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ABSTRACT

Background: This review seeks to investigate the clinically relevant bone graft materials in single-level transforaminal
lumbar interbody fusion (TLIF) procedures as defined by (1) primary outcomes (ie, fusion rates and complication rates) and
(2) patient-reported outcomes (ie, visual analog scale [VAS] and Oswestry disability index [ODI]). Because of the advantages
in stimulating bone growth, autologous bone grafts such as the iliac crest bone graft (ICBG) have been the gold standard.
Numerous alternatives to ICBG have been introduced. Understanding the risks and benefits of bone graft options is vital to
optimizing patient care.

Methods: A PubMed search was performed for all clinical studies published between January 2008 and March 2023
that referenced the single-level TLIF procedure as well as one of the following grafts: autograft, allograft, bone morphogenetic
protein (BMP), demineralized bone matrix, or mesenchymal stem cells (MSCs). Case studies and reports were excluded.

Results: Twenty-eight studies met the inclusion criteria. Studies from the PubMed search demonstrated similarly high
fusion rates across nearly all graft materials, the lone exception being MSCs, which showed lower fusion rates. ICBG grafts
experienced higher rates of postoperative graft site pain. The BMP graft material had high rates of radiculitis, heterogeneous
ossification, and vertebral osteolysis. Patients saw an overall improvement in VAS and ODI scores with all graft materials.

Conclusion: Local autografts and ICBG have been the most studied. Fusion rates during single-level TLIF were similar
across all graft materials except MSCs. Patient-reported pain levels improved after TLIF surgery regardless of the type of grafts
used. While BMP implants have shown promising benefits, they have introduced a new array of complications not normally seen
in ICBG implants. The study is limited by the lack of evidence of certain graft materials as well as nonuniformity in metrics

evaluating the efficacy of graft materials.

Focus Issue Article

Keywords: bone graft, TLIF, single level, spinal fusion, autologous, ceramic, bone morphogenic protein, allograft, synthetics,

mesenchymal stem cells

BACKGROUND

Transforaminal lumbar interbody fusion (TLIF) is
an established approach to spinal fusion surgery that
involves accessing the lower spine through the inter-
vertebral foramina. The vertebral disc is subsequently
removed, and a bone graft is placed to fuse the adjacent
vertebral bodies. The current gold standard to achieve
fusion is through iliac crest harvesting. However, studies
have highlighted the postoperative complications
and patient dissatisfaction due to discomfort from the
harvest site.! Therefore, there has been a large push to
discover alternative bone graft fusion materials. Several
options have gained substantial attention and are being
studied to determine their efficacy. These alternatives
include autografts, allografts, demineralized bone
matrices (DBMs), graft substitutes, mesenchymal stem

cells (MSCs), autologous growth factors, and synthetic
peptides.

To assess the efficacy of different bone graft materi-
als, we must understand the biology of bone grafting.
Autogenous bone grafts are used in TLIF procedures to
initiate the formation of new bone. The 2 types of bone
that can be harvested for bone grafts are cortical bone,
which is dense, or cancellous bone, which is porous.
Although cortical bone provides greater initial mechan-
ical support, cancellous bone stimulates new bone
growth more quickly and is therefore typically used in
TLIF procedures.” Bone grafts achieve new bone for-
mation through 3 biological processes: osteogenesis,
osteoinduction, and osteoconduction.

Osteogenesis is the creation of new bone from either
the graft or the host’s cells. Cells from both cortical and
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cancellous bone grafts can survive through surgery and
begin to form new bone. Because of the large surface
area and osteoblast-rich trabecular structure of cancel-
lous grafts, they are excellent in areas requiring new
bone formation.”

Osteoinduction involves the recruitment of MSCs to
the implant site, which will then differentiate into chon-
droblasts and osteoblasts. This process is influenced by
growth factors, which are stimulated by the removal of
bone mineral. Examples of growth factors include bone
morphogenetic proteins (BMPs), which belong to the
regulatory protein superfamily, transforming growth
factor-p. Angiogenesis occurs concurrently, aided by
the release of vascular endothelial-derived growth
factor.

Osteoconduction refers to bone growth along a
surface such as a bone graft.3 MSCs, capillaries, and
tissues take up space along the scaffold created by the
bone graft.

