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ABSTRACT

Background: Graft augmentation for spinal fusion is an area of continued interest, with a wide variety of
available products lacking clear recommendations regarding appropriate use. While iliac crest autograft has long been
considered the ‘‘gold standard’’, suboptimal fusion rates along with harvest-related concerns continue to drive the need

for graft alternatives. There are now multiple options of products with various characteristics that are available. These
include demineralized bone matrix (DBM) and demineralized bone fibers (DBF), which have been used increasingly to
promote spine fusion. The purpose of this review is to provide an updated narrative on the use of DBM/DBF in spine

surgery.
Methods: Literature review.
Results: The clinical application of DBM in spine surgery has evolved since its introduction in the mid-1900s.

Early preclinical studies demonstrated its effectiveness in promoting fusion. When used in the cervical, thoracic, and

lumbar spine, more recent clinical data suggest similar rates of fusion compared with autograft, although clinical studies
are primarily limited to level III or IV evidence with few level I studies. However, significant variability in surgical
technique and type of product used in the literature limits its interpretation and overall application.

Conclusions: DBM and DBF are bone graft options in spine surgery. Most commonly used as graft extenders,
they have the ability to increase the volume of traditional grafting techniques while potentially inducing new bone
formation. While the literature supports good fusion rates when used in the lumbar spine and when used with adjuvant

cages or additional grafting techniques in the cervical spine, care should be taken when using as a stand-alone product.
As new literature emerges, DBM and DBF can be a useful method in a surgeon’s armamentarium for fusion-based
procedures.

Special Issue
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INTRODUCTION

The need for bone grafting has been recognized

for centuries and has undergone significant ad-

vancements from biological and clinical perspec-

tives. The mechanisms of bone formation have been

elucidated over time and have guided the use and

development of bone grafts. Early descriptions of

bone grafting by the Dutch surgeon à Meek’ren1

included transplantation of xenograft dog bones. In

1881, Macewen2 speculated that osteoblasts within

autografts contributed to their success, an early

acknowledgment of osteogenesis as a cellular

component to bone repair. In the late 1880s, Senn3

processed tibiae in hydrochloric acid, resulting in

bone demineralization, and implanted the deminer-

alized bone for the treatment of osteomyelitis. Since

these early predecessors to bone grafting, there has

been increased interest in the use of autograft,

allograft, and synthetic alternatives to promote

bone healing and fusion. This is especially true in

spine surgery, where adequate bone fusion is

essential to clinical success.

Iliac crest bone graft (ICBG) has long been

considered the ‘‘gold standard’’ graft source for

fusion-based procedures. Advocates for ICBG cite

availability from the patient, low cost, and favorable

biologic characteristics. However, increased opera-

tive time needed for graft harvest, graft site

morbidity, and associated blood loss have been

reported.4 Additionally, autograft quality depends

on many factors, including patient age, health, graft

harvest methods, and donor site. This has led to the

development of a wide range of commercially

available bone graft alternatives, including demin-
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eralized bone matrix (DBM) and demineralized
bone fibers (DBF).

The purpose of this review is to highlight the bone
healing principles associated with successful graft-
ing, evaluate the roles of DBM and DBF in spine
surgery based on review of the relevant preclinical
and clinical evidence, and to provide insight on
current trends in the development of improved
DBM and DBF technology.

DBM PROPERTIES

DBM is common in clinical use, accounting for
up to 50% of allografts used in the United States.5

While there are multiple suppliers, products, and
formulations, DBM is generally produced from
allograft cortical bone that is cleaned and ground
into particles, typically between 250–750 lm. The
particles are then treated with dilute (0.5–0.6 N)
hydrochloric acid to remove the mineral component
of the bone, leaving the collagen matrix and other
proteins, including bone morphogenetic proteins
(BMPs) and other growth factors. The collagen
matrix and biologic components of DBM, particu-
larly BMPs, are critical to its use as a bone graft and
allow it to be used as a graft extender with
osteoinductive properties (Table 1). Since DBM is
derived from human allograft bone, there is the
potential for disease transmission via DBM graft-
ing, although no cases of disease transmission have
been reported in the literature.6 Similarly, donor
bone allograft could induce immunogenicity with a
potential effect on the biogenic properties of DBM.6

