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Spectrum of Bone Graft Options

• Bone graft extenders
– Osteoconductive matrices, Demineralized matrices

• Bone graft enhancers
– Osteopromotive materials (AGF, PDGF)

• Bone graft substitutes
– Osteoinductive-

• Recombinant proteins, Demineralized Matrices

– Osteogenic-
• Cell-based technologies with synthetic matrices
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Bone Graft Choices
• Characterized by significant variability 



US 2015 Market by Technology
REVENUE IN $MILLIONS
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Material 2011 2012 2013 2015

DBM 16% 21% 24% 21%
Growth Factors 55% 47% 39% 27%
CBM 8% 9% 12% 14%
Syntherics 15% 16% 17% 30%
Traditional Allograft 6% 7% 8% 5%
Bone Marrow Aspirate 3%



Level of Evidence
• Supportive Evidence

– Preclinical studies
• Compelling Evidence

– Human clinical trials
– Comparative Studies
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Levels of Proof

• Preclinical
– In vitro
– In vivo

• Clinical data



Hierarchy of Evidence
• Progression of evidence

– Preclinical to Clinical
• Alkaline phosphatase expression in cell culture to 

human clinical trials

– Heterotopic to orthotopic
• Calvarial defects to posterolateral spine models

– Phylogenetic progression
• Eukaryotic cells to human trials
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Constituents of a Bone Graft Material

Scaffolds

Cells

Growth/Differentiation
Factors



Composition of the Graft

Cells
Growth Factors

Matrix



Cellular contribution to the 
Regenerate 

–Grafted cells comprise a portion of the 
final fusion mass

–Grafted cells may also contribute to local 
inflammation

–Release factors that promote angiogenesis 
and cellular recruitment



FISH

Y-Chromosome

Track graft 
derived cells



Murine inter-transverse fusion

6 weeks1 week 2 weeks



Murine spinal fusion



Y-chromosome stain:  murine fusion



Cell-based Therapy
• Sources

– Autogenous
• Unfractionated Marrow
• Fractionated  Marrow

– Allogeneic
– Xenogeneic

• Synchrony
– Off the shelf
– Harvest in situ
– Harvest and process with delayed reimplantation



• Human Cells, Tissues, and Cellular and Tissue-Based 
Products (HCT/P's) Products
– Regulated under 21 CFR 1271.3(d)(1) and Section 361 of the PHS Act

• be minimally manipulated;
• be intended for homologous use only
• not be combined with a drug or device, except for water, crystalloids, or a 

sterilizing, preserving, or storage agent
• not have a systemic effect and not be dependent on the metabolic activity of living 

cells for its primary function
• FDA regulations further define "minimal manipulation" for structural tissue as 

"processing that does not alter the original relevant characteristics of the tissue 
relating to the tissue's utility for reconstruction, repair, or replacement."



• Human Cells, Tissues, and Cellular and Tissue-Based 
Products (HCT/P's) Products
– Regulated under 21 CFR 1271.3(d)(1) and Section 361 of the PHS Act

– NOT INCLUDED= Drugs and Biologic Products/Compounds
– CULTURED CARTILAGE CELLS
– CULTURED NERVE CELLS
– LYMPHOCYTE IMMUNE THERAPY
– GENE THERAPY PRODUCTS
– HUMAN CLONING
– HUMAN CELLS USED IN THERAPY INVOLVING THE TRANSFER OF GENETIC 

MATERIAL (cell nuclei, oocyte nuclei, mitochondrial genetic material in ooplasm, genetic material 
contained in a genetic vector)

– UNRELATED ALLOGENEIC HEMATOPOIETIC STEM CELLS
– UNRELATED DONOR LYPHOCYTES FOR INFUSION



Cells
Autogenous Allogeneic Xenogeneic

Bone-derived

Allosource
Trinity
Osteocel
MAP3

Tissue-derived
Amniotic Cells- NuCel, Gensano
Placental- Pluristem
Fat- Allosource, Cellerix, Cytori,    

Tissue Genesis
Umbilical- Gamida Cell, Bio D
Human Embryonic – Aruna, Stemina
Synovial Cell- Puregen

Live DonorCadaveric

Marrow

Mesoblast
OsteoAmp



Supportive Evidence



Intramuscular Study: In-Vivo Study: 6 week results

BMA* (with demineralized 
bone chips))

Osteoprogenitor cells (with 
demineralized bone chips))

MSC* (with demineralized 
bone chips))

Score:1.5

Score:1.5Score:1

Score:1

Score:2

Score:2

*Note: College Age Donor

PureGen Cell: Consistent Bone Quality & Early Bone Formation



Athymic Rat 2-Level
Posterolateral Fusion Model

• Direct Comparison of Cell-
based DBM preparations and 
non-cell based DBM

• Animal testing is not predictive of clinical outcomes.
• Data on file.



Rat  8 Week 2-Level Spine Fusion
Po

st
-s

ur
ge

ry
N

ec
ro

ps
y

Rat ID: 384 Rat ID: 383 

GRAFTON DBM DBFMap3® Chips Allograft

Rat ID:  420

• Animal testing is not predictive of clinical outcomes.
• Data on file.



Direct Comparison of bone formation

Raw Material Raw Material

PMD018671-2.0



Osteocel® Plus in Lumbar Spinal Fusions
• 52 consecutive lumbar fusion patients1

• Mean age - 50 years old
• 43% - Smokers; 21% - Previously Failed Fusions
• 360°(67%), ALIF (17%) and TLIF (16%).

