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f e a t u r e

Design Process and Performance
Testing of a Dynamic Seat Cushion

By Sirinant Channak, Erwin M. Speklé, Allard J. van der Beek, Sonja N. Paus-Buzink,
& Prawit Janwantanakul

FEATURE AT A GLANCE:
Dynamic sitting aids, like air-
filled cushions, encourage postural
shifts and activate trunk muscles,
potentially mitigating musculo-
skeletal discomfort and preventing
the onset of low back pain. How-
ever, evidence on optimal design
and pressure is lacking. This pro-
ject addresses these gaps by de-
veloping a portable cushion to
reduce discomfort in high-risk of-
fice workers. A systematic, four-
phase iterative approach opti-
mized the cushion’s diameter,
construction, and air fill. The re-
sulting round cushion, with two
layers of chambers at 21–25 kPa,
promotes postural shifts and
trunk muscle activation while
maintaining comfort. Future re-
search should evaluate its appli-
cation and sustained benefits in
diverse office environments.

KEYWORDS:
dynamic sitting, postural shift,
discomfort, prolonged sitting,
muscle activation, low back pain

INTRODUCTION

Low back pain (LBP) is a common health
problem and a significant global contributor to
years lived with disability (Wu et al., 2020).
Work-related LBP is highly prevalent, with
a point prevalence of 60% (Bin Ahmed et al.,
2023). Office work is predominantly seden-
tary, characterized by prolonged periods of
sitting for tasks such as computer use, at-
tending meetings, giving presentations,
reading, and making phone calls (IJmker
et al., 2006). Among healthy office workers, the
1-year incidence rate of LBP is 20%
(Sihawong et al., 2014), and up to 27% of
those with new-onset LBP progressed to
chronic LBP (Sihawong et al., 2016). After
recovering from LBP, 69% of the patients in
a cohort study experienced recurrence within
1 year (da Silva et al., 2019). Therefore, ef-
fective interventions should be developed to
reduce LBP and specifically for the working
population to also improve work ability and
reduce sickness absence due to LBP
(Rasmussen et al., 2016).

Dynamic sitting approaches have been
proposed as one of interventions aimed at
promoting movements or postural shifts
during prolonged sitting (Akkarakittichoke
et al., 2021; O’Sullivan et al., 2006; Pynt, 2015;
Wang et al., 2014; Waongenngarm et al.,
2021), effectively reducing new-onset neck
pain and LBP among office workers
(Waongenngarm et al., 2021). A single
postural shift can enhance subcutaneous
oxygen saturation by an average of 2.2%,
suggesting a positive impact on tissue via-
bility (Reenalda et al., 2009). Frequent
postural shifts, specifically 20–30 times per
hour, effectively reduce bodily discomfort
and lower the risk of LBP
(Akkarakittichoke et al., 2023). Sitting on

a gym ball improves spine motion and ac-
tivates trunk muscles (Holmes et al., 2015),
and replacing an office chair with a gym ball
for 8 weeks improved core muscle endurance
(Elliott et al., 2016). However, sitting on
a gym ball may induce discomfort, especially
without a backrest (Gregory et al., 2006;
Kingma & van Dieen, 2009). To minimize
discomfort, combining an air-filled cushion
with a chair that has a backrest could be
crucial in optimizing the effectiveness of
postural shift interventions
(Akkarakittichoke et al., 2022).

Developing a dynamic air-filled seat
cushion intervention may help prevent LBP
among office workers by enhancing postural
shifts and facilitating core muscle activa-
tion, thus reducing bodily discomfort during
prolonged sitting. This intervention should
integrate elements such as air cushions
(Waongenngarm et al., 2021), gym balls
(Elliott et al., 2016), and an unstable surface
attached to a hemisphere (a dome-shaped
structure) (Alshehri et al., 2024), which in-
duce postural shifts and activate trunk
muscles to mitigate the detrimental effects
of prolonged sitting (Liu, 2020). The design
should carefully consider the diameter, in-
flation levels, and postural movement
patterns of the seat cushion (Kuster et al.,
2020; Liu, 2020), as these factors significantly
impact postural shifts and trunk muscle
activation while maintaining comfort. Spe-
cifically, the diameter of the chair relative to
the hip breadth of users is crucial for er-
gonomic fit and comfort (Yuan et al., 2020).
However, there is a lack of specific in-
formation on the hip breadth of Thai in-
dividuals when sitting. This data is important
for tailoring cushions to Thai office workers,
to ensure comfort and effectiveness in re-
ducing discomfort during prolonged sitting.
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Optimizing seat cushions is crucial for even pressure
distribution and minimizing peak pressure on the buttocks
(Kim et al., 2017), and several studies have explored in-
novative dynamic air-filled seat cushions design.
Robinson et al. (2023) used a user-centered design to create
pneumatic bladders, redistributing pressure to prevent
wheelchair user sores. A fuzzy multi-criteria decision-
making approaches (Mistarihi et al., 2023) led to the de-
velopment of a chair attachment cushion with air-blowing
techniques to reduce the negative effects of prolonged
sitting. Dynamic air cushions with inflation–deflation se-
quences relieve pressure, reduce interface pressure, and
enhance blood perfusion (Arias et al., 2015; Fadil et al.,
2022). However, only Waongenngarm et al. (2021) have
investigated interventions using an automatic air-pumping
cushion to prevent neck pain and LBP in office workers.
The optimal cushion size and air fill required to promote
postural movement, trunk muscle activation, and comfort
remain unclear (Kingma & van Dieen, 2009; O’Sullivan
et al., 2006; Yuan et al., 2020).

