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Forward

Some 8890% of all gainfully employed people in Germany primarily work in sedentary jobs.

As travelling to workplaces is usually done sitting down (in buses, trains or cars) and people

l' i ke to sit down in their spar ehe minimen as w

recommended level of physical activiiyworld Health Organization, 201¢5 no longer being

achieved and impairing health. The negative consequences of physical inactivity are wide

ranging and have an impact on the musculoskeletal and cardiovascular system.

In addition to active structures, passive ones can also degenerate due to constant static

pressure and lead to restrictions that can affect the range of motion from a purely functional

point of view. These can also be responsible for pain and musculasketdilems occurring.

Backache is one of the most commonly cited outcomes. The degeneration of torso muscles is

guoted as a possible cause of back pain due to sitting for long periods @ftimhand Bradl

2013)

The current Ger man healthcare insurance com

this problem: the most frequent caudedays lost to sickness in the workplace are still

musculoskeletal complaints. We could expect these developments to be slowing down

because our bodies are seemingly having to work less hard due to automation, digitalisation

and ergonomic progress. In fattte opposite is trué&o improvement has been made despite

all the effort made and the company health management programmes offered. Back exercise

courses, movement trackers, fithess programmes and similar measures are clearly falling short

and not readhg the very people who need them the most.

Long periods of physical inactivity need to be interrupted to give the body enough stimuli and

keep it in healthy working order. The workplace is an ideal starting point for adding more

movement to dayo-day life because gainfully employed people spend half the day there,

allowing a large number of physically inactive people to be rea@@eh et al. 2009)

l'tos all about making sitting theienaturadangeodr e ac

motion while theyod6re sitting. Nowadays, we |

nearly all areas of health and wbking: good mental health, the ability to combat stress,

healthy bones and joints, the cardiovascular anchune system, the lungs, metabolic

processes and even the neurological development of the brain. In other words, people must be

encouraged to move while theyodre sitting dow
2
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Research questions

We need new strategies in ergonomics that are based on tadlegjuirements and above all

on the fundamentals of metabolic processes. The purpose of the IN office chair, examined in

this study, is to stimulate the joints through a variety of tadigeensional stimuli and to

encourage local metabolism of the lumlolrsal muscles in order to combat the negative

consequences of sitting down for too long. This study compares the impact of using the IN

chair and its thredimensional range of motion with a conventional 2D office chair in office

environments. The oxygation of the lumbar dorsal muscles is the parameter measuring the

impact on the local metabolism. This gives rise to the following research questions:

- Compared with a conventional office chair, does IN enable a wider range of motion
(ROM)?

- Compared with aonventional office chair, does movement on IN, under conditions
similar to the real world, enable better oxygenation in the lumbar dorsal muscles?

- How do the test persons subjectively notice and assess the extra range of motion

offered?

A measurement tdas also to be evaluated that reflects movement on the office chair. A
motion analysis is often a very painstaking process. Which is why we attempted to integrate a
simpler sensor in the office chair in order to quantify movements on it. This also dethds t
following research question:

- Can an orientation sensor on the office chair sufficiently reflect the movement of the

person sitting on it?
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Methods

Iltem studied

To answer the research questions, two office chairs produced by Wilkening+Hahne
GmbH+Co.KG are compared with one another. The conventional Neos office chair has the
traditional kinematic concepts of dynamic office chairs that are characterised by a
synchranised tilt of the seat and backrest to the front and back. Throughout the rest of the
study, this chair will be called the 2D office chair and compared with the IN (3D office chair).
In addition to the backwards and forwards tilt, the IN office chair ¢sm it the seat and
backrest sideways and rotate the backrest in particular. Both office chairs are illustrated in

figure 1.

Figure 1: The IN 3D office chair (on the left) and the Neos 2D office chair (right).
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Procedure

A total of 25 test persons with a healthy medical history (aged: 27.9 + 4.9 years; height: 184 +
3.8 cm; weight: 80.4 + 5.6 kg) used the office chairs to be compared in a random order for
standardised office tasks. Figure 2 is a procedural diagram. yselagical stimulation of

the dorsal muscles and the movement of the office chairs and test persons were documented
while they were working. Before and after 20 minutes of carrying out office tasks, the test
persons lie on their stomachs for 10 minut@sa loungerto establish the resting value of
physiological activation or to compensate for any change in the way their bodies were
stimulated. After completing the standardised office tasks, a questionnaire is handed out
asking the test persons what theibjective perception of using the office chair was.

