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Complex surgical procedures are usually recom-
mended for bone regeneration in areas where 

insufficient bone volume prevents the generation of 
new bone.1 Characteristics of an ideal graft material are 
osteogenesis, osteoinduction, and osteoconduction. 
Additionally, grafting materials should be resorbed 
gradually and replaced by newly formed bone.2 

For some time, only autogenous bone graft fulfilled 
all of these requirements. However, the limited source 
of autografts in the oral cavity and the postsurgical 
complications associated with the use of extraoral 
grafts encouraged clinicians to consider other bioma-
terials for bone regeneration procedures.3 

Therefore, many physicians have now turned to oth-
er grafting materials in order to avoid separate surgical 
procedures for obtaining graft material and to enhance 
the patient’s comfort and convenience. Allografts or 
human grafts have been tested for their osteoconduc-
tive characteristics. These materials are transferred 
from a donor to a recipient, both of the same species 
but of dissimilar genetic composition.4,5 The demineral-
ized freeze-dried bone allograft (DFDBA) is considered  
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Purpose: To estimate the efficacy of various bone grafting materials in the healing of 8-mm-diameter critical-

size defects (CSD) in guinea pig calvaria. Methods: In this randomized trial study, critical-size defects were 

created in the calvaria of 36 guinea pigs 6 months of age. Animals were assigned into three groups and each 

received one of three experimental protocols. In protocol A, the right-side defect was filled with macroporous 

biphasic calcium phosphate (MBCP Gel) and the left side was left empty as a control. In protocol B, the right-

side defect was filled with demineralized freeze-dried bone allograft (DFDBA) and the left side was filled with 

Stypro. In protocol C, the right-side defect was filled with Bio-Oss and the left side was filled with autogenous 

bone. The percentage of new bone formation was evaluated histomorphometrically after 8 weeks. Results: 

The mean bone formation was 68.19% for autogenous bone, 66.96% for MBCP Gel, 57.28% for Bio-Oss, 

50.19% for DFDBA, 18.79% for Stypro, and 10.61% for the empty control. Except for the MBCP Gel and 

autogenous bone groups (P = .6), the differences between the other groups were statistically significant  

(P < .05). Conclusion: The results of this study indicated that all the testing materials had different capacities 

to produce new bone in CSD of guinea pig calvaria. MBCP Gel showed promising results in producing new 

bone proportionate to the autogenous bone graft group. Int J Oral Maxillofac Implants 2013;28:1370–1376.  
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a source of collagen type I and bone morphogenic pro-
teins which cause osteoinduction.4 However, because 
of the lack of inorganic mineralized components in 
these materials, they are not suitable as the scaffolding 
needed for bone regeneration and therefore are not 
osteoconductive.4 

Exfuse (Hans Biomed) is a novel DFDBA in putty 
form, to which deproteinized corticocancellous bone 
chips are added. It is claimed that it has the ability to 
stimulate mesenchymal cell proliferation in addition to 
conducting osseous tissue. Also, the addition of poly-
mer excipient enhances the feasibility of implantation 
for this material.6

The other commonly used grafting material is xeno-
graft, which is derived from donors of different species. 
After totally removing the organic protein component 
of these materials, the inorganic structure is used as a 
natural architecture matrix known to be rich in calci-
um. These materials are mostly osteoconductive.7

Bio-Oss (Geistlich) is a xenograft material obtained 
from bovine hydroxyapatite (HA). One of the advan-
tages of this material is the similarity of its chemical 
composition to human HA, since the proportion of cal-
cium and phosphate in this material is 1.67, identical 
to that in human bone HA.1 The diameter of calcium 
crystals in the Bio-Oss mineral matrix is 100 µm, which 
is also similar to that of the human matrix.8 In addition, 
because of its surface topography, osteoblastic linkage 
and bone matrix formation appear on its superficial 
layer.9 It is now one of the most frequently used bio-
materials in bone regeneration procedures.1 

The third generation of grafting materials is alloplast 
materials. These synthetic materials enjoy the follow-
ing advantages: they have relatively low cost, they do 
not induce immunologic or infectious problems, and 
they have a higher resorption rate compared with HA 
materials. This last characteristic allows for bone for-
mation simultaneously with material resorption. These 
materials are considered to be osteoconductive.2,10,11

MBCP Gel (Biomatlante) is a composite biomaterial 
obtained by the association of macroporous biphasic 
calcium phosphate in a polymeric carrier phase (hy-
droxyl propyl methyl cellulose, HPMC). This material 
consists of HA and beta-tricalcium phosphate (β-TCP) 
with a weight ratio of 60/40. It is suggested that this 
ratio causes an optimum balance in the more stable 
phase of HA and the more soluble TCP, leading to ideal 
solubility of the graft material in vivo and bone forma-
tion at a similar rate.12

