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Sitting with Adjustable Ischial and Back Supports:
Biomechanical Changes

Mohsen Makhsous, PhD,*† Fang Lin, PhD,*† Ronald W. Hendrix, MD,�
Matthew Hepler, MD,‡ and Li-Qun Zhang, PhD*§

Study Design. The seat and back contact force, pres-
sure distribution, lumbar lordosis, and low back muscle
activities associated with a new seat design with adjust-
able ischial support and backrest were investigated using
kinematic, kinetic, electromyographic, and radiographic
measurements.

Objectives. To investigate the biomechanical effects of
adjusting ischial and backrest supports during sitting.

Summary of the Background Data. Sitting may induce
posterior rotation of the pelvis, reduction of lumbar lor-
dosis, and increases in muscle tension, disc pressure, and
pressure on the ischium and coccyx, which may be asso-
ciated with low back pain. A device that reduces the is-
chial load and maintains lumbar lordosis may help in-
crease seating comfort and reduce low back pain.

Methods. Fifteen office workers with no known low
back pain history were tested. Contact pressure distribu-
tions, reaction forces between the buttock-thighs and seat
and between the back and backrest, load carried by the
seat pan and backrest, sacral inclination, lumbar lordosis,
intervertebral space of lumbar spine, and muscular activ-
ity in stabilizing the trunk were measured for sitting with
and without ischial support and with adjustable back
support.

Results. When the ischial support was relieved, the
center of the force on the seat and on the legs of the chair,
and the peak center of pressure on the seat, were signif-
icantly (P � 0.002) shifted forward toward the thighs. The
total contact area on the seat pan and on the backrest was
significantly decreased and increased, respectively (P �
0.001). The sacral inclination, total and segmental lumbar
lordosis, and lumbar spine disc height were significantly
increased for sitting upright with backrest, with the lum-
bar curve close to that during standing.

Conclusions. Sitting with reduced ischial support and
fitted backrest to the lower spine altered the contact area,
reduced peak pressure under the ischia, reduced muscu-
lar activity, maintained total and segmental lumbar lor-
dosis, rotated the sacrum forward, and increased lumbar

intervertebral disc heights, which could potentially re-
duce low back pain. [Key words: lumbar spine, lordosis,
sacrum, disc, sitting pressure, low back pain, EMG] Spine

2003;28:1113–1122

Low back pain (LBP) is acute or chronic pain involving
the lumbosacral, buttock, and/or thigh.1 Discogenic LBP
is aggravated by the sitting position, which is necessary
in many occupations and daily activities. About 100 mil-
lion workdays are lost annually in the United States due
to LBP.2 Despite improved knowledge and health care
resources for spinal pathology, chronic disability result-
ing from nonspecific LBP is rising exponentially.3 Al-
though the causes of discogenic LBP are multifactorial
and complex, sitting postures could increase stresses
within the disc and contribute to disc degeneration and
pain.4,5 Two major occupational risk factors are static
muscle load1,6 and flexed curvature of the lumbar spine;
both are involved in seated work tasks.1,7,8

During sitting, the head, arm and trunk weight is car-
ried mainly by the ischial tuberosities and surrounding
tissues.9 High pressure at the tuberosities is closely asso-
ciated with high load to the spine.10 Marras et al11 re-
ported that a significant mechanical spine loading is as-
sociated with LBP resulting from trunk muscle
coactivation. Ischial and lower back interface pressure
vary with different sitting postures12,13,14 and body po-
sitioning.12,13,15,16,17 Koo et al18 reported that reposi-
tioning of the lumbar support to redistribute the inter-
face pressure and load is essential in preventing LBP
associated with inappropriate sitting in a working envi-
ronment. Therefore, a device that decreases the sitting
pressure and load carried by the ischial tuberosity may
decrease forces within the disc and associated degenera-
tion and pain.

Physiologic lumbar lordosis in the standing position
ranges from 40° to 60°,19,20,21,22,23,24,25,26,27 with the
lordosis occurring mainly at S1–L5 and L4–L5, and with
the sacral inclination ranging from 30° to 40°.19,23,28

Compared to standing or lying supine, sitting could
cause the pelvis to rotate posteriorly, resulting in de-
creased sacral inclination and lumbar lordosis19,26,29

and increased forces at the discs.26,30,31 A number of
investigators have reported interaction between LBP and
biomechanical changes such as decreased lumbar lordo-
sis,4,32 malalignment of lumbar curvature,5,23,24,33 and
narrowing of disc spaces.34 Williams et al5 reported that
use of a lumbar roll that increased lumbar lordosis re-
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duced LBP, and the chair backrest also helps increase the
lumbar lordosis and decrease intradiscal pressure.19,30,31

Numerous chairs or cushions have been developed to
reduce or redistribute the sitting pressure on the ischial
tuberosities using custom-fit seat pans.35,36,37,38 Others
chairs are designed to maintain lumbar lordosis by ad-
justing back support19,39 or using a forward tilted
seat.19,40 However, few chairs use adjustable mecha-
nisms for both ischial release and lumbar support.

