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a b s t r a c t

Background: Low back pain (LBP) is a major problem for office workers. Individuals adopting poor
postures during prolonged sitting have a considerably increased risk of experiencing LBP. This study
aimed to investigate seat pressure distribution characteristics, i.e., average pressure, peak pressure ratio,
frequency of postural shift, and body perceived discomfort (BPD), during 1 hour of sitting among office
workers with and without chronic LBP.
Methods: Forty-six participants (chronic LBP¼ 23, control¼ 23) typed a standardized text passage at a
computer work station for an hour. A seat pressure mat device was used to collect the seat pressure
distribution data. Body discomfort was assessed using the Body Perceived Discomfort scale.
Results: Office workers with chronic LBP sat significantly more asymmetrically than their healthy
counterparts. During 1-hour sitting, all workers appeared to assume slumped sitting postures after 20
minutes of sitting. Healthy workers had significantly more frequent postural shifts than chronic LBP
workers during prolonged sitting.
Conclusion: Different sitting characteristics between healthy and chronic LBP participants during 1 hour
of sitting were found, including symmetry of sitting posture and frequency of postural shift. Further
research should examine the roles of these sitting characteristics on the development of LBP.
� 2017, Occupational Safety and Health Research Institute. Published by Elsevier. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Low back pain (LBP) is a major problem for office workers. For
example, the 1-year prevalent rate of LBP in Thai and Greek office
workers was 34% and 38%, respectively [1,2]. Between 14% and 23%
of office workers in Thailand and Denmark reported a new onset of
(acute) LBP during the 1-year follow-up [3,4]. A review of the
literature revealed that the annual prevalence of chronic LBP in
general population ranged from 15% to 45%, with a point prevalence
of 30% [5]. LBP is often the cause of significant physical and psy-
chological health impairments. It also affects work performance
and social responsibilities. As a result, LBP can be a great burden on
patients and society [6]. Its total socioeconomic burden in the
United States in 2006 exceeded US$100 billion [7], whereas in the
Netherlands the total cost of LBP in 2007 was estimated at V3.5
billion [8].

Office workers are usually required to sit for long hours in front
of a computer. Although prolonged sitting by itself was not asso-
ciated with the risk of developing LBP [9], occupational groups

exposed to poor postures while sitting for longer than half a day
have a considerably increased risk of experiencing LBP [10]. Pre-
vious studies showed that, when sitting, individuals with LBP
placed their spines closer to the end range than their healthy
counterparts [11,12]. Sitting closer to the end range of spinal
movement may lead to increased passive system loading and
reduced activity of spinal stabilizing muscles [11]. Individuals with
LBP have also been shown to assumemore static postures and have
large/infrequentdrather than subtle/regulardspinal movements
while sitting [13]. Prolonged, low-level static load on the back
during sitting means continuous and relatively high activity of a
fraction of the motor units in the muscles [14]. Contraction level of
the trunk extensors of as lowas 2% of maximumvoluntary force has
been shown to impair oxygenation and create waste product
buildup of this musculature [15]. Prolonged sitting also induces
discomfort in the low back [16], which is a strong predictor of LBP
[17], and prolonged work with a computer was associated with two
predictive factors of musculoskeletal problem, i.e., infrequent
postural change and presence of discomfort while sitting [18].
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Sitting is an active, not a static, phenomenon, involving a regular
spinal movement or a postural change during sitting. Thus, short-
duration investigations of sitting posture may not completely
represent time-dependent biological responses to prolong sitting. A
previous study showed that 40% of workers performing an hour of
seated typing developed LBP [19]. Also, perceived low back discom-
fort significantly increased after 1 hour of sitting compared with
baseline values, regardless of the sitting posture [20]. Seat pressure
distribution measurement is one of the methods to study sitting for
longperiods. Althoughseatpressuredistributionmeasurement is not
a directmeasure of sitting posture, several previous studies indicated
a correlation between seat pressure distribution and sitting postures
[21e24].Highpressureat the ischial tuberositieshas alsobeenshown
to be closely associatedwith high load to the spine [22,23,25], which
may lead to accelerating disk degeneration and increased capsu-
loligamentous loading, resulting in LBP [26]. Seat pressure distribu-
tionmeasurement is a reliable andobjectivemeasure associatedwith
the subjective rating of perceived discomfort [27]. The general pur-
pose of this study was to investigate sitting posture, using seat
pressure distribution measurement, and body perceived discomfort
(BPD) during 1 hour of sitting in office workers with and without
chronic LBP. Specifically, the primary aim was to describe the char-
acteristics of average pressure (AP), peakpressure ratio (PP ratio), and
frequency of postural shift during prolonged sitting. The secondary
aimwas to compare the PP ratio between comfortable/neutral sitting
postures. Thehypothesis of this studywas that thereweredifferences
in seat pressure distribution characteristics and BPD between office
workers with and without chronic LBP. Such information would
provide basic information for the development of a guideline to
promote healthy sitting to prevent LBP in those who need to engage
in prolonged sitting.