In his landmark paper, Marshall Urist described
bone formation by autoinduction based on his
observation that DBM stimulated new bone forma-
tion when implanted into nonboney sites in rats.7

This led to the concept of osteoinduction, BMPs,
and the process of bone morphogenesis promoted
by growth factors discovered within DBM.4 Re-
moval of the mineral component unmasks these
inherent biologic characteristics and results in the
osteoinductive properties of DBM, which are not
demonstrated by cortical or cancellous allograft.8

The properties of DBM, however, are greatly
dependent on the method of DBM preparation.
This includes the demineralization processing tech-
niques (eg, solvent, temperature, duration of de-
mineralization, and concentration of active
components), sterilization methods (eg, gamma
irradiation), storage conditions (eg, temperature),
and donor age. Likely, given this variability, the

overall quantity of BMPs and other growth factors
important in the osteoinductive nature of DBM has
been noted to vary vastly between products.9,10

These factors help to explain some of the discord
between the preclinical and clinical data surround-
ing the DBM’s osteoinductive potential.

An ideal graft would be easily manipulated
intraoperatively, avoid graft migration, readily
incorporate, and provide sufficient mechanical
strength to support fusion. Early DBM particulate
grafts were difficult to handle intraoperatively and
difficult to maintain within the graft site due to graft
size and the potential to migrate from the implanted
site. Recognizing this, O’Leary and McBrayer
combined DBM with glycerol, a carrier substance,
to create a viscous gel form, which improved the
ability to deliver the graft to the surgical site.11 The
success of this tissue-engineered form of DBM
(Grafton Gel) invited multiple alternatives with
varying types of carrier formulations. There are
currently numerous variants of DBM products with
excipients available on the market.

The ability to easily deliver DBM putty products
to the grafting site improved handling, but did not
solve the problems of graft migration and the ability
to resist compression at the graft site. To address
these limitations, Dowd and Dyke12 described a
material comprising a coherent mass of elongated,
mechanically entangled demineralized bone. The
ability to produce elongated bone fibers that could
be formed into a putty, strip, or other shape further
improved handling properties, avoided graft migra-
tion, and offered compression resistance. This new
form of DBM, demineralized bone fibers (DBF),
has been demonstrated to have similar osteoinduc-
tive potential as particulate DBM in preclinical
studies, but has an enhanced osteoconductive
capability due to its elongated shape and resulting
interconnected matrix.

The enhanced osteoconductive performance of
DBF was demonstrated in a rabbit posterolateral
fusion model by Martin et al.13 DBM and DBF
were implanted alone or as a 50:50 mix with iliac
crest autograft and were noted to have improved
fusion rates with autograft supplementation and
outperformed the autograft group. To better
understand this phenomenon, noncollagenous pro-
teins (ie, BMPs) were extracted to remove the
osteoinductive component, converting the grafts
into strictly osteoconductive matrices. This treat-
ment eliminated the fusion response of the DBM
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particulate, but the DBF fibers were still able to
support fusion in 30% of animals. From these data,
it was concluded that DBF have a greater osteo-
conductive performance than DBM particulate,
with the proposed mechanism being that osteoblasts
are better able to migrate along the DBF rather than
transfer from one demineralized bone particle to the
next.

APPLICATIONS IN SPINAL SURGERY

With modern spine surgery, the requirement for
bone grafting has expanded significantly. Although
iliac crest autograft is still considered the ‘‘gold
standard’’, the use of allograft and synthetic grafts
can reduce the need for graft harvest and its
associated complications. Furthermore, there is a
significant rate of failed fusions even with ICBG,
ranging from 5%–50%.14 Choreographing the
mechanisms of bone healing and selecting the best
bone graft option to maximize the chance of
successful fusion is a persistent challenge for spine
surgeons. Regardless of the type of graft used, using
the native osteogenic capabilities of the surgical site
via adequate graft site preparation, using available
local autograft (LA), filling the defect so there is a
continuous osteoconductive scaffold to support new
bone formation, and incorporating osteoinductive
capabilities of the graft material are crucial to their
use.

