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Background: Pain while sitting is the primary complaint of many patients with lumbar spinal ailments,
including those with discogenic low back pain and lumbar disc herniations. There has been little basic
research on the different mechanical stresses that different sitting positions place on the spine. To
demonstrate the effect of different sitting positions on lumbar intersegmental relationships.

Methods: Twenty healthy male volunteer subjects were recruited. Lateral X-rays of the lower lumbar
spine were taken in four positions: (I) relaxed lateral standing; (II) “standard” sitting position; (III) sitting
on a “kneeling” chair; and (IV) unsupported sitting on a stool. Anterior and posterior disc height, disc space
angulation, L1-S1 angulation and interspinous distance were measured.

Results: The L1-S1 lordotic angle in the standing position (48.8°+14.7°) was found to be statistically
significantly greater than the angle measured with any of the sitting positions: the kneeling chair (34.0°+17.7°);
hard-back chair (28.6°£14.3°); and the stool (16.6°+15.6°). Total average disc height (arithmetic sum of average disc
heights L.2-S1) in the lumbar spine varied with position: standing (40.5+7.75 mm); hard-back chair (38.5£6.9 mm);
kneeling chair (38.4+7.9 mm); stool (36.9+7.1 mm). The mean interspinous distance over all the lumbar
levels was significantly greater in each of the three seated positions than in the standing position: standing
6.8+4.5 mm; 11.6°+7.5° for the kneeling chair; 12.9+5.8 mm for the hard-back chair; 16.9+7.0 mm for the stool.
Conclusions: If segmental flexion and segmental loading are the important biomechanical correlates
of pain on sitting, such patients should be most comfortable in a kneeling chair, which most closely
approximates the standing position. These basic findings will allow better assessment of different seating

positions from an ergonomic perspective, and hopefully lead to improvements in chair design.
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Introduction These patients typically achieve some degree of relief of
Pain while sitting is the primary complaint of many their symptoms in the standing position. Compared to
patients with lumbar spinal ailments, including those with the standing position, the sitting position places a flexion
discogenic low back pain and lumbar disc herniations (1,2). moment on the spine—inducing relative segmental lumbar
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ADH = anterior disc height;
PDH = posterior disc height;
SPD = spinous process distance.

Figure 2 Radiographic measurements.

flexion. This position of segmental flexion has been
associated in several different studies with increased loading
of the disc (3-7). It has also been associated with posterior
translation of the nucleus, and resulting increased strains on
the innervated posterior annulus (8).

It is clinically evident that certain sitting positions are
worse than others with regards to their propensity to cause
significant pain in these patients, but there has been little
basic research on the mechanical stresses that different
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sitting positions place on the spine (9,10). An accurate
understanding of the segmental effect on angulation and
disc height elicited by different seating positions can be used
to estimate forces on the lumbar spine in these different
positions. This is of interest not only to patients being
treated conservatively for their spinal condition, but also to
surgeons interested in minimizing either the loads on spinal
instrumentation placed in surgery, or loads on susceptible
elements of the postoperative spine.

We undertook this study to examine the intersegmental
effect of different sitting positions on the lumbar spines of
20 healthy male volunteers, and to compare it to baseline
data obtained in the standing position.

Methods

Ethical approval from the Stanford University Institutional
Review Board and written informed consent from each
subject were obtained before the study began. Twenty
healthy male volunteer subjects were recruited from the
San Francisco/Palo Alto, California area. Mean age was
34.4 years [standard deviation (SD) 12.0 years], mean height
178.8 cm (SD 9.1 cm), and mean weight was 77.6 kg (SD
10.6 kg). Lateral lumbar spine radiographs were obtained in
the standing position, and in three distinct sitting positions.
Exclusion criteria for the study included female gender
(to avoid potential radiation to a fetus in an unknowingly
pregnant patient), chronic back pain, radicular pain, or a
history of lumbar surgery.

Lateral X-rays of the lower lumbar spine were taken in
four positions: (I) relaxed lateral standing; (II) “standard”
sitting position on a hard-backed chair; (III) sitting on
a commercially available “kneeling” chair; and (IV)
unsupported sitting on a stool (Figure I).