2. Materials and methods

2.1. Participants

A pilot study with the same methodology to this study was
conducted on a convenience sample of 20 full-time office workers
(chronic LBP¼ 10; control¼ 10). The seat pressure data (i.e., AP, PP)
and Borg CR-10 scale of discomfort were then used to calculate
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the statistical power was set at 80% [28]. A power analysis revealed
that the study had sufficient power (80%) to detect a small to
moderate effect (f¼ 0.212e0.322). As a result, a convenience sam-
ple of 46 (10 males, 36 females) full-time office workers were
recruited into the study. Participants were divided into two groups:
chronic LBP (n¼ 23) and control groups (n¼ 23). Age, sex, and body
mass index (BMI) were matched between groups. There were 5
males and 18 females in each group. The definition of officeworkers
in the present study were those working in an office environment
and generally worked with a computer, participated in meetings,
read documents, and contact people by telephone. Individuals in
both chronic LBP and healthy groups were included in the study if
they were 20e45 years of age and had reported sitting at least 4
hours on a working day. Healthy participants were included in the
healthy group if they reported no LBP or a period of LBP pain lasting
less than 1 day or LBP with pain intensity on a visual analogue scale
�3 on a 100-mm scale over the 6 months prior to the testing period
[29,30]. Inclusion criteria for chronic LBP participants were having
nonspecific chronic LBP and reporting prolonged sitting as one of
the aggravating factors of the current LBP episode. Nonspecific
chronic LBP was defined as LBP with or without pain radiating to
one or both legs, in the absence of any specific pathological

condition, has persisted for at least 3 months, and has resulted in
pain on at least half the days in the past 6 months [31]. The area of
LBP was defined according to the standardized Nordic question-
naire, i.e., the area between the 12th rib and the inferior gluteal
folds, with or without radiation to one or both legs [32].

Both chronic LBP and healthy groups were excluded if they had
current or past history of known spinal disorders, signs of neuro-
logical deficit (i.e., muscle weakness or loss/disturbance of sensa-
tion), osteoarthritis, rheumatoid arthritis, gout, kidney diseases,
open wound or contusion at the buttocks or posterior thigh region,
hemorrhoids, and current pregnancy. They were also excluded if
they had a BMI of <18 kg/m2 or >23 kg/m2 [33]. A self-
administered questionnaire was used to screen participants into
the study. After they were given information about the study, all
participants signed a consent form. The study was approved by the
University Human Ethics Committee.

