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EXECUTIVE SUMMARY:

The subsequent report presents data collected from 16 participants (8 males, 8 females) and
compares the physiological responses to the Core Chair and an ergonomic control chair during
two hours of simulated office work. Four different office tasks were examined (mouse dominant
work, typing, a combination of the two and reading). Other focuses of the study were: insure that
the Core Chair meets minimum mechanical stability guidelines; evaluate the stability and seat
pan movements during reaching tasks within the primary through tertiary zones; and assess the
torso muscle recruitment while undergoing a series of basic seated exercises on the Core Chair
compared to a stability ball.

When the Core Chair was used as a standard ergonomic task chair for office work, it always
performed at least as well as a leading ergonomic task chair. Postural responses, muscle activity
patterns, both the magnitude and time varying measures assessing muscle rest time were similar
between the two chairs. Subjective discomfort, rated by each of the 16 participants throughout
the prolonged office work did not show any significant differences between the Core Chair and
the control chair. These findings alone support the potential for the Core Chair to function very
well as a task chair. In addition to performing to the same standard as an established ergonomic
task chair, the Core Chair also had a significant impact on the postures assumed by the
participants over the 1 hour of sitting. The control chair exhibited a well-documented trend of
postural creep, with lumbar spine flexion and posterior pelvic rotation increasing over time.
These two physiologic responses result in a shift away from a neutral lumbar spine posture. In
contrast the Core Chair facilitated more neutral spine postures that persisted over the one hour
period. The seat pan was easily controlled by the participants and maintained a neutral average
position within 1° of level yet they used the dynamic feature encompassing a range of 3-4° of
seat pan rotation in all directions.

The Core Chair passed the front and rear stability tests outlined by the American National
Standards Institute. While there are currently no lateral tipping stability tests, when the same test
criterion were applied to lateral seat pan rotations the Core Chair also exhibited no potential to
tip over. In conjunction with the results from the extended reaching tasks performed by all 16
participants, the centre of mass of the seated user was well within the base of support of the chair
and the stability in these tests confirm that the Core Chair does not present any undue risk for
lateral tipping when used for typical office related work tasks. The rotation ability of the seat pan
accommodated participants reaching and rotated to a maximum of 8° for the maximum distances.

An additional feature of the three-dimensional rotation capability of the Core Chair is that it can
be used for light exercises at a workstation. The muscle recruitment for four exercises were
compared against a stability ball and in all cases produced comparable or higher levels of muscle
activity indicating it performed very well in targeting the torso or core musculature. The
adjustable stiffness control for seat pan rotation in the Core Chair provides varying resistance
and can be used to accommodate both different usage (office tasks versus exercise) and well as
differing demands during seated exercises.

The one potentially negative finding from this investigation was related to seat pan pressures,
which were higher in the Core Chair compared to the control chair. This did not impact subject
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evaluations, and even the exit survey results scored the seat pan as not having uneven pressure.
This is an area that could be targeted for improvement and alternative foam densities and
materials should be considered.

Subjective evaluation of the Core Chair during an exit questionnaire was very favourable with
scores falling in the 70-80 range on a 100 point scale. This positive response coupled with the
fact that this study sought to test a wide range of participant sizes (the heights tested represented
99% of the North America male height range and 75% of the female height range) suggests that
the Core Chair will be suitable for a large range of the general population.



INTRODUCTION:

Prolonged sitting has become a common work component of modern society with adults in
developed countries spending up to one-third of the workday sitting (Jans et al., 2007; Miller and
Brown, 2004). A number of reports have linked this sedentary lifestyle to increased risk of
obesity, diabetes, cardiovascular disease and low back pain (Frymoyer et al., 1980; Frymoyer
and Cats-Baril, 1991; Hu et al., 2003; Hu, 2003; Mummery et al., 2005).

Sitting for prolonged periods has been associated with an increased incidence of low back pain
(Frymoyer et al., 1980; Magora, 1972; Wilder et al., 1988) regardless of whether or not an
individual currently suffers from low back pain (Damkot et al., 1984; Majeske and Buchanan,
1984). In fact, prolonged sitting has been found to generate pain in subjects that have no prior
history of chronic back pain (Andersson, 1999; Beach et al., 2005; Beach et al., 2008; Dunk and
Callaghan, 2005; Reinecke et al., 1994).

There is some controversy over whether or not low back pain is related to sitting. Some reports
in the literature have concluded that prolonged sitting is a risk factor for low back pain (Corlett,
2006; Corlett, 2008; Damkot et al., 1984; Frymoyer et al., 1980; Pope et al., 2002). One
epidemiology group has shown a positive association between low back pain and sitting in
adolescents (Sjolie, 2004a; Sjolie, 2004b) and one case-control study showed a trend towards
increase low back pain with prolonged sitting when work and leisure time were combined
(Nourbakhsh et al., 2001). In contrast the results from a number of systematic reviews have
failed to support a causal relationship between sitting and low back pain (Chen et al., 2009;
Hartvigsen et al., 2000; Lis et al., 2007; Roffey et al., 2010). However, other studies show that
subsets of the population do demonstrate an aggravation of prior symptoms or presentation of
new low back pain symptoms in response to prolonged sitting (Dankaerts et al., 2006; O'Sullivan
et al., 2006a; Womersley and May, 2006).

Damkot et al. (1984) identified the inability to change position while sitting as a major factor in
the development of low back pain. Ergonomic studies of the office setting have found that
elements that encourage movement, such as adjustable seatbacks, seat pans, arm rests and tilt
mechanisms, as well as administrative changes, such as increased rest breaks and cycling of
postures can minimize discomfort and stress to the body during sitting (Corlett, 2006). It appears
that it is natural for some to adopt a dynamic strategy of postural adjustments over a prolonged
period of time (Black et al., 1996; Callaghan and McGill, 2001); whether these postural changes
are proactive or reactive remains to be determined. Preliminary work has shown that subjects
with low back pain demonstrate greater movements, characterized as shifts and/or fidgets, during
prolonged sitting (Dunk and Callaghan, 2010). However, the goal of introducing dynamic sitting
needs to be considered carefully, as introducing movements that induce changes in trunk muscle
activation have been shown to result in increased LBP (Gregory et al., 2006; Kingma and van
Dieen, 2009), accelerated spinal shrinkage and increased levels of fatigue (Kingma and van
Dieen, 2009). Alternatively if the dynamic sitting condition is not sufficiently different from a
highly adjustable office chair the result can be no changes in the muscular response (Beach et al.,
2003; van Dieen et al., 2001). Similarly the existing studies examining dynamic sitting have had
limited or conflicting findings of the impact on lumbar kinematics (Gregory et al., 2006; McGill
et al., 2006; O'Sullivan et al., 2006b; van Dieen et al., 2001).



