMPORAL VARIABLES

Chair®

Thigh Muscles (QH(2) HG sd % SC | HM sd %SC| SC sd
Activity-% [% sit time] 867 638 1078 | 7.37 152 -584 | 782 241
Low act [% sit time] 792 577 1074 | 641 105 -1037| 715 196
Mod act [% sit time] 058 053 608 | 072 044 3263 | 054 0.38
High act [% sit time] 017 016 3261 | 024 026 8172|013 0.11
Inact% [% sit.time] 9133 638 -091 9263 152 05 |9218 241
SUM_Inact.period [% sit.tim&] 835 218 333 | 725 106 -1025| 808 3.75
Lower Leg Musdes (LL(3)

Activity -% [% sit time] 1936 384 1720*|1932 1107 1695* |1652 4.27
Low act [% sit time] 1909 368 1652* |1905 1086 1623* |1639 4.16
Mod act [% sit time] 023 019 9365|022 020 8%9 | 012 011
High act [% sit time] 0.04 0.05 17388 | 005 0.03 25447 | 0.01 002
Inact% [% sit.time] 8064 384 -34 |8068 1107 -335 (8348 4.27
SUM_Inact.period [% sit.tim&] 537 252 -2293 | 505 144 -2746*| 697 431

Y QH = averaged EMG for superficial thigh muscles (Quadriceps and Hamstring muscles)

2 L = averaged EMG for superficial shank muscles (Tibialis anterior and Gastrocnemius muscles)
¥ The sum of the 5 longest inactivity period

) Chairs HG =H&g05, HM = HermanMiller Aeron and SC = Static chair

7 O 1 % difference ta&SCchair
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FIGURE 9.The aim of inactivity periodsand average duration of activity bursts in upper (QH)
and lower (LL) leg muscle) For EMG variablegTable 5) >10 % difference to SC chair was

regarded notable. **) > 15 % difference to SC in temporal variables (Table 4).

The level ofmuscle activity The results forEMG variablesdescribing the level of
muscle activityare represented as a percentage of the iagtrecordedduring the
reference walk(% of walking) Increased mean amplitude of muscle activity bursts
(Meanampl) was recorded in leg muscles with both dynamic chairs, when compared to
the SC chair. The significance of the change varied between ngisclps and chairs.

The increase was most significant in thighsoles with the HM chair (+23% to SC)

and in shank muscles with the HG chair (+15.513&C). Table 5 represents both

averaged andhairspecific results for EMG variables.













































