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The influence of trunk inclination on muscle activity
during sitting on forward inclined seats
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The aim of the study was to estimate the influence of trunk inclination on muscle activity during sitting on forward inclined seats
without backrest. The group consisting of thirteen healthy women was examined. Based on anthropometrical data two types of sitting
position were adopted with two different angles between thighs and trunk: 120 and 135 degrees. Bioelectrical activity of five muscles
was recorded. There was observed statistical influence of the trunk inclination on erector spinae, gastrocnemius lat. and tibialis anterior
( p < 0.05). Especially, the inclination of seat pan influenced tibialis anterior activity (10%), although EMG measured during sitting did
not exceed 20% of MVC.
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1. Introduction

The prolonged low-level static load on the back
during sitting can be hypothesized to affect back mus-
cles adversely. HÄGG [1] and WESTGAARD and De-
LUCA [2] indicated that prolonged low-level activity
of muscle influenced higher muscle activity of other
muscle group. Some studies demonstrated associa-
tions between a history of sedentary work, low-back
pain prevalence and degenerative changes of the in-
tervertebral disc [3], [4]. EKLUND and CORLETT [5]
and ALTHOFF et al. [6] described the influence of back
rest on spinal shrinkage reduction when using, for
instance, a chair with and without back support. Fre-
quent postural changes and more frequent periods of
relaxation of parts of the extensor musculature were
indicated to prevent back discomfort experienced
during prolonged sitting [7]. KROEMER [8], SERBER
[9] and SUZUKI et al. [10] proposed the so-called dy-
namic chairs to prevent low-back pain. However,

JENSEN and BENDIX [11], who studied those types of
chair, did not find their influence on muscle activity.
That theory was supported by van DIEEN et al. [12]
who observed that trunk kinematics and erector spinae
EMG were strongly affected by the task performed,
but not by the chair type. KROEMER and GRANDJEAN
[13], SCHOBERTH [14], ZACHARKOW [15], and
PHEASANT [16] believed that sitting postures put more
load on the spinal discs than standing postures.
KIMURA et al. [17] found that biomechanical axial
stress for the intervertebral disc increased most at L4–
L5 due to a decrease in a disc height in upright pos-
ture. More recent in vivo recordings of the intradiscal
pressure (IDP) made by WILKE et al. [18] and
ROHLMANN et al. [19] show, however, that sitting
may produce less intradiscal pressure than standing.
PEZOWICZ et al. [20] demonstrates that intradiscal
pressure in lower spine is high in comparison to this
pressure in top segments and the biggest changes in
the pressure occur in bending motion, particularly in
flexion. At the beginning of the twentieth century,
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people were taught to sit with their knees and hips
forming right angles. Fifty four years ago KEEGAN
[21] established the relation between trunk–thigh an-
gle and lumbar spine curvature. Keegan found that the
angle of 135 degrees would restore the lordosis and
give an optimal lumbar curve. Nearly forty years ago
any scientist argued that sitting with right angles is
biomechanically incorrect [14], [22]–[26]. LeLONG et
al. [27] found that sloping the seat 10° forwards re-
sulted in up to a 30% decrease in intradiscal pressure.
At larger forward slopes a greater variability was
found, which the authors attributed to increased mus-
cular tension. BENDIX and his colleagues [28], [29]
advocated a forward sloping seat with a tilted desk as
a means of improving trunk posture. MANDAL [30]–
[32] was a principle exponent of steeply forward
sloping seats, especially for schools, and chair
manufacturers were quick to take up the idea in office
furniture. In practice, the most traditional office chairs
have a 2–4° backwards slope in the area where the
ischial tuberosites rest when the back of the sitter is in
contact with the backrest. ANDERSON et al. [33]
proposed to open the trunk–thigh angle by increasing
the backrest angle. But, the simple information about
correct slope selection of the seat and its influence on
muscles load during sitting without back support is
still necessary. Therefore the aim of the study was to
estimate the influence of trunk inclination on muscle
activity during sitting without backrest on forward in-
clined seats.

