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Abstract

Introduction: Minimally-invasive transforaminal lumbar interbody fusion offers a conservative surgical option designed to reduce complications.
A novel allograft growth factor including multiple factors associated with bone remodeling is utilized and independently assessed for efficacy in

supporting fusion.

Case presentation: To evaluate post-surgical follow-up radiology for fusion status of MI-TLIF levels implementing novel allograft growth factor to

support bony remodeling

Methods: A fellowship trained orthopedic surgeon collected 102 consecutive studies and was granted a waiver by an Institutional Review Board
for retrospective assessment of post-surgical radiology to follow state of fusion.

Results: At three months, 72 of 104 (69.2%) levels assessed were deemed to be fused, at six months 87 of 116 (75.0%) levels assessed were
deemed to be fused, at twelve months 107 of 113 (94.7%) levels assessed were deemed to be fused, at eighteen months 107 of 109 (98.2%)
levels assessed were deemed to be fused and ultimately at twenty-one months all 108 of 108 (100%) levels reviewed were deemed to be fused.

Conclusion: Novel allograft growth factor demonstrates efficacy with regards to supporting bony fusion with regards to MI-TLIF procedures

observed.
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Introduction

Beneficial to post-surgical healing, the Minimally Invasive Transforaminal
Lumbar Interbody Fusion (MI-TLIF) procedure generally requires smaller
instrumentation; however, the reduction in operative aperture can present
unique challenges including reducing or limiting access to the disc space.
Cages deployed to facilitate MI-TLIF have seen a progression of technology
including the advent of expandable variations in the last decade, generally with
the goal to better serve the microscopic environment common to the minimally
invasive methodology. In recent years, hiologics used to support remodeling
associated with fusion of bone have grown beyond the single rhBMP approach.
[1,2]. Additional growth factors important to these osteogenic cascades such
as Transforming Growth Factor Beta (TGF-p), Fibroblast Growth Factor (FGF),
Platelet-Derived Growth Factor (PDGF) and Vascular Endothelial Growth
Factor (VEGF) have also proven beneficial to the paradigm [1-5].

Derived primarily from facetectomy and osteophyte removal, autograft
collected in service of MI-TLIF procedures has shown to incorporate benefit
from both the cortical bone lending structural support to the intervention as well
as the cancellous bone shown to contain bone cells crucial to bony remodeling
[4]. When used alone, local autograft has reported variable success [6-8].
These local components are often bolstered by iliac crest autograft which has
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remained the gold standard despite the challenges and morbidity associated
with collection [9]. Many extenders such as Demineralized Bone Matrix (DBM)
and various ceramic compounds have demonstrated benefit and have been
increasingly employed to offset the risks associated with iliac crest collection
methods [10].

Recombinant biologics including rhBMP-2 have long been used to
assist surgeons in achieving interbody fusion of the lumbar spine [11-14]. On
occasion the use of singular recombinant bone morphogenetic protein has also
demonstrated complications including pseudoarthrosis [15-17]. Additionally,
potential post-operative inflammatory changes hypothesized to be the result
of supra-elevated concentrations of BMP-2 at the surgical site have also been
reported [13-17].

A novel approach has been developed to harvest the growth factor
content contained in the endosteal portion of allograft bone which provides
a broad spectrum of proteins present in the native tissue. This endosteal
allograft material contains many growth factors that have previously been
cited in the literature to provide benefit to several aspects of bony remodeling.
These include BMP-2, BMP-4, BMP-6, BMP-7, BMP-9, TGF-B, FGF-2, PDGF
and VEGF among many others [2-5]. To date, single growth factor biologics
including rhBMP-2, when paired with appropriate scaffold have demonstrated
efficacy on par with the gold standard iliac crest autograft [1,2]. However,
some have suggested the complications associated with its use is a product
of a supraphysiological dose of a single growth factor. Instead, hydrating
the scaffold with this novel allograft growth factor supports the use of a
comprehensive collection of proteins to be used in promoting bony fusion,
which better replicates the natural environment [12-14].

Materials and Methods

A single, fellowship trained orthopedic surgeon aggregated 102
consecutive patients requiring at least one-level, minimally invasive
transforaminal lumbar interbody fusion over a window to include procedures
from November 2018 thru August 2022. The 102 patients reviewed included
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102 procedures. Available radiology was binned in reporting windows of 3,
6, 12, 18, and 24 months with each category including a margin of error of +
1.5 months [15-17]. A waiver was granted by an Institutional Review Board
(WIRB) for retrospective evaluation of radiology collected in order to follow
and determine the state of fusion on any levels requiring surgical intervention
in which ProteiOS® (Biologica Technologies, Carlshad, CA) allograft growth
factor was utilized [18,19]. Radiology assessment was independent radiologist
reviewed and classified by state of fusion according to Brantigan, Steffee and
Fraser criteria reproduced in (Table 1a).