Stypro (Curasan) is a biodegradable gelatin sponge 
of porcine origin with the ability to promote hemosta-
sis. This material is used for immediate hemocoagula-
tion. Since this process is the first step in tissue repair 
and healing, its application in well-maintained defects 
for inducing bone regeneration is appropriate.13

A critical-size defect (CSD) is a bony defect in an ani-
mal model for evaluation of bone healing. A CSD is the 
smallest diameter of intraosseous wound that would 
not heal spontaneously without bone grafting during 
the lifetime of the animal.4 

The purpose of this study is to assess the healing 
capability of novel allograft and alloplast materials 
discussed above and to compare them with the gold 
standard grafting material (autogenous bone) and Bio-
Oss, one of the most common commercially available 
xenografts. The biomaterials were implanted in the 
calvaria of guinea pigs as a model for CSD evaluation 
of bone repair. 

Materials and Methods

Thirty six male guinea pigs 6 months of age, weighing 
on average about 500 g ± 100 g were used in the study. 
The animals were randomly divided into three equal 
groups according to experimental protocol. 

In protocol A, MBCP Gel was inserted in the right-
side defect (group 1) and the left side remained empty 
(group 2, control group) and left to fill with a blood 
clot. In protocol B, Exfuse was placed in the right-side 
defect (group 3) and Stypro in the left side (group 4). In 
protocol C, the right-side defect was filled with Bio-Oss 
(group 5) and autogenous bone was placed in the left 
side (group 6).

Surgical Procedure
The animals were anesthetized intramuscularly with 
a mixture of ketamine hydrochloride (35 mg/kg) and 
2% xylazine hydrochloride (2 mg/kg). The frontopari-
etal skin of each animal was subjected to trichotomy 
and asepsis with 10% povidone iodine and the sur-
gical area was isolated. A straight-shaped incision 
from the nasofrontal suture to the external occipi-
tal protuberance was made. Flaps were elevated by 
periosteal elevator to expose the parietal bone. Two full- 
thickness defects were created in the parietal bone us-
ing a trephine bur (8-mm external diameter) connected 
to a low-speed handpiece (gear ratio 72:1, maximum 
speed 500 rpm) under continuous and copious irriga-
tion with 0.9% sterile saline to reduce possible thermal 
damage. The full-thickness craniotomies created in the 
parietal bone were posterior to the coronal suture and, 
while the least distance from the outer aspect of the 
defects to sagittal suture was 2 mm, care was taken not 
to cross the midline. The round bone lid was removed 
with a chisel with light movement to fracture the re-
maining bone below the incision site. The dura mater 
was kept uninjured throughout the procedures. All the 
stages of the surgical procedures were performed un-
der sterile conditions. 
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According to each protocol, the planned grafting 
material was positioned in the right- and left-side defects  
according to the manufacturers’ guidelines (Fig 1).  
No isolating membrane was used over the materials. 
The soft tissues were then repositioned carefully and 
sutured layerly (with deep and superficial suturing) to 
achieve primary closure. 

After suturing, oxytetracycline antibacterial skin 
spray was applied to the surgical wound. The animals 
received postoperative antibiotic penicillin-sodium 
(50 mg/kg per day) for 3 days by intramuscular injec-
tion. Each animal was coded with an individual marker 
representing its treatment protocol. Each coded ani-
mal was then caged separately and received water ad 
libitum as well as sufficient food. 

After 8 weeks, the animals were sacrificed placing 
them in a closed jar with lethal doses of ether. The cal-
varia of the guinea pigs were then dissected.

Histologic and Histomorphometric Analysis
On average, two central sections of each specimen 
were used for the histologic evaluation, representing 
approximately 30 mm of the central aspect of the os-
teotomy defect. Each section was evaluated for new 
bone formation, grafting material remnants, and in-
flammatory responses by an experienced patholo-
gist. Sections were viewed by light microscopy (BX 51, 
Olympus) with the objective lens set at 4× and 10×. 
The digital image of each section with the magnifi-
cation rate of 4× was captured by a camera (DP 25, 
Olympus), attached to the light microscope, saved in 
a computer, and analyzed for further histomorpho-
metric analysis with Photoshop CS2 software (Middle 
Eastern version 9). Since all the borders of the defects 
could not be captured in one image, two images of 
each section were taken and stitched together with 
the software in order to create a composite image of 
the entire defect. Following the software guidelines, 
researchers saved total pixels of the defects for each 
section as well as the pixels of new bone formation de-
lineated by the software. The percentage of new bone 
formation was calculated for each defect image sec-
tion using the following formula:

NB% = New bone pixels/Total defect pixels 

The mean value of new bone formation was 
achieved by calculating the mean bone formation of 
two sections per specimen. The values of new bone 
formation for each specimen were then used to cal-
culate the means and standard deviations of the six 
groups under study. 