The Core Chair introduces a novel seat pan that allows for three rotational degrees of freedom
based on a unique design utilizing a universal joint with a hydro elastic polymer gel (Patent
Application No.61/417,258). There have been no studies to our knowledge assessing the impact
of a seat pan that introduces the lateral rotations present in the Core Chair. There is evidence that
movement constraints in sitting are linked with pain and that the ability to move while sitting can
introduce beneficial physiologic responses. Therefore, the primary purpose of this study was to
examine the benefits of the dynamic nature of the Core Chair and its additional rotational
freedom. Specifically, the study aimed to determine the influence of an active movement seat
pan on the biological response of seated workers performing: 1) typical seated office tasks; ii)
reaching activities; and iii) the extent of torso muscle recruitment while undergoing a series of
basic exercises while seated, as may be encouraged in the workplace to optimize health. The
following sub issues were evaluated: response of gender, postural responses (including spine and
pelvis postures), change in seat pan contact area, frequency of movements and pressure
magnitude changes on the seat pan, muscular activation level differences in the torso
musculature (thoracic and lumbar regions), and perceived user comfort. Findings that were
influenced by the Core Chair are the focus of this report. In other words, while there are expected
and well documented differences in physiological responses that were confirmed by this study
between different work tasks or gender, these were only included if they were impacted
differently by the Core Chair.

DEFINITIONS: (From Winter, 1995)

Centre of Mass (CoM): a point equivalent to the total body mass and is the weighted average
of the centre of mass of each body segment.

Centre of Pressure (CoP): a point on the support surface (seat pan) that represents a weighted
average of all the pressures over the surface of the area in contact with the seat pan.



METHODS:

Participants

Sixteen university aged participants volunteered for this study. Eight male (age, 24.3 £5.9
years; height, 181.9 + 11.7 cm; mass, 79.8 = 9.7 kg) and 8 female (mean age, 20.6 & 2.0 years;
height, 166.0 = 5.6 cm; mass, 63.9 + 11.8 kg) participants were recruited from a student
population. Participants were excluded from participation if they had previous history of
musculoskeletal injury or pain to the low back over the previous 12 month period. Each
participant provided informed written consent and the study received ethics approval from the
University of Waterloo’s Ethics Review Committee. This study predominantly focused on a
university aged population, because this group spends a large amount of time performing seated
office work and computer based tasks. A large range of anthropometric characteristics were
recruited and outlined in Table 1.

Table 1: Subject anthropometric characteristics.

Males (n=8) Females (n=8 Total (n=16)
Mean (SD) [ Range Mean (SD) | Range Mean (SD)
Age (years) 24.6 (5.9) 19-33 20.6 (2.0) 19 — 24 22.4 (4.7)
Height (cm) 181.9 (11.7) [ 162.6 —195.6 | 166.0 (5.6) | 158.8—-175.3 | 174.0 (12.1)
Mass (kg) 79.8 (9.7) 61.4—-93.2 63.9 (11.8) |50.8—86 71.8 (13.2)
BMI (kg/cm’) |24.1 (2.4) 21.3-29.5 23.1(3.0) 18.6 —28.9 23.6 (2.7)
Instrumentation
Electromyography

When participants first arrived at the laboratory, they were instrumented with surface
electromyography (EMG) to monitor 12 muscles. The muscles monitored included 3 abdominal
muscles, bilaterally: right rectus abdominis (RA), left rectus abdominis, right external oblique
(EO), left external oblique, right internal oblique (IO) and left internal oblique. Three back
muscles, bilaterally: right thoracic lumbar spine (TES), left thoracic lumbar spine, right lumbar
spine (LES), left lumbar spine, right multifidus (MF), and left multifidus (Figure 1). Prior to
electrode placement, electrode site preparation included shaving and rubbing the surface with
alcohol. Disposable, pre-gelled, Ag-AgCl surface electrodes (Blue Sensor, Medicotest, Inc.,
Olstykke, Denmark) were placed over each muscle belly and had a centre-to-centre inter-
electrode distance of 2 cm. All EMG signals were band-pass filtered (10-1000 Hz), differentially
amplified (CMRR > 115 dB at 60 Hz; input impedance ~10GQ; Model AMT-8, Bortec
Biomedical Ltd., Calgary, AB, Canada) and collected with a sampling frequency of 2048 Hz.



Figure 1: A) Electrode placement for the abdominal muscles and electrode placement for the
back muscles.

Following electrode placement, a quiet EMG trial was collected in the supine and prone
positions to determine resting activation for all muscles. Maximal voluntary exertions (MVE)
were then determined for each muscle using muscle specific maximal voluntary isometric
contractions. For each muscle, the participant held the contraction for 3 seconds. Maximal
contractions were performed twice for each muscle group and a minimum of 30 seconds rest was
given between exertions. The maximum muscle activity was found from each contraction and
used to normalize all EMG signals. Maximal contractions for the trunk extensors (thoracic
spine, lumbar spine and multifidus) included a maximum back extension, which required
participants to extend against resistance with their torso suspended off the end of a table.
Maximal contractions for the trunk flexors (abdominal, external and internal oblique) included a
series of contractions that included maximum forward flexion, right and left lateral bend, right
and left maximum trunk twisting.

Accelerometers

Following EMG preparation, participants were instrumented with 3 tri-axial accelerometers
(AXDL335, Analog Devices, Norwood, MA, USA) placed over the spinous processes of T1, L1
and S1. The accelerometers were used as inclinometers to provide a time-varying measure of
lumbar spine angle and pelvic tilt angle. Five calibration trials (all 5 seconds in duration) were
performed to normalize lumbar and pelvic tilt angles and included: upright standing, maximum
trunk flexion, maximum trunk extension, maximum trunk flexion while sitting and maximum
thoracic flexion while sitting. Accelerometer data were low pass filtered at S0Hz and sampled at
256 Hz.



Motion Analysis

Three-dimensional upper body kinematics was measured using an optoelectronic motion capture
system (Optotrak-CERTUS, Northern Digital Inc., Waterloo, ON, Canada). Rigid body clusters
were created using active infrared markers (IREDs) and were placed on the participants left and
right forearm, left and right upper arm, head, and thorax. Markers were also placed on the seat
pan of both chairs to measure seat pan kinematics. Motion capture was sampled at 32 Hz.

Following placement of each marker cluster, a digitizing probe was used to determine virtual
marker points at the medial and lateral endpoints of each segment. These virtual points could
then be tracked as a fixed spatial distance from the corresponding rigid body. Functional joint
movements were performed for the left and right elbow, left and right shoulder and head. These
movements included flexion/extension, abduction/adduction and circular rotations at each joint.
This information was used to develop a Visual 3D (C-Motion Inc.) model for joint angle and
center of mass (CoM) calculations. Upper body CoM was calculated using Visual 3D and is
based on anthropometric properties summarized by Winter (2004).

