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Abstract: A variety of bone grafts and bone graft substitutes, each with distinctly different 

characteristics, is available to the orthopedic surgeon for various reconstructive procedures. 

However, adequate reconstruction of osseous defects remains a therapeutic challenge. Each 

bone graft option has a unique set of benefits and risks that must be considered in relation to 

the particular pathology, and to patient characteristics and comorbidities, in order to achieve 

the best possible outcome. The OsteoSponge allograft consists of 100% demineralized human 

cancellous bone, with no additional carrier materials. The OsteoSponge is compressible, allow-

ing precise graft placement in most osseous defects; subsequent expansion completely fills 

the void. The material is prepared using methods that preserve native growth factors, thereby 

promoting cellular ingrowth, proliferation, and ultimately osteogenesis. Preliminary evidence 

suggests that the OsteoSponge matrix is safe and effective when used in surgical treatment of 

osseous defects. This article describes the rationale for, and characteristics of, the OsteoSponge, 

and summarizes the results from preclinical and human studies.
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Introduction
Bone is among the most commonly transplanted tissues in the human body, with 

approximately 600,000 grafting procedures performed each year.1 A variety of bone 

grafts and bone graft substitutes are available for use in repairing osseous defects 

(eg, cavitary void filling following tumor and cyst resection and curettage), as well as 

for augmentation of osseous fusion. However, choosing the most appropriate bone graft 

is often a difficult decision, since each graft type has distinct strengths and limitations, 

and because additional factors must be considered, including the environment of the 

defect site, loading magnitude, and systemic host factors.

The ideal bone graft exhibits four characteristics that mimic native bone: osteo-

conduction, osteoinduction, osteointegration, and osteogenicity.2,3 Osteoconduction 

is the ability of a bone graft to act as a passive scaffold that allows both neovascu-

larization and graft infiltration by osteogenic precursor cells and/or osteoblasts, via 

creeping substitution. Osteoblastic and osteoclastic cellular activity remodel such 

grafts through a porous graft scaffold. The microporosity and interconnectivity of 

the pores are important in allowing neoangiogenesis to supply cells in the deeper 

aspect of the graft, and for essential communication between bone cells within the 

scaffold milieu. Osteoinduction refers to the ability to recruit mesenchymal cells, 

via chemotaxis, and stimulate them to differentiate into osteoblasts and proliferate. 

Osteointegration refers to the ability of the graft to chemically bond with the surface 
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of native bone, in the absence of an intervening layer of 

fibrous tissue. Osteogenicity describes the ability of a graft 

to produce new bone, due to the presence of viable osteo-

progenitor cells within the graft.2,4,5

A strict comparison of treatment success for different 

types of bone graft in osseous defect treatment is confounded 

by variation in the types and locations of the defects, and 

hampered by the paucity of comparative studies. Nonetheless, 

a brief discussion follows of the strengths and limitations 

of different types of bone graft for the treatment of osseous 

defects.

Autologous bone grafts
Historically, autografts have been the mainstay bone graft 

type for treatment of osseous defects. The iliac crest is easily 

accessible for obtaining graft material, and the characteris-

tics of autografts are ideal. However, the use of autografts 

is limited by the potential for morbidity at the harvest site, 

and by the difficulty of filling large voids.6 Obtaining large 

quantities of autograft material may result in prolonged 

postoperative pain and ambulatory difficulty, since the risk 

of morbidity after autografting is directly proportional to 

the volume of bone excised.7 Autologous bone has limited 

utility for the treatment of osseous defects: it has a relatively 

poor risk-to-benefit ratio, because other bone graft choices 

do not have the potential for complications at the harvest 

site (eg, infection, neuroma, hypertrophic or painful scar, 

pelvic fracture, requiring reparative surgery, and hematoma, 

requiring secondary evacuation).

