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ABSTRACT

Background: Expandable cages that allow for bidirectional expansion, in both height and width, may offer
benefits over traditional expandable cages or static cages. Effective stiffness must also be considered, as implants with
exceedingly high stiffness may increase subsidence risk and reduce graft loading.

Methods: A retrospective case series of 7 patients were assessed with computed tomography (CT) scan at the final
1-year follow-up to evaluate the interbody fusion and configuration of the expandable cage related to the endplates
within the intervertebral space. CT scans were reformatted using cage’s tantalum markers as fiducials for single-plane
orientation for each intervertebral cage. Device height and width at maximum in situ expansion was measured at its
anterior and posterior aspects to evaluate implant deformation. The new bone volume within each cage was measured
from the same CT scan data sets and by the Bridwell classification of interbody fusion.

Results: The average difference between medial and lateral height measurements was 1.82 mm (£1.08) at the
device’s anterior aspect and 1.41 mm (£0.98) at the posterior aspect. The average difference between medial and lateral
heights was 18.55% (%9.34) anteriorly and 15.49% (£9.24) posteriorly. There was a successful fusion in all 7 patients,
as evidenced by measurable bone volume in the center of each interbody cage with an average of 586.42 mm? (+237.06).

Conclusion: The authors demonstrated the feasibility of successfully using bidirectionally expandable multi-
material cages to achieve interbody fusion. These composite open-architecture cages were found to conform to each
patient’s endplate configuration. The authors’ observations support the concept of material selection impacting the
effective construct stiffness. The design investigated by the authors provided sufficient anterior column support and

successful fusion in all patients.
Level of Evidence: 4.

Special Issue

INTRODUCTION

Newer expandable interbody cage designs incor-
porate combined components made of differing
material, for example, titanium deposited onto a
polyetheretherketone (PEEK) substrate. However,
this design strategy’s intent was focused on improv-
ing osseointegration rather than tailoring the
construct stiffness.! Many of the expandable inter-
body cages currently available rely on metallic
materials incorporated into the expanding mecha-
nism to facilitate expansion, resulting in construct
stiffness similar to that of titanium and significantly
higher than endplate stiffness.”* For those designs
incorporating other polymer components, the poly-

mer contributes to the effective stiffness depending
on the configuration, with open geometries resulting
in a reduced stiffness. As a result, these devices are
likely to have construct stiffness dictated in part by
the incorporated materials and device design.*®

In this study, the authors investigated the
feasibility of successful fusion with an endplate-
conforming interbody fusion cage (FlareHawk,
Integrity Implants, Palm Beach Gardens, FL).
Besides interbody fusion, the authors evaluated the
implant’s position and expansion in both width and
height. The tested interbody device is a 2-piece
device consisting of a PEEK shell that expands
bidirectionally with the insertion of a titanium shim,
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thereby also restoring lordosis. The present study
aimed to substantiate the concept of immediate
anterior column support from the device’s contri-
bution to the instrumented functional spinal unit’s
(FSU) stability by leveraging polymers’ material
properties in combination with metal components in
the implant design.

MATERIALS AND METHODS
Patients and Study Design

A retrospective case series of patients was
evaluated at 1 year postoperatively from a posterior
lumbar interbody fusion (PLIF) with a bidirection-
ally expandable interbody fusion cage and posterior
supplemental fixation. All 7 patients were operated
on by a single surgeon at a single site. All cases
included in the series were 1- or 2-level PLIF
constructs with 2 devices placed at each index level
and supplemental fixation in the form of bilateral
pedicle screws and rods. Institutional review board
approval for this study was granted prior to study
commencement by a centralized review board
(Western Institutional Review Board; Puyallup,
WA). Due to the retrospective nature of the study,
a waiver for patient informed consent was provided.