2.2. Equipment

The seat pressure distribution data were recorded using a seat
pressure mat device (ConforMat; Tekscan Inc., Boston, MA, USA)
with a specific-designed program (ConforMat Research, version
7.10c; Tekscan Inc.) and continuously sampled at a frame frequency
of 5 Hz throughout the 1-hour period [34]. The device consists of
1024 (32� 32) square (15�15 mm2) pressure sensing elements,
which were calibrated with an upper limit threshold of 32.5 kPa
(250 mmHg) and a lower limit threshold of 0.7 kPa (5 mmHg). The
calibration was performed according to the manufacturer’s in-
structions using a linear calibration method. The autoadjust
sensitivity was selected. The seat pressure distribution was deter-
mined through three variables: the AP, PP, and dispersion index
(DI), which are defined as follows.

(1) AP is the total pressure divided by the total sitting contact
surface area.

(2) PP is the maximal pressure around ischial tuberosity. This is
calculated between the maximum four adjacent sensors of seat
pressure mapping. The PP ratio was calculated by the higher PP
side to lower PP side. A higher PP ratio indicates more asym-
metrical sitting between left and right sides during sitting;

(3) DI, a relativemeasure of the load on the sitting surface, refers to
the load on one tuberal zone divided by the total load on the
sitting surface.

The seat pan was divided into two horizontal regions (anterior
seat or thigh region and posterior seat or buttock region), which
allowed for the description of the pressure distribution of each
region. In addition, the locations of PP along the left/right on the
seat were located.

The Borg CR-10 scale, a measuring tool for postural discomfort,
was used to determine each participant’s level of discomfort during
1-hour sitting. The Borg CR-10 scale and a body chart from a
standardized Nordic questionnaire [32] were presented in such a
way that the participants could indicate howmuch discomfort was
felt in the low back (on a scale of 0e10; where 0¼ no discomfort
and 10¼ extreme discomfort) [35].

2.3. Experimental procedure

At the beginning, participants were asked to change into legging
pants without underwear and were instructed to complete the Borg
CR-10 scale. After anthropometric measurement, participants sat on
the adjustable office chair (Model E61B, Modernform Group Pub Co.
Ltd., Bangkok, Thailand) with a pressure mapping device placed over
the seat pan, which was made of polypropylene form
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(width� length� height¼ 45 cm� 50 cm� 11.5 cm) with a density
of 40.4 kg/m3. The pressuremapping devicewasfixed to the seat pan
using adhesive tape. The initial seat position was hips and knees at
90� flexion and feet in full contact with the floor. The distance be-
tween the monitor and the participant was about 18e30 inches,
approximately at eye level. No backrest support or lumbar pad was
used in this study. Participantswere instructed to continuously type a
standardized text passage at their own normal pace for an hour.

At the start of 1-hour sitting, each participant sat in a comfort-
able sitting posture for a minute then changed to a neutral sitting
posture for another minute. The neutral sitting posture consisted of
sitting with slight lumbar lordosis and a relaxed thorax [36]. After
completion of sitting in the neutral sitting posture, participants
were able to change their sitting posture freely with constraints
imposed on leg crossing or lifting the buttocks. During the 1 hour of
sitting, the Borg score was calculated at the 10th, 20th, 30th, 40th,
50th, and 60th minutes of the sitting period. Prior to actual testing,
participants were given a practice run of about 5 minutes in a room
with a constant temperature of 25�C. The purpose of the practice
runwas to allow participants to clearly understand the experiment
procedure and to familiarize themselves with the experimental
setup. As a result, the potential learning effect, which might affect
the measurement outcomes, was minimized.

2.4. Reliability

Prior to data collection, the between-session repeatability of AP,
PP, and Borg CR 10 scale of discomfort were assessed on 20 in-
dividuals (chronic LBP¼ 10, control¼ 10) from the pilot study. The
data were collected according to the procedure described above.
Each participant was tested twice on two separate days with at
least a 24-hour lapse between measurements. The intraclass cor-
relation coefficients (ICC; 3,1) were calculated [37].