To address these gaps, in the present study, we developed
a new portable, dynamic air-filled seat cushion to reduce
discomfort during prolonged sitting, by encouraging postural
shifts and facilitating trunk muscle activation, while still
providing comfort. Therefore, the purpose of the present de-
sign project was to determine the optimal diameter, con-
struction, and air pressure of the cushion, as well as to test
usability to ensure user needs and preferences.

Project Phases of the Design Process

Healthy office workers who are at risk of LBP from
Bangkok, Thailand, participated in this project. Phase 1
included 50 workers, while Phases 2–4 involved the same
group of 10 workers to control for individual variation in
postural shifts and trunk muscle activity. Participants in all
phases were eligible if they met the following criteria: (1) at
least had 5 years of experience in their current office
position; (2) aged 23–55 years; (3) had a normal BMI (18.5–
22.9 kg/m2 for Thailand); and (4) had a BROW score ≥53,
indicating high risk of future non-specific LBP
(Janwantanakul et al., 2015). Participants were excluded if
they met the following criteria: (1) reported neck or low
back pain within the past 6 months; (2) had a history of
injury or accidents in the spinal region; (3) had undergone
spinal, abdominal, pelvic, or thigh surgery within the past
12 months; (4) exhibited signs of neurological deficits
(weakness or abnormal sensation); (5) were diagnosed with
specific neck and low back pain, inflammatory arthritis,
infections, cancer, benign, or kidney disease; (6) had
wounds, hemorrhoids, contusions, or keloid scar in the
buttocks or posterior thigh region; or (7) engaged in regular
exercise. A new portable, dynamic air-filled seat cushion
was developed using an iterative human-centered design
approach, structured into four phases (Figure 1).

Phase 1 aimed to determine the optimal diameter of the
seat cushion that provides the most comfort, suitability, and
overall satisfaction to its user. Hip breadth measurement is
a critical step in designing comfortable seating (Taifa &
Desai, 2017; Teo Chuun et al., 2018). Variations in hip
breadth influence pressure distribution on the cushion,
significantly affecting comfort levels, which is a key factor in
evaluating the suitability of different cushion sizes (Hu et al.,
2020). Fifty office workers had their hip breadth measured
three times, defined as the maximum horizontal distance
across the hips, while sitting upright on a stool with knees at
a 90-degree angle and thighs parallel to the floor (Taifa &
Desai, 2017). Participants sat on office chairs with round
seat cushions of six sizes, ranging from 30 to 40 cm in di-
ameter (Ø 30, Ø 32, Ø 34, Ø 36, Ø 38, and Ø 40 cm). The seat
cushions were in the same shape, with the amount of air fill
varying proportionally with the diameter. The researcher
adjusted the chair height for each participant, ensuring 90°
hip and knee flexion, with feet fully contacting the floor
(Figure 2 and see Supplemental Appendix B). Participants
were instructed to sit naturally on each seat cushion, with
arms resting on their laps, until they felt comfortable, and
not to cross or lift their legs. Afterward, participants rated
comfort, suitability, and overall satisfaction for each seat size
using a 5-point Likert scale and had the opportunity to
provide product design feedback (see Supplemental Appendix
A for the questionnaire). The scores had verbal anchors as
follows: 1 = very uncomfortable/unsuitable/dissatisfied, 2 =
uncomfortable/unsuitable/dissatisfied, 3 = neutral, 4 =
comfortable/suitable/satisfied, and 5 = very comfortable/
suitable/satisfied. After determining the optimal diameter
of the seat cushion that offers the highest comfort, suitability,
and overall satisfaction in Phase 1, we utilized that diameter
for testing in the subsequent phase.

Phase 2 aimed to investigate the construction of the seat
cushion that provides the most postural shifts during a 10-
minute sitting period. Five seat cushion constructions (A, B,
C, D, and E) were designed based on a mix of unstable
sitting characteristics—air cushions (O’Sullivan et al., 2006;
Waongenngarm et al., 2021), gym balls (Elliott et al., 2016;
Kingma & van Dieen, 2009), and hemisphere unstable
sitting (Reeves et al., 2006; Voglar et al., 2022). Prototype-A:
a round air sac; Prototype-B: a ring-shaped air sac; and
Prototype-C, -D, and -E: air sacs combining elements of
Prototype-A and -B, offering a balance between dynamic and
stable seating experiences (Figure 3). A researcher measured
participants’ hip breadth in the same process as in Phase 1
to select the appropriate size of the dynamic seat cushion. Ten
office workers meeting the criteria tested all five prototypes
(Prototype-A, -B, -C, -D, and -E) in random order. The
researcher adjusted each participant’s workstation and chair
to standard ergonomic guidelines (Sanders, 2004), with
additional individual adjustments for comfort (see
Supplemental Appendix B). Each participant sat in the as-
signed posture without crossing their legs or lifting their
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buttocks, sitting naturally on the chair while maintaining
balance on each of the dynamic seat cushions. A seat pressure
mat device (see Supplemental Appendix C) was placed on top
of the dynamic seat cushion to detect the number of
postural shifts (Reenalda et al., 2009) throughout 10 minutes.