CLINICAL USE OF DBM/DBF IN THE
LUMBAR SPINE

Multiple articles have demonstrated the utility of
DBM in lumbar fusion cases, specifically as an LA
extender.15–23 One of the first articles evaluating the

use of DBM in instrumented posterolateral fusion
was a level III study by Sassard et al15 that
compared the use of DBM (Grafton Gel) and LA
with iliac crest bone grafting (ICBG) in 1, 2, and 3
level posterolateral fusion. This article demonstrat-
ed equivalent fusion rates (60% DBM versus 56%
ICBG, P ¼ .8); however, no donor-site pain was
reported in the DBM group compared with nearly
30% in the ICBG group.

A level I prospective randomized trial by Kang et
al18 comparing efficacy of DBM (Grafton Matrix)
and LA with ICBG in single-level posterolateral
fusion showed similar results. No difference in
fusion rates (86% DBM versus 92% ICBG, P .

.99) were noted based on radiographic and com-
puted tomography (CT) analysis at multiple time
points. Similarly, there were no differences in
Oswestry Disability Index and physical function
scoring; however, this study was able to demon-
strate decreased blood loss (512 mL versus 883 mL,
P ¼ .0031) and a trend toward decreased operating
time (200 min versus 226 min, P¼ .065) in the DBM
group. The authors were able to conclude that
fusion rates and clinical outcomes with the use of
DBM were comparable to ICBG in single-level
lumbar surgery with the added benefit of decreased
blood loss.

Fu et al24 were able to demonstrate similar results
in a long fusion construct (.3 levels) in a level III
study from 2016. Twenty-six patients undergoing
multilevel PLF using DBM putty (Allomatrix,
Wright Medical) and LA and 21 control patients
received multilevel PLF with ICBG and LA. Fusion
rates were noted to be equivalent between the
groups, 81% in the DBM group versus 86% in
ICBG group (P ¼ .72), while blood loss was
significantly less in the DBM group (700 mL versus

Table 1. Mechanisms of bone healing and properties of bone graft options.

Property Description Key Graft Properties Graft Options

Osteoconduction Ability of graft scaffold to support bone
ingrowth throughout the matrix to
achieve bridging and fusion

Porous, interconnected structure; surface
texture and chemistry

Cancellous allograft, DBF

Ability to be remodeled and replaced by
new bone

Osteoinduction Ability to recruit and stimulate
differentiation of osteoprogenitor/stem
cells into osteoblastic lineage

New bone formation in nonboney sites
or remote from viable host bone
within the graft mass (eg, along
peripheral muscle contact or center of
graft)

BMPs, DBM, DBF

Osteogenesis New bone formation by living bone cells
within the site or from autograft

Viable, plentiful osteogenic cell
population. Bone marrow–rich,
cancellous, and bleeding decorticated
bone

ICBG, BMA, local bone, decorticate

Abbreviations: BMA, bone marrow aspirate; BMPs, bone morphogenetic proteins; DBF, demineralized bone fibers; DBM, demineralized bone matrix; ICBG, iliac crest
bone graft.
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1200 mL, P ¼ .02). This study also demonstrated a
trend toward decreased operative time and hospi-
talization in the DBM group, although not statis-
tically significant.

Baumann et al20 retrospectively reviewed the
fusion rates of patients treated with ICBG versus
DBM (Synthes; specific formulation not specified by
article) and LA in the setting of PLF for acute
thoracolumbar trauma. Fusion rates were found to
be equivalent between the groups (94% DBM
versus 100% ICBG, P ¼ .26). The authors were
able to conclude that DBM as an LA extender has
similar fusion rates to ICBG in the treatment of
thoracolumbar fractures.

A level III study from 2016 by Nam et al25

compared fusion rates and function outcome scores
between DBM (Bonfuse, CG Bio Inc) and hydroxy-
apatite (HA) as LA extenders. No difference was
found between the groups with respect to functional
outcomes. The fusion rate at 1 year postoperation
was found to be 73% in the DBM group versus 58%
in the HA group; however, this was not statistically
significant (P¼ .15). A similar 2018 study by Ricart
et al26 compared DBM (Grafton) with another
commonly used extender, b-tricalcium phosphate.
Again, no statistically significant differences were
noted between the two extenders; however, there
was a trend toward a higher fusion rate with DBM
(90% versus 70% at 1 year, P¼ .09) and a lower rate
of revision in the DBM group (0% versus 15%).