2.5. Data analysis

The measurement outcomes in this study were AP, PP ratio,
postural shift, and Borg scores. The raw pressure data (i.e., AP, PP)
were collected, displayed, and extracted using the ConforMat
Research, version 7.10c (Tekscan Inc.). To eliminate the artifact
caused by movement of postural switching, the data that fell in the
posture switching stage (1st minute for comfortable sitting posture
and 2ndminute for neutral sitting posture)were discarded. Every 10
minutes of AP at anterior seat, AP at posterior seat, PP (left) and PP
(right) data from the 1-hour sitting period (i.e., 3rde10th minutes,
11the20th minutes, 21ste30th minutes, 31ste40th minutes, 41ste
50th minutes, and 51ste60th minutes) were retrieved for analysis.
Data from the 3rd to 10th minutes were regarded as the baseline.

The DI data of both ischial tuberosities were analyzed and used
to define postural shifts. The raw data from the pressure mapping
device were exported in ASCII (American Standard Code for Infor-
mation Interchange) format. A MATLAB script, version 7.12.0.635
(The MathWorks Inc., Nattick, MA, USA) was used to calculate a
defined region that was expected to surround the ischial tuberos-
ities; this region was defined by a zone of 6� 6 pressure sensors
(9� 9 cm) to calculate the DI. The sum of themean DI values of both
ischial tuberosities and the ratio of the mean DI values of both
ischial tuberosities were calculated to identify posture shifts in the
sagittal and frontal planes, respectively. A posture shift was iden-
tified when the signal exceeded the threshold (�10% for both
sagittal and frontal movements) [38]. Posture shifts that occurred
within 1 minute were regarded as one posture shift. A combination
of postural shifts in the frontal and sagittal planes were combined
to represent the postural shifts in 1 hour of sitting [38].

2.6. Statistical analysis

ShapiroeWilk test was performed to check the distribution of
the data, and the results indicated normal distribution. The char-
acteristics of participants were compared between groups using
the independent t test for continuous data and the Chi-square test
for noncontinuous data. The effects of sitting time, group, and their
interaction on AP at anterior seat, AP at posterior seat, PP ratio, and
frequency of postural shift were examined using a two-way anal-
ysis of variance (ANOVA) for repeatedmeasures. When a significant
interaction between independent variables was detected, the effect
of each variable was examined separately using one-way ANOVA.
The Bonferroni procedure was performed to determine whether
two selected means significantly differed from each other.

The effects of sitting time, group, and their interaction on the
Borg scores were investigated using a two-way analysis of covari-
ance (ANCOVA), with the Borg score at the beginning as the co-
variate. When a significant interaction between independent
variables was detected, the effect of each variable was examined
separately using one-way ANCOVA. The relationships between the
Borg score and seat pressure distribution variables and frequency of
postural shift during 1 hour of sitting was examined using the
Pearson correlation coefficients. The effects of comfortable/neutral
sitting postures, group, and their interaction on PP ratio were
examined using a two-way ANOVA for repeated measures. Statis-
tical analyses were performed using the SPSS statistics software,
version 17.0 (SPSS Inc., Chicago, IL, USA). For all tests, significance
was determined using the 0.05 level.

3. Results

3.1. Testeretest reliability

The reliability results demonstrated moderate to excellent reli-
ability of measurement variables (i.e., AP, PP, and Borg CR 10 scale of
discomfort) with the ICC (3,1) scores ranging from 0.71 to 0.97 for
AP, ranging from 0.72 to 0.97 for PP, and from 0.76 to 1.00 for Borg
scores.