The purpose of this study was to investigate the bio-
mechanical effects of tilting down the back part of seat
(BPS) and adjusting the backrest. The hypotheses were
the following: 1) when the BPS is tilted down, load on the
ischial tubercles will be reduced and shifted to the thighs,
and low back muscle activity will be reduced; and 2) an
increase in lumbar lordosis, forward rotation of the sa-
crum, and larger disc height will be observed when the
BPS is tilted downward in combination with a properly
adjusted back support.

Methods

Subjects. Fifteen office workers (eight female and seven male,
30.4 � 7.1 years old (mean � SD), 60.1 � 19.3 kg in weight,
169.1 � 8.2 cm in height) with no prior history of LBP were
tested. The study was approved by the Institutional Review
Board. All subjects gave informed consent before the
experiment.

Chair. A � 2 (Back Stretch Technology, Stockholm, Sweden)
chair was used in the study. The front part of seat (FPS) is fixed,
and the BPS can be tilted upward or downward within � �
� 18° (Figure 1). The shape and height of the back support can
be adjusted using an inflatable cushion built into the lower

backrest to fit to the shape of the lower spine. The seat height
and depth can also be adjusted. A local coordinate system was
defined for each part of the chair (legs, seat and backrest) with
the X-axis, Y-axis, and Z-axis pointing to the anterior, left, and
superior directions, respectively (Figure 1). The origins for the
legs and seat coordinate systems were defined by the intersec-
tion of the chair legs on the floor and seat, respectively (Figure
1). The origin of the backrest coordinate system was defined as
the center of the upper surface of the backrest.

Sitting Conditions. The following sitting conditions were
tested in this study:

● Upright with backrest: the subject sat upright with the
backrest accommodated to the natural curve of subject’s
lower spine, which kept the lower spine from sliding down
● Upright without backrest: sitting upright without using
the backrest
● Relaxed: sitting relaxed with the trunk leaning backward
against the backrest. The backrest supported the spine and
shoulders
● Working: sitting with trunk leaning forward, using a desk
as the armrest, with the elbow relaxed at approximately 90°
flexion and wrists in a natural position

In order to calculate the center of force (CF) on the legs
(CFL) and on the seat (CFS) of the chair under different sitting
conditions, the chair was instrumented with strain gauges (Fig-
ure 1). Three pairs of strain gauges were mounted on three
beams supporting the legs of the chair (Figure 1). Another four
pairs of strain gauges were mounted under the FPS (Figure 1).
The load measured under the FPS corresponded to the total
load on the seat since the BPS was connected only to the FPS.
The strain gauges were calibrated, and the experimental data
were then transformed to forces using the calibration data. The

Figure 1. The seat of the chair con-
sists of two parts, i.e., the front part
of the seat (FPS), which is fixed, and
the back part of the seat (BPS),
which can be tilted downward or
upward by � � � 18°. The shape of
the low back support can be ad-
justed for the individual subject using
an inflatable air-filled cushion built
into the lower backrest. The chair is
equipped with three pairs of strain
gauges on the chair legs and four
pairs on the FPS, six-axis force sen-
sors (JR3) mounted behind the back-
rest, and a pressure-mapping device
(Xsensor) with two mapping pads on
the seat and back support. Positions
of the BPS, FPS, and back support
were recorded using six active mark-
ers mounted on the BPS, FPS, and
back support of the chair. The local
coordinate systems of the legs, seat,
and backrest are shown with the fol-
lowing axes: the X-axis points anteri-
orly and passes through the intersec-
tion of the legs, the Y-axis points to
the left and perpendicular to the X-
axis, and the Z-axis points superiorly.
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CF was separately calculated in the X and Y directions of the
legs and seat coordinate systems, respectively, by finding an
axis parallel to the X-axis or Y-axis where the total moment
about the axis was zero. For example, the CFS in XS direction was
calculated by finding an axis parallel to the YS-axis where the total
moment about this axis was zero (�MY � 0).

A pressure-mapping device (Xsensor Pressure Mapping Sys-
tem, Calgary, Canada) with two mapping pads each with 36 �
36 cells was used to measure the pressure distribution on the
seat and backrest. The total contact pressure area (TCA), peak
contact pressure (PP), and center of pressure (COP) were cal-
culated from the measured pressure distribution.

The backrest was mounted on a frame through a six-axis
force sensor (JR3, Woodland, CA), which measured the forces
and moments exerted on the backrest. Data from the six-axis
force sensor were low-pass filtered and transformed to the
backrest local coordinate system.

Positions of the BPS, FPS and backrest under different sitting
conditions were recorded using a motion capturing system (Op-
totrak 3020; Northern Digital, Waterloo, Canada) with six active
markers mounted on the FPS, BPS, and backrest of the chair (two
markers on each segment) (Figure 1).

