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Presently, office workers tend to sit for longer periods of time. More than
half of all office workers have lower back symptoms or disorders as a pain indication.
This pain is caused by a change in sitting posture in the lumbar and pelvic areas when
sitting for a while. The seat cushion plays a role in adjusting the chair by increasing the
seat pan inclination to improve anterior pelvic tilting of the pelvis. This study aimed to
design an innovative seat cushion related to ergonomic design and improved sitting
posture by promoting the anterior pelvic tilt and lumbar lordotic curve. As a result, two
new seat cushions were developed. Then, the new seat cushion design was conducted
to compare the use of no seat cushion when sitting in an office chair. Thirty-six healthy
prolonged sitting office workers were analyzed and performed on the kinematics and
pain scale. All participants were randomly assigned a sequence of sitting trials and
scored the pain intensity by using a Visual Analog Scale (VAS). The placement of
kinematic markers was used to assess and measure the lumbar and pelvic tilting
angles. The pain score and interesting angles were compared at each trial as sitting on
the chair with the addition of three various seat cushion designs. The results illustrated
that the new seat cushion could improve sitting posture and also reduce pain in the

lower back region.
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CHAPTER 1
INTRODUCTION

Background

Currently, human beings tend to suffer from extended periods in seated
positions due to an increase of office work time and, more specifically, time devoted to
advanced technology: l.e. computers and gaming devices. Through technological
devices (such as computers and gaming devices) human beings thus reach a euphoric
state. The convenience of advanced technology beings at their fingertips, which
eventually becomes a detriment to their physical well-being due to the fact that they
remain seated throughout these euphoric experiences.

In 2016, Thailand National Statistical Institute found that 14.4 million Thai people
used computers daily, in which working age groups cover approximately 71.2 percent of
that (1). Data on office workers demonstrated that 48.8 percent were in prolonged sitting
positions during computer use (2). These office workers reported feeling pain
throughout their body after some time during the process. They required adjusting their
sitting positions to help alleviate aches and pains. It has also been reported that 66.3
percent of this group bracket experienced pain, particularly at the back region (3). This
is related to the study of Daneshmandi et al, in 2017, which found that 53.2 percent of
the computer users, with a prolonged sitting duration of roughly6.29 hours per day,
reported back pain (2). In addition, they conveyed that continued prolonged sitting is
also associated with intense low back pain (4-6). Similarly, poor sitting posture, or “half-
sitting”, is also a major risk factor to back pain (OR =2.241 P=0.001) (7).

Prolonged sitting duration is considered to be a risk factor that can change
sitting positions from good posture to poor posture (8, 9), which ultimately leads to back
pain. Waongenngarm et al, 2015 showed that prolonged sitting with slumped posture
provoked a low back pain score(10). Another research paper has similarly displayed
that poor posture in the neck region induced back pain with increased muscle activity

and interdiscal pressure on the spine (11).



Poor sitting posture and sitting in long duration are possible cause of back pain
and, it probably cannot control the sitting duration while working. The previous study
found that sitting posture tended to be poor after sitting for a while (12). Thereby,
correction of sitting posture is one of the best way to prevent and solve back problem.
Interestingly, there was an evidence which found that erect sitting showed in range from
posterior pelvic tilting of 3 degrees to anterior pelvic tilting of 10 degrees and lumbar
lordosis approximately 4.4 degrees (13).

At present, knowledge of ergonomics is an important role in improving sitting
posture, which enables prevention of back pain for a vulnerable population. Changing
the arrangement of the workspace can reduce pain and improve sitting postures (14).
Adjustment of working desk, computer/screen placement, and chair are recommended.
These adjustments are helpful in significantly reducing neck and upper body pain. In
addition, adjustment of chairs could decrease pain scale at the back region, and also
improve lower back posture. Previous studies also found that such modifications of the
chair itself were effective in reducing pain during working hours in front of a computer.

Adjustable chairs, which are more ergonomically sound. Two main things
including backrest and seat pan inclination adjustment are the effectiveness which lead
to the improvement of sitting posture and pain during sitting. however, an expensive
purchase for a computer user, both in office and at home. In addition, there are further
limitations to this, such as company regulations, working characteristics or financial
limitation, etc. Seat cushions and backrest supports are coming into play to help modify
chairs in accordance with ergonomic recommendations. Some studies showed that
using backrest supports or back care pillows can help reduce pain intensity (15, 16).
However, there are a few studies evaluating effect of seat cushions on improvement of
sitting posture in term of lumbar curvature and pelvic tilting and back pain reduction in
sitting.

Interestingly, seat cushions are more affordable and practical as they are
portable and can be fitted to many chair designs. It had been found that seat cushions

on the commercial market were still being unwieldy and importable. There is also little



evidence to show that seat cushions can help prevent pain, and improve lumbo-pelvic
angles during short and long sitting sessions in front of a computer (17). At present,
there is no official study evaluating the effects of seat cushions on lumbo-pelvic posture
and pain during prolonged sitting. Therefore, it is vital that an ergonomic seat cushion is
designed, based on knowledge of anatomical, biomechanics and ergonomics in order
to help office workers who work with computers experience a pain free prolonged sitting
session. It probably that the design of commercial seat cushions is lacking or not
relating to ergonomic method of seat pan inclination adjustment. In regard to the
statements above, there is expected to be sufficient gaps of research on this particular
subject. Therefore, the aim of this study is to prove the new design of seat cushion
which relate to ergonomic method to prevent low back pain and correct lumbo-pelvic
posture in short duration of sitting in office worker comparing with no use any seat
cushion. This study was developed 2 designs of the seat cushions. Three experts in
human biomechanics and engineering were evaluated the new seat cushion designs by
using Pugh matrix method to generate and determine the innovative design against the
existing designs. Afterward, they discussed about phototype to finalize the new seat
cushion designs. The first seat cushion will be created related to inclination of seat pan
referenced from ergonomic seat chair adjustment which will be named as Pelvic seat
cushion design. The second seat cushion will be created related to applied posterior

height of seat cushion which will be named as Lumbo-pelvic seat cushion design.



Research Questions

Which seat cushion design can induce 10 degrees of anterior pelvic tilting to 3
degrees of posterior pelvic tilting?

What is the difference of perceived pain intensity among pelvic seat cushion

design, Lumbo-pelvic seat cushion design, and no cushion?

Objective
General objective
To compare the lumbar angles, pelvic tilting angles and perceived pain
intensity among pelvic seat cushion design, Lumbo-pelvic seat cushion design, and no
cushion in sitting
Specific objective
To compare the lumbar angles pelvic tilting angle among pelvic seat
cushion design, Lumbo-pelvic seat cushion design, and no cushion in sitting at 0 and 10
minutes
To compare the perceived pain intensity among pelvic seat cushion design,

Lumbo-pelvic seat cushion design, and no cushion in sitting at 0 and 10 minutes

Research hypotheses
Lumbar angle and pelvic tilting angle in pelvic cushion design and Lumbo-
pelvic seat cushion design will be better than no cushion in sitting at 0 and 10 minutes.
Perceived pain intensity in pelvic cushion design and Lumbo-pelvic seat

cushion design will be lower than no cushion in sitting at 0 and 10 minutes.

Scope of the study
This research conducted within a working age group who has experience in
prolonged sitting durations of at least 6 hours per day and longer than 41 hours per

week (3).



Research Advantages

Obtain the evidence of comparing of lumbar angles pelvic tilting angle and
perceived pain intensity among using 2 seat cushions and no used.

Develop one prototype innovative seating cushions to improve lumbo-pelvic

posture and prevent pain in office workers.
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Figure 1 Conceptual framework of this study



CHAPTER 2
LITERATURE REVIEW

The review of literature includes the following categories
Back pain in office worker cause of prolong sitting
Spine and pelvic posture in sitting position
Ergonomic guideline of Computer Workstation
Chair adjustments help to correct posture
Seat Pan inclination adjustment
Backrest adjustment
Seat cushion help to correct posture and reduce back pain
Seat cushion material
Prototype evaluation
Outcome measurement
Pain measurement
Pelvic inclination and lumbar curve measurement
VICON 3D Motion Analysis
Flexible Electrogoniometer

Kinovea 2D Video capture



Back pain in office workers during long duration sitting

Low back pain symptoms are commonly found as one of the physical factors
caused from poor posture in prolonged sitting in front of a computer. It was reported that
46.9 percent of Thai university office workers had low back pain (LBP). In addition, this
group of office workers reported that LBP affected their quality of life and working
performance (18). Interestingly, it was also found that about 122 in 173 office workers
with chronic LBP tended to work with poor posture (19).This corresponded with results
of a study from Hanna et al 2019, who found that the sedentary behavior of around 6
hours per day was associated with back pain in university employees (aOR = 1.74, 95%
Cl =1.19-2.57) (20). A study of bank officers who work full-time, 8 hours a day, reported
that the prevalence of back pain was 45.8%. This study was drawn from workers who
did not have breaks during their working day (aOR=3.96; 95% Cl = 1.71-9.20; p,0.0001)

(21). Therefore, prolonged sitting could be considered a risk factor of LBP.

Spine and pelvic posture in sitting position

Poor posture was found in prolonged sitting with posterior pelvic tilt and
decreasing lumbar lordosis. Morl et al, in 2013 found that sitting longer than 10 minutes
showed an increasing lumbar flexion angle at around 4-12 degrees. This finding
indicated that the reduction of lumbar lordotic curve showed a flat back of the lumbar
region and slumped posture (12). Similarly, Claus et al, in 2016 found that, without
postural correction after sitting for 10 minutes, spine posture reached into slumped back

or relaxed sitting posture (9) (Figure 2).
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Figure 2 Straight and slouch sitting postures

Kinematic chain of skeletal system was related and connected to the whole
body. Postural changing in one joint influenced nearby joints. Pelvic tilting effects lumbar
angle in biomechanical principle, human with anterior pelvic tilt could increase lumbar

lordosis, and humans with posterior pelvic tilt could decrease lumbar lordosis (Figure 3).

