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The Effect of Spinal Instrumentation on Lumbar Intradiscal Pressure. Tohoku J.
Exp. Med., 1999, 187 (3), 237-247 —— The purpose of this study was to investigate
the effect of spinal instrumentation on the intradiscal pressure (IDP) within the
fixed motion segment. In vitro biomechanical testing was performed in six single
functional spinal units of fresh calf lumbar spines using a pressure needle trans-
ducer. Various loads were applied by a materials testing system device. In
addition to intact spine (control), anterior spinal instrumentation (ASI) and
pedicle screw fixation (PS) constructs, as well as destabilized spine were tested.
Relative to the control, the destabilized spine tended to have an increased IDP; by
15%, in axial compression and by 9-369, in flexion-extension. Compared to the
control, PS decreased the IDP by 239, in axial loading and 519, in extension
loading and increased it by 60%, in flexion for each loading. ASI decreased the
IDP by 329, in flexion and 19, in extension. Lateral bending produced symmetri-
cal changes of IDP in the control and destabilized spine, but no change in the PS
construct. The IDP of the ASI construct was decreased by 779, in ipsilateral
bending and increased by 229, in contralateral bending. These results demon-
strated that eccentric loading from the spinal instruments increased IDP and
significant disc pressure may still exist despite an increase in motion segment
stiffness after lumbar stabilization. ————— intradiscal pressure; load sharing;
pedicle screw fixation; anterior spinal instrumentation © 1999 Tohoku
University Medical Press

Various spinal instruments have been employed for spinal trauma or disorders
and there are many reports of instrumentation failure, especially breakage of
pedicle screws (Matsuzaki et al. 1990; Dickman et al. 1992; Esses et al. 1993;
McLain et al. 1993; Niu et al. 1996; Stovall et al. 1996). Although there have
been several biomechanical studies done on the instrumented spine, most of them
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concentrated on the stiffness of the spine. Little is known about load sharing of
the intervertebral disc or the simulated anterior strut graft within the fixed
segment with or without instrumentation. Load sharing of the spine with spinal
instrumentation is usually measured with strain gauges installed into the spinal
instruments or simulated vertebral body grafts (Chiba et al. 1996; Harris et al.
1996; Rohlmann et al. 1996; Kanayama et al. 1997). Nachemson and Morris
(1964) clarified total load to the intervertebral disc by measuring the intradiscal
pressure (IDP); therefore, we think the IDP within the fixed segment with the
spinal instrument also correlates directly with the total load to the disc and closely
with the load sharing of the spinal instrument. There have been few studies done
on the effect of spinal instrumentation or spinal fusion on the IDP within the fixed
segment with widely varying and sometimes controversial results (Nachemson and
Morris 1964; Rolander 1966; Weinhoffer et al. 1995; Cunningham et al. 1997).
But to our knowledge, there has been no biomechanical study about either the
kind of loading which should be restricted to prevent instrumentation failure after
surgery or the effect of anterior spinal instrumentation on the IDP within the fixed
segment. The purpose of the present study is to evaluate the effect of anterior
and posterior spinal instrumentation on loading stress to the disc by means of
measuring the IDP within the fixed segment of various loadings.

MATERIALS AND METHODS
Preparation of materials

Fresh-frozen calf lumbar spines harvested from six calves (80 to 120 kg body
welght) were used in this investigation. The specimens were thawed to room
temperature for 12 hours and one functional spinal units of the L4-L5 segment
were 1solated. Each isolated segment was immediately frozen at —20°C in double
thickness plastic bags. Just before the preparation and mechanical testing, the
isolated segments were thawed to room temperature for about 12 hours. The
surrounding soft tissue and muscles were dissected off the segments, with care
being taken to preserve the ligamentous structures, facet joint capsules and discs.
The upper and lower vertebrae of each isolated segment were anchored with 4 to
6 stainless steel screws and embedded in metal fixtures using bone cement (methyl-
methacrylate). Great care was taken to place the potted vertebrae in a parallel
and coaxial direction to fit into jigs, which were attached to a loading device in
a materials testing system (MTS) machine and encompassed a system of six linear
variable different transformers (LVDT) for following motion measurements
(Panjabi et al. 1981). The specimens were kept moist with saline spray during
the preparation of the specimen and the mechanical testing. The intervertebral
disc sizes of the 1.4-L5 specimens were 41.84-4.4 mm in antero-posterior diameter
and 48.8+ 3.5 mm 1n lateral diameter.