Each condition involved a 10-minute typing task using
a standardized text passage at their own normal pace,
followed by a 10-minute break (standing or lying down to
prevent prolonged sitting). At the end, participants rated
comfort, suitability, and overall satisfaction for each con-
dition on a 5-point Likert scale. The seat cushion construction
that was identified in Phase 2 to encourage most postural
shifts in 10 minutes was selected for Phase 3.

Phase 3 established the appropriate air fill in the dynamic
seat cushion to induce postural shifts, targeting 20–30 shifts per

Figure 1. The four phases of the iterative human-centered research through design approach.

Figure 2. The office chair with a dynamic seat cushion used in
Phase 1.

Figure 3. Five seat cushion prototypes (A–E): round-shaped and
ring-shaped air sacs incorporating air cushions, gym balls, and
hemisphere unstable sitting characteristics.

f e a t u r e | Design Process and Performance Testing of a Dynamic Seat Cushion

January 2026 | ergonomics in design 17

https://journals.sagepub.com/doi/suppl/10.1177/10648046251331273


hour. Prototype-E with two horizontal layers of air-filled
chambers was selected, based on the results from Phase 2.
The first layer contains one chamber, while the second layer
contains two chambers. Prototype-E was adapted to create 21
cushions with varying air amounts in each chamber. Each
adjustment added 5 mm of air, resulting in inflation heights
ranging from 20 to 60 mm. A researcher measured partic-
ipants’ hip breadth to select the appropriate size of the
cushion. Ten office workers who met the criteria were ran-
domly assigned to varying conditions. Data collection oc-
curred over two consecutive days, with 10–11 conditions
each day. Participants sat on office chairs with cushions, as in
Phase 2 (see Supplemental Appendix B for workstation
setup). Each condition involved a 10-minute typing task
followed by a 10-minute break. After every three conditions,
participants took a 30-minute to 1-hour break to prevent
muscle fatigue. Postural shifts were recorded using a seat
pressure mat during each 10-minute typing test. Participants
rated comfort, suitability, and overall satisfaction for each
condition. Out of the 21 prototypes from Phase 3, those
encouraging more than 3.5 postural shifts in 10 minutes
(equivalent to 21 shifts per hour, targeting in the range of 20–
30 shifts per hour) were selected for testing in Phase 4 to
assess trunk muscle activity.

Phase 4 established the appropriate air fill in the dynamic
seat cushion to facilitate transversus abdominis/internal
oblique muscle (TrA/IO) and superficial lumbar multifidus
(LMF) muscle activation, aiming for more activation than
the control. The TrA and LMF muscles are key to spinal
stability, supporting the spine during activities (Hodges &
Moseley, 2003; Panjabi, 1992). Ten office workers were
randomly assigned to a sequence of four intervention and
control conditions: sitting on a seat cushion Prototype #4, #5,
#12, and #21 and control (sitting without seat cushion). A
researcher measured participants’ hip breadth to select the
appropriate size of the cushion prototype. In Phase 4, EMG
signals from the TrA/IO and LMF muscles were collected
during 10-minute typing tasks, with muscle activities aver-
aged across the left and right sides. The EMG signals were
sampled at 2000 Hz, filtered (20–450 Hz band-pass) using
a fourth-order zero-lag Butterworth filter, full-wave rectified,
and smoothed with a 50 ms window to calculate root mean
square (RMS). Surface sensors were placed bilaterally 2 cm
medial to the anterior superior iliac spine for TrA/IO and
2 cm lateral to the L5 spinous process for LMF. Maximum
voluntary isometric contraction (MVIC) tests were con-
ducted to normalize EMG data. Processed signals were
normalized to %MVIC and analyzed using EMGworks 4.7.9
(Delsys Analysis Software). Each condition included a 10-
minute typing task followed by a break, with EMG recording
muscle activation during the task. Seat cushion prototypes
that promoted greater trunk muscle activity than the
control were selected for final testing for 1 hour (Channak
et al., 2024). Participants then rated comfort, suitability, and
overall satisfaction for each condition.

Statistical Analysis

Descriptive statistics were calculated for all variables.
Shapiro–Wilk tests were conducted to assess the normal
distribution of study variables. The results indicated that the
study variables followed a normal distribution. All statis-
tical analyses were performed using SPSS Statistics software
(version 29.0 for Windows, SPSS Inc, Chicago, IL, USA). A
one-way repeated measures ANOVA was used to compare
the differences in the number of postural shifts, trunk muscle
activation, comfort, and overall satisfaction scores among
sitting conditions during the 10-minute period. The post-
hoc LSD procedure was used to compare means and de-
termine statistically significant differences between selected
means. Statistical significance was determined at the 0.05
level for all tests.

RESULTS

Participants in Phase 1, 50 office workers (52% female)
aged 24–54 years, with an average age of 33, were assessed.
Hip breadth while sitting ranged from 35 to 43 cm (5th–95th

percentile), with an average of 39 cm. The participants in
Phases 2, 3, and 4 were the same 10 full-time office workers,
comprising 5 men and 5 women aged 25–37 years, with an
average age of 31. They had an average BMI of 21 kg/m2

and an average hip breadth of 37 cm (see Supplemental
Appendix D).

