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Background: The most commonly used cages for intervertebral disc replacement in lumbar fusion
procedures are made predominantly from polyetheretherketone (PEEK). There is sufficient data studying
their subsidence and failure rates from a variety of approaches. A novel implant is now available for
commercial use, 3D-printed porous titanium (3DppTi) alloy cages, which have recently become available for
use in spinal procedures. They have been shown in ovine models to have superior efficacy and fusion rates
compared to traditional cages. However, there is limited data on their use in clinical practice and long-term
outcomes associated with them.

Methods: A retrospective chart review was performed, of all patients in a single institution who underwent
lumbar spine fusion surgery via an anterior or lateral approach with a 3D-printed titanium alloy cage,
between January 2020 and February 2021. Clinic letters, imaging and operation reports were independently
reviewed to assess for fusion, or evidence of subsidence on follow-up.

Results: Fifty patients were identified as meeting inclusion criteria, with a total of 66 operative levels.
Of these operative levels, 32 were via an anterior approach and 34 via a lateral approach. One patient
demonstrated a Marchi grade 0 subsidence, with recurrence of radiculopathy 2 months after an anterior
approach, requiring posterior decompression and stabilization. A second patient demonstrated a Marchi
grade 1 subsidence after a lateral approach, but did not require further surgery as they were asymptomatic
at 2 years of follow-up. This study demonstrated an overall subsidence rate of 3.03%. There was a median
follow-up time of 11.3 months for all patients.

Conclusions: 3D-printed titanium alloy cages demonstrate a lower subsidence rate compared to

historically published rates for alternative intervertebral cages, in anterior and lateral lumbar spine fusion
surgery.
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Introduction polyetheretherketone (PEEK) cages for use of interbody
Background fusion in spinallsurgery,.with registration of. these devices

on the Australian Register of Therapeutic Goods (1).
Since 2002 in Australia, the Australian Therapeutic Goods In the lumbar spine, there is evidence that PEEK cages
Administration has supported the use of titanium or are associated with up to 10% non-union rate and 15%
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subsidence rate (2). PEEK does not itself directly fuse
to bone, but acts as an interbody spacer, whilst bone
formation occurs around it. Titanium alloys, which are
also commonly used in bone screws and joint replacements
are able to directly stimulate bone integration onto the
surface, however, traditional interbody cages made of
solid machined titanium have been associated with high
subsidence rates. This is probably due to their modulus
of elasticity (‘stiffness’) being much greater than that of
natural bone (3,4).

Combination titanium/PEEK cages (integrated titanium
endplates with a PEEK body) have also been studied in
anterior lumbar interbody fusion (ALIF) and demonstrate a
5% non-union and subsidence rate, which is comparable to
PEEK cages (5,6).

Rationale and knowledge gap

Recently the use of 3D printing for medical implants has
become an alternative manufacturing technique that allows
for the production of significantly more versatile implants.
This technique can augment of reduce the modulus of
elasticity in various parts of the implant, a property that
is not possible with traditional manufacturing methods.
The theoretical clinical advantages of 3D-printed porous
titanium (3DppTi) cages are higher rates of fusion at
an earlier timepoint and lower rates of subsidence.
Preliminary data, initially in ovine models, showed a
higher stability and better bone growth compared to
PEEK (7). However, there is limited data on their efficacy

Highlight box

Key findings

® 3D-printed porous titanium (3DppTi) alloy cages are associated
with a 3.03% subsidence rate in lumbar interbody fusion, which is
significantly lower than historically published rates for alternative
cage types.

What is known and what is new?

e There is limited clinical data assessing the clinical outcomes of
patients undergoing lumbar fusion with 3DppTi alloy cages.

e This is the first study assessing fusion rates from an anterior and
lateral approach to lumbar interbody fusion using 3DppTi alloy
cages.

What is the implication, and what should change now?

¢ Further matched cohort, or randomized control trials are required
to assess for statistically significant improvement in overall fusion
rates comparing cage types.
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and safety in humans.

Objective

We aimed to assess the outcome of 3DppTi cages in
ALIF and lateral lumbar interbody fusion (LLIF) in our
institutional series. We present this article in accordance
with the STROBE reporting checklist (available at https://
jss.amegroups.com/article/view/10.21037/jss-23-120/rc).