Effect of Spinal Instrumentation on Disc Pressure 239

Spinal constructs

The following four different lumbar constructs were tested in six L4-L5
segments with 300 N loading: 1) the intact spine (control), 2) pedicle screw
fixation (PS) construct, 3) anterior spinal instrumentation (ASI) construct and 4)
destabilized spine. PS was done in situ with the Texas Scottish Rite Hospital
(TSRH) spinal system (Sofamor Daneck, Memphis, TN, USA), which consists of 4
stainless-steel variable angle screws (6.5 mm in diameter and 40 mm in threaded
length) and 2 rods (6.35 mm 1n diameter) (Fig.2a). ASI was done in situ with
the Kaneda device (Mizuho Ikakogyo Co., Tokyo), which consists of 4 stainless-
steel vertebral screws (5.5 mm in diameter and 40 mm in threaded length) and 2
threaded rods (4.5 mm in outer diameter) (Fig. 2b). All of the vertebral screws
penetrated the contra lateral cortex of the vertebral bodies. The destabilized
spines were created by bilateral complete facetectomy and transection of the
ligamentous structures in the posterior column.

Material loading system

The biomechanical tests were performed using a servohydraulic materials
testing machine (MTS; 858 Bionix Testing System, Minneapolis, MN, USA). An
axial compression force of 0 to 300 N was applied on the loading board secured to

Fig. 1. Intradiscal pressure measurement system.
1, a specimen (calf lumbar spine); 2, needle-type microtransducer inserted
into the intervertebral disc; 3, load cell (MTS machine); 4, loading plate; 5,
six linear variable different transformers (LVDT).
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the upper end of a specimen with a 10 mm diameter iron ball at a loading rate of

60 N/seconds (Fig. 1). Before the loading tests, each specimen was precon-
ditioned with axial compression (0-300 N) four or five times until stabilization
under monitoring of IDP was observed. Each test condition was replicated three
times to ensure repeatability.

The 0-300 N loading tests of six L4-L5 segments were first done with the
intact spine, then with PS construct, ASI construct, and finally the destabilized
spine. Testing modes included axial compression to the axis of rotation of the
intact spine, flexion-extension and lateral bending. The order of the tests was not
randomized because of the violation of the facet joint and ligamentum flavum.

The axis of rotation of the specimen was determined by LVDT output
monitoring on the intact spine of each specimen. The loading point of axial
compression 1s at the axis of rotation of the control; those of flexion, extension and
lateral bending were at 10 mm, 20 mm and 30 mm anterior, posterior and lateral
to the axis of rotation in each intact spine, respectively. The terms Flex 1, 2 and
3 indicate 300 N loading at 10, 20 and 30 mm anterior to the axis of rotation of the
intact spine, le., 3,6 and 9 Nm at 300 N loading anteriorly. Ext 1,2,3 and
Lateral bending 1, 2, 3 indicate 3,6 and 9 Nm in 300 N loading posteriorly and
laterally, respectively.

Intradescal pressure measurement

IDP was measured directly by a specially designed needle-type micro-
pressure transducer (Model 3521-500 with an outer diameter of 2.11 mm, Robert A.
Denton Co., Rochester Hill, MI, USA). The pressure transducer voltage output is
linearly related to pressure for values up to 3.4 MPa for 0 to 1000 N loading. The
transducer was placed into the center of the disc through the anterior portion of
the annulus and attached with sutures and super-glue to maintain it stationary
position between tests. The position of the tip of the transducer was confirmed
by 2-directional x-ray before the measurements. Pressure data were recorded by
computer data acquisition. IDP change (net IDP) was defined as the difference
between the maximum IDP at loading and the lowest IDP before loading. IDP
changes at each moment in each spinal construct were an average value of three
median measured values.

Motron monatoring

The motion of the specimen was measured with a six-degree-of-freedom
LVDT system. This tester describes the motion of the segment in the form of
three rotations, i.e., axial rotation, flexion/extension bending, and lateral bending,
and three translations, i.e., anterior/posterior shear, axial extension/compression,
and lateral shear. The system’s measurement errors are 0.49, for rotation, and
0.99, for translation (Panjabi et al. 1981). These data were recorded simultane-
ously with the pressure data by computer data acquisition.
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Fig. 2. a, Lateral view of the spine with pedicle screw fixation (TSRH system); b,
Lateral view of the spine with anterior spinal instrumention (Kaneda device).

Statistical analysis

The statistical analysis of the biomechanical data included descriptive statis-
tics, repeated-measures analysis of variance, and the post hoc Student-Newman-
Keuls method for multiple comparisons between groups (Fisher’s protected least
significant difference). Probability values less than 5%, were considered
significant.

