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Abstract

The kneeling chair has an advantage over the traditional chair in that it promotes lumbar
lordosis, while findings regarding muscle activity and subjective (dis)comfort evaluation
between the two are inconsistent. Furthermore, there is a lack of studies focusing on the
angle combinations of the kneeling chair. This study investigated an unsupported tradi-
tional sitting configuration and four unsupported kneeling configurations with different
angle combinations through measurements of surface electromyography (EMG) signals,
body part discomfort (BPD) scores, and seat configuration evaluation scores. A significant
decrease in lumbar erector spinae (LES) muscle activity and perceived discomfort was
observed in the kneeling configuration compared with the results for the traditional sitting
configuration. Among the four angle combinations, the optimal arrangement was identi-
fied, which resulted in significantly less LES muscle activity and perceived discomfort. Our
findings provide guidance for the design and future studies of the kneeling chair.

Keywords: kneeling chair; angle combination; surface electromyography; discomfort

1. Introduction
Currently, sitting at work is very common. A study of 40 workstations found that 45%

of office workers maintained a bent and unsupported back [1], which can result in sustained
stretch of passive lumbar structures and extremely low levels of lower back muscle activity
and thus, possible exacerbation of lower back pain [2]. Ergonomic adjustments of the
workstation, consisting of the desk, chair, and other equipment, can improve work-related
posture and reduce lower back pain [3]. The chair adjustment is easier and more feasible
than the desk adjustment and can improve musculoskeletal symptoms among sedentary
workers [4]. The normal lumbar curvature is maintained by a trunk–thigh angle of about
135 degrees; however, the lumbar curvature flattens as the trunk–thigh angle is reduced
when using the traditional chair, thus causing lower back pain [5]. The chair with a
forward-inclined seat pan can improve this situation [6]. The kneeling chair consists of a
forward-inclined seat pan and a backward-inclined knee rest, and the kneeling posture
has been found to be a closer approximation to the standing lumbar curvature than the
traditional sitting posture [7,8]. Moreover, across different subject groups, postures, and
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tasks, lumbar lordosis can be better preserved when sitting in the kneeling chair than in
the traditional chair [9,10]. A previous study [11] has summarized that reduced lumbar
lordosis is one of frequently cited risk factors of occupational lower back pain. From this
perspective, the kneeling chair shows great potential for workplace use.

Studies on the kneeling chair have been conducted based on surface electromyography
(EMG) and subjective (dis)comfort evaluation, primarily focusing on comparing it with
the traditional chair. Prior work is presented in Table 1. However, these comparisons have
yielded inconsistent results. Considering the influence of the chair backrest on paraspinal
muscle activity [12] and subjective (dis)comfort [13], as well as the absence of prior studies
on the kneeling chair backrest, this study focuses on unsupported postures to eliminate
potential effects of the backrest. In this regard, in the comparison between the unsupported
traditional sitting posture and the unsupported kneeling posture, the findings of Soderberg
et al. [14] and Wang et al. [15] are inconsistent.

Table 1. Comparisons between the kneeling chair and the traditional chair obtained from previous
studies in regards to muscle activity and subjective (dis)comfort.

Indicator Study The Kneeling Chair vs. the Traditional Chair

Muscle
activity

Bennett et al. [9] No significant difference in erector spinae muscle activity.

Soderberg et al. [14] Significantly less trapezius and erector spinae muscle activity using the
kneeling chair.

Cram et al. [16]
Significantly greater lumbar paraspinal muscle activity using the
kneeling chair; no significant differences in cervical and thoracic

paraspinal muscle activity.

Lander et al. [17]
Significantly greater cervical paraspinal muscle activity using the

kneeling chair; no significant difference in lumbar paraspinal muscle
activity.

Wang et al. [15] Significantly greater erector spinae and gastrocnemius muscle activity
using the kneeling chair.

Subjective
(dis)comfort

Lander et al. [17] A non-significant preference for the traditional chair in terms of overall
and lower back comfort.

Soderberg et al. [14] A non-significant preference for the kneeling chair in terms of comfort.

Wang et al. [15]

A non-significant trend towards greater comfort in the overall body,
upper back, lower back, buttocks, thighs, and lower legs using the

traditional chair; a non-significant trend towards greater neck comfort
using the kneeling chair.

Bishu et al. [18] A non-significant trend towards greater discomfort in the upper, middle,
and lower back using the kneeling chair.

Bridger et al. [19] Significantly greater comfort using the kneeling chair in combination
with both horizontal and inclined work surfaces.

Studies on the seat pan angle and the knee rest angle of the kneeling chair, both of
which directly affect the kneeling posture, are limited. Through EMG measurement and
comfort evaluation, Soderberg et al. [14] investigated the effect of seat pan angle on healthy
adults, and Tang et al. [20] investigated the effect of seat pan angle and the effect of knee
rest angle on healthy children; however, no prior studies have explored the effect of angle
combination (i.e., the combination of seat pan angle and knee rest angle) on healthy adults.
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2. Materials and Methods
2.1. Subjects

A total of 17 right-handed subjects, including 9 males and 8 females, participated in the
experiment. None of the subjects had experienced any neck, back, or lower limb disorders
for at least three months. None of the subjects had experience in using the kneeling chair.
The subjects were aged from 19 to 30 years (M = 22.82, SD = 2.81), with the height ranging
from 1.58 to 1.78 m (M = 1.68, SD = 0.06) and the body mass index (BMI) less than 28 kg/m2.
Each subject signed an informed consent form before the experiment.

2.2. Experimental Design

This study investigated five seat configurations: seat configuration level 1 (SCL1)
represents the unsupported traditional sitting configuration, and SCL2 to SCL5 represent
four unsupported kneeling configurations with different angle combinations. Seat pan
angles of 10 degrees (SA10) and 20 degrees (SA20) were set in the experiment, with reference
to previous research investigating different seat pan angles in adults [14]. Knee rest angles
of 20 degrees (KA20) [10,17] and 35 degrees (KA35) [21] were selected according to prior
research on the kneeling chair that reported specific knee rest angles, since few previous
studies have investigated different knee rest angles in adults. The angle combinations of
SCL2 to SCL5 were SA10–KA20, SA10–KA35, SA20–KA20, and SA20–KA35, respectively.

