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1. Introduction

Human spine is a complex structure, the which
main function of which is to protect spinal cord and to
transfer loads from head through trunk till pelvis. Spine
consist of 24 stiff vertebrae, connected by intervertebral
discs, allowing slight movement of the vertebrae due to
elastic deformation of the discs, thus giving a flexibility to
the whole spine. The pressure acting the intervertebral joint
disc is about 10 N/cm® under the normal conditions [1-10],
and can be increased substantially for longer period of time,
for example, due to loading by carried tote, or exceeded
rapidly but for short due to car accident [6]. Both these
cases lead to the unacceptable consequences, but the im-
pact has usually more serious effect to the state of health
[7], especially — when acting along the spine. Thus namely
this case of external loading of human spine is under inves-
tigation in this paper, being the consequent research of
initiatory research, presented in [7].

2. The anatomical model of spinal intervertebral joint

In human anatomy, the vertebral column (back-
bone or spine) is a column of 24 vertebrae, the sacrum,
intervertebral discs, and the coccyx situated in the dorsal
aspect of the torso, separated by spinal discs. It houses the
spinal cord in its spinal canal [9].

Viewed laterally the vertebral column presents
several curves, which correspond to the different regions of
the column, and are called cervical, thoracic, lumbar, and
pelvic. The cervical curve, convex forward, begins at the
apex of the odontoid (tooth-like) process, and ends at the
middle of the second thoracic vertebra; it is the least
marked of all the curves. The thoracic curve, concave
forward, begins at the middle of the second and ends at the
middle of the twelfth thoracic vertebra. The lumbar curve
begins at the middle of the last thoracic vertebra, and ends
at the sacrovertebral angle [12]. It is convex anteriorly, the
convexity of the lower three vertebrae being much greater
than that of the upper two. The pelvic curve begins at the
sacrovertebral articulation, and ends at the point of the
coccyx; its concavity is directed downward and forward.

The main functional unit of the spine is a bioki-
nematic pair, consisting of two vertebrae and soft tissues
connecting them. The front part of the biokinematic pair
consists of bodies 3 of two vertebrae, intervertebral disk 5
and front longitudinal ligament 2, and the back part of pair
includes bends 13 and processes 8, 12 of corresponding
vertebrae, intervertebral joint 9 and ligaments 1, 10 and 11
(Fig. 1) [3-4]. Vertebra‘s bend is joined by yellow ligament.
Also there are cross and crest ligaments which join adja-

cent vertebra‘s bends.
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Fig. 1 Intervertebra joint

Human vertebrae are combined of two parts: body
and bend [17]. Vertebra‘s bend from both sides of the body
begins with vertebra‘s bend stalks, which become flat and
shape bend plates. There are two pairs articular processes
based on the plate of bend. Every process creates verte-
bra‘s joints with appropriate processes from another bend.
Spinal vertebra has two upper and two lower processes and
consist of four vertebra joint. Vertebra joint has thin but
strong capsule which has inside a layer of synovial tissue.

The biokinematic pair of two adjacent interverteb-
rae connected by the disk has a feature, when one of joints
is broken (faulty) other two joints have instability and there
is a possibility of degenerative changes of the structure [3-
13]. There are two ways of classifying backbone injuries
[11]: B.L. Allen and R.L. Ferguson has offered a mechani-
cal system and F. Magerl has offered a system which refers
to pathologomorphologycal aspect [5-6]. According to the
mechanical system, backbone injuries are classified ac-
cording to the position of particular body segments. Injury
classification according F. Magerl refers to injuries of pa-
tomorphology of vertebrae.

Intervertebra disk has a nucleus, which normally
works under hydrostatic condition, when pressure is dis-
tributed gradually over the disc surface. Pressure inside the
intervertebra joint is about 1.5 times higher in comparison
with external load [1]. Bulk of nucleus can‘t change in size
under additional load, so in such case the matter of bulk is
pushed outside the intervertebra joint fibroma ring. This
effect is more significant when the surfaces of vertebra are
not parallel. The critical load can lead to the fail of fibroma
ring and occurring vertebra hernia.