Phase 1

Comfort, suitability, and overall satisfaction scores
showed that the 38 cm seat cushion had the highest average
scores (4.1 and 4 out of 5, respectively), followed by the 40 cm
and 36 cm cushions (3.9 and 3.8 out of 5, respectively). There
was no statistically significant difference between the 36, 38,
and 40 cm sizes (p > .05).

A subgroup analysis (N = 300) was conducted based on
observations in 50 participants using six different seat cushion
sizes relative to participants’ hip breadth and included sit-
uations where the participant sat on a seat cushion with the
same size as their hip breadth (N = 22), a size larger than their
hip breadth (N = 52), and a size smaller than their hip breadth
(N = 226) (Figure 4). Most participants (46%–50%) reported
the highest comfort, suitability, and satisfaction (5 points)
when using a seat cushion of the same size as their hip breadth,
though differences between groups were not significant (p >
.05). About 33%–38% of participants reported comfort, suit-
ability, and overall satisfaction (4 points) when using cushions
larger than their hip breadth. However, 38%–39% of par-
ticipants reported neutral (3 points), while 10%–12% reported
very uncomfortable, unsuitable, and dissatisfied (1 point) with
using cushions smaller than their hip breadth. Thus, the
dynamic seat cushion should be at least as wide as the user’s hip
breadth to ensure optimal comfort, suitability, and overall
satisfaction while sitting.
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Phase 2

A one-way ANOVA revealed a statistically significant
difference in the mean number of postural shifts between the
five conditions (Prototype-A, -B, -C, -D, and -E) (F(1.96,17.65) =
5.61, p = .01). Post-hoc analyses using the LSD test showed that
in 10 minutes, Prototype-E exhibited the highest number of
postural shifts (3 shifts), followed by Prototype-C and -D (2 shifts
each), and Prototype-A and -B (1 shift each). However, there
was no statistically significant difference (p > .05) between
Prototype-A and -B, nor among Prototype-C, -D, and -E
(Table 1). Prototype-E had the highest average scores for
comfort (4.1), suitability (4.0), and overall satisfaction (4.1).
Prototype-E showed a statistically significant difference (p, .05)
compared to Prototype-B. However, no statistically significant
differences were observed between Prototype-E and Prototype-A,
-C, or -D.

Phase 3

Twenty-one prototypes had the number of postural shifts
ranging from 2 to 4.2 times per 10 minutes. Prototype #4
averaged 3.6 ± 1.3 shifts, Prototype #5 averaged 3.9 ± 1.8 shifts,
Prototype #12 averaged 4.2 ± 2.4 shifts, and Prototype #21

averaged 3.7 ± 1.3 shifts, all exceeding the target of 3.5 shifts per
10 minutes (Figure 5). However, a one-way ANOVA re-
vealed no significant differences in the mean number of
postural shifts between conditions (F(6.23, 56.04) = 1.42, p =
.22). Post-hoc analyses using the LSD test revealed no
significant differences between any pairs of conditions.
Thus, we chose Prototype #4, #5, #12, and #21 for Phase 4 due
to their number of postural shifts exceeding 3.5 times per 10
minutes. Twenty-one prototypes had comfort, suitability,
and overall satisfaction scores ranging from 2.8 to 4.1. The
comfort scores were as follows: Prototype #4: 4.1 ± 0.8,
Prototype #5: 3.8 ± 0.6, Prototype #12: 4.1 ± 0.7, and
Prototype #21: 3.9 ± 0.7.

Phase 4

Prototype #4, #5, #12, and #21 had average TrA/IO
activation ranging from 3.1 to 3.5 %MVIC, while the control
condition had 1.3 %MVIC. One-way ANOVA revealed
a statistically significant difference in the average acti-
vation between conditions (F(2.07,18.67) = 13.19 p , .001).
Post-hoc analyses using the LSD test indicated that Pro-
totype #4, #5, #12, and #21 were significantly different
from the control condition (p , .001), but no significant

Figure 4. Scores of user comfort, suitability, and overall satisfaction, with SD.

Table 1. Number of Postural Shifts in 10 Minutes and Comfort, Suitability, and Overall Satisfaction Scores.

Construction

Number of postural shifts (times per 10
minutes) 5-point Likert scale

Mean ± SD Range

Significant difference
of other prototypes

(p < .05) Comfort Suitability Satisfaction

Significant difference
of other prototypes

(p < .05)

Prototype-A 0.50 ± 0.71 0–2 C, D, E 3.6 ± 0.7 3.3 ± 1.1 3.4 ± 1.1 -

Prototype-B 0.70 ± 0.67 0–2 C, D, E 2.8 ± 0.8 2.8 ± 0.8 2.7 ± 0.8 D, E

Prototype-C 1.80 ± 1.23 0–4 A, B 3.6 ± 1.4 3.5 ± 1.4 3.6 ± 1.4 -

Prototype-D 1.90 ± 1.66 0–5 A, B 4.0 ± 1.1 4.0 ± 1.1 4.0 ± 1.1 B

Prototype-E 2.50 ± 2.32 0–6 A, B 4.1 ± 1.0 4.0 ± 0.9 4.1 ± 1.0 B
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differences were found among Prototype #4, #5, #12, and
#21 (p > .05) (Figure 6).