As shown in Figure 1, the experimental equipment consisted of a kneeling chair (Anji
Youdemeng Furniture Trading Co., Ltd., Huzhou, China), an HP Omen laptop (HP Inc.,
Shanghai, China), a Dell E2210H monitor (Dell Inc., Xiamen, China), a Rapoo V500pro
keyboard (Shenzhen Rapoo Technology Co., Ltd., Shenzhen, China), and a Logitech M280
mouse (Logitech Inc., Suzhou, China). The desk height was approximately 74 cm. The
monitor was positioned at a distance of approximately 70 cm from the subjects, and its top
was level with subjects’ eyes [22]. The keyboard was placed approximately 10 cm from
the edge of the desk, and its typing area was centered relative to the monitor. The mouse
position could be adjusted by the subjects, and the keyboard position was not adjustable.

 
Figure 1. Experimental equipment.

The experimental scenarios of the traditional sitting posture and kneeling posture are
shown in Figure 2. The traditional chair was replaced with the kneeling chair to eliminate
potential effects of factors such as seat pan material. In the kneeling posture, the subjects
were instructed to place their lower legs on the knee rest, with their weight supported by
both the seat pan and the knee rest. In the traditional sitting posture, the subjects were
required to keep approximately 90 degrees of knee flexion with both feet on the ground [23].
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Figure 2. Experimental scenarios of (a) the traditional sitting posture and (b) the kneeling posture.

The experimental protocol was explained to the subjects in detail before the experiment.
During this period, they maintained the kneeling posture to become familiar with using
the kneeling chair. As shown in Figure 3, each subject completed five trials. Before each
trial, the subjects were required to adopt the most comfortable posture possible and to try
to maintain this posture without unnecessary postural adjustments or speech during the
trial [17]. The subjects performed a 30 min typing task in each seat configuration and rested
for at least 5 min before the next configuration [17,24]. The order of seat configurations was
based on the balanced Latin square design [25]. In each trial, the EMG signals were collected
throughout the trial, the body part discomfort (BPD) scale was administered at baseline
and at 10 min intervals, and the seat configuration evaluation scale was administered at the
end. Video recordings were acquired from the right side of the subjects in each trial.

Figure 3. Experimental protocol. The EMG signals were collected continuously. The BPD scale and
seat configuration evaluation scale were administered at specific time points indicated by arrows
(EMG, surface electromyography; BPD, body part discomfort).

2.3. Data Collection
2.3.1. EMG Signals

A total of 14 muscles were studied: bilateral trapezius (Tr), lumbar erector spinae
(LES), lumbar multifidus (LM), external oblique (EO), rectus femoris (RF), gastrocnemius
medial (GM), and gastrocnemius lateralis (GL). The EMG signals were recorded using
the Noraxon Desktop DTS system and Noraxon MR3 3.10.64 software (Noraxon USA Inc.
in Scottsdale, AZ, USA), with a sampling frequency of 1500 Hz and low-pass filtering
of 500 Hz. Before the electrode placements, the skin at the target areas was prepared by
shaving (if necessary), followed by rubbing and cleaning with alcohol pads [26]. Bipolar
disposable Ag/AgCl surface electrodes were placed, as detailed in Table 2, after the skin
was dry. The electrodes were placed parallel to the muscle fibers, with a center-to-center
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distance of approximately 2–3 cm. Tape was used to ensure good fixation of the electrodes
and sensors, and elastic bandages were applied as necessary [26].

Prior to the experiment, 4–5 s of maximum voluntary contraction (MVC) was per-
formed twice for each muscle [27]. A rest period of at least 1 min was provided between
each MVC trial [28]. Table 2 shows the MVC trials, during which the subjects were pro-
vided with manual resistance and frequent verbal encouragement from the researcher. The
subjects were instructed to practice the MVC tasks before the formal trials.

Table 2. Electrode placements and MVC trials for each muscle (MVC, maximum voluntary contraction;
Tr, trapezius; LES, lumbar erector spinae; LM, lumbar multifidus; EO, external oblique; RF, rectus
femoris; GM, gastrocnemius medial; GL, gastrocnemius lateralis; C7, the seventh cervical vertebra;
L1/L2/L5, the first/second/fifth lumbar vertebra).

Muscle Electrode Placement MVC Trial

Tr 2 cm lateral to the midpoint of the line between C7 and
the acromion [29]

Subjects shrugged the shoulders in a sitting
position [30].

LES 3 cm lateral to L1 [31] Subjects extended the back in a prone position
with the legs secured, the trunk suspended,

and the arms crossed over the chest [32].LM
L5 level, parallel to the line between the posterior

superior iliac spine and the L1–L2 interspinous
space [33]

EO 15 cm lateral to the umbilicus [34], aligned at an
80-degree angle to the horizontal [35]

Subjects performed trunk flexion as well as
left and right twists in a supine trunk-lifted

position, with the feet secured and the knees
flexed [36,37].

RF The midpoint of the line between the anterior superior
iliac spine and the superior part of the patella [38]

Subjects performed hip flexion and knee
extension simultaneously in a sitting

position [39].

GM
The midpoint of the line between the medial side of the

popliteal fossa and the medial side of the Achilles
tendon insertion [40]

Subjects performed single-leg toe standing,
with balanced support provided (if

necessary) [41,42].
GL 1/3 of the line between the head of the fibula and the

heel [38]

2.3.2. BPD Scale

Adapted from a previous study [43], the BPD scale was a six-point scale (0 = no dis-
comfort, 5 = extreme discomfort) [44] and included 10 body parts (neck, bilateral shoulders,
upper back, lower back, buttocks, bilateral thighs, and bilateral lower legs).

2.3.3. Seat Configuration Evaluation Scale

Each seat configuration was evaluated across two dimensions on seven-point scales:
the degree of liking (1 = extremely dislike, 7 = extremely like) and the willingness to use
(1 = extremely unwilling, 7 = extremely willing).