Anterior pelvic tilt with lumbar extension

Posterior pelvic tilt with lumbar flexion

Lumbar extensors

Abdominal muscles

Figure 3 Main muscle activity during pelvic tilting movement
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Yu et al, 2015 evaluated pelvic and lumbar angles during sitting in erect sitting,
slouched sitting and crossed leg sitting positions in healthy adult females. The results
clearly showed that erect sitting posture induced 3.07 degrees of pelvic tilting and 4.4
degrees of lumbar (13). Preece et al, 2008 measured the pelvic tilting angle, defined as
the angle of PSIS to ASIP, which found that the pelvic tilting angle was at an average of
13 degrees with a standard deviation of 5 degrees (22). Obviously, sitting with slouched
posture significantly displayed a higher posterior pelvic tilt than sitting in an upright
posture (P<0.001) (13, 23, 24). Moon et al, 2018 showed that in sitting, sacral slope
decreased 15 degrees when compared with a standing posture (25). A sitting position
reduced the anterior tilting angle. Likewise, decreasing of lumbar lordosis had a strong
correlation with decreasing sacral slope or pelvic inclination (r= 0.731, P<0.01) in
relaxed sitting (26). Therefore, poor sitting posture is not only decreasing the lumbar
lordotic, it is also decreasing the anterior pelvic tilt angle (23).

From previous studies, it can be concluded that poor sitting posture indicated a
posterior pelvic tilt and reduced lumbar lordosis. The poor sitting posture for prolonged
periods induced back pain in up to 71% of office workers (27). In addition, poor sitting
posture can lead to overall negative effects, particularly in long duration. Therefore, in
order to prevent and resolve poor sitting postures, good body mechanics with
promoting an anterior pelvic tilt is crucial. Poor sitting postures not only produce
abnormal pelvic and lumbar curvature, but also affects muscle activity. It was found that
muscle activity of Lumbar multifidus, Internal oblique, Thoracic erector, External oblique,
Rectus abdominis and lliocostalis muscle in slumped positions was significantly higher
than sitting upright postures (p<0.05) (23).

Heyet al, in 2017 found that people who already suffer from LBP had a less
lumbar lordotic curve at about 21-22 degrees compared with a regular, healthy group of
people (11). Similarly, Emanuelle et al, in 2011 found that people who have back pain
experience tended to have a decreased lumbar lordotic curve (28). Therefore, the
current study will recruit asymptomatic LBP to consider the confounding factor cause of

LBP.
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Ergonomic Guideline of Desktop Computer Workstation

In addition, with sitting in good posture in front of a computer, the adjustment of
the workstation has to also be considered. The United State of Occupation Safety and
Health Administration (OSHA) recommended an ergonomic principle checklist for
desktop computer workstations that was developed and approved by OSHA (Figure 4).

Full checklist is already attached in the Appendix.

Computer Workstations eTool

Checklists » Evaluation

This checklist can help you create a safe and comfortable computer workstation. You can also use it in
conjunction with the purchasing guide checklist. A "no" response indicates that a problem may exist. Refer to
the appropriate section of the eTool for assistance and ideas about how to analyze and control the problem.

& Print Checklist l

WORK STATIONS - Arrange and adjust the computer workstation to promote neutral postures. Y

1. Head and neck are balanced and in-line with torso (ears directly above the shoulders not bent (7]
forward or back). If "no™ refer to Monitors, Chairs and Work Surfaces.

2. Head, neck, and trunk facing forward (not twisted to view monitor/work/documents). if "no" O
refer to Monitors or Chairs.

3. Torso is vertical to slightly reclined (see recommendations in Good Working Postures). If
"no" refer to Chairs or Monitors.

8]

4. Back is fully supported by chair lumbar support. If "no" refer to Seating.

r
L

5. Shouiders are relaxed (not el d). Upper arms Shoulders are relaxed (not elevated). Upper
arms are in-line with torso, (not elevated or stretched forward unless supported by work
surface). If "no" refer to Chairs.

(]

6. Elbows are close to the body (not extended forward or outward unless supported by work ]
surface or chair armrests). If "no” refer to Chairs, Work Surfaces, Keyboards, and Pointers.

7. Forearms are approximately parallel to the floor and about 90 to 100 degrees to the upper O
arm. If "no" refer to Chairs, Keyboards, Pointers.

8. Wrists and hands are straight in alignment to the forearm (not bent up/down or sideways). If O
no" refer to Keyboards, or Pointers

9. Thighs are approximately parallel to the floor (and lower legs are approximately O
perpendicular to floor (thighs may be slightly elevated above knees see recommendations in
Good Working Posture for declined seated postures). If "no™ refer to Chairs or Work Surfaces.

10. There should be sufficient room under the work surface so thighs have clearance space 0
between the top of the thighs and the computer table/keyboard platform (thighs are not
trapped).

Figure 4 Checklist of desktop computer Workstation adjustment developed by OSHA
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In addition, three studies recommend adjusting the workstation, similar to the
OSHA checklist, which also incorporates ergonomic principles (27, 29, 30). The results
showed that after workstation adjustment, pain intensity decreased significantly
(P<0.05). Therefore, the current study will follow the OSHA guideline to adjust the
desktop computer workstation before gathering data to evaluate the results of the

innovative seat cushion to help remove the effect of confounding factors.

Effect of Posture correction by chair adjustment

Literature review in this point will be part of consideration to design an
innovative seat cushion. Improvement of sitting posture in office workers involves
adjusting workspace, including computer desk and chair. Adjustment of chair is

considered important in two parts, including seat pan inclination and backrest.

Seat pan inclination adjustment

Seat pan inclination helps to improve anterior pelvic tilt to promote a normal
lumbar curvature. A study found that the 10 degrees seat pan tilting promoted anterior
pelvic tilting, and improved lumbar lordosis (30). Moreover, it also found that seat pan
adjustment, with tilting forward, reduced low back pain when compared to no
adjustment. Interestingly, adjustment of seat pan reduced and delayed the occurrence

of low back pain during 1 hour prolonged sitting (31).
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Backrest adjustment

In terms of backrest adjustment, Curran et al, in 2014, found that backrest
height located at 22 cm behind greater trochanter at level of posterior superior iliac crest
(PSIS) increased comfort feeling when compared with no back rest support (32) (Figure
5). In addition, using the lumbar care pillow at the lower back region reduced LBP
intensity when compared with only using lumbar support during 2 weeks study (16).
However, a study found that a backrest did not substantially help reduce back pain after

adjustment (15).

Figure 5 Sitting posture with and without adjustable backrest (32)

Seat cushions help to correct posture and reduce back pain

There are a few seat cushions designs which are available on the market which
had been evaluated in terms of preventing pain in sitting postures. It is found that two
particular cushion designs did not help to reduce low back pain after sitting longer than
10 minutes (33). The weak point of the cushion designs may be that the participants
were unable to maintain an upright posture while seated, in spite of the first cushion
design recommended for participants with the weight of around100 pounds (about 53
kg). In addition, the study that was designed to gather pain detection was quite short in

time duration. They were 0, 6, 12 minutes, which is an inappropriate study time for
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prolonged sitting. A previous study involved designed short wedge shape seat cushions
(depth 30 cm with slope of 10 degrees) which did not help to correct posture, and it
promoted posterior pelvic tilting at 3-13 degrees, instead of anterior pelvic tilting.
However, this study was examined in crossed sitting posture which is in a different body

mechanic for chair sitting (27) (Figure 6).

Figure 6 Lumbo-pelvic posture in crosses sitting posture (27)

In conclusion, there is no ergonomic seat cushion designed that truly considers
biomechanics of sitting posture, particularly normal pelvic tilting and lumbar lordotic

curvature and it bears no scientific improvement in angle and pain in prolonged sitting.
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Seat cushion material

At present, seat cushion industries try to produce comfortable cushions to
distribute and sell in trade-wars. Apart from the cushion design itself, the material is one
of the main important factors for manufacturing of seat cushions. It has been found that
a lot of material types are developed in these industries. The most popular features are
the softness of the materials. Gel and foam material were considered to be used in
previous studies. It was possible that mostly a seat cushion is manufactured by using
gel and foam. Interestingly, latex rubber is one of the materials that is very popular in the
mattress industry, particularly in Asia because of the cultivation ability of this region.
From Low et al, 2017 found that the mattress with latex material could reduce peak
pressure and improve pressure distribution while asleep in different postures, including
supine, prone, side-lying (34). Latex has a different density, including hard, firm, soft, to
help develop support, conform different parts of the body, such as seven zones latex
mattress which has a firm density to support the pelvic region but a low density to
support the leg region. Other implicated studies’ results displayed the same data. The
study used neutral rubber latex to produce health care and a therapeutic applicator. A
wheelchair seat was manufactured by using neutral rubber latex and the study found
that it could reduce peak pressure better than normal wheelchairs (35).

