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Abstract BACKGROUND CONTEXT: Posterior and transforaminal lumbar interbody fusion (PLIF,
TLIF) are well-established procedures for spinal fusion. However, little is known about load shar-
ing between cage, dorsal construct, and biological tissue within the instrumented lumbar spine.
PURPOSE: The aim of this study was to quantify the forces acting on cages under axial compres-
sion force with and without posterior instrumentation.

STUDY DESIGN: Biomechanical cadaveric study.

METHODS: Ten lumbar spinal segments were tested under uniaxial compression using load cell
instrumented intervertebral cages. The force was increased in 100N increments to 1000N or a force
greater than SOON on one load cell. Each specimen was tested after unilateral PLIF (uPLIF), bilat-
eral PLIF (bPLIF) and TLIF each with/without posterior instrumentation. Dorsal instrumentation
was performed with 55N of compression per side.

RESULTS: Cage insertion resulted in median cage preloads of 16N, 29N and 35N for uPLIF,
bPLIF, and TLIF. The addition of compressed dorsal instrumentation increased the median preload
to 224N, 328N, and 317N, respectively. With posterior instrumentation, the percentage of the
external load acting on the intervertebral cage was less than 25% at 100N (uPLIF: 14.2%; bPLIF:
16%; TLIF: 11%), less than 45% at 500N (uPLIF: 31.8%; bPLIF: 41.1%; TLIF: 37.9%) and less
than 50% at 1000N (uPLIF: 40.3%; bPLIF: 49.7%; TLIF: 43.4%). Without posterior instrumenta-
tion, the percentage of external load on the cages was significantly higher with values above 50%
at 100N (uPLIF: 55.6%; bPLIF: 75.5%; TLIF: 66.8%), 500N (uPLIF: 71.7%; bPLIF: 79.2%; TLIF:
65.4%), and 1000N external load (uPLIF: 73%; bPLIF: 80.5%; TLIF: 66.1%). For absolute loads,
preloads and external loads must be added together.

CONCLUSIONS: Without posterior instrumentation, the intervertebral cages absorb more than
50% of the axial load and the load distribution is largely independent of the loading amplitude.
With posterior instrumentation, the external load acting on the cages is significantly lower and the
load distribution becomes load amplitude dependent, with a higher proportion of the load trans-
ferred by the cages at high loads. The bPLIF cages tend to absorb more force than the other two
cage configurations.
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CLINICAL SIGNIFICANCE: Cage instrumentation allows some of the compression force to be
transmitted through the cage to the screws below, better distributing and reducing the overall force
on the pedicle screws at the end of the construct and on the rods. © 2023 The Author(s). Pub-
lished by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Lumbar interbody fusion is a well-established surgical
procedure for the treatment of degenerative conditions of
the lumbar spine. Posterior and transforaminal lumbar inter-
body fusion (PLIF, TLIF) are the most commonly used
[1,2] and provide the ability for solid fusion in the interver-
tebral space with direct neural decompression, historically
higher fusion rate than bone graft alone [3], restoration of
intervertebral height, and assistance in restoring sagittal
and coronal alignment [4,5].

The use of intervertebral cages in spinal fusion has three
main advantages: First, they have a biological purpose: bone
grafts can be inserted into the intervertebral space, improving
and accelerating fusion [6]. Second, the intervertebral space can
be expanded by inserting a cage, and thus a higher degree of lor-
dosis can be achieved by dorsal compression using the hypomo-
chlion created by the cage [7]. The third and probably least
considered advantage is biomechanical: the rigid cage reduces
the elasticity of the disc space and thus stiffens the ventral col-
umn. As a result, more of the vertical compressive forces can be
transferred away from the dorsal instrumentation to the ventral
column of the spine [8]. Relieving the dorsal instrumentation
from biomechanical loads, which could reduce the risk of
implant failure as well as screw loosening, which is one of the
major complications of fusion surgery. Of course, this effect is
only significant in the early postoperative period, when bony
fusion has not yet been achieved. This hypothesized biomechan-
ical mechanism is further discussed and illustrated in the discus-
sion section of this manuscript (Fig. 7).

To assess the relevance of this effect, knowledge of the
load acting on the cage is essential. Axial compressive loads
in the lumbar spine are in the range of 1000N in an upright
position, such as standing, and increase to more than 3000N
during daily activities [9,10]. A number of studies have
investigated the different cage designs and their positioning
in the intervertebral space [5,9,11]. However, there is a lack
of biomechanical studies that demonstrate the actual force
applied to the cages. Du et al. [12] conducted a study in this
regard, but it had several limitations: the axial compression
force applied to the vertebral segments was limited to 400N;
furthermore, the cage loading ratio was reported without the
corresponding preload; and a simplified test cage was used
with only one load cell in combination with an axial guide,
which could have absorbed some of the applied loads.