2.4. Data Processing

For the EMG signals collected during each 30 min task trial, 30 s segments were
selected at 5 min intervals starting after 3 min, resulting in six segments per trial. The
time-interval-based method was adapted from that used in the previous study [45]. The
middle 80% of the EMG signals collected during each MVC trial were selected. All selected
EMG signals were filtered with a 4th-order band-pass Butterworth filter (30–500 Hz), in
which the 30 Hz cutoff was used to reduce electrocardiogram contamination [46,47]. Then,
the signals were baseline corrected, full-wave rectified [48], smoothed using a 0.1 s moving
window to obtain the root mean square (RMS) envelopes, and normalized to the maximum
RMS value of the corresponding MVC trials [49]. Finally, the mean of the normalized
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RMS envelope was calculated [50], yielding six mean values for each muscle in each seat
configuration level. Outliers were identified and removed based on experimental records
(field observations, photos, and videos) and visual inspection [51] of the filtered signals.
The data from one subject was excluded, since more than 20% of this data was outliers.
After this exclusion, outliers accounted for less than 6% of the total dataset. Following the
removal of the outliers, the mean of the remaining data (from the original six values) was
calculated for each muscle in each level and expressed as %MVC for statistical analysis.
When there was no remaining data, the corresponding %MVC value was replaced by the
mean of %MVC values from all other subjects. The replaced values accounted for less than
2% of the entire dataset.

For the BPD score, the data collected from one subject at a specific time point and in a
certain seat configuration level was missing and was replaced by the median of available
values from all other subjects under the same condition. The overall body discomfort
(OBD) was calculated as the mean discomfort of 10 body parts [52]. The BPD frequency
(BPDF) was calculated as the frequency of non-zero scores, and the BPD severity (BPDS)
was calculated as the mean of non-zero scores [53]. When there were no non-zero scores,
both the BPDF and BPDS were 0. Referring to a previous study [54], the BPDF and BPDS
were calculated for the overall body and three body segments: the neck–shoulder (neck
and bilateral shoulders), the back (upper and lower back), and the lower limb (buttocks,
bilateral thighs, and bilateral lower legs). The mean values of the BPD score, BPDF, and
BPDS at four time points were calculated for statistical analysis.

2.5. Statistical Analysis

All data from one subject was excluded owing to failure to follow experimental
requirements, and the EMG data from one subject was excluded owing to excessive outliers.
The scale data from 16 subjects and the EMG data from 15 subjects were statistically
analyzed. A one-way repeated-measures analysis of variance was performed to determine
significant differences in seat configurations, and the least significant difference (LSD)
test was used for pairwise comparisons. Data analysis was performed in SPSS 25, with
a significance level of 0.05. The effect size is small, medium, or large when the partial η2

value is no less than 0.01, 0.059, or 0.138, respectively [55].

3. Results
3.1. Muscle Activity

Left LES (F = 3.073, p = 0.023, partial η2 = 0.180) and right LES (F = 9.392, p = 0.001,
partial η2 = 0.774) muscle activity differed significantly across seat configurations, with large
effect sizes. No significant differences in regards to other muscle activity were observed
across seat configurations.

The LSD results are shown in Figure 4. For left LES muscle activity, significant
differences were observed between SCL1 and SCL5 (p = 0.028), between SCL2 and SCL5
(p = 0.023), between SCL3 and SCL4 (p = 0.040), and between SCL3 and SCL5 (p = 0.002).
Left LES muscle activity in SCL5 decreased by 17.42%, 17.03%, and 22.93% compared with
that in SCL1, SCL2, and SCL3, respectively. Left LES muscle activity in SCL4 decreased by
17.94% compared with that in SCL3. For right LES muscle activity, significant differences
were observed between SCL1 and SCL2 (p = 0.003), between SCL1 and SCL3 (p = 0.003),
between SCL1 and SCL4 (p < 0.001), between SCL1 and SCL5 (p = 0.001), between SCL3
and SCL4 (p < 0.001), and between SCL3 and SCL5 (p = 0.008). Right LES muscle activity in
SCL2, SCL3, SCL4, and SCL5 decreased by 29.72%, 17.91%, 37.08%, and 39.99% compared
with that in SCL1, respectively. Right LES muscle activity in SCL4 and SCL5 decreased by
23.35% and 26.89% compared with that in SCL3, respectively.
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Figure 4. Mean (M) and standard deviation (SD) of bilateral muscle activity of seven muscles in each
seat configuration (MVC, maximum voluntary contraction; Tr, trapezius; LES, lumbar erector spinae;
LM, lumbar multifidus; EO, external oblique; RF, rectus femoris; GM, gastrocnemius medial; GL,
gastrocnemius lateralis; SCL1/SCL2/SCL3/SCL4/SCL5, seat configuration level 1/2/3/4/5).

3.2. Perceived Discomfort

Left shoulder discomfort (F = 4.152, p = 0.005, partial η2 = 0.217), upper back discomfort
(F = 3.631, p = 0.037, partial η2 = 0.548), lower back discomfort (F = 5.420, p = 0.001, partial
η2 = 0.265), BPDF back (F = 9.440, p < 0.001, partial η2 = 0.386), and BPDS back (F = 3.586,
p = 0.011, partial η2 = 0.193) differed significantly across seat configurations, with large
effect sizes. No significant differences in other BPD scores, BPDF, and BPDS were observed
across seat configurations.

The LSD results are shown in Figure 5. For left shoulder discomfort, significant
differences were observed between SCL1 and SCL3 (p = 0.013), between SCL1 and SCL4
(p = 0.012), and between SCL4 and SCL5 (p = 0.027). Left shoulder discomfort in SCL3
and SCL4 decreased by 48.40% and 58.10% compared with that in SCL1, respectively. Left
shoulder discomfort in SCL4 decreased by 36.66% compared with that in SCL5. For upper
back discomfort, significant differences were observed between SCL1 and SCL3 (p = 0.025),
between SCL1 and SCL4 (p = 0.007), between SCL2 and SCL4 (p = 0.029), and between
SCL2 and SCL5 (p = 0.036). Upper back discomfort in SCL3 and SCL4 decreased by 34.64%
and 44.03% compared with that in SCL1, respectively. Upper back discomfort in SCL4 and
SCL5 decreased by 40.04% and 32.91% compared with that in SCL2, respectively. For lower
back discomfort, significant differences were observed between SCL1 and SCL4 (p = 0.002),
between SCL1 and SCL5 (p = 0.007), between SCL2 and SCL4 (p = 0.033), and between
SCL2 and SCL5 (p = 0.028). Lower back discomfort in SCL4 and SCL5 decreased by 47.29%
and 41.83% compared with that in SCL1, respectively. Lower back discomfort in SCL4 and
SCL5 decreased by 38.95% and 32.61% compared with that in SCL2, respectively.