Methods
Participants and study site

A retrospective chart review was performed of all patients
who underwent a LLIF or ALIF with a 3DppTi cage, at the
Melbourne Private Hospital in Melbourne, VIC, Australia.
All surgeries between January 2020 and February 2021 were
included, and were performed by the two senior authors,
both of whom are Neurosurgeons with a subspecialty
spinal surgery practice. The first senior author (A.M.) has
13-year experience and the second senior author (M.A.)
has 7 years of experience in minimally invasive spinal
surgery. The cages used were from two different companies;
The 4WEB® cage from Lifehealthcare™ (Sydney, NSW,
Australia) and The Modulus® cage from Nuvasive ™ (San
Diego, CA, USA). Patients who had the 4WEB® cage
implanted, had Allovance Crunch bone allograft from
Australian Biotechnologies'™ (Sydney, NSW, Australia)
used within the cage and patients who had the Modulus®
cage implanted, had synthetic Attrax® bone graft from
Nuvasive™ within the cage. The choice of cage was based
on surgeon preference, commercial availability of the cage
at the time of surgery and the amount of bone graft used
was dependent on the size of the central bone graft window
in each cage. Cages were sized intra-operatively with the
use of a trial device and fluoroscopy. All cages were between
10° and 15° of lordosis and 8-12 mm of height, with no
hyper-lordotic cages used. Demographic, radiological and
surgical data was collected from all patients.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Royal
Melbourne Hospital Human Research Ethics Committee
(No. HREC 2021.242) approval was gained for the study to
be performed at Melbourne Private Hospitals, with a waiver
for written participant consent, given the retrospective
nature of the study. Patients who did not have follow-up
imaging with computed tomography at 12 months were
excluded from the analysis.
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Table 1 Operative data for patients who underwent lumbar fusion with 3D-printed titanium alloy cages

Operative data ALIF LLIF
Spinal levels
L1/2 0 1
L2/3 0 4
L3/4 2 12
L4/5 6 17
L5/S1 24 0
Total levels 32 34 (66 total levels from both approaches)
Supplemental posterior fixation (levels) 20 25
Nuvasive™ Modulus cage + Attrax graft 0 27
Life Healthcare™ 4WEB cage + Crunch bone graft 32 7

Values are presented as number. ALIF, anterior lumbar interbody fusion; LLIF, lateral lumbar interbody fusion.

Outcomes

For each case, radiological fusion on follow-up imaging was
assessed using the criteria set out by Gruskay ez a/. [2014] (8):
presence of boney trabeculation across the fusion level, lack
of boney lucency at the graft/vertebral body junction, device
subsidence, cystic changes on the endplates or haloing
surrounding instrumentation. Radiological fusion was
assessed independently by two authors (C.D. and T.S.), with
any discrepancy resolved by review and consensus with the
senior authors. Any complications, including subsidence or
non-union were recorded and reviewed by the senior author
(A.M.). If subsidence was present, it was classified using the

Marchi grade (9).

Statistical analysis

Statistical analysis of the data was performed using Prism
9™ (GraphPad Software, Boston, MA, USA). A multiple
logistic regression analysis was performed and odds ratios
were calculated for pre-specified risk factors to assess
for effect on subsidence. A P value of less than 0.05 was
considered significant.

Results
Patient demographic data

A total of 57 patients were identified as having undergone
lumbar spine fusion via a lateral or anterior approach
from January 2020 to February 2021. Seven patients were
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excluded from the analysis due to no follow-up imaging
performed, with 50 patients included in the final data
set. Baseline characteristics, operative details, follow-up
time frame and risk factors for non-union were collated
(Tables 1,2). The average age was 61 years at the time of
surgery with 44% of patients being male and 56% female.
Thirty-two percent of patients were active smokers or had
a body mass index (BMI) defined as obese or greater at
the time of surgery. Sixteen percent had a pre-operative
diagnosis of osteoporosis confirmed on bone densitometry
and were on hormone replacement therapy. Twenty-four
percent were being treated for type 2 diabetes mellitus.
Indications for surgery included adjacent segment
disease from previous decompression and/or fusion,
spondylolisthesis or foraminal stenosis from degenerative
spine disease.