EMG activity in the back muscles was monitored by bipolar
surface electrodes (Delsys, Boston, MA) with a built-in pream-
plifier (gain � 1000). The electrodes were placed 3 cm on the
left (L) and right (R) sides of the spinous processes at L2 (L and
R), L4 (L and R), T5 (R), and T12 (R) on the erector spinae
along the muscle fiber orientation. A reference electrode was
placed at the spinous process of C7. The EMG data were nor-
malized to those under maximum voluntary contraction
(MVC) when the subjects were asked to exert maximum lifting
effort (using their back) in a deep squat position. A 2-minute
rest period was used between the MVC trials.

Protocol. Subject sat on the chair seat with the BPS at the level
position (� � 0°). The height and shape of the backrest were

adjusted with the tip of the backrest located at L2–L4 of the
lumbar vertebra. The seat depth was adjusted to make the seat
pan short enough for knee clearance and the ischia located at
the middle BPS. The thighs were approximately parallel to the
floor, with the feet resting on a footrest.

Loads on the legs, seat, and backrest; interface pressure on
the seat and backrest; chair position and tilting angle of the
BPS; and EMG signals were recorded for the following condi-
tions during 30-second long trials: 1) with ischial support: BPS
at the level position (� � 0°), and 2) without ischial support:
BPS tilted down to � � 18° at about 5 seconds after the start of
a trial. Three trials were recorded for each sitting condition.

Two sets of lateral sagittal plane radiographs of the lower
spine, thigh, and pelvis were taken subsequently for both stand-
ing and sitting postures. The sitting postures included the up-
right with backrest sitting condition under the following four
combinations of the backrest and ischial support: with partially
or fully fitted backrest to the lower spine by inflating the cush-
ion to approximately 30% and 100% of its capacity, respec-
tively, and under each of these two conditions testing with or
without ischial support.

The radiographic images of the lower spine, thigh, and pel-
vis were used to locate several bony landmarks and calculate
the sacral inclination (�), lumbar lordosis, and disc height. The
value � was defined as the angle between the superior endplate
of the S1 vertebra and the horizontal plane of the film, which
was parallel to the floor (Figure 2). Lumbar lordosis was mea-
sured using the Cobb method (Figure 2).41 Total lumbar lor-
dosis (S1–L1) was the angle between a line through endplate of
the first lumbar vertebra (L1) and a line through the superior
endplate of S1, and segmental lordotic measurements were
made similarly from L2 to S1, L3 to S1, L4 to S1, and L5 to S1.
Disc heights of S1–L5, L4–L5, L3–L4, L2–L3, and L1–L2 were
obtained from the average of dorsal and ventral disc height
using the Dabbs method.42

Figure 2. Representative sacral inclination (�) and total and segmental lumbar lordosis from one subject for sitting upright with fully fitted
backrest with the back part of the seat (BPS) at level � � 0° (A) and tilted down (� � 18°) (B), and at the standing (C) postures. The �
was the angle between the superior endplate of the S1 vertebra and the horizontal plane of the film that was parallel to the floor; The
total (S1–L1) and segmental lumbar lordosis was measured using the Cobb method, i.e., the angle between a line from endplate of the
first lumbar vertebra (L1) and a line through the superior endplate of S1, and in similar fashion from L2 to S1, L3 to S1, L4 to S1, and L5
to S1.
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Statistical Analysis. Data collected were compared between
sitting with the BPS at level (� � 0°) and downward tilting
position (� � 18°). Using the SAS statistical software package
(SAS Institute, Cary, NC), the paired t test was used to test for
statistical differences in TCA, PP, COP, CFS, CFL, backrest
load, EMG activity, sacral inclination, lumbar lordosis, and
lumbar disc heights induced by tilting down the BPS. The sig-
nificance level was set at 0.05.

Results

The CFL and CFS were significantly (P � 0.001) shifted
anteriorly (XL, XS) toward the thighs for all sitting con-
ditions when the BPS was tilted down to � � 18° (Figure
3). The highest anterior shift was found in the upright
with backrest sitting condition for both CFL (12.04 �
4.36 cm) and CFS (5.66 � 1.41 cm). The right-left shift
(YL, YS) of CFL and CFS was found to be less than 0.48
cm (P � 0.240).

One typical result of the pressure distribution on the
seat and backrest of the chair for the upright with back-
rest sitting condition is given in Figure 4, with ischial
support when the BPS was at level � � 0° position (left
column) and without ischial support when the BPS was
tilted down to � � 18° (right column). The first row
shows the interface pressure distribution on the backrest
in a frontal plane with the right-left axis (Yb-axis) and
inferior-superior axis (Zb-axis). The second row shows
the pressure distribution on the seat in a plane parallel to
the floor with the posterior-anterior axis (XS-axis) and
right-left axis (YS-axis). When the BPS was tilted down,
contact pressure on the seat pan distributed in a smaller
area with a lower PP, and the pressure was shifted to-
ward the thighs. Contact pressure on the backrest dis-
tributed in a larger area with a higher PP. For all subjects
under the upright with backrest and relaxed conditions,
the pressure distribution showed the same trend when
the BPS was titled down � � 18°.