Results

Histologic Evaluation
According to the assessment of the pathologist, the 
new bone formation in the unfilled control group 
(group 2) was scarce and mainly restricted to areas 
close to the margins of the defects. The remaining areas 
were predominantly filled with fibrous connective tis-
sue comprising fibroblasts and blood vessels. Excessive 
inflammatory cells were seen in the defect. The greatest 
amount of inflammation was seen in this group. 

In groups 1 and 5 (grafted with MBCP Gel and Bio-
Oss, respectively), it was observed that grafting materi-
als were distributed throughout the whole defect. Bone 
formation was developed throughout the defect on the 
trajectory of the grafted materials. Signs of resorption of 
grafting materials and formation of new osteoid in re-
sorptive lacunae were observed. No significant inflam-
matory reaction was seen in these groups (Figs 2 and 3).

Histologic observation in group 3 (grafted with 
DFDBA) demonstrated grafting material resorption 
within 2 months. Osteoid formation was seen in both 
the periphery and center of the defects, but decreas-
ing from margins to center. Similar to other groups, in-
flammatory reactions were minimal (Fig 4). 

In group 4 (grafted with Stypro), bone formation was 
scarce in the center of the defect, and the fibrosis pat-
terns were similar to those seen in group 2, although 
this group presented a lower inflammatory reaction.

Group 6 showed excellent bone formation. The new 
osteoid was distinguished from the remaining auto
genous grafted bone by the presence of the osteocyte 
and lacunar spaces around these cells.

Fig 1    Surgical sites in protocol A. Right side grafted with MBCP Gel and left 
side remains empty as a control.
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Histomorphometric Analysis
As shown in Table 1, group 6 has the highest mean per-
centage of new bone formation (68.19%), followed by 
group 1 (MBCP Gel, 66.96%), group 5 (Bio-Oss, 57.28%), 
group 3 (Exfuse, 50.19%), group 4 (Stypro, 18.79%), 
and eventually group 2 (control, 10.61%).

As shown in Tables 2 and 3, the intergroup analysis 
between dependent and independent groups, with 
the exception of groups 1 and 6, exhibited statistically 
significant differences between them (P < .05).

Statistical Analysis
The means and standard deviations were obtained by 
SPSS (IBM) software. To compare new osteoid formation 
within each protocol of treatment (the dependent sam-
ples A, B, and C), the nonparametric Wilcoxon signed 
rank test was performed. The Mann-Whitney U test 
was used to compare new bone formation in different 
groups in the three protocols defined above. The level of 
statistical significance was set at 5% (P ≤ .05). 

Discussion

Bone is a commonly transplanted tissue in humans 
that is used to repair defects with various etiologic 
factors such as trauma, neoplasia, and infection.14 The 
use of several bone substitutes has been advocated for 
bone regeneration. Osteoprogenitor cells, osteoinduc-
tive growth factors, and osteoconductive matrices are 
three key elements that are necessary for generating 
and maintaining new bone tissue. These three char-
acteristics should be included in biomaterials used 
for the stimulation of osseous regeneration. Grafting 
materials should also be able to be gradually resorbed 
and replaced by newly regenerated bone.1

Autogenous bone is usually the preferred graft 
material because it comprises all the previously men-
tioned characteristics. In addition, it is completely bio-
compatible, nontoxic, and nonimmunologic. It is also 
well accepted by the body and rapidly integrates into 
surrounding bone tissue.1 Thus, in comparison with 

Table 1    Mean Bone Formation (%)

Group Mean n SD

1 66.96 12 4.74

2 10.61 12 2.14

3 50.19 12 3.69

4 18.79 12 3.03

5 57.28 12 4.51

6 68.19 12 3.75 

SD = standard deviation.

Table 2  S  tatistical Analysis Between 
Dependent Pairs

95% CI of  
Difference

Group Mean SD Lower Upper P Value

1–2 56.64 5.39 52.91 59.77 < .002

3–4 31.39 4.71 28.39 34.39 < .002

5–6 10.91 4.60 7.98 13.83 < .002 

SD = standard deviation, CI = confidence interval.

Fig 2    Histologic image of graft material 
remnants and new bone formation (ar-
rows) in a defect grafted by MBCP Gel in 
group 1. (×4 magnification, hematoxylin-
eosin stain). 