It can be seen that latex is an effective material in developing an innovative seat
cushion. However, latex properties, such as density, recoil force, collapse ability,
elasticity etc., varies depending on the latex mixed formula. Those qualities are

produced from the intellectual property of different companies.
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Prototype design evaluation

Prototypes are generally the first or preliminary draft toward to a final concept of
a production. Innovative products must be developed from prototypes in order to test
the existing design and/or design flaws. Prototype Evaluation is used for testing
prototypes to help confirm that the product has an innovative functionality prior to
production. Additionally, prototypes are typically created in various designs to offer the
best options for designers prior to evaluating the objective functionality of the product by
using the Prototype Evaluation Process. Too many wireframed paper prototypes could
waste the prototype evaluation costs. The prototype design should be taken into
consideration by choosing the most appropriate and best design for the mocking up
and the evaluation stages.

Pugh matrix is a type of Matrix diagram that allows comparison of a number of
design candidates which meet a set of criteria by comparing prototype designs with
their baseline or previous designs. This matrix diagram is widely used in making the final
decision on the prototype design. The basic concept of the Pugh matrix is easy to
understand. The clearly identified criteria must be included into the diagram. The
scoring for each criterion is “+” for each criterion where the prototype design better than
the baseline, “-” for each criterion where the prototype design is worse than baseline,
and “S” for each criterion where the prototype design is the same as the baseline. It is
also possible to add extra levels of discrimination by using “++" for “much better” and “-

-” for “much worse” for each criterion (36) (Figure.7).



Figure 7 A completed Pugh matrix for the alternative designs
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Before completing the diagram, the criteria must be weighted to give the order

of the criteria’s magnitude from the relevant person. Typically, the weighting score is on

1 to 5 scale which 1 is the lowest and 5 is the highest weighting for each criterion

(Figure 8).

Design Concepts

Pugh Concept Selection Matrix

Selection Criteria
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Figure 8 A completed Pugh matrix with weighted priority of criteria
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The score will be calculated by multiplying the weight of criteria to the sign. In
order of ‘S’ as ‘0", *-' as -1, '+ as +1’, - -" as 2" and '+ +’ as ‘+2'. Afterwards,

summation of the score will be processed into a total score (Figure 9).

TOTAL + 0
TOTAL - 0
TOTAL SCORE 0|-2] -5
WEIGHTED TOTAL + 0|15] 17
WEIGHTED TOTAL - 0117 32
WEIGHTED SCORE 0|-2|-15

Figure 9 The total score with completed sum

The total score shows the advances of each prototype design compared to
existing design. The chosen prototype design will be refined by recommendation and
conclusion of the relevant specialist at the event. In the case of having more than one
scorer, all scorers must participate in a meeting to draw the final conclusion on the

prototype design.
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Outcome measurement
Pain measurement

Pain measurement is one part of the sensations that is mainly objective and
reflects some disorder or abnormality inhuman tissue, however many kinds of pain
measurements are widely used. Visual Analog Scale (VAS) and numeric pain scale
(NRS) are commonly used in pain evaluation in adults. The correlation between two
scales and failure rate in pain measurement is 4-11%. Also, VAS and NRS were
consistent and had a strong correlation and were coefficient, ranging from 0.97-0.99
(37). A systematic review represented that the most instruments used to indicate pain
intensity are VAS and NRS (10 studies in an overall 19 studies). The same systematic
review showed that VAS was considered superior than other pain assessments in a 7
from 29 reviews. The other systematic review showed in the same way that a number of
studies cited a considerable difficulty in practical use of VAS (38). In the same token,
Williamson'’s study in 2005 also mentioned that VAS had more practical difficulties than
NRS and Visual rating scale (VRS) (37 ), however VAS is statistically the most robust
scale as it can provide ratio level data (39). The pain minimum clinical significant
difference of VAS and NRS are 12 mm. and 1.39 (40, 41). VAS has more sensitivity for
pain than NRS.

Pain in prolong sitting has been used to evaluate pain feeling. However, by
using VAS to indicate pain feeling in the previous 2 studies, the results displayed
similarities that could detect pain feeling after sitting for 15 minutes in all participant
groups neither pain-developer nor non-pain developer (42, 43). Therefore, VAS is more
suitable for detecting pain during prolong sitting with and with no cushion use in the
current study.

Discomfort measurement

Body part discomfort scale is the other way of measuring discomfort

intensity. It was developed in 1976 by Corrett and Bishop, and this scale has been

extensively used for seat evaluation prior to 2000 by Fenety et al (44).
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Pelvic inclination and lumbar curve measurement
VICON 3D Motion Analysis

3D motion analysis is software that is designed to capture and analyze
the biomechanical movement of humans. This process is done by capturing the
reflective marker on the body, using a group of infrared video cameras in specified
angles, which, in turn, is used to create a 3D model of a joint angle. Despite the fact
that it is acceptable to capture the angle and anthropometry, test-retest reliability with
traditional anthropometry, ICC were more than 0.7 in their score for the whole body
markers, it indicated as a strong correlation between VICON 3D and traditional
anthropometry (45). Even though there is no obstruction of viewing of the pelvic and
lumbar angles, there are many processes in the camera setting, calibrating the system,

and data analyses.
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Electrogoniometer

In 1987, flexible electrogoniometer offered the opportunity to investigate
spinal kinematic angles during the human number functional movement. This instrument
is working to indicate the changing of electrical resistance, proportionally, at the strain
gauge which bends and can be calculated into angles. Perriman et al, found that
flexible electrogoniometer with strain gauge method concurrent validity had significant
correlation with Thoracic region cobb angle measurement from radiography (P>0.05)
and also had strong correlation test-retest reliability (0.92-0.95, P-value > 0.001). With
the change of electrical resistance, which is a delicate device and easy to be
inconvenienced by the disturbance force, could be changing the value of the collected
data caused by reverse force by leaning on the backrest (46). However, the placement

of electrogoniometer is at the pelvic region which is abstracted by the seat cushion

/" £ mdcobb
<L Outer Cobb

Figure 10 Radiography of thoracic cobb angle with flexible electrogoniometer endblocks
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Kinovea 2D Video capture

Kinovea is a video player software for defining angle and movement
analysis. It provides a set of tools to capture and measure technical performances by
using marking on the attended point. This program is easy to use, and the data validity
can be considered acceptable with a correlation value of 1 (ICC =1) in an orthogonal
perspective (47). The video camera is perpendicular with the point of interest and data
is calculated by plotting the point of interest in the computer program to create the
hypothetical line with the angle. The camera can capture pelvic and lumbar angles with
no disruption in sitting in front of the computer. Kinovea program has been used widely
in many studies due to this fact. Santo Et al, 2017 used Kinovea software to assess the
changing in spine curvature while sitting on difference types of chairs (48), Millar et al,
2017 also used Kinovea software to define changing of lumbar curve while chronic LBP
people performed trunk flexion. It can be seen that Kinovea software had been used
widely to measure lumbar curvature in many situations (49). The Kinovea is a standard

device for collecting pelvic and lumbar angle data in this study (Figure 11).

15 Thoracicangle

-~

Ti0 Thoracolumbar angle

Lumbar angle

52

Figure 11 The illustrative image showing kinematic marker used to measure in the study

(48)



CHAPTER 3
METHODOLOGY

Research Design

This research is a cross-sectional design study.

Participants

Thirty six adults in working age of 18-59 years old (Male = 5 Female = 31) who
gain an experience of working with prolonged sitting, more than 6 hours per day and
longer than 12 months with normal BMI (3) was recruited in this study. Additional
inclusion criteria was felt pain at lower back VAS is 0-3 with tolerable to handle by self-
resting and no need pain resolution as visit medical staff, take pain killer or pain therapy.
Participant who met the eligibility criteria was recruited into the current study.

Exclusion criteria was BMI over 25 kg/m2 or less than 18.0 kg/mz. Participants
with moderated pain indications at the time of study, on medication or pain therapy 2
weeks prior to the study, or had a neurological disease such as a stroke, spinal cord
injury, multiple sclerosis etc. were excluded. In addition, participants with a history of
any orthopedic surgery at the spine and pelvic regions or had spinal idiopathic disorder
as idiopathic scoliosis, diffuse idiopathic hyperostosis was also be excluded.

Participants had the right to withdraw their consent to take part in the study at
any time in regard to their own safety. The researcher was applied any physiotherapy
treatment (Ultrasound therapy, superficial heat, gentle massage or stretching, etc.) to
the participants who had pain intensifying throughout the study to help to alleviate any

stress or discomfort.
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Sampling the sample size

The participants were recruited by using a purposive sampling method to reach
the target population. The sample size was calculated by using a G-power program. The
effect size from the similar research design, procedure and same outcome
measurement was used in the study and will investigate 3 parameters, including
perceive pain intensity from Curran et al, 2014 (32), lumbar lordotic curve from Grodin et
al, 2013 (15) and pelvic tilting angles from O’keeffe et al, 2013 (31).

Therefore, number of sample size of the current study was 36. By using Curran
et al's study as a reference with effect size = 0.545 and 95% confidence interval (32).
However, in case of participant withdrawal or cannot continue the research process for
each participant. The additional participants were recruited to complete the aiming of

sample size.
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Setting
Faculty of Physical Therapy, Srinakharinwirot University (Ongkharak), Thailand

Variable of study

Independent variable
Sitting with no cushion on a standard chair with doing a computer task on
ergonomic desk
Sitting with pelvic seat cushion on a standard chair with doing a computer
task on ergonomic desk
Sitting with lumbo-pelvic seat cushion on a standard chair with doing a
computer task on ergonomic desk
Dependence variable
Thoracic angle
Lumbar angle
Pelvic angle
Perceived pain intensity

Location of pain
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Research Instrument
Innovative seat cushion design
There were 5 steps in the innovative seat cushion designing process.
Step 1: Reviewed previous studies to determine design parameter

Before designing seat cushion, it must be determined design
parameters to induce upright sitting posture. The previous studies could conclude that
as below.