When the BPS was tilted down, the TCA was signifi-
cantly (P � 0.001) decreased on the seat pan, and the

largest change was observed for the upright with back-
rest position (-9.09 � 4.99%). At the same time, TCA on
the backrest was significantly (P � 0.001) increased by
29.96 � 16.19% and 36.65 � 20.57% for the upright with
backrest and relaxed conditions, respectively (Table 1).

The peak of contact pressure on the seat pan was
decreased significantly by 22.98 � 19.00% (P � 0.001)
and 19.22 � 22.95% (P � 0.010) for the upright with
backrest and upright without backrest conditions, re-
spectively. The PP on the backrest was significantly (P �
0.001) increased 73.93 � 60.67% and 112.78 �
56.26% for the upright with backrest and relaxed con-
ditions, respectively (Table 1).

Similar to the CFS (Figure 3), the COP on the seat pan
was significantly (P � 0.002) shifted anteriorly towards
the thighs by 5.84 � 4.20 cm, 7.66 � 5.74 cm, 8.61 �
4.79 cm, and 6.34 � 5.27 cm for the upright with back-
rest, relaxed, upright without backrest, and working
conditions, respectively (Table 1).

For all subjects, total load (Ftot) on the backrest
showed a significant (P � 0.001) increase by 112.33 �
41.93 N and 106.93 � 46.27 N for upright with backrest
and relaxed conditions, respectively. The load compo-
nent in posteroanterior direction (FXb) was significantly
(P � 0.001) increased by 111.63 � 43.57 N and 106.19
� 50.01 N for the upright with backrest and relaxed
conditions, respectively, and it was 98.63 � 4.12% and
97.12 � 6.95% of the Ftot for the upright with backrest
and relaxed conditions, respectively. Load component in
right-left direction (FYb) was increased only by 2.69 �
2.46 N (P � 0.002) and 2.88 � 4.19 N (P � 0.019) for
the upright with backrest and relaxed conditions, respec-
tively. The vertical load component in inferosuperior di-

Figure 3. Changes of the center of force on the seat (CFS) and legs
(CFL) of the chair for four sitting conditions: upright with backrest,
upright without backrest, relaxed, and working. The CFL and CFS
shifted forward in the anterior (XL and XS) direction (cm) when the
back part of the seat (BPS) was tilted down to � � 18°. Figure 4. Representative pressure distribution on the seat (the

lower row with XS and YS pointing anterior and left, respectively)
and backrest (upper row with Zb and Yb pointing superior and left,
respectively) for the upright with backrest sitting condition. Left
column: with ischial support when the back part of the seat (BPS)
was at level � � 0° position. Right column: without ischial support
when the BPS was tilted down to � � 18°.
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rection (FZb) was changed by �3.68 � 11.14 N (P �
0.138) and 8.08 � 13.37 N (P � 0.030) for the upright
with backrest and relaxed conditions, respectively.

As the BPS was tilted down, the EMG activity for
sitting upright with backrest was significantly (P �
0.049) decreased at all levels except at the T8 (R) level
(Table 2). For sitting upright without backrest, the EMG
activity was significantly (P � 0.012) decreased at all
levels except at the T5 (R) level. Under the relaxed sitting
condition, the EMG activity was significantly (P � 0.03)
decreased at the L2 (L) and L4 (L). As for the working
condition, it was significantly (P � 0.045) decreased at
L2 (R), L4 (L and R), and T8 (R).

When the BPS was tilted down (� � 18°), the sacrum
was rotated forward, as indicated by increasing � from

14.14 � 10.84° to 24.95 � 9.50° (P � 0.001) and from
14.04 � 11.30° to 20.95 � 11.22° (P � 0.001) for back-
rest fitted fully and backrest fitted partially, respectively
(Table 3, Figure 2).

The S1–L1, S1–L2, S1–L3, S1–L4, and S1–L5 were sig-
nificantly (P � 0.042) increased by tilting down the BPS
(Table 3). The total lumbar angle was changed from 24.53
� 21.31° to 32.63 � 22.25° (P � 0.010) and from 38.94 �
14.61° to 47.86 � 11.89° (P � 0.008) for the partially and
fully fitted backrest sitting conditions, respectively.

All the measured disc heights, S1–L5, L4–L5, L3–L4,
L2–L3, and L1–L2, were significantly (P � 0.011) in-
creased by lowering the BPS (Table 4). The lumbar ver-
tebra heights (mm) of the L1, L2, L3, L4, and L5 are also
given for both ventral and dorsal sides.