Operative data

Fifty patients had a total of 66 levels operated on. Thirty-
two levels were from an anterior approach and 34 from
a lateral approach. L5/S1 was the commonly operated
level, at 36%, followed by L4/5 at 33%. Supplemental
posterior fixation was performed on 20 patients (67 %) who
underwent surgery via an anterior approach and 25 (74%)
who underwent surgery via a lateral approach. The 4WEB®
cage was used for all patients who underwent fusion via
an anterior approach and seven who underwent fusion via
a lateral approach. The Modulus® cage was used for the
remaining 27 levels for patients who underwent fusion
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Table 2 Demographic data and risk factors for subsidence for
patients who underwent lumbar fusion with 3D-printed titanium

alloy cages
Demographic data Value
Age (years) 61 [17-84]
Gender
Male 22 [44]
Female 28 [56]
Non-union risk factors
Smoker 16 [32]
Type 2 diabetes mellitus 12 [24]
Osteoporosis 8 [16]
Obesity 16 [32]
Time to follow-up imaging (months) 11.3
Number of levels
1 level 38
2 levels 8
3 levels 4

Values are presented as mean [range], number [%], mean, or

number.

25

via a lateral approach. The median follow-up time was
12 months, with a range of 7-24 months.

Two patients in the cohort demonstrated subsidence.
The first case demonstrated a Marchi grade 0 subsidence at
L5/S1, 2 months after an anterior approach with the
4WEB® cage without supplemental posterior fixation,
requiring a posterior decompression and fixation due to
recurrence of an L5 radiculopathy (Figure I). This patient
remains symptoms free at 2 years follow-up. The second
case demonstrated a Marchi grade 1 subsidence from a
lateral approach at 1.3/4 with the Modulus® cage with
supplemental posterior fixation, which was asymptomatic
and did not require further surgery at 2 years follow-
up (Figure 2). An overall subsidence rate of 3.03% was
demonstrated. Neither of the patients who demonstrated
subsidence did not have any patient risk factors for
subsidence.

Statistical analysis

A multiple logistic regression analysis was performed and
odds ratios were calculated for the collated risk factors. None
of the identified risk factors demonstrated a statistically

Figure 1 Immediate post-operative and delayed post-operative CT for patient 1. “L” indicates lateral projection. CT, computed

tomography.
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Figure 2 Immediate post-operative and delayed post-operative CT for patient 2. “L” indicates lateral projection. CT, computed

tomography.

Table 3 Odds ratios for risk factors effect on subsidence

Risk factor Odds ratio 95% confidence interval P value
Smoking 0.79 0.02-28.69 0.88
Type 2 diabetes mellitus 0.63 0.01-57.24 0.82
Osteoporosis 0.24 0.004-10.02 0.43
Obesity 0.8 0.02-57.62 0.91

significant association with graft subsidence (Zable 3).

Discussion
Key findings

Our results add to the limited literature to date regarding
the clinical advantages of 3DppTi cages. We report a 3.03%
overall subsidence rate and a 1.5% reoperation rate.

Strengths and limitations

This study is the first to assess fusion and subsidence rates
using 3DppTi cages for lumbar fusion from an anterior
approach, as well as the first to compare two different
approaches in the same cohort.

Limitations of our study are that late subsidence could

© Journal of Spine Surgery. All rights reserved.

have been missed due to a relatively short follow-up window,
however most subsidence appears to happen within the
first few weeks to months post-operatively. Graft material
has not been examined directly with 3DppTi cages, which
again, is not able to be adequately assessed in our study due
to low power. Adl Amini ez 4l. performed a comparative
analysis of patients undergoing standalone LLIF with
3DppTi cages compared to PEEK (10). This study did
demonstrate a statistically significant improvement in fusion
rates in the early, but not late group. However, this study
was retrospective and not matched, with different patients
in the early and late groups. This may not be applicable
to our cohort given 74% of our patients undergoing
LLIF had supplemental posterior fixation. Previously the
use of recombinant human bone morphogenic protein-2

(rhBMP-2) in grafting has been associated with higher
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subsidence rates (11), but this was not used throughout
our study, as it has not been approved in Australia since
2017. Given the retrospective nature of this study, clinical
outcomes were not assessed in a standardised fashion and
therefore we were unable to correlate this with our findings
of low subsidence and re-operation rate. One study reported
no significant difference in Oswestry Disability Index scores
at 1 year between the two retrospectively reviewed groups
who underwent minimally invasive transforaminal lumbar
interbody fusion (TLIF) with PEEK and 3DppTi cages (12).
However, this study also found no significant difference in
fusion rates between the two cages. Although a randomised
control study would be preferable, a larger prospective
matched cohort study would be sufficient to elucidate the
statistical differences in risk factors for patients undergoing
LLIF or ALIF for degenerative lumbar spine disease.
The risk factors for subsidence collected have been shown
consistently in literature to be associated with subsidence,
we did not see this in our data. This may be due to the low
overall numbers and therefore underpowered statistical
analysis with our series. These patients similarly did not
have any surgical risk factors for subsidence such as hyper-
lordotic cages.