Therefore, the aim of this biomechanical study was to quan-
tify the force acting on cages under different amplitudes of
axial compression with and without posterior instrumentation

and with three different cage configurations: unilateral PLIF
(uPLIF), bilateral PLIF (bPLIF), and TLIF. This information
was further used to compute the load distribution between
cage, posterior instrumentation, and biological tissue.

Materials and methods

Dissection, preparation, and storage

The study was approved by the responsible investiga-
tional review board. Ten spinal segments (one L1/2, two L2/
3, three L3/4, three 1.4/5, and one L5/S1) originating from
six fresh frozen cadavers (Science Care, Phoenix, AZ, USA)
with a mean age of 55.4 years (range 36—75, two males and
three females) were tested. Specimens were stored at —20°C
until further dissection and biomechanical testing. Computed
tomography (CT) scans (SOMATOM Edge Plus, Siemens
Healthcare GmbH, Erlangen, Germany) were performed to
exclude bony defects. The specimens were thawed overnight
at a room temperature of 20°C and carefully dissected from
the surrounding tissue without damaging the bony processes,
the intervertebral disc and the spinal ligaments. After prepa-
ration, the segments were mounted on a testing machine
using customized 3D-printed-clamps [13,14].

Instrumentation of the spinal segments and cage insertion

Each spinal segment was instrumented with four pedicle
screws with a screw diameter of 6 mm and length of 40 to
50 mm (Fig. 1A, 2A and B). After predrilling with a
2.7 mm drill bit, the screws (cannulated polyaxial titanium
alloy pedicle screws, Medacta International, Castel San Pie-
tro, Switzerland) were inserted. The spinous process of the
cranial vertebra was partially removed, as well as the supra-
spinous and interspinous ligaments. To allow for the force
measurement at the intervertebral cages, replica of commer-
cially available 3D-printed titanium PLIF and TLIF cages
were used. While the cages had the same outer dimensions
as the original product, it was composed of a cranial and
caudal piece with two load cells in between. Further details
on the design, the load cells and the validation experiments
can be found in Appendix 1. For uPLIF insertion, a unilat-
eral laminotomy was performed to gain access to the inter-
vertebral space. If required, a sparing medial partial
facetectomy (25%—50%) was performed. For the bPLIF,
the same procedure was performed on the opposite side.
For TLIF insertion, a total facetectomy was performed ipsi-
lateral to the cage insertion. The contralateral facet was
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Fig. 1. lllustration of a lumbar segment following dorsal instrumentation and placement of a unilateral PLIF cage (A). TLIF cage (B) and PLIF cage (C)
equipped with two load cells. PLIF and TLIF cage with corresponding insertion tool (D+E). Compression tongs equipped with two load cells to measure and

standardize the applied compression force (F).

preserved. For each cage type, the disc space at the implan-
tation site was cleaned with curettes and rongeurs, taking
care not to damage the endplates. For the configuration
with dorsal instrumentation (screw-rod-system), 5.5 mm
titanium rods were attached to the two screw heads on each
side, and the screw heads were sequentially compressed
with a modified load cell-equipped compression tong (Med-
acta, M.U.S.T) (Fig. 1F) that allowed measurement of the
applied force, which was set at 55N on each side. A total
force of 110N was chosen because, prior to this study, all
in-house spine surgeons were asked to apply compression
to a posterior instrumentation model that they would use
intraoperatively. The measured grip force was then con-
verted to the compression force applied to the screw heads.

The compression force was measured and resulted in a
mean of 116N. Therefore, a standardized force of 55N was
applied to each rod for preload as measured with the com-
pression tongs described above. This force was applied
with a deviation of 10% and resulted in a compression force
of approximately 224N (force = moment/distance (in
meters) between the end of the jaw and the joint of the com-
pression tongs: 16.77/0.075) at the rod site.

The absolute force (median, percentile) applied to the
three different cage configurations with and without instru-
mentation is shown in Fig. 4.