Regarding interbody fusion, few studies have
directly compared DBM with autograft in the
lumbar spine. Kim et al27 compared HA-DBM
(Bonfuse, CG Bio Inc.) alone with LA as a filler for
interbody cages. No statistically significant differ-
ence in functional outcomes were noted at 12
months. Similarly, no statistically significant differ-
ence in fusion rate was noted on CT at 1 year (52%
DBM versus 62% LA, P ¼ .21). This study did
demonstrate a correlation between older age and
lower bone mineral density with pseudoarthrosis in
the DBM group. The authors concluded that HA-
DBM has similar fusion rates to LA as an interbody
filler; however, older age and low bone mineral
density are baseline risk factors for nonunion using
HA-DBM.27

Ahn et al19 evaluated the use of DBM as an LA
extender in PLIF cages. In a case control study, 70
patients had a PLIF with LA and 44 had a PLIF
with local bone and DBM extender (Allomatrix).
No difference was noted in Oswestry Disability

Index scores at 2-year follow-up. No significant
difference was noted in the degree of bone
formation between the groups at 2-year follow-up.
There was evidence of enhanced bone formation at
6 months in the DBM group; however, this was
suspected to be due to assessment flaw. The authors
concluded that DBM did not present a graft-
enhancing effect when used as a composite graft in
PLIF.

The use of DBM as a local autograft extender in
lumbar procedures is well documented; however,
there is a paucity of high-level data demonstrating
superiority to other available graft extenders. In a
systematic review comparing allograft with DBM as
an LA extender in both instrumented and non-
instrumented lumbar fusion cases, Buser et al28

concluded that DBM was superior to allograft in
noninstrumented fusions, but provided similar
fusion results in instrumented cases. This article
may indicate the limitations of DBM in improving
fusion results, especially with modern surgical
techniques. However, it also indicates the need for
better studies designed to directly compare DBM
with other products. More recent articles have also
come to question the use of DBM in certain
situations, such as in the elderly and in patients
with low bone mineral density.21,29 Further studies
are needed to elucidate the use of DBM in these
more specific circumstances.

An additional consideration when interpreting
the clinical evidence regarding DBM in the lumbar
spine is that fusion results are likely multifactorial
and technique dependent. The ability of clinical
studies to provide evidence to elucidate subtle
performance characteristics between various bone
graft technologies is limited by a number of factors,
including patient variables, assessment tools, and
limitations on control group treatments. Unfortu-
nately, there is also a lack of detail regarding the
bone graft and graft site preparation techniques
used in many clinical reports. Kang et al18 is an
example where these details were explicitly present-
ed, allowing for a better understanding of the
results.

CLINICAL USE OF DBM/DBF IN
CERVICAL SPINE FUSION

The clinical use of DBM in the cervical spine is
not as well defined compared with its clinical
efficacy in lumbar fusion. The majority of literature
consists of level II to level IV studies and focuses
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primarily on DBM as a graft extender. An early
prospective study by An et al30 compared DBM
(Grafton DBM Gel) with freeze-dried allograft to
ICBG in uninstrumented anterior cervical fusions.
The authors noted higher rates of pseudoarthrosis
per level with DBM/allograft versus ICBG (33.3%
versus 22%, P¼ .23) as well as higher rates of graft
collapse (39.7% versus 24.4%, P¼ .09) at 12 months
postoperatively. The use of additional plate fixation
may help improve these outcomes. A retrospective
study by Lee et al31 found similar fusion rates
between cortical allograft with DBM (Orthoblast II)
and ICBG when used with supplemental plate
fixation (94.1% versus 95.7%, respectively).

More recently, clinical research has focused on the
use of DBM in conjunction with an interbody spacer
in anterior cervical procedures. Park et al32 prospec-
tively followed 31 patients undergoing anterior
cervical discectomy and fusion with polyetherether-
ketone (PEEK) cages supplemented with DBM
(Grafton DBM gel). At 12 months, the authors noted
fusion rates comparable to those with ICBG and
significant improvements in visual analog scale (VAS)
pain scores with no implant-related complications.
Additional level IV studies have noted similar
findings, with comparable fusion rates and clinical
outcomes between iliac crest autograft and PEEK
interbody devices supplemented with DBM.22,33