Again, when the spine is subjected by additional
external load, human spine has a greater resistance to pres-



sure loads because of its shape, which is a combination of
curves [14]. Because of these curves the spine has better
damping and shock absorbing characteristic, herewith hav-
ing proper rigidity and stability [2].

3. Computational model and the scheme of research

Computational model, consisting of the human
body dummy in driver’s posture and elements of vehicle
interior, having direct contact with the sitting dummy, was
created in  kinematic-dynamic  analysis  software
MSC.ADAMS 2003 environment by using software
BRG.LifeMOD [8]. Vehicle’s interior includes the floor,
seat pad and back and the safety belt, created by means of
MSC.ADAMS tools. The MSC.ADAMS plug-in
BRG.LifeMOD was used for modeling driver’s body (the
50™ percentile human body model from ,,Peoplesize” (UK)
database). The driver was “seated” on the seat by ensuring
it’s proper posture and defining contact with seat pad, back
and safety belt and appropriate segments of driver‘s body.
Each contact pair was defined by prescribing appropriate
stiffness, damping and friction.

The general form of the contact force function is

F n =k *(g**e)+Step (9,0,0,d max ,c max )*dg/dt [18]

External load is applied by defining kinematic
excitation described as a pulse of vertical upward accelera-
tion of the seat and the floor (impact duration is 1 second,
acceleration — 9.8 m/s” [15]. To evaluate maximal values
and to observe the variation in time of the intervertebral
forces in the junctions of four main spinal curves four ad-
ditional contact elements NScon2, NScon3 and NScon4
have been created in between the end vertebrae of these
curves (Fig. 2). To ensure original stiffness and damping of
the spine their stiffness and damping are prescribed the
same as corresponding parameters of the biokinematic pair
of two vertebrae, connected by intervertebral disk (stiff-
ness — 1740 kN/m, damping — 17400 Ns/m). However
stiffness and damping parameters of contact element
NSconl, which is placed between seat pad and the lower
torso of human‘s body and is used to simulate the seat pad,
differs significantly from other contact elements and is
changed during computations (from 243.6 to 1392 kN/m
and from 52200 to 121800 Ns/m correspondingly).

In the first stage of research the computations of
intervertebral force in the junction of thoracic and lumbar
spinal curves was performed under the different boundary
conditions, i.e. by using different values of the impact load
and stiffness and damping of seat pad, having the aim to
verify the results of computations performed earlier [7],
that is to ensure that external force is mainly absorbed in
contact pair NScon3.

In the first case the initial value of the size of im-
pact was doubled, while other parameters of the system
(stiffness, damping and contact friction) remained the same,
than the computations were carried out with doubled size
of impact and stiffness of contact NSconl reduced twice.
And finally doubled size impact was applied to the system
with initial stiffness and friction, but doubled damping of
contact element NSconl.
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Fig. 2 Computational model with contact elements of in-
terest

In order to find out which parameter of seat pad,
stiffness or damping, has major influence on intervertebral
force in the junction of thoracic and lumbar spinal curves,
and to determine the relationship between seat stiffness
and damping, giving the lowest contact force between ver-
tebrae, the following cases were examined:

e computation of intervertebral force in contact pair
NScon3 loaded by impact of initial size but with
different values of damping (five values: from
52200 to 121800 Ns/m);

e computation of intervertebral force in contact pair
NScon3 loaded by impact of initial size but with
different values of stiffness (five values: from 2436
to 1392 kN/m).

4. Results and discussion

The vertical acceleration of the vehicle interior is
transmitted to the body through vehicle’s seat pad, which
stiffness and damping correspond analogical parameters of
the contact element NSconl[16]. After that the impact
pulse is transmitted along dummy’s vertebrae segments
(curves) starting from the lowest segments (pelvic, lumbar)
where it’s value decreases, because it is partially absorbed
by human body’s soft tissues and structure of the backbone,
and then it reaches upper backbones segments (thoracic
and cervical).

