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A universal spine tester for in vitro experiments

with muscle force simulation
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Summary. We report & new apparatus to determine the quasi-
static, three-dimensional, load-displacement characteristics
of spines including musele forces. The loading frame can be
adapted to mono- and polysegmental specimens from the
lumbar or cervical spine as wzll as to entire spines. Three
{ ¢ and three moment components can be applied in ei-
ther direction individually or in combination with no con-
straint on the resulting motion; the loads can be applied at
user-chosen rates of application and release with continuous
recording of displacements, so as to study either creep or re-
laxation. The loads and displacement-measuring devices
arz computer-controlled. Thus, this testing device provides
a tool for many kinds of stability tests and for basic research
of spine biomechanics. A first experiment shows that the
application of muscle forces significantly affects the load-
deformation characteristics and intradiscal prassure.

Key words: Biomechanics — Spine tester — Spinal stabil-
ity = Muscle simulation

The past few years have seen an explosion in the numbers
of new devices of spinal fixation for the reconstruction of
¢ .al injuries, damage of the interveriebral dises, correc-
tion of deformities, and tumor surgery. These new im-
plants together with new surgical procedures should be
evaluated biomechanically in vitro prior to elinical use to
determine actue stability and to compare them with clini-
cally accepted means of fixation. In vitro investigations
can also provide basic information about load distribution
in the differen: spinal elements, such as ligaments, inter-
vertebral discs, or the facetz of the intervertebral joints.
Such information may provide insight into the mechanical
causes of low-back pain. Such tests, however, require
suitable experimental devices to impose physiologically
reasonable loads under standardized conditions.

Most reported in vilro experiments have been con-
ducted in special devices mounted in available material-
testing machines [2, 21, 22, 25, 26]. Under such test con-
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ditions, either load applications or motions or both are of-
ten constrained. In many of these experiments, physiolog-
ical loading conditions werc impossible. Often the axial
preload was neglected, although it greatly affects the de-
formation characteristics [17]. Most authors also neglect
mucles forces: only two reports describe the simulation of
single muscle forces in in vitro experiments (5, 19]. Bath
authors described a strong influence on the results by
these additional forces. In addition, each loading condi-
tion often required a different experimental set-up. The
loads could only be applied separately, not in combination
and not in either direction. Furthermore, the measuring
transducers usually had to be adjusted again in the new
set-up, leading to potential errors in comparing data be-
tween expenments.

For these reasons, & universal spine tester for quasista-
tic moments was designed which would fulfill the follow-
ing requirements:

1. The spine tester should allow the fixation and testing of
specimens from all spine regions: mono- or polyseg-
mental specimens from the lumbar or cervical spine, as
well as entire spines.

2. The specimens must be able to move unconstrained in
all six degrees of freedom (Fig. 1).

3. All six load components (flexion/extension, lateral
bending right/left, axial rotation left/right, left and right
shear, anterior and posterior shear, axial compression or
decompression) should be applicable without any ma-
nipulation of the specimen.

4. Any load combination should be possible.

5. The loads should be applicable continuously or stepwise.

6. The specimens should be loaded with changing lunds
e.g., flexion-gxtension-flexion and s0 on.

7. Muscle forces should be simulated.

Method

The spine tester consists of a base mount with a traveling gantry
{(Fig.2). The height of this portal can be adapted to a spacimen of
length up to 800 mm. Thus, mone- and polyscgmenial specimens
as well as entire spines can be mountzd in this testing device. The
size of the entire maching i 700 x 1000 » 2000 mm (width x
length = helght).
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Fig. l. Three-dimensional enordinate syatem placed ir the cen-
ter of the upper vertcbral body. All possible load and mation
companents gre iflustrated. The srrows of the matiar compo-
nents Acs, AfS, Ay, Ax Ay Az rspresent the spsitive aic
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The core part of this spine teater is the mounting device for the
specimen, In most igsts, the caudal part will be fixed on the ad-
justable horizontal mounting table; if necessary, it can alsg be
mounted in a second gimbal. The cranizl part is fixed in a specially
designed gimbal (cardan joint). This gimbal allows rotation around
all three axes and is able to move up and down in a vertical (y) di-
rection. This entire systam moves with g traveling gantry in the an-
terior-posterior (z) direction. A second slide, which is integrated in
the mean slide, enables this entire system to move in the medial-
lateral (x} direction. Thus, the spina cen move in all six degrees of
fresciom. Each degree of freedom can be constrained or released
individually or in combination. The top slide provides a maximum
translation Ax up to 225 mm for lateral translation, an axial trans-
lation Ay up to 250 mm, and an enterior or posterior translation up
to 750 mm, The gimbal sllows a lateral rolation gz up 1o + 90°,
any exisl rotation @y, and a flexionfextension angle px up to £ 45°,
All these maximum motions are possible at the same time. Thus,
short and medium polyscgmental specimens can be loaded and
tested under ell Joading conditions, without moving or rning it
However, if the runge of mation is larger in ona dircction (a.g.. if
the lateral translation Ax is larger with lateral bending). the speci-

men can be turned 907 so that the main motion moves in the lon-
pitudingl z-direction of the spine tester, By tuming the gimbal §0°
arpund the vertical y-axis, the fizxion-cxtension angle can go up to
+ 90°. Roller bearings insure low {riction 1n 2l six degrees of fres-
dom.

Tho tranalations Ax, Az of the top slide as well o5 the axial
motion of the entire specimen (Ay) are measored by contactless
displacement transducers (Balluff, Neuhausen/Fildarn, Garmany]j
with a resolution of 0,023 mm. This contractless measuring system
was chosen in order o keep iriction of the entire t2sting device a8 &
low a3 passible, 7

The rotations px, @y, @2 of the cranial ead of the specimen arc
transduced directly from rotatory varable displacement trans-
ducers (RVDT, Movotechnik, Ostfildern. Germzny) in the threa
girnbal axes. The measurements e input into an AD-coavenss
and the computer

All displacements occur through stepper motors and a pred-
matic system. Purs momenis, 1.2, flexionfextension moments (£
M), axial torque left/ngh (= My), and lateral bending momants
right/left (£ M) e introducsd directly 1a the il

gimbal, Chaoosing
this design of the gimbal with integrated maotecs, continwous and