Radiographic Analysis

Computed tomography (CT) scans were obtained
from 7 patients to assess the interbody fusion and
device deformation. DICOM data sets for each CT
scan were imported to Mimics Medical, where
dimensional measurements of device geometry and
volumetric measurements of bone growth were
performed. Device geometry was assessed in the
coronal plane at both the anterior and posterior
aspects of each device using the tantalum markers
within the device as fiducial markers. Each device has
8 tantalum markers that were used to identify the
corners of the PEEK support struts. To perform each
measurement, the multiplanar reformatting (MPR)
tool was used to align the scan such that the coronal
plane bisects the 4 markers at either the anterior or
posterior aspect of the device, as seen in Figure 1.
The ellipse tool was used to find the center of each
tag in a standardized manner. Measurement lines
were then drawn from center to center point to
measure the devices” height and width. Device height
was then measured at both the medial and lateral
aspects of each device. The width was measured at
the superior and inferior aspects of the device. In

Figure 1. lllustration of procedure used to quantify implant deformation. (A)
Alignment of coronal, axial, and sagittal planes according to the position of
implant fiducials and creation of ellipses to find the center point of each marker.
(B) Final placement of dimensional lines from which measurements were taken.

total, 8 measurements were performed to assess the
geometry of each device: anterior medial height
(AMH), anterior lateral height (ALH), anterior
width superior (AWS), anterior width inferior
(AWI), posterior medial height (AMH), posterior
lateral height (ALH), posterior width superior
(AWS), and posterior width inferior (AWI). To
determine if the device had deformed relative to its
original geometry, these measurements were com-
pared with an idealistic device geometry in which the
device is ex vivo without loading or applied forces. In
this ideal scenario, the dimensions of medial and
lateral height and superior and inferior width would
be identical; and any significant difference between
sets of height and width measurements was consid-
ered evidence of deformation.

Deformation and Fusion Analysis

To determine if the observed deformation affect-
ed these 7 patients’ fusion, volumetric measurements
of bone growth within the graft window were also
performed (Figure 2). The MPR tool was used to
align the scan according to the titanium shim’s
orientation within each device, with the x-, y-, z-axis
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Figure 2. lllustration of procedure used to quantify bone within graft window. (A) Original mask is created to select all bone. (B) Multiplanar reformatting (MPR) is
aligned to match the orientation of the titanium shim of each device. (C) Mask is cropped based on the maximum dimension of the titanium shim to produce volumetric

data. (D) Final mask showing bone within graft window.

of the shim being used to determine the direction of
the coronal, axial, and sagittal planes. A region of
interest (ROI) was then created surrounding the
titanium shim such that the dimensions and
orientation of the shim and ROI were identical.
To quantify the bone volume present within this
ROI, a segmentation mask was created based on the
predefined bone CT thresholding window. The
upper threshold was adjusted to remove all metal
components and the same thresholding window
being applied to all CT scans.

RESULTS

Patient demographic information can be found in
Table 1. In total, 18 devices across 9 index levels

Table 1.

.m Sex Age Index Level
F 55 L4-L5
F 60 L4-S1
F 54 L4-51
M 75 L2-L3
M 66 L4-L5
M 75 L1-L2
M 66 L3-L4

were evaluated for deformation and bone volume
present. A difference between medial and lateral
height measurements was considered significant if
the difference between measurements exceeded 10%
of the largest value. As such, 16 of the possible 18
devices showed coronal plane deformation with
variability between medial and lateral height mea-
surements (Table 2). The average difference between
medial and lateral height measurements was 1.82
mm (*1.08) at the anterior aspect of the device and
1.41 mm (*+0.98) at the posterior aspect of the
device. Hence, there was an average difference
between medial and lateral heights of 18.55%
(£9.34) anteriorly and 15.49% (£9.24) posteriorly.
In all but 2 cases, the medial height was larger than
the lateral device height. Figure 3 illustrates mild,
moderate, and pronounced implant deformation.
Regarding device-width, deformations were much
less pronounced, with only 3 of 18 possible devices
showing significant deformation (Table 3). The
average difference between superior and inferior
width measurements was 0.59 £ 0.51 mm anteriorly
and 0.58 * 0.54 mm posteriorly, which translates to
differences of 4.72% =+ 4.07% and 4.68% =+ 4.35%,
respectively. Quantification of bone volume within
each cage showed bone growth evidence into the
center of all 18 devices (Table 4). The average bone
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Table 2.

