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OBJECTIVE Lumbar cages with integrated fixation screws offer a low-profile alternative to a standard cage with anterior supplemental fixation. However, the mechanical stability of integrated fixation cages (IFCs) compared with a cage
with anterior plate fixation under fatigue loading has not been investigated. The purpose of this study was to compare the
biomechanical stability of a screw-based IFC with a standard cage coupled with that of an anterior plate under fatigue
loading.
METHODS Eighteen functional spinal units were implanted with either a 4-screw IFC or an anterior plate and cage
(AP+C) without integrated fixation. Flexibility testing was conducted in flexion-extension (FE), lateral bending (LB), and
axial rotation (AR) on intact spines, immediately after device implantation, and post-fatigue up to 20,000 cycles of FE
loading. Stability parameters such as range of motion (ROM) and lax zone (LZ) for each loading mode were compared
between the 2 constructs at multiple stages of testing. In addition, construct loosening was quantified by subtracting
post-instrumentation ROM from post-fatigue ROM.
RESULTS IFC and AP+C configurations exhibited similar stability (ROM and LZ) at every stage of testing in FE (p ≥
0.33) and LB (p ≥ 0.23) motions. In AR, however, IFCs had decreased ROM compared with AP+C constructs at pre-fatigue (p = 0.07) and at all post-fatigue time points (p ≤ 0.05). LZ followed a trend similar to that of ROM in AR. ROM increased toward intact motion during fatigue cycling for AP+C and IFC implants. IFC specimens remained significantly (p
< 0.01) more rigid than specimens in the intact condition during fatigue for each loading mode, whereas AP+C construct
motion did not differ significantly (p ≥ 0.37) in FE and LB and was significantly greater (p < 0.01) in AR motion compared
with intact specimens after fatigue. Weak to moderate correlations (R 2 ≤ 56%) were observed between T-scores and
construct loosening, with lower T-scores leading to decreased stability after fatigue testing.
CONCLUSIONS These data indicate that a 4-screw IFC design provides fixation similar to that provided by an AP+C
construct in FE and LB during fatigue testing and better stability in AR motion.
https://thejns.org/doi/abs/10.3171/2016.9.SPINE16650
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isc degeneration is a leading cause of spinal instability resulting in low-back pain.18,25 Pain from
disc degeneration is the second most common reason for physician visits in the United States and results in
economic costs exceeding 100 billion dollars per year.9,22
Spinal fusion remains the gold standard surgical treatment
option, with a reported 200% increase in the number of
lumbar fusion surgeries over the past decade.7,21 Spinal fusion procedures often involve inserting an intervertebral

body fusion device (cage) into the disc space and further
stabilizing the motion segment with supplemental fixation to promote biological fusion. Integrated fixation cages
(IFCs) incorporate screws or other bone anchors into the
cage and often fit completely within the disc space, giving
them a lower profile than traditional anterior plates and
potentially reducing the exposure necessary for implantation. These design advantages may reduce complications,
surgical costs, and morbidity.

ABBREVIATIONS AP = anterior plate; AP+C = anterior plate and cage; AR = axial rotation; DXA = dual-energy x-ray absorptiometry; FE = flexion-extension; FSU = functional spinal unit; IFC = integrated fixation cage; LB = lateral bending; LZ = lax zone; ROM = range of motion.
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Quasi-static biomechanical testing can provide insight
into the initial postoperative mechanical stability of spinal fusion devices. Our previous study found no differences between pullout forces for IFC screws and anterior
plate screws, indicating that IFC and anterior plate screws
exhibited similar fixation behavior during static testing.23
However, these implants are subjected to repetitive loading
in vivo, and thus the fixation strength of the devices cannot
be fully evaluated with a static pullout study. The dynamic
in vivo environment presents challenges to the stability of
spinal constructs, particularly at the bone-implant interface, where screw loosening, subsidence, and migration
may occur over time. Fatigue testing of these constructs
provides an advantage over quasi-static testing as it has the
ability to assess implant performance in a simulated postoperative environment. This type of mechanical testing is
not frequently performed, likely due to the complexities
of longer-duration testing, such as tissue degradation observed in spines at ambient temperatures.30 Early fatigue
studies focused on the stability of spinal rods, plates,
and screws.5,14,15,20,24 More recently, there have been studies investigating interbody cages and facet fixation.6,10,11,
13,26,27,29
One of these studies found that spines implanted
with cage and pedicle screw instrumentation maintained
stability after 5000 cycles of fatigue testing.27 Although
this study provided insights into the stability of traditional
cages, IFCs have screws incorporated into the design to
afford additional stability. Previous research studies have
focused on the initial stability of IFCs; however, there has
been no study to investigate the mechanical performance
of IFCs over time. Therefore, the objective of this study
was to compare the stability of lumbar IFCs with that of
a more traditional anterior plate and cage construct under
fatigue loading.