The spinal segments were instrumented by a fellow-
ship-trained orthopedic surgeon. Because isolated seg-
ments of the lumbar spine were instrumented, the

Load Cells

Cage Holder Borsal

Instrumentation

Fig. 2. Dorsal view of a lumbar segment after dorsal instrumentation and insertion of a unilateral PLIF cage (A); dorsal view after midline approach with a
placeholder inserted to determine the required cage height (B). Biomechanical test setup for application of a vertical compression force (C).
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correct position of the pedicle screws could be con-
firmed by visualization, as no medial or lateral penetra-
tion of the screws was visible.

Biomechanical experiments and testing protocol

Biomechanical testing was performed on a biaxial (lin-
ear and torsional) static testing machine (Zwick/ Roell All-
roundline 10kN and testXpert III Software, ZwickRoell
GmbH & Co. KG, Germany; Fig.1). Uniaxial compression
load was applied to a point in the midline between the mid-
dle and dorsal third of the cranial endplate of the caudal
vertebra, while the caudal vertebra was mounted on an x-y-
stage (Fig. 20).

Prior to teasting each configuration, the specimens were
precycled with an axial compression of up to 1000N at
5 mm/min. Premature termination of precycling was required
when the force in one of the load cells exceeded S00N (due
to the acceptable limit of the load cells used). After release
of the precycling load, the resting regime was performed,
which consisted of a stepwise increase of axial compressive
load from O to 1000N in increments of 100N. The load
increase was performed at Smm/min in accordance with the
ASTM standard [15]. Each step was held for 8 seconds to
allow for force stabilization prior to recording. Analogous to
precycling, the test regime was stopped when the load on
one of the load cells exceeded 500N. The test protocol was
employed for the following configurations: uPLIF with poste-
rior instrumentation, uPLIF without posterior instrumentation,
bPLIF with posterior instrumentation, bPLIF without poste-
rior instrumentation, TLIF with posterior instrumentation,
and TLIF without posterior instrumentation.

Data evaluation and statistical analysis

Data analysis was performed with MATLAB (Matlab
2020b, MathWorks, MA, USA). For all the load cell record-
ings, the measured forces were determined without external
loading (preload) and after each load increment. Except for
the evaluation of anterior-posterior load sharing, the meas-
urements from the load cells (two for TLIF, two for uPLIF
and four for bPLIF) were summed. The compressive force
on the cage without external loading (preload) was assessed
for uPLIF, bPLIF and TLIF with and without instrumenta-
tion. For each segment, a curve was fitted through all meas-
urements in increments of 100N up to the maximum
applied axial load. Since in certain cases, axial loading had
to be stopped before reaching 1000N (to avoid overloading
of the load cells), the dataset was incomplete. Of the ten
specimens, complete data sets were obtained in eight
(80%), nine (90%), and five (50%) for the dorsal rod config-
uration for uPLIF, bPLIF, and TLIF, respectively. Without
posterior instrumentation, complete data sets were obtained
for six (60%), 10 (100%), and seven (70%) specimens,
respectively. To prevent bias associated with ignoring these
missing data points (eg, situations with uneven load distri-
bution or above-average cage loading), curve extrapolation

was performed to complete the data set: The measurements
were completed by spline extrapolation of the difference
between the average of the completed measurements and
the partial recordings.

For each of the three cage configurations, the additional
force on the cages due to external loading at 100N, 500N, and
1000N was compared between the posteriorly instrumented
and the non-instrumented conditions. Furthermore, the mea-
sured load at 1000N was compared between TLIF, uPLIF and
bPLIF in the condition with and without rod instrumentation.
Paired nonparametric comparisons (Wilcoxon signed-rank test)
were performed. The significance level o was set to 0.05 and
the p-value was corrected according to Bonferroni.

Load sharing between the anterior and the posterior com-
ponents of the PLIF cage(s) with posterior instrumentation
was assessed at ON (preload only) and 1000N external loading
and can be found in Appendix 2. For this evaluation, only the
complete datasets were considered. For bPLIF, the recorded
forces from the left and the right load cells were summed.

If not otherwise specified, data are reported as median
(25th percentile — 75th percentile).

Finally, load sharing between cage, tissue, and rod con-
struct was estimated using the available measurements for
each cage type. First, the load sharing between the cage and
biological tissue was determined based on the results
obtained without posterior instrumentation. We assumed
that this ratio between cage loading and tissue loading
would remain constant for a given measured load, regard-
less of the presence or absence of posterior rod instrumenta-
tion. The instrumented segment measurements were then
used to estimate the load sharing between the three compo-
nents for various external loads and the three cage types.