Evidence of Deformation (Y/N) Anterior Posterior
L Height Height
Level Medial Lateral ) ) Medial Lateral i 5
Anterior Posterior Height Height _nght Difference Height Height _nght Difference
Difference (% of Difference (% of
(AMH)  (ALH) (PMH) (PLH)
larger) larger)
Bl s L y N 9.32 8.85 0.47 5.04 8.76 8.76 0 0
[ 1 EVELE ¥ Y 9.96 7.16 2.8 28.11 8.75 6.56 2.19 25.03
| 2 EVELEN y y 9.94 7.14 28 28.17 8.41 6.87 1.54 1831
B 45w Y Y 9.23 7.97 1.26 13.65 7.35 6.13 1.22 16.60
| 2 EESREE y y 9.04 8.22 0.82 9.07 6.94 6.24 0.7 10.09
B 51 R ¥ Y 9.01 7.82 119 13.21 7.29 7.09 0.2 2.74
BE s L y Y 12.83 9.81 3.02 23.54 10.79 7.81 2.98 27.62
BEl 45 R y Y 12.66 8.62 1.04 31.91 10.9 7.26 3.64 33.39
BE 51 L y y 10.04 8.33 1.71 17.03 8.12 7.37 0.75 9.24
BE 551 R Y Y 10.05 6.82 323 32.14 9.13 7.6 1.53 16.76
B o L Y Y 6.37 5.12 1.25 19.62 10.26 8.5 1.76 17.15
Bl o r ¥ Y 6.29 9.1 2.81 30.88 6.22 8.26 2.04 24.70
| 5 IEVELEN y y 8.1 5.93 2.17 26.79 937 8.13 1.24 13.23
BE s R N N 8.17 8.25 0.08 0.97 8.33 7.86 0.47 5.64
| 6 [EECR y y 9.01 8.17 0.84 9.32 9.94 7.36 2.58 25.96
B e r y Y 9.03 7.81 1.22 13.51 7.82 6.44 1.38 17.65
1314 L y Y 9.51 8.25 1.26 13.25 7.43 7.29 0.14 1.88
BEE v r ¥ Y 9.63 7.92 1.71 17.76 7.37 6.42 0.95 12.89
9.34 7.85 1.82 18.55 8.51 7.33 1.41 15.49
161 1.08 1.05 9.34 131 0.77 0.98 9.24
Anterior Posterior

Mild

Moderate

Pronounced

Figure 3. Representative examples of implant deformation showing mild (A, B), moderate (C, D), and pronounced (E, F) conformation to the disc space. (A, B)
Anterior and posterior aspect of patient 1 left device showing 0.45-mm and 0-mm differences between medial and lateral height measurements. (C, D) Anterior and
posterior aspect of patient 7 right device showing 1.71-mm and 0.75-mm differences between medial and lateral height measurements. (E, F) Anterior and posterior

aspect of patient 2 left device showing 2.80-mm and 2.19-mm differences between medial and lateral height measurements.
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Table 3.

Evidence of , ,
Deformation (Y/N) Anterior Posterior
Index Side Medial Lateral ) ,HEIght Medial Lateral . ,HEIght
Level . . i . Height Difference . . Height Difference
Anterior  Posterior  Height Height . Height Height .

(AMH) (ALH) Difference (% of (PMH) (PLH) Difference (% of

larger) larger)

415 L N N 12.13 12.24 0.11 0.90 11.77 12.13 0.36 2.97
B s R N N 12.06 12.63 0.57 4.51 11.68 12.77 1.09 8.54
e s N N 11.87 12.08 0.21 1.74 11.7 11.59 0.11 0.94
Bl 4+ R N N 11.9 12.45 0.55 4.42 11.63 12.18 0.55 4.52
B 51 L N N 12.17 12.13 0.04 033 11.94 11.93 0.01 0.08
B s N N 12.18 12.15 0.03 0.25 12.04 12.08 0.04 0.33
BEl s N N 11.98 11.89 0.09 0.75 11.79 11.87 0.08 0.67
BEl s+ R N N 12.45 11.33 1.12 9.00 12.38 11.76 0.62 5.01
BE 51 L N N 12.51 11.84 0.67 5.36 12.23 12 0.23 1.88
BEE 51 r Y Y 13.04 11.35 1.69 12.96 12.79 113 1.49 11.65
23 L Y Y 11.18 9.94 1.24 11.09 12.03 10.07 1.96 16.29
B 3 R Y Y 10.91 12.5 1.59 12.72 11.18 12.53 1.35 10.77
B s L N N 12.43 11.96 0.47 3.78 12.36 11.87 0.49 3.96
BE s R N N 11.81 11.79 0.02 0.17 11.02 11.34 0.32 2.82
Bl e . N N 12.3 12.63 0.33 261 12.32 11.75 0.57 4.63
Bl oo R N N 12.7 12.04 0.66 5.20 12.2 12.01 0.19 1.56
314 L N N 11.85 12.3 0.45 3.66 11.7 11.91 0.21 1.76
B i R N N 12.59 11.9 0.69 5.48 12.62 11.89 0.73 578
12.11 11.95 0.59 472 11.97 11.83 0.58 4.68
0.50 0.61 0.51 4,07 0.45 0.55 0.54 435

volume within the titanium shim was 586.42 =+
237.06 mm">.