3.2. Characteristics of participants

Table 1 shows the characteristics of participants in both groups.
There was no significant difference in any of the characteristics of
the participants, except for the BPD scores at the low back. The Borg

Table 1
Characteristics of participants (n¼ 46)

Characteristics Mean (SD) p

Chronic LBP (n¼ 23) Control (n¼ 23)

Age (y) 29.6 (5.3) 29.6 (5.1) 1.00

Sex (n)
Male 5 5 1.00
Female 18 18

Weight (kg) 56.1 (6.7) 56.2 (6.3) 0.937

Height (cm) 162.0 (7.6) 162.7 (6.8) 0.744

BMI (kg/m2) 21.2 (1.6) 21.2 (1.5) 0.995

BPD at baseline
Neck 0.4 (1.3) 0 0.186
Shoulder 0.8 (1.6) 0.2 (0.8) 0.980
Upper back 0.5 (1.2) 0.3 (1.1) 0.612
Low back 1.5 (0.9) 0.2 (0.6) <0.001*
Thigh 0.4 (1.5) 0.4 (0.2) 0.330

*p < 0.05.
BMI, body mass index; BPD, body perceived discomfort; LBP, low back pain;
SD¼ standard deviation.
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score of the low back at baseline in the chronic LBP group was
significantly greater than that in the control group (p< 0.001).

3.3. Seat pressure distribution during 1-hour sitting

Table 2 summarizes AP at anterior seat, AP at posterior seat, PP
ratio, and frequency of postural shift during 1-hour sitting.

3.3.1. AP at anterior seat
The two-way ANOVA indicated no significant effect for sitting

time (F5,220¼1.952, p¼ 0.09), group (F1,44¼ 0.130, p¼ 0.91), and
their interaction (F5,220¼ 0.657, p¼ 0.68) on the AP at anterior seat
during 1 hour of sitting.

3.3.2. AP at posterior seat
The two-way ANOVA indicated significant effects for sitting

time (F5,220¼11.690, p< 0.001) on the AP at posterior seat during
1-hour sitting. No significant effect for group (F1,44¼ 0.390,
p¼ 0.54) and interaction between sitting time and group
(F5,220¼ 0.380, p¼ 0.86) was detected. Post hoc Bonferroni tests
indicated that AP at posterior seat increased progressively and
significantly from baseline (i.e., the 3rde10th minutes) after 20
minutes of sitting in both chronic LBP and control groups (p< 0.05;
Fig. 1).

3.3.3. PP ratio
The two-way ANOVA indicated significant effects for sitting

time (F5,220¼ 9.290, p< 0.001) and group (F1,44¼10.430, p¼ 0.002)
on the PP ratio during 1-hour sitting. No significant effect for
interaction between sitting time and group (F5,220¼ 0.360,
p¼ 0.87) was found. Post hoc Bonferroni tests showed that the PP
ratio at the 51ste60th minutes was significantly greater than that at
baseline (i.e., the 3rde10th minutes) in both chronic LBP and control
groups (p< 0.05; Fig. 2). In addition, the PP ratio in the chronic LBP
group was significantly greater than that in the control group
(p< 0.05; Table 2). Based on PP ratio data, which is an index of
asymmetrical sitting posture, those with chronic LBP sat signifi-
cantly more asymmetrically than their healthy counterparts during
1 hour of sitting.

3.3.4. Frequency of postural shift
The two-way ANOVA indicated significant effects for sitting

time (F5,220¼ 3.370, p¼ 0.01) and group (F1,44¼ 4.630, p¼ 0.04) on
frequency of postural shift (the frontalþ sagittal planes). No sig-
nificant effect for the interaction between sitting time and group
was found (F5,220¼ 0.350, p¼ 0.88). Post hoc Bonferroni tests indi-
cated that frequency of postural shifting after 40 minutes of sitting
was significantly greater than that at baseline (i.e., the 3rde10th

minutes) in both chronic LBP and control groups [baseline mean
(95% confidence interval, CI), 0.7 (0.4e1.0) times; 41the50th minute:
1.3 (1.0e1.7) times; 51the40th minute: 1.7 (1.2e2.1) times]
(p< 0.05). In addition, frequency of postural shift in 10 minutes
during 1-hour sitting in the chronic LBP group [0.9 (0.5e1.4) times]

was significantly lower than that in the control group [1.6 (1.1e2.1)
times] (p< 0.05).