Seat Pan Pressure

A pressure mapping system (X2 seating system, XSensor Technology Corporation, Calgary, AB,
Canada) was mounted to the seat pan of both the Core Chair and Control Chair. Pressure data
were sampled at 4 Hz and synchronized in time with the EMG, accelerometer and motion data.

Ratings of Perceived Discomfort

Ratings of perceived discomfort (RPD) were recorded for 9 body locations at 7.5 minute time
intervals throughout the long duration sitting phase of this study. The body locations included:
left upper back, right upper back, left lower back, right lower back, left buttocks, right buttocks,
left thigh, right thigh and neck. Each discomfort score was measured on a 100mm visual-analog
scale (Figure 2). A baseline RPD score was taken at the start of testing and used to adjust each
subsequent RPD. The baseline for each participant was removed from each trial during the
protocol. This allowed the RPD scores to be compared as a difference from baseline. Ratings of
perceived discomfort provided a quantitative measure of discomfort over time in each of the
chairs.

10



Body Region Discomfort Questionnaire

To answer each question move the slider to the corresponding location

No Extreme
Discomfort Discomfort
Neck 0 | »| 100
1 0 4] | 100
2 0 5| 100
3 0 »| 100
4 o A »| 100
5 0 »| 100
6 0 f »| 100
7 0 4 »| 100
8 o0 < »| 100

The number displayed in the regions in the diagram above correspond with
the numbers in the survey to the right of the diagram

Save

Figure 2: The rating of perceived discomfort questionnaire used to measure 9 body regions.

Protocol
Following instrumentation, the study was divided into four phases, Phase 1: Stability Standards

Testing, Phase 2: Exercises, Phase 3: Reaching Task and Phase 4: Long duration sitting/office
work. A schematic outlining the three phases of the protocol is shown in Figure 3.
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Phase 1 — Stability Testing

Stability Testing:
American National Standards

Phase 2 — Setup and Exercises

Start of session: - -
. — | Exercise Trials:
Introducglr:);rto Core Instrumentation: EMG 1 4 exercises, 20 second duration

Phase 3 — Reaching Task

Instrumentation:
Accelerometers,
Motion Analysis

Reaching Task (Core Chair):
9 Targets, 2 repetitions

Phase 4 — Long Duration Sitting (Office Tasks)

15 min 15 min 15 min 15 min
A S <>

<> ‘ A S
| Start office tasks | Task 1 | Task 2 | Task 3 | Task 4 Exit Survey

A

| rRD | | RPD\” R\PD | | RPD\il RF,>D | | rPD i| R\P/D | [reD || R::’D |

Figure 3: The four phases of the study. Phase 1 — Stability standards testing; Phase 2 —
Equipment setup and exercises; Phase 3 — Reaching task; Phase 4 — Long duration sitting/office
work (1 hour duration in both the Core Chair and Control Chair).

Phase 1: Stability Standards Testing

Evaluations of the stability boundaries for the Core Chair were performed, based on the current
industry standards (American National Standards Institute). All stability testing was performed
with the Core Chair seat pan rotation stiffness set on the lowest setting to assess the “worst-case”
scenario of minimum seat pan rotational stiffness. Stability testing in the anterior/posterior
direction or front and rear rotations of the seat pan was based on the stability tests (section 12 of
ANSI/BIFMA X5.1 2011) currently in place. This front protocol (section 12.4) applies a 600 N
vertical force 60 mm from the front seat pan edge, while providing a 20 N horizontal pull at the
level of the seat pan (Figure 4). The rear stability test also uses 600 N of mass with a 20 N force
applied at the top of the weight stack (section 12.3) leaning against the chair back. There are
currently no published stability standards for lateral or side-to-side rotations. Thus, the same
protocol was applied for the left and right lateral tilt directions for the Core Chair. A 600 N
vertical force was applied at 60 mm from the lateral seat pan edge while providing a 20 N
horizontal pull at the level of the seat pan (Figure 5).
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Figure 4: A) Front stability testing for the Core Chair and B) a close up view of the 20N pull
force applied.

Figure 5: Lateral stability testing for the Core Chair.
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Phase 2: Exercises

Once participants were instrumented with EMG, four exercises were performed on both the Core
Chair and stability ball and a plank floor exercise was completed by all participants as a
comparison exercise. Exercises were performed on the Core Chair with the seat pan rotation
stiffness set at the lowest setting to evaluate the most challenging demand with the greatest range
of motion. The exercises were performed in a randomly selected order and participants
performed each exercise for 20 seconds. For each exercise, participants were given a set of
instructions on how to perform the movement. The five exercises included:

1) Forward-backward pelvic tilt
Instruction: Start in an upright position with feet flat on the floor and arms extended out
to the side. Engage the abdominals and tilt the pelvis forward and backward for the
duration of the collection. Try not to push with the feet and obtain as much pelvic
rotation as possible at a self-selected speed.

2) Side-to-side pelvic tilt
Instruction: Very similar to exercise #1. Start in an upright position with feet flat on the
floor and arms extended out to the side. Engage the abdominals and tilt the pelvis from
side to side for the duration of the collection. Try not to push with the feet and obtain as
much pelvic rotation as possible at a self-selected speed.

3) Circular hip rotation
Instruction: Again, similar instruction as exercise #1 and #2. Start in an upright position
with feet flat on the floor and arms extended out to the side. Engage the abdominals and
rotate the pelvis in a circular motion. Participants were instructed to rotate in both the
clockwise and counter clockwise directions. Try not to push with the feet and obtain as
much pelvic rotation as possible at a self-selected speed.

4) Alternating leg lift
Instruction: Start in an upright position with feet flat on the floor and arms extended out
to the side. Engage the abdominals and slowly lift one foot off the floor with the knee
bent and torso remaining upright. Lower and perform with other foot. Continue
alternating for the duration of the collection.

5) Plank floor exercise
Instruction: Begin on the mat with the right side down. Place right forearm flat on the
mat, directly in-line with the shoulder. Place left foot on top of right foot and lift your
body up off the mat. At this point only the right forearm and right foot should be in
contact with the mat. Be sure to engage the abdominals to help keep your body straight
(i.e. no spine flexion or hip hinge motion) and hold the elevated position for the duration
of the collection. Return to the starting position and repeat for the left side.
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Phase 3: Reaching Task

A reaching task, that required participants to reach for 9 controlled targets were performed on the
Core Chair. Two repetitions of this reaching task were performed and targets were placed at the
furthest edge in each of the primary, secondary and tertiary reach zones (Figure 6a) as specified
within the CSA guidelines for office ergonomics (Figure 6b, CSA-Z412, 2000). In a randomized
order, the investigator called a number, corresponding to a reach location, and the participant
would move to the location, pause and return to the starting position at a self-selected pace
Reaching tasks were performed with the with the seat pan rotation stiffness setting at the highest
resistance to align with the prolonged sitting evaluation.