Autografts

Autogenous bone grafts, also known as autografts,
are currently the most used material for single-level
TLIF. During the TLIF procedure, laminectomy and
facetectomy are performed, and when possible, local
bone is collected. However, the amount of bone is
not typically sufficient to supply the entirety of graft
volume. Additionally, the bone collected may not have
the osteogenic or osteoconductive potential seen in can-
cellous bone grafts.* Due to these limitations, additional
grafts have been developed and used in conjunction
with locally harvested bone grafts.

The gold standard of autogenous grafts used in TLIF
procedures is the iliac crest bone graft (ICBG). Bone
is harvested from the iliac crest and transplanted into
the vertebral space. ICBGs confer an advantage due to
complete histocompatibility as well as their osteogenic,
osteoinductive, and osteoconductive properties.5 Unlike
allografts, there is no risk of diseases being spread.
However, disadvantages of autografts stem from reli-
ance on the health of the donor. Elderly and very young
patients also may not have sufficient iliac bone to be
used as graft material. Patients undergoing autograft
harvesting can have an increase in operating time, blood
loss, and postoperative pain at the harvest site.’

Allografts

Allografts function in the same manner as autografts,
but the donor comes from another individual. The advan-
tage of allografts is the decreased need for additional inci-
sions and operating time during harvesting. Grafts are

typically obtained from donors by harvesting cortical or
cancellous bone, or both. To decrease the risk of transmit-
ted diseases, allografts are sterilized via gamma radiation,
which penetrates the tissue and eradicates any pathogens.
However, gamma radiation can also alter the molecular
structure of the tissue. This alteration retains the osteocon-
ductive properties of the donor tissue, but the osteogenic
and osteoinductive properties are diminished.! Although
gamma radiation does eradicate most microorganisms in
the donor tissue, there remains a lingering concern for
transmission of viruses such as hepatitis B and C. In the
context of TLIF procedures, allografts are used in con-
junction with autografts to aid in fusion.”

Demineralized Bone Matrix

DBMs are allografts in which the inorganic, miner-
alized portion is removed. The organic portion of bone
remains, containing growth factors and proteins that aid
in bone growth. DBMs have the potential to assist in
osteoinduction via growth factors like BMP, fibroblast
growth factor, and transforming growth factor beta (TGF-
). DBMs can also contribute to osteoconduction through
their collagenous and noncollagenous proteins.® DBMs
may not provide as much structural support as autogenous
grafts as they lack comparable structure. There is also
some concern that contaminants such as ethylene glycol
may permeate DBMs. Currently, DBMs are combined
with autograft material to achieve their highest efficacy,
though this is an area of growing innovation.” DBM prod-
ucts vary widely, ranging in form (putty, paste, and gel),
type of carriers, and amount of actual DBM content.'’

Bone Morphogenic Proteins

BMPs are composed of 20 different cytokines and
growth factors in the TGF-f3 family. They have osteogenic
capabilities and initiate downstream mediators related to
osteoinduction and endochondral ossification.'' BMPs are
associated with some adverse effects in anterior cervical
spine surgery, such as postoperative edema, osteolysis,
dysphagia, and hematoma formation.'* Although several
studies found that BMPs, specifically recombinant human
bone morphogenetic protein-2 (thBMP-2), have similar or
even higher rates of fusion than autologous grafts, some
studies showed that BMPs also have higher risk of postop-
erative complications."

Mesenchymal Stem Cells

MSCs are multipotent cells found in the bone marrow
that aid in making and repairing skeletal tissues. They
have been included in TLIF procedures because of their
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ability to differentiate into osteoblasts and chondro-
cytes. Harvested stem cells from bone marrow aspirates
are often combined with allografts to enhance osteo-
genic, osteoinductive, and osteoconductive properties.
MSCs have been shown to exhibit similar rates of fusion
as BMP in TLIF procedures. Unfortunately, MSCs have
also been reported to cause harvesting site pain.'