3.4. Body perceived discomfort

A two-way ANCOVA, with the Borg score at the beginning as the
covariate, indicated significant effects for sitting time (F6,258¼ 63.0,
p< 0.001), group (F1,43¼14.940, p< 0.001), and their interaction
(F6,258¼ 12.310, p< 0.001) on Borg scores at the low back. Thus,
follow-up analyses were performed using one-way ANCOVA to
investigate the effect of sitting time within each group and the
effect of group for each sitting period.

Investigation of the effect of sitting time in each group revealed
that Borg scores at the low back were significantly affected by the
sitting time for both groups (F6,3¼ 39.10, p< 0.001 for chronic LBP;
F6,38¼ 7.310, p¼ 0.001 for control group). Post hoc Bonferroni tests
showed that the Borg scores in both chronic LBP and control groups
were significantly greater than those at baseline (i.e., at the start of
testing) after 10 minutes of sitting (p< 0.05; Fig. 3).

Investigation of the effect of group on each time point revealed
that Borg scores at the low backwere significantly affected by group
after 20 minutes of sitting (p< 0.05). Post hoc Bonferroni tests
indicated that the Borg scores in the chronic LBP group were
significantly greater than those in the control group (p< 0.05;
Fig. 3).

3.5. Relationships between BPD and AP, PP ratio, and frequency of
postural shift

Table 3 shows the results of the correlations between the Borg
score and seat pressure distribution variables and frequency of
postural shift during 1 hour of sitting. Significant correlations be-
tween the Borg score and AP at posterior seat and frequency of
postural shift during 1 hour of sitting were detected (p< 0.05).

3.6. Comfortable and neutral sitting posture

The two-way ANOVA indicated significant effects for sitting
posture (F1,44¼11.360, p¼ 0.002) and group (F1,44¼11.220,
p< 0.02). No significant effect for interaction between sitting
posture and group was found (F1,44¼ 0.130, p¼ 0.72). Post hoc
Bonferroni tests revealed that the PP ratios for both comfortable
and neutral sitting postures in the chronic LBP group were signif-
icantly greater than those for the control group [chronic LBP group:
mean (95% CI)¼ 1.24 (1.18e1.3); control group: 1.1 (1.0e1.63)]
(p< 0.05).

In addition, the PP ratio in neutral sitting posture was signifi-
cantly lower than that in the comfortable sitting posture in both
groups [neutral sitting posture: mean (95% CI)¼ 1.14 (1.1e1.18);
comfortable sitting posture¼ 1.2 (1.15e1.36)] (p< 0.05).

4. Discussion

The findings of this study demonstrate that office workers with
chronic LBP sat significantly more asymmetrically, i.e., sitting with
trunk leaning toward either left or right side, than their healthy
counterparts in both comfortable and neutral sitting postures.
During 1 hour of sitting, both chronic LBP and healthy workers
appeared to assume slumped sitting postures after 20 minutes of
sitting, which may partly be explained by increased discomfort
experienced in the low back. Healthy workers had significantly
more frequent postural shifts than chronic LBP workers during
prolonged sitting, despite chronic LBP participants reporting
significantly greater low back discomfort than their healthy coun-
terparts. Significantly greater asymmetrical sitting posture and

Table 2
Mean (SD) of average pressure (AP) at anterior seat, AP at posterior seat, peak
pressure (PP) ratio, and frequency of postural shift during 1-hour sitting in the
chronic low back pain (LBP) and control groups

Chronic LBP (n¼ 23) Control (n¼ 23)

AP at anterior seat (kPa) 7.49 (0.94) 7.51 (0.96)

AP at posterior seat (kPa) 10.67 (1.18) 10.42 (1.36)

PP ratio 1.22 (0.15)* 1.12 (0.10)

Frequency of postural shift (times/h) 5.5 (3.80) 9.6 (8.30)

*p < 0.05.
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more frequent postural shift were found toward the end of the 1-
hour sitting period in both chronic LBP and control groups.