— 70 cm

— 50 cm

©00¢

36 cm

Q O O 0060

110cm 8 ) cm 50cm

L ! 100 cm ! |

[ 160 cm |

! 220 cm I

Figure 6a: Work reach envelopes and the corresponding reach distances for the 9 locations
tested.

Tertiary zone )
Occasional

reaches
700 mm
Infrequent
reaches—

500 mm

N T et et Nt Wl
- f
. Frequent
Primary zone reaches—
360 mm
LA
1 !
!
| |
460 mm

600 mm

720 mm

Secondary zone

Figure 6b: Work reach envelopes (CSA-Z412, 2000, pg. 98).
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Phase 4: Long Duration Sitting/Office Work

Participants were required to sit for 1 hour on both the Core Chair and a Control Chair (Figure
7), for a total sitting time of 2 hours. The control chair selected was a Steelcase® Leap™, which
has been shown to be an effective chair when used in an ergonomics intervention study to reduce
musculoskeletal symptoms (Amick et al., 2003). In each chair, participants performed four
controlled computer workstation tasks that were 15 minute each. The tasks included:

1) Typing, where participants were required to type a story that appeared on the monitor;

2) Computer-aided design, where participants used a drawing program to replicate images;

3) Combined typing/mouse work, where participants performed an internet search that
required both typing and mouse tasks;

4) Reading, where participants brought preferred reading material. Chair order was
randomized between participants and the four tasks randomized within each chair.

At the start of each 1 hour time block, the Core Chair and Control Chair were adjusted to
promote a starting posture with 90° hip flexion and 90° knee flexion. The computer workstation
was adjusted such that participants had a starting posture of 90° elbow flexion, no shoulder
flexion and a neutral forearm posture. The participants were required to keep both feet on the
floor at all times, and to not lean on the workstation. The Core Chair seat pan rotation stiffness
was kept at the maximum setting to create a more stable surface for prolonged sitting. It is
important to note that even at this setting the seat pan can freely rotate about all three axes. The
arms were removed from the Control Chair and the chair configurations were closely matched so
the observed changes can be attributable to seat pan differences. EMG, accelerometers, motion
analysis and seat pressure were collected for each 15-minute trial. Ratings of perceived
discomfort were measured at 7.5 minute intervals. At the end of the 2 hour sitting protocol,
participants filled out an exit survey (Appendix Al).

Data Analysis

EMG

The two rest trials were used to remove bias from each EMG channel prior to analysis. EMG
signals were full-wave rectified and digitally low-pass filtered at 3 Hz (2nd order, dual-pass
Butterworth filter). All signals were normalized and expressed as a percentage of maximum.
Average and maximum EMG activity was determined for all phases of this study. For phase 3
(long duration sitting), additional EMG processing was performed. This included a gaps analysis
(Veiersted et al., 1990), which was used to evaluate the amount of time a muscles activity
dropped below a specified criterion. The gaps criterion was set to muscle activity less than or
equal to 0.5% MVC for at least 0.2 consecutive seconds. The number of gaps found during each
15-minute collection and the average gap time was determined.

Accelerometer

Accelerometer data were digitally low-pass filtered with a Butterworth filter (dual pass, 1Hz cut-
off). Lumbar spine angles were calculated as the difference between the upper (L1) and lower
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(S1) accelerometers. The lumbar angle was also normalized as a percentage of the participant’s
maximum voluntary flexion calibration trial. Pelvis orientation was determined from the S1
accelerometer. Inclination of the S1 accelerometer was normalized to the upright standing
calibration trial and with respect to the vertical orientation to determine pelvic tilt angles.

Pressure

Participant-seat interface pressures were analyzed for each 15-minute time period to determine
maximum pressure, total pressure, area and the location of center of pressure (CoP) on the seat
pan of the Core Chair and Control Chair. Maximum pressure indicated the highest individual
sensor-cell during each 15-minute collection. Total pressure referred to the cumulative pressure
over each 15-minute collection interval.

Motion Analysis

The upper body centre of mass (CoM) location was calculated using Visual 3D. At the start of
each collection a calibration procedure was performed which provided the location of the
pressure mat in the global co-ordinate system. A marker cluster was rigidly attached to the seat
pan of the Core Chair and 5 points located on the pressure mat (front left, front right, back left,
back right and middle front) were created using a digitizing probe to determine the global X, Y
and Z co-ordinates of each location. These points were located with respect to the rigid seat pan
markers. Since the distance between these points remained fixed, seat pan rotations could be
tracked. The location of the CoP and CoM could then be expressed in the same coordinate
system and allowed for a comparison of the body’s positioning relative to the chair and the CoP,
while sitting in both the Core Chair and Control Chair. Time varying measures of both CoP and
CoM were calculated throughout the 15-minute tasks.

Amplitude Probability Distribution Function (APDF)

An Amplitude Probability Distribution Function (APDF) (Jonsson, 1978) was performed for
EMG, accelerometer and seat pan rotation data to determine the range and probability of

muscular activations, lumbar postures and seat pan angles throughout each 15-minute collection.
The 10th, 50th, 90th and 99th, percentiles were calculated.

Statistical Analysis

For Phase 1 of this study, a Two-Way repeated measures ANOVA with factors of Chair (2 levels
— Core Chair and Stability ball) and Exercise (4 levels — 4 seated exercises performed) was
performed to evaluate differences in muscle activity for the Chair and Exercise conditions.

This study also generated time-varying data for muscle activity (average EMG, maximum EMG,
gaps and APDF’s), spine posture (thoracic, lumbar and pelvic angles, APDFs), seat pressure
(maximum pressure, total pressure, area and CoP location), seat pan rotations (average angles
and APDFs) and upper body CoM. For Phase 4 — prolonged office work sitting trials, a Three-
Way mixed general linear model was performed. Gender (2 level - Male, Female) was a
between factor, while Task (4 levels - Type, Draw, Web, Read) and Chair (2 levels- Core Chair,
Control Chair) were repeated factors. For all tests, significance was set at p<0.05. Any
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significant main effects or interaction findings were further compared using Tukey’s post-hoc
test.