Synthetic Peptides

Synthetic peptides, such as ceramics and calcium
phosphates, are bone graft extenders that have been
used in spinal fusion surgeries because of their bio-
mechanical properties. They were designed to upreg-
ulate the activity of endogenous processes. P-15 is a
15-amino acid residue that binds to calcium phosphate
substrates and enhances cell attachment and the pro-
duction of extracellular matrix and factor production
to produce new bone."* B2A is also a synthetic peptide
that attaches to BMP receptors on BMP2, leading to the
differentiation and proliferation of osteoblasts.

Ceramics

Ceramics are synthetic grafts that act as scaffolds
when combined with hydroxyapatite (HA). The scaf-
folds provide osteoconductive support for various
osteogenic cells and growth factors." The synthetic
origin means that there is zero risk of disease transfer
and they can be shaped as needed. However, the mate-
rial itself lacks osteogenic properties and must be sup-
plemented with osteogenic cells and growth factors to
promote proper fusion.'

METHODS

A PubMed database search of studies published
from January 2008 to March 2023 was performed. We
evaluated studies from the last 15 years to ensure that
changes in surgical techniques, infection control, and
pain management did not significantly influence the
findings. Data from studies that focused on the compar-
ison between grafts were used. Search criteria included
studies that referenced (1) single-level TLIF and (2) one
of the following: graft, autograft, allograft, biologics,
BMP, ceramic, DBM, MSCs, or autologous growth
factor. Retrospective studies, prospective studies, and
systematic reviews were included. Additional inclusion
criteria included studies that (1) examined the single-
level TLIF procedure (ie, not multilevel or a different
procedure); (2) reported at least one of the following
outcomes: fusion rate, complication rate, or one of two
patient-reported pain scale (visual analog scale [VAS]

or Oswestry disability index [ODI]); and (3) evalu-
ated fusion rates and patient-reported outcomes at least
1-year postoperation. Exclusion criteria included (1)
case studies and case reports; (2) studies that mixed
graft materials within study arms; and (3) studies that
focused on graft delivery method or technique. Fusion
rates, complication rates, and patient-reported outcomes
were recorded for each study that met the inclusion cri-
teria. The changes in VAS and ODI were reported as
AVAS and AODI, respectively. AVAS was calculated
as (pre-VAS score) — (post-VAS score). Although some
studies reported VAS scores on a scale of 0 to 100, all
scores were normalized to a 10-point scale. Similarly,
AODI was calculated as (post-ODI score) — (pre-ODI
score). The ASD for both outcomes was calculated as
the square root of the sum of the squares of the pre-
and post-SDs. The mean fusion rate per graft material
was weighted by the number of patients in each study.
The mean and SDs of each graft material’s AVAS-back
score were also weighted by the number of patients.

RESULTS

Twenty-eight publications satisfied the inclusion
criteria. The study count by graft material was broken
down as follows (some studies evaluated 2 different
graft materials): allograft: 3, autograft: 11, BMP: 11,
DBM: 2, HA paste: 2, ICBG: 6, MSC: 1, and synthetic
proteins: 1. The Table shows the mean fusion rate and A
VAS-back score for each bone graft material.

Autografts

A total of 364 patients across 6 studies using local
autografts showed high rates of fusion ranging from
76% to 100%."52° The complication rates of implants
using solely local autografts were not well studied.
However, 1 publication found that local autografts
resulted in relatively low rates of radiculitis, seen in
just 5.3% of the patients.”' The rate of adjacent segment
disease (ASD) in local autograft patients was also found

Table. Summary of mean fusion rate and AVAS-back score by graft material.

Mean Fusion AVAS-Back
Graft Material Rate, % Score
Iliac crest bone graft 94.8 44 +4.1
Local autograft 92.5 3.26 £0.94
Allograft 96 2.86 +4.4
Demineralized bone matrix 92 4
Bone morphogenetic protein 92.1
Mesenchymal stem cell 59 -
Synthetic peptide 73.3 4.9
Ceramic 92.9 46+2

