= ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH

Clinical and Cost-Effectiveness of Lumbar Interbody Fusion Using
Tritanium Posterolateral Cage (vs. Propensity-Matched Cohort of
PEEK Cage)

Inamullah Khan", Scott L. Parker”, Hansen Bow”, Ahilan Sivaganesan”, Jacquelyn S. Pennings", Byron F. Stephens 11",
Anthony M. Steinle”, Rishabh Gupta"” and Clinton J. Devin"”

1) Department of Orthopaedic Surgery, Vanderbilt University Medical Center, Nashville, United States
2) Department of Neurological Surgery, Vanderbilt University Medical Center, Nashville, United States
3) Steamboat Orthopaedic and Spine Institute, Steamboat Springs, United States

4) University of Minnesota Medical School, Minneapolis, United States

Abstract:

Introduction: Surgical management of degenerative lumbar spine disorders is effective at improving patient pain, disabil-
ity, and quality of life; however, obtaining a durable posterolateral fusion after decompression remains a challenge. Inter-
body fusion technologies are viable means of improving fusion rates in the lumbar spine, specifically various graft materials
including autograft, structural allograft, titanium, and polyether ether ketone. This study assesses the effectiveness of Trita-
nium posterolateral cage in the treatment of degenerative disk disease.

Methods: Nearest-neighbor 1:1 matched control transforaminal lumbar interbody fusion with PEEK vs. Tritanium poste-
rior lumbar (PL) cage interbody fusion patients were identified using propensity scoring from patients that underwent elec-
tive surgery for degenerative disk diseases. Line graphs were generated to compare the trajectories of improvement in
patient-reported outcomes (PROs) from baseline to 3 and 12 months postoperatively. The nominal data were compared via
the o test, while the continuous data were compared via Student’s t-test.

Results: The two groups had no difference regarding either the 3- or 12-month Euro-Qol-5D (EQ-5D), numeric rating
scale (NRS) leg pain, and NRS back pain; however, the Tritanium interbody cage group had better Oswestry Disability In-
dex (ODI) scores compared to the control group of the PEEK interbody cage at both 3 and 12 months (p=0.013 and 0.048).

Conclusions: Our results indicate the Tritanium cage is an effective alternative to the previously used PEEK cage in
terms of PROs, surgical safety, and radiological parameters of surgical success. The Tritanium cohort showed better ODI
scores, higher fusion rates, lower subsidence, and lower indirect costs associated with surgical management, when compared
to the propensity-matched PEEK cohort.

Keywords:
Degenerative lumbar disease, Interbody cage, Interbody fusion, Posterolateral fusion, Spine
Spine Surg Relat Res 2022; 6(6): 671-680
dx.doi.org/10.22603/ssrr.2021-0252

Introduction

Low back pain (LBP) is a highly prevalent and disabling
condition that is associated with significant healthcare costs
in the United States'”. Although many patients with low
back and leg pain are successfully medically managed, as
many as 300,000 patients per year require surgery for medi-
cally refractory back and leg pain”. Over the past two dec-
ades, there has been a 300% increase in the number of spi-

nal surgeries performed and a greater increase in the inci-
dence and prevalence of degenerative spinal disorders™.
Surgical management of degenerative spinal disorders has
proven to be effective at improving patient pain, disability,
and, quality of life*”; however, obtaining a durable postero-
lateral fusion after decompression of neural elements re-
mains a challenge'”'”.