For BPDF back, significant differences were observed between SCL1 and SCL3
(p = 0.001), between SCL1 and SCL4 (p < 0.001), between SCL1 and SCL5 (p < 0.001),
between SCL2 and SCL3 (p = 0.010), between SCL2 and SCL4 (p = 0.024), and between SCL2
and SCL5 (p = 0.024). BPDF back in SCL3, SCL4, and SCL5 decreased by 31.76%, 34.57%,
and 34.57% compared with that in SCL1, respectively. BPDF back in SCL3, SCL4, and
SCL5 decreased by 18.85%, 22.19%, and 22.19% compared with that in SCL2, respectively.
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For BPDS back, significant differences were observed between SCL1 and SCL4 (p = 0.002).
BPDS back in SCL4 decreased by 36.76% compared with that in SCL1.

 
(a) 

  
(b) (c) 

Figure 5. Mean (M) and standard deviation (SD) of perceived discomfort ((a) BPD score,
(b) BPDF, (c) BPDS) in each seat configuration (BPD, body part discomfort; OBD, overall
body discomfort; BPDF, body part discomfort frequency; BPDS, body part discomfort severity;
SCL1/SCL2/SCL3/SCL4/SCL5, seat configuration level 1/2/3/4/5).

3.3. Seat Configuration Evaluation

No significant differences in the degree of liking and the willingness to use were
observed across seat configurations. The degree-of-liking score was the highest in SCL4
(M = 4.500, SD = 1.095) and the lowest in SCL1 (M = 4.000, SD = 1.317). The willingness-to-
use score was the highest in SCL4 (M = 4.250, SD = 1.528) and the lowest in SCL1 (M = 3.875,
SD = 1.628) and SCL5 (M = 3.875, SD = 1.708).

4. Discussion
Our study found that the unsupported kneeling posture, compared with the unsup-

ported traditional sitting posture, resulted in significantly less LES muscle activity and
perceived discomfort (shoulder discomfort, upper and lower back discomfort, BPDF back,
and BPDS back). Among the four angle combinations of the kneeling chair, SCL4 resulted
in a significant decrease in both LES muscle activity and perceived discomfort (shoulder
discomfort, upper and lower back discomfort, and BPDF back). For comparison, Table 3
summarizes the significant differences observed in our study and the results of related
indicators from previous studies and presents the corresponding methodologies employed.
Given that no previous studies have focused on angle combinations, we compared our
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findings with those from prior work on individual angles, namely, the seat pan angle and
the knee rest angle. Since Soderberg et al. [14] did not specify the knee rest angle in their
study on the seat pan angle, the study by Tang et al. [20] that investigated both angles was
used for comparison. The angles explored were knee rest angles of 20, 30, and 40 degrees
(KA20, KA30, and KA40), with SA20; seat pan angles of 10, 20, and 30 degrees (SA10, SA20,
and SA30), with KA30. Namely, the angle combinations of the kneeling configurations
were SA10–KA30, SA20–KA30, SA30–KA30, SA20–KA20, and SA20–KA40.

Table 3. Methodologies and results of this study and related previous studies (Tr, trapezius; LES, lumbar
erector spinae; BPDF, body part discomfort frequency; BPDS, body part discomfort severity; M, mean;
SCL1/SCL2/SCL3/SCL4/SCL5, seat configuration level 1/2/3/4/5; SA10/SA20/SA30, seat pan angle
of 10/20/30 degrees; KA20/KA30/KA35/KA40, knee rest angle of 20/30/35/40 degrees).

Study Subjects Unsupported Seat
Configurations Experimental Task Results

This study

Sample size: 17 healthy
subjects (8 females and

9 males)
Age (years): 19–30,

M = 22.82

Traditional sitting
configuration (SCL1);

kneeling configurations:
SA10–KA20 (SCL2),
SA10–KA35 (SCL3),

SA20–KA20 (SCL4), and
SA20–KA35 (SCL5)

combinations.

Typing for 30 min

LES muscle activity, shoulder
discomfort, upper and lower back

discomfort, BPDF back, BPDS back:
kneeling < traditional (significant).

BPDF back: SCL2 > SCL3 (significant).
Upper and lower back discomfort,

BPDF back: SCL2 > SCL4 (significant).
LES muscle activity, upper and lower
back discomfort, BPDF back: SCL2 >

SCL5 (significant).
LES muscle activity: SCL3 > SCL4

(significant); SCL3 > SCL5 (significant).
Shoulder discomfort: SCL4 < SCL5

(significant).

Tang et al.
[20]

Sample size: 6 healthy
subjects (6 females)

Age (years): 7–9

Kneeling configurations:
SA10–KA30, SA20–KA30,
SA30–KA30, SA20–KA20,

and SA20–KA40
combinations.

Handwriting on paper for
60 min

LES muscle activity: SA10–KA30 >
SA20–KA30 > SA30–KA30 (significant);

SA20–KA30 > SA20–KA20
(non-significant).

Gastrocnemius muscle activity:
SA10–KA30 < SA20–KA30 <

SA30–KA30 (significant); SA20–KA30
< SA20–KA40 < SA20–KA20

(significant).

Wang et al.
[15]

Sample size: 6 healthy
subjects (6 females)
Age (years): M = 8

Traditional sitting
configuration;

kneeling configuration:
SA10–KA30 combination.

Handwriting on paper for
60 min

LES and gastrocnemius muscle activity:
kneeling > traditional (significant).

Upper and lower back comfort:
kneeling < traditional (non-significant).

Soderberg
et al. [14]

Sample size: 20 healthy
subjects (10 females and

10 males)
Age (years): 22–33,

M = 24.4

Traditional sitting
configuration;

kneeling configurations:
SA10 and SA20, with an
unmentioned knee rest

angle.

Minimal-typing computer
interaction for 15 min
(20 subjects) or 30 min

(10 subjects)

Tr and LES muscle activity: kneeling <
traditional (significant); SA10 > SA20

(significant).
Subjective comfort: kneeling >
traditional (non-significant);

SA10 < SA20 (non-significant).