Results

Preload of the different cage configurations (uPLIF, bPLIF,
TLIF) after cage insertion and posterior compression
(110N)

Without external loading, a median force of 16.4N (10.9
—38.3N) was measured on the uPLIF cage, which increased
significantly (p=.04) to 223.8N (61.4—357.1N) after poste-
rior instrumentation, using the standardized force of 55N
through the compression tongs. On the bPLIF, a median
force of 28.9N (22.7—38.8N) was measured after cage
insertion, which increased significantly (p=.04) to 328.2N
(227.3—469.3N) after posterior compression and instru-
mentation. On the TLIF cage, a median force of 35N (23.5
—81.5N) was measured, which increased significantly
(p=-04) to 316.9N (119.3—370N) after posterior compres-
sion and instrumentation (Fig. 3).

Percentage of external load acting on the uPLIF, bPLIF
and TLIF cage with and without posterior instrumentation

Of the ten specimens, complete datasets were acquired in
eight, nine, and five for the configuration with dorsal rods
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Fig. 3. Absolute preload (N) acting on three different cage configurations with and without instrumentation.

for uPLIF, bPLIF, and TLIF, respectively. For the configu-
ration without dorsal rods, complete data sets were obtained
for six, 10, and seven specimens, respectively. For the fol-
lowing analysis, the remaining datapoints were extrapolated
as explained in the method section. To assess the percent-
age of the external load acting on the cage, the preload due
to cage insertion and dorsal compression was subtracted.
Detailed results including median and ranges can be found
in Table 1 and the data are illustrated in Fig. 4.

With posterior instrumentation, the load on the cage was
less than 25% at 100N load, less than 45% at SOON and less
than 50% at 1000N. Without posterior instrumentation, the
load on the intervertebral cages was significantly higher
(p=-04 for all comparisons) with values above 50% at
100N, 500N, and 1000N external load. With posterior
instrumentation at maximum axial compression (1000N),
the cages showed comparable axial force absorption,
although the bPLIF cages tended to absorb more force than
the other two cage configurations (Fig. 4).

The values considered do not take into account the pre-
load, only the effect of the external load was compared.

Discussion

The most important finding of the present study is that in
the configuration without posterior instrumentation, more
than 50% of the externally applied compressive load is

Table 1

transferred by the intervertebral cages, a value that was
largely independent of the loading amplitude. Although this
configuration is not typically employed in the clinical rou-
tine, it illustrates the potential of the intervertebral cage as a
propping structure. With the higher stiffness of the cage
compared with the surrounding intervertebral disc, it
absorbs most of the load and thus can reduce loading of the
biological structures, which may help prevent further
degeneration or specific problems such as herniation of the
remaining disc material.

In the posterior instrumentation configuration, the propor-
tion of external load acting on the cages was significantly
smaller compared with the configuration without posterior
instrumentation for all cage configurations and for all loading
amplitudes. However, in this configuration, the proportion of
external load acting on the cages was dependent on the load-
ing amplitudes, with less than 25% of the external load acting
on the cage at 100N external loading and almost 50% at
1000N. This observation leads to the intuitive conclusion that
the addition of a posterior screw-rod-construct can relieve the
cage of a portion of the external compressive loading, espe-
cially at low loading amplitudes.

However, this analysis focuses only on the force caused
by external loading and does not include the compressive
force caused by posterior compression of the screw-rod
construct. The 55N compression on either side caused an
increase in the compressive load on the cage of 200 to

Median and percentiles of percentage of external loading for the three different cage configurations with and without posterior instrumentation (PI)

Unilateral PLIF

Bilateral PLIF

TLIF

Without PI With PI Without PI

With PI Without PI With PI

100N 142% (5.1-24.5%)  55.6% (40—65.1%) 16% (10.9—19.3%)
500N 31.8% (20.3—392%) 71.7% (59.4—78%)  41.1% (38.4—44.3%)
1000N  40.3% (22.2—47.1%)  73% (47.2—80.2%)  49.7% (45.7—52.2%)

75.5% (72.3—81.5%)
79.2% (73.6—85.3%)
80.5% (69.3—82.3%)

11% (6.7—25.9%)
37.9% (26.8—53.2%)
43.4% (31—56.1%)

66.8% (28.1—76.7%)
65.4% (40.9—81%)
66.1% (45.8—81.1%)
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Fig. 4. illustrates the percentage of the externally applied force acting on the different cage configurations with and without posterior instrumentation (includ-
ing extrapolated data). The externally applied force (x-axis) was increased in 100N increments and was counted as 100% for every datapoint.