REesuLrts
Nonloading condition

The IDP values in the nonloading condition among the spines with the same
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instrumentation were changed easily by the spinal instrument assembly tech-
nique. In order to decrease the effect of the instrument assembly technique as
much as possible, we used instruments easily to adjust to the spine in situ. The
IDP in this condition was 78.3+13.9 kPa (mean+s.D.) in the control spine, 52.7 +
5.7 kPa in the destabilized spine, 102.5+24.8 kPa in the PS, and 126.7+18.8 kPa
in the ASI. Although there were wide variations even in the IDP values for the
same Instruments, there were significant increases in the IDP of the ASI and PS
construct, compared to the control (ASI: p<0.0001, PS: »<0.05). The IDP of
the destabilized spine was decreased compared to the control (p<0.05).

Axval compression

The IDP showed a quite linear response to the applied axial load in the
different spinal constructs (Fig.3). The IDP of the destabilized spine was
increased by 159, compared to the control under 300 N loading, but this difference
was not significant (p=0.068). The IDP value of the ASI construct was de-
creased by 99, and that of the PS construct by 9-239%,, but significance was
limited to the PS construct (p<0.01). Compared to the destabilized spine, the

ARSI decreased the disc pressure by 219, and the PS decreased it by 339, (ASI:
p<0.01, PS: p<0.001) (Fig. 4).

Flexion and extension

From Ext. 3 to Flex. 3, the IDP values of the control spine and the destabil-
ized spine changed simultaneously and almost in parallel in proportion to the size
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Fig. 3. Load-intradiscal pressure curve among the different instruments. ASI:
anterior spinal instrumentation; PS: pedicle screw fixation; Destabilized:
destabilized posterior column; Control: intact spine. @, Control; A, Des-
tabilized; O, ASI; o, PS.
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Fig. 4. Lumbar intradiscal pressure under axial compression loading in response
to the intact spine (Control), pedicle screw fixation (PS), anterior spinal
instrumentation (ASI), and spinal destabilization (Destabilized) under 300 N
loading. The data are mean +s.g. values from six specimens. The error bar
signifies s.E., and **p <0.01, ***p <0.001.

of each moment, but the lowest pressure of the control was at the axis of rotation,
while that of the destabilized spine shifted to the anterior side at Flex. 1 (3 Nm:
300 N loading at a point 10 mm anterior to the axis of rotation of the control
spine). The IDP of the destabilized spine increased by 9-36%, compared to the
control in each bending moment in flexion-extension. The IDP of the PS in-
creased almost linearly depending on the magnitude of the moment from Ext. 3
(—9 Nm) to Flex. 3 (9 Nm) and it was increased by 60%, in Flex. 3 and decreased
by 51%, in Ext. 3 compared to axial compression. It was decreased by 5%, 1n
Flex. 3 and 719, in Ext. 3 compared to the control in each moment, and increased
by 2329 in Flex. 3 compared to the lowest extension values. The change in IDP
values of the PS construct was significant only in extension compared to the
control (Ext. 2 and 3, p<0.0001; Ext. 1, p<0.001). By contrast, the IDP of the
ASI construct decreased constantly from Ext. 3 to Flex. 3. The IDP value of the

ASI construct was almost the same as the control values and decreased by 32%, in
Flex. 3 (Fig. 5).

Lateral bending

Lateral bending produced symmetrical changes of IDP in the control and the
destabilized constructs and their IDP was increased in proportion to the size of
each moment, however, there was no change in the IDP of the PS construct
compared with the axial loading to the axis of rotation. The IDP of the ASI
construct was significantly decreased for ipsilateral bending (loading closer to the
instrument), but increased for contralateral bending (loading farther from the
instrument). Its IDP increased by 22%, in RB 3 (contralateral bending) and
decreased by 77% in LB 3 (ipsilateral bending). It decreased by 4129, almost
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Fig. 5. Intradiscal pressure changes in flexion-extension with different stabiliza-
tion and moment conditions under 300 N loading. The data are mean+s.E.
values from six specimens. Ext.3: 300 N loading at 30 mm posterior to the
center of motion, i.e., —9 Nm. Flex.3: 300N loading at 30 mm anterior to
the center of motion, i.e., +9 Nm. Y-axis: intradiscal pressure.

@, control (intact spine); O, destabilized spine; 11, pedicle screw fixation; A,
anterior spinal instrumentation.
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Fig. 6. Intradiscal pressure changes with lateral bending in different stabilization
and moment conditions. The data are mean+-s.E. values from six specimens.