Office workers with chronic LBP had significantly greater PP
ratio, which is an index of asymmetrical sitting posture, than their
healthy counterparts in both comfortable and neutral sitting pos-
tures. Differences in PP ratio between chronic LBP and control

groups remained throughout the 1-hour sitting period. Patients
with chronic LBP have been shown to demonstrate poorer postural
control of the lumbar spine than healthy controls [39]. Pelvic
asymmetry has also been shown to cause higher stress on the
lumbar spine in individuals with LBP [40] and changes in soft tissue
tightness [41], thus making the spine susceptible to injury. Neutral

Fig. 1. Mean (standard deviation) of average pressure (AP) distribution at posterior seat during 1-hour sitting of all participants (n¼ 46). * Significantly different from baseline, i.e.,
the 3rde10th minutes; p< 0.05.

Fig. 2. Mean (standard deviation) of peak pressure (PP) ratio during 1-hour sitting of all participants (n¼ 46). * Significantly different from baseline, i.e., the 3rde10th minutes;
p< 0.05.
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sitting posture, consisting of sitting with slight lumbar lordosis and
a relaxed thorax, has been proposed as an optimal seat posture at
work [36,42]. Neutral sitting posture was associated with increased
internal oblique and transversus abdominis muscles activity
compared with slumped sitting posture [11,16]. The current study
showed that asymmetry in the sitting posture in chronic LBP par-
ticipants reduced significantly when they sat in a neutral sitting
posture, although it still persisted and was greater than that in
healthy participants. The results lend further support to the notion
that the neutral sitting posture, which leads to more symmetrical
sitting posture, is healthy for the low back.

After 20 minutes of sitting, both participants with and without
chronic LBP assumed sitting posturewith significantly increased AP
at posterior seat, indicating pelvic backward tilting or slumped
sitting posture. Sitting with backward leaning is usually achieved
by a backward pelvic rotation, resulting in lumbar kyphosis, and
less than 25% of the body weight is transmitted to the floor [43,44].
Backward rotation caused by long hours spent at the visual display
terminal has been shown to generate load on the lumbar spine and
increase intradiskal pressure [24,45,46]. When the seat position is
not optimal, moremuscular activitymay be needed for stabilization
resulting in a distinctly larger pressure in the disk [24]. Also, in-
ternal oblique and transversus abdominis muscle fatigue was
induced by slumped sitting posture after 1 hour of sitting in office
workers [20]. Patients who habitually adopt passive spinal postures

or slump may decondition their lumbar stabilizing muscles [47],
leading to increased passive system loading, injury, and pain [48].
Sustained stretch of passive lumbar structures in combinationwith
essentially silent muscles may exacerbate LBP in office workers
[49]. One of several identified interventions to reduce the onset and
severity of LBP included periodic rest breaks. Previous studies
suggested that frequent, short, rest breaks resulted in short-term
decrease in both discomfort and postural immobility [18,19]. In
this study, low back discomfort in both chronic LBP and control
groups was significantly greater than that at baseline after 10 mi-
nutes of sitting, and a significant correlation between Borg score at
the low back and AP at posterior seat was detected. Thus, based on
the findings, it is hypothesized that sitting for as short as 10 mi-
nutes has a deteriorative effect on the low back by causing low back
discomfort, which consequently induces the posterior seat posture.