Prototype #4, #5, #12, and #21 had average superficial
LMF activation ranging from 2.4 to 2.6 %MVIC, while the
control condition had 1 %MVIC (F(2.18,19.57) = 17.58 p, .001).
Post-hoc analyses using the LSD test revealed that the su-
perficial LMF activation of Prototype #4, #5, #12, and #21 were
significantly different when compared with the control con-
dition (p , .001), but there were no significant differences
between cushion prototypes (p > .05) (Figure 6). Thus, we chose
Prototype #5 and #12 designs (Figure 7) for their highest %
MVIC values, indicating their effectiveness in promoting
trunk muscle activation compared to the control, evaluated over
a 1-hour period. The comfort scores were as follows: Prototype
#4: 3.8 ± 0.9, Prototype #5: 4.0 ± 0.6, Prototype #12: 4.0 ± 0.6,
and Prototype #21: 3.5 ± 0. 8 and control: 2.5 ± 0.8.

DISCUSSION

This project used four-phase iterative human-centered
research through design approach for developing a dynamic

seat cushion that induces postural shifts and trunk muscle
activities while maintaining comfort in office workers.

Phase 1

The results suggest that the dynamic seat cushion
should be at least as wide as the user’s hip breadth to ensure
optimal comfort, suitability, and overall satisfaction. This
aligns with a previous study by Sydor and Hitka (2023)
recommending that the seat width of ergonomic office
chairs should match the hip width of the largest antici-
pated user, with a small excess on both sides for added
comfort (Abdulkadir et al., 2018). Generally, chair designs
often follow a percentile-based approach for the target
population. For instance, the seat width of an office chair
should be designed to the 95th percentile of female hip
width, plus movement and clothing (Gupta et al., 2018).
Our results recommend using a subject-based approach
to achieve a more personalized fit by choosing a seat
cushion that matches the user’s hip breadth, ensuring
optimal user comfort, suitability, and overall satisfaction

Figure 5. Number of postural shifts, with SD, among the 21 conditions (Prototype #1 to #21) in Phase 3.

Figure 6. Average TrA/IO and superficial LMF activation, with SD, across conditions (*p , .05).
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when sitting. However, practical challenges associated with
customization must be considered. Therefore, we rec-
ommend offering three cushion sizes (36 cm, 39 cm, and
42 cm), with the most suitable option being the one
closest to the user’s hip breadth. The next best option
would be a cushion slightly larger than the user’s hip
breadth, as it also offers favorable comfort, suitability, and
satisfaction.

Phase 2

Prototype-E proved to encourage the highest number of
postural shifts during 10 minutes. This result may be due to the
air sac design of the air-filled cushion in Prototype-E. This
construction is based on the concept of unstable sitting on an
air cushion (O’Sullivan et al., 2006), which is comparable with
sitting on a gym ball (Elliott et al., 2016; Kingma & van Dieen,
2009) or an unstable hemisphere (Reeves et al., 2006; Voglar
et al., 2022), encouraging movement while sitting. According to
Aissaoui et al. (2001), air-filled cushions behave elastically,
creating a sense of instability during body movement and
transmitting dynamic load energy through the gluteal tissues.
Howard and Kumar (1996) have stated that the center of
gravity (CG) plays a crucial role in determining stability of an
object. A lower CG increases stability by distributing weight
closer to the base, reducing the likelihood of tipping or be-
coming imbalanced. Conversely, a higher CG makes an
object less stable, resulting in facilitated shifting or movement.
Therefore, the elevated CG in air-filled cushions can lead to
increased instability, encouraging postural shifts during
sitting.

Phase 3

Prototype #4, #5, #12, and #21 stood out among the 21
cushions with their design characteristics likely contributing
to their effectiveness in facilitating postural shifts and trunk
muscle activation. Previous research by Zhang and Li
(2022) emphasized that optimal air fill and pressure must be
carefully balanced for optimal cushion performance. Park
et al. (2013) demonstrated that higher inflation levels
significantly increased muscle activation, aligning with our
findings. Yu et al. (2022) further highlighted that air-cell-
based cushions with an inner pressure range of 100–500 Pa
enhanced movement during sitting, which is relevant to our
findings as we explored optimal pressure ranges for dy-
namic cushions. The role of the CG in stability was also
critical; the higher CG created by the specific air sac design in
Prototype #4, #5, #12, and #21 facilitated greater instability,
encouraging postural shifts. Cushions that promote 3.5
shifts in 10 minutes, as identified in our study, align with the
goal of achieving 21 shifts per hour, which has been shown
to benefit lower back health (Akkarakittichoke et al., 2023;
Waongenngarm et al., 2021). Dynamic sitting that en-
courages body movement has shown to minimize low back
discomfort during prolonged sitting by engaging different
parts of the trunk muscles (van Dieen et al., 2001). Sitting on
a gym ball has indicated increased trunk muscle activation
(ranging from 0.51 to 5.56 %MVIC) (Gregory et al., 2006;
Jackson et al., 2013; Kingma & van Dieen, 2009;
Sakulsriprasert et al., 2015). However, the wide range of %
MVIC is influenced by various factors, such as tasks and
duration, affecting EMG interpretation. Therefore, these
earlier findings cannot be directly applied to our study.