Comparison with similar vesearches

Makino et al. assessed the used of 3DppTi cages in
posterior lumbar interbody fusion (PLIF) compared to
combination (13). This study examined 63 patients who
underwent a PLIF at a single institution since 2015.
Outcomes of the last 34 patients (39 levels) to undergo PLIF
with titanium/PEEK combination cages were compared
with the first 29 patients (36 levels) to undergo PLIF with
3DppTi alloy cages. They found that although subsidence
rate was significantly less in the 3D-printed cage group at
6 months, there was no difference in subsidence rates at
12 months. There was also no significant difference in the
fusion rates at 12 months between the two groups.

A further study assessed the fusion rates of 3DppTi cage
implants from a different manufacturer, packed with silicate-
substituted calcium phosphate (SiCaP) bone graft, using
trans-foraminal and lateral approaches (14). A retrospective
chart review of 93 patients (150 levels) of a single surgeon
was performed. This study demonstrated a fusion rate of
98.9% and subsidence rate of less than 1%. These figures
are better than the reported data on titanium/PEEK cages,
however no direct comparison was performed.

A single institution case series study in 2020 was the first
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to assess subsidence rates in 3DppTi cages in LLIF (15).
Twenty-nine patients with 59 levels were included, with
an overall subsidence rate of 2/59 cages (3.4%) and 2/29
patients (6.9%), both of whom were asymptomatic and did
not require further surgery. A recent study by Alan et 4/. (16),
examining subsidence rates in LLIF in 55 patients using
3DppTTi cages, reported a subsidence rate of 8%, with 1.8%
of patients requiring re-operation for their subsidence for
recurrent symptomatology.

More recently a retrospective series comparing 3DppTi
cages compared to PEEK in PLIF surgery found that
3DppTi cages demonstrated a higher fusion rate at 1 and
2 years, however there was no difference in subsidence
between the two groups (17). Similarly, a retrospective
comparative review of 3DppTi cages compared to solid
Titanium cages in TLIF surgery demonstrated a lower rate
of subsidence with the 3DppTi cages (18).

Deng et al. has published the only prospective controlled
trial comparing 3DppTi cages to PEEK in both cervical
and lumbar fusion surgery (19). Their lumbar fusions were
performed by a transforaminal approach and assessed 20
patients in each cage. They demonstrated no significant
difference fusion and subsidence rates at 3 and 6 months
when compared to PEEK cages, however the grade of
fusion was significantly better in the 3DppTi cage group.

Many risk factors for subsidence after interbody fusion
have been reported in the literature (5,20,21). These include
both patient factors; such as osteopenia/osteoporosis,
obesity, smoking, age and sex; as well as surgical risk factors,
such as supplemental posterior instrumentation, graft/
cage size, interbody bone graft materials and end plate
preparation/surface area.

The cost of 3DppTi cages used in this study are similar
to their PEEK counterparts with both companies for both
lateral and anterior cages. This is consistent with the results
in a study by Alan et 4/, which demonstrated an overall
superior economic outcome with 3DppTi cages compared to
PEEK, when accounting for differences in revision rates (22).

Explanations of findings

Overall, the limited clinical data of 3DppTi cages reports
a significant improvement in fusion and subsidence rates
when compared to traditional cages.

Implications and actions needed

Although a randomised control study would be preferable, a
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larger prospective matched cohort study would be sufficient
to elucidate the statistical differences in risk factors for
patients undergoing LLIF or ALIF for degenerative lumbar
spine disease.

Conclusions

This study is the first to report subsidence rates in both
LLIF and ALIF surgery using 3DppTi cages. It is also the
first to include two cages from separate companies as a
comparison. The overall subsidence rate in this study was
3.03% with a reoperation rate of 1.5%. The results of this
study are comparable to other publications assessing fusion
rates in Lumbar interbody fusion with these cages and adds
to the growing data that supports the use of these cages
over traditional PEEK and titanium/PEEK cages. There is,
however, a need for a larger scale randomised or matched
cohort study to further validate these findings.
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