Figure 7: A) Side view of the control chair (Black) and Core Chair (Green). B) Back view of the
control chair and core chair. C) Front view of the control chair and Core Chair.
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DISCUSSION OF RESULTS
Phase 1: Stability Standards Testing

The Core Chair passed the front and rear stability tests, as outlined by the American National
Standards Institute, for determining the anterior and posterior tipping stability of an office chair
(ANSI/BIFMA X5.1-2011, 2011). When the same loading conditions were applied on the lateral
aspect of the Core Chair, the stability of the chair passed the test. It is important to note that there
are currently no documented standards for lateral stability testing given the novel aspect of the
Core Chair being the first to introduce this rotational motion. Given the spine and trunk's ability
to lateral bend is far less than the flexion range, applying the front/rear stability standard was
deemed an appropriate starting criterion to access the minimum stability criterion for lateral
rotation. When the stability of the chair, that underwent large angular rotation during the lateral
test (Figure 5) is taken in conjunction with the Phase 2 results for lateral reaching tasks, together
they demonstrate that only moderate lateral rotations occur in the seat pan and the users’ centre
of mass is well within the base of support of the chair. Given the results of the mechanical tests
and user reach trials, the Core Chair in its current configuration does not appear to present any
undue risk for lateral tipping when used for the tested exercises or typical office related work
tasks.

Phase 2: Exercises

To evaluate the potential of the Core Chair to be used as a component to encourage exercise and
optimize health in the workplace, torso muscle recruitment was evaluated while undergoing a
series of basic exercises. These exercises were also performed on a stability ball. For the four
exercises performed, the Core Chair always produced a comparable level of activation for all
twelve of the muscles evaluated. The stability ball never had a higher level of activation (not
statistically different, p > 0.05) and in several exercises for certain muscles the Core Chair
produced higher levels of activation (Figure 8). The muscle activation levels for the four seated
exercises were of a comparable magnitude for the Core Chair and the stability ball. When
compared to a more demanding static bridge floor exercise, the magnitudes were lower and
would be considered a moderate demand, producing an elevated level of muscle activity
compared to what seated users demonstrate during normal office work. The Core Chair typically
produced peak activations during the exercises of approximately 20% MVE while the peak
activations in the plank exercise approached 50% MVE (Figure 9). Overall, the exercises tended
to recruit all of the twelve muscles evaluated with three of the four exercises showing some
beneficial crossover by involving the muscles groups to differing levels of involvement. Exercise
four, the leg lift, was the only exercise that did not elicit the highest activity for any of the
muscles measured. Additionally, while the second exercise (side-to-side tilt) had the highest
activity for the right external obliques, it was quite close to the magnitudes of activation in the
Forward-Backward Tilt exercise (exercise 1) that had the highest activity in all other abdominal
muscles. The three muscle groups with the highest recruitment were the thoracic erector spinae,
the multifidus and the external oblique (Table 2).
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The detailed findings for each of the four exercises are as follows:

Forward -Backward pelvic tilt (Figure 8a)
When this exercise was performed on the Core Chair there were no significant
differences from the stability ball. This exercise performed on the chair elicited the
greatest activation from the flexor (abdominal) muscle groups: internal and external
obliques and the rectus abdominus.

Side-to-side pelvic tilt (Figure 8b)
The REO exhibited a significantly higher level of activation when performed on the Core
Chair compared to the stability ball having more than a 50% increase on average from
11.5 £ 10.4% MVE on the ball to 22.3 + 14.0% on the Core Chair. While this exercise
had the highest REO activity it was not significantly different than forward-backward
pelvic tilt.

Circular hip rotation (Figure 8c)
When this exercise was performed on the Core Chair there were no significant
differences from the stability ball. This exercise exhibited the highest levels of activation
bilaterally for all of the extensor muscle groups: thoracic and lumbar erector spinae and
the multifidus.

Alternating Leg Lift (Figure 8d)
There were no significant differences between the Core Chair and stability ball for this
exercise and overall it exhibited the most similar levels of activations. This exercise did
not produce the highest activation in any single muscle measured.

Table 2: Summary of the largest muscle activations and overall average muscle activity for each
exercise on the Core Chair.

Highest Activity Highest Flexor Highest Extensor Average
Muscle
Exercise | Muscle | Activation | Muscle | Activation | Muscle | Activation | Activity
(%MVE) (%MVE) (%MVE) | (%MVE
+ SD)
. Left Right Left 155+
F/B Tilt ME 20.7 EO 20.5 ME 20.7 36
. Right Right Right 11.1+
S-S Tilt EO 223 EO 223 TES 16.4 53
. Right Right Right 16.2 +
Circle MF 22.4 EO 21.7 MF 22.4 50
: Right Right Right 10.7 £
Leg Lift EO 17.9 EO 17.9 TES 13.1 45
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Figure 8: Maximum muscle activity (% MVE =+ SD) for each muscle during A) Forward/Backward Tilt exercise, B) Side-Side Tilt
exercise, C) Circular rotation exercise and D) Leg lift exercise performed on the Core Chair and Stability Ball.
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Figure 9: Average maximum muscle activity (% MVE + SD) for each muscle during the left and
right plank exercises for the sixteen participants

Phase 3: Reaching Task

The dynamic nature of the Core Chair seat pan allowed for rotations to accommodate the
reaching targets identified in Figure 6. For the maximum reach targets in the tertiary zone (1, 6,
and 9), the Core Char seat pan had average maximum rotations of 3.9° (left tilt), 3.6° (right tilt)
and 2.3° forward rotation. These are quite modest rotations but when the range of rotations
across the different participants is examined, the seat pan was maximally rotated to angles
approaching 8° (Table 3). Due to the range of heights of the participants tested (incorporating
99% of the height range for males and 75% of the height range for females) the variability of the
seat pan rotation angle is not surprising as the reach distances for tall females and males were
quite conservative.

Table 3: Average maximum (SD) and range of seat pan angles for each target location across the
sixteen participants.

Target Location Maximum % SD (°) | Range

1 -3.9+ 1.5° -0.1°to -7.9°
2 -1.4+0.6° -0.1°to -6.1°
3 -0.3+0.2° 0°to -1.9°

4 0.3+0.1° 0.1°to 1.3°
5 1.6+£0.7° 0.3°t0 4.7°
6 3.6 £1.4° 0.04°to 7.5°
7 0.2+0.1° 0.01°to 1.4
8 0.6 +0.2° 0°to 1.4°

9 2.3+0.9° 0.4°to0 5.5°

Note: 0° represents the participants relative starting position; Negative = Lateral tilt to the left.
Bold and /falicized numbers represent reach locations in the tertiary reach zone.
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The location of the Centre of Mass (CoM) relative to the Centre of Pressure (CoP) gives
information of where the concentrated body mass centroid is located relative to the centre of
pressure on the seat pan (Table 4). The rotation of the Core Chair seat pan results in small
differences between the CoM and CoP. This is also shown in the Figure 10, where the CoM is
well within the base of support of the chair, even for extended reaches and the centre of pressure
is close to the CoM location. The location of the CoM for extended reaches when combined with
the mechanical stability tests indicate there is minimal concern for risk of tipping when using the
Core Char for normal office work.