Two prospective randomized studies have ana-
lyzed the use of PEEK cages with DBM versus
another grafting substrate. Xie et al34 studied 68
patients with cervical spondylosis undergoing ante-
rior cervical discectomy and fusion (ACDF) with
PEEK cages supplemented with either calcium
sulfate and DBM or iliac cancellous autograft. At
12 months, fusion rates were lower in the calcium
sulfate and DBM group than autograft (94.3%
versus 100%); however, at 2 years, both groups
achieved a 100% fusion rate. These findings were
similar to those of Yi et al35 who compared ACDFs
with PEEK cages filled with hydroxyapatite and
either DBM or b-tricalcium phosphate. At 1-year
follow-up, both groups had similar fusion on
radiographs and CT.

CLINICAL USE OF DBM/DBF IN
PEDIATRIC DEFORMITY

Literature supporting the use of DBM in cases of
pediatric deformity is sparse, with few level IV
studies assessing its use in fusion for scoliosis. One
retrospective study by Price et al36 compared three

grafting options for adolescent idiopathic scoliosis:
autologous iliac crest, cortiocancellous allograft,
and DBM (formulation not specified) with bone
marrow aspirate. The authors noted similar fusion
rates between autogenous grafting and DBM with
bone marrow aspirate, and significantly lower
fusion rates with cortiocancellous allograft. Similar
findings were noted by Weinzapfel et al37 who
retrospectively reviewed the use of DBM (Grafton
DBM Flex) versus cortiocancellous allograft for
patients undergoing video-assisted thorascopic fu-
sion for idiopathic scoliosis. At final follow-up, 92%
of levels were fused with DBM versus 82% with
allograft.

FUTURE TRENDS

Review of the current literature and preclinical
data demonstrates that DBM/DBF provide a
promising graft alternative, especially when used
as a graft extender. Critical evaluation of the
literature does note limited level I clinical data
supporting the efficacy of DBM,38 and, therefore, its
widespread adaptation should be met with caution.
Higher-powered level I studies are needed to truly
determine the magnitude of effect DBM/DBF has
compared with current graft extender options and
graft options overall. Similarly, further studies are
needed to better identify specific indications for or
against the use of DMB/DBF (ie, osteopenic/
osteoporotic patients).

Regarding market trends and future directions,
there has been a shift in the market toward DBF-
based products and away from products containing
DBM particulates coupled with excipients, driven
by the belief that excipients dilute DBM content
because the excipient comprises a proportion of the
final product.39 The introduction of numerous DBF
products also followed the expiration of key patents
and has allowed a number of newer products to be
developed. Comparison of DBF fusion rates in a rat
model indicates inter-product fusion variability,
even among products noted to be 100% DBM by
weight.39 These results likely indicate that proprie-
tary preparation techniques may affect the actual
osteoinductive properties (ie, BMP levels), as has
been noted in previous DBM formulations. Further
research is needed to elucidate these differences and
their effect clinically.

An additional trend is towards procedure-specific
grafts (eg, bags and boats for PLF) that simplify
procedures, incorporate autograft/bone marrow
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aspirate to increase osteogenesis, improve process
efficiency, and simplify and standardize the graft
process. While these may decrease surgical time and
potentially be easier to use, there are no clinical data
to demonstrate sustained benefit.

Furthermore, the addition of live cells that have
been predirected toward bone-forming lineages and
the utilization of stem cells have gained increased
interest, but lack clinical data to support their use.

SUMMARY

DBM and DBF are allograft alternatives used in
spinal fusion procedures and are commonly used as
autograft extenders. Preclinical evidence has dem-
onstrated their ability for osteoinductivity, and
clinical studies have shown equivalent fusion rates
in the lumbar spine compared with the ‘‘gold
standard’’ of ICBG. In the cervical spine, DBM/
DBF may be used to supplement interbody fusion in
anterior-based procedures. While there are limited
data regarding its use in deformity surgery, the use
of DBM/DBF as an autograft extender may be an
improved alternative to traditional graft extenders,
such as standard corticocancellous allograft and
ceramics, given the improved biologic characteris-
tics. Additional studies with higher levels of
evidence are needed to support its clinical use with
expanding indications. The incorporation of addi-
tional cell-based products remains an exciting
opportunity for the use of DBM/DBF in spine
surgery.

REFERENCES
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