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1. Introduction

Lumbar spinal joint loading is an important factor
contributing to low back pain (Coenen et al., 2013;
Griffith et al., 2012) and could be an indicator of
seating discomfort. A previous simulation study, using
radiologically measured lumbar lordosis (LL) during
standing posture, indicated that a larger LL led to a
lower spinal compression force, and its influence on
shear force varied by the intervertebral level (Miiller et
al., 2021). However, the relationship between LL and
the spinal loads has not been investigated in a seated
posture.

As a sitter can vary the posture by changing the spinal
curvature in a same seat configuration, a distribution
ratio between thorax-pelvis and pelvis-thighs angles,
called the thigh-thorax rhythm, is needed to position a
model on a seat for simulation, as Rasmussen et al.
(2009). In the present work, we investigated the effects
of LL on the lumbar spinal joint loads by varying the
thigh-thorax rhythm.

2. Methods

2.1 Musculoskeletal model

The “SeatedHuman" musculoskeletal model (height:
175cm, weight: 75kg) from the AnyBody Managed
Model Repository v. 3.0.0, including a pelvis, lower
and upper extremities, along with a generic spine
model comprising 5 lumbar vertebrae, a sacrum, and a

lumped thoracic segment (de Zee et.al, 2007) was used
in this study.

2.2 Seat model

The seat model’s backrest reclination and the seat pan
inclination angles were set to 110 and 0 degrees,
respectively, with respect to the horizontal direction,
corresponding to a daily used configuration. The
orientation and position of the thigh and thorax
segment was controlled via the kinematic links
between body and seat model (Fig. 1A) as Rasmussen
et al. (2009). The thigh-thorax angle was therefore
fixed.

2.3 Kinematics

The thigh-thorax rhythm distributes the fixed thorax-
thigh angle (0) into the thorax-pelvis angle and the
pelvis-thigh angle in sagittal plane using a predefined
ratio (R), described in Equations (1&2). The pelvis-
thigh angle to thorax-pelvis angle ratio varied from 1.5
to 7.0 in a step of 0.25 in this study, covering the range
of variation observed by Bell & Stigant (2007).

ethigh—thorax = gpelvis—thigh + chorax—pelvis

(1)

epelvis—thigh

Rthigh—thorax = 0
thorax-pelvis

(2)
Seven joints between the thorax and pelvis (L1~S1)
shared the thorax-pelvis angle following a lumbar
spine rhythm (Rasmussen et al., 2009). Thus, the LL
was calculated by the sum of the intervertebral joint
angles from T12L1 to L5S1 in the sagittal plane.
2.3 Kinetics
The body model was supported by contact points
between the body and the seat model generating
normal and shear reaction forces on each contact
surface (Fluit et al., 2014).
The muscle recruitment problem was solved through
static optimization, minimizing the sum of the cubed
muscle activations, computing muscle, joint reaction
as well as the contact forces between the human and
seat. All simulations were performed in the AnyBody
Modelling System v. 8.0.1 (AnyBody Technology A/S,
Aalborg, Denmark).

3. Results and discussion

The rhythm variation resulted in the variation of LL
from 36 to 54 degrees (Fig.1). The L5S1 compressive
and shear forces decreased from 392 to 295N (25%)
and from 200 to 154N (23%) respectively, until lumbar
lordosis (LL) reached 48 degrees (Fig. 1B&C). The
erector spinae muscle force dropped from 70 to 37N
(47%) before 44 degrees, then rebounded to 98N (Fig.
1D). The psoas major muscle force gradually
decreased from 115 to 18N (84%) (Fig.1E).

A higher LL resulted in lower spinal loads before
reaching an optimum LL angle (48 degrees) as well as
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reduced psoas major and erector spinae muscles forces.
This could reduce cumulative spinal compression
during prolonged seating and the risk of low back pain
(Coenen et al., 2013) as well delay muscle fatigue and
discomfort (Theodorakos, Savonnet, Beurier, & Wang,
2019).