Abbreviation: VAS, visual analog scale.
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to be 5.3%.*' Eight studies encompassing 613 patients
saw a general decrease in VAS-leg and/or VAS-back
scores when using local autografts.'®? The 3 studies
that also reported ODI scores showed similar improve-
ment in outcomes.'®'"?! A study involving 87 patients
utilized local autologous morselized bone. The study
reported significant decreases in VAS-leg, VAS-back,
and ODI (P < 0.01; Supplemental Table 1)."° Seventy-
nine patients across 2 studies using ICBG showed an
average fusion rate of 95.3% and 94.5%.'%** Of the
materials we studied, the highest complication rates
were seen in those that used ICBG.® The overall com-
plication rate with ICBG was found to be 45.5% with
the most common complication of pain at the harvest
site in 30.3% of patients.® The next most common com-
plications in ICBG implants were lumbar wound infec-
tion and harvest site infection (6.1% and 3.1%—-4.2%,
respectively).>** Lastly, radiculitis was seen in 3% of
patients with ICBG implants.® A total of 218 patients
across 4 studies reported improvements in both VAS and
ODI scores with the use of ICBGs. The change in pre-
and postoperative VAS scores ranged from 3.5 to 6.2,
and the change in pre- and postoperative ODI scores
ranged from 19.1 to 26 (Supplemental Table 1).>'¢24%

Allografts

One study involving 75 patients who received auto-
grafts supplemented with allografts made from cortical
and cancellous bones reported a fusion rate of 96%.’
Data on the complication rates of patients receiving
allografts were limited. One publication studied 142
patients with allograft implants.”® It found the rate of
pseudoarthrosis to be 4% and a relatively high rate of
ASD of 10%. This led to a reoperation rate of 8% in
patients receiving an allograft implant.®® A total of 651
patients across 2 studies saw a general improvement in
VAS-leg and VAS-back scores when using allografts,
with the delta between pre- and postoperative scores
ranging from 2.8 to 3.2 (Supplemental Table 1).**’ One
study measuring pre- and postoperative ODIs found a
significant improvement from 50.8 to 26 (P < 0.001)
with the use of allografts (Supplemental Table 1).”’

Bone Morphogenetic Protein

All studies discussed below employed rhBMP-2
unless otherwise specified. When paired with
allografts, BMPs achieved a fusion rate of 78.1%.%
However, when BMP was used with local autograft,
fusion rates of 92.5% to 95.8% were reported.'*?
Studies employing BMP in addition to local autograft
found overall complication rates of 27.1% to 29.1%.%"

A retrospective review of 867 patients found the rate
of heterotopic ossification (ie, the growth of bone in
soft tissues and muscles) to be 13.5%.% Other common
complications in patients receiving BMP implants
included postoperative radiculitis (13.2%—-16.7%) and
vertebral osteolysis (5.8%—6.3%).6’13’30 On the other
hand, rates of pseudoarthrosis were relatively low in
implants making use of BMP, ranging from 2.5% to
2.6%.7%° Rates of ASD and infection were not notably
higher than other graft materials (5.9% and 1.9%,
respectively).”® In 201 patients across 3 studies, there
was a general decrease in ODI scores. Two of those
studies also showed improvement in VAS-leg and
VAS-back scores with deltas ranging from 3.3 to 4.2
(Supplemental Table 1).>"!

Demineralized Bone Matrix

One study involving 25 patients who underwent
placement of DBM reported an average fusion rate
of 92%.%* Due to the dearth of studies examining the
outcomes of DBMs, data regarding complication rates
of the material were not available. In 1 study involv-
ing 25 patients, the average VAS-leg score improved
significantly, decreasing from 8 to 2 (P < 0.05), VAS-
back score decreased from 6 to 2 (P < 0.05), and ODI
deggeased from 50 to 20 (P < 0.05; Supplemental Table
D).

Ceramics

In a study involving 25 patients, the utilization
of ceramic HA with an autograft resulted in a fusion
rate of 91.7%.%* Another study of 87 patients with HA
graft implants reported a fusion rate of 93.2%.% A 2%
infection rate was found among the 25 patients who
underwent ceramic HA grafting.”* The same publica-
tion found that the ODI score improved with an average
delta of 30.2 (Supplemental Table 1).** ODI scores
showed improvement with an average decrease of 26.1
(Supplemental Table 1).*

Mesenchymal Stem Cells

One study examined the rate of fusion in allografts
with viable MSCs and found a fusion rate of 59% at 18
months.”® MSCs exhibited a low overall complication
rate of 23.1%. Allografts with viable MSCs and osteo-
progenitor cells had relatively high rates of pseudoar-
throsis at 7.7%.%® The study involving MSCs did not
report VAS or ODI.
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Synthetic Peptides