Table 1. The Total Contact Area, Peak Pressure, and Center of Pressure on the Seat and Backrest at Different Sitting
Conditions With and Without Ischial Support

Pressure
parameters

Ischial
support

Upright �
Backrest Relaxed

Upright �
Backrest Working

Seat TCA (cm2) with 485.37 � 46.20 490.21 � 39.86 464.29 � 109.29 489.93 � 41.93
without 442.52 � 60.08 461.75 � 51.69 446.67 � 110.08 467.38 � 49.56

Change (%) �9.09 � 4.99 �6.00 � 3.90 �4.02 � 3.53 �4.72 � 3.18
P �0.001 �0.001 �0.001 �0.001

PP (kg/cm2) with 229.03 � 54.99 221.46 � 40.43 270.64 � 47.76 222.63 � 55.86
without 175.19 � 63.12 199.67 � 59.18 216.42 � 70.31 202.58 � 69.19

Change (%) �22.98 � 19.00 �8.41 � 26.40 �19.22 � 22.95 �5.13 � 32.77
P 0.001 0.131 0.010 0.188

COP
Change (cm) without 5.84 � 4.20 7.66 � 5.74 8.61 � 4.79 6.34 � 5.27
P �0.001 �0.001 �0.001 0.001

Backrest TCA (cm2) with 76.18 � 12.82 73.85 � 17.78
without 97.93 � 12.82 98.35 � 16.21

Change (%) 29.96 � 16.19 36.65 � 20.57
P �0.001 �0.001

PP (kg/cm2) with 143.88 � 52.79 121.21 � 48.69
without 230.00 � 64.84 238.58 � 52.22

Change (%) 73.93 � 60.67 112.78 � 56.26
P �0.001 �0.001

TCA, total contact area; PP, peak pressure; COP, center of pressure.
A positive COP indicates anterior shift of the PP toward the thighs (positive XS). The relative changes between sitting with and without ischial support are given
in terms of percentage (%) for each sitting condition. A positive value shows an increase in the corresponding data. The significant level (P) is given for the
difference between sitting with and without ischial support.

Table 2. Change in EMG Activity of Low Back Muscles When the BPS was Tilted Down (� � 18°) Under Different
Sitting Conditions

Sitting conditions L2 (L) L2 (R) L4 (L) L4 (R) T5 (R) T8 (R)

Upright � Backrest
Change (mV) �0.004 � 0.004 �0.009 � 0.016 �0.025 � 0.040 �0.022 � 0.042 �0.015 � 0.029 �0.004 � 0.031
P 0.003 0.028 0.026 0.048 0.048 0.346

Upright � Backrest
Change (mV) �0.012 � 0.014 �0.023 � 0.024 �0.023 � 0.030 �0.020 � 0.025 �0.003 � 0.025 �0.013 � 0.011
P 0.005 0.003 0.011 0.009 0.325 �0.001

Relaxed
Change (mV) �0.004 � 0.005 �0.009 � 0.025 �0.013 � 0.020 �0.000 � 0.018 �0.001 � 0.008 �0.001 � 0.013
P 0.010 0.098 0.020 0.485 0.386 0.356

Working
Change (mV) �0.015 � 0.038 �0.024 � 0.027 �0.042 � 0.077 �0.032 � 0.049 �0.016 � 0.043 �0.012 � 0.012
P 0.092 0.004 0.044 0.022 0.106 0.002

EMG, electromyograph; BPS, back part of seat; (L), left; (R), right.
EMG signals recorded at the left (L) and right (R) sides of the spinous processes at L2 (L&R), L4 (L&R), T5 (R), and T12 (R) levels on the erector spinae. A negative
value indicates a decrease of EMG activity. The significant level (P) is given for the difference between sitting with and without ischial support.
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Discussion

This study investigated quantitatively the biomechanical
effects induced by adjusting ischial and back supports,
including the contact pressure distributions, reactive
forces between the buttock-thighs and seat and between
the back and backrest, muscular activity in back muscles,
sacral inclination, lumbar lordosis, and intervertebral
space of the lumbar spine. It was found that sitting with this
lowered BPS and adjusted backrest distributed contact
pressure more evenly, significantly reduced peak pressure

under ischia, reduced muscular activity, rotated the sacrum
forward, increased total and segmental lumbar lordosis,
and increased lumbar intervertebral disc height.

When the BPS was tilted downward by � � 18° and
the backrest was utilized, Ftot exerted on the backrest
was significantly (P � 0.001) increased. The PP on the
backrest was significantly increased, and it was signifi-
cantly decreased on the seat; the largest change was
found for the upright with backrest condition. The COP
and CFS were significantly shifted anteriorly to the thighs

Table 3. The Sacral Inclination (�), Total (S1–L1) and Segmental (S1–L2, S1–L3, S1–L4, S1–L5) Lumbar Lordosis for
Standing and Sitting Postures

Posture

Sitting Upright with Backrest

Standing

Backrest fitted partially (n � 6) Backrest fitted fully (n � 9)

With ischial
support

Without ischial
support

With ischial
support

Without ischial
support

Sacral inclination
� 14.04 � 11.30° 20.95 � 11.22° 14.14 � 10.84° 24.95 � 9.50° 37.83 � 3.50°
P 0.001 �0.001

Total Lordosis
S1–L1 24.53 � 21.31° 32.63 � 22.25° 38.94 � 14.61° 47.86 � 11.89° 53.95 � 1.92°
P 0.010 0.008