The first stage computations showed, that in all
three mentioned cases the highest values of the interverte-
bral forces has been obtained in contact NScon3, that is
namely in the junction of thoracic and lumbar spinal curves.
The maximum value of contact force — 9674 N — occurred
in NScon3 when the system having initial configuration
was loaded by doubled impact.

It can be seen also, that the contact force is ab-
sorbed mostly in the junction of lumbar and thoracic spinal
curves (contact element NScon3). The character of curves
of intervertebral forces is here almost symmetric, mean-
while in NSconl, NScon2 and NScon4 they are non sym-
metric. In all examined cases intervertebral force reaches
it’s maximum value in first quarter of impact, after that it
drops and oscillates decreasingly about zero value.

The results of computations of the size of in-
tervertebral forces in the junction of thoracic and lumbar
spinal curves (contact element NScon3 in computational
model) showed that the maximum contact force value un-
der given loading reaches near 6670 N when the stiffness



of the seat pad is maximal (1.4E4), and decreases about
1.43 times (up to 4670 N) when the stiffness of seat pad is
reduced 3.5 times. The influence of seat damping parame-
ters on maximal value of contact force is practically negli-
gible — it remains practically the same while the damping
is changed from 52200 to 69600 N-s/m, so the stiffness of
the seat pad has major influence on the intervertebral
forces in comparison with damping (in the specified
ranges).

After the variational computations it was obtained,
that the best result (minimal intervertebral force) is reached
when the damping is 87000 N-s/m (Fig.3) and stiffness is
1044 kN/m (Fig.4). This combination of stiffness and
damping values should be recommended for the vehicles
seat.
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Fig. 3 Dependence of intervertebral force on seat pad
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Fig. 4 Dependence of intervertebral force on seat pad stiff-
ness

5. Conclusions

In order to find out the influence of car seat pad
stiffness and damping on the size of intervertebral forces in
the junction of thoracic and lumbar spinal curves a compu-
tational model has been created using kinematical-
dynamical analysis software MSC.Adams and LifeMOD

which includes human‘s dummy in driver’s position, hav-
ing the spine consisting of four curves with special contact
elements between them, and the vehicle interior details,
floor, safety belts, pad and the back of vehicle’s seat. Be-
tween relative model elements the were established joints
and contact condition.

The response of the system to the kinematical im-
pact in vertical upward direction was estimated taking into
account different parameters (stiffness and damping) of
contact between the driver’s body and the seat. On the ba-
sis of the results of computations the following conclusions
can be withdrawn:

o the highest values of the intervertebral forces arise
in the junction of thoracic and lumbar spinal curves;

e the maximum contact force value reaches near
6670 N when the stiffness of the seat pad is maxi-
mal (1,4E4), and decreases about 1,43 times (up to
4670 N) when the stiffness of seat pad is reduced
3,5 times;

o the influence of seat damping parameters on maxi-
mal value of contact force is practically negligible;
e minimal intervertebral force under given loading is

obtained when the damping is 87000 N-s/m and
stiffness is 1044 kN/m.
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SEDYNES STANDUMO IR SLOPINIMO PARAMETRU
ITAKA TARPSLANKSTELINEMS JEGOMS
KRUTINES IR LIEMENS STUBURO LINKIU
SANDUROIJE

Reziumé

Tyrimo tikslas — nustatyti sédynés standumo ir
slopinimo parametry itaka tarpslankstelinéms jégoms krii-
tinés ir liemens stuburo linkiy sandiiroje veikiant smiiginei
apkrovai. Tuo tikslu kinematinés-dinaminés analizés si-
stema MSC.Adams bei jos priedu biomechaniniy sistemy
dinamikai tirti LifeMOD sukurtas erdvinis skai¢iuojamasis
modelis, apimantis patj vairuotojo manekena, kurio kiino
padétis atitinka vairuotojo sédésena ir kei¢iamo standumo
bei slopinimo sédyng. Sukurtame vairuotojo modelyje stu-
buras sudarytas i§ keturiy segmenty, atitinkanciy Zmogaus
stuburo linkius. Tyrimuy metu apskaiciuotas kontaktinés
jégos tarp stuburo slanksteliy kitimas kraitinés ir liemens
stuburo linkiy sandiiroje sistema zadinant kinematiniu im-
pulsu vertikalia kryptimi esant skirtingiems zmogaus-
sédynés kontakto parametrams (standumui bei slopinimui).
Nustatytas automobilio sédynés standumo ir slopinimo
santykis, kuriam esant kontaktiné jéga tarp stuburo slanks-
teliy yra maziausia.