Interbody fusion technologies have emerged as a viable

means of improving fusion rates in the lumbar spine includ-
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ing various graft materials such as autograft, structural al-
lograft, titanium, and polyether ether ketone (PEEK)"™'".
Each material has its own pros and cons for use, with poten-
tial complications including pseudarthrosis, subsidence, and
graft dislodgement'™*”. Furthermore, the risk of such compli-
cations is increased in patients with challenging fusion envi-
ronments including advanced age, osteoporosis, pseudarthro-
sis, obesity, and smoking history®”. Off-label use of recom-
binant human bone morphogenetic protein-2 (thBMP-2) to
increase fusion rates in posterior interbody fusion proce-
dures can be associated with increased complications such
as heterotopic ossification, radiculitis, and endplate osteoly-
sis with interbody subsidence and increased healthcare
cost”. New interbody technologies are being introduced
with the goal of improved fusion rates, decreased complica-
tions, and improved cost-effectiveness. The Tritanium PL
cage (Stryker) is manufactured with 3D printing using tita-
nium alloy (Ti-6Al-4V) and has a porous structure featuring
the Tritanium In-Growth Technology. The cage’s In-Growth
Technology demonstrates that osteoblasts infiltrate via capil-
lary action and attach to and proliferate on the porous Trita-
nium material””. In addition, the porous Tritanium material
has a modulus of elasticity of 6.2 MPa that falls in between
the modulus of elasticity for cancellous (0.14 GPa) and cor-
tical bone (15 GPa)—the two types of bones that constitute
the vertebral body®. On the other hand, without the porous
3D-printed structure, a block of pure titanium alloy (Ti-6Al-
4V) has modulus of elasticity of 117 GPa. Navarrete et al.
examined differences in cellular response to variations in
surface roughness for titanium alloys and found that rough-
ened titanium alloy demonstrates an increase in osteoblast
differentiation and a reduction in osteoclastic activity”. The
authors also reported that the osteogenic-angiogenic re-
sponses were higher for titanium alloy than for PEEK and
the roughened titanium alloy surfaces demonstrated in-
creased levels of bone morphogenetic factors, producing an
osteogenic environment that may further enhance bony fu-
sion®*”. In the present-day literature, there is no direct com-
parison of porous titanium cages to PEEK in the treatment
of degenerative lumbar disk diseases.

We hypothesize that use of a Tritanium PL cage will re-
sult in improved fusion rates, which may then translate into
greater durability in postoperative improvement of pain, dis-
ability, and quality of life improvement postoperatively, de-
creased total disease-specific healthcare expenditure, and im-
proved cost-effectiveness of lumbar interbody fusion proce-
dures. The results of this study will allow for a real-world
assessment of quality and effectiveness for the Tritanium PL
cage in the treatment of degenerative disk disease at one or
two contiguous levels from L2 to S1.

Materials and Methods

Patient selection

An institutional research board waiver was granted for
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this study (100388). All patients undergoing elective spine
surgery for lumbar degenerative diseases at a single medical
center over a period from November 2010 to April 2019
were enrolled into a prospective longitudinal registry. This
included the historical PEEK cohort that spanned from the
beginning of the enrollment period to the end date, whereas
the Tritanium patients were included from the commercial
launch in 2015 (Tritanium PL cages) to the end of enroll-
ment in April 2019. The PEEK cages used in the study in-
cluded the Capstone PEEK cage by Medtronic and the AVS
TL PEEK cage by Stryker. The primary inclusion criteria
for this study were as follows: (1) patients that underwent
lumbar interbody fusion at one or two contiguous levels us-
ing either PEEK or Tritanium PL interbody cages, (2) me-
chanical back pain (defined as pain arising from the spine,
interverbal disks, or surrounding soft tissue) with or without
neurogenic claudication/leg pain, (3) failure of at least 6
months of conservative therapy, and (4) an age of 218 years.
Patients were excluded if they had (1) an extraspinal cause
of back pain or sciatica, (2) had any pre-existing spinal pa-
thology (infection, trauma, or tumor), (3) had previous inter-
body fusion surgeries with pseudarthrosis, or (4) were un-
willing or unable to participate with follow-up procedures.

Surgical safety, patient-reported outcomes, fusion, and
subsidence

Patient demographics, disease characteristics, treatment
variables, surgical details, and all 90-day surgical morbidity
were assessed for each case and entered into a Web-based
portal Research Electronic Data Capture (REDCap)™. Base-
line and 3- and 12-month patient-reported outcomes (PROs)
including Oswestry Disability Index (ODI)*”, numeric rating
scale (NRS) for LBP and leg pain (LP)”, European Quality
of Life-5 Dimensions (EQ-5D)*, and return to work were
prospectively assessed via email, telephone interview, or in-
person during the follow-up clinic visit. In addition, an inde-
pendent data coordinator reviewed the patients’ electronic
medical record for the assessment of surgery-related read-
mission or return to operating room, where any missing
follow-up records were supplemented by patient interviews.