Figure 7. Prototype #5, with a height of 40 mm and greater air volume, differs by 10 mm in height from Prototype #12, which is
30 mm.
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Phase 4

Results from Phase 4 showed that all dynamic seat cushions
facilitated greater activation of the TrA/IO (2.4–2.7 %MVIC) and
superficial LMF muscles (3.3–3.8 %MVIC) compared to the
control condition (TrA/IO = 1.0 %MVIC and LMF = 1.3 %
MVIC), aligning with findings from previous studies (Gregory
et al., 2006; Jackson et al., 2013; Kingma & van Dieen, 2009;
Sakulsriprasert et al., 2015). No significant differences in %
MVIC were observed during a 10-minute typing task across the
four dynamic seat cushions. These positive results from the 10-
minute laboratory setting may not fully be generalized to real-
world scenarios. With caution, we selected the two dynamic seat
cushions showing the highest %MVIC values for further eval-
uation in a 1-hour study (Channak et al., 2024), based on their
ability to effectively promote trunkmuscle activation compared to
the control condition. Prototype #5 and #12 share the same
design, but Prototype #5 has a greater air volume and a height
difference of 10 mm compared to Prototype #12.

Strengths and Limitation of This Study

One of the major strengths is its use of an iterative
human-centered research through design approach, which
facilitates the rapid development of healthcare interventions
and promotes user-focused innovation (Fischer et al., 2021).
This creative problem-solving method can lead to the de-
velopment of innovative solutions. Involving office workers in
a usability study, this project emphasized the importance of
user feedback in designing dynamic seat cushions, highlighting
the significance of intuitive design for optimal functionality.
Additionally, we used a seat pressure mat device and wireless
surface EMG as primary objective measurements to assess
postural shifts and muscle activation. These tools provide
precise, non-invasive, real-time data, thus improving as-
sessment reliability and validity (Zhang et al., 2023) and our
understanding of the relationship between muscle activity,
postural shifts, and intervention effectiveness.

However, there are limitations to this study that should be
noted. First, the findings are specific to office workers in Thailand,
which may limit the generalizability of the proposed solution to
other geographic regions with different workplaces. Second,
while implementing iterative human-centered research through
design is valuable, it does not encompass a comprehensive
overview of all potential challenges. Further studies are essential
to incorporate additional sources and real-world experiences,
thereby gaining a holistic understanding of these challenges. Third,
this project did not delve into the cost implications of dynamic
seat cushions, leaving uncertainties about the feasibility and scal-
ability of the solution in low-resource settings. Further research
should aim to address these aspects more comprehensively.
Finally, although this project did not yield statistically significant
results in the outcomes assessed, decisions regarding the in-
tervention approach were made by the research team based on
observed trends in the data and practical considerations related to

evidence-based support. This underscores the need for further
research to validate and build upon these preliminary findings.

CONCLUSION

This systematic, four-phase iterative human-centered
research study successfully developed a portable, dynamic air-
filled cushion designed to reduce discomfort during prolonged
sitting. The cushion promotes postural shifts, trunk muscle
activity, and comfort to reduce LBP risk among office workers.
The cushion’s diameter, construction, and air fill were opti-
mized for effectiveness as well as user needs and preferences.
Future studies should evaluate the cushion’s practical appli-
cation and long-term benefits in real-life office environments
to confirm its efficacy in improving occupational health.
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Channak, S., Speklé, E. M., van der Beek, A. J., & Janwantanakul, P.
(2024). Effect of two dynamic seat cushions on postural shift, trunk
muscle activation and spinal discomfort in office workers. Applied
Ergonomics, 120(1), Article 104337. https://doi.org/10.1016/j.apergo.
2024.104337

da Silva, T., Mills, K., Brown, B. T., Pocovi, N., de Campos, T., Maher, C., &
Hancock, M. J. (2019). Recurrence of low back pain is common: A pro-
spective inception cohort study. Journal of Physiotherapy, 65(3), 159–165.
https://doi.org/10.1016/j.jphys.2019.04.010

Elliott, T. L., Marshall, K. S., Lake, D. A., Wofford, N. H., & Davies, G. J. (2016).
The effect of sitting on stability balls on nonspecific lower back pain,
disability, and core endurance: A randomized controlled crossover study.
Spine, 41(18), E1074–E1080. https://doi.org/10.1097/brs.
0000000000001576

Fadil, R., Hoffmann, B., Lovelace, S., Farahani, B., Arzanpour, S., Loscheider, J.,
Aboonabi, A., & Tavakolian, K. (2022). Design and evaluation of a dynamic
air cushion for pressure ulcers prevention. Journal of Tissue Viability, 31(3),
491–500. https://doi.org/10.1016/j.jtv.2022.04.004

Fischer, M., Safaeinili, N., Haverfield, M. C., Brown-Johnson, C. G., Zionts, D.,
& Zulman, D. M. (2021). Approach to human-centered, evidence-driven
adaptive design (AHEAD) for health care interventions: A proposed
framework. Journal of General Internal Medicine, 36(4), 1041–1048. https://
doi.org/10.1007/s11606-020-06451-4

Gregory, D. E., Dunk, N.M., & Callaghan, J. P. (2006). Stability ball versus office
chair: Comparison of muscle activation and lumbar spine posture during
prolonged sitting. Human Factors, 48(1), 142–153. https://doi.org/10.1518/
001872006776412243

Gupta, H., Asha, L. N., & Kibria, M. (2018). Office chair design: A sys-
tematic approach of ergonomic design based on the anthropometric
measurement of Bangladeshi people. https://doi.org/10.22105/RIEJ.
2018.128451.1040