It is apparent that an anterior pelvic tilting angle reduces in sitting
posture, caused by a biomechanical spinal pattern. However, a lot of reduction of the
pelvic tilt could lead to poor posture. The design of the cushion has to correct and
maintain the pelvic tilt angle. Erect sitting in healthy group showed 3.1 degrees of
anterior pelvic tilting and 4.4 degrees of lumbar angle. Ten degrees of wedge shape
seat pan on chair with back seat promoted lumbar angle (30). Ten degrees forward seat
pan slope with on back seat induced anterior pelvic tilt and lumbar lordotic curve (31).
This slope angle was used as reference of seat cushion design in this study as 1°
design parameter (DP).

A previous study found peak pressure was around a quarter of the
length from the back of the chair seat pan while in a relaxed sitting posture (50, 51)
(Figure12). It is probable as this area has the most contact with the buttocks. Therefore,
this area could build an effective counter force to tilt the pelvic area forward while sitting
on the chair. Meanwhile, with the 10 degrees tilting forward of the seat pan, it has height
between hypothetical parallel line and the seat pan at peak pressure area. This height
can calculate, via a trigonometry formula, this height of peak pressure area value was
used for reference as a part of this cushion design. So that the depth of pelvic seat
cushion is considered as 2" DP. The height of pelvic seat cushion at peak pressure

. . d
area is considered as 3" DP.
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Sitting position 16

Floppy

Figure 15 Pressure distribution of ‘Floppy’ sitting position (50)

The height of the seat cushion is also an important factor. A previous
study found that the posterior of the peak pressure area of the seat while sitting showed
less contact area. Increasing the height of the cushion at the posterior area, which
produces more contact area, probably can promote anterior pelvic tilt. This height was
referenced from the average value of the thigh clearance in the anthropometry of Thai
people (52). From the previous study above the posterior height of pelvic seat cushion
was considered as 4" DP. To stabilize lumbar angle must be used the proper angle of
cushion to fix the human lower back in the right position. This angle was calculated by
using triangular formulas and the variable value from normal human pelvic anterior tilting

angle while sitting. This angle was considered as 5" DP.
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Step 2: Reviewed exist seat cushion design

Current cushion designs which are available on market were designed
to stimulate anterior part of the seat cushion to induce anterior pelvic tilting. However,
wedge design have low height of inclination and no consideration of pelvic support (33)
which is posterior part of cushion to maintain good pelvic and lumbar angles. The
posterior height dimension of seat cushion from previous study or from exist designs
were not height match to 4" DP which probably cannot produce enough contact area to
promote anterior pelvic tilt as prediction of this study. Afterward 2 existed designs which
the best seller seat cushion design in 2018 at Amazon.com were chosen to compare

and evaluate new seat cushion design in next step.

Step 3: Design seat cushion with design parameter

The prototype seat cushions were designing used all of design
parameters which referenced on previous studies as abovementioned. The 1% of seat
cushion design was contained 1 DP design parameter to create design to determine
the effect of slope surface only. The 2" of seat cushion design was contained 1-5
design parameters to create the seat cushion design to added probably effect from
other parameters expectation. The curvature was applied to the surface of 2" cushion
design, to refute a previous study, and it could reduce the effect of the changed in slope
caused by the size reduction. This curvature was not referenced previously, so using
another value from the design was to be calculated by AutoCAD plant 3D software and

became the various.



1% seat cushion concept design

1*' DP is the slope degrees

DP 1+

Figure 16 Design parameter of pelvic seat cushion concept design
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Figure 17 Lumbar seat cushion design blueprint
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2" seat cushion concept design
1*' DP is the slope degrees
2" DP is the depth to peak pressure area of seat cushion
3“ DP is the height of seat cushion at peak pressure area
4" DP is the posterior height of seat cushion

5" DP is the angle of cushion posterior part

DP 5th

DP 4th

DP 2nd

Figure 18 Design parameter of pelvic seat cushion concept design

BT
Seat Cushion Final {Mold)

Figure 19 Lumbo-pelvic seat cushion design blueprint
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Step 4: Seat cushion design evaluation

32

Pugh matrix was used to evaluated new Lumbo-pelvic seat cushion

design in this study. The calculation process of Pugh matrix was already explained in

review literature part, the criteria of Pugh matrix was defined clearly and identification as

table below.

Table 1 Identification for each criterion in Pugh matrix used

Criteria ‘same’ level identification ‘better’ level ‘worst’ level
identification identification
Criteria 1: The design’ cushion can | The design’ The design’
Probably ., ' .
effectiveness of maintain or promote cushion can cushion cannot
lumbo-pelvic lumbar and pelvic tilting | promote lumbar maintain or promote
posture

maintenance

angle but no longer than
10 minute or can

promote angles but not

and pelvic tilting
and maintenance

angles more than

any angles or
reduce angles into

poor sitting posture

significantly change into | 10 minutes as slouch and
ideal correct sitting slump posture
posture
Criteria 2: The design’ cushion has | The design’ The design’
The design is . . . . ,
containing critic contained design cushion has cushion doesn't
design parameter but not all contained all have or match with
parameter . .
design parameter | design parameter
Criteria 3: The design’ cushion The design’ The design’
Easy to move as . . . .
oortable item Considered as can move | cushion cushion considered

out from chair but look
feel hard to carry out with

user

considered as can
move out from
chair and easy to

carry out with user

as hard to move out

from the chair




Table 1 (Continued)
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Criteria 4: The design’ cushion The design’ The design’
Easy to use by
considered as every cushion cushion
user
user can use but feel considered as considered as it
hard to adjusted everyone can easy | looks hard to be
correctly to be adjusted on adjusted on chair
chair and used and used correctly
correctly by every user
Criteria 5: The mold and The mold and The mold and

Estimated cost for
manufacturing
protocol

proceeding cost are
nearly or as same as
other commercial

design

proceeding cost
are cheaper than
other commercial

design

proceeding cost
are higher than

commercial design

Criteria 6:
Manufacturing
complexity

The prototype must be
adjusted by handcraft
or robotic protocol after

mold forming

The proceeding of
manufacturing with
archetype mold
can be done
without any
adjustment after

mold forming

The prototype must
be a lot of adjusted
by handcraft or
robotic protocol

after mold forming

Pugh Matrix was weighted, scored and commended by 3 experts, who

are specialist in related fields (Including ergonomic, industry manufacturing and

biomechanical). Three specialists discussed in agreement to draw the conclusion
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scoring. The result of total score in Pugh matrix was compared among 2 exist seat

cushion and Lumbo-pelvic seat cushion was summarized in table 2

Table 2 Pugh matrix scored by 3 specialists

Lumbo-pelvic

Weight
cushion design
Criteria 1: 3 S - ++
Criteria 2: 2 S - ++
Criteria 3: 2 S S S
Criteria 4: 1 S S S
Criteria 5: 1 S S S
Criteria 6: 1 S S S
Total + 0 0 +10
Total - 0 ES 0
Total score 0 -5 +10

The total score of Lumbo-pelvic cushion design was higher than both
exist seat cushion design. Afterward, the Lumbo-pelvic cushion design was finalized
and refined after adjustment due to conclude the opinion of specialists.

The pelvic cushion design was not included into Pugh matrix method
because the pelvic cushion design was designed based on an exist ergonomic seat

pan design which probably induced upright sitting posture.
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Step 5: Prototype preparation

Latex intensity formulas and value of measurement unit in blueprint was
use to calculated to compensate the collapse of seat cushion while participant sits on
the cushion to maintain the design parameters of seat cushion. 3D prototype blueprints
were used to generate and optimize to cutting tool via cutting program. The cutting
operation was simulated in software, showing any error or potential tool collisions. The
steel block was cut via collet followed programmed software into mole of seat cushion
shape. Heated latex was injected in assemble mole after scrap cleaning. Afterward,
cooldown the latex to solidify, take it out from mole and remove the surplus latex. The

innovative seat cushion was developed completely.
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Desktop computer Workstation

To eliminate the confounding factors that may disturb sitting posture in this
study, the ergonomic computer workstation was determined by ergonomic correction.
This study’s workstation was arranged and addressed from the OSHA checklist as to
protect the effect of the confounding factors of workstation dimensions, monitor and
input device placements.

For the office chair, in order to prevent seat inclination, the chair will be
positioned as standard, with a flat seat pan. Office chair is an adjustable height of seat

to be suitable for various height of office worker participant.

Figure 20 Participant sat on standard chair with Lumbo-pelvic seat cushion working on

computer under OSHA workstation ergonomic guideline adjustment.

The computer set which consist of 17 inches Viewsonic VA702 adjustable
angle screen monitor (V/A 1280 x 1024/16:9/75Hz), HP Pavilion a6375d Home PC
workstation (Intel Pentium Duo-Core Processor E2200 3.1 GHz /L2 Cache 1024MB
DDR2 RAM 2 GB/ HDD 250 GB-DVD-ROM Drive), Logitech MK220 wireless mouse and
keyboard set. The PC workstation was contained and operated on Windows 10 Home
edition with licensed 365 MS office/Standard web browser and Standard chatting

programs.
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Lumbar and Pelvic angles Measurement

To record the angle in sitting posture, a 2-D Nikon D5300 Camera (HDR 2K
resolution 30 FPS 13.5 M-Pixel) will be used. The camera was placed perpendicular to
the floor on the right side and 3 meters far from the workstation. Seven spheres contract-
colored markers with the diameter of 15 millimeters was be attached at the bony
prominence of spinous process of T1, T5, T10, L3, S2, Tip of iliac crest, ASIS and PSIS.
A camera will be used to capture the video of the participants, perpendicular to the
sagittal plane view; 5 seconds at 0 and 10 minutes. The time was be conducted with a
calibrate standard stopwatch.