As the standard of care for surgical spine fusion, routine
imaging is performed within the first postsurgical year to as-
sess intact surgical constructs and fusion. Flexion and exten-
sion X-ray images were assessed for both groups to identify
intact lumbar fusion constructs and subsidence of the inter-
body cages™. Fusion was considered successful if the fol-
lowing criteria were met: (1) there was less than 5 mm of
interspinous motion between the flexion and extension ra-
diographs and (2) angular motion was less than 3 to 5° be-
tween flexion and extension radiographs™. Interspinous mo-
tion for the lumbar level of interest was measured using
change (in millimeters) in interspinous process distance be-
tween flexion and extension lumbar radiographs. The most
identifiable landmark near the tip of the spinous process was
used to keep measurements consistent (Fig. 1). Angular mo-
tion was defined as the angular change between flexion and
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Figure 1.
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Extension

Flexion-extension radiographs for a patient who underwent lumbar fusion at the L2-L.3

Figure 2. Lateral flexion and extension radiographs of the lumbar spine demonstrating angular

motion. Across the L4-5 interspace, angular motion measures 3°.

extension radiographs for the level of interest (Fig. 2). Sub-
sidence was graded as the percentage of disk space or verte-
bral body collapse around the interbody graft compared with
the immediate postoperative films: Grade 0, 0%-24% col-
lapse; Grade I, 25%-49% collapse; Grade I, 50%-74% col-
lapse; and Grade III, 75%-100% collapse™.

Cost data

Cost data for the study patients were retrieved from the
hospital discharge and billing records for inpatient hospital
stay and surgery. The direct (hospital’s) and indirect (socie-
tal perspective) costs were calculated. The surgeon’s profes-
sional fee was derived on the basis of Medicare payment
amounts using the resource-based relative value scale, and

the hospital costs were derived using the diagnosis-related
group codes. Indirect costs included patient or family mem-
ber’s workday losses and cost of caregiver, when applied.
The standard capital approach was used to estimate costs by
multiplying the change in hours of work by gross-of-tax
wage rate (based on the wages reported by patients at en-
rollment). These calculations for costs have been validated

in previous studies™™.

Statistical analysis

Nearest-neighbor 1:1 matched control transforaminal lum-
bar interbody fusion (TLIF) with PEEK vs. Tritanium PL
cage interbody fusion surgery patients were identified using
propensity scoring from the cohort of patients that under-
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went elective lumbar spine surgery for degenerative lumbar
disk diseases. In the propensity-matched score generation,
we adjusted for patient-specific variables of age, gender,
body mass index (BMI), race, smoking status, employment,
insurance status, history of comorbidities, motor deficit, am-
bulatory ability, and surgery-specific variable of revision sur-
geries and the baseline PRO scores. Frequencies for cate-
gorical variables and mean (standard deviation) for continu-
ous variables were calculated. Line graphs were generated to
compare the trajectories of improvement in the PROs from
baseline to 3 and 12 months postoperatively. Horizontal bar
graphs were used to plot the proportion of intact fusion and
the incidence of subsidence for the two groups. The nominal
data were compared via the ¥’ test, and the two-way re-
peated measures ANOVA test was used to compare the con-
tinuous data. A P value <0.05 was considered statistically
significant. The analysis was conducted with SPSS, version
23 (IBM Corp., Armonk, New York, USA).