[ |
Information
Declaration of consent
|
Subject preperation
| |
Resting in prone position
defining baseline SmO,

Office work (20min)
- with keyboard... Smo .
- with mouse. .. 9-axis sensoi 1. chair
- paperwork/desk work... Motion Capturing (randomly chosen)
- personal conversation...

- on the phone, taking notes...

| |
|
Resting in prone position
restore baseline SmO,
questionnaire
I

Office work (20min)
- with keyboard... Smo .
- with mouse... 9-axis sensoi 2. chair
- paperwork/desk work ... Motion Capturing (randomly chosen)
- personal conversation...

- on the phone, taking notes...

| [
Resting in prone position

questionnaire

Figure2: Procedural diagram
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Standardised office tasks

The standardised office tasks include five phases lasting 4 minutes each when the test persons
carry out typical office tasks (see Ellegast, R. P. et al. 2012; Grooten, W. J. et al. 2017,
O'Sullivan, K. et al. 2012; Van Dieén, J.H., De Looze, M.P., Herman2001). The phases
included the following tasks:

- Phase 1: Working on a keyboard
o Typing a printed test using the keyboard into a word processing program on
the PC
- Phase 2: Working with a PC mouse
o Transferring a printed graphic to a drawing progresimg a PC mouse
- Phase 3: Desk work
0 Moving objects about on the desk, e.g. sorting files and filing documents,
finding information in books etc.
- Phase 4: Personal chat with the employee
o Personal chat with an employéedrainstorming, presenting ideas, holding a
discussion
- Phase 5: Telephone call
o Talking to an employee on the phanénding information in files and online,
working with one hand using the PC mouse or keyboard, holdiegs$i®ons,

brainstorming etc.

The office tasks are the same for each test person and carried out to an equal degree while

using both office chairs. Only the contents of the discussions are adapted.
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Measurement methods used

Tried-andtested measuremembethods are applied that comply with customary scientific
quality criteria. All methods have already been attested a high level of validity, reproducibility
and reliability in previous analyses. The testing equipment and procedures used are described

below.

Oxygenation (Smg) i analysis of physiological stimulation

The DR2 sensor (Oxy2 is used to analyse the physiological stimulation of the lumbar back
muscles (see figure 3). By using near infrared technology (NIRS), this sensor enables non
invasivemobile measurement of the Smgkeletal muscles in real time and therefore records
local metabolic responses. Before measuring on the muscle belly of the M. erector spinae, the
sensor is placed 23 cm laterally of the third lumbar vertebrae.

Figure3: NIRS DR2 senso@xy4®
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Motion capturind motion analysis

A Motion Capturing (MoCap) system is used (Qualf§y® analyse the motion of the test

persons and the office chairs objectively. A simple biomechanical modigaven up that

allows the position of parts of the body in relation to one another to be determined.

To record the motion made by the people and the office chairs, reflective markers were placed

on 19 anatomical ref er enc éandmtiJant Ss, 20074 ant e t e ¢

on each of the chairs (figure 4).

Figure 4: Biomechanical model in the study setting with camera cones (red = person; green = office chair;

brown = desk; blue = monitor)

The mar ker wdie rgcarded with sir sifrared higipeed cameras (Oqus 100,
Qualisys®) at a frequency of 100 Hz. The average measurement tolerance is <1 mm. The
cameras were positioned around an office desk (see figure 5).



ZENTRUM T tr Gesunchat

Figure5: Abi rdés eye view of the | ayout of the motion cap

cones

Orientation sensdr motion analysis

The motion in the seat is also recorded with another measurement instrumesaxi$\ 9
orientation sensor (BNOO055,0Bch Sensortec) is integrated into the office chairs (see figure

6) to record and analyse the way the user sits. Euler angles are used to calculate motion or
change in orientation of the seat. The Euler angles define the orientation of a rigid body in a
threedimensional space based on three separate angles that describe the rotation around the
axes of the 3D coordinate system. The orientation sensor records the changes in angle

positions at a frequency of 25 Hz.
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Figure 6: Position of the orientation sensor underneath the office c

and diagram of the measurement levels

Questionnairé subjective perception of usage

After using each office chair, the test persons are asked to make the following statements
(rangi coprfrrecamoin t o Ai nc-stage Lékerttséale: based on a fi

-l discovered the new 3D motion options while sitting.