Kinovea program was be used to create vectors and angles from captured
videos via the imported video session and was arrange the vector into the marker
position. Subsequently, we were find the intersection point to define the angles by using
the program’s tools. The investigator must have an excellent intra-rater reliability (ICC >
0.75). The validity tests confirmed that the obtained results are acceptable for all

perspectives, with a correlation value of 1 (ICC = 1) recorded for all three observers

TR R

Figure 21 Kinovea program desktop
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The placement of the markers was at the spinous process at T1, defined as
upper apex of thoracic kyphosis curve area, T5, defined as apex of thoracic kyphosis
convex area, T10 defined as the lower apex of the lower thoracic kyphosis curve and
upper apex of lumbar lordotic curve area, L3 defined as the apex of the lumbar lordotic
convex area. And S2 defined as the lower apex of the lumbar lordotic area. The right
PSIS, defined as the primary changeable landmark of anterior/posterior pelvic tilting
and, the ASIS defined as the secondary changeable landmark of anterior/posterior

pelvic tilting.

Reliability of Angles Measurement

Before data collection, Intra-rater reliability of investigator in process of
using Kinovea program. Four participant which was 10 percent of sample size
calculation was recruited into this process All markers were attached on bony prominent
by an assessor. Attachment of marker was checked the placement correctly by an
expert in Musculoskeletal Physical Therapy. The sitting with no cushion on standard
chair was captured by Nikon D5300 for 5 seconds. Afterward, Each angle was
processed via Kinovea program twice on two separated days with at least a 24-hours
lapse between sessions of repeated measuring for each angle (53). Pelvic tilting, lumbar

and thoracic angle was calculated. once.

Definition of Angle
Thoracic angle was defined by using 3 markers at T1, T5 and T10
spinous process level (48) by using T5 as an intersection point (Figure 22).
Lumbar angle was defined with the marker at T10, L3 and S2, as normal

by using L3 as an intersection point (Figure 23).
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Pelvic angle was defined as the angle from the ASIS and the PSIS and
the hypothetical line. Substitute ASIS- PSIS vector, by using PSIS- Hypothecal line, and
find the intersection point to define a new angle that can be used as the original degree.

Please see figure 24.

Thoracic angle Vector

i

Figure 22 Show defines of thoracic angle

\
\

\
T10-L3 Vector y

T10

Figure 23 Show defines of Lumbar angle



ASIS-PSIS Vector

—

Horizontal hypothecal line

Figure 24 Show defines of Pelvic angle
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Body Pain chart

For measuring pain, a modified body chart, only posterior body with VAS
was used (54). The chart was modified and separated into body areas, comprising of 6
parts: posterior neck, shoulder, upper back (as the related area) and lower back,
buttocks and thighs, all as the primary interested areas. The numeric rating pain scale
for measuring pain intensity must be added on the scale next to the body chart in order
to clarify the pain intensity of the participant in that particular body part. The pain
severity frequency was scaled on a 100mm. horizontal row. The block row, starting from
the left, shows no pain. The far right shows extremely strong pain. Ten minutes after
starting the process, participants will be marking the line that indicates their level of pain

in the block near the body chart (Figure 25).

Extremely strong pain/discomfort

Very weak pain/discomfort
Moderate pain/discomfort
Strong pain/discomfort
Very strong pain/discomfort

Nothing at all

Figure 25 Modified body chart for pain scale
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Procedure

Participants were screened by questionnaires and had weight and height
measured for calculating their BMI. Participants that included were those that match
their search criteria. After reading the agreement and consent form, all of the
participants were signed, granting their consent. They were agreed to a random order of
workstations, over 3 sessions, by using a randomized computer program. All
participants were assigned as using a computer browser.

First session as ‘Sitting on standard chair with doing a computer task on
ergonomic desk’, second session as ‘Sitting on standard chair add on lumbar seat
cushion with doing a computer task on ergonomic desk and third session as’ Sitting on
standard chair added lumbo-pelvic seat cushion with doing a computer task on
ergonomic desk’. Participants were unaware of the order of the sitting sessions.

Prior to collecting the data, the system was calibrated perpendicular to the
camera tripod on the floor and perpendicular to the chair sagittal diameter with the
camera by using level tools and the camera range with a measuring tape.

Eight markers were attached on the body based on the bony prominence as
Right ASIS, PSIS, Tips of Iliac crest, Spinous process at T1, T5, T10, L3 and S2 level by
the investigator who completed the intra-rater agreement with excellent correlation (ICC
= 0.9-1.0). Investigator gave the instruction as sitting straight without body rotation and
typing follow the provided article. The Participants sat in provided ergonomic computer
workstations and start the process. The camera was captured the right side of
participant and the computer workstation. Each session’s participants were worked on
the computer in regulative work for 10 minutes. At 0 and 10 minutes, participants were
asked to define had a 10 minute interval resting, to help release the effects of prolonged
sitting in the position of side lying on provided bed with bolster to protect marker flaking
off from participants skin, and was furthered continue the process of the other sitting
conditions (55). Room temperature, lighting and noise were controlled to maintain a

consistency in the environment throughout the study.



Participant who meet the eligibility criteria will be screened by investigator (n=36).

\ 4

Investigator gives all information of the purposes, advantages and process of study to participant.

¢

Participant signs a consent form.

¢

Investigator records characteristic data of participant.

=

Randomly allocate participant to sit in 3 sitting condition sequentially.

&

Investigator attaches 18mm sphere contrast-color markers on participant’s bony

&

Participant sits in prepared workstation

Adjust workstation by using OSHA checklist

==

Participant sits in 1** sitting condition for 10 minutes <

Breaking 10 minutes by
side lying on bed

=

Investigator captures thoracic, lumbar, pelvic
Participant sitsin 2" sitting condition for 10 minutes | < angle, participant defines location of pain and
does self-rating VAS at 0 and 10 minutes for
each condition

Breaking 10 minutes by

side lying on bed

==

Participant sits in 3 sitting condition for 10 minutes &

Figure 26 Procedure for this study
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Statistical analysis

A histogram of data was plotted to analyze normal distribution of data and the
Kolmogorov Smirnov test were used. One-way repeated ANOVA with Bonferroni post-
hoc analysis was used to compared perceived pain intensity, thoracic, lumbar, and
pelvic angles among 3 conditions. Pair T-test was used to compared thoracic, lumbar,
and pelvic angles between 0 and 10 minutes sitting for each group. The significant
difference was set at p-value < 0.05. Mean and standard deviation used to calculate
the number of locations of pain, overall perceived pain intensity of region marked. All of

statistical analyses in this study was analyzed by using SPSS program version 24.



CHAPTER 4
FINDING

Introduction

The results consist of intra-rater reliability of measurement, characteristics of
participants, comparison of pelvic tilting, lumbar, and thoracic angles among 3 sitting
conditions at 10 minutes, number of participant and percentile of pelvic tilting angle
characteristic, comparison of perceived pain intensity after sitting for 10 minutes among
3 sitting conditions and comparison of difference value of perceived pain intensity

between 0 and 10 minutes among 3 sitting conditions.
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Intra-rater Reliability

The intra-rater reliability of measurements is summarized in table 3. The results
demonstrated excellent reliability of pelvic tilting (ICC = 0.98), lumbar angle (ICC =
0.991) and thoracic angle (ICC = 0.998) measurement using Kinovea program with the

ICC (3,1).

Table 3 Intra-rater reliability measurement.

ICC (95%CI) SEM (Degrees)
Pelvic tilting angle 0.987 (0.873-0.999) 0.56°
Lumbar angle 0.991 (0.907-0.999) 0.81°

Thoracic angle 0.998 (0.982 — 1.000) 0.54°
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Characteristics of Participants

Thirty-six volunteers (31 females, 5 males) were recruited into this study. Mean
+ standard deviation and range of age, weight, height, and BMI are summarized in

Table 4 and the frequency of age group is summarized in Table 5 respectively.

Table 4 The demographic characteristics of participant (N=36)

Participant Mean £SD
Age (years) 326+9.6
Height (cm) 160.1+£8.7
Weight (kg) 54.4+9.2
BMI (kg/m°) 21.142.2

Table 5 The Number of participants in each age groups

Age group (years old) Number of participants
<20 6
21-30 9
31-40 13
41-50 6

51-60 2
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Comparison of pelvic tilting, lumbar, and thoracic angles among 3 sitting conditions at
10 minutes

The mean and standard deviation of pelvic tilting, lumbar, and thoracic angles
at 10 minutes are summarized in Table 6. There was a significant difference of pelvic
tilting angle between no cushion and Lumbo-pelvic cushion design (P-value = 0.01).
Also, there was a significant difference of lumbar angle between no cushion and Lumbo-
pelvic cushion design (P-value = 0.05). But there was no significant difference of pelvic
and lumbar angle between no cushion and lumbar cushion design and, also there was
no significant difference of pelvic angle between pelvic cushion design and Lumbo-
pelvic cushion design. There was no significant difference of thoracic angle among no

cushion, and pelvic cushion design, and Lumbo-pelvic cushion design.