Table 4: Maximum =+ SD (cm) CoM-CoP differences in the left-right lateral (X) direction and
forward-backward (Y) direction.

Target Location CoM — CoP Difference X (cm) | CoM — CoP Difference Y (cm)
1 -8.9+ 3.4 42+1.7
2 -3.2+1.1 1.0+£0.5
3 -0.6+04 04+04
4 0.5+0.3 0.5+0.4
5 29+1.2 0.8+0.6
6 8.0+3.1 2.7+ 14
7 04+0.3 0.9+0.4
8 0.6 0.6 30+1.2
9 1.1x1.1 10.3 +4.1

Note: Negative = Lateral movement to the left and posterior movement. Bold and Ifalicized
numbers represent reach locations in the tertiary reach zone.

. ; ; . . .
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Figure 10: The average CoM-CoP differences for the 3 maximum reach locations. The front
centre of the seat pan is at 0,0. The outline of the seat pan is represented by the Green Squares
and lines and is constructed from four points digitized on the core chair seat pan. Red Circles
represent the CoM and Green Diamonds are the CoP. The error bars represent the full range
across all participants.
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Phase 4: Prolonged Sitting and Office Work
Discomfort Scores

In assessing the response to a chair, one of the most commonly employed metrics are subjective
scores related of discomfort or alternatively the comfort of the chair. For all regions of the body,
there were no significant differences produced by the Core Chair compared to the control chair
during the prolonged sitting trials. There was a non-significant trend of the Core Chair having
slightly higher discomfort scores that appeared to develop earlier in the sitting period (Figure
11). Again these were not significantly different than the control chair. This response is of
interest when evaluated with respect to the typical response of users to prolonged sitting.

As demonstrated in the control chair responses (Figure 11), there were gradual and continuous
discomfort increases, reflective of responses typically reported in the literature (i.e. Dunk and
Callaghan, 2010). This rate of increase appeared initially higher in the Core Chair, however, at
approximately 30 to 45 minutes into the sitting study, a plateau in the Core Chair discomfort
scores occurred with some body areas actually demonstrating a decrease from the 45 minute
mark to the end of the 60 minute protocol (shown in Figure 12).

A comparable study examining novice users first exposed to using a stability ball as a chair
revealed that there were high levels of discomfort after 1 hour of usage (17mm, Gregory et al.,
2006). This level of discomfort is far higher than the discomfort reported in this study, and again
the discomfort scores found in this study were not significantly different than a standard
ergonomic office chair used as the control chair. However, one reason for high levels of
discomfort may be related to the lack of an accommodation period.

A separate study evaluated a 2-week accommodation period to develop tolerance to using a ball
as a chair. In that study, the discomfort on the stability ball was significantly reduced, and similar
to discomfort reported in office chairs (Jackson et al., 2012). This raises the potential that one
reason for the reduction could be accommodation to the novel sitting surface, the other is that the
Core Chair provides a different movement ability that may mitigate further pain development. In
the following muscle activation and pelvis and spine posture sections, the time varying responses
are described and integrated with the discomfort response.
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Figure 11: Mean (+ SD) discomfort with baseline removed for all 9 body regions as measured
by a 100mm visual analogue scale at 7.5-minute time intervals throughout the study for the A)
Core Chair and B) Control Chair.
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Figure 12: Mean (+ SD) discomfort across time, with baseline removed for A) Upper Back and
B) Posterior Thigh.

Seat Pan Pressure

With the beta cushion provided for testing, the seat pan pressure exhibited significant differences
when compared to the control chair. There were also gender effects, which were expected given
the differences in body mass between the male and female participants, with males having
greater body mass and therefore greater seat pan pressures. The task being performed did not
impact the seat pan pressures but there were asymmetrical differences in the pressures between
the left and right side of the seat pan. This is a typical finding in office chair seat pan assessments
and the Core Chair did not exhibit any asymmetries that were not present in the control chair for
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Total Pressure (mmHg)

peak pressures or pressure area, indicating that the addition of the side-to-side rotation did not
introduce any additional focal pressures associated with the unique seat pan movement ability.

However, the total pressure exhibited a greater asymmetry in the Core Chair when compared to
the control chair as well as having a significantly higher total pressure (p < 0.0001) (Figure 13).
For all pressure measures (Peak, Total and Area) the Core Chair resulted in greater magnitudes
than the control chair. Additional pilot testing of several different foam configuration appear to
indicate that these findings are likely attributable to the beta cushion employed during testing.
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Figure 13: Total pressure (+SD) averaged across gender and time to show each office task. A)
Core Chair and B) Control Chair.

Seat Pan Motion

Even with the additional rotation of the seat pan, users were still able to maintain the centering of
the chair while performing office work, without any coaching or instructions on controlling the
chair from the researchers for prolonged sitting during office work. This is demonstrated by the
average seat pan angles of the Core Chair being within 1° of the neutral or leveled seat pan angle
(Figure 14). The 0° of seat pan rotation represents the Core Chair seat pan angle at rest (i.e. no
participant sitting in the chair). Averaged across the 15-minute trials, the greatest deviation from
the level position occurred during typing, where participants sat with a slight right lateral tilt
(0.69°). There was considerable range across participants and this is highlighted in Table 5 with
the participants using a maximum range of lateral rotation of approximately 4° during prolonged
desk and computer work.
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Figure 14: Average seat pan angle (£1 SD) across each of the four office tasks.

Table 5: Range of seat pan angles for each office task.

Office Task Range (Lateral) Range (Forward-Backward)
Type -1.1°to 1.6° -1.8°to 1.4°
Read -3.0°to 1.7° -3.2°t0 3.6°
Web -3.0°to0 1.9° -4.3°t0 2.3°
Draw -2.0° to 2.4° -3.2°to0 2.5°

Note: Negative = Lateral tilt to the left and backward rotation.

Muscle Activation

When the Core Chair is used as an office chair to perform typical desk and computer work it did
not result in any statistically significant differences when compared to the control office chair.
The average EMG levels were well below levels that would create any muscle disorders or
fatigue due to prolonged activations. Typically the average EMG levels were below 3 % MVE
and again were similar to the control chair and magnitudes of torso EMG previously published in
the scientific literature (Callaghan et al., 2001; Gregory et al., 2006). Similarly the maximum
activation levels (Figure 15a and 15b) were of low magnitudes and exhibited the same responses

on the Core Chair as the control chair, which is a well-established and broadly accepted
ergonomics task chair.