2. Material and methods

The group of thirteen healthy women, without
acute or chronic problems of the muscular-skeletal
system (body mass: 68 ± 12 kg, body height: 170
± 5 cm, age: 22 ± 1 years) took part in examinations.
Measurements were done on the specially prepared
stand consisting of self-adjustable chair and working
table. Based on anthropometric data two types of sit-
ting positions were adopted with two different seatpan
heights and the angles responsible for the angles be-
tween thighs and vertical line of the trunk: 120 and
135 degrees (called in this paper: 120 deg position and
135 deg position of seatpan slope). The five unsup-
ported trunk inclinations relatively to the perpendicu-
lar were applied during sitting at both seatpan posi-
tions: –30, –15, 0, 15 and 30 degrees. The subjects
were asked to sit for ten seconds with trunk inclined at
both seatpan positions. The activities of five muscles
were recorded by Octopus EMG (Bortec-Biomedical
Ltd): trapezius p. transversus (TR), erector spinae

(ES), rectus femoris (RF), gastrocnemius lat. (GL),
and tibialis anterior (TA). Surface EMG electrodes
(silver–silver chloride) were used to monitor the mus-
cle activity (EMG). The electrodes were placed
bilaterally, in pairs 2 cm apart, and a reference elec-
trode was placed over the acromion process of the
scapula. The EMG signals were amplified and then
A/D converted with a 12-bit, 8-channel A/D converter
at 2048 Hz. The EMG signal was a full wave rectified
and low-pass filtered with the second-order Butter-
worth filter.

The parametric two-way ANOVA test ( p < 0.05)
was employed to compare muscle activity (as inde-
pendent factors we considered thigh angles (120 and
135 deg) and trunk inclination (–30, –15, 0, 15 and
30 deg)). The Duncan post-hoc test was used to com-
pare the means of the positions. All subjects enjoyed
good health and all signed an informed consent form
approved by the University of Physical Education.
The work has been approved by the ethical commit-
tee of the University of Physical Education in War-
saw.

3. Results

Normalized mean values of muscle activity
(AEMG) are presented in the table. Each EMG value
represents muscle activity during sitting with trunk
inclinations at two seatpan angles relatively to their
MVC activities.

Seatpan angles did not influence significantly
EMG of the trunk extensors (figure 1). The EMG of
trapezius was 5% lower in position of 120 deg when
the trunk was moved forward and 3.8% higher when
trunk was moved backward. EMG of erector spinae
did not change myoelectric activity in backward and
forward positions of the trunk. 3.5% difference of the
EMG was observed in the middle position of the
trunk. Additionally, the EMG of TR (18%) and ES
(17%) was lower in backward position. However,
statistical significance for those differences was con-
firmed only for ES (F = 5.13; p = 0.001).

Statistical significance of the seatpan position on
EMG of lower extremity muscles was observed.
The EMG of rectus femoris (RF) during sitting did
not exceed 7% of its MVC activity (figure 2). Al-
though only 4% difference of RF EMG among all
trunk angles was observed, the influence of seatpan
angle was statistically significant at p = 0.027 (F =
5.20).
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Fig. 1. The influence of seatpan angle (120 and 135 deg
– the angle of thigh vs. the perpendicular), trunk inclination

((30 and 15 deg – forward) 0, (–15 and –30 deg – backward))
on the relative AMEG values of back muscles:

trapezius p. transversus (TR) and erector spinae (ES)

Fig. 2. The influence of seatpan angle (120 and 135 deg
– the angle of thigh vs. the perpendicular), trunk inclination

((30 and 15 deg – forward) 0, (–15 and –30 deg – backward))
on the relative AMEG values of rectus femoris (RF)

Normalized activity of gastrocnemius lateralis was
twice as low as that of rectus femoris. Both factors:
seatpan (F = 6.911, p = 0.011) and trunk (F = 3.61,
p = 0.011) angles influenced EMG of this muscle.
However, a significant ( p < 0.05) influence of seatpan
adjustment on EMG was confirmed only when trunk
was inclined to the position of 30 and 15 degrees.
Moreover, significantly lower EMGs were recorded
for all trunk inclination of 30 deg but only at seatpan
adjusted to 135 deg.

An opposite direction of the activity of tibialis an-
terior was noticed for other muscles described in this

Table. Normalized mean values of muscle activity (AEMG) during sitting in different positions of trunk inclination
and seatpan angles relatively to maximal isometric contractions; trapezius p. transversus (TR), erector spinae (ES),

rectus femoris (RF), gastrocnemius lat. (GL), tibialis anterior (TA)

Normalized EMG value
Muscles

Trunk
inclination

(deg)