Xenografts
Xenografts have limited utility for osseous defect reconstruc-

tion, primarily due to their unsatisfactory effectiveness and 

their safety risks.8,9 Xenografts promote osteoconduction, 

although this also compromises the initial stability of the graft.10 

Autoclaving of the graft lowers its compression resistance by 

up to 70%,11 yet does not eliminate the risks of infection and 

graft rejection.12 The need for long-term immunosuppressive 

therapy, with associated side-effects, makes the xenograft a 

poor choice for the treatment of osseous defects.13

Ceramic bone graft substitutes
Ceramic bone graft substitutes have varying  biomechanical 

properties but, as a whole, they suffer from common 

 limitations.14 Generally, ceramic bone graft substitutes have 

limited mechanical properties. They are used in nonweight-

bearing sites, in conjunction with internal or external 

fixation devices. The bending strength of the hydroxyapatite 

 incorporated in cortical bone is only 10% of that of the bone 

itself. Therefore, the bone graft may be unable to withstand 

normal physiological loads.15 Residual hydroxyapatite material 

remains unincorporated for 10 years or more following grafting 

and is often considered by surgeons to be a semipermanent 

implant.16 The cost of ceramic bone graft substitutes can be 

high, especially for the treatment of large defects.17

Undemineralized allografts
Allografts have distinct advantages over other graft types 

for the treatment of osseous defects: lack of morbidity at 

the harvest site, simple technique with short operative time, 

sufficient supply to treat large bone voids, and excellent 

patient outcomes.18 Processed allografts have the same 

structure as native bone, and exhibit a uniform ability to 

withstand intraoperative handling and mechanical loading. 

Allografts are widely available, and are versatile, since the 

shape, contour, and mineral density can be modified to the 

particular clinical indication.

However, undemineralized allografts also suffer from 

several limitations. Allograft fracture or nonunion has been 

reported in 15%–20% of grafts, due primarily to limited 

revascularization.19 In large defects, poor anatomical match-

ing between graft and host defect can alter joint kinematics 

and load distribution, which may accelerate bone resorption 

or joint degeneration. The difficulty of milling a bulk allograft 

to precisely fit a defect site leads to less-than-ideal contact 

areas at the host-graft junction. Allograft infection has been 

reported in 6%–13% of cases, with the proximal tibia most 

commonly affected.19,20

Allografts, obtained from deceased donors, or from 

femoral heads during hip arthroplasty, are widely used 

for various orthopedic reconstructive applications, and 

have osteoconductive, osteoinductive, and osteointegrative 

 properties. However, a major limitation of allograft bone is 

the absence of osteogenic properties, due to an absence of 

live cells. Demineralized bone matrix (DBM) is a unique 

type of allogenic bone graft with greater  osteoinductive 

properties, compared to undemineralized allografts. 

The  demineralization process exposes growth factors within 

the scaffold, allowing them to more easily interact with host 

cells.21,22 Furthermore, DBM is comprised mainly of corti-

cal bone, and therefore exhibits greater osteointegration in 

host bone. Several different types of DBM are currently 

available, each with slightly different attributes. The aim 

of this paper is to describe the characteristics and clinical 

performance of a novel cancellous DBM: OsteoSponge® 

(Bacterin International, Belgrade, MT).
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OsteoSponge demineralized  
bone matrix
OsteoSponge characteristics
OsteoSponge is a novel demineralized cancellous bone matrix 

that possesses, when combined with bone marrow aspirate 

(BMA), many desirable attributes for its use in bone grafting.23 

Unlike other DBM putties and gels that contain significant 

concentrations of exogenous carriers, the OsteoSponge 

allograft consists of 100% demineralized human cancellous 

bone, with no additional carrier  materials. Demineralization 

gives the OsteoSponge the ability to conform to irregular 

shapes and to compress into a variety of bone voids  (Figure 1). 