Results

Patient demographics

A total of 228 patients who underwent elective lumbar in-
terbody fusion surgery for degenerative disk diseases and
had completed 12-month follow-up were included in the
study (Table 1). The completion rate for 12-month follow-up
rate was recorded at 81%. The mean age for the 135 female
and 93 male patients was 63.52+9.39 years. Preoperatively,
approximately 70% (n=159) were ambulatory without any
assistance and 29% (n=66) needed device assistance for am-
bulation, whereas 1% (n=2) were non-ambulatory. The mean
BMI of the cohort was 32.71+6.96 kg/m’. The PEEK cohort
had higher proportion of patients with longer duration of
symptoms (p=0.007) and had higher mean number of in-
volved vertebrae (2.68 vs. 1.92, p=0.029) compared to the
Tritanium cohort. In addition, the PEEK cohort had higher
PHQ-9 scores compared to the Tritanium cohort (10.67 vs.
6.26, p<0.001). Twenty percent (n=45) of patients under-
went revision surgery for previous discectomy or decom-
pression surgery.

Patient-reported outcomes, surgical safety, fusion, and sub-
sidence

In light of the propensity score matching, there was no
significant statistical difference in the baseline PRO scores
for the two groups of PEEK and Tritanium interbody cages.
On average, patients in both groups improved regarding the
PROs from baseline to 3- and 12-month scores in a statisti-
cally significant manner (Fig. 3). The two groups had no
difference regarding either the 3- or 12-month EQ-5D (p=
0.288 and 0.450), NRS-LP (p=0.619 and 0.965), and NRS-
BP (p=0.549 and 0.743); however, the Tritanium interbody
cage group had better ODI scores compared to the control
group of the PEEK interbody cage at both 3 and 12 months
(p=0.013 and 0.048) (Table 2).
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A lower proportion of patients were discharged to facility
in the Tritanium interbody cage group compared to the
PEEK group (9% vs. 20% [p=0.014]). However, there was
no statistical difference in the readmissions or return to op-
erating room for the two cohorts (Table 3).

Of 228 patients, 200 had radiological follow-up within the
first year of the lumbar interbody fusion surgery. On review
of the radiological images and electronic medical records,
intact fusion of the surgical levels with no complications
was seen in 90% of the Tritanium cohort, whereas a statisti-
cally significant lower proportion of patients had intact fu-
sion in the control group of the PEEK interbody cage (73%,
p=0.003) (Fig. 4). The images revealed around 40% inci-
dences of subsidence of the cages in the PEEK cohort,
while only 23.5% incidences of subsidence of the cage were
identified in the Tritanium cohort (p=0.010).

Return to work and cost analysis

There was no statistical difference in the return to work
for the two groups, and 90% (n=64) of the preoperatively
employed patients (n=71) returned to work at 3 months
postoperatively (Table 4). The direct cost of surgery and epi-
sode of care had no statistical difference (p=0.950); how-
ever, the indirect costs for healthcare resource utilizations
were higher for the PEEK group than for the Tritanium
group (p=0.006) (Table 5).

Discussion

In this study, we used prospectively collected data from a
single institute to compare the surgical safety, PROs, cost,
and radiological outcomes for two different types of lumbar
interbody cages: PEEK and Tritanium. This is the first study
of its nature to compare such outcomes for the two cages in
propensity-matched cohorts. Our results identified that the
Tritanium cage had better results regarding improvement in
ODI score, lower discharge rates to facility, lower indirect
cost, higher postoperative fusion, and lower rates of subsi-
dence; however, no differences were identified in the EQ-
5D, NRS-BP/LP, postoperative readmissions/return to oper-
ating room, and return to work.

In this study, there was no difference in the quality of life
scores at both 3- and 12-month follow-up between the two
groups. Cuzzocrea et al. demonstrated a similar trend in the
quality of life scores comparing metallic cages to PEEK
cages'. In a very similar manner, there was no difference in
either the 3- or 12-month axial or extremity pain scores.
However, the Tritanium cage patients had improved both the
3- and 12-month ODI scores compared to the PEEK cage.
Cabraja et al. compared the cervical fusions and clinical out-
comes in PEEK and solid titanium cages and identified that
there were no differences in the disability or pain scores'’.
Arts et al. compared porous titanium 3D-printed cages used
in cervical fusions and identified no difference in the dis-
ability or pain scores at 1-year postsurgery*”. Titanium cages
have shown comparable results in terms of pain scores, early
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Table 1. Patient Characteristics.
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Total (228)

