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Type 1 collagen acts as a template for cell 
migration and penetration in tissues. The bond 

between cells and collagen is formed by the help of 
highly specific receptors. The skeletal structure of 
the cell is produced by this bond and has a role on 
diversion of mechanical energy to the biochemical 
procedures. It also has a role in cell differentiation 
and morphogenesis.1 The cell binding region of type 
1 collagen was defined at a1 (I) chain. This sequence 
is specific for collagen. A synthetic peptide (P-15) 
was formed according to this sequence and it was 
seen that this sequence was a ligand with high affinity 
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to collagen binding receptors. Attachment, migration 
and differentation of bone producing cells was aimed 
by placing the cell binding activity of type 1 collagen 
on the bioceramic skeletons and the polymer carrier 
matrices in a 3-dimensional way.1,2 Inorganic bone 
matrix (ABM) is the source of calcium phosphate 
and natural anatomic matrix needed for cellular 
invasion. The P-15 regulates the cellular binding, 
migration, proliferation and differentiation. The 
ABM/P-15 combination binds to the cells, especially 
to fibroblasts and osteoblasts.3 Bone formation was 

Objectives: To determine the effect of inorganic bone 
matric/Pepgen P-15 (ABM/P-15) on the healing of a critical 
sized segmental defect in a rat radius using a radiological 
and histological grading system.

Methods: We carried out this study at the Research 
Laboratories, Gazi University School of Medicine in 2004. 
Critical sized segmental defects were created in the radius 
of 36 Wistar rats. Thirteen defects were filled with ABM/P-
15 Flow (gel form), 12 defects were filled with ABM/P-15, 
and 11 defects were used as a control group. The rats were 
sacrified at the tenth week, and healing of the defects was 
evaluated radiographically and histologically.

Results:   The usage of ABM/P-15 and ABM/P-15 Flow 
were demonstrated to improve  healing of segmental 
bone defects compared with the control group. Statistical 
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evaluation showed that there were significant differences 
between control sites, and the sites treated with P-15 
and P-15 Flow (p=0.011). The highest radiological and 
histological grades were achieved by P-15.

Conclusion: Segmental cortical bone defects may be 
treated with ABM/P-15 instead of bone allografts, and 
autografts. According to the radiological and histological 
parameters measured in this study, the implantation of 
ABM/P-15 resulted in optimum healing of the segmental 
cortical bone defects. Pepgen P-15 has a positive effect 
on bone healing, without any immunogenic features and 
disease transmission risk. Therefore, ABM/P-15 can also 
be used for orthopedic surgery. 
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shown in experimental studies.4 This osteoconductive 
combination had been used on periodontal defects 
clinically.5,6 The P-15 has no antigenic effect and 
therefore there are no immunological reactions.7,8 
The aim of this study is to determine the effect of 
ABM/P-15 on the healing of a critical sized segmental 
defect in a rat radius by histological and radiological 
evaluation.

Methods.    The study was carried out at the 
Research Laboratories, Gazi University School of 
Medicine in 2004, and used 36 female Wistar. The 
rats weighed approximately 300 ± 20 grams, and 
were kept in different cages in the same institution. 
The same surgeon under ketamine and xylazine 
anesthesia carried out the surgical procedures. The 
right forelimbs of the rats were shaved, prepared and 
draped in a sterile fashion. A longitudinal incision 
was made on the radius, and the overlying tissues 
were dissected. The middle third of the radius 
diaphysis was osteotomized, and a segmental defect 
was formed. The defect was 2 times greater than the 
radius of the bone diaphysis. After this procedure, the 
defect was irrigated by saline solution. The rats were 
divided into 3 experimental groups as follows: Group 
1 - segmental bone defects were filled with ABM/P-
15 Flow (gel form). Group 2 - segmental bone defects 
were filled with ABM/P-15. Group 3 - segmental 
bone defects were used as a control group and left 
empty. After the procedure, the skin was sutured 
primarily. After 10 weeks healing period, the rats were 
sacrificed by high dose ketamine and xylazine. The 
right forelimbs were dissected without causing any 
harm on the callus tissues and classified according to 
the designated groups. The specimens were subjected 
to radiographic examination and they were put in 
10% formaldehyde solution. Anteroposterior (A-
P) radiographs were taken for each specimen. The 
radiographic osseous union was graded according 
to the radiographic evaluation scale, which was 
prepared by Cook et al.9 No device was used for 
radiodensity measurement because the previous 
studies showed that there is no need for any device 
for radiographic evaluation.9-11  The specimens were 
decalcified in 10% formic acid for 10 days and 5mm 
slides were prepared. The specimens were stained by 
hemotoxylene and eosin. Histopathologic evaluation 
was made under light microscope. Bone healing was 
determined at the defect sites. Histological evaluation 
was carried out according to the histopathologic 
evaluation scale used by Salkeld et al.10,12  