Radiographic data was obtained using the PACS digital
imaging system (GE PACS, GE Integrated Imagine
Solutions, Mount Prospect, IL, USA). For each radiograph,
a standard source-to-film distance of 40 inches was
maintained. The primary investigator (Todd F. Alamin)
measured anterior and posterior disc height, disc space
angulation, L1-S1 angulation and interspinous distance
(Figure 2). Average disc height was calculated as the
arithmetic average of the anterior and posterior disc heights.
"To eliminate the effect of source-to-film distance variation
on image magnification, the midline L4 vertebral body
height was measured for all subjects and used to normalize
measurements on different radiographs in the same subject.
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Figure 3 Effect of different sitting positions on (A) L1-S1 lordotic angle and (B) segmental lordosis.

Statistical methods

"To assess radiographic variables, a repeated measure analysis
of variance (ANOVA) was used, and Tukey’s HSD post hoc
pairwise comparisons were calculated. An alpha less than
or equal to 0.2% was considered statistically significant
(P<0.002) to account for a Bonferroni correction to the type
I error. Statistical analysis included comparisons of standing
and sitting using lordotic angle (L1-S1, L4-L5, L5-S1),
posterior disc height (L4-L5, L5-S1), average disc height
(L2-S1, L4-L5, L5-S1), interspinous distance (L1-S1, L4-
L5, L5-S1).

Results

The L1-S1 lordotic angle in the standing position
(48.8°+14.7°) was found to be statistically significantly
greater than that measured in any of the sitting positions:
the kneeling chair (34.0°x17.7°), hard-back chair
(28.6°+14.3°), and the stool (16.6°+15.6°). In each of these
sitting positions, except when comparing the hard-back
chair to the kneeling chair, the L1-S1 lordotic angle was
statistically distinct (Figure 3A4).

At the L4-5 level, lordotic angulation on both the
hard-back chair (3.3°+4.4°) and the stool (2.0°+2.8°) were
statistically less than that measured in the standing position
(9.0°£3.8°). Angulation at L4-5 measured on the kneeling
chair (6.2°+3.8°) was not statistically different than the
standing position. Statistically different angulation between
the positions at the L5-S1 level was not detected. The
effect of the different positions on segmental angulation is
depicted in Figure 3.

Posterior disc height averaged over all tested levels, L2—
S1, for the hard-back chair (8.2+2.4 mm) and the stool
(8.4+2.2 mm) was statistically greater than that recorded
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in the standing position (7.5£1.8 mm). At the L4-5
level, mean posterior disc heights on the hard-back chair
(8.8+3.3 mm), kneeling chair (8.3£1.9 mm), and the stool
(8.4+2.3 mm) were not statistically significantly greater
than the mean posterior disc height in the standing position
(7.6£1.6 mm). At the LL5-S1 level, a similar trend was
found that was not statistically significant: standing position
(7.0£1.5 mm) < kneeling chair (7.2+1.4 mm), hard-back
chair (7.2+1.5 mm) < stool (7.7£2.5 mm). A similar trend in
the opposite direction between the positions were noted on
measurement of the anterior disc height—the mean anterior
heights were greater in the standing position than in the
seated positions (Figure 4).

Total average disc height (arithmetic sum of average
disc heights L2-S1) in the lumbar spine (n=17) varied
with position: standing (40.5+7.7 mm) > hard-back chair
(38.5+6.9 mm) > kneeling chair (38.4+7.9 mm) > stool
(36.9+7.1 mm); only the difference between the stool and
the standing position represented a statistically significant
difference (P=0.002) (Figure 5). Average disc height at
the L4-5 and 13-4 levels varied significantly more with
position than the other lumbar levels (P<0.01).

The mean interspinous distance over all the lumbar
levels was significantly greater in each of the three seated
positions than in the standing position: standing 6.8+4.5 mmy;
11.6°£7.5° for the kneeling chair; 12.9+5.8 mm for the
hard-back chair; 16.9+7.0 mm for the stool. At the L.4-5
level, the seated interspinous distance was significantly
greater than the standing interspinous distance for all
three seated positions: standing (4.5+2.5 mm), kneeling
chair (10.0+6.1 mm), hard-back chair (13.3+7.0 mm)
and stool (16.0+7.8 mm. No significant differences were
detected at the L5-S1 segment amongst the different
positions, but again, the same trend was observed: stool
(14.5£4.7 mm) > hard-back chair (13.3£2.2 mm) > kneeling
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Figure 4 Effect of different sitting positions on (A) anterior disc height and (B) posterior disc height.
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Figure 5 Effect of different sitting positions on total disc height.
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Figure 6 Effect of different sitting positions on interspinous

distance.

chair (11.4+ 3.3 mm) > standing (4.9+3.6 mm) (Figure 6).