Table 6 Comparison of pelvic, lumbar, and thoracic angles at 10 minutes among sitting

condition
Sitting condition
Parameter i -
Lumbo-pelvic cushion F
(Angle) No cushion pelvic cushion design
design
Pelvic tilting 3.5°+6.2°° 1.0°+5.5° -1.3°+5.6°° 6.12
Lumbar 176.3°+8.3°° 173.1°+8.9° 171.4°+8.2°° 3.03
Thoracic 163.9°+6.3° 165.0°+6.2° 163.9°+5.7° 0.41

Minus value of pelvic angle = anterior pelvic tilting, one-way ANOVA at p-value < 0.05, °
sig dif between No cushion and Lumbo-pelvic cushion design (P-value < 0.01), ° sig dif

between No cushion and pelvic cushion design (P-value = 0.05)
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Number of participant and percentile of pelvic tilting angle characteristic

The characteristic of pelvic tilting angle was defined into 4 groups; Posterior
tilting more than 3°, Posterior tilting at 0° to 3°, Anterior tilting at 0° to 10°and Anterior
tilting more than 10°.The frequency and percentile of pelvic tilting angle characteristic of
each sitting condition are summarized in Table 7. Number of participant (n=19) in no
cushion showed posterior pelvic tilting more than 3 degrees whereas number of
participant (n=8) in Lumbo-pelvic cushion showed posterior pelvic tilting. Number of
participant (n=13) in no cushion showed anterior pelvic tilting 3 - 10 degrees whereas

number of participant (n=18) in Lumbo-pelvic cushion showed anterior pelvic tilting.

Table 7 The frequency and percentile of pelvic tilting angle characteristic

Sitting Condition

Parameter Pelvic cushion Lumbo-pelvic
No cushion
(Angle) design cushion design

Frequency Percent Frequency Percent Frequency Percent

(n) (%) (n) (%) (n) (%)
Posterior tilting >3° 19 52.8 13 36.1 8 22.2
Posterior tilting 0°-3° 4 11.1 9 25 10 27.8
Anterior tilting 0°-10° 13 36.1 14 38.9 16 44 .4
Anterior tilting >10° 0 0 0 0 2 5.6

Total 36 100.0 36 100.0 36 100.0
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Comparison of pelvic tilting, lumbar, and thoracic angles between 0 and 10 minutes of

in 3 sitting conditions

The means and standard deviation of angle of pelvic tilting, lumbar and

thoracic angles at 0 and 10 minutes are summarized in Table 8. There was no significant

difference of pelvic tilting, lumbar and thoracic angle between 0 and 10 minutes sitting

in all sitting conditions.

Table 8 Comparison of pelvic tilting, lumbar, and thoracic angles between sitting at 0

and 10 minutes among sitting condition.

Parameters Sitting conditions Ogpute 10 minutes
No-cushion 4.2°+5.6° 3.5°+6.2°

Pelvictilting — ayvic cushion design -0.1°+5.3° 1.0°45.5°
anglg Lumbo-pelvic cushion design -1.4°+4.9° -1.3°45.6°
No-cushion 176.2°+8.6° 176.3°+8.3°

Lumbar angle pelvic cushion design 171.°4+7.2 173.1°+8.9
Lumbo-pelvic cushion design 169.9°+8.3° 171.4°+8.2°
No-cushion 163.7°+5.2° 163.9°+6.3°

Thoracic Angle pelvic cushion design 163.9°+6.3 165.0°+6.2
Lumbo-pelvic cushion design 163.8°+5.4° 163.9°+5.7°
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Comparison of perceived pain intensity after sitting for 10 minutes among 3 sitting

conditions

The mean and standard deviation of perceived pain intensity at 10 minutes are
summarized in Table 9. There was significant difference of perceived pain intensity at
the lower back area between no cushion and Lumbo-pelvic cushion design (P-value =
0.04). In addition, there was significant difference of perceived pain intensity at the lower
back area between no cushion and pelvic cushion design (P-value = 0.03). However,
there was no significant difference of perceived pain intensity in posterior neck,

shoulder, upper back, buttocks and thigh among three cushions.

Table 9 Comparison of perceives pain intensity after sitting for 10 minutes on a chair in

each sitting condition

Body areas Sitting condition
(Total score = No- Pelvic cushion Lumbo-pelvic cushion F
100) cushion design design
Posterior neck 2.3+6.8 1.6+5.8 14454 0.23
Shoulder 0.1+0.9 0.8+2.5 0.9+4.1 0.81
Upper back 1.6+6.4 0.6+0.3 0.5+2.5 1.34
Lower back 4.6+9.5° 0.9+3.1° 1.142.7° 4.37
Buttock 2.4+7.2 0.8+3.3 0.3+1.2 2.23
Thigh 2.0+6.6 0.8+3.4 . 0.5+2.0 1.13

% sig dif between No cushion and Lumbo-pelvic cushion design (P-value < 0.05), ° sig

dif between No cushion and pelvic cushion design (P-value = 0.05)
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Comparison of different values of perceived pain intensity between 0 and 10 minutes
among 3 sitting conditions

Different values of perceived pain intensity between 0 and 10 minutes among 3
sitting conditions is shown in Figure 27. There was a significant increasing of perceived
pain intensity during sitting from 0 to 10 minutes in each sitting conditions. The
perceived pain intensity at the lower back in no cushion was increased significantly
higher than in Lumbo-pelvic cushion design and pelvic cushion design after sitting for
10 minutes (P-value = 0.04, P-value= 0.02). There was no significant increasing of
perceived pain intensity among 3 sitting conditions at posterior neck, shoulder, upper

back, buttocks and thigh areas.

M Posterior neck

I Shoulder
O Upper back
.00 *%k W Lower back
* O Buttock
I Thigh

4.004

3.007

2.00

1.00]

Difference Percieved pain intensity

0.00

-1.00 T T T
Mo Cushion Pelvic cushion Lumbo-Pelvic cushion

Sitting Conditions

Figure 27 Different value of perceived pain intensity after sitting for 10 mins among 3
sitting conditions, *sig dif between no cushion and pelvic cushion design (p-value =

0.04), ** sig dif between no cushion and Lumbo-pelvic cushion design (p-value =0.02)



CHAPTER 5
DISCUSSION AND CONCLUSION

Introduction

This research studied the innovative prototype of the lumbo-pelvic seat cushion
designed to prevent back pain by promoting and maintaining anterior pelvic tilting and
lumbar angles. The lumbo-pelvic cushion was designed based on anatomy and
ergonomics of the body, particularly pelvic and lumbar areas. Moreover, the formular
and the response of the latex material to the weight of the participant supported and
maintained alignment of the pelvic and lumbar areas with added comfort for office

workers in sitting positions over long durations, particularly during a typical working day.
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Participant

This study recruited the wide range age group of office workers. Previous
studies found that disc degeneration is a spinal disease that found in age over 50 years
(56). This study recruited only 2 participants over 50 years old. The difference of sitting
posture and wide standard deviation which represent in this study probably cause by
spinal degenerative disease in over 50 years old population. However, this study was
studied the changing of interested angle with-in subject to reduce the effect of
difference between age group factors. Meanwhile, this study also used the purposive
sampling recruitment method to dispersion the participant into each age groups as
summarized in table 5. However, number of some age group was still lesser than other.
The Purposive sampling with a large number of participants in each age group should
be considered for further studies to see the difference changing of interested angle in
each age group population.

The previous study found that there was no significant difference in
thoracolumbar angle and lumbar lordosis between gender while sitting on upright sitting
posture (9). This study recruited 31 females and 5 males. However, sitting in preferred
position was found that difference of pelvic and spinal alignment between two genders,
therefore, the recruitment in same number of two genders is recommend in further
study.

The previous study found that there was no significant difference in
thoracolumbar angle and lumbar lordosis between gender while sitting on upright sitting
posture (9). This study recruited 31 females and 5 males. However, sitting in preferred
position was found that difference of pelvic and spinal alignment between two genders,
therefore, the recruitment in same number of two genders is recommend in further

study.
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Pelvic tilting, Lumbar and Thoracic angles
Comparison of pelvic tilting, lumbar, and thoracic angles among 3 sitting
conditions at 10 minutes

The result of this study showed that anterior pelvic tilting angle in Lumbo-
pelvic cushion design (-1.3°+5.6°) was significantly (P-value = 0.01) more than in the no
cushion (3.5°+6.2°) after sitting for 10 minutes (Table 6). Anterior pelvic tilting angle in
this study was related to the previous study of Yu et al, 2015 which found that anterior
pelvic tilting angle in upright sitting were about 3° (13).

Result of this study clearly showed that the Lumbo-pelvic cushion design
improved anterior pelvic tilting significantly more than sitting with no cushion. The result
was related to a previous study which found that seat pan with 10 degrees of inclination
improved anterior pelvic tilting and encouraged sitting upright position compared to no
seat pain tilting (57). The angle of innovative Lumbo-pelvic cushion design is related to
another previous study where tilting the angle of the seat pan helped to tilt the pelvic
angle and increased lumbar lordosis which bears the same meaning as reducing
lumbar flexion at approximately 10 degrees (58). Lumbo-pelvic design cushion was
developed with a suitable curve and height of the cushion to improve anterior pelvic
tilting while sitting, increase contact area at posterior part of the buttocks, and probably
improve pressure distribution and counter-reaction force of the posterior part of the
buttock area which is contacting the area to stimulate pelvic tilting forwardly. However,
this study did not investigate the pressure distribution of buttock while sitting on seat
cushion. Thus, it cannot be identified the characteristic of pressure distribution in each
sitting condition. The difference of pressure distribution in each sitting condition should
evaluated to prove the pressure distribution improvement in lumbo-pelvic seat cushion
and pelvic cushion design in further study. In contrast, a previous study found that there
was no change on the pelvic tilting angle during sitting on a wedged shape cushion,
however the study conveys that the participants potentially had poor hip flexibility. To
sum up, the pelvic area did not tilt (30). The pelvic tilting angle in this study was varied.