E. Rukuiza, V. Eidukynas, J. Dulevi¢ius

THE INFLUENCE OF SEAT PAD STIFFNESS AND
DAMPING ON THE INTERVERTEBRAL FORCES IN
THE JUNCTION OF THORACIS AND LUMBAR
SPINAL CURVES

Summary

This paper presents the investigation having the
purpose to find correlation between intervertebral forces in
the junction of thoracic and spinal curves and car seat
stiffness and damping under the impact loading. The 3D
computational model of system to be analyzed was built by
means of kinematical-dynamical analysis software MSC.
Adams and LifeMOD. The computational model includes
human‘s dummy in driver’s position, body with a spine
consisting of the four segments, corresponding the curves
of the human spine, and seat with parametrically defined
stiffness and damping. A variation of the contact force
between spinal vertebrae in the junction of thoracic and
lumbar spinal curves under kinematical impact in vertical
upward direction was estimated under the different pa-
rameters of contact between the driver’s body and the seat
(stiffness and damping). Relationship between seat stift-
ness and damping was established giving the lowest con-
tact force between vertebrae.

E. Pykyiixa, B. Diinykunac, 1. lynssudroc

BJIMAHUE )KECTKOCTU U IEMITIOGMPOBAHI A
CUAEHWA HA MEXITIO3BOHOYHBIE CUJIBI B
CTBIKE I'PYJHOT'O U ITOACHNYHOI' O U3I'MBOB
ITO3BOHOYHHMKA

Pe3womMme

Ienpto maHHON pabOTHI SBISUIOCH HCCIICIOBAHUE
BIIMSIHASL )KECTKOCTH M JeMITI(QUPOBAHUSI CUACHUS HAa MEXK-
MMO3BOHOYHBIE CUJIBI B CTBIKAX TI'PYAHOTO U MOSICHUYHOTO
M3ru0OB TMO3BOHOYHHMKA IIOJ] YAAPHBIM BO3JICHCTBHEM.
TpexMmepHass MOJENb UCCIAEAYEMOW CUCTEMBI MOCTPOEHA C
HCITOJIb30BAHUEM CHCTEMBI KHHEMAaTHYECKOrO-THHAMIYEC-
koro a"naimm3a MSC.Adams u LifeMOD. Mozenbs BKiIroua-
€T TEJIO BOAMTENS, IIO3BOHOK KOTOPOTO COCTOUT U3 YETHI-
PEX CEerMeHTOB, COOTBETCTBYIOLIUX AYI'M IO3BOHKA 4YEJIO-
BEKa, M CHJAEHbE C IAapaMETPUUYECKOH IKECTKOCTBIO U
nemndupoBanueM. B xoae pacyeToB IMOJSYyYCHBI KPUBBIC
W3MEHEHHUSI MEKITO3BOHOYHOM KOHTAKTHOM CHJIBI B CTBIKE
IPYyIHOTO W TOSCHUYHOIO HM3TMOOB IMO3BOHOYHHMKA MPHU
YAapHOM BO3JICHCTBUM BEPTUKAIBLHBIM KHHEMaTHYECKUM
HMITyJIbCOM TPHU PA3TUYHBIX 3HAUYEHUSAX JKECTKOCTH U
neMripupoOBaHUs CHICHHSA. YCTAHOBJICHO COOTHOIICHHE
MEXIy JKECTKOCTBIO M JEMI(QHUPOBAHUEM CHICHHSA, TpPU
KOTOPOM MEXIO3BOHOYHAsI KOHTAKTHAsl CWJIa JTOCTHIaeT
HaWMEHBIIIETO 3HAYCHHS.
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