Control TLIF

Tritanium PL

N (%) (PEEK) (114)  cage (114) P value
Age 63.52+9.39 63.99+8.95 63.05+9.83 0.452
Gender Female 135 (59.2%) 72 (63.2%) 63 (55.3%) 0.225
Male 93 (40.8%) 42 (36.8%) 51 (44.7%)
Race African American 29 (12.7%) 17 (14.9%) 12 (10.5%) 0.502
Caucasian 196 (86.0%) 95 (83.3%) 101 (88.6%)
Other 3(1.3%) 2 (1.8%) 1 (0.9%)
Currently employed 71 (31.1%) 32 (28.1%) 39 (34.2%) 0.317
Ambulatory Non-ambulatory 2 (0.9%) 2 (1.8%) 0 (0.0%) 0.111
preoperatively With assistance 66 (28.9%) 28 (24.6%) 38 (33.3%)
Without assistance 159 (69.7%) 84 (73.7%) 75 (65.8%)
Duration of <3 months 10 (4.4%) 2 (1.8%) 8 (7.0%) 0.007*
symptoms 3-12 months 58 (25.4%) 22 (19.3%) 36 (31.6%)
>12 months 160 (70.2%) 90 (78.9%) 70 (61.4%)
Current smoker 22 (9.65%) 14 (12.28%) 8 (7.02%) 0.178
Any narcotic use 101 (44.30%) 58 (50.88%) 43 (37.72%) 0.046
Insurance payer Medicare/Medicaid 123 (53.9%) 62 (54.4%) 61 (53.5%) 0.283
Private 82 (36.0%) 41 (36.0%) 41 (36.0%)
Uninsured/indigent 3 (1.3%) 3(2.6%) 0 (0.0%)
VA/government 20 (8.8%) 8 (7.0%) 12 (10.5%)
Neurogenic claudication 43 (18.9%) 26 (22.8%) 17 (14.9%) 0.128
Motor deficits 49 (21.5%) 24 (21.1%) 25 (21.9%) 0.872
Primary/revision Primary 183 (80.3%) 96 (84.2%) 87 (76.3%) 0.134
Surgery Revision 45 (19.7%) 18(158%) 27 (23.7%)
Primary diagnosis  Deformity/scoliosis 30 (13.2%) 21 (18.4%) 9 (7.9%) 0.091
Herniated disc 22 (9.6%) 10 (8.8%) 12 (10.5%)
Spondylolisthesis 121 (53.1%) 60 (52.6%) 61 (53.5%)
Stenosis 55 (24.1%) 23 (20.2%) 32 (28.1%)
BMI 32.71+6.96 33.04+7.31 32.37+6.61 0.469
Number of Levels Involved 2.30+2.64 2.68+3.14 1.92+1.96 0.029*
PHQ9 8.49+6.30 10.67+6.61 6.26+5.12 <0.001*
ASA grade (>2) 191 (83.77%)  96(84.21%)  95(83.33%)  0.857
History of CAD 45 (19.7%) 27 (23.7%) 18 (15.8%) 0.134
History of hypertension (HTN) 163 (71.5%) 82 (71.9%) 81 (71.1%) 0.883
History of COPD 9 (3.9%) 6 (5.3%) 3 (2.6%) 0.308
History of arthritis 168 (73.7%) 88 (77.2%) 80 (70.2%) 0.229
History of diabetes 58 (25.4%) 30 (26.3%) 28 (24.6%) 0.761
History of osteoporosis 7 (3.1%) 4 (3.5%) 3 (2.6%) 0.701

mean=SD for continuous variables and n (%) for categorical variables
ASA, American Society of Anesthesiology grade; BMI, body mass index; CAD, coronary artery disease; COPD, chronic

obstructive pulmonary disease

1:2 Nearest-neighbor match by age, gender, race, insurance, employment status, ambulation, BMI, diabetes, smoking sta-

tus, motor deficits, revision surgery, and baseline ODI score

*P values <0.05 indicate a significant difference
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(a-d) Change in PRO scores for patients in Tritanium PL cage and TLIF control group (PEEK) over follow-up

Table 2. Patient-reported Outcomes at the 3- and 12-month Follow-up Time Points.