Similarly, previous studies reported that large variations in sitting postures showed
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differences of pelvic tilting and lumbar angles which was attributed to the heterogeneity
of spinal posture in healthy individuals (59, 60). In this study, the pelvic area tilted
anteriorly at 1.3°+5.6°. Lumbo-pelvic cushion design helped to aid in anterior pelvic
tilting; this angle did not reach 10 degrees as expected. Latex is an effective material for
supporting body weight while sitting because of its sagging property. Nevertheless,
latex density in each formular should be considered. Even though the sagging
properties help aid comfort, the latex rubber used in this study had various formular on
each company patent. Regardless of this, the lumbo-pelvic cushion design still induced
a pelvic tilting angle in sitting posture in office workers.

The lumbar angle in Lumbo-pelvic cushion design (171.4°+8.2°) was
significantly improved compared to no cushion (176.3°+8.3°, P-value = 0.05). However,
there was no significant difference between pelvic cushion (173.1°+8.9°) and no
cushion (Table 6). In term of biomechanics, the reduction of lumbar flexion in this study
means the increasing of lumbar curve or lordosis. The results of this study related to
previous studies which found that lumbar angle in healthy groups during erect sitting
was 4 degrees (176 degrees in reverse direction) (13). In addition, the result of the
current study was related to Kim et al, 2014 study which found that sitting on a wedged
shape cushion of 10 degrees tilting significantly increased lumbar lordosis curve by 5
degrees (30). Likewise, sitting on an inclining wedge shape of 10 degrees also
significantly increased of lumbar angle by 3° (27).

This study found that increasing of anterior pelvic tilting and lumbar lordosis
was related to previous studies. There was a strong correlation of pelvic tilting and
lumbar lordosis in the same direction in the sitting posture (61) and also found that
anterior pelvic tilting induced a significant increasing of lumbar extension while sitting in
slumped and upright postures (P-value<0.01) (23, 62). Therefore, sitting on a chair with
cushions with proper slopes can encourage a good kinematic chain of the spine and
prompt upright sitting postures.

The thoracic angle did not show any significant difference among no

cushion (163.9°+6.3°), pelvic cushion (165.0°+6.2°) and Lumbo-pelvic cushion
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(163.9°+5.7°) designs after sitting for 10 minutes (Table 6). However, this study provided
an ergonomically sound desktop workstation based on ergonomic guidelines of
Occupational Safety and Health Administration (OSHA) which encouraged a thoracic
upright posture and normal posture alignment. It is widely suggested that proper
computer adjustment stimulates upright sitting posture(14, 58). In OSHA guidelines, the
computer screen is adjusted to a proper position with eye level and keyboard placed
with elbow flexion at 90 degrees, hands placed on the keyboard and arms relaxed
beside body. Appropriate ergonomics and effective seat cushion designs help stimulate

the thoracic spine into an upright alignment.

Frequency and percentile of pelvic tilting angle characteristic while at 10
minutes among sitting condition

This study found significant increasing of anterior pelvic tilting between
lumbo-pelvic cushion design compared to no cushion. From a previous study, it was
found that the pelvic tilting angle in upright sitting posture ranged from 3 degrees of
posterior tilting to 10 degrees of anterior tilting.

The pelvic tilting angle characteristic had shown a reduction in participants
who displayed posterior tilting over 3° after sitting on the Lumbo-pelvic sitting cushion
design compared to sitting with no cushion from 52.8% to 22.2% (Table 7). This result
showed that Lumbo-pelvic cushion design improved the pelvic tilting angle in more than
half of the participants with posterior tilting angle over than 3°. This study found various
sitting postures and individual body anthropometry in the participants. The probable
cause is the lumbo-pelvic cushion design did not fit to their lower back or buttocks
during sitting sessions, even though the lumbo-pelvic cushion was designed based on
Asian anthropometry which lead to having no improvement of pelvic tilting angle into at

least posterior tilting 3°
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Comparison between pelvic tilting, lumbar and thoracic angles at 0 minute and

10 minutes in 3 sitting conditions
In terms of maintain of angles after sitting for 10 minutes, the result of this
study showed that there was no significant difference of pelvic tilting, lumbar and
thoracic angles between 0 minutes and 10 minutes in three sitting conditions which were
no cushion, pelvic cushion, and lumbo-pelvic cushion (Table 8). However, lumbo-pelvic
cushion still helped to maintain anterior pelvic tilting even through sitting for 10 minutes
(-1.4°+4.9° at 0 min, -1.3°+5.6° at 10 minutes). Yet, no cushion showed posterior pelvic
titing and participants continued in this poor pelvic posture for 10 min (4.2°+5.6° at 0
minute, 3.5°+6.2° at 10 minutes). Studies for longer durations are recommended due to
a previous study showing that reduction of lumbar lordosis and more posterior pelvic
tilting after sitting for 10 minutes were found (P<0.01) (9). In addition, this study
uncovered that after sitting for 10 minutes, lumbar and thoracic angles still maintained
the same alignment (Table 8). Therefore, lumbo-pelvic cushion is an effective design to

help people maintain a comfortable and upright posture after sitting for 10 minutes.

Measurement of Angles
In this study, Kinovea program was used to measure pelvic, lumbar and
thoracic angles, where we found that the reliability of measurement was excellent (ICC >
0.987). In addition, standard errors measurement (SEM) of this study ranged between
0.54° and 0.81° (Table 3) which is comparable to a previous study which were ranged

between 0.61° to 0.77° (63).
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Perceived pain intensity
Comparison among 3 sitting conditions

Perceived pain intensity in the lower back area after sitting for 10 minutes on
the pelvic cushion and Lumbo-pelvic cushions was significantly lower than in no cushion
(P-value = 0.04) (Table 9). This is in relation to a previous study which reported that
adjusting the seat pan with tilting forward reduced lower back discomfort intensity in the
back pain group when compared to sitting on a flat seat pan chair (p-value = 0.00) (32) .
In addition, corrected sitting posture by ergonomic adjustments of the seat and
workstation helped to reduce pain at the lower back area (P-value = 0.01) (64).
Interestingly, the results of this study showed that pain in mild level was reported in no
cushion, but pelvic and lumbo-pelvic cushion design was no pain after sitting for 10
minutes. However, perceived pain intensity of all sitting conditions did not reach
clinically significant differences (40) after sitting for 10 minutes. Therefore, evaluation in
longer time of sitting posture is needed for further examination.

Perceived pain intensity in other areas which were posterior neck, shoulder,
upper back, buttocks, and thigh after sitting for 10 minutes did not show any significant
difference among three sitting conditions (Table 9). Perceived pain intensity in all
conditions was in no pain level where the pain scale was less than 4 mm in total 100
mm. Thus, it can be considered as no pain (65). To explain further, this study had
prepared an ergonomically sound computer workstation correlating to the OSHA
guidelines. A previous study found that ergonomic adjustments to the workstation
helped to reduce VAS at posterior neck and upper back areas from 19 mm to 7 mm
(66). In addition, adjusting the workstation with an ergonomic adjustable chair
significantly reduced on the overall body pain/discomfort scale (67). Similarly, an
applied ergonomic workstation for computer users based on OSHA checklist helped to

prevent incidents of pain at neck and shoulder areas (14).



60

Comparison between sitting times at 0 minutes and 10 minutes among each

sitting condition

The difference of perceived pain intensity between 0 minutes and 10
minutes in no cushion (VAS = 4.5+9.5) was significantly higher than that of in pelvic
design (VAS = 0.4+3.6) and lumbo-pelvic cushion design (VAS = 0.9+2.8) (Figure 27).
The findings of this study found that pain increased after sitting with no cushion for 10
minutes related to a previous study reported that sitting for 40 minutes induced pain at
neck, shoulder, upper back, lower back, wrist and buttocks areas (6). In addition, the
result of this study differs from the previous study which found that pelvic and back rest
cushions did not help to prevent pain (33). It could be explained that cushion designs in
previous studies did not help to encourage good pelvic and lumbar alignment, therefore

pain intensity still increased after sitting for 12 minutes
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Clinical Implication

Sitting upright posture is recommend during working in front of a computer.
Lumbo-pelvic cushion design induced anterior pelvic tilting and lumbar lordosis, which
helps to maintain an upright position after sitting for 10 minutes. Moreover, perceived
pain intensity after sitting on the lumbo-pelvic seat cushion showed no pain after sitting
for 10 minutes, but mild pain was found in the no cushion sitting condition. Therefore, we
would recommend office workers to use lumbo-pelvic seat cushion designs to

encourage good posture and prevent musculoskeletal pain.
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Limitations and further studies

This study evaluated angles and description of pain in a healthy group for 10
minutes sitting, therefore these parameters should be evaluated in longer duration. In
addition, previous studies found that office workers reported back and neck pain.
Therefore, a back pain group should be included in evaluation of the product.

The design of the cushion is generally for all participants, which was calculated
based on anatomy, ergonomics and results of previous studies. However, human
anthropometry and sitting behaviors are varied, so further studies should consider a
customized seat cushion design for individuals in their routine workstation.

The other limitation in this study is that participant did not have a fully back
support cause of awareness of marker attachment. The fully back support at lumbar
region could interrupt and slip the reflective markers. Therefore, this study used the
other OSHA checklist to adjusted desktop computer workstation tom improve ergonomic
correction which help to protect the other related workstation dimension confounding
factors.

