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Summary  
 

In this study we have evaluated by clinic, morphologic and histological exam the 
biocompatibility and the changes in the morphology bone of the two biocomposite implant 
types: simple collagenic scaffolds loaded with mesenchymal stem cells and collagen 
impregnated with hydroxyapatite scaffolds loaded with mesenchymal stem cells, implanted 
into femoral or tibial bones of the adult dogs. 

Biocompatibility of all implants was good. After 90 days of the implants the osseous 
morphology was integral recuperated. 
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The reconstruction and repair of large bone defects, resulting from trauma, 

cancer or metabolic disorders, is a major clinical challenge in orthopedics. Clinically 
available biological and synthetic grafts have clear limitations that necessitate the 
development of new graft materials and/or strategies (9, 11).  

For the repair of bone defects, a tissue engineering approach would be to 
combine cells capable of osteogenic (i.e. bone-forming) activity with an appropriate 
scaffolding material to stimulate bone regeneration and repair (1, 7, and 8). A 
scaffold of natural origin, such as collagen or hydroxyapatite has clear advantages 
(3, 12, 13, and 14). Osteoprogenitor cells may be an option for tissue-engineered 
therapy (5, 13, and 14). 

The biological behavior of indigenous produced implants based on simple 
collagenic scaffolds or collagen impregnated with hydroxyapatite and loaded with 
mesenchymal stem cells (MSC), for bone rehabilitation is still unknown. This paper 
was conducted to test the morphological osseous recuperation in dog after use of 
these implants.  

 
Materials and Methods 

 
Biologic materials used were contented ten, two three years old crossbreed 

weighting 18 kg, which were quarantined two weeks before starting the surgical 
experiment. After clinical examination, all dogs were considered healthy. Before 
surgery were carried X-ray exams of femoral and tibial region for excluding 
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eventually pathology at the places of implants insertion. From each individual, bone 
marrow was aspirated after puncturing the proximal humeral epiphysis (10). The 
samples were processed for MSC obtaining at Immunophysiology and 
Biotechnology Centre of University of Medicine and Pharmacy "V. Babeş" 
Timişoara. We used as support for growing-loading-transplant collagenic scaffolds 
and collagen impregnated with hydroxyapatite scaffolds produced by SC Glass and 
Ceramics Poneti SRL Bucharest. 

Under general anesthesia, using a classical surgery procedure (4), in every 
dog in both pelvic legs, the defects were created as 4-mm holes on the lateral 
aspect of the femur and tibia and the holes placed in the right limbs were packed 
with simple collagenic scaffolds loaded with MSC (group A, n=5) and in group B 
(n=5), osseous defects were filled in with collagen impregnated with hydroxyapatite 
scaffolds loaded with MSC. In all dogs, holes created in the left limbs were un-
repaired and they were considered control (group C, n=10). 

X-ray evaluation of the healing process was made at 2, 4, 6, 8, 10, and 12 
weeks.  

All dogs were euthanized (Thiopental overdose) at 90 days after 
implantations. Implants have been gross examined, emphasizing the changing, 
after that being prepared, together with bone structure for microscopy evaluation. 
Histological analyses were made on thin decalcified sections of retrieved samples. 
The samples were initially submersed for eight days in a 10% trichloroacetic acid 
then prepared for the histological study, by staining with hematoxylin-eosin and 
three-chromic Mallory methods.  

 
Results and discussions 

 
The radiographic results showed that the process of ossification started 

after 4 weeks and the defect was completely filled with new woven bone at 6 weeks 
after implantations of simple collagenic scaffolds loaded with MSC – fig 1a, and of 
collagen impregnated with hydroxyapatite scaffolds loaded with MSC – fig 1b. In 
the control group the process of ossification started after 4 weeks and the defect 
was completely filled with new woven bone after 12 weeks – fig 1c. 
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a.  b. c. 

Fig. 1 – The radiographical results of osseous recuperation in the dog after 6 
weeks post biocomposite implants (a – group A, b - group B, c – group C). 

Morphological examination showed at 90 days after implantations a 
complete osseous recuperation of the both experimental test groups – fig, 2a and 
b. In the control group (group C), only a small quantity of new bone formation was 
found along the margin of defects – fig. 2c. 

 

   
a. b. c. 

Fig. 2 – The morphological results of osseous recuperation in the dog after 90 days 
post biocomposite implants (a – group A, b - group B, c – group C). 
 

After 90 days, the bioceramic had almost completely degraded and 
abundant bone formation could be seen in the whole defects. Histological 
examination of the tissue showed the formation of osteoblast inducing the 
osteogenesis in the defect. A large amount of trabecular bone had formed and the 
medullar cavity, medullar cells and lipocytes could be seen. Osteoblasts and 
osteoclasts were seen between the scaffolds and the local bone in the transition 
area. The endochondral ossification patterns were observed. The collagenous 
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fibrous matrix and the complete Haversian system were observed at 90 days after 
implantations – fig. 3. 

 

   
a. b. c. 

Fig. 3 – The histological results of osseous recuperation in the dog after 90 days 
post biocomposite implants (a – group A, b - group B, c – group C). 

  

The new bone tissue architecture looks like the compact osseous tissue, 
respectively like young bone lames concentrically placed. The histological study 
results can be compared to the data reported by Asahina et al – 1997 (2) and Faria 
M.L. et al – 2007 (6). 

 
Conclusions 

 

These results indicate that both simple collagenic scaffolds and collagen 
impregnated with hydroxyapatite scaffolds can show comparable osteogenic ability 
in the presence of mesenchymal stem cells. 

Transplantation of MSCs with simple collagenic scaffolds and collagen 
impregnated with hydroxyapatite scaffolds can serve as an example of a cell-based 
treatment for bone regeneration in skeletal defects. 

Our data suggest that mineralized collagen is a promising candidate for 
using it as a scaffold in tissue engineering of bone. 
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