As shown in Table 3, our findings on LES muscle activity for the comparison between the
kneeling configuration and the traditional sitting configuration align with those of Soderberg
et al. [14]. Although their study found no significant difference in subjective comfort, our
results are consistent with the non-significant trend that they reported. In terms of angle com-
binations, our study found that LES muscle activity in SCL5 (SA20–KA35) was significantly
less than that in SCL3 (SA10–KA35). This aligns with the finding of Tang et al. [20] that, with
KA30 (close to KA35), LES muscle activity in SA20 was significantly less than that in SA10. In
addition, Tang et al. [20] reported a non-significant trend that with SA20, LES muscle activity
in KA20 was less than that in KA30. Two findings from their study may suggest a trend
towards less LES muscle activity in the SA20–KA20 combination than in the SA10–KA30
(close to SA10–KA35) combination, though no direct comparison was made between the
two combinations. In our study, LES muscle activity in SCL4 (SA20–KA20) was significantly
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less than that in SCL3 (SA10–KA35), which is consistent with this inferred trend. Further
comparisons regarding muscle activity and subjective (dis)comfort are difficult to conduct,
owing to limited findings from previous studies.

Additionally, there are discrepancies between our findings and those of prior studies.
We observed no significant difference in Tr muscle activity between the traditional sitting
posture and the kneeling posture, while Soderberg et al. [14] reported significant results.
One possible explanation for the discrepancy is the difference in neck posture due to the
screen placement during the experimental task. The subjects in our study likely maintained
a more horizontal line of sight and a more upright head position compared with those in
their study. Moreover, our findings on LES and gastrocnemius muscle activity, upper and
lower back discomfort contradict those of Wang et al. [15] in the comparison between the
kneeling configuration and the traditional sitting configuration. Our results were obtained
from a 30 min typing task performed by healthy adults, while their results came from a
60 min handwriting task performed by healthy children. Variations in experimental tasks,
experimental durations, subject characteristics, and subjects’ familiarity with or adaptation
to the kneeling posture, individually or in combination, may lead to these inconsistent
findings. Furthermore, for the kneeling configurations, our results are consistent with
those of Tang et al. [20] regarding LES muscle activity, but inconsistent with their findings
regarding gastrocnemius muscle activity. The discrepancy in regards to gastrocnemius
muscle activity may mainly arise from postural constraints on the leg imposed by the
kneeling posture. In terms of LES muscle activity, our results are consistent with those of
Tang et al. [20] but inconsistent with those of Wang et al. [15]. This discrepancy may be
primarily due to familiarity with or adaptation to the kneeling posture, since the two prior
studies adopted similar experimental designs except for the seat configuration conditions.
And we note that though significant results in terms of perceived discomfort showed a
clear tendency towards specific seat configurations, no significant findings were observed
in seat configuration evaluation (i.e., the degree of liking and the willingness to use). One
possible explanation is that this evaluation is a more comprehensive measure, as it is likely
influenced by multiple factors, including (dis)comfort, adaptability, aesthetics, etc.

One limitation of this study is the single subject group, since young healthy adults
represent only a portion of the real-world users. Future studies should investigate optimal
angle combinations of the kneeling chair for user groups with different characteristics, such
as age and health status. Additionally, only the typing task was included in this study.
Since users perform various tasks when using the kneeling chair in practice, different types
of tasks should be considered in the future. Furthermore, the muscles selected in this
study were based on the following criteria: measurability via EMG technology, extensive
investigation in previous similar studies, and representativeness across different body
parts. However, two limitations exist: one is the lack of a more thorough analysis of
the kneeling posture in the field of biomechanics, and the other is the constraints of the
adopted technology, including the difficulty in recording the activity of deep muscles. Thus,
the muscles measured in this study do not fully represent the core muscles involved in
maintaining the kneeling posture. Future research should refine the muscle selection and
adopt more suitable technologies to measure the activity of core muscles. In addition to
EMG signals, other objective data (e.g., surface pressure and joint angles) could be collected
in the future to conduct a more comprehensive assessment of the kneeling chair angle
combinations. In summary, our results should be interpreted with caution due to these
limitations, and further studies should be conducted to enhance the generalizability of
the conclusions.
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5. Conclusions
This study assessed an unsupported traditional sitting configuration and four unsup-

ported kneeling configurations with different angle combinations by measuring EMG sig-
nals, BPD scores, and seat configuration evaluation scores. Based on significant differences
in LES muscle activity and perceived discomfort, the unsupported kneeling configuration
was found to be preferable. And within the scope of this study, the optimal angle combina-
tion of the kneeling chair was identified as both the seat pan angle and the knee rest angle
being set at 20 degrees. Our results can serve as a reference for kneeling chair designers
and researchers.
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Abbreviations
The following abbreviations are used in this manuscript:

EMG surface electromyography
BPD body part discomfort
LES lumbar erector spinae
BMI body mass index
SCL1/SCL2/SCL3/SCL4/SCL5 seat configuration level 1/2/3/4/5
SA10/SA20/SA30 seat pan angle of 10/20/30 degrees
KA20/KA30/KA35/KA40 knee rest angle of 20/30/35/40 degrees
Tr trapezius
LM lumbar multifidus
EO external oblique
RF rectus femoris
GM gastrocnemius medial
GL gastrocnemius lateralis
MVC maximum voluntary contraction
C7 the seventh cervical vertebra
L1/L2/L5 the first/second/fifth lumbar vertebra
RMS root mean square
OBD overall body discomfort
BPDF body part discomfort frequency
BPDS body part discomfort severity
LSD the least significant difference
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M mean
SD standard deviation

References
1. Shikdar, A.A.; Al-Kindi, M.A. Office Ergonomics: Deficiencies in Computer Workstation Design. Int. J. Occup. Saf. Ergon. 2007, 13,

215–223. [CrossRef] [PubMed]
2. Mork, P.J.; Westgaard, R.H. Back Posture and Low Back Muscle Activity in Female Computer Workers: A Field Study. Clin.

Biomech. 2009, 24, 169–175. [CrossRef] [PubMed]
3. Pillastrini, P.; Mugnai, R.; Bertozzi, L.; Costi, S.; Curti, S.; Guccione, A.; Mattioli, S.; Violante, F.S. Effectiveness of an Ergonomic

Intervention on Work-Related Posture and Low Back Pain in Video Display Terminal Operators: A 3 Year Cross-over Trial. Appl.
Ergon. 2010, 41, 436–443. [CrossRef] [PubMed]

4. van Niekerk, S.-M.; Louw, Q.A.; Hillier, S. The Effectiveness of a Chair Intervention in the Workplace to Reduce Musculoskeletal
Symptoms. A Systematic Review. BMC Musculoskelet. Disord. 2012, 13, 145. [CrossRef]

5. Keegan, J.J. Alterations of the Lumbar Curve Related to Posture and Seating. J. Bone Jt. Surg. Am. 1953, 35-A, 589–603. [CrossRef]
6. Mandal, A.C. The Seated Man (Homo Sedens) the Seated Work Position. Theory and Practice. Appl. Ergon. 1981, 12, 19–26.