Seatpan
angle
(deg) TR ES RF GL TA

30 120 0.220
±0.226

0.233
±0.183

0.045
±0.037

0.022
±0.01

0.036
±0.01

30 135 0.267
±0.255

0.238
±0.159

0.065
±0.057

0.033
±0.005

0.061
±0.01

15 120 0.195
±0.167

0.146
±0.115

0.041
±0.031

0.018
±0.007

0.038
±0.014Fo

rw
ar

d

15 135 0.195
±0.172

0.137
±0.056

0.077
±0.091

0.026
±0.009

0.050
±0.011

0 120 0.203±
0.174

0.084
±0.06

0.033
±0.024

0.015
±0.005

0.031
±0.012

0 135 0.203
±0.059

0.049
±0.034

0.067
±0.025

0.019
±0.007

0.069
±0.037

–15 120 0.142
±0.115

0.058
±0.039

0.046
±0.035

0.017
±0.005

0.070
±0.074

–15 135 0.127
±0.024

0.063
±0.06

0.075
±0.069

0.020
±0.008

0.149
±0.167

–30 120 0.128
±0.102

0.063
±0.039

0.038
±0.026

0.018
±0.007

0.093
±0.077B

ac
kw

ar
d

–30 135 0.090
±0.032

0.075
±0.052

0.051
±0.032

0.018
±0.004

0.195
±0.247
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paper. That effect was over twice stronger for EMG
recorded at seatpan adjusted to 135 deg. EMG was
significantly influenced by both factors: seatpan
(F = 5.348, p = 0.024) and trunk (F = 3.319, p =
0.017). However, only for the seatpan agle adjusted to
135 deg, EMG recorded at trunk position of –30 deg
was significantly higher than EMG recorded at 0, 15
and 30 deg ( p < 0.05).

4. Discussion

Standing up to sitting down should be treated as
a postural transition which is performed many times
each day. Rising from a sitting position is considered
as one of the most difficult and mechanically de-
manding functional operations. KERR et al. [34], [35]
describe rising from the sitting position as a functional

ability that is one of the basic prerequisites for
walking. Without this natural ability our independ-
ence would be lost. In older people, pregnant woman
and people with joint disorders (hip, knee) this abil-
ity is limited [36]. Prolonged sitting poses a potential
risk in the development of low-back pain [37]. Static
loading of the musculoskeletal system is generally
more likely to produce discomfort than dynamic
loading and fixed sitting postures impose a static
load on the musculoskeletal system. It is suggested
that prolonged sitting may lead to spinal disorders,
but the examination has provide no evidence of this,
and the results from this series of studies indicate
that although prolonged immobile sitting postures
produce feelings of discomfort, they probably do not
produce any spinal damage.

The advantages of forward inclined seats are lim-
ited, up to this time, only to some professions. First of
all, people with considerable mobility should take this
type of chair. However, the results of this work show
the limitation of the seat inclination. As result of seat
adjusting to 135 deg, the EMG of lower extremity
muscles was more than twice higher compared to that
to 120 deg. Moreover, EMG of trunk muscles did not
depend on seat inclination. ANDERSON and
HELANDER [38] also investigated the effects of a for-
ward inclined seatpan (0°, 15° and 30°), with and
without a backrest, on the pressure in the lumbar
spine, using EMGs. Their studies indicate that an in-
crease in forward slope up to an absolute maximum of
15° decreases spinal load, whereas greater seat slopes
result in an increased loading, but the results depend
on the presence of a backrest. Mid- and upper-back
comfort were improved by the forward seat inclina-
tion, but leg comfort decreased. Prolonged sitting with
the forward leaning posture should affect a leg pain,
especially in its external part. We proved that 15-deg
trunk deviations did not influence the muscle activity.
Some studies showed that if the user reclined as little
as 20 degrees, the backrest could carry up to 47% of
the upper body weight [39], [40]. Our results indicate
that 30 deg of forward bending of the trunk signifi-
cantly increased EMG (20%) of the trunk extensors
and back side of the leg. Reverse inclination was re-
sponsible for a higher activity of tibialis anterior only.
This effect is more than twice higher for 135 deg of
seatpan slope. In our opinion, this position of the
trunk influences on the position of the center of grav-
ity and this displacement may result in unsupported
foot position. BIDARD et al. [41] also revealed that the
stabilization effort was greater for unsupported sitting
than for standing because of not optimal alignment of
the centers of mass.

Fig. 3. The influence of seatpan angle (120 and 135 deg
– the angle of thigh vs. the perpendicular), trunk inclination

((30 and 15 deg – forward) 0, (–15 and –30 deg – backward))
on the relative AMEG values of gastrocnemius lateralis

Fig. 4. The influence of seatpan angle (120 and 135 deg
– the angle of thigh vs. the perpendicular) and trunk inclination
((30 and 15 deg – forward) 0, (–15 and –30 deg – backward))

on the relative AMEG values of tibialis anterior



The influence of trunk inclination on muscle activity during sitting on forward inclined seats 23

5. Conclusions

1. Unsupported sitting position did not influence
significantly muscles’ activity in the range of ±15-deg
trunk inclination. Higher back leaning may result in
unsupported foot position and trunk support is re-
quired.

2. The slope of seatpan affects only muscle activ-
ity of lower extremities.
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