In terms of postural shift, healthy workers had more frequent
postural shifts (the combination of shift in the frontal and sagittal
planes) than chronic LBPworkers by43%during 1 hour of sitting. The
frequency of postural shift in healthy participants reported in the
present study (9.6� 8.3 times/h) was in line with a previous study
(7.8� 5.2 times/h) [35]. The current study also found a significant
correlation between Borg score at the low back and frequency of
postural shift. The results concurwith a studybyDunkandCallaghan
[34], who reported less frequent postural shift in individuals with
LBP comparedwith healthy individuals. Excessive load transmission
and tissue deformation associated with prolonged loading in a
certain posture may contribute to degenerative change in spinal
tissues [50,51]. Postural shift has been found to increase subcu-
taneous oxygen saturation, which positively influences tissue
viability [38]. Also, postural shifts may alleviate low back discomfort
and LBP during prolonged sitting through alternating activity be-
tween different parts of the trunk muscles [14]. However, it is
interesting to note that despite chronic LBP workers having signifi-
cantly greater Borg scores than healthy workers after 20 minutes of
sitting, chronic LBP workers changed their sitting postures less
frequently than their healthy counterparts during 1-hour sitting. The
findings shed some light on the notion that sitting characteristics,

Fig. 3. Borg score at the low back during 1-hour sitting for chronic low back pain (LBP) and control groups. * Significantly different from baseline (i.e., at the start of testing).
y Significantly different between groups; p< 0.05.

Table 3
Pearson correlation coefficients between Borg score and seat pressure distribution
variables [i.e., average pressure (AP) at anterior seat, AP at posterior seat, and peak
pressure (PP) ratio] and frequency of postural shift of all participants (n¼ 46)

Borg score (r)

Borg score 1

AP at anterior seat 0.250

AP at posterior seat 0.996*

PP ratio 0.414

Frequency of postural shift 0.929*

*p < 0.05.
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particularly frequency of postural shift, may partly relate to the eti-
ology of LBP in those required to sit for long periods.

A major strength of this study is that the characteristics of
prolonged sitting were objectively and continuously assessed using
a seat pressure mat device distribution measurement. Additionally,
because LBP among office workers is unlikely to originate from
identical causes, a distinct group of participants with chronic LBP
was selected for the present studydthat is, those reporting sitting
for at least 4 hours on aworking day and prolonged sitting as one of
aggravating factors of their current LBP episode. However, at least
three main limitations are worth noting. First, owing to the cross-
sectional design of the present study, it is not possible to estab-
lish a causal relationship between exposure and outcome. Only the
association between exposure and outcome was examined.
Therefore, future study with a prospective study design is required
to validate the findings of this study. Second, in this study, a healthy
participant was defined as one reporting no LBP or a period of LBP
pain lasting less than 1 day or LBP with pain intensity on visual
analogue scale �3 on a 100-mm over the 6 months prior to the
testing. Chronic LBP participants were those experiencing
nonspecific LBP that persisted for at least 3 months and which has
resulted in pain on at least half the days in the past 6 months. Only
those with a BMI between 18 and 23 kg/m2 were included in this
study. Different results may emerge with different definitions of
healthy and symptomatic cases. Third, the task and sitting postures
tested in this study were controlled. Participants were asked to
continuously type a standardized text passage and were not
allowed to cross their legs, lift their buttocks or use a back rest
during testing. Variations in task performed and how a person sits
may exist and influence outcome measurement. Further research
on the effect of task and sitting posture on seat pressure distribu-
tion and perceived body discomfort is recommended.

In summary, the results of thepresent studyshowed that, for both
comfortable and neutral sitting postures, chronic LBP workers sat
more asymmetrically than their healthy counterparts. During 1 hour
of sitting, office workers with and without chronic LBP appeared to
assume slumped sitting posture after 20 minutes of sitting. Healthy
participants had significantly more frequent postural shifts than
chronic LBP participants. Greater asymmetrical sitting posture and
more frequent postural shift was detected toward the end of the 1-
hour sitting period in both chronic LBP and control groups. Positive
relationships between BPD and slump sitting posture and frequency
of postural shift were also found during 1 hour of sitting in both
chronic LBPandcontrol groups. Further research should examine the
roles of these sitting characteristics on the development of LBP in
workers who are required to sit for long hours.
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