Segmental Lordosis
S1–L2 25.26 � 16.48° 33.06 � 17.96° 36.04 � 9.24° 42.92 � 9.75° 51.01 � 4.68°
P 0.015 0.005
S1–L3 22.10 � 12.92° 30.65 � 15.61° 29.71 � 6.14° 35.29 � 10.88° 42.14 � 6.14°
P 0.023 0.041
S1–L4 16.31 � 8.58° 24.62 � 12.41° 21.15 � 5.56° 27.53 � 9.09° 31.35 � 10.03°
P 0.024 0.025
S1–L5 12.41 � 5.96° 19.10 � 6.45° 11.12 � 3.88° 17.74 � 4.79° 18.39 � 7.22°
P 0.006 0.001

The sitting posture tested was ‘Upright with Backrest’ under four different conditions: the backrest was partially or fully fitted to the lower spine, and under each
condition the ischial support was either kept (� � 0°) or relieved by lowering the back part of the seat (� � 18°). The significant level (P) is given for the difference
between sitting with and without ischial support.

Table 4. The Lumbar Spine Disc Heights (S1–L5, L4 –L5, L3–L4, L2–L3, and L1–L2) for Standing and Sitting Postures, and
the Lumbar Vertebra Heights of the L1, L2, L3, L4, and L5 for Both Ventral (V) and Dorsal (D) sides

Posture

Sitting Upright with Backrest

Standing
Lumbar height

(mm)

Backrest fitted partially (n � 6) Backrest fitted fully (n � 9)

With ischial
support

Without ischial
support

With ischial
support

Without ischial
support

Disc Height L5
S1–L5 (mm) 13.47 � 2.36 15.20 � 2.28 11.35 � 1.79 12.60 � 2.26 13.51 � 1.59 V: 33.08 � 3.34
P 0.004 �0.001 D: 31.44 � 2.11

L4
L4–L5 (mm) 12.39 � 1.20 14.06 � 1.57 12.37 � 1.68 13.57 � 1.52 13.41 � 0.75 V: 32.89 � 4.78
P �0.001 0.002 D: 32.03 � 2.56

L3
L3–L4 (mm) 11.77 � 0.69 13.45 � 0.91 11.38 � 1.69 12.61 � 2.16 13.84 � 0.95 V: 33.51 � 3.51
P �0.001 0.004 D: 32.96 � 2.11

L2
L2–L3 (mm) 10.76 � 0.92 11.99 � 1.35 10.33 � 1.36 11.51 � 1.51 13.84 � 3.97 V: 33.19 � 3.29
P 0.010 �0.001 D: 32.71 � 1.83

L1
L1–L2 (mm) 10.55 � 0.68 11.43 � 0.96 9.75 � 2.11 11.06 � 2.13 11.69 � 0.82 V: 31.51 � 2.93
P 0.005 0.004 D: 32.82 � 2.23

The sitting posture tested was Upright with Backrest under four different conditions: the backrest was partially or fully fitted to the lower spine, and under each
condition the ischial support was either kept (� � 0°) or relieved by lowering the back part of the seat (� � 18°). The significant level (P) is given for the difference
between the sitting with and without ischial support.
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for all sitting conditions (Figure 3, Table 1). All of these
measurements for load and pressure redistribution on the
seat and backrest indicated that load on the ischial tubercles
was significantly decreased and shifted to the thighs, while
load on the back support was increased, mainly with the
load component in the posteroanterior direction (Fx) to
maintain lumbar lordosis. Using this new sitting concept
made the thighs take up more load over a larger surface
area, with less load on the ischial tubercles.

Measurement of load and contact pressure redistribu-
tion are important in assessing tissue viability, as pro-
longed sitting can lead to pressure sore development,43,44

increased disc degeneration, and LBP.4,5 Repositioning
of the lumbar support to redistribute the interface pres-
sure and load is essential to prevent LBP. Furthermore,
for patients who have limited mobility, body reposition-
ing remains the only way to change their pressure distri-
bution at the body-seat interface.15

Muscle activity was decreased in most of the sitting
conditions when the BPS was tilted down, especially in
the lumbar region. Relieving the ischial support may
have made the pelvis rotate forward and relaxed muscles
in the lumbar region more than in the thoracic regions.
Another reason may be different amounts of pressure on
the lumbar and thoracic regions during EMG recording
for sitting conditions using backrest, especially for the
relaxed condition. Under the relaxed sitting condition,
the body did not show any significant change in muscle
activity at the thoracic regions.

The upright with backrest sitting condition was found
to be more efficient to change the pelvis and lumbar
structures when the BPS was tilted down. The results
from load and contact pressure redistribution on the seat
and backrest (Table 1, Figure 3) indicated that this sitting
condition gave the best results to reduce load on the
ischial tubercles and lower spine. Thus, this sitting con-
dition upright with backrest was used to evaluate
changes in the lumbar spine and pelvis structures with
the backrest fitted partially or fully to the lower spine
using radiographs.