Previous studies found a positive correlation between
spinal compression and seating discomfort (Eklund &
Corlett, 1987; Theodorakos et al., 2019), but further
investigation is needed to fully understand if and how
spinal loads are linked to seating discomfort.
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Fig.1 (A) The body and seat model view. The influence
of lumbar lordosis on the (B) L5S1 compressive force,
(C) L5S1 shear force, (D) erector spinae force, and (E)
psoas major muscle force. Bold blank lines indicate the
lumbar lordosis angle. A red arrow indicates the
direction of the compressive force at L5S1, and a blue
dashed arrow indicates the direction of the shear force
at L5S1.

4. Conclusions

Our preliminary simulations show that a larger lumbar
lordosis before 48 degrees resulted in lower
compression and shear forces at L5S1 during a seating
posture, probably leading to less seating discomfort.

Funding

This research was funded by the EU Horizon 2020
program under the Marie Sktodowska-Curie
COFUND grant agreement No 101034248, City Lab
Education and Research Doctoral Program.

References

Bell, J. A., & Stigant, M. (2007). Development of a
fibre optic goniometer system to measure
lumbar and hip movement to detect activities
and their lumbar postures. Journal of Medical
Engineering & Technology, 31(5), 361-366.
doi: 10.1080/03091900600996735

Coenen, P., Kingma, 1., Boot, C. R. L., Twisk, J. W.R.,
Bongers, P. M., & van Dieén, J. H. (2013).
Cumulative Low Back Load at Work as a
Risk Factor of Low Back Pain: A Prospective
Cohort Study. Journal of Occupational
Rehabilitation, 23(1), 11-18. doi:
10.1007/s10926-012-9375-z

de Zee, M., Hansen, L., Wong, C., Rasmussen, J., &
Simonsen, E. B. (2007). A generic detailed
rigid-body lumbar spine model. Journal of
Biomechanics, 40(6), 1219-1227. doi:
10.1016/j.jbiomech.2006.05.030

Eklund, J. A., & Corlett, E. N. (1987). Evaluation of
spinal loads and chair design in seated work
tasks. Clinical Biomechanics (Bristol, Avon),
2(1), 27-33. doi: 10.1016/0268-
0033(87)90045-3

Fluit, R., Andersen, M. S., Kolk, S., Verdonschot, N.,
& Koopman, H. F. J. M. (2014). Prediction of
ground reaction forces and moments during
various activities of daily living. Journal of
Biomechanics, 47(10), 2321-2329. doi:
10.1016/j.jbiomech.2014.04.030

Griffith, L. E., Shannon, H. S., Wells, R. P., Walter, S.
D., Cole, D. C., Cété, P., ... Langlois, L. E.
(2012). Individual Participant Data Meta-
Analysis of Mechanical Workplace Risk
Factors and Low Back Pain. American
Journal of Public Health, 102(2), 309-318.
doi: 10.2105/AJPH.2011.300343

Miiller, A., Rockenfeller, R., Damm, N., Kosterhon,
M., Kantelhardt, S. R., Aiyangar, A. K., &
Gruber, K. (2021). Load Distribution in the
Lumbar Spine During Modeled Compression
Depends on Lordosis. Frontiers in
Bioengineering and  Biotechnology, 9,
661258. doi: 10.3389/fbioe.2021.661258



Rasmussen, J., Terholm, S., & de Zee, M. (2009).
Computational analysis of the influence of
seat pan inclination and friction on muscle
activity and spinal joint forces. International
Journal of Industrial Ergonomics, 39(1), 52—
57. doi: 10.1016/j.ergon.2008.07.008

Theodorakos, 1., Savonnet, L., Beurier, G., & Wang, X.
(2019). Can Computationally Predicted
Internal Loads Be Used to Assess Sitting
Discomfort? Preliminary Results: Volume VI:
Transport Ergonomics and Human Factors
(TEHF), Aerospace Human Factors and
Ergonomics. doi: 10.1007/978-3-319-96074-
6_47

Received date:05/04/2024
Accepted date: 28/06/2024
Published date: XX/XX/2024
Volume: 1

Publication year: 2024