A study of 15 patients compared 2 dosages of the
synthetic peptide, B2A. Fusion rates at 12 months
varied widely by dosage. Patients who received 750 ug/
cm’ achieved 100% fusion, whereas those who received
150 ug/cm? achieved 50% fusion.'® This study found no
difference in overall complication rates when compar-
ing B2A to autograft using ICBG."* Both arms of this
study employing B2A reported improvements in VAS-
lower back and ODI scores.'*

DISCUSSION
Fusion Rates

High fusion rates were reported across nearly all
graft materials in 12 different studies. Local autograft,
ICBG, and BMP paired with autograft experienced con-
sistently high rates of fusion. One publication reported
a similarly high rate of fusion in DBM.** The outlier
graft material was implants using MSCs, which showed
a fusion rate of just 59%.® This low fusion rate may be
due to MSCs reliance on the osteoinductive properties
of the scaffold and the sheer number of cells required
for adequate tissue regeneration.>*

In our review of allograft efficacy, we found a fusion
rate of 96% by 12 months. There have been other
studies that found similarly high fusion rates of 100%
by 33 months.* However, these studies used allograft in
conjunction with autografts. Reports of anterior lumbar
interbody fusion procedures performed solely with
allografts revealed an average fusion rate of 66%.>>
However, this cannot be extrapolated to TLIF proce-
dures until direct studies are completed.

Fusion rates using the synthetic peptide B2A varied
widely depending on the concentration of protein used.
Higher concentration led to higher rates of fusion. B2A
is unique such that it relies on endogenous levels of
BMP-2 to activate tissue regeneration.*

Complications

While similarly high fusion rates may be seen across
graft materials, the rates of complications can vary
widely. The most studied graft materials were ICBG
and BMP implants.

ICBG has been the gold standard for facilitating
fusion in the single-level TLIF procedure. However,
researchers have observed high rates of complica-
tions using ICBG, most often graft site pain (30.3%).°
Infections at both the graft and implant sites were also
not uncommon.® Surgeons have also found it difficult
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to procure sufficient graft materials in certain patient
populations such as pediatric and elderly individuals,
potentially increasing the risk of graft site pain.' The
high overall complication rates in patients with ICBG
implants have led to innovation in graft material alter-
natives.

The bulk of literature in this review examined com-
plication rates related to the use of BMP. The overall
complication rates in BMP were lower than those seen
in ICBG (27.1%-29.1% in BMP and 45.5% in ICBG).°
However, the most common types of complications dif-
fered depending on the material used. Complications in
BMP grafts may stem from their strong osteoinductive
properties, resulting in a propensity for invading sur-
rounding tissues.” The most common complications in
patients with BMP implants were radiculitis, heterotopic
ossification, and vertebral osteolysis.6’13’29 Researchers
have explored ways to mitigate these complications.
One study applied a hydrogel sealant (DuraSeal, Con-
fluent Surgical Inc.,Waltham, MA, USA) to reduce
BMP from seeping into the spinal canal, which sig-
nificantly reduced the rate of radiculitis from 20.4% to
5.4%.° Other studies have found the dosage of BMP to
be unrelated to the risk of radiculitis.>’**

Patient-Reported Outcomes: VAS and ODI

Across all types of bone graft materials and substi-
tutes, there was a general decrease in VAS-leg, VAS-
back, and ODI scores. The decrease in scores was
representative of decreased pain. In the studies included
in this review, the vast majority seemed to prefer using
VAS as opposed to ODI. This may be due to VAS typi-
cally measuring the general subjective pain or discom-
fort a patient may be experiencing, whereas the ODI is
specific for back pain. Although VAS and ODI scores
are important indicators of patient outcomes, they
should be paired with complication data to clearly indi-
cate the effectiveness or adverse effects of using dif-
ferent grafts. It is also difficult to determine whether
pain and discomfort originated from the graft material
or type of cage used.