Statistical analyses were performed using SPSS 
software Version 11.0 (SPSS Inc. Chicago, Ill, USA) 
A probability value of less than 0.05 was considered 
statistically significant. Kruskal-Wallis and Mann-

Whitney U tests were used for the statistical 
evaluation of the data obtained for the different 
groups statistically. 

Results.  At the end of 10 weeks bone healing 
period, the A-P radiographs of the rats’ forelimbs 
were taken. Osseous union was graded according to 
the radiographic evaluation scale prepared by Cook 
et al.9  Kruskal-Wallis test revealed that there was a 
significant difference between the 3 groups (p<0.001). 
There was also a significant difference between these 
groups radiologically according to Mann Whitney U 
test: group 1-3 (p<0.001), group 2-3 (p<0.001) and 
group 1-2 (p=0.011). When group 1 and group 2 were 
compared with the control group, bone union was 
observed (Figure 1). Also, when group 1 and group 
2 were compared with each other, group 2 had better 
bone union than group 1 radiographically All the 
specimens were investigated under light microscope 
and histologically graded. The results were defined 
statistically. When the groups were evaluated 
according to the quality of union, the following 
results were obtained. There was no difference 
between group 1 and group 2 (p=0.247). There was 
difference between group 1 and 3 p<0.001). There was 
difference between group 2 and 3 (p<0.001). When 
group 1 and 2 were compared with control group, the 
bone union was recognized histologically (Figures 2 
& 3). When the groups were evaluated according to 
the bone-graft incorporation and new bone formation, 
the following findings were found: There was no 
difference between group 1 and 2 (p=0.852). There 
was a difference between group 1 and 3 (p=0.003), 
and there was a difference between group 2 and 3 
(p<0.001). The histological comparison of group 
1 and 2 with the control group revealed bone-graft 
incorporation and new bone formation. The callus 
formation and mineralization were observed at the 
bone defects site of group 1 and group 2. Significant 
osteoblastic activity was seen in group 2 (Figure 3).

Discussion. Bone grafts are often used during 
orthopedic surgery. Today, bone grafts substitutes 
are frequently used for suitable cases. The most 
important point is to use the graft materials for 
appropriate cases and indications. The ABM/P-15 
was produced for filling periodontal defects, and there 
were many experimental and clinical studies with this 
substitute. Yukna et al,8,12 carried out 2 prospective 
clinical studies on periodontal defects and filled these 
defects with ABM/P-15. They found that the clinical 
results were better with ABM/P-15 than ABM alone. 
Bovine derived hydroxyapatites carry the risk of 
transmitting diseases (for example, Jakob Creutzfeld 
disease) with proteins and prions when they are 
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and allows the cells to penetrate these P-15 cell 
binding areas. The previous studies showed that the 
hydrogel form of ABM/P-15 produced a more rapid 
bone formation than the other forms.8,14 However, our 
study revealed that the ABM/P-15 chip form resulted 
in more osteoblastic activity. Kübler et al14 compared 
the effects of 5 different graft materials on human 
bone tissue culture. These materials are phythogen 
hydroxyapatite, a-tricalcium phosphate, bovine 
derived hydroxyapatite produced at low temperature, 
bovine derived hydroxyapatite produced at high 
temperature and bovine derived hydroxyapatite 
produced at high temperature-P-15 combination 
(ABM/P-15). The effects of these different materials 
on osteoblasts were evaluated. Cell proliferation and 
presence were defined by alkalen phosphatase levels. 
The tissue cultures were investigated under light and 
electron microscopes. The ABM/P-15 had the most 
cell proliferation and differentiation than the other 
substitutes. Bovine derived hydroxyapatite produced 
at high temperature (Osteograft) was the other most 
effective graft material after ABM/P-15.20  Most of 
the clinical and experimental studies were carried out 
on periodontal surgery and alveolar bones. Only one 
experimental animal study was affected by M/P-15 
on cortical bones.21 In that study, the tibial critical 
sized cortical defects were filled with ABM/P-15 
Flow and ABM/P-15. These 2 groups had better 
bone healing than the control group after histological 
investigation. However, the group to which ABM/
P-15 Flow was applied had less bone formation. 
The shortcomings of this study were that there was 
no histological and radiological grading system.21 
Our study provided histological and pathological 
support to it.  Alizarin Red S histological staining 
was performed after applying the P-15 on human 
tissue culture studies. These cultures were positively 
stained and showed that mineralization occurred. 
Also alkaline phosphatase, TGF-B-1, type 1 collagen, 
osteocalcine and osteonectine levels were measured 