300N, resulting in a significantly larger absolute load on the
cage at ON external loading for all cage configurations.
Interestingly, at higher external loading, the difference
between the configuration with and without posteriorly
compressed screw-rod constructs became insignificant.
This observation can be explained by the ability of the pos-
terior-screw rod construct to absorb externally applied axial
compressive force, which at higher loading amplitudes can
even counteract the additional load caused by the posterior
compression of the screw heads. One can assume that with-
out posterior compression, the cage would be exposed to
less axial compressive loading, while the screw-rod con-
struct would bear more load. However, this load redistribu-
tion towards the posterior instrumentation would be
unwanted, as in the clinical routine, posterior instrumenta-
tion failure (rod or screw breakage, screw loosening) is typ-
ically more common and more detrimental than ventral
instrumentation failure (cage subsidence, cage failure). The
biomechanical goal of cage insertion is (among others) to
protect the posterior screw-rod construct, and posterior
compression appears to be helpful for this purpose.

Another potential problem of posterior compression could
be an uneven load distribution between the anterior and pos-
terior part of the PLIF cages. While this disbalance was
observed in the situation without external loading, a relevant
redistribution of the load towards the anterior part of the
PLIF cages was observed, which balanced the load distribu-
tion and reduced the risk of localized endplate overloading
(Appendix 2).

Comparing the three different cage configurations, the
bPLIF appears to be most appropriate, as this configuration

tended to absorb more force than the TLIF or the uPLIF cage.
This observation can be explained by the larger contact sur-
face of the bPLIF compared with the other two configurations
(bPLIF: 573.1 mm?, uPLIF 286.5 mm?, TLIF 341.4 mm?).

Several studies have compared PLIF and TLIF without
showing differences in fusion rates between uPLIF and
TLIF with posterior instrumentation [16,17] and bPLIF and
TLIF with posterior instrumentation [18—21]. However,
differences were noted when considering the subsidence
rates from clinical studies: The mean subsidence rate for
bPLIF is 15.8% (with values ranging from 10% to 65.1%)
[5,22—24], whereas the mean subsidence rate for TLIF is
approximately 25.3% (with values ranging from 0% to
51.2%) [5,23,25—36], indicating a higher probability of
“failure” with TLIF than with bPLIF, highlighting the bene-
fit of a larger contact surface. No clinical studies have com-
pared the outcomes and therefore the fusion rates of stand-
alone PLIF and TLIF cages. However, finite element analy-
ses have shown that residual spinal motion may affect
fusion rates [37].

Combining the force distribution observations with and
without instrumentation, it is possible to make a rough esti-
mate of how much force is transmitted by the rods and how
much by the biological tissue (see the Methodology for a
detailed explanation). This estimate suggests that, depend-
ing on the cage configuration, the human tissues, that is, the
annulus and probably to a lesser extent the facet joints,
absorb 12%—23% (uPLIF: 16%, bPLIF: 12%, TLIF: 23%)
of the axial compressive force (Fig. 6). The dorsal rods,
including the screws, absorb 34%—44% (uPLIF: 44%,
bPLIF: 38%, TLIF: 34%) of the force. It is interesting to
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note that in the uPLIF configuration, the dorsal construct
(rods and screws) absorbs approximately 6% more force
than in the bPLIF configuration and approximately 10%
more than in the TLIF configuration. Therefore, we ana-
lysed the axial compressive stiffness data from an older
study in our laboratory [38] and found that the stiffness of
the construct in the uPLIF configuration is only about half
that of the other two configurations. Since screws and rods
always have approximately the same stiffness, the lower
stiffness can only be due to the fact that the ventral column
is less stiff in the uPLIF configuration and therefore the dor-
sal construct has to bear a greater proportion of the spinal
load.

Beside the clinical benefits of intervertebral cages such
as the potential to restore the intervertebral height and to
aid in restoring sagittal and coronal alignment, the follow-
ing biomechanical benefits from using intervertebral cages
in combination with posterior instrumentation can be
assumed: As a result of the increased stiffness of the inter-
vertebral space, a larger proportion of the compressive load
is shifted from the screw-rod construct to the intervertebral
space, thereby relieving the posterior instrumentation
(Fig. 7).