[CrossRef]
7. Frey, J.K.; Tecklin, J.S. Comparison of Lumbar Curves When Sitting on the Westnofa Balans Multi-Chair, Sitting on a Conventional

Chair, and Standing. Phys. Ther. 1986, 66, 1365–1369. [CrossRef]
8. Bettany-Saltikov, J.; Warren, J.; Jobson, M. Ergonomically Designed Kneeling Chairs Are They Worth It? : Comparison of Sagittal

Lumbar Curvature in Two Different Seating Postures. In Research into Spinal Deformities 6; Dangerfield, P.H., Ed.; IOS Press:
Amsterdam, The Netherlands, 2008; Volume 140, pp. 103–106.

9. Bennett, D.L.; Gillis, D.K.; Portney, L.G.; Romanow, M.; Sanchez, A.S. Comparison of Integrated Electromyographic Activity and
Lumbar Curvature during Standing and during Sitting in Three Chairs. Phys. Ther. 1989, 69, 902–913. [CrossRef]

10. Vaucher, M.; Isner-Horobeti, M.-E.; Demattei, C.; Alonso, S.; Herisson, C.; Kouyoumdjian, P.; van Dieen, J.H.; Dupeyron, A. Effect
of a Kneeling Chair on Lumbar Curvature in Patients with Low Back Pain and Healthy Controls: A Pilot Study. Ann. Phys.
Rehabil. Med. 2015, 58, 151–156. [CrossRef]

11. Makhsous, M.; Lin, F.; Bankard, J.; Hendrix, R.W.; Hepler, M.; Press, J. Biomechanical Effects of Sitting with Adjustable Ischial
and Lumbar Support on Occupational Low Back Pain: Evaluation of Sitting Load and Back Muscle Activity. BMC Musculoskelet.
Disord. 2009, 10, 17. [CrossRef]

12. Curran, M.; O’Sullivan, L.; O’Sullivan, P.; Dankaerts, W.; O’Sullivan, K. Does Using a Chair Backrest or Reducing Seated Hip
Flexion Influence Trunk Muscle Activity and Discomfort? A Systematic Review. Hum. Factors 2015, 57, 1115–1148. [CrossRef]

13. Vergara, M.; Page, A. System to Measure the Use of the Backrest in Sitting-Posture Office Tasks. Appl. Ergon. 2000, 31, 247–254.
[CrossRef] [PubMed]

14. Soderberg, G.L.; Blanco, M.K.; Cosentino, T.L.; Kurdelmeier, K.A. An EMG Analysis of Posterior Trunk Musculature during Flat
and Anteriorly Inclined Sitting. Hum. Factors 1986, 28, 483–491. [CrossRef] [PubMed]

15. Wang, S.; Wang, S.; Tang, Z.; Jiang, X.; Chen, X.; Wang, Q.; Bao, W. Analysis of Kneeling Sitting of Children in the Working State
Based on Surface Electromyography and Visual Distance. J. Donghua Univ. (Nat. Sci.) 2022, 48, 63–68. [CrossRef]

16. Cram, J.R.; Vinitzky, I. Effects of Chair Design on Back Muscle Fatigue. J. Occup. Rehabil. 1995, 5, 101–113. [CrossRef]
17. Lander, C.; Korbon, G.A.; DeGood, D.E.; Rowlingson, J.C. The Balans Chair and Its Semi-Kneeling Position: An Ergonomic

Comparison with the Conventional Sitting Position. Spine 1987, 12, 269–272. [CrossRef]
18. Bishu, R.R.; Hallbeck, M.S.; Riley, M.W.; Stentz, T.L. Seating Comfort and Its Relationship to Spinal Profile. A Pilot Study. Int. J.

Ind. Ergon. 1991, 8, 89. [CrossRef]
19. Bridger, R.S. Postural Adaptations to a Sloping Chair and Work Surface. Hum. Factors 1988, 30, 237–247. [CrossRef]
20. Tang, Z.; Bao, W.; Chen, X.; Zhang, W.; Liu, J.; Wang, Q.; Jiang, X. Comfort Kneeling Seat for School-Age Children. J. Shanghai

Jiaotong Univ. (Sci.) 2024, 29, 1009–1016. [CrossRef]
21. Van Houcke, J.; Schouten, A.; Steenackers, G.; Vandermeulen, D.; Pattyn, C.; Audenaert, E. Computer-Based Estimation of the Hip

Joint Reaction Force and Hip Flexion Angle in Three Different Sitting Configurations. Appl. Ergon. 2017, 63, 99–105. [CrossRef]
22. Kar, G.; Hedge, A. Effect of Workstation Configuration on Musculoskeletal Discomfort, Productivity, Postural Risks, and Perceived

Fatigue in a Sit-Stand-Walk Intervention for Computer-Based Work. Appl. Ergon. 2021, 90, 103211. [CrossRef] [PubMed]
23. Gregory, D.; Dunk, N.; Callaghan, J. Stability Ball versus Office Chair: Comparison of Muscle Activation and Lumbar Spine

Posture during Prolonged Sitting. Hum. Factors 2006, 48, 142–153. [CrossRef] [PubMed]
24. Kingma, I.; van Dieën, J. Static and Dynamic Postural Loadings during Computer Work in Females: Sitting on an Office Chair

versus Sitting on an Exercise Ball. Appl. Ergon. 2009, 40, 199–205. [CrossRef] [PubMed]
25. Guo, X.; Zhou, C.; Shen, X.; Sun, H. (Eds.) Experimental Psychology, 3rd ed.; People’s Medical Publishing House: Beijing, China,

2019; ISBN 978-7-117-28164-5.