DISCUSSION

This small case series demonstrates the feasibility
of successful fusion with an endplate-conforming
interbody fusion cage. The CT-image-based dem-
onstration of cage deformation in all investigated
planes provides a visual and numerical evidence of
cage deformation in response to the patient’s
intervertebral space and endplate configuration.
The present study also provides evidence in support
of the observation that a bidirectional expandable
interbody device supports fusion through a compli-
ant shell that interfaces with the endplate and a
titanium shim, which provides structural support.
The results of the provided deformation analysis
show that the final device geometry is a function not
only of the device design but also conformation to
each patient’s unique disc space geometry. In those
patients presenting with a “dome-like” anatomy, the
device was sufficiently compliant to conform to the
space. This is evidenced by the trend for device

height measured in the medial aspect of the disc
space to be consistently higher than the height
measurements taken at the lateral aspect of the disc
space. Furthermore, the average device deformation
of 1.82 mm anteriorly and 1.41 mm posteriorly
correlate well with values of endplate concavity
depth reported in the literature, which range from
1.37 to 1.90 mm through the lumbar spine."’

The observed cage deformation serves to increase
the surface area of the bone-implant interface and
better distributes the load across the endplate. It also
suggests that an interbody device with this unique
combination of compliant and rigid components has
the potential to conform to the interbody space while
maintaining sufficient stability to achieve fusion.'*"?
An implant with the ability to conform to the endplate
represents a significant advancement, as Chatham et
al'* showed that custom interbody devices can reduce
stress at the bone-implant interface by up to 37% and
rod stress by 28. However, we cannot be certain this
deformation results in a significant increase in the
surface area of the bone-implant interface due to the
radiographic nature of the PEEK components.
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Table 4.

- e Lower Upper Shim BV
Patient Side Threshold Threshold

Level (mmA3)

(HU) (HU)

[ 1 VR 226 1440 464.57
415 L 226 1440 562.05
BEAN 45 R 226 1440 509.79
P 551 R 226 1440 439.23
| 2 JYELEEN 226 1440 607.32
[ 2 FEESE 226 1440 322.66
E 5 R 226 1440 525.13
BERN 551 R 226 1440 450.97
E s L 226 1440 313.93
E 551 L 226 1440 346.15
| 2 NPEEREN- 226 1440 819.60
[ 4 EFEEREN 226 1440 1,357.17
B 45 R 226 1440 797.90
[ 5 NV 226 1440 762.55
A 2 R 226 1440 492.61
[ 6 [IEERRENN 226 1440 545.87
314 R 226 1440 681.32
13-14 L 226 1440 556.64
226 1440 586.42
0 0 237.06

Our study was limited by the small number of
patients and short follow-up. As the number of
devices featuring a combination of dissimilar mate-
rials and open geometries increases, the research
surrounding how the construct stiffness of these
devices influence arthrodesis with and without
posterior supplemental pedicle screw fixation should
also be studied. Ideally, the configuration would
allow a compliant or less stiff shell to act as a cushion
between a rigid inner core, much like the combina-
tion of PEEK and Titanium used in the FlareHawk
design. The effective stiffness, or a combined spring
effect between PEEK and titanium, has been shown
to match with that of the FSU or bone more
appropriately. Posterior element strain may also be
reduced as long as the expandable device can
maintain segmental stability.'*

CONCLUSIONS

This feasibility study presents evidence that
compliant expandable devices with the appropriate
construct stiffness may provide the anterior column
support necessary to facilitate arthrodesis. Although
the potential to reduce device-related complications
such as subsidence is theoretical at present, these

potential clinically relevant attributes should be
investigated to substantiate further the routine
clinical use of bidirectional expandable multimate-
rial interbody fusion cages. The current study
suggests that a device with construct stiffness more
analogous to the bone may improve bone growth.
The bidirectional expandable interbody device
studied by the authors consistently conformed to
the interbody space based on the differences
between device height measured at the medial and
lateral aspect of the disc space. The observed
implant deformation did not appear to harm bone
growth as volumetric analysis showed measurable
bony formation in each device’s center.
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