In conclusion, the use of a cage reduces the force on the
rods by approximately 29-38% and should therefore reduce
the risk of implant failure (Fig. 7). In addition, the reduced
load at the bone-screw interface should also minimize the
risk of screw loosening, which is one of the major compli-
cations of fusion surgery [39]. This biomechanical assump-
tion is supported by a recently published study by Kim et
al. [40] who investigated the effect of TLIF on early pedicle
screw loosening. Compared to patients who underwent pos-
terolateral fusion, insertion of a TLIF had a protective
effect: the rate of early screw loosening was reduced by
approximately 60% compared with patients who did not
receive a cage.

In addition to the clinical importance, the force applied
to a cage is of particular importance to medical device

manufacturers. While in the past cages were made of solid
material, where material failure was very unlikely, more
and more manufacturers are moving to expandable cages.
These are designed to minimize the surgical approach,
thereby reducing the risk of iatrogenic nerve injury and
morbidity [41,42]. However, the fine mechanisms used in
expandable cages can usually only withstand a fraction of
the ultimate load of a bulky cage. To prevent mechanical
failure, current cages are designed to withstand very high
loads - a performance goal that is almost impossible to
achieve with expandable cages. Given the results of the
present study that a maximum of 50% of the forces acting
on the spine are transmitted to the cage, expandable cages
must at least withstand extreme physiological loads in order
to prevent failure. Cage manufacturers could use the sizing
data from this study as a guide for their specifications. For
example, an average spinal force of 1000N [9,10] could be
used to determine endurance test values, with an average of
449 of the external force applied to the cage in the TLIF
situation equating to 440N. The average preload of 317N
(median TLIF force) would have to be added to this value,
giving a total load of 757N. If the same calculation were
performed for PLIF cages, the anterior-posterior force dis-
tribution would have to be taken into account, as well as the
fact that the load is not symmetrical (Appendix 2, Fig. 5).
In addition, for expandable cages, it is important to note
that the maximum cage expansion may result in signifi-
cantly higher preloads than in this study, therefore the use
of a safety factor should be considered.

This biomechanical in vitro study has several limita-
tions. First, the isolated axial compressive force acting
on a vertebral body segment is a simplified loading sce-
nario compared with in-vivo. However, knowing that
the axial compression component is the primary load in
all loading cases, this is a suitable scenario for the
investigation. Second, the minimum height of the cage
was 9 mm due to the two embedded load cells. This
resulted in the cages possibly being inserted slightly

Anterior-posterior load sharing

Unilateral PLIF - Load transfer:
@Preload

@1000N loading

[76%; 95%]

ElPosterior
EAnterior

Bilateral PLIF - Load transfer:
@Preload @1000N loading

45%
55% [33%; 58%]

[42%; 67%]
[64%; 86%]

ElPosterior
EAnterior

Fig. 5. Relative load distribution in relation to the PLIF site (anterior/posterior) at preload and maximum load with posterior instrumentation. The depicted

values indicate the median [25th percentile; 75th percentile].
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Estimated load sharing
between cage, tissue, and rod
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Fig. 6. Estimated load sharing between cage, tissue (annulus, facet joints), and rod.

more saturated in some cases than in others. However,
prior to biomechanical testing, CT scans were obtained
to determine the height of the intervertebral disc spaces
and to exclude segments that did not meet the minimum
height of 9mm. This should have prevented iatrogenic
injuries to the endplates as much as possible. Third,
although the cages were the same shape as commercially
available PLIF and TLIF cages, the surgical approach
may have been slightly larger than required in vivo
because of the difficulty of inserting the cages with the
cables. As the aim of the present study was to quantify

Instrumentation
without cage

O -

3

s
|
s

*

Instrumentation
with cage

the force acting on the cages under axial compression
force with and without posterior instrumentation, the
surgical approach is likely to play only a negligible
role.

Conclusion

Without posterior instrumentation, the intervertebral
cages absorb more than 50% of the axial load and the load
distribution is largely independent of the loading amplitude.
With posterior instrumentation, the external load acting on

Instrumentation
after successful fusion

-

L

Fig. 7. Illustrations of the axial compression force/force flow on the spine without cage, with cage and after successful bony fusion (from left to right). In
instrumentation without a cage, the majority of the load is applied to the top and bottom screws and rods, with only a small fraction is transmitted across the
disc space to the subsequent screws. Cage instrumentation allows some compression force to be transmitted through the cage to the screws below, better dis-
tributing and reducing the total force on pedicle screws and rods. Successful bony fusion further enhances the effect of force transfer.
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the cages is significantly lower and the load distribution
becomes load amplitude dependent, with a higher propor-
tion of the load transferred by the cages at high loads. The
bPLIF cages tend to absorb more force than the other two
cage configurations.
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