Methods

Specimen Preparation
Nine fresh-frozen human cadaver specimens, 7 male
and 3 female (mean age 74 ± 8 years), were procured from
accredited tissue processing institutions (National Disease Research Interchange and Maryland State Anatomy
Board). The medical history of each donor was reviewed
to exclude trauma, malignancy, previous implantations, or
metabolic disease that might otherwise compromise the
mechanical properties of the lumbar spine. Each specimen was radiographically screened to exclude osteolysis,
fractures, or other abnormalities. After careful removal of
fat and musculature, the lumbar spine was scanned using
dual-energy x-ray absorptiometry (DXA, Hologic) in the
anterioposterior direction to assess bone mineral density.
The average bone mineral density and T-score for these
cadaver specimens were 0.93 ± 0.17 mg/cm3 and -1.0 ±
1.6, respectively (Table 1). The L2–3 and L4–5 functional
spinal units (FSUs) were isolated from the spinal column
and were prepared for mechanical testing by potting both
ends in rapidly curing epoxy and allowing it to cure at
room temperature.
Implant Designs
This study compared the stability of IFC devices to

TABLE 1. Cadaver specimen demographic and DXA information
Specimen No.

Sex

Age (yrs)

T-Score

BMD (g/cm2)

1
2
3
4
5
6
7
8
9

M
M
M
M
M
M
M
F
F

69
72
61
71
85
81
70
70
83

1.2
1.5
−2.1
0.1
−1.1
−1.6
−1.8
−2.4
−2.9

1.176
1.206
0.813
1.053
0.923
0.865
0.841
0.782
0.724

BMD = bone mineral density.

that of cages supplemented with anterior plates (APs).
APs were chosen as supplemental fixation for the control
group since fixation features of IFCs are effectively intended to replace the function of APs. In addition, pedicle
screw systems have been shown to be significantly stiffer
compared with IFC devices and other anterior-only lumbar constructs.2,17,28 Therefore, the use of pedicle screws in
both IFC and control groups would have resulted in very
rigid constructs and prevented understanding the impact
of integrated fixation features alone.
AP and IFC devices were designed incorporating common features of commercially available implants. APs and
screws were manufactured from titanium 6Al-4 V alloy
(Fig. 1A), and IFCs were fabricated from PEEK-OPTIMA
(Invibio) (Fig. 1B). AP and IFC implant sizes were based
on preliminary radiographic screening of the cadaver
FSUs. To conduct the screening, micro-CT (Scanco Medical) was performed on all FSUs at 51-μm voxel resolution. A board-certified surgeon reviewed micro-CT images and radiographs to determine the optimal size of the
implant based on the intervertebral disc height, lordosis,
and anterior-posterior and lateral vertebral endplate measurements. An AP having 4 screw holes for fixation was
chosen with the following dimensions: 37 mm length, 26
mm width, and 3 mm thickness.
The IFCs were designed to have 2 footprints (26 mm
depth × 32 mm width, 27 mm depth × 37 mm width). Each
footprint had 3 options for lordosis (0°/8°/12°) and 3 different heights (12/14/16 mm) with 4 screw holes oriented
at 45° (2 superior and 2 inferior) for fixation. This resulted
in a total of 18 different cage sizes available for this study
(Table 2) with a range of sizes similar to that offered in

FIG. 1. Integrated fixation cage (A) and anterior plate and cage (B) designs used for the fatigue testing. Figure is available in color online only.
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TABLE 2. ALIF cage sizes available for study
Depth (mm)

Width (mm)

Height (mm)

Lordosis (°)