prepared at low temperatures. The bovine derived 
hydroxyapatites prepared at high temperature do not 
pose this risk. Therefore, ABM has this advantage. To 
increase the rate of cell binding to the graft material, 
the ABM surface was covered with cell binding 
peptide.14 Cell binding peptide regulate apoptosis 
and improves cell binding, cell numbers and tissue 
structure.15 Qian et al showed that ABM/P-15 had 
great effect on bone healing by alkalen phosphatase 
staining tissues in vitro.16 The ABM/P-15 has shown 
good results on alveolar bone defects in long term 
clinical studies.16,17 After filling the alveolar defects 
with ABM/P-15, an increase in osteogenic cells and 
revascularization was histologically observed.18,19 
Krauser et al3 filled a maxillary sinus defect with 
inorganic bovine bone mineral and demineralized 
bone matrix. However, it was not successful and they 
then applied a ABM/P-15 combination to the defect. 
The defect filled with bone in a short time period 
radiologically and histologically. The ABM/P-15 
has biocompatible hydrogel and chips forms. This 
hydrogel is composed of carboxymetylcellulose and 
glycerol. Hydrogel fills the gap between particles 

Figure 1 -	Radiographic view  of an inorganic bone matrix P-15 treated 
defect after 10 weeks.

Figure 2 -	The increase of osteoblastic activity and callus formation 
could be seen at the osteotomy site after 10 weeks (Group 
1), hematoxylin and eosin X 12.5.

Figure 3 -	Significant osteoblastic activity was seen around inorganic 
bone matrix P-15 at group 2 than group 1 after 10 weeks 
(hematoxylin and eosin, X 400).

01Effect 20051109.indd   779 3/6/06   9:01:49 am



780

A new composite for long bone defects … Cakmak et al

Saudi Med J 2006; Vol. 27 (6)     www.smj.org.sa

to be higher than other tissue cultures. This shows 
that ABM/P-15 accelerates bone healing.1,2,22  In short 
and long-term clinical studies, in which ABM/P-15 
was applied for periodontal treatments, radioopacity 
was observed around the implants. This showed that 
new bone formation had occurred. Our experimental 
study, with a higher number of test subjects, showed 
the affectivity of ABM/P-15 radiographically and 
histologically by grading systems. 

In conclusion, ABM/P-15 and ABM/P-15 Flow 
produced new bone formation at segmental cortical 
bone defects, especially at the peripheral sites. This 
could be observed radiologically and histologically. 
The ABM/P-15 had more osteogenic proliferation 
than ABM/P-15 Flow. Previous clinical and 
experimental studies on periodontal alveolar bone 
defects showed that ABM/P-15 Flow had better 
bone healing effect. By this experimental study, we 
evaluated the difference in the effectivity of these 
2 products and obtained a different result. Also, by 
this study we combined histological and radiological 
evaluation of this product and had a different point of 
view. The only limitation of this study is the absence 
of the control group in which ABM alone will be used, 
but this is our preliminary results, and also by the 
previous in vitro and in vivo studies the affectivity of 
ABM/P-15 combination was approved. Synthetic cell 
binding peptide (P-15), which is used in periodontal 
procedures, clinically has a positive effect on bone 
healing, with no immunogenic feature and disease 
transmission risk. This product can be found and 
produced easily. Based on these findings, ABM/P-15 
will most probably be used during orthopedic surgery 
in the future.
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