Large numbers of participants in each aged group should be considered for
further studies to reduce wide standard deviation of angles cause by individual factors.

The equal number of participants in two genders should be considered to clear

the suspicion of difference interested angle during upright sitting posture.
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Conclusion

The pelvic seat cushion and lumbo-pelvic seat cushion design improved
anterior pelvic tilting and lumbar lordosis angles when compared with no cushion in the
healthy group. Lumbo-pelvic cushion design maintained anterior pelvic tilting, lumbar
angles after sitting for 10 minutes. Perceived pain intensity at the lower back area after
sitting on the pelvic and lumbo-pelvic cushion was no pain when compared with no
cushion which found mild pain. Pain did not differ in the posterior neck, shoulder, upper
back, buttocks, and thigh areas in 3 sitting conditions. We would recommend an office
worker to apply a lumbo-pelvic seat cushion to prevent pain during working on a

computer to promote good posture and prevent musculoskeletal pain.
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Appendix B
OSHA WORKSTATION CHECKLIST
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Computer Workstations eTool

Checklists » Evaluation

This checklist can help you create a safe and comfortable computer workstation. You can also use it in

conjunction with the purchasing guide checklist. A *no” response indicates that a problem may exist. Refer to
the appropriate section of the eTool for assistance and ideas about how to analyze and control the problem.

& Print Checklist

WORK STATIONS - Arrange and adjust the computer workstation to promote neutral postures. Y

1. Head and neck are balanced and in-line with torso (ears directly above the shoulders notbent [
forward or back). if "no™ refer to Monitors, Chairs and Work Surfaces.

2, Head, neck, and trunk facing forward (not twisted to view monitor/work/documents). If "no™ a
refer to Monitors or Chairs.

3. Torso is vertical to slightly reclined (see recommendations in Good Working Postures). If O
“no™ refer to Chairs or Monitors,

4. Back is fully supported by chair lumbar support. If "no” refer to Seating. O

5. Shoulders are relaxed (not elevated). Upper arms Shoulders are relaxed (not elevated). Upper [
arms are in<line with torso, (not elevated or stretched forward unless supported by work
surface). If "no" refer to Chairs.

6. Elbows are close to the body (not extended forward or outward unless supported by work O
surface or chair armrests), If "no” refer to Chairs, Work Surfaces, Keyboards, and Pointers.

7. Forearms are approximately parallel to the floor and about 90 to 100 degrees to the upper 0
arm. If "no” refer to Chairs, Keyboards, Pointers.

8. Wrists and hands are straight in alignment to the forearm (not bent up/down or sideways). If O
"no" refer to Keyboards, or Pointers

9. Thighs are approximately parallel to the floor (and lower legs are approximately Q
perpendicular to floor (thighs may be slightly elevated above knees see recommendations in
Good Working Posture for declined seated postures). If "no™ refer to Chairs or Work Surfaces.

10. There should be sufficient room under the work surface so thighs have clearance space O

between the top of the thighs and the computer table/keyboard platform (thighs are not
trapped).



11. Legs and feet have sufficient forward clearance under the work surface so the user is able to
get close to the keyboard/input device.

12. Feet rest flat on the floor or are supported by a stable footrest if the work surface cannot be
adjusted. If "no” refer to Chairs, Work Surfaces.

13. Sharp or square edges that contact hands, wrists, or forearms are padded or rounded. If
"no" refer to Work Surfaces.

SEATING - Consider these points when evaluating the chair.

1. Backrest has height adjustability so support is provided for the lower back (lumbar area).
2. Chair has a sturdy 5 leg base.

3. Seat width and depth should accommodate the specific user (seat pan should be wide
enough for ease of egress and deep enough to support the entire thigh but not so deep that
user cannot utilize lumbar support.)

4. Seat front does not press against the back of users knees and lower legs (seat pan not too
long). Thighs do not significantly hang off the front edge of the seat. (Seat pan not too short).

5. Seat is cushioned and rounded with a "waterfall” front (no sharp edge).
6. Seat height is adjustable and allows for proper alignment with the work surface.

7. Armrests, if used, should be adjustable (both up and down and in and out) and support both
forearms while user performs computer tasks. They should not interfere with movement or
positioning of the chair under the work surface.

8. Head Rest (if provided) is adjustable and does not push the head forward past neutral.

9. Casters are appropriate for the floor surface. (They move easily on carpet of other soft
surfaces but do not move so easily on tile or hard surfaces that the chair "scoots" away during
sitting down or getting up from chair).

10. Adjustments are straight forward and easy to perform while seated in the chair.
"No" answers to any of these questions should prompt a review of Chairs.

KEYBOARD/INPUT DEVICE - Consider these points when evaluating the keyboard or pointing
device (mouse, trackball, touch pen, roller mouse, joy stick, etc.).

1. Keyboard/input device platform(s) is stable and large enough to hold a keyboard and an input
device.

2. Keyboard/input device platform(s) can be adjusted so the hands are positioned over the
keyboard with the elbows near the torso at an angle of 90 to 100 degrees. (See suggestions in
Good Working Postures).

3. Keyboard can be adjusted to a horizontal or slightly negative slope.
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4. Input device (mouse or trackball) is located right next to the keyboard so it can be operated
without reaching.

5. Input device is easy to activate and the shape/size fits hand (not too big/small). It may be
desirable to have an input device that can be used with either hand to provide periods of
working rest.

6. Input device is located as close to the midline of the body as possible and at the same level
as the keyboard.

7. If a touchscreen device is used for data input, a detached keyboard and mouse are available
if duration of use is more than 2 hours per day or 30 minutes at a time.

8. There are no sharp or hard edges that contact the wrists and hands.

"No" answers to any of these questions should prompt a review of Keyboards,Pointers,or Wrist Rests.

MONITOR — Consider these points when evaluating the monitor and its placement.

1. The monitor has sufficient adjustability so the top of the screen is at or below eye level so the
user can read it without bending their head or neck down/back.

2. Adjustability is sufficient so users with bifocals/trifocals can read the screen without bending
the head or neck backward.

3. There is sufficient room so the monitor can be placed at a distance which allows the user to
read the screen without leaning head, neck or trunk forward/backward. (Generally, about 18 to
20 inches or arm length)

4. Monitor position is directly in front of the user so they do not have to twist head or neck.

5. If multiple monitors are used, the position of the primary monitor is directly in front of the
user and the other monitors are directly beside it. If time is split evenly between monitors, they
are next to each other within a comfortable viewing angle with minimal head movement.

6. Glare (from windows, lights) is not reflected on screen causing the user to squint or assume
awkward postures to clearly see information on the screen.

7. Monitor brightness and contrast is adjusted for comfort.

"No"answers to any of these questions should prompt a review of Monitors or Lighting/Glare.

MOBILE DEVICES

1. If laptops are used as a primary computer they are set up using the same ergonomic
principles as desktop computers. A separate keyboard and input device are provided.

2. If laptops are used outside the office, (e.g. on a plane, in a hotel) user postures should be
changed regularly to improve neck and wrist posture and duration of time on laptop should be
minimized.

a

O

78



3. Laptops used in vehicles are set up at a comfortable angle and infrequent use. The user
should take frequent breaks from computer tasks.

4. A separate keyboard and stylus are available when tablets are used for typing performed for
extended periods of time.

5. Tablets and smartphones should be used with the shoulders relaxed, arms positioned near
the torso, and neck in a neutral posture without excessive neck bending to view the screen.

ACCESSORIES

1. Document holder, if provided, is stable and large enough to hold documents (paper, binders,
or books).

2, Document holder, if provided, is placed at about the same height and distance as the monitor
screen.

3. Wrist/palm rest, if provided, is padded and free of sharp or square edges that contact the
wrists.

4. Wrist/palm rest, if provided, allows user you to keep your forearms, wrists, and hands straight
and in-line when using the keyboard/input device. Height matches the front edge of the
keyboard.

5. Telephone is positioned close to the work to avoid excessive reaches. Generally, within 18 to
20 inches.

6. Telephone can be used with head upright (not bent) and shoulders relaxed. If phone and
computer are used at the same time, this may require the use of a headset.

7. Headset, if used, has a comfortabie fit. Not too tight, or so loose that if will not maintain its
position on the users head.

8. Footrest is provided if the feet are not flat on the floor because the keyboard and monitor do
not have sufficient adjustability. If used the footrest should be angled and support both feet.

O
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“Nb" answers to any of these questions should prompt a review of Work Surfaces, Document Holders, Wrist

Rests or Telephones.

GENERAL CONCEPTS

1. Workstation and equipment have sufficient adjustability so users are in a safe/supportive
working posture and can easily make occasional changes in posture while performing
computer tasks.

2. Computer workstation, components and accessories are maintained in serviceable condition
and function properly.

3. ltems that must be accessed frequently are within easy reach, generally with the elbows close
the body. items used occasionally can be at nearly full arm reach.

Y
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4. Computer tasks are organized in a way that allows users to vary keyboard tasks with other
work activities, or provide an opportunity for micro-breaks or recovery pauses while at the
computer workstation.

5. User has the ability to alternate between sitting and standing postures or activities to provide
opportunities for movement and variability throughout the shift. Prolonged sitting or standing
should be avoided.

6. Lighting levels are adjustable for differing tasks. Brighter task lights should be provided for
paperwork and lower lighting should be used for general computer work.

"No" answers to any of these questions should prompt a review of Chairs, Work Surfaces, or Work
Processes.
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Appendix C
COVID-19 SCREENING QUESTIONAIRE
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Appendix D
SCREENING QUESTIONAIRE
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