- My back felt stimulated.

- feel as i f the office chairdéds moti on

section of my back.

- This office dair encourages movement in the lower back.

- This office chair fosters movement in the hips.

- l'would like to use this office chair in my own workplace.

- |l like sitting on this office chair.

10
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Results

Motion analysis

While using the two office chairs, theotion by the test persons was analysed in the
following three planes:

- Sagittal plane A view from the side

- Transverse plane A view from above (or below)

- Frontal plane A view from behind (or the front)

Figure 7 illustrates these planes.

Frontal plane

Transverse plane

Sagittalplane

‘ (frontal plane = purple; transverse plane = blue;

sagittal plane = orange)

11
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of fi ce chai r dedcribechbelgneby thd informatoe onehe tiverage

maximum angles of all test persons of various body and office chair axes. These results are

divided into the various phases of the standardised office tasks:

Phase 1: Working on a keyboard

Phase 2: Workingvith a PC mouse

Phase 3: Desk work

Phase 4: Personal chat with the employee

Phase 5: Telephone call

Phases 1 and 2 are summarised belovstasc phasedecause movement using hands

primarily takes place in these phases and the rest of the body reslatngly rigid. On the

other hand, phases 3 to 5 with lots of movement by the torso areaatlachic phases

12
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Motion capturing

Transverse planierotation of the shoulder axis and backrest

The transverse plane and the axes of the shoulder and backrest are shown in figure 8. The
rotation of the abovementioned axes is shown in the following description without any
rotation of the office chair itself. The rotation of the conventional swivel joint, which is

| ocated underneath the seat, doesnodbfthhave ai
shoulder axis or the backrest to the seat is described.

Figure 8: Rotation of thébackrest (picture on the left) and the shoulder axis (picture on the right) in the

transverse plane (blue); person model (red), office chair model (green)

The static phases show that the shoulder axis only rotates slightly in the transverse plane.
Therefore, in both office chairs the average maximum angles while working on a keyboard

and with a mouse are between approx. 8° and 12°. Average maximum figores R° all

the way to 44° are achieved in the dynamic phases. Compared with the shoulder axis, the
rotation of the backrest in the transverse p
backrest rotates less than 0.7° but the 3D office@hmir backr est rotates bei

dynamic phases, average maximum angles of up to 1.3° are used on the 2D office chair but a

13
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maxi mum angle of 3.5A on the 3D office chai
individual cases, an absolute masnum r ot ati on of the 3D office
used. However, this movement option 1isnoét e
the 2D office chairdés backrest only indicate

lists the aerage maximum angles in the various phases.

Tablel: Average maximum angle (n=25) of the rotation of the shoulder axis and the backrests in the transverse

plane [angle degree] divided into the various phases of standardised tdfks

Angle [°] Angle[°] | Angle[] Angle[°] Angle[]

During usage: Axes Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Shoulder 8.42 11.61 36.49 14.02 29.40
3D office chair
Backrest 0.98 1.55 3.49 2.33 2.72
Shoulder 9.06 9.33 43.91 13.24 30.71
2D office chair
Backrest 0.68 0.48 1.29 0.72 1.09

14
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Frontal plandg sideways tilt of the shoulder axis and backrest

Figure 9 shows the sideways tilt of the shoulder axis and the backrests in the frontél plane
viewed from behind the office chair. The andkgrees are stated with relation to the general

horizontal.

Figure 9: Sideways tilt of the shoulder axis (figure on the left, red) and the backrest (figure on the rig

green) in the frontal plane (viewed from behing@rson model (red), office chair model (green)

During the static phases, an average maximum sideways tilt of below 6.33° in the shoulder

axis while using the 2D office chair was identified in the frontal plane. On the other hand,

while usingthe 3D offie chair, the test personsd shoul de
of 11.27A. Thereds a much more significant
movement in the dynamic phases. This extended sideways tilt of the shoulder axis of people
sitting is present while both office chairs
2D office chair either in the static or dynamic phases. On the other hand, the 3D office chair

can mirror the movements of the person sitting on it in thecsaad dynamic phases and

therefore support the person sitting on the chair. Table 2 shows all the average maximum

angles.