Once compressed and inserted into a bone void, the graft then 

expands to completely fill the contours of the void, thereby 

enhancing connectivity at the graft–void interface, and expos-

ing the native growth factors (eg, vascular endothelial growth 

factor, transforming growth factor-β, platelet-derived growth 

factor) and bone morphogenetic proteins (BMPs) that are 

critical for osteogenesis. The OsteoSponge readily absorbs 

fluids such as blood and BMA, and will not migrate from the 

intended surgical site – a potential drawback with other, less 

viscous DBM putties and gels. The OsteoSponge maintains 

the natural interconnected porosity of cancellous bone, which 

provides an ideal scaffold for cellular infiltration and bone 

formation. The cancellous bone structure matches the same 

pore size and interconnected porosity that are observed in 

normal, living host bone. It possesses, therefore, an ideal 

scaffold morphology.

OsteoSponge processing
OsteoSponge is manufactured in a tissue-processing  facility 

accredited by the American Association of Tissue Banks 

and registered with the US Food and Drug Administration. 

The graft material is prepared using methods that preserve 

native growth factors, which promote cellular ingrowth, 

proliferation and ultimately osteogenesis. The steps involved 

in processing OsteoSponge allograft include removal of anti-

genic cells and lipids, via a series of solvent treatment steps; 

reduction of tissue-associated bioburden, using validated 

decontamination procedures; and demineralization, via a 

proprietary process.

The graft then undergoes preservation by lyophilization, 

which minimizes allograft degradation, which may result 

from hydrolytic and oxidation reactions.24 Freeze drying, 

from the frozen state, also helps to prevent protein dena-

turation that can occur during air drying.24  Lyophilization 

of the graft material allows for storage of the graft at room 

temperature for up to 5 years, with no deterioration in 

mechanical or osteoinductive properties. The graft undergoes 

final packaging aseptically, and terminal sterilization by low-

dose gamma irradiation. These processing steps eliminate 

or minimize exposure of the allografts to factors known to 

adversely impact their biologic performance.25

Native growth factors in OsteoSponge
Extracts of OsteoSponge blocks, processed from a 27-year-

old male donor, were evaluated with enzyme-linked immu-

nosorbent assays to determine the concentrations of native 

growth factors. The values obtained were 8423 ± 248 pg/g 

for human BMP-2, (hBMP-2), 1112 ± 19 pg/g for hBMP-4, 

50581 ± 1876 pg/g for hBMP-7, and 713 ± 173 pg/g for insulin-

like growth factor 1. These results illustrate that OsteoSponge 

provides a substantial quantity of the signaling molecules 

responsible for osteoblastic and osteoclastic differentiation.

Figure 1 Demonstration of compressible handling characteristics of OsteoSponge following rehydration.
Notes: (Left) OsteoSponge can be compressed to 1/3 of its original size in order to fit a space; (Right) OsteoSponge springs back to fill the void without losing its original 
strength or shape.
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Clinical studies
Several unpublished clinical studies have been performed 

with the OsteoSponge in various orthopedic and spinal 

surgery applications.

Preclinical evidence of the osteogenic activity of 

OsteoSponge was demonstrated in a study using an athy-

mic nude mouse transplantation model. Equal volumes 

of three DBM materials were surgically implanted in 

mice: OsteoSponge, Grafton (Osteotech, Eatontown, 

NJ), and (AlloSource Demineralized Cancellous Cube; 

AlloSource,  Centennial, CO). The tissue was then explanted 

at 2 and 4 weeks. At week 2, the OsteoSponge group dem-

onstrated robust neovascularization (Figure 2), noticeable 

stroma, osteoclastic activity, and production of osteoid (Fig-

ure 3) – findings that are consistent with early bone healing. 

By contrast, Grafton (Figure 4) and AlloSource Deminer-

alized Cancellous Cube (Figure 5) demonstrated limited 

activity in surrounding tissue, no neovascular formation, and 

little evidence of osteoclastic activity or cell attachment to 

DBM particles. At week 4, OsteoSponge specimens showed 

progressive neovascularization with osteoid and new bone 

formation, frequent rimming of DBM with osteoblasts, evi-

dence of ongoing osteoclast activity, and repopulation of the 

DBM with new cells (Figure 6). Overall, OsteoSponge dem-

onstrated excellent biocompatibility and  osteoinductivity. It 

served as a more favorable matrix for cellular infiltration and 

bone regeneration in early-term follow-up, by comparison 

with other DBM grafts. In a separate study, using an athymic 

rat model, OsteoSponge was implanted at an intramuscular 

site for 28 days. Histological examination revealed significant 

osteoinductive properties.