LB 3: 300 N loading at a point 30 mm left lateral to the center of motion.
y-axis: intradiscal pressure.

®, control (intact spine); O, destabilized spine; (1, pedicle screw fixation; -,
anterior spinal instrumentation.

linearly from the loading farthest from the instrument to the loading closest to the
instrument (Fig. 6).

Discussion

The present study was designed to evaluate the effects of spinal destabiliza-
tion and anterior and posterior spinal instrumentation on IDP. Although we
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used 8-week-old calf spines because they have no degeneration and are similar size
as adult human lumbar spines (Cotterill et al. 1986), the calf lumbar spine has
slight kyphosis (0 to 5 degree), different contours of the facet joints, a small range
of motions, six lumbar vertebrae and longer transverse processes. The first three
points, especially the kyphotic curvature, may have affected the results of the
present biomechanical testing.

Under axial compression, the IDP increased by 13%, in the destabilized spine
compared to the control in the present calf lumbar spine study (p=0.068). In a
human cadaver spine study, the IDP was increased significantly by 15-249, after
posterior column disruption (Nachemson 1960; Cunningham et al. 1997). The
difference between their findings and ours may relate to kyphotic and lordotic
spine. The load sharing of the posterior column in a lordotic spine may be larger
than that in a kyphotic spine just as extension increased the load sharing of the
posterior column (Adamus et al. 1994). Another reason might be that our
mechanical testing was done with monosegments, whereas their tests were done
with multi-segmental spines.

The reduction in the IDP under PS was 239%, in axial compression in the
present study (p<0.01). Its values was 55%, in PS (Cunningham et al. 1997),
50%, in simulated posterolateral fusion (Rolander 1966) in a human cadaver study,
and 309, in posterior fusion in an in vivo study (Nachemson and Morris 1964).
Compared to these reports, our data showed a somewhat small reduction of the
IDP in the PS constructs. These differences also may well be due to the
monosegmental vs. multisegmental and the kyphotic vs. lordotic spine difference.

In flexion, extension and lateral bending, the IDP of the control and destabil-
ized spines increased similarly in proportion to the magnitude of the moment.
This increase of IDP in the control is consistent with the findings of Rolander
(1966), Nachemson and Elfstrom (1970) and Adams et al. (1994). The IDP values
of the destabilized spine were always 9-369, higher than the control value during
dynamic loading. The IDP of the PS construct was little changed by lateral
bending. However, it increased linearly depending on the magnitude of the
moment from extension to flexion, and was increased by 609, in flexion and
decreased by 519, in extension compared to axial compression. The IDP in the
PS construct reached a value as high as for the control spine at flexion. This
result is partially consistent with that of Weinhoffer et al. (1995). They reported
the IDP within the fixed segment with PS increased in flexion more than the IDP
in the non-instrumented spine. But the results of Cunningham et al. (1997) differ
from our results in this point. In their study, the IDP in flexion was still
significantly lower than the IDP of the intact spine. This discrepancy seems to
arise from the magnitude of flexion angle: Their angle was small in spite that it
was a multisegmental spine study, therefore, flexion moment was so small that the
loading was almost equal to axial loading and indeed his results nearly correspond
to ours in Flexion 1 (3 Nm) of small flexion moment.
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By contrast, the IDP of the ASI construct increased markedly with lateral
bending to the opposite side of the instrument and decreased with bending to the
same side. It increased linearly depending on the magnitude of the moment from
the instrument and became higher than the control value in contralateral loading
(p<0.001). The IDP of the ASI construct at flexion and extension showed
reverse changes compared with the PS construct; the IDP decreased in flexion
and increased in extension.

The current study clearly demonstrated significantly high IDP in the disc at
flexion in the PS construct and with contralateral bending in the ASI construct.
A high IDP means heavy mechanical loading not only to the disc but also to the
Instruments themselves such as the rigid pedicle screw systems or the rigid anterior
spinal instruments which are stiffer than single motion segments of the intact
spine. Heavy mechanical loading on the disc or the instrument within the fixed
segment seems to be one of the factors causing discogenic lower back pain (Wether-
ley et al. 1986; Kawakami et al. 1997; Suk et al. 1997) or instrumentation failure
after posterolateral fusion or pedicle screw fixation. If there is no anterior
support with anterior strut bone graft or vertebral spacers in the pedicle screw
fixation, the motion of the anterior flexion should be restricted in order to prevent
instrumentation failure. Similarly, loading or lateral bending to the contralater-
al side of the anterior spinal instrument or extension should be restricted until
solid fusion is achieved.
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