“Osteocel allograft is safe and effective”
1Kerr, et al., Journal of Surgical Orthopaedic Advances (2011) 20(3); 193-197

• High union rate: 92.3%
• Median union time: 5 months
• No graft rejection
• 1 wound infection complication: 1.9%

CT Scan of Osteocel Plus FusionTime to Fusion (Months)
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• Prospective Multicenter Study, Single Arm
• Fusion rates and clinical outcomes comparable with 

IDE trials of ACDF vs CDR



• Multicenter prospective study
• 40 consecutive patients



. 
Spine J. 2014 November 1; 14(11): 2763–2772



Review of DBM Products

• Aghdasi, et.al. A review of demineralized bone matrices for spinal fusion: The evidence of 
efficacy. E Surgeon II (2013) 39-48

• Systemic Review of 
MEDLINE using PubMed 
and Cochrane, CINAHL, and 
Google Scholar databases

• Articles appraised utilizing 
the 27-point PRISMA 
checklist

• 108 articles identified with 
search terms

• 43 articles meet the inclusion 
criteria

• Preclinical and clinical 
articles included 
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Composition of the Graft

Cells
Growth Factors

Matrix TGF-beta3





•679 total patients
•Postoperative outcomes

•Eliminate graft donor site pain 
(>30% @ 2 years)  - no ICBG Harvest
•Improved fusion at 24 months 
(p= 0.022)
•Improved clinical outcomes 
(ODI @2 yrs; p<0.001) 
•Median return to work reduced by 55 days 
(p<0.02)

•6-Yr Followup (146 Patients)
•High fusion success

•98% at 6 years
•ODI, back pain, leg pain Improvements 
Maintained

Indication: rhBMP-2/ACS in Anterior Lumbar Fusion
Autograft Control
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• 13 RCTs and 31 Prospective Cohort Studies
– Similar Fusion Rates and Overall Success
– Similar adverse events
– BMP-2 associated with increased cancer rate

• Small numbers and heterogeneous tumors

– Early disclosure of all data would have better 
informed physicians and public than original 
trial publications did
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i-Factor
• i-Factor is a composite bone substitute material 

consisting of the P-15 synthetic collagen fragment 
adsorbed onto anorganic bone mineral and 
suspendedin an inert biocompatible hydrogel 
carrier.



• Multicenter prospective randomized study 
comparing Local Allograft with iFactor in 
cortical ring allograft in ACDF

• Control subjects received a cortical allograft ring filled 
with autograft bone collected from osteophytes and 
endplate preparation during the procedure. 
Investigational subjects received a cortical allograft ring 
filled with an average of 0.78 cc (range 0.15–4.0 cc) of 
i-Factor



Non-inferiority

• Overall success rate consisting of fusion, NDI, Neurological, Success and Safety Success 
was higher in i-Factor subjects than in autograft subjects (68.75% and 56.94%, p=0.0382)



Composition of the Graft

Cells
Factors
Matrix



Bone Graft Matrices
• Allograft
• Demineralized Bone Matrices
• Collagen
• Coralline Hydroxyapatite
• Synthetic Matrices

– Calcium Sulfate
– Hydroxyapatite
– Tricalcium Phosphate
– Nanochrystalline Hydroxyapatite
– Bioglass



• Synthetic matrices mimic the inorganic phase of bone
• Advantages of ceramic matrices include low 

immunogenicity and toxicity, stability at physiologic pH 
levels, and the ability to withstand sterilization procedures 
without losing structural integrity.



Matrix Properties

• Resorption rate
• Cell adherence
• Osteoconduction

– Cell adherence/migration assays
• Osteoactivation

– Alkaline phosphatase/Osteocalcin expression



• Fusion Extenders Reviewed:
–DBM
–Calcium Phosphate
–Calcium Sulfate



• Calcium phosphate is the most supported of the 
lumbar fusion extenders.

• These formulations are supported by these initial 
studies but in some cases need to be better examined 
with regard to side effect profiles.



• Overall quality of studies very low
– Cochrane Risk of Bias 4.8 (3-6)

“Caution should be taken in interpreting these findings, given 
the low quality of the studies and the heterogeneity in the 
results. Randomized controlled studies using blinded 
assessments are required to help elucidate more conclusive 
evidence.”



Systematic Review of Stem Cells 
in Spine Fusion



Selective Application
• When do we need our most potent osteobiologics?
• When are more potent osteobiologics inappropriate?

– Clinical efficacy
– Cost
– Complication profile



Bone defect size

Biology

Good

Poor

Small Large

Biologics Applications:

ACDF ALIF Adolescent 
Idiopathic Scoliosis

Multilevel adult 
deformity

Revision Adult
Deformity
Pseudarthrosis

Posterolateral
Fusion

TLIF/PLIF

High Grade
Spondylolisthesis

Revision posterolat
Smoker/Diabetic
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Osteoconductive Matrices

Osteogenic/Osteoconductive Matrices

Osteoinductive



Conclusion

• There is tremendous variability in the choice of bone graft 
substitutes for common spine applications

• Decision-making on bone graft materials is often made 
with incomplete data

• Matching graft choice with patient need may provide a 
framework for informed choice 

• Future use of Incremental Cost Effectiveness Analysis to 
evaluate utility of osteobiologics in the spine may lend 
insight into cost-effective solutions



Thank You

UCSF Center for Outcomes Research