26
26
26
27
27
27

32
32
32
37
37
37

12, 14, 16
12, 14, 16
12, 14, 16
12, 14, 16
12, 14, 16
12, 14, 16

0
8
12
0
8
12

commercially available anterior lumbar interbody fusion
(ALIF) cages. Screws used in both AP and IFC implants
had a length of 25 mm (5.5 mm outer diameter, 3.5 mm
inner diameter, and 2.1 mm screw pitch). This screw is
representative of the bone screws commonly employed in
both lumbar APs and IFCs.
Implantation Procedure
FSUs were reconstructed using an anterior approach
by a board-certified spine surgeon. In accordance with
standard surgical technique, anterior discectomy was
performed including removal of the anterior longitudinal
ligament, anterior annulus, nucleus, and cartilaginous endplates, using rongeurs, curettes, and Cobb elevators. After
discectomy was performed, a lamina spreader was used to
distract the endplates with optimal tension. Next, an interbody cage size was selected based on the distracted space,
which was measured using digital calipers. Surgical placement of the interbody cage was flush with the anterior lip of
the endplate. This procedure was consistently followed for
all FSUs. For the IFC group, screws were added through
the cage into the superior and inferior endplates. For FSUs
in the anterior plate and cage (AP+C) group, screws were
inserted through the plate and secured to the anterior column. Implantations were performed in descending order
of bone mineral density of the donor spine, with the IFC
being alternated between L2–3 and L4–5 while the AP+C
was placed in the complementary FSU.
Mechanical Testing
Flexibility testing was performed on all the FSUs for
the following conditions: 1) intact spine; 2) implanted
spine, immediately after implantation (pre-fatigue); 3)
implanted spine, after 5000 fatigue cycles; 4) implanted
spine, after 12,500 fatigue cycles; and 5) implanted spine,
after 20,000 fatigue cycles.
The protocol for mechanical flexibility testing of the
spines followed the methods used in previous studies.1,4,17
A spine simulator (MTS) (Fig. 2) was used for applying
pure and unconstrained moments on the FSUs to generate
the following loading modes: flexion and extension (FE),
right and left lateral bending (LB), and right and left axial
rotation (AR). An Optotrak Certus motion measurement
system (Northern Digital) was used to track the spinal
motion of the superior and inferior vertebrae during spinal loading. Three loading cycles of ± 7.5 Nm were applied in each loading direction. The first 2 cycles served as
preconditioning cycles to account for viscoelastic effects
526

with data collection on the third cycle. ROM was calculated as the total angular displacement of the third loading
cycle for each motion mode. In addition, the lax zone (LZ)
was quantified by extrapolating a line fit of torque-angle
curve (i.e., stiffness from 5–7 Nm) to zero torque. LZ is
another stability parameter that describes the region of
ligamentous laxity and is described further in previously
published literature.8,12 The fatigue loading protocol of reconstructed specimens consisted of initial FE loading to ±
3 Nm at 1 Hz for the first 5000 cycles and then increased
to ± 5 Nm until 20,000 cycles. This loading protocol provided multiple physiological load levels to assess construct
stability. All the specimens were wrapped in gauze, and
phosphate-buffered saline was sprayed periodically to
keep the specimen hydrated during testing.
Data Analysis
A paired t-test was used to determine significant differences (p ≤ 0.05) in ROM and LZ for each loading mode
(FE, LB, and AR) between IFC and AP+C constructs
for the following conditions: intact, pre-fatigue, and post5,000, 12,500, and 20,000 cycles of FE fatigue. Repeated-measures analysis of variance (Minitab) was used to
compare ROM and LZ between intact, pre-fatigue, and fatigue time points for each construct. In addition, construct
loosening was determined by subtracting the pre-fatigue
ROM of the implanted spine for a given specimen from
ROM after 20,000 cycles. A linear regression analysis was
performed between construct loosening and T-score of the
FSU for both AP+C and IFC constructs.

Results

Table 3 provides mean ROM and standard deviations
for AP+C and IFC in FE, LB, and AR at each stage of
testing. In FE, no differences were observed in ROM and
LZ between AP+C and IFC configurations (p ≥ 0.33) for
the intact condition, pre-fatigue, or post-5000, 12,500, and
20,000 cycles (Fig. 3 and Table 4). Within AP+C and IFC
constructs, FE ROM was similar at 5000 cycles but more
flexible at 12,500 and 20,000 cycles (p ≤ 0.01) compared
with pre-fatigue ROM. As with FE, there were no differences (p ≥ 0.23) in stability parameters (ROM and LZ)
between the 2 constructs at any stage of testing in LB (Fig.
4). For AP+C constructs, LB ROM became greater than
pre-fatigue values only after 20,000 cycles (p = 0.05). The
LZ under LB motion also increased during fatigue cycling
but remained similar to pre-fatigue LZ for all stages of
testing (p > 0.20). For IFC specimens, LB motion became
significantly greater after 12,500 cycles compared with
pre-fatigue (p < 0.04). Intact AR ROM and LZ were significantly greater in IFC compared with AP+C specimens
(p < 0.01). However, AR motion and LZ immediately after implantation (i.e., pre-fatigue) for IFCs was lower (p ≤
0.07) than AP+C. In addition, IFC constructs maintained
significantly reduced (p ≤ 0.05) AR motion compared
with AP+C in all post-fatigue time points (Fig. 5). LZ under AR loading followed a similar trend in all post-fatigue
time points. AR ROM and LZ were significantly greater
compared with pre-fatigue values for AP+C constructs
after 12,500 cycles (p < 0.01). For IFC constructs, ROM
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FIG. 2. Experimental setup of reconstructed spine specimen connected to a sliding XY table at the bottom and spine gimbal with
6-axis load cell on top. Figure is available in color online only.