Pathologies requiring the MI-TLIF procedure included pain, stenosis,
radiculopathy, instability, kyphosis, spondylolisthesis and/or scoliosis. The
cohort included two prior pseudoarthroses, two post-traumatic Herniated
Nucleus Propulsi (HNP) and one individual diagnosed with sagittal imbalance
(flat back syndrome). Pain presented the largest single diagnosis at time of
procedure impacting 88 of the 102 patients involved (86.3%), followed by
stenosis (64/102, 62.7%), radiculopathy (58/102, 56.9%) and instability (51/102,
51.0%), each impacting more than half of the cohort. Additionally, kyphosis
(40/102, 39.2%), spondylolisthesis (31/102, 30.4%) and scoliosis (7/102,
6.9%) are represented as well as HNP (3/102, 2.9%), prior pseudoarthrosis
(2/102, 2.0%), and sagittal imbalance (1/102, 1.0%) noted on (Table 2a).

Only 1 of 102 (1.0%) procedures included adjacent-level intervention to
three levels and thus accounted for only 3 of 124 (2.4%) the levels reviewed.
Another 20 of 102 procedures (19.6%) included adjacent-level intervention to
two levels and thus accounted for 40 of 124 (32.2%) levels reviewed. The bulk
of TLIF procedures reviewed were single level, 81 of 102 (79.4%), accounting
for 81 of 124 (65.3%) levels reviewed.

Of the interventions reviewed by level, 1 of 124 (0.8%) occurred at L1-L2,
1 of 124 (0.8%) occurred at L2-L3, 7 of 124 (5.6%) occurred at L3-L4, 62 of
124 (50.0%) occurred at L4-L5 and 53 of 124 (42.7%) at L5-S1 noted on (Table
2b) (Figures 1-6).

In each of the procedures considered, the physician elected to utilize
collagen-mineral matrices, demineralized bone fibers, or Demineralized Bone
Matrix (DBM) where the scaffold was first rehydrated using the novel allograft
growth factor as noted on (Table 2c).

Of the 102 patients included in this review providing 102 procedures or
124 levels, 56 were female (55.4%) and 46 were male (45.6%) with a median
age of 61.8 years [21.5-88.9] with the youngest reported to be 21.5 years and
the oldest reported to be 88.9 years. Of the 102 procedures considered 4 of
102 (3.9%) were aged 20 — 34.9 years, 16 of 102 (15.7%) were aged 35 - 49.9
years, 37 of 102 (36.3%) were aged 50 — 64.9 years, 38 of 102 (37.3%) were
aged 65-79.9 years and 7 of 102 (6.9%) were aged 80 — 94.9 years at time of
surgical intervention presented on (Table 2d).

Comorbidities within the cohort were reviewed and 35 of 102 (33.7%)
patients did not report a comorbidity, 31 of 102 (30.4%) reported High
Blood Pressure (HBP), with 12 of 102 (11.8%) reporting hypertension, 11
of 102 (10.8%) reported a thyroid condition, 10 of 102 (9.8%) reported heart
disease, 9 of 102 (8.8%) reported osteoporosis, 7 of 102 (6.9%) reported
rheumatoid arthritis, 5 of 102 (4.9%) reported lung disease, 4 of 102 (3.9%)
reported diabetes, 3 of 102 (2.9%) reported osteoarthritis, 2 of 102 (2.0%)
reported kidney disease, 2 of 102 (2.0%) reported stroke, 2 of 102 (2.0%)
reported asthma, 2 of 102 (2.0%) reported a history of cancer, 1 of 102 (1.0%)
reported multiple myeloma, 1 of 102 (1.0%) reported Lyme disease, 1 of 102
(1.0%) reported Meneire’s disease, and 1 of 102 (1.0%) reported a history of
myocardial infarction per (Table 2e).