Tilting down the BPS maintained sacral inclination
approaching that of the standing posture (Table 3). The
total and segmental lumbar lordosis were also increased
and resulted in an appearance in which the abdomen was
particularly prominent and resembled closely that of the
standing position (Table 3). The sacral inclination and
lumbar lordosis results from other studies for sitting and
standing are given in Table 5. A comparison between
these results and the results from the present study con-
firmed the similarity (Table 5).

The benefit of lumbar lordosis was suggested in a
postmortem study by Farfan et al,45 who noted an asso-
ciation between decreased lumbar lordosis and increased
disc degeneration at L5–S1, suggesting a protective effect
for increased lumbar lordosis on the lumbosacral junc-
tion. Andersson et al46 found lordosis to be inversely
proportional to intradiscal pressure. Lumbar curvature
affects disc pressure by changing the distribution of load

Table 5. The Sacral Inclination, Total and Segmental Lumbar Lordosis Results From Other Studies for Sitting and
Standing Postures

Posture Subjects (n)

Segmental Lordosis Total
lordosis
(S1–L1)

Sacral
inclination

(�)S1–L5 S1–L4 S1–L3 S1–L2

Standing
Present study 9 N 18.4 � 7.2° 31.4 � 10.0° 42.1 � 6.1° 51.0 � 4.7° 53.9 � 1.9° 37.8 � 3.5°
Andersson19 8 N 59.8 � 2.9° 38.0 � 1.9°
During28 52 N 40.4° � 8.8°
Itoi23 18 N 55.1 � 2.9° 35.3 � 2.2°
Stagnara27 100 N 21 � 6° 36 � 8° 47 � 9° 54 � 9° 56 � 10°
Chen21 16 N 50.4 � 3.0°
Chernukha22 199 N 46 � 9°
Propst-Proctor57 104 N 12°
Saraste58 170 N 39°
Mosner56 27 N 51.8 � 8.8°
Kimura25 8 N 20.8 � 6.0° 57.3 � 16.7°
Wood59 50 N 22.0 � 0.0°
Gelb55 100 N 24°
Bernhardt20 (*L5–L1) 102 N 28° *44 � 12°
Jackson24 100 N 24.6 � 6.2° 60.9 � 12.0°

100 LBP 21.5 � 7.5° 56.3 � 11.5°
Lord26 109 LBP 18 � 8° 31 � 9° 47 � 13° 49 � 15°
Fernand54 973 LBP 45.1 � 0.8°

Sitting
Present study (Upright � Backrest) 9 N 17.7 � 4.8° 27.5 � 9.1° 35.3 � 10.9° 42.9 � 9.8° 47.9 � 11.9° 25.0 � 9.5°

Andersson19

No back support 8 N 22.2 � 5.9° 17.1 � 4.1°
Back support 10 N 28.1 � 3.1° 20.5 � 2.4°
Lumbar support 10 N 46.8 � 5.1° 28.3 � 4.7°
Lord42 109 LBP 15 � 7° 22 � 8° 33 � 13° 34 � 15°

n, # of subjects; N, healthy patient; LBP, low back pain patient.
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between disc and apophyseal joints47 and also by chang-
ing tension in the intervertebral ligaments.48,49,50 The
increased intradiscal pressure may also be the underlying
factor for the association of decreased lordosis and LBP.
In a study of osteoporotic patients by Itoi,23 decreased
lordosis was associated with increased LBP. Keegan,4

in a study of the relation between lordosis and sitting,
found the most important factor in LBP with pro-
longed sitting to be a decreased trunk-thigh angle with
consequent flattening of the lumbar curve. Using a
lumbar roll that increases lordosis has been found to
decrease LBP.5 With decreased lordosis, sitting pres-
sure increases over the ischium and coccyx with result-
ant pain.32 Others have also found distinct differences
in lumbar lordosis when comparing LBP patients with
healthy patients.24,51

All disc heights were significantly (P � 0.011) in-
creased by lowering the BPS (Table 4). Extensive and
consequent segmental lordosis may decrease intradiscal
pressure. The effect of disc height on mechanical proper-
ties caused by compressive forces was investigated by
Kimura et al,25 who found that biomechanical axial
stress for the intervertebral disc increased most at
L4 –L5 due to the decreased disc height in upright pos-
ture. The highest incidence of lumbar disc diseases was
generally found at L4 –L5.52 The reason for the rela-
tively high frequency of lumbar disc disease was con-
nected to a relatively wide range of motion and high
loads at L4 –L5 and L5-S1 with lumbar flexion and
extension.53

It has been reported that a backrest with a protruded
part to support the lumbar spine would result in an in-
crease of the lumbar lordosis and the load on the
back.19,31 The present study supports such an observa-
tion. Furthermore, a much greater load reduction was
observed in this study for proper lumbar support com-
bined with the ischial tubercles load relief. However, the
benefits of unloading the ischia were investigated during
a short sitting time. The outcome needs to be evaluated
for longer period of sitting with unsupported ischia with
the concern that load shifted to the thighs may cause hip
pain. Tilting the BPS down and up alternately is needed
during prolonged sitting. Future study is needed to find
the optimal tilting angle of the BPS and optimal period
for tilting the BPS down and up during long periods of
sitting.54–59

Key Points

● To reduce contact pressure and peak pressure
under the ischia
● To reduce muscular activity
● To maintain total and segmental lumbar lordosis
● To maintain sacral inclination
● To prevent LBP associated with inappropriate
prolonged sitting
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46. Andersson GJB, Örtengren R, Nachemson A, et al. The sitting posture: an
electromyographic and discometric study. Orthop Clin North Am 1975;6:
105–20.