and LZ were not significantly different from pre-fatigue
results at 5000 and 12,500 cycles (p > 0.20), but the differences were close to significance at 20,000 cycles (p < 0.16)
under AR motions.
Table 5 provides a statistical comparison between stages
of testing for FE, LB, and AR motions. AP+C constructs

significantly reduced FE ROM in pre-fatigue testing (p <
0.01) and after 5000 (p < 0.01) and 12,500 (p = 0.04) cycles
but had similar motion (p = 0.37) after 20,000 cycles compared with the intact condition. IFC constructs reduced
FE motion significantly in pre-fatigue and all post-fatigue
time points (p < 0.01) compared with testing in the in-

TABLE 3. Range of motion for AP+C and IFC constructs at each stage of testing for each loading mode
Post-Fatigue
Variable
Flexion-extension
AP+C
IFC
Lateral bending
AP+C
IFC
Axial rotation
AP+C
IFC

Intact

Pre-Fatigue

5K

12.5 K

20 K

6.9 ± 2.0
7.8 ± 1.9

2.5 ± 1.4
2.6 ± 1.7

4.0 ± 2.3
3.5 ± 2.1

5.1 ± 3.1
4.5 ± 2.7

5.8 ± 3.6
4.9 ± 2.8

7.6 ± 2.8
8.2 ± 2.0

4.7 ± 2.5
3.3 ± 1.9

5.5 ± 3.1
4.0 ± 2.2

6.0 ± 3.1
4.7 ± 2.7

6.5 ± 3.5
5.1 ± 2.9

3.5 ± 1.6
5.3 ± 2.2

2.8 ± 1.8
1.4 ± 1.0

4.1 ± 2.5
1.9 ± 1.4

4.6 ± 2.7
2.5 ± 1.7

5.2 ± 3.1
2.8 ± 1.7

AP+C = anterior plate + cage; IFC = integrated fixation cage.
Data are presented as mean values presented with standard deviations. Units of measure are degrees (°).
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FIG. 3. Flexion-extension ROM for the intact and pre-fatigue conditions
and after 5000, 12,500, and 20,000 cycles of fatigue loading for IFC and
AP+C constructs. The constructs exhibited similar behavior at all stages
of testing. A significant increase in ROM occurred at 12.5 K and 20 K
cycles (*p < 0.007).

tact condition. AP+C constructs significantly reduced LB
ROM in pre-fatigue testing (p < 0.01) compared with the
intact condition and maintained this rigidity only up to
5000 cycles of fatigue (p = 0.02). IFC constructs had significantly reduced LB motion in all time points compared
with the intact condition (p < 0.01). For AP+C constructs,
intact AR ROM was similar to pre-fatigue ROM; however,
AR ROM after 20,000 cycles was significantly increased
relative to intact AR ROM (p = 0.01). In contrast, the IFC
construct reduced AR motion significantly in pre-fatigue
testing compared with the intact condition and maintained
stability at all post-fatigue time points (p < 0.01).
Regression analysis of construct loosening in all motions followed a similar trend where cadavers with reduced
bone density possessed less stability after fatigue testing
in both AP and IFC constructs. After fatigue testing, construct loosening in FE was significantly correlated (R2 =
52%, p = 0.03) to T-scores in AP+C specimens (Fig. 6).
IFC specimens followed a similar trend but had a weaker
correlation (R2 = 24%, p = 0.18). Loosening in LB motion

FIG. 4. Lateral bending ROM for the intact and pre-fatigue conditions
and after 5000, 12,500, and 20,000 cycles of fatigue loading for IFC and
AP+C constructs. The constructs exhibited similar behavior at all stages
of testing. A significant increase in ROM occurred at 12.5 K (IFC) and 20
K (AP+C and IFC) cycles (*p < 0.05).

was not correlated with T-scores in AP+C specimens (R2
= 10%, p = 0.40) but was close to significance in IFC specimens (R2 = 31%, p = 0.12). Construct loosening in AR
was weakly correlated (R2 = 32%, p = 0.11) to T-scores in
AP+C specimens and significantly correlated (R2 = 55%,
p = 0.02) to T-scores in IFC specimens, with osteoporotic
cadavers having less stability after fatigue testing.