Hodges, P. W., & Moseley, G. L. (2003). Pain and motor control of the
lumbopelvic region: Effect and possible mechanisms. Journal of Electro-
myography and Kinesiology: Official Journal of the International Society of
Electrophysiological Kinesiology, 13(4), 361–370. https://doi.org/10.1016/
s1050-6411(03)00042-7

Holmes, M. W., De Carvalho, D. E., Karakolis, T., & Callaghan, J. P. (2015).
Evaluating abdominal and lower-back muscle activity while performing
core exercises on a stability ball and a dynamic office chair.Human Factors,
57(7), 1149–1161. https://doi.org/10.1177/0018720815593184

Howard, W. S., & Kumar, V. (1996). On the stability of grasped objects. IEEE
Transactions on Robotics and Automation, 12(6), 904–917. https://doi.org/
10.1109/70.544773

Hu, L., Tor, O., Shen, L., Zhang, J., Quin, F., & Yu, X. (2020). Cushioning
capability analysis of seat foundations considering the sitter’s anthropo-
metric dimensions. Bioresources, 15(4), 7992–8007. https://doi.org/10.
15376/biores.15.4.7992-8007

Ijmker, S., Blatter, B. M., van der Beek, A. J., van Mechelen, W., & Bongers,
P. M. (2006). Prospective research on musculoskeletal disorders in office
workers (PROMO): Study protocol. BMC Musculoskeletal Disorders, 7(1),
55. https://doi.org/10.1186/1471-2474-7-55

Jackson, J. A., Banerjee-Guenette, P., Gregory, D. E., & Callaghan, J. P. (2013).
Should we be more on the ball? The efficacy of accommodation training on
lumbar spine posture, muscle activity, and perceived discomfort during
stability ball sitting. Human Factors, 55(6), 1064–1076. https://doi.org/10.
1177/0018720813482326

Janwantanakul, P., Sihawong, R., Sitthipornvorakul, E., & Paksaichol, A. (2015).
A screening tool for non-specific low back pain with disability in office
workers: A 1-year prospective cohort study. BMC Musculoskeletal Dis-
orders, 16(1), 298. https://doi.org/10.1186/s12891-015-0768-y

Kim, H., Lee, T., Lee, Y., Kim, J., Jung, S., Yang, D., & Hong, J. (2017). A design
for seat cushion and back-supporter using finite element analysis for
preventing decubitus ulcer. Journal of Biomechanical Science and Engi-
neering, 12(2), 1600586. https://doi.org/10.1299/jbse.16-00586

Kingma, I., & van Dieen, J. H. (2009). Static and dynamic postural loadings
during computer work in females: Sitting on an office chair versus sitting on
an exercise ball. Applied Ergonomics, 40(2), 199–205. https://doi.org/10.
1016/j.apergo.2008.04.004

Kuster, R. P., Bauer, C. M., & Baumgartner, D. (2020). Is active sitting
on a dynamic office chair controlled by the trunk muscles? PLoS One,

f e a t u r e | Design Process and Performance Testing of a Dynamic Seat Cushion

January 2026 | ergonomics in design 23

https://doi.org/10.1053/apmr.2001.19473
https://doi.org/10.1053/apmr.2001.19473
https://doi.org/10.1097/pr9.0000000000001014
https://doi.org/10.1097/pr9.0000000000001014
https://doi.org/10.1016/j.msksp.2021.102451
https://doi.org/10.1016/j.jmpt.2023.06.003
https://doi.org/10.1016/j.jmpt.2023.06.003
https://doi.org/10.1371/journal.pone.0296968
https://doi.org/10.1371/journal.pone.0296968
https://doi.org/10.1016/j.jtv.2015.05.002
https://doi.org/10.1016/j.jtv.2015.05.002
https://doi.org/10.7759/cureus.44996
https://doi.org/10.7759/cureus.44996
https://doi.org/10.1016/j.apergo.2024.104337
https://doi.org/10.1016/j.apergo.2024.104337
https://doi.org/10.1016/j.jphys.2019.04.010
https://doi.org/10.1097/brs.0000000000001576
https://doi.org/10.1097/brs.0000000000001576
https://doi.org/10.1016/j.jtv.2022.04.004
https://doi.org/10.1007/s11606-020-06451-4
https://doi.org/10.1007/s11606-020-06451-4
https://doi.org/10.1518/001872006776412243
https://doi.org/10.1518/001872006776412243
https://doi.org/10.22105/RIEJ.2018.128451.1040
https://doi.org/10.22105/RIEJ.2018.128451.1040
https://doi.org/10.1016/s1050-6411(03)00042-7
https://doi.org/10.1016/s1050-6411(03)00042-7
https://doi.org/10.1177/0018720815593184
https://doi.org/10.1109/70.544773
https://doi.org/10.1109/70.544773
https://doi.org/10.15376/biores.15.4.7992-8007
https://doi.org/10.15376/biores.15.4.7992-8007
https://doi.org/10.1186/1471-2474-7-55
https://doi.org/10.1177/0018720813482326
https://doi.org/10.1177/0018720813482326
https://doi.org/10.1186/s12891-015-0768-y
https://doi.org/10.1299/jbse.16-00586
https://doi.org/10.1016/j.apergo.2008.04.004
https://doi.org/10.1016/j.apergo.2008.04.004