Fig 3    Satisfactory bone formation (ar-
rows) in defects grafted with Bio-Oss in 
group 5. (×4 magnification, hematoxylin-
eosin stain). 

Fig 4    Histologic section showing bone 
formation (arrows) in the site grafted with 
Exfuse. (×4 magnification, hematoxylin-
eosin stain).
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other grafting materials, autogenous bone is consid-
ered the gold standard.14 However, the limited quanti-
ty of available bone, the need for an additional surgical 
procedure, and postoperative morbidity at the donor 
site have restricted the use of autogenous bone graft-
ing techniques. Therefore, clinicians are usually forced 
to use other biomaterials for bone regeneration.1 

Gauthier et al15 used MBCP Gel in rabbit femurs, 
and found that bone colonization progresses from 
the periphery of the defect toward the center after 8 
weeks. In the present study, bone formation in MBCP 
Gel group was also observed throughout the defect 
after 8 weeks. 

Since MBCP Gel has an optimized balance between 
the more stable phase of the component (HA) and the 
more soluble phase (β-TCP), it is possible to control the 
resorbability of the material and maintain its osteo-
conductivity at the same time.16 

The histologic observation in this study confirmed 
the findings by Daculsi et al.17 In both studies, MBCP 
Gel leads to angiogenesis and osteogenesis on the sur-
face as well as in the depth of the implanted area.17

To the authors’ best knowledge there is no study 
that compares the healing pattern of MBCP Gel and 
autogenous bone. In the present study comparing the 

healing pattern of MBCP Gel and autogenous bone, no 
significant difference was found with regard to mean 
percentage of bone formation. This shows the excel-
lent capability of MBCP Gel for new bone formation. 

Exfuse putty is a mixture of demineralized bone 
matrix (DBM) and 4% sodium hyaluronate. The major 
reason for the addition of sodium hyaluronate is to im-
prove the biocompatibility and clinical feasibility.18

Although DFDBA is one of the grafting materials 
routinely used in regenerative treatments, still there are 
some controversies regarding its osteoinductive capa-
bility. This material poses the risk of immunologic rejec-
tion, blood group incompatibility, and transmission of 
bacterial and viral infections and tumor cells and there-
fore requires special manufacturing considerations.1 

In the present study, the mean percentage of new 
bone formation for DFDBA was 50.19%, which is in 
agreement with Chesmel et al,19 Buser et al,20 and 
Mokbel et al.4 In contrast to de Oliveira et al,21 whose 
research did not show good osteoinductive capabil-
ity of DFDBA, and Becker et al,22 who showed limited 
bone repair by DFDBA, the findings of this study sug-
gested good bone repair within the defects. 

The results of the present study also revealed a 
higher mean bone formation using MBCP Gel in com-

Table 3  S  tatistical Analysis Between Independent Pairs

Pair Group Mean n SD SE Mean P value 

1 1
3

66.9617
50.19

12
12

4.74977
3.69354

1.37114
1.06623

< .001
< .001

2 1
4

66.9617
18.7967

12
12

4.74977
3.03587

1.37114
0.87638

< .001
< .001

3 1
5

66.9617
57.2833

12
12

4.74977
4.51586

1.37114
1.30362

< .001
< .001

4 1
6

66.9617
68.195

12
12

4.74977
3.75893

1.37114
1.08511

< .001
< .001

5 2
3

10.6133
50.19

12
12

2.14123
3.69354

0.61812
1.06623

< .001
< .001

6 2
4

10.6133
18.7967

12
12

2.14123
3.03587

0.61812
0.87638

< .001
< .001

7 2
5

10.6133
57.2833

12
12

2.14123
4.51586

0.61812
1.30362

< .001
< .001

8 2
6

10.6133
68.195

12
12

2.14123
3.75893

0.61812
1.08511

< .001
< .001

9 3
5

50.19
57.2833

12
12

3.69354
4.51586

1.06623
1.30362

< .001
< .001

10 3
6

50.19
68.195

12
12

3.69354
3.75893

1.06623
1.08511

< .001
< .001

11 4
5

18.7967
57.2833

12
12

3.03587
4.51586

0.87638
1.30362

< .001
< .001

12 4
6

18.7967
68.195

12
12

3.03587
3.75893

0.87638
1.08511

< .001
< .001 

SD = standard deviation, SE = standard error.
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parison with that of DFDBA. This is in contrast with 
Fleckenstein et al,14 who observed a higher mean 
bone formation in guinea pig CSDs that were filled 
with DFDBA comparing to those filled with HA-TCP 
macroporous disks. 

As these studies show, there are different findings 
regarding DFDBA osteoinductive capability. According 
to