Discussion

IFCs have been previously evaluated biomechanically
using cadaver specimens.2,3,17,19,28 These studies demonstrated that IFCs have increased stability compared with
cages or structural allograft alone, but the results were
mixed when IFCs were compared with cages with pedicle screws. One study found similar stability between an
IFC and a cage with pedicle screws,3 whereas others have
found that IFCs were less stable in at least 1 motion mode
compared with either a cage or structural graft supplemented by pedicle screws.2,17,28 These findings, however,

TABLE 4. Mean ± standard deviations of lax zone in degrees for AP+C and IFC constructs at each time point for each
loading mode
Variable
Flexion-extension
AP+C
IFC
Lateral bending
AP+C
IFC
Axial rotation
AP+C
IFC

Intact

Pre-Fatigue

5K

12.5 K

20 K

5.4 ± 1.7
6.3 ± 1.7

1.7 ± 1.1
1.6 ± 1.3

3.0 ± 2.1
2.2 ± 1.8

4.2 ± 3.0
3.2 ± 2.4

4.7 ± 3.4
3.6 ± 2.5

5.4 ± 2.2
6.1 ± 1.8

2.8 ± 2.3
1.6 ± 1.3

3.1 ± 2.4
2.0 ± 1.7

3.6 ± 2.8
2.7 ± 2.2

4.0 ± 2.9
3.0 ± 2.4

2.0 ± 1.4
3.5 ± 1.8*

2.2 ± 1.7
0.7 ± 0.8

3.0 ± 2.3*
1.0 ± 1.3

3.4 ± 2.6
1.6 ± 1.4

4.0 ± 2.8*
1.7 ± 1.4

* Significant differences between groups for the specified time point (p ≤ 0.04).
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TABLE 5. Results of statistical comparison of each time point for
flexion-extension, lateral bending, and axial rotation motions
p Value
Comparison

FIG. 5. Axial rotation ROM for the intact and pre-fatigue conditions and
after 5000, 12,500, and 20,000 cycles of fatigue loading for IFC and
AP+C constructs. IFC constructs exhibited better performance than
AP+C constructs at all stages of testing. Significant increase in ROM
occurred at 12.5 K (AP+C) and 20 K (AP+C and IFC) cycles. *p < 0.05,
†p = 0.07.

only provide insight into the initial stability of the IFC construct immediately after implantation. Therefore, the aim
of this study was to evaluate IFC device stability in a fatigue environment that assesses loosening of the construct
over time. We found that initial and post-fatigue stability
for IFC implants were similar to results obtained with
AP+C constructs in FE and LB motions. We also found
that IFCs exhibited better stability than AP+C constructs
initially and after 20,000 cycles of fatigue in AR motion.
Although our results are in good agreement with those of
previous quasi-static studies for LB motion, previous studies concluded that IFCs provided significantly less stability
in FE motion and similar stability in AR compared with
anterior plate fixation with a cage or structural graft.2,17
One explanation for this discrepancy may be differences in
IFC designs between studies. Previous studies used smaller diameter screws and/or fewer screws than our study,
which may have resulted in less fixation strength of their
IFC design when compared with AP+C. These dissimilar
findings highlight the importance of IFC design in providing fixation strength that is comparable to that provided
by AP+C instrumentation. In addition, we suspect that the
increased stability of the IFC compared with AP+C in
AR may be due to the location and orientation of the IFC
screws within the intervertebral space providing a biomechanical advantage over anterior plates in AR motion.
Although flexibility increased toward intact motion
during fatigue cycling for AP+C and IFC implants, IFC
specimens were significantly more stable in each loading mode than intact specimens after fatigue testing. In
contrast, AP+C construct motion was not significantly
different in FE and LB motions and in fact was significantly greater in AR motion compared with intact after
20,000 cycles of fatigue. These data suggest that loosening
as measured by ROM after fatigue loading is similar in
the AP+C and IFC configurations. However, IFC specimens may not loosen as much as AP+C constructs in AR
motion. Observations during fatigue testing showed that