Examining the pattern of muscle recruitment revealed that participants exhibited a similar
amount of muscle rest breaks and distribution of recruitment when the Core Chair and control
chair were compared. A gaps analysis determines the frequency and duration of muscle rest and
there were no significant differences in gaps calculated for the Core Chair and control chair for
any of the twelve muscles measured. To assess if there were differences in the distribution of
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muscle recruitment levels, or in other words to assess if a similar amount of effort or time was
spent across the range of activation levels and Amplitude Probability Distribution Function was
incorporated. Once again there were no significant differences between the control chair and the
Core Chair. Further the magnitudes of the criterion measure points (probabilities of 0.1, 0.5 and
0.9 - Jonsson, 1978) indicate that the magnitudes of activation are well below the proposed
muscle activation levels associated with developing muscle overload or discomfort. These
finding of muscle activity, when taken collectively indicate that the Core Chair can serve as an
ergonomic task chair and performs as well as an industrial leading ergonomics task chair (control
chair). The lack of chronic muscle activity, as illustrated by the probabilities of muscles at rest
and the gaps analyses also indicate that there is no apparent negative impact on muscle
involvement required to maintain posture or control the dynamic seat pan.

Given that the Core Chair represents a novel sitting interface, and subjects were only given a
relatively short exposure to the chair prior to the prolonged office work seating condition, the
lack of a significant difference or muscle response changing over time is worthy of comment.
Prior work examining the use of a stability ball as a chair has demonstrated that in order to
reduce discomfort an accommodation period is necessary, with exposure to usage being ramped
up gradually. As indicated previously, when novice users first used a stability ball as a chair
there were high levels of discomfort after 1 hour of usage (17mm, Gregory et al., 2006), but
when a 2-week accommodation period was employed the discomfort on the stability ball was
similar to discomfort reported in office chairs (Jackson et al., 2012). The discomfort scores
exhibited a decreasing trend following 45 minutes of Core Chair usage, a similar decreasing
trend (not statistically significant) in muscle activity, especially at the higher levels (p = 0.5, 0.9
and 0.99) was observed and sample figures are includes showing these declines at 46 and 60
minutes (Figure 16).
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Figure 15a: Average maximal muscle activity (+/- 1SD) for the abdominal muscle groups
during the four controlled office tasks across all participants (n=16) while sitting in the Core
Chair and Control Chair.
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Figure 15b: Average maximal muscle activity (+/- 1SD) for the trunk extensor muscle groups
during the four controlled office tasks across all participants (n=16) while sitting in the Core

Chair and Control Chair.
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Figure 16: Average amplitude probability distribution function criterion values for A) the rectus
abdominus (RA) and B) thoracic erector spinae (TES) across all participants (n=16) while sitting
in the Core Chair

Spine and Pelvis Kinematics

The lumbar spine and pelvis postures in flexion/extension and lateral bend were evaluated over
the full duration of the seated work periods. There were strong gender differences in the postures
males and females adopted, but these were present in both chairs and align with prior published
work identifying this gender response (Dunk and Callaghan, 2005). When the average postures
adopted were compared between the control chair and the Core Chair there were no significant
differences (Tables 6 and 7). This finding supports the use of the Core Chair as an office task
chair, given the control chair is a well-accepted ergonomics task chair.

Table 6: Average Lumbar Flexion (% Maximum) for both males and females in the Core Chair
and Control Chair.

Males Females
Core Chair 58.6 = 22.7 (% Max) 32.1 +£40.4 (% Max)
Control Chair 61.8 £ 16.0 (% Max) 36.3 £39.2 (% Max)

Table 7: Average pelvic rotation in degrees (with respect to upright standing) for both males and
females in the Core Chair and Control Chair.

Males Females
Core Chair 24.1+9.8 22.6+11.8
Control Chair 279+ 11.2 22.1+154

Note: Positive corresponds to posterior pelvic rotation
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When the time varying responses over the one-hour of sitting were examined, there were some
interesting and potentially beneficial aspects related to the Core Chair seat pan design. When
using the APDF analyses method to evaluate the distribution of posture, further sub-dividing the
responses into the 15-minute test blocks allowed an examination of changes over time. This
approach revealed that the Core Chair results in a significantly different response over time when
compared to the control chair. The response that was significantly different was the lumbar
flexion posture that occurred at the 10th percentile (p = 0.1 on Figure 17). These were postures
that occur for 10 percent of the duration of sitting. At 15, 45 and 60 Minutes the Control Chair
had lumbar flexion angles that were greater than the Core Chair (p<0.01). This shift to the left of
the Core Chair lumbar spine flexion represented a posture that was closer to upright standing and
more “neutral”. As can be seen in Figure 17b this difference was more pronounced with
participants in the control chair actually having less time in the least flexed postures. A similar
non-significant trend is also evident in the pelvic postures over time, with the Core maintaining a
similar amount of pelvic rotation, which the pelvis postures in the control chair exhibit a trend of
increasing posterior or backward rotation, which cause a concurrent change of increased lumbar
flexion. These more neutral postures represent a reduction in the risk of injury, as percent of time
spent in non-neutral postures is a known risk factor (i.e. Punnett et al., 1991), as well the
increased range of motion provided by the Core Chair allows greater postural variability. In
published studies, increased seated movements for asymptomatic individuals have been
identified as having the potential to reduce discomfort (Bhatnager, 1995; Jurgens, 1989),
stiffness, or seat pressure (de Looze et al., 2003) and facilitate circulation (Winkel and
Jorgensen, 1986). When this time varying response is combined with the trend in reduced muscle
activation levels at the higher percentiles, it contributes to explaining the plateau and decline of
discomfort scores documented in the VAS scores. Reduced muscle activation, increased
available range of motion, and more neutral spine postures are all positive responses that
underlie ergonomic design and intervention approaches aimed at minimizing ergonomic risk
factors.
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34



—_ O Core Chair @Control Chair

g 20
15
10

Pelvis Rotati

15 30 45 60
Time (Minutes)

Figure 18: Average pelvic rotation (Degrees + SD), expressed with respect to upright standing,
across time for the Core Chair and Control Chair. Positive corresponds to posterior pelvic
rotation

Exit Questionnaires
Part 1: Compare the Core Chair to the Control Chair (Figure 19)

Results from the first part of the exit survey were very favourable for the Core Chair. Question
#1 demonstrates that 15 of the 16 participants felt similarly balanced on both chairs. Question #2
highlighted that 14 of the 15* participants felt properly positioned on the seat pan. Finally,
Question #3 suggests that 10 of the participants felt that the Core Chair exhibited characteristics
that they had not experienced before and that it may influence how they would sit. *Note: One
person did not respond to question 2 and 3.
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Figure 19: Number of “yes” and “no” responses to the 3 questions comparing the chairs (N=16).
Note: One person did not respond to question 2 and 3
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Part 2: Core Chair responses during the long duration office work (Figure 20)

Fifteen questions were asked, relating to how participants felt in the Core Chair. Extremely high
scores are evident for questions 1-3, which suggest that participants were very pleased with the
design of the chair from an anthropometric standpoint. The Core Chair performed very well
when accommodating the wide range of participants that were evaluated, with scores over 80
(out of 100) for the chair being suitable for height and body type (Questions #1 and 2). The fact
that this study sought to test a wide range of participant sizes, the heights tested represented 99%
of the North America male height range and 75% of the female height range (Gordon et al.,
1989), suggests that the Core Chair will be suitable for a large range of the general population.