Tritanium PL

Total Control TLIF P value
cage

Preoperative EQ-5D 0.541+0.199 0.532+0.206 0.549+0.193 0.521
EQ-5D: 3-month 0.755+0.170 0.743+0.166 0.767+0.174 0.288
EQ-5D: 12-month 0.733+0.199 0.723+0.207 0.743+0.192 0.450
Preoperative ODI score 44.29+12.96 45.16+12.79 43.41+13.11 0.309
ODI score: 3-month 28.28+16.05 30.97+15.95 25.69+15.78 0.013*
ODI score: 12-month 27.26x17.60 29.56x17.74 24.96x17.23 0.048*
Preoperative NRS-LP 6.75+2.74 6.50+2.96 6.99+2.48 0.177
NRS-LP: 3-month 2.73+3.18 2.84+3.14 2.63+3.23 0.619
NRS-LP: 12-month 3.26+3.41 3.25+3.53 3.27+3.29 0.965
Preoperative NRS-BP 6.85+2.38 7.11+2.26 6.59+2.47 0.099
NRS-BP: 3-month 3.36+2.51 3.46+2.49 3.26+2.54 0.549
NRS-BP: 12-month 3.98+2.75 4.04£2.75 3.92+2.77 0.743

mean=SD for continuous variables and n (%) for categorical variables
EQ-5D, European Quality of Life-5 Dimensions;, ODI, Oswestry Disability Index; NRS, numeric rating

scale; LP, leg pain; BP, back pain

1:2 Nearest-neighbor match by age, gender, race, insurance, employment status, ambulation, BMI, dia-

betes, smoking status, motor deficits, revision surgery, and baseline ODI score

*P values <0.05 indicate a significant difference

or late complications when used in surgical management of
thoracolumbar spine fractures'”. PHQ-9 and ODI scores
were significantly greater in the PEEK cohort. These two
scores have a moderate correlation, with higher depression
scores resulting in worse ODI scores*. Risk factors for de-
pression include poor social support and significant life
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changes, such as moving*. The PEEK cohort had a higher
rate of patients being discharged to a facility. This could
have weakened social support for patients and created addi-
tional stress, leading to increasing rates of depression that
then negatively impacted ODI scores™.

The primary goal of the lumbar interbody fusion is to
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Table 3. 90-day Morbidity (N=228).
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Control TLIF Tritanium PL

Toal N (%) pppK) (114) cage (114) P value

Discharge to facility 33 23 (20.18%) 10 (8.77%) 0.014%*
Readmission 14 9 (7.9%) 5 (4.39%) 0.270

Reasons for readmission

Wound dehiscence/surgical site infection 2

Pain 2

Medication related 1

Hardware revision 2 1 (trauma related)

New neurologic deficits 1

Medical (unrelated to spine) 4 1
Return to OR 6 4 (3.50%) 2 (1.75%) 0.369
Reasons for return to OR

Infection (SSI) 1

Wound related 1 1

Hardware related 2 1

P value: Chi-square/exact test
SSI, surgical site infection
*P values <0.05 indicate a significant difference

Radiological Comparison of Fusion and Subsidences

' B 89.60%
Fusion (p=0.003) 73.10%
_ B 23.50%

suncence (o=0010) |y 10,20

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Tritanium  ® Control TLIF (PEEK)
Figure 4. Comparing the radiological fusions and subsidence in the two groups.
Table 4. Return to Work.
Tritanium PL Control TLIF
Total N (%) cage (PEEK) P value
Employed preoperatively 71 (31.1%) 39 (34.2%) 32 (28.1%) 0.317
Return to work 64 (90.14%) 36 (92.3%) 28 (87.5%) 0.499

Table 5. The Average Cost of Surgery and Indirect Cost during 1-year after

Surgery.
Tritanium PL cage Control TLIF (PEEK) P value
Cost of surgery 29,194.90+12,130.14 29,291.43+11,057.83 0.950
Indirect cost 2,474.26+2,574.31 3,706.84+4,020.52 0.006%*