15
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Table2: Average maximum sideways tilt angles of the shoulder axis and the backrest in the frontatatede,
in angle degrees and divided into the various phases of standardised officeateskscorded by the motion

capturing system

Angle [°] Angle[°] | Angle[°] Angle[°’] Angle[]

During usage: Axes Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Shoulder 471 11.27 44.08 18.44 30.90
3D officechair
Backrest 1.66 2.36 8.86 4.40 7.29
Shoulder 3.77 6.33 51.51 9.68 32.40
2D office chair
Backrest 0.28 0.30 1.47 0.89 1.51

Motion analysis comparison: orientation sensor with motion capturing

This measurement instrument is compared with the MoCap system to check whether the
orientation sensor adequately reflects the motion of the seat. The MoCap system is the gold
standard in sport sciences to determine motion and therefore used as a referemcelsyste
ensure a more detailed analysis, motion is described separately in the sagittal and frontal plane
to start with. Figure 10 illustrates the definition of the angles in the two planes. The angles of
the two planes are subsequently shown in two pict(firggres 11 and 12) to examine the

range of motion.

16
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Figurelo: Ti It of the office chairdéds seat in the s

seat in the frontal plane (figure on the right, blaggs@rson model (red), office chair model (green)

Seati motion in the sagittal plane

The office chairs examined in this study have a different structure so that the seats can
demonstrate different tilts in the sagittal plane without any influence by the person sitting on
the chairs. Therefore, for comparison purposes, the angles in titt@algasligne are always

stated based on the initial tilt angle of the office chair concerned. The angles are documented
positively and always refer to the backwards or forwards tilt of the seat.

When | ooking at the aver ag essagiatplama)the seaislont o f
both office chairs tilt equally far.

The data from the orientation sensor varies on average by 3.8° from that of the MoCap
system, whereby when smaller movements are made during the static phases, the

discrepancies are low#dran when greater movements are made during the dynamic phases.

17
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Table3: Average maximum tilt angles of the seat in the sagittal plane [angle degree] divided into the various

phases of standardised office tasks, recorded witimittgon capturing system and the orientation sensor

Average maximum tilt of the sea Angle [°] Angle[°] | Angle[] Angle[°’] Angle []

in the sagittal plane Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Motion 3D office chair 5.27 5.75 17.97 14.66 17.52
capturing  2p office chair|  5.29 5.00 19.56 17.38 19.17
Orientation 3D office chair 4.83 4.94 12.08 8.62 11.71
sensor 2D office chair 3.25 2.55 8.43 7.73 8.76

Seati motion in the frontal plane

On the 2D office chair, the MoCap system shows no greater movement in the frontal plane

than a 1.2° sideways tilt in all phases. On the other hand, the 3D office chair tilts sideways by

up to 3.12° in the static phases and even up to 9.23° in the dynaasiesp

In the frontal plane, the results of the orientation sensor also diverge from those of the MoCap

system (approx. 1° on average). In this analysis, the orientation sensor also records smaller
tilts than the gold standard process.

Table4: Average maximum angles of the sideways tilt of the seat in the frontal plane [angle degree] in the

various phases of standardised office tasks, recorded by the motion capturing system and the orientation sensor

Average maximum sidewayit | Angle[?] Angle[°] | Angle[’] Angle[°] Angle[°]
of the seat in the frontal plane| Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

Motion 3D office chair|  2.50 3.12 9.23 4.92 8.22
capturing  2p office chair|  0.65 0.67 1.18 1.17 1.20
Orientation 3D office chair 1.45 3.18 7.50 2.39 6.81
sensor 2D office chair|  0.44 0.55 2.16 2.35 1.91

Range of motion

Figures 11 and 12 show the ROM in the seatey round off the previous results of the

orientation sensor and show how the seats behave in the frontal and sagittal planes.

18
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Office Simulation
15 T

—— 3D max. ROM
Test Subject 5 (20 min)

back / front
o

left / right

Figure 11 Range of moti on o Thebldeeoin® Ehovothefanglesitions in the frorde

plane (x axis) and sagittal plane (y axis) to one another. The red line marks the maximum range of mc
possible.

Figurel2 Range of motion of the 2D of f iacgk positioasiinrthe s

frontal plane (x axis) and sagittal plane (y axis) to one another. The red line marks the maximum ran:
motion possible.
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