Additional observation was accrued for a limited portion of the cohort
with 25 of the 102 patients reviewed by the authors for extended profile data
specifically regarding AHA status, smoking status, BMI, length of surgery,
OR time, return visit (ER/OR) and infection. For the 25 of the 102 patients
currently represented in this extended profile component, 15 of 25 (60.0%)
reported status ASA IIl and the remaining 10 of 25 (40.0%) reported ASA II. Of
the 25 extended-profile patients reviewed, 15 of 25 (60.0%) had no history of
smoking, 10 of 25 (40.0%) had a history of smoking. Of those with a history of
smoking, 8 of 10 (80.0%) responded as former smokers (cessation of smoking
activity > 12M) and with one patient quitting prior to surgery and a single patient
responding as an active smoker included in the recent and/or active smoker
category or 2/10 (20.0%) as noted in (Table 2f).

Regarding the extended profile feature BMI reviewed on 25 of the 102
patients, 2 of 25 (8.0%) were within normal weight standards reporting a BMI

Table 1a. Classification of interbody fusion success: Brantigan Steffee Fraser (BSF).

(BSF) BSF-3: Radiographical fusion: Bone bridges at least half of the fusion area with at least the density originally achieved at surgery, radiographical fusion through one cage
(half of the fusion area) is considered to be mechanically solid fusion even if there is lucency on the opposite side

BSF-2: Radiographical locked: Pseudoarthrosis is indicated by lucency visible in the middle of the cages with solid bone growing into the cage from each vertebral endplate

BSF-1: Radiographical pseudoarthrosis is indicated by collapse of the construct, loss of disc height, vertebral slip, broken screws, displacement of carbon cage, or significant
resorption of the bone graft, or lucency visible around the periphery of the graft or cage

Table 2a. Cohort diagnosis pool (n=102).

Pain
Stenosis
Radiculopathy
Instability
Kyphosis
Spondylolisthesis
Scoliosis
HNP
Priorpseudoarthrosis
Imbalance(sagittal)

88/102 (86.3%
64/102 (62.7%
58/102 (56.9%
52/102 (51.0%
401102 (39.2%
(
(
(
(
(

KRR R ROR RN RCS)

31/102 (30.4%
7/102 (6.9%)
3/102 (2.9%)
2/102 (2.0%)
1/102 (1.0%)

Table 2h. Breakdown by level (n=124).

L1-L2
L2-L3
L3-L4
L4-L5
L5-S1
L1-L2
Total
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1(0.8%)
1(0.8%)
7 (5.6%)
62 (50.0%)
53 (42.7%)
1(0.8%)
124
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Figure 1. Radiograph series: GRAFT_0496 L4-L5 DOS 02/11/21 5cc ProteiOS/5cc
Collagen-mineral putty.

Figure 2. CT series: GRAFT_0025 L5-S1 DOS 04/30/19 5cc ProteiOS/5cc Collagen-
mineral putty @15M.

Figure 3. CT series: GRAFT_0092 L4-L5 DOS 12/31/19 5cc ProteiOS/5cc Collagen-
mineral putty @12M.

Figure 4. CT series: GRAFT_0187A L3-L4 DOS 11/07/20 5cc ProteiOS/5¢cc Collagen-
mineral putty @21M.

greater than or equal to 18.5 to 24.9 kg/m?, additionally 8 of 25 (32.0%) were
classified as overweight reporting a BMI greater than or equal to 25 to 29.9 kg/
m?, finally 15 of 25 (60.0%) were classified as obese reporting a BMI great than
or equal to 30 kg/m?. Within the subcategory of those classified with obesity, 6
of 15 (40.0%) are classified as Obesity class | reporting a BMI 30 to 34.9 kg/
m?, 5 of 15 (33.3%) are classified as Obesity class Il reporting a BMI 35 to 39.9
kg/m2, and finally 4 of 15 (26.7%) are classified as Obesity class Il reporting a
BMI greater than or equal to 40 kg/m? (also referred to as severe, extreme or
massive obesity) as noted with (Table 2g).
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Figure 5. CT series: GRAFT_0404 L5-S1 DOS 03/25/21 5cc ProteiOS/5¢c Collagen-
mineral putty @ 18M.
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Figure 6. Reported fusion rates vs. reported historical control.
Table 2c. Breakdown by level (n=124).
Collagen-cineralputty 75 (73.5%)
Demineralizedbonefiber 22 (21.6%)
DBMw/cancellouschips 1(1.0%)
DBMputty 1(1.0%)
Collagen-mineral putty w/Demineralized bone fibers 3(2.9%)
Total Procedures 102
Table 2d. Breakdown by scaffold (n=102).
20-34.9 years 4 3.9%
35-49.9 years 16 15.7%
50-64.9 years 37 36.3%
65-79.9 years 38 37.3%
80-94.9 years 7 6.9%

Total 102 -

Table 2e. Breakdown by age at date of procedure (n=102).