Discussion

Pain while sitting is an important clinical complaint for
patients with several different spinal disorders, including
discogenic low back pain and lumbar disc herniation
(11,12). This is not a uniform complaint, however, and is
typically one that is affected by the specific sort of chair
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in which the patient is sitting. For instance, chairs having
a forward-inclined seat-pan seem only to reduce low back
pain discomfort with flexion-related pain (13), and not with
extension-related pain (14). Chairs that put an individual in
a semi-kneeling position have been shown to increase pedal
cutaneous blood flow in subjects over traditional chairs,
though participants of that study indicated they preferred
to sit in traditional chairs (15). Further, sitting in chairs
with backrests have been found to reduce paraspinal muscle
activation, not necessarily reduce low back pain (16). More
recently, radiographic evidence has supported the idea that
using a chair with back support, can minimize changes to
lumbar lordosis and pelvic parameters that occur between
sitting and standing (17), but this study did not assess the
results of using a kneeling chair.

Since Americans spend, on average, close to 8 hours a
day in sedentary behaviors (18), it is crucial to find methods
to reduce lifestyle-related low back pain. We performed
this radiographic study in healthy male volunteers to better
understand the intersegmental effect of sitting compared to
standing at different levels of the lumbar spine, and further
examine the relative effect of different sitting positions on
these parameters.

In this investigation, we found that the different
positions that were examined had differential effects
on segmental angulation and disc height. The standing
position elicited the most segmental extension as measured
by the L1-S1 lordotic angle as well by measurements
of individual levels of the lumbar spine, followed by the
kneeling chair, the hard-back chair, and then the stool. The
inverse order was seen on examination of posterior disc
height and interspinous distance: stool > hard-back chair >
kneeling chair > standing position. It should be noted that
these other variables that were measured would be expected
to, by virtue of the biomechanics of the spine, vary in this
way with segmental angulation, and that with the numbers
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available here, we did not detect any significant variances
from this expected linkage. This variability in angle, disc
height, and interspinous distance was differentially exhibited
across different lumbar levels, with the L5-S1 disc changing
the least between positions. There are several potential
reasons for these findings of least variability at the L5/S1
level compared to other lumbar levels, such as the more
deeply-seated position of the L5-S1 disc within the pelvis
and the broader attachment of the L5/S1 interspinous
ligaments to the sacral ala, along with the broader and more
coronal morphology of the L5/S1 facet joints.

There are several limitations of this study that limit its
potential generalizability. Our sample size of 20 healthy
male volunteers was small, and the age range was relatively
young (mean age 34). The chairs that were used were
chosen to be representative of types of seated positions,
but clearly there are a wide variety of commercially
available chair types with multiple types of seat and back
configurations, in many cases adjustable, that were not
fully modeled here. It would be interesting to explore this
investigation further with a larger number of subjects with
a wider age range, and perhaps different sorts of seating
arrangements that would allow us to determine the isolated
effect, for example, of changes in the seat configuration, the
back support, and perhaps the addition of the tibial support
in different positions, but this was beyond the scope of this
project.

The amount of increase in flexion seen in the change
between standing and the different seated positions
represented a significant percentage of the typical total
range of motion values given for total sagittal plane angular
motion at these disc levels. The total flexion/extension
range of motion on three different articles that have assessed
this parameter has an average value of 16° at L4-5, and 15°
at L5-S1 (19-21). Approximately 75% of this arc of motion
occurs between standing and full flexion, and 25% between
standing and full extension (21). The mean change from the
standing position to sitting in the kneeling chair represented
25%, in the hard-back chair 50%, and in the stool, 58% of
the average total arc of flexion at L4/5 beyond the standing
position. A mean of 15° of flexion was measured across
L1-S1 when changing from the standing position to the
kneeling chair, 20° of flexion from the standing position to
the hard-back chair, and 32° of flexion from the standing
position to the stool.