15(11 November), Article e0242854. https://doi.org/10.1371/journal.pone.
0242854

Liu, Z. (2020). Effects of trunk rotation and backrest activity on lumbar sEMG
activities. In Body pressure distribution and sitting discomfort during
sitting proceedings of the 2019 6th international conference on biomedical
and bioinformatics engineering. IEEE. https://doi.org/10.1145/3375923.
3375941

Mistarihi, M. Z., Al-Omari, A. A., & Al-Dwairi, A. F. (2023). Designing and
simulation assessment of a chair attachment air blowing methods to en-
hance the safety of prolonged sitting. Biomimetics, 8(2), 194. https://doi.org/
10.3390/biomimetics8020194

O’Sullivan, P., Dankaerts, W., Burnett, A., Straker, L., Bargon, G., Moloney, N.,
Perry, M., & Tsang, S. (2006). Lumbopelvic kinematics and trunk muscle
activity during sitting on stable and unstable surfaces. Journal of Ortho-
paedic & Sports Physical Therapy, 36(1), 19–25. https://doi.org/10.2519/
jospt.2006.36.1.19

Panjabi, M. M. (1992). The stabilizing system of the spine. Part I. Function,
dysfunction, adaptation, and enhancement. Journal of Spinal Disorders,
5(4), 383–389. https://doi.org/10.1097/00002517-199212000-00001

Park, C.-B., Kim, Y.-N., Kim, Y.-S., Cho, W.-S., & Jin, H.-K. (2013). Effect of
inflatable standing surface with different levels of air pressure on leg muscle
activity. Physical Therapy Korea, 20(2), 1–10. https://doi.org/10.12674/ptk.
2013.20.2.001

Pynt, J. (2015). Rethinking design parameters in the search for optimal dynamic
seating. Journal of Bodywork and Movement Therapies, 19(2), 291–303.
https://doi.org/10.1016/j.jbmt.2014.07.001

Rasmussen, C. D., Holtermann, A., Jørgensen, M. B., Ørberg, A., Mortensen,
O. S., & Søgaard, K. (2016). A multi-faceted workplace intervention
targeting low back pain was effective for physical work demands and
maladaptive pain behaviours, but not for work ability and sickness ab-
sence: Stepped wedge cluster randomised trial. Scandinavian Journal of
Public Health, 44(6), 560–570. https://doi.org/10.1177/
1403494816653668

Reenalda, J., Van Geffen, P., Nederhand, M., Jannink, M.,M, I. J., & Rietman, H.
(2009). Analysis of healthy sitting behavior: Interface pressure distribution
and subcutaneous tissue oxygenation. Journal of rehabilitation research and
development, 46(5), 577–586. https://doi.org/10.1682/jrrd.2008.12.0164

Reeves, N., Everding, V., Cholewicki, J., & Morrisette, D. (2006). The effects of
trunk stiffness on postural control during unstable seated balance. Ex-
perimental Brain Research, 174(4), 694–700. https://doi.org/10.1007/
s00221-006-0516-5

Robinson, J., Shewalkar, V. H., Rigo, I., Rock, A., Cinnamon, L., Chapman-
Rienstra, D., Hong, J., Kim, J., & Golecki, H. (2023). Design of a custom
sensing and actuating cushion for use in pressure relief in wheelchair users.
In Design of medical devices conference. University of Minnesota.

Sakulsriprasert, P., Eak-udchariya, P., & Jalayondeja, W. (2015). Muscle activity
of abdominal and back muscles during six starting positions in untrained
individuals. Medical Journal of the Medical Association of Thailand, 98(-
Suppl 5), S125–S130.

Sanders, M. J. (2004). Ergonomics and the management of musculoskeletal
disorders. Butterworth Heinemann.

Sihawong, R., Janwantanakul, P., & Jiamjarasrangsi, W. (2014). A prospective,
cluster-randomized controlled trial of exercise program to prevent low back
pain in office workers. European Spine Journal: Official Publication of the
European Spine Society, the European Spinal Deformity Society, and the
European Section of the Cervical Spine Research Society, 23(4), 786–793.
https://doi.org/10.1007/s00586-014-3212-3

Sihawong, R., Sitthipornvorakul, E., Paksaichol, A., & Janwantanakul, P. (2016).
Predictors for chronic neck and low back pain in office workers: A 1-year
prospective cohort study. Journal of Occupational Health, 58(1), 16–24.
https://doi.org/10.1539/joh.15-0168-OA

Sydor, M., & Hitka, M. (2023). Chair size design based on user height. Bio-
mimetics, 8(1), 57. https://doi.org/10.3390/biomimetics8010057

Taifa, I. W., & Desai, D. A. (2017). Anthropometric measurements for er-
gonomic design of students’ furniture in India. Engineering Science and

Technology, an International Journal, 20(1), 232–239. https://doi.org/10.
1016/j.jestch.2016.08.004

Teo Chuun, B., Darliana, M., & Indah, D. D. D. (2018). Ergonomic design
optimization for train seat fit parameters. Malaysian Journal of Public
Health Medicine, 18(Specialissue2), 73–78. https://www.scopus.com/
inward/record.uri?eid=2-s2.0-85048612182&partnerID=40&md5=
d6dfba95576404d61ae859704c7c7b72

van Dieen, J. H., de Looze, M. P., & Hermans, V. (2001). Effects of dynamic
office chairs on trunk kinematics, trunk extensor EMG and spinal
shrinkage. Ergonomics, 44(7), 739–750. https://doi.org/10.1080/
00140130120297
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