HBP 31/102 (30.4%)

Hypertension 12/102 (11.8%)

Thyroid 11/102 (10.8%)

Heart disease 10/102 (9.8%)
Osteoporosis 9/102 (8.8%)
Rheumatoid arthritis 7/102 (6.9%)
Lung disease 5/102 (4.9%)
Diabetes 41102 (3.9%)
Osteoarthritis 3/102 (2.9%)
Kidney disease 2/102 (2.0%)
Stroke 2/102 (2.0%)
Asthma 2/102 (2.0%)
History of cancer 2/102 (2.0%)
Multiple myeloma 1/102 (1.0%)
Lyme disease 1/102 (1.0%)
Meneire's disease 1/102 (1.0%)
Myocardial infarction 1/102 (1.0%)
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Table 2f. Limited profile breakdown regarding smoker vs. non-smoker (n=25).

Non-smoker 15 (60.0%)
History of smoking 10 (40.0%)
Former smoker (quit >1y) 8/10 (80.0%)
Active/Recent 2/10 (20.0%)
Total 25

Table 2g. Limited breakdown of bmi classification at time of procedure (n=25).

Normalweight(BMI > 18.5t024.9 kg/m?) 2 (8.0%)

Overweight(BMI > 25t029.9 kg/m?) 8 (32.0%)

ObesityclassI(BMI > 30t034.9 kg/m?) 6 (24.0%)

ObesityclasslI(BMI > 35t039.9 kg/m?) 5 (20%)

Obesity class Ill (BMI > 40 kg/m?) 4 (16.0%)
Total 25 -

From the cohort of n=102, of the 25 patients with extended profile details
available reviewed accounted for a total of 3594 minutes (59.9 hours) of
surgery time or 5306 minutes (88.4 hours) of time booked in the operating
room. The median surgery time was 136 minutes (2.3 hours) with the shortest
reporting 63 minutes (1.0 hours) and the longest reporting 358 minutes (6.0
hours). Of the 25 reviewed, 1 of 25 (4.0%) returned to the OR for dehiscence,
vac/closure, 1 of 25 (4.0%) returned to the OR with infection presenting after
four months and 1 of 25 (4.0%) was re-admitted one-week post-operatively
for observation with no additional surgery required; additionally one patient of
the 25 reviewed (4.0%) presented to the ER with back pain at 18 months and
underwent subsequent foraminotomy and spinal cord stimulator implantation
at adjacent level and a final one of 25 patients (4.0%) returned to the ER and
OR at 3.5 weeks post-operatively for subsequent revision to the operative level
[20-23].

Results

At three months, 72 of 104 (69.2%) levels assessed were deemed
to be fused, 28 of 104 (26.9%) levels demonstrated partial fusion and 4 of
104 (3.8%) presented with limited evidence of fusion and 20 levels did not
include imaging for assessment at the three month interval. At six months 87
of 116 (75.0%) levels assessed were deemed to be fused, 26 of 116 (22.4%)
levels demonstrated partial fusion and 3 of 116 (2.6%) presenting with limited
evidence of fusion. At twelve months 107 of 113 (94.7%) levels assessed were
deemed to be fused, with 5 of 113 (4.4%) demonstrating partial fusion and 1 of
113 (0.9%) presenting with limited evidence of fusion. At eighteen months 107
of 109 (98.2%) levels assessed were deemed to be fused with the remaining
2 of 109 (1.8%) levels demonstrating partial fusion. At twenty-one months all
108 of 108 (100%) levels reviewed were deemed to be fused as presented
with (Table 3a).

Regarding those patients for which an extended profile was collected
(n=25), a comparative analysis was produced regarding fusion rates between
those with a history of smoking vs. those without. 5 of 10 (50.0%) reported
fused at three months for those with a history of smoking vs. 11 of 15 (73.3%)
reported fused at three months for those without a history of smoking. At six
months, 7 of 10 (70%) reported as fused for those with a history of smoking vs.
13 of 15 (86.7%) for those without a history of smoking. At twelve months, 8 of
10 (80.0%) reported as fused for those patients with a history of smoking with
all 15 of 15 (100.0%) of those reported with no history of smoking reported as
fused. The remaining smokers reported as fused at eighteen and twenty-one
months respectively. Ultimately, all those for which extended profile information
was made available reported as fused (25/25, 100%) regardless of smoking
status as noted in (Table 3b). A chi-square test of independence showed no
significant association between smoking status and fusion outcome (p=0.285).