AP+C
Intact vs
  Pre-fatigue
  5 K
  12.5 K
  20 K
Pre-fatigue vs
  5 K
  12.5 K
  20 K
5 K vs
  12.5 K
  20 K
12.5 K vs
  20 K
IFC
Intact vs
  Pre-fatigue
  5 K
  12.5 K
  20 K
Pre-fatigue vs
  5 K
  12.5 K
  20 K
5 K vs
  12.5K
  20 K
12.5 K vs
  20 K

FE

LB

AR

<0.001
<0.001
0.044
0.369

<0.001
0.016
0.110
0.459

0.527
0.741
0.108
0.005

0.121
<0.001
<0.001

0.754
0.280
0.053

0.063
0.002
<0.001

0.284
0.029

0.921
0.468

0.685
0.090

0.803

0.914

0.689

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

0.361
0.007
<0.001

0.602
0.036
0.003

0.804
0.203
0.070

0.392
0.078

0.519
0.118

0.803
0.487

0.899

0.892

0.983

AR = axial rotation; FE = flexion-extension; LB = lateral bending.
Boldface type indicates significantly lower ROM and the combination of boldface plus underlining indicates significantly greater ROM.

screw loosening of AP+Cs or IFCs was primarily responsible for the increase in ROM during fatigue loading. Interestingly, in the IFC specimens, loosening was observed
more frequently for the medial screws than the lateral ones
(Fig. 7). A recent study investigated the spatial variation
in endplate thickness and trabecular bone volume fraction
in vertebral bodies.16 The authors found that the thickness
of the ring apophysis was significantly greater than that
of the central endplate region, and that central regions of
the vertebral body had the lowest trabecular bone volume
fraction compared with other regions. These data indicate
that screw placement is an important design consideration
for IFCs to maximize screw purchase. However, further
studies are needed to confirm this study’s qualitative observations of preferential medial screw loosening.
The cadavers used in this study possessed a wide range
of bone mineral densities, resulting in T-scores from normal to osteoporotic, as defined by the World Health Organization. Regression analysis of these data showed that
J Neurosurg Spine Volume 26 • April 2017
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FIG. 7. Frontal (A) and lateral (B) views of IFC construct during fatigue
testing. Medial screw loosening is visible in the IFC construct. Figure is
available in color online only.

anterior plate. This is a reasonable comparison since integrated screws are used in IFC designs in an attempt to avoid
the need for anterior plating. However, IFCs were not compared with other lumbar fixation methods such as pedicle
screw fixation in this study; therefore, these results should
not be extrapolated to conclude that IFCs alone are sufficient in cases where pedicle screws are necessary for adequate stability. In addition, intra- and inter-cadaver spine
variability (e.g., differences in bone quality and ligament
stiffness) can result in large standard deviations, which reduce the statistical power when attempting to determine
differences between constructs. This is an inherent issue
in cadaver studies, and appropriate selection of cadavers
before testing is recommended to minimize variability.

Conclusions

FIG. 6. Construct loosening after fatigue testing versus T-scores for IFC
and AP+C constructs. Linear regression values yielded correlations
between 24% and 52% for FE (A), 10%–31% for LB (B), and 32%–55%
for AR (C). Significance (p < 0.05) was found in FE for AP+C and in AR
for IFC.

cadavers with lower T-scores had increased motion in
post-fatigue testing. Although correlations were moderate, these data suggest that osteoporotic individuals who
undergo implantation of either IFC or AP+C constructs
may fare worse than patients without osteoporosis. In fact,
preliminary testing of 3 severely osteoporotic cadavers
(T-scores less than -3.1) was stopped prematurely at 5000
cycles in both AP+C and IFC constructs due to high instability. Although it is generally understood that osteoporotic patients are not good candidates for anterior-only
approaches, this study confirmed that bone quality is an
important consideration when selecting treatment options
for patients with low-back pain.
There are some limitations that must be considered
when interpreting these results. We compared the stability
of an IFC design against a traditional cage coupled with an
530

Our cadaveric study was able to demonstrate comparable fixation strength between a 4-screw IFC design and
a traditional cage with an AP under fatigue loading. Although these results suggest that IFCs may be a promising
alternative to traditional cage and anterior plate constructs,
it is important to confirm these biomechanical study results with functional clinical outcomes and radiographic
findings, such as low loosening rates and successful fusion, particularly for unique IFC designs.
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