Flexion of the lumbar segment affects the way that it
bears load in several significant ways that may explain the
characteristic nature of pain with sitting in certain spinal
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conditions. Flexion of the segment affects the segmental
load distribution between the facets and the disc such
that it has been reported that in the flexed position of
approximately neutral (0°) and a moderate preload of 400
N, the facet joints bear 10% of the axial load, whereas in
6-8° of lordosis (roughly the standing position) and similar
preload, the facet joints bear 32% of the axial load (22).
Flexion of the lumbar spine also changes the relationship of
the center of mass of the body and the spinal column such
that in flexion, the flexion moment on the spine is increased,
and loads seen at the level of the disc given a constant body
weight are increased.

Several authors have found that iz vive disc pressure,
a proxy for directly measuring loads across the disc, is
higher in the sitting position than in the standing position
(3,4). However, two more recent articles have found disc
pressures to be lower in the relaxed sitting position than
in the standing position, and have also found that sitting
with “good posture” by activating the truncal supporting
musculature in fact increases the measured disc pressure
(5,23). These more recent reports suffer from small sample
size, but call into question the assumption that in a patient
with discogenic pain, disc pressure is the important variable
to follow that correlates with the symptom of pain.

We were able to measure average disc height, an
alternate method of estimating segmental loads on the
spine, in the different positions examined here. We found
that total average disc height in the lumbar spine was
greatest in the standing position (40.5+7.7 mm), followed
by the hard-back chair (38.5+6.9 mm), the kneeling chair
(38.4+7.9 mm), and then the stool (36.9£7.1 mm). One
would expect that average disc height would vary indirectly
with segmental loads and intradiscal pressure, and so this
finding corroborates the findings of Nachemson and others
who have reported higher intradiscal loads in the seated
position compared to the standing position, and stands
in contrast to the findings of Wilke and others, who have
reported higher loads in the standing compared to relaxed
sitting positions.

The other significant effect of segmental flexion is on
the position of nuclear material: as the segment flexes, there
is bulk flow of the nucleus posteriorly, and this posterior
movement at the level of a lumbar disc herniation may
increase the compression of an affected nerve root by
the disc herniation. In the case of discogenic back pain,
increased strains on the innervated posterior annulus in the
flexed position may be enough to exacerbate the complaint
of back pain.
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The different seating positions examined here create
different segmental relationships in the lumbar spine
because of the effect on hip flexion, and also through the
way in which the load of the body is transferred to the
chair. In the standing position, the hips are maintained in
extension, which rotates the pelvis forward in the sagittal
plane (increased pelvic inclination), and as the upper trunk
stays balanced over the pelvis, rotates the lumbar spine into
extension. In the two standard sitting positions (stool and
hard backed chair), the hips are flexed, flexing the pelvis
(decreased pelvic inclination). The load of the body in these
positions is transferred to the chair through the ischial
tuberosities and proximal femurs, both anterior to the
lumbar spine in the sagittal plane with the hips in flexion—
this places a flexion moment on the spine, increasing lumbar
segmental flexion. The hard-back chair may allow less
flexion than the stool without a back as the propensity of
the pelvis to rotate in this position of hip flexion is limited
by the chair back. The kneeling chair, by contrast, places
the hips in approximately 45° of flexion, and thereby causes
the pelvis to flex less than the other seated positions. It also
transfers load to the chair through the knees and axially
through the femurs instead of entirely through the ischial
tuberosities and proximal femurs; this involves a loading
pattern through the hips that is more similar to the standing
position.

Conclusions

It is hoped that a better understanding of the spinal
loading characteristics of different seating positions may
lead to both a better understanding of the reasons leading
to the common clinical complaint of pain with sitting,
and improvements in chair design that may lead to more
comfortable seating conditions for such patients. We have
found here significant flexion of the lumbar spine in the
seated compared with the standing position in healthy male
subjects, and noted this to be greatest on an unsupported
stool, intermediate on a hard-backed chair, and least on a
kneeling chair. We have also found that average disc height,
a secondary indicator of segmental loads, is least on a stool,
and of the positions examined here, greatest in the standing
position. If segmental flexion and segmental loading are the
important biomechanical correlates of pain on sitting that
are characteristic of both discogenic pain and lumbar disc
herniation, we would expect that these patients would be
most comfortable in a kneeling chair, which most closely
approximates the standing position, and least comfortable
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on an unsupported stool.

Follow-up studies involving greater sample sizes and
age range distributions with evaluation of anteroposterior
radiographs, or MRI scanning in different seated positions
will further add to our understanding of both the spinal
biomechanics of sitting as well as mechanism of pain in
these different clinical conditions.
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