https://doi.org/10.3390/s26030970

https://doi.org/10.1080/10803548.2007.11076722
https://www.ncbi.nlm.nih.gov/pubmed/17599795
https://doi.org/10.1016/j.clinbiomech.2008.11.001
https://www.ncbi.nlm.nih.gov/pubmed/19081657
https://doi.org/10.1016/j.apergo.2009.09.008
https://www.ncbi.nlm.nih.gov/pubmed/19853837
https://doi.org/10.1186/1471-2474-13-145
https://doi.org/10.2106/00004623-195335030-00007
https://doi.org/10.1016/0003-6870(81)90089-2
https://doi.org/10.1093/ptj/66.9.1365
https://doi.org/10.1093/ptj/69.11.902
https://doi.org/10.1016/j.rehab.2015.01.003
https://doi.org/10.1186/1471-2474-10-17
https://doi.org/10.1177/0018720815591905
https://doi.org/10.1016/S0003-6870(99)00056-3
https://www.ncbi.nlm.nih.gov/pubmed/10855447
https://doi.org/10.1177/001872088602800409
https://www.ncbi.nlm.nih.gov/pubmed/3793114
https://doi.org/10.19886/j.cnki.dhdz.2021.0182
https://doi.org/10.1007/BF02109913
https://doi.org/10.1097/00007632-198704000-00014
https://doi.org/10.1016/0169-8141(91)90028-K
https://doi.org/10.1177/001872088803000210
https://doi.org/10.1007/s12204-022-2463-0
https://doi.org/10.1016/j.apergo.2017.04.008
https://doi.org/10.1016/j.apergo.2020.103211
https://www.ncbi.nlm.nih.gov/pubmed/32818838
https://doi.org/10.1518/001872006776412243
https://www.ncbi.nlm.nih.gov/pubmed/16696264
https://doi.org/10.1016/j.apergo.2008.04.004
https://www.ncbi.nlm.nih.gov/pubmed/18508028
https://doi.org/10.3390/s26030970


Sensors 2026, 26, 970 13 of 14

26. Hermens, H.; Freriks, B.; Disselhorst-Klug, C.; Rau, G. Development of Recommendations for SEMG Sensors and Sensor
Placement Procedures. J. Electromyogr. Kinesiol. 2000, 10, 361–374. [CrossRef]

27. Sjodahl, J.; Kvist, J.; Gutke, A.; Oberg, B. The Postural Response of the Pelvic Floor Muscles during Limb Movements: A
Methodological Electromyography Study in Parous Women without Lumbopelvic Pain. Clin. Biomech. 2009, 24, 183–189.
[CrossRef]

28. Kietrys, D.M.; Gerg, M.J.; Dropkin, J.; Gold, J.E. Mobile Input Device Type, Texting Style and Screen Size Influence Upper
Extremity and Trapezius Muscle Activity, and Cervical Posture While Texting. Appl. Ergon. 2015, 50, 98–104. [CrossRef]

29. Jensen, C.; Vasseljen, O.; Westgaard, R.H. The Influence of Electrode Position on Bipolar Surface Electromyogram Recordings of
the Upper Trapezius Muscle. Eur. J. Appl. Physiol. 1993, 67, 266–273. [CrossRef]

30. Alowa, Z.; Elsayed, W. The Impact of Forward Head Posture on the Electromyographic Activity of the Spinal Muscles. J. Taibah
Univ. Med. Sci. 2021, 16, 224–230. [CrossRef]

31. Frey, M.; Barrett, M.; De Carvalho, D. Effect of a Dynamic Seat Pan Design on Spine Biomechanics, Calf Circumference and
Perceived Pain during Prolonged Sitting. Appl. Ergon. 2021, 97, 103546. [CrossRef]

32. Mackey, S.; Barnes, J.; Pike, K.; De Carvalho, D. The Relation between the Flexion Relaxation Phenomenon Onset Angle and
Lumbar Spine Muscle Reflex Onset Time in Response to 30 Min of Slumped Sitting. J. Electromyogr. Kinesiol. 2021, 58, 102545.
[CrossRef]

33. De Foa, J.L.; Forrest, W.; Biedermann, H.J. Muscle Fibre Direction of Longissimus, Iliocostalis and Multifidus: Landmark-Derived
Reference Lines. J. Anat. 1989, 163, 243–247. [PubMed]

34. Radebold, A.; Cholewicki, J.; Panjabi, M.; Patel, T. Muscle Response Pattern to Sudden Trunk Loading in Healthy Individuals and
in Patients with Chronic Low Back Pain. Spine 2000, 25, 947–954. [CrossRef] [PubMed]

35. Stokes, I.; Gardner-Morse, M.; Henry, S.; Badger, G. Decrease in Trunk Muscular Response to Perturbation with Preactivation of
Lumbar Spinal Musculature. Spine 2000, 25, 1957–1964. [CrossRef] [PubMed]

36. Cardoso, M.R.; Cardenas, A.K.; Albert, W.J. A Biomechanical Analysis of Active vs Static Office Chair Designs. Appl. Ergon. 2021,
96, 103481. [CrossRef]

37. Antwi-Afari, M.; Li, H.; Anwer, S.; Li, D.; Yu, Y.; Mi, H.; Wuni, I. Assessment of a Passive Exoskeleton System on Spinal
Biomechanics and Subjective Responses during Manual Repetitive Handling Tasks among Construction Workers. Saf. Sci. 2021,
142, 105382. [CrossRef]

38. SENIAM. Available online: http://www.seniam.org/ (accessed on 26 November 2025).
39. McGill, S.; Juker, D.; Kropf, P. Appropriately Placed Surface EMG Electrodes Reflect Deep Muscle Activity (Psoas, Quadratus

Lumborum, Abdominal Wall) in the Lumbar Spine. J. Biomech. 1996, 29, 1503–1507. [CrossRef]
40. Rainoldi, A.; Melchiorri, G.; Caruso, I. A Method for Positioning Electrodes during Surface EMG Recordings in Lower Limb

Muscles. J. Neurosci. Methods 2004, 134, 37–43. [CrossRef]
41. Karimi, Z.; Mazloumi, A.; Sharifnezhad, A.; Jafari, A.H.; Kazemi, Z.; Keihani, A.; Mohebbi, I. Determining the Interactions

between Postural Variability Structure and Discomfort Development Using Nonlinear Analysis Techniques during Prolonged
Standing Work. Appl. Ergon. 2021, 96, 103489. [CrossRef]

42. Karimi, Z.; Allahyari, T.; Azghani, M.R.; Khalkhali, H. Influence of Unstable Footwear on Lower Leg Muscle Activity, Volume
Change and Subjective Discomfort during Prolonged Standing. Appl. Ergon. 2016, 53, 95–102. [CrossRef]