Emerging Materials

The field of bone grafts has continued to evolve as
more advanced materials come to market. One such
material is osteo allogenic morphogenic protein (Osteo-
AMP, Bioventus Surgical), a differentiated allograft
that contains a wide spectrum of growth factors that
support the regeneration and growth of bone at any
stage. A study involving 226 patients who underwent
OsteoAMP fusion experienced a 40% faster fusion at
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6-, 12-, and 18-month follow-ups with 70% less com-
plications when compared with recombinant BMP.*
The study, however, did not control for surgical tech-
niques and instrumentations, and clinical outcome was
not observed.*” Additionally, the anorganic bone mate-
rial (ABM)/synthetic 15 amino acid polypeptide (P-15;
i-FACTOR, Cerapedics Inc., Westminster, CO, USA)
is a material originally approved by the US Food and
Drug Administration for dental procedures.** A 40-
patient study found a statistically significant superiority
of ABM/P-15 to autologous graft in posterior lumbar
interbody fusion procedures at 12 months (97.8% vs
82.2%; P < 0.01), though no significant difference per-
sisted at 24 months.*’ Bioactive bone glass graft mate-
rials have also been used in spinal fusion procedures
to chemically bind with surrounding bone, thereby
improving bone growth and osteoconduction. One such
bioactive glass bone graft (BioSphere Putty, Synergy
Biomedical, Wayne, PA, USA) saw a 100% fusion rate
in 103 TLIF patients and improvement in VAS scores in
82% of patients at 2 years postoperation.*' Researchers
have also studied platelet-rich plasma (PRP) as a useful
adjunctive material in spinal fusion procedures. PRP
may aid osteoinduction by providing useful growth
factors to surrounding bone such as platelet-derived
growth factor, transforming growth factor, epidermal
growth factor, and epithelial cell growth factor. A meta-
analysis found that implants using PRP saw signifi-
cantly faster growth of bone mass than in those without
PRP.* The industry of synthetic bone graft materi-
als and adjuvants has sought to enhance bone growth
through several different mechanisms, contributing to
rapid innovation in the field.

Limitations

This study was limited by the lack of uniform metrics
used by different studies. Many studies also failed to
describe what demographic the data were derived from
(ie, age and indication). Our review was also limited
by the small number of studies that explored the effi-
cacy and adverse effects of lesser-used graft materi-
als, such as MSC, DBM, and synthetic peptides. Our
review was limited to studies published within the past
15 years to mitigate the inclusion of data that may have
been affected by changes in surgical technique, infec-
tion control, and pain management over the past few
decades. This review did not include all emerging mate-
rials that are still being studied and developed. As new
data involving novel graft materials emerge, compari-
sons can be made to the currently used materials.

CONCLUSION

While several alternatives have grown in popularity,
ICBGs remain the gold standard when performing the
single-level TLIF. No study comparing fusion rates to
ICBG implants achieved statistically superior fusion rates.
Similarly, studies evaluating patient-reported outcomes in
other graft materials did not show a significant improve-
ment over ICBG implants. Patients who received ICBG
did experience higher complication rates, with the most
common being pain at harvest site. BMP grafts may have
come closest to the efficacy of ICBG implants. Although
patients who received BMP grafts experienced lower com-
plication rates overall, the breakdown of complications
proved to be more complex. The most common adverse
effect seen was radiculitis, followed by heterotopic ossi-
fication and vertebral osteolysis. The dosage of adminis-
tered BMP had no effect on rates of radiculitis. One study
did find, however, that the use of DuraSeal sealant reduced
rates of postoperative radiculitis. Allografts showed prom-
ising fusion rates but did not sufficiently evaluate compli-
cations. The use of DBM did show similarly high fusion
rates, though it was not well studied. Additionally, the
lack of uniformity in the type and amount of DBM com-
ponents prohibited any overall conclusions from being
drawn. MSCs showed lower rates of overall complica-
tions, though the fusion rate did not reach the level seen in
ICBG or other graft materials. Only 1 study that included
7 patients evaluated the B2A peptide. While this graft did
show high fusion rates, complication rates were not clearly
delineated. A larger sample size is needed to evaluate syn-
thetic peptides. The goal of this systematic review was to
analyze the variety of graft materials, their efficacy, and
complication rates. We believe that focusing on fusion
rates, complication rates, and patient outcomes, such as
ODI and VAS, should be a uniform measure of determin-
ing the clinical efficacy of graft materials.
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