Figure 2 Histologic explant specimens, demonstrating robust neovascularization 
(solid arrow) with OsteoSponge 2 weeks after implantation.

Figure 3 Histologic explant, demonstrating an active stroma (dotted arrow), 
remodeling activity, and production of osteoid (solid arrow) with OsteoSponge 2 
weeks after implantation.

Figure 4 Histologic explant specimens, demonstrating limited activity in surrounding 
tissue, no neovascular formation, and little evidence of osteoclastic activity or cell 
attachment to the DBM particles with Grafton®, 2 weeks after implantation.

OsteoSponge has demonstrated excellent clinical perfor-

mance in bone voids, nonunion sites, and spinal fusion surgery 

(Figure 7). A prospective series of 45 patients (53% women; 

mean age 53 years) was treated with anterior discectomy 

and fusion, using anterior plating and polyetheretherketone 

(PEEK) interbody cages. OsteoSponge cubes were mixed 

with autologous BMA, extracted from an adjacent vertebral 

body, and compressed into the PEEK cage. At 2 years post-

treatment, solid fusion was achieved in all patients, with no 

evidence of screw or plate loosening, plate lift-off, breakage, 

subsidence, or cage dislodgement. Adverse events were noted 

in three (6.7%) patients. One patient showed mild resorp-

tion at an endplate, with no loss of fixation or alignment. 
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PEEK cages per fused level.26 Bone graft material was 

placed within and between the PEEK cages. A  posterolateral 

fusion using Actifuse (Apatech, Elstree, UK), soaked in 

BMA, along with posterior instrumentation, completed 

the circumferential procedure. Quality of life surveys and 

radiographs were obtained at baseline and at regular intervals 

for 2 years. Computed tomography was performed at 1 and 

2 years, postoperatively. There were no pseudoarthroses or 

hardware failures in either group. OsteoSponge plus BMA 

performed similarly to rhBMP-2 in achieving anterior fusion. 

At 2 years, the average fusion density, was 199 Hounsfield 

units (HU) for the OsteoSponge group, and 251 HU for the 

rhBMP-2 group (P = 0.06). The average fusion density for 

both groups was greater than that of the adjacent vertebral 

bodies. The volume of new bone formed within the disc 

space, assessed using computed tomography, indicated no 

difference between groups. At year 1, the rhBMP-2 group 

exhibited a marked difference in the occurrences of leg pain, 

in contrast to the OsteoSponge group (P , 0.001), but this 

difference normalized at year 2. Quality of life measures and 

the Oswestry Disability Index showed no statistical differ-

ence between the groups at 2 years.

Overall, preliminary evidence from preclinical and 

clinical observations suggests that the OsteoSponge matrix 

is safe and effective when used in surgical treatment of 

osseous defects.

Discussion
The OsteoSponge demineralized cancellous allograft has 

been shown to induce new bone formation in in vitro animal 

studies and in clinical settings, with no observed safety risks. 

This contrasts with materials such as autograft, xenograft, 

and ceramic bone graft substitutes, which have been used 

with mixed success.

Clinical experience with autografts for the treatment of 

osseous defects has yielded mixed results. Rajan et al treated 

75 patients, who had comminuted distal radius fractures, 

either with autograft or allograft. They reported similar 

clinical and radiographic outcomes at 1 year in each group.27 

Ring and colleagues treated 35 patients, who had diaphyseal 

forearm nonunions and segmental defects, with autografts 

and plate fixation. All patients were healed, and none required 

a follow-up procedure within 6 months post-treatment.28 

Autografts have been show to yield good-to-excellent results 

in 90% of cystic talus lesions.29 However, several trials have 

reported mixed outcomes with autologous bone grafting. 