Discussion

MI-TLIF procedures utilizing the novel allograft growth factor resulted in

Page 4 of 5

Table 3a. Limited profile breakdown regarding smoker vs. non-smoker (n=25).

Reporting window 3M 6M 12M 18M 24M
BSF-3: 72 87 107 107 108
BSF-2: 28 26 5 2 0

# of levels 104 116 13 109 108
BSF-3@ 69.2%  75.0%  947%  98.2%  100.0%
BSF-2 @ 26.9% 22.4% 4.4% 1.8% 0.0%
BSF-1 @ 3.8% 2.6% 0.9% 0.0% 0.0%

Table 3b. Limited fusion results comparing non-smoker vs. smoker by month (n=25).

Durati BSF-3 @ BSF-3 @ BSF-3 @ BSF-3 @ BSF-3 @
uration 3months* 6 months* 12 months* 18 months* 21 months*
Non-smoker (715”;;) 13/1(86.7%) 15/5(100%) 15/5 (100%) 15/5 (100%)
. 0,
Hx of 7/100
1 .0% 1 .0%) 9/1 .0%) 10/10 (100%
smoking 5/10 (50.0%) (70.0%) 8/10 (80.0%) 9/10 (90.0%) 10/10 (100%)

superior fusion rates as compared to reported fusion rates for autograft and
other advanced orthobiologics products. Fusion rates for MI-TLIF procedures
utilizing local bone were reported by Kasliwal MK, et al. at 12 months were
67.5%. Fusion rates of rhBMP-2 and a growth factor enriched allograft reported
by Roh JS, et al. at 6 months were 39.3% and 59.7%, respectively. Using a chi-
square test to compare the studies, utilization of ProteiOS resulted in higher
fusion rates than local bone (p<0.0001), rhBMP-2 (p<0.0001), and growth
factor enriched allograft bone (p=0.005). While context may be limited due
to the variables each of these studies may have in common, this comparison
suggests that successful fusion is not only more prevalent in ProteiOS treated
cases but also may occur at a faster rate than the other alternatives mentioned
in Figure 1.

Bone remodeling and repair is a complex process that requires the
cooperative functions of a myriad of cells and growth factors that occur over
a regulated spaciotemporal framework. An ideal biomaterial used in these
procedures would be well served to recapitulate this environment as much as
possible. It has been shown that BMP-2, BMP-4 and TGF-3 are instrumental in
recruiting precursor cells to where bony remodeling is needed and encourage
proliferation and differentiation [13,18,19]. Additionally, IGF-1 and PDGF-BB
have been shown to induce migration of bone cells critical to all phases of bony
remodeling and induce osteogenesis [13,20,21]. Acknowledging the need for
ample blood supply to facilitate healing, FGF and VEGF are known angiogenic
factors required for neovascularization [2,22]. The necessity and integration
of each of these growth factors within the cascades proven to be instrumental
to bony healing imply a benefit beyond what a singular protein might provide.

Furthermore, when considering those individuals diagnosed with existing
comorbidities such as tobacco use, diabetes and/or other vascular disease, the
inherent benefit of a providing a multi-factored graft in amounts consistent with
native tissue to support bony healing should not be underestimated. Within
the cohort, a number of these patients had known comorbidities each of which
individually contribute to the potential for interruption to multiple remodeling
cascades. The advent of an allograft solution that provides these native factors
may be of value in those patients with evidence of these comorbidities.

In recognition of the limitations of this review, the analyses were
retrospective case reviews with a relatively small patient cohort. Absent patient
demographics and control groups, limited correlations with time to fusion can
be reached. Additionally, an evaluation of the operative time associated with
this allograft as compared to other common grafts routinely employed with
equivalent procedures could provide additional value. Continued research into
this novel biologic will be beneficial as additional data becomes available.

Conclusion

The novel allograft growth factor used to support bony fusion was found
to be efficacious in this retrospective study of interbody fusions done in the
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lumbar spine. This donor-derived growth factor offers an allograft solution that
provides a safe, effective alternative in scenarios where autograft availability
is limited or contraindicated. Additionally, this allograft tissue option contains
a myriad of growth factors involved in bone healing which may be more
successful in a bone fusion surgical setting as compared to single-factor
recombinant options currently available.
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