*P values <0.05 indicate a significant difference

achieve union of the involved vertebral bones. The Trita-
nium cohort in our study had higher proportion of patients
who achieved successful fusion compared to the PEEK
cage. McGilvray et al. identified similar superiority in the
rates of fusion and bone in-growth profile for the 3D-printed

porous titanium cages in their ovine lumbar fusion model
compared to PEEK cages'. Previous studies have reported
inconclusive results regarding successful vertebral fusion
with PEEK cages compared to titanium alloy**”; however,

we believe that the inconsistency can be explained by the
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fact that the authors assessed solid titanium cages of non-
porous structure. In a cervical prospective controlled trial,
Nemoto et al. identified no difference in the fusion rates at
1-year postoperative images for the porous 3D-printed tita-
nium compared to PEEK cages™.

The literature identifies varying rates of subsidence for
lumbar interbody fusion ranging from 8% to 32% for differ-
ent types of interbody graft materials™**". In our cohort, we
observed an overall subsidence rate of 32.1% and the Trita-
nium cage had lower incidence of subsidence compared to
the PEEK cage. Previously, metallic cages have been associ-
ated with higher rates of subsidence™, which can be attrib-
uted to the higher modulus of elasticity of the solid metallic
implant™. However, the porous 3D-printed technology re-
duces the modulus of elasticity of the titanium alloy, bring-
ing it closer to that of the constituent bones of the vertebral
body. Hence, the subsidence rates were lower in our cohort
than in previous reports that used solid titanium cages.
Zachary et al. reported a higher correlation between subsi-
dence and a need for revision surgery™; even though the
PEEK cages had higher incidences of subsidence, we did
not observe any difference in the return to operating room
during the I-year follow-up. The lower rates of subsidence
in the Tritanium cages compared to the PEEK cages could
be due to the higher osteogenic-angiogenic response re-
ported in titanium cages compared to PEEK cages ***”. The
literature demonstrates that the mean time between index
surgery and development of symptoms from non-union is
2.69 years™, Keeping in mind that our data is limited by
I-year follow-up, we believe that the higher rates of non-
union will drive the cost associated with revisions for PEEK
cage when compared to Tritanium cage at a time point be-
yond 1 year. Having said that, the PEEK cohort had higher
costs related to postoperative resource utilizations, which in-
cludes cost pertaining to 90-day readmissions/complications,
inpatient/outpatient physical therapy/occupational therapy,
pain medications, and imaging studies. The increase in cost
could potentially be explained by the higher rate of dis-
charge to a facility in the PEEK group. Skilled nursing fa-
cilities commonly care for patients requiring additional
physical and occupational therapy than those discharged
home™. Patients who are sent to a facility will have higher
therapy costs than those discharged home, which could ex-
plain why the PEEK cohort had higher indirect costs.

The findings of this study should be interpreted in light of
its inherent limitations. This study represents the experience
of a single institute spine center. The post-discharge resource
use costs are estimated by data extracted from the electronic
medical records and supplemented by patient interview to
capture care outside of the facility. However, the patient in-
terview is subject to recall bias. The one significant differ-
ence in the two population was that the number of vertebral
levels involved, and the PEEK patients had more patients
with two contiguous segments fused (three levels) compared
to the Tritanium cage. Despite the aforementioned limita-
tions, we adjusted for a comprehensive list of variables cap-
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tured in a single-center prospective longitudinal spine regis-
try in our propensity score matching.

Conclusion

This study represents the first real-world comparison of a
porous titanium cage to a PEEK cage in the elective surgical
management of degenerative lumbar disc diseases. Our re-
sults indicate that the porous titanium cage (Tritanium) is an
effective alternative to the previously used PEEK cage in
terms of PROs, surgical safety, and radiological parameters
of surgical success. The Tritanium cohort showed better ODI
scores, higher fusion rates, lower subsidence, and lower in-
direct costs associated with surgical management, when
compared to the propensity-matched PEEK cohort. The re-
sults of this study are unique and can inform surgeons’ deci-
sions for interbody cage material in the treatment of lumbar
degenerative disc diseases.
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