Union rates following comminuted forearm fracture were 

similar in patients treated with or without autograft.30,31 

Figure 5 Histologic explant, demonstrating sparse cell attachments, rimming 
osteoblasts, or associations with the Allosource™ DBM material (solid arrow) and 
a majority of DBM surface area revealing no host interaction (dotted arrow).
Notes: There is no evidence of neovascularization or osteoclastic activity with 
Allosource Demineralized Cancellous Cube 2 weeks after implantation.

Figure 6 Histologic explant of OsteoSponge at 4 weeks after implantation.
Notes: This specimen demonstrates progressive neovascularization with osteoid 
and new bone formation within the pores of the DBM sponge (solid arrow), with 
frequent rimming of DBM with osteoblasts (dotted arrow), evidence of ongoing 
osteoclastic activity, and repopulation of the OsteoSponge DBM with host cells.

A second patient developed an immediate  postoperative 

hematoma and breathing diff iculty after a three-level 

 procedure; treatment consisted of hematoma evacuation 

and vessel ligation. A third patient developed a superficial 

wound infection that required readmission and intravenous 

 antibiotics, with no requirement for surgical debridement.

A prospective randomized study compared OsteoSponge 

plus BMA (N = 16) and recombinant hBMP-2 (rhBMP-2) 

(N = 12) in 28 patients who underwent posterior lumbar 

interbody spinal fusion surgery, with placement of two 
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Gershuni and Pinsker32 treated 40 tibial nonunions with 

autograft and cast immobilization. Despite a union rate of 

85%, significant tibial deformity persisted. Adani et al33 

treated 13 patients with autograft for humeral nonunion, 

and reported additional bone grafting in 31% of patients at 

6-month follow-up.

Perhaps the primary limitation of autografts is the per-

sistent morbidity associated with harvesting at the donor site 

(typically, the iliac crest).6 The most common complication 

is postoperative pain at the donor site, reported in 50% 

of patients and persisting through year 1 in up to 29% of 

patients.27,34 Consequently, autologous bone grafting has 

fallen out of favor in recent years.

Few human studies of osseous defect treatment with 

xenografts have been conducted.9 Schultheiss et al reported 

delayed incorporation of bovine cancellous blocks for the 

reconstruction of thoracolumbar fractures, compared with 

autologous tricortical iliac crest bone grafts.8 Liu et al35 

treated 65 patients with xenograft, predominantly for long 

bone fractures and tumor resection. Graft infection was 

reported in 8% of cases. Graft rejection with immunosuppres-

sive treatment was common. Charalambides and colleagues12 

treated 27 patients with xenograft and autograft following 

hip revision surgery. After a mean 2.5 year follow-up, three 

grafts did not incorporate, three patients had graft infection, 

and one patient suffered a deep prosthesis infection. Levai 

et al36 used bovine xenograft in 31 patients for the treatment 

of tibial osteotomy defects. At 2.5 years follow-up, five (16%) 

patients experienced local discharge or infection. Overall, 

xenografts are not recommended for filling cavitary defects, 

due to the high risks of graft rejection and infection.

Ceramic bone graft substitutes yield acceptable long-

term clinical outcomes.14 Coralline hydroxyapatite has 

demonstrated clinical outcomes similar to that of autograft 

in treating tibial plateau fractures.37 However, the brittle-

ness of this material makes handling difficult, and often 

results in fragmentation during incorporation into the defect. 

 Several authors have reported excellent results with calcium 

phosphate for traumatic fractures, and for cavitary filling 

after excision of tumors or cysts.38,39 Anker and colleagues40 

reported that tricalcium phosphate incorporated well into 

small cavitary defects, but that incorporation was incomplete 

after 1 year in large defects.