Questions 4-6 relate to chair stability and if the participants felt tipped or uneven during the
study. Question 4 demonstrates that participants felt very stable on the chair (83.8 + 9.4), while
simultaneously not feeling tipped (question #5) or uneven pressure from the seat pan (Question
#6). These stability findings support the mechanical testing and reaching results.

Questions 8-12 highlights how the participants felt in the Core Chair, compared to a traditional
office chair. Question #8 demonstrates that the Core Chair felt very similar to a typical office
chair (51.3 £26.4), and participants felt very comfortable using the chair (question #9, 69.7
+27.8). Participants scored very highly when asked how they would rank the Core Chair in
relation to other office chairs they have used (question #12, 70.0 = 20.1). Again, this provides
additional support that study participants viewed the Core Chair very favourably.

Questions 13-15 relates to Phase 1 of this study and compared how participants liked using the
Core Chair vs. a stability ball for exercises and the relationship between exercises and seated
discomfort. Question 13, with a score of approximately 50, indicates that there is some similarity
between the ball but that the movements do not directly replicate the same exercise performed on
a ball. Particular attention should be given to Question #14, which shows that the exercises were
viewed as beneficial for preventing discomfort while sitting (56.7 £27.7).
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Figure 20: Average score for questions 1-15 on the exit survey. For some questions a high score
would indicate a positive response for the Core Chair, while other questions a low score is more
beneficial. See exit survey for questions.
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CONCLUSIONS:

Overall, the results show that the Core Chair can effectively be used as an office task chair and
also provides a similar physical demand when performing light exercise when compared against
a stability ball. The Core Chair allows participants to perform office tasks in a similar position
with equivalent muscular demand as a leading ergonomics task chair. The Core Chair provided
the benefit of more neutral lumbar spine postures and a larger dynamic range over time
compared to the control chair. The postural, muscle activity and discomfort scores collectively
indicate that the Core Chair can serve as an ergonomic task chair and performs as well as an
industrial leading ergonomics task chair (control chair). The lack of chronic muscle activity, as
illustrated by the probabilities of muscles at rest and the gaps analyses also indicate that there is
no apparent negative impact on muscle involvement required to maintain posture or control the
dynamic seat pan.

As an exercise device the Core Chair provided similar muscular recruitment, but potentially with
an added stability/safety feature — two of the exercises were clearly identified as being abdominal
and trunk extensor dominant. The Forward-backward pelvic tilt activated the 6 abdominal
muscles the highest and the Circular hip rotation activated the 6 trunk extensors to the greatest
levels collectively. This clearly makes the case that these are effective exercises to target these
two groups. The other two exercises produced lower levels of activity and may serve as exercises
that could be used for earlier stages in an exercise progression program.

Additional Key Points:
* There was a general positive response to the design of the Core Chair, as indicated by the
high positive scores on the exit questionnaire.

* The Core Chair appears to easily accommodate a wide anthropometric range of heights
with no atypical gender or height related findings apparent in the data. Further the exit
questionnaire had a very high score on fit with 14/15 respondents saying they felt the
chair fit properly.

* The beta cushion seems to have introduced much higher pressures than the
control/industry standard and the foam properties need to be further investigated.
Interestingly the discomfort was no higher for gluteal area and the exit questionnaire
indicated low scores for uneven pressures on the seat pan.

* The Core Chair passed the front and rear stability tests as outlined in the American
National Standards. When the same loading conditions were applied on the lateral aspect
of the Core Chair, the stability of the chair passed the test. The users’ centre of mass
during reaching was well within the base of support of the chair, further confirming
stability.

* The additional degree of freedom that allows for sideways motion of the chair did not

induce any uneven pressures and the average set pan position during prolonged work was
within 1° of neutral.
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APPENDICES:

Please compare the chair you are sitting in now relative to the seat pan that you just sat on:

a)

b)

Do you feel like you are similarly balanced on the current chair?
Please circle: Y N

Can you get deep enough into the seat pan of the current? i.e. can you get your
buttocks back far enough on the seat pan?
Please circle: Y N

c) Are there any different characteristics influencing how you sit on the current
chair?
Please circle: Y N

If yes, please explain:

For the following questions, please consider the core chair you were sitting in while performing
the office work. Answer all questions according to the indicated scale.

1.

How suitable is the chair for your body build?

(0 = very unsuitable, 100 = very suitable)

How suitable is the chair for your height?

(0 = very unsuitable, 100 = very suitable)

Are you satisfied with the posture you have assumed?
(0 = very dissatisfied, 100 = very satisfied)

How stable is the chair?

(0 = very unstable, 100 = very stable)
To what extent are you tipped forward?

(0 =not at all, 100 = very much)
Do you feel uneven pressure from the seat pan?

(0 =not at all, 100 = very much)

Where?

Figure Al: Part 1 of the exit questionnaire given to participants at the end of the long duration
sitting component of this study
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7. Did you prefer more or less seat-pan resistance?
(0 = low resistance (large motion), 100 = high (little motion))

8. Was the chair noticeably different from a typical office chair?
(0 = not different at all, 100 = very different)

9. Do you feel comfortable sitting in the chair?
(0 = very uncomfortable, 100 = very comfortable)

10. Do you like the chair?
(0 =not at all, 100 = very much)

11. How much would you want to use this chair at work?
(0 =never, 100 = all of the time)

12. How would you rank this chair in relation to other office chairs that you have used?
(0 = very bad, 100 = very good)

For the exercise performed:
13. How similar was the movement when performing the exercises on the core chair?
(0 = very different, 100 = very similar)

If very different can you please explain how they felt different:

14. Did you feel the exercises could be beneficial to prevent discomfort while sitting?
(0 =not at all, 100 = very much)

15. Did you feel like the exercises had any affect on your muscles or spine posture?
(0 =not at all, 100 = very much)

What did you feel was affected?

Please feel free to add any additional comments that you may have:

Thank you for your time!!

Figure A2: Part 2 of the exit questionnaire given to participants at the end of the long duration
sitting component of this study.
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