43. Corlett, E.N.; Bishop, R.P. A Technique for Assessing Postural Discomfort. Ergonomics 1976, 19, 175–182. [CrossRef]
44. Curran, M.; Dankaerts, W.; O’Sullivan, P.; O’Sullivan, L.; O’Sullivan, K. The Effect of a Backrest and Seatpan Inclination on

Sitting Discomfort and Trunk Muscle Activation in Subjects with Extension-Related Low Back Pain. Ergonomics 2014, 57, 733–743.
[CrossRef] [PubMed]

45. Szeto, G.; Straker, L.; O’Sullivan, P. During Computing Tasks Symptomatic Female Office Workers Demonstrate a Trend towards
Higher Cervical Postural Muscle Load than Asymptomatic Office Workers: An Experimental Study. Aust. J. Physiother. 2009, 55,
257–262. [CrossRef] [PubMed]

46. Martinez, K.B.; Nazarahari, M.; Rouhani, H. K-Score: A Novel Scoring System to Quantify Fatigue-Related Ergonomic Risk Based
on Joint Angle Measurements via Wearable Inertial Measurement Units. Appl. Ergon. 2022, 102, 103757. [CrossRef]

47. Drake, J.; Callaghan, J. Elimination of Electrocardiogram Contamination from Electromyogram Signals: An Evaluation of
Currently Used Removal Techniques. J. Electromyogr. Kinesiol. 2006, 16, 175–187. [CrossRef]

48. Jacobs, J.V.; Lomond, K.V.; Hitt, J.R.; DeSarno, M.J.; Bunn, J.Y.; Henry, S.M. Effects of Low Back Pain and of Stabilization or
Movement-System-Impairment Treatments on Induced Postural Responses: A Planned Secondary Analysis of a Randomised
Controlled Trial. Man. Ther. 2016, 21, 210–219. [CrossRef]

49. Tian, Y.; Shi, Y.; Wu, Y.; He, W.; Liu, S.; Tao, D. Assessing Mouse, Trackball, Touchscreen and Leap Motion in Ship Vibration
Conditions: A Comparison of Task Performance, Upper Limb Muscle Activity and Perceived Fatigue and Usability. Int. J. Ind.
Ergon. 2024, 101, 103585. [CrossRef]

https://doi.org/10.3390/s26030970

https://doi.org/10.1016/S1050-6411(00)00027-4
https://doi.org/10.1016/j.clinbiomech.2008.11.004
https://doi.org/10.1016/j.apergo.2015.03.003
https://doi.org/10.1007/BF00864227
https://doi.org/10.1016/j.jtumed.2020.10.021
https://doi.org/10.1016/j.apergo.2021.103546
https://doi.org/10.1016/j.jelekin.2021.102545
https://www.ncbi.nlm.nih.gov/pubmed/2606776
https://doi.org/10.1097/00007632-200004150-00009
https://www.ncbi.nlm.nih.gov/pubmed/10767807
https://doi.org/10.1097/00007632-200008010-00015
https://www.ncbi.nlm.nih.gov/pubmed/10908940
https://doi.org/10.1016/j.apergo.2021.103481
https://doi.org/10.1016/j.ssci.2021.105382
http://www.seniam.org/
https://doi.org/10.1016/0021-9290(96)84547-7
https://doi.org/10.1016/j.jneumeth.2003.10.014
https://doi.org/10.1016/j.apergo.2021.103489
https://doi.org/10.1016/j.apergo.2015.09.003
https://doi.org/10.1080/00140137608931530
https://doi.org/10.1080/00140139.2014.897378
https://www.ncbi.nlm.nih.gov/pubmed/24670078
https://doi.org/10.1016/S0004-9514(09)70005-4
https://www.ncbi.nlm.nih.gov/pubmed/19929768
https://doi.org/10.1016/j.apergo.2022.103757
https://doi.org/10.1016/j.jelekin.2005.07.003
https://doi.org/10.1016/j.math.2015.08.006
https://doi.org/10.1016/j.ergon.2024.103585
https://doi.org/10.3390/s26030970


Sensors 2026, 26, 970 14 of 14

50. Benli, T.; Kara, D.; Dulger, E.; Bilgin, S. Electromyography Study of Six Parts of the Latissimus Dorsi during Reaching Tasks While
Seated: A Comparison between Healthy Subjects and Stroke Patients. J. Electromyogr. Kinesiol. 2023, 70, 102770. [CrossRef]

51. Baker, R.; Coenen, P.; Howie, E.; Lee, J.; Williamson, A.; Straker, L. A Detailed Description of the Short-Term Musculoskeletal and
Cognitive Effects of Prolonged Standing for Office Computer Work. Ergonomics 2018, 61, 877–890. [CrossRef]

52. Li, W.; Yu, S.; Yang, H.; Pei, H.; Zhao, C. Effects of Long-Duration Sitting with Limited Space on Discomfort, Body Flexibility, and
Surface Pressure. Int. J. Ind. Ergon. 2017, 58, 12–24. [CrossRef]

53. Drury, C.G.; Deeb, J.M.; Hartman, B.; Woolley, S.; Drury, C.E.; Gallagher, S. Symmetric and Asymmetric Manual Materials
Handling. Part 1: Physiology and Psychophysics. Ergonomics 1989, 32, 467–489. [CrossRef]

54. Haynes, S.; Williams, K. Impact of Seating Posture on User Comfort and Typing Performance for People with Chronic Low Back
Pain. Int. J. Ind. Ergon. 2008, 38, 35–46. [CrossRef]

55. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: New York, NY, USA, 1988.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/s26030970

https://doi.org/10.1016/j.jelekin.2023.102770
https://doi.org/10.1080/00140139.2017.1420825
https://doi.org/10.1016/j.ergon.2017.01.002
https://doi.org/10.1080/00140138908966118
https://doi.org/10.1016/j.ergon.2007.08.003
https://doi.org/10.3390/s26030970

	Introduction 
	Materials and Methods 
	Subjects 
	Experimental Design 
	Data Collection 
	EMG Signals 
	BPD Scale 
	Seat Configuration Evaluation Scale 

	Data Processing 
	Statistical Analysis 

	Results 
	Muscle Activity 
	Perceived Discomfort 
	Seat Configuration Evaluation 

	Discussion 
	Conclusions 
	References