47. Adams MA, Hutton WC. The effect of posture on the role of the apophysial
joints in resisting intervertebral compressive forces. J Bone Joint Surg Br
1980;62:358–62.

48. Adams MA, Hutton WC. The effect of posture on the lumbar spine. J Bone
Joint Surg Br 1985;67:625–9.

49. Adams MA, McNally DS, Chinn H, et al. Posture and the compressive
strength of the lumbar spine. Clin Biomech 1994;9:5–14.

50. Hukins DWL, Kirby MC, Sikoryn TA, et al. Comparison of structure, me-
chanical properties, and functions of lumbar spinal ligaments. Spine 1990;
15:787–95.

51. Harrison DD, Cailliet R, Janik TJ, et al. Elliptical modeling of the sagittal
lumbar lordosis and segmental rotation angles as a method to discriminate
between normal and low back pain subjects. J Spinal Disord 1998;11:430–9.

52. Wisneski RJ, Garfin SR, Rothman RH, et al. Lumbar disc disease. In:
Herkowitz HN GS, Balderston RA, et al, eds. The Spine. Philadelphia, PA:
WB Saunders; 1999.

53. White AA, Panjabi MM. Clinical Biomechanics of the Spine. Philadelphia,
PA: JB Lippincott; 1990.

54. Fernand R, Fox DE. Evaluation of lumbar lordosis. A prospective and retro-
spective study. Spine 1985;10:799–803.

55. Gelb DE, Lenke LG, Bridwell KH, et al. An analysis of sagittal spinal align-
ment in 100 asymptomatic middle- and older-aged volunteers. Spine 1995;
20:1351–8.

56. Mosner EA, Byran JM, Stull MA, et al. A comparison of actual and apparent
lumbar lordosis in black and white adult females. Spine 1989;14:310–4.

57. Propst-Proctor SL, Bleck EE. Radiographic determination of lordosis and
kyphosis in normal and scoliotic children. J Pediatr Orthop 1983;3:344–6.

58. Saraste H, Brostrom L-A, Aparisi T, et al. Radiographic measurement of
the lumbar spine: A clinical and experimental study in men. Spine 1985;
10:236 – 41.

59. Wood KB, Kos P, Schendel M, et al. Effect of patient position on the sagittal
plane profile of the thoracolumbar spine. J Spinal Disord 1996;9:164–9.

Point of View

Noshir A. Langrana, PhD

It is reported in the literature that the stresses in lumbar
intervertebral discs and muscles alter with alteration in
the sitting posture as well as with the introduction of
back support. Very well planned and executed investiga-
tion has explored this issue. Consideration has been
given to collect kinematic, force, EMG, and radiograph
data simultaneously at the lower lumbar spine to per-
form biomechanical investigation. Designing a special
seat created specific alterations in the lumbar lordosis,
and the upper body static load shifted from ischial tuber-
cles to the thighs in a sitting posture. In this design, one
can make adjustments in the back and ischial supports;
this in turn makes alterations in the lordosis, sacral in-

clination, and muscle activities. Fifteen subjects of no
known low back pain history were enrolled in this study.
Quantitative biomechanical measurements were made
for sitting with and without ischial support and with
adjustable back support, and statistical analyses were
performed.

When sitting upright with the back support but no
ischial support, the loads were transferred to thighs and
back support. The loads in the back support increased,
and at the same time, the pressure under the thighs in the
seat became more uniform. The total contact area on the
seat pan and on the backrest was significantly decreased
and increased, respectively, P � 0.001. Since there was
no seat under the tubercles, the pressure concentration
was eliminated. In addition, the pelvis was induced to
rotate forward to maintain the lordosis. Farfan et al1

report that pelvis rotation plays an important role in
altering the loads in the lumbar spine. Sitting upright
with backrest and without ischial support created a de-
sirable condition to reduce the loads on the lower spine
and muscle activities.
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The seat in the current design is 40 cm (medial-lateral)
� 25 cm (anterior-posterior) with a 15-cm addition of
the ischial support. The authors planned to perform the
study for an optimal tilt angle of the seat back part sup-
port (BPS) and sitting for long duration in this posture. A
continuous and smooth alteration in the BPS will be de-
sired. To make this type of design practical, it will be

desirable to develop indicators of reduction in the lower
lumbar loads such as an optimum anterior shift in center
of pressure.
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