Calcium phosphate cement has much greater compressive 

strength than other ceramics. A prospective trial of 110 patients 

with distal radius fractures found that calcium phosphate 

cement yielded a greater frequency of satisfactory results, and 

fewer malunions, when used to fill metaphyseal defects than 

Figure 7 Computed tomography scan (AP: left; lateral: right), demonstrating solid two-level lumbar fusion using OsteoSponge allograft in a 64-year-old female smoker.
Abbreviation: AP, anteroposterior.

Table 1 Characteristics of bone grafts and bone graft substitutes

Variable Osteosponge Undemineralized allograft Autograft Xenograft Ceramics

Osteoconduction +++ +++ +++ +++ ++
Osteoinduction +++ ++ +++ + -
Osteointegration +++ ++ +++ ++ +++
Osteogenesis ++ - +++ - -

Abbreviations: +++, excellent; ++, average; +, poor; –, none.
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Table 2 Clinical evaluation of osseous defect treatment with allograft, autograft, xenograft, and ceramics

Variable Osteosponge Undemineralized allograft Autograft Xenograft Ceramics

Structural support + +++ ++ ++ ++
Cost effectiveness +++ +++ ++ + ++
Procedural safety +++ +++ + + ++
Long-term safety +++ +++ + ? ?
Long-term effectiveness +++ +++ ++ ? +

Abbreviations: +++, excellent; ++, average; +, poor; ?, unknown.

when used for closed reduction and cast  immobilization.41 

A similar study in 52 menopausal, osteoporotic women with 

unstable distal radius fractures showed that the use of cal-

cium phosphate cement to supplement pin and screw fixation 

maintained the reduction of unstable distal radius fractures, 

and yielded superior clinical outcomes relative to percutane-

ous pinning.42 However, a randomized study of 323 patients 

with distal radius fractures, treated with or without calcium 

phosphate cement for metaphyseal defect filling, showed no 

group differences in grip strength, range of motion, or quality 

of life at 3 months and at 1 year.43 Furthermore, extravasation 

into the surrounding soft tissues occurred in 70% of patients 

treated with calcium phosphate cement. Painful soft tissue 

reactions have been reported in up to 20% of patients follow-

ing calcium phosphate cement injection.44

The use of calcium sulfate for osseous defects remains 

controversial. This material undergoes dissolution within 4 

to 12 weeks, which is too rapid to provide a long-term frame-

work to support osteoconduction. Calcium sulfate ceramics 

undergo phagocytosis, which contributes to accelerated 

biodegradation.45 Consequently, outcomes of tibial defect 

treatment with calcium sulfate are similar to those arising 

from no treatment at all.46 Collagraft (Zimmer, Warsaw, IN), 

a composite of bovine collagen and a biphasic ceramic (60% 

hydroxyapatite, 40% tricalcium phosphate), was shown to 

perform similarly to autograft in a randomized controlled 

trial of 325 patients with long bone fractures, followed for 

2 years, although allergic response to the bovine protein 

occurred in 1 out of 10 cases.47

An evaluation of the chacteristics and clinical perfor-

mance of OsteoSponge in relation to other bone grafts and 

bone graft substitutes for osseous defect treatment is provided 

in Tables 1 and 2.

OsteoSponge is a nonstructural graft. Therefore, it must 

be used in conjunction with hardware or other graft mate-

rial to provide structural support, if needed. Caution should 

be exercised if the patient is allergic to any antibiotics or 

chemicals used in processing and testing. The presence of 

infection at the transplantation site is a contraindication for 

the use of this allograft. Long-term comparative trials are 

recommended to further clarify the safety and effectiveness 

of OsteoSponge for the treatment of osseous defects.

Overall, the OsteoSponge allograft exhibits ideal prop-

erties for bone regeneration, similar to those of autografts. 

However, the OsteoSponge has a distinct advantage over 

autografts, in that there is no risk of complications at the 

harvest site, or donor pain postoperatively. Additional clinical 

experience with long-term follow-up is anticipated, in order to 

fully establish evidence for the durability of this novel grafting 

material. The OsteoSponge DBM is a promising bone graft for 

serving as an adjunct to the treatment of osseous defects.
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