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Purpose: The use of demineralized bone matrix (DBM) 
for the treatment of osseous defects offers osteogenic 
properties without the expense of recombinant growth 
factors or the potential morbidity associated with 
harvesting autogenous bone. The ideal DBM graft would 
be injectable and facilitate effective placement and 
containment of DBM particles. Furthermore, the delivery 
vehicle might be osteoconductive and replaced with new 
bone as it resorbs and exposes the DBM particles. We 
hypothesized that a new CaSO4/CaPO4-DBM composite 
bone graft would result in a greater amount and strength 
of regenerated bone compared to cancellous autograft in a 
canine critical-sized bone defect model [1, 2]. 
Methods: Under an IACUC-approved protocol, 9 adult 
male hound-type dogs (26-38 kg) had a contained 13 mm 
X 50 mm axial medullary defect created in the proximal 
humerus, bilaterally, and were studied for 13 weeks (n=4) 
and 26 weeks (n=5). The defect in one humerus was 
treated with CaSO4/CaPO4-DBM composite bone graft 
(PRO-DENSE DBM, Wright Medical) and the 
contralateral defect was treated with autologous 
cancellous graft bone obtained in the course of creating 
the model defects. The DBM particles used in this study 
originated from canine bone obtained and processed by a 
commercial source. Radiographs were obtained in all 
animals at 0, 2, 6, and 13 weeks, and also at 26 weeks in 5 
dogs. 
     Transverse, undecalcified, plastic-embedded sections 
of the bones were ground and stained with basic fuchsin 
and toluidine blue for examination using light 
microscopy. The area fractions of new bone, fibrous 
tissue and residual implanted materials in the defects were 
quantified using standard point-counting techniques. The 
sections were also examined using high-resolution contact 
radiographs. The ultimate compressive stress and 
modulus of elasticity of an 8mm diameter X 20mm long 
test cylinder cored from the midlevel of each defect was 
determined in unconfined, uniaxial compression tests at a 
crosshead speed of 0.5 mm/min until obvious specimen 
failure was observed as indicated by a significant drop in 
the load curve or 30% strain of the specimen was 
achieved. Specimen ultimate compressive stress and 
elastic modulus were calculated from the resulting stress-
strain curves. The histomorphometric and mechanical 
data were analyzed using the Friedman and Mann-
Whitney tests. Data are presented as the mean and 
standard deviation. 
Results: At 13 weeks, there was more regenerated bone 
in the defects treated with CaSO4/CaPO4-DBM graft 
(15.1±1.1%) compared to defects treated with autologous 
bone graft (12.9±1.7%) (p=0.317) [Fig. 1], and the 
compressive strength was greater for regenerated bone in 
defects treated with CaSO4/CaPO4-DBM graft (1.9±0.6 
MPa) compared to those treated with bone autograft 

(0.9±0.2 MPa) (p=0.05) [Fig. 2]. At 26 weeks, the area 
fraction (14.1±2.9%) of regenerated bone in defects 
treated with CaSO4/CaPO4-DBM graft was maintained. 
Although the area fraction of bone in autograft-treated 
defects increased (p=0.027) to a similar level (15.7±1.2%) 
at 26 weeks, it was still not as strong (1.3±0.2 MPa) as in 
the composite graft-treated defects (2.0±0.8 MPa). 
     At both 13 and 26 weeks, defects treated with 
CaSO4/CaPO4-DBM composite graft showed a higher 
radiodensity that the contralateral defects treated with 
bone autograft. Histologically, all of the 13 and 26-week 
defects, whether they had been treated with 
CaSO4/CaPO4-DBM graft or autologous bone, were 
restored with new bone trabeculae and minimal (≤4%) 
fibrous tissue. The new trabeculae incorporated either the 
autograft bone particles or the DBM particles with a small 
amount of residual CaSO4/CaPO4. Foci of chondrogenesis 
were present in 3 defects treated with autograft and no 
defects treated with CaSO4/CaPO4-DBM. 
Conclusions: The CaSO4/CaPO4-DBM composite graft 
produced a greater amount and strength of regenerated 
bone than cancellous autologous bone graft in a critical-
size defect model. The composite graft holds promise for 
non-load bearing applications where dense, strong bone 
formation at early time points would be advantageous for 
faster healing and potentially a quicker return to activity. 
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Figure 1 Area Fraction of New Bone
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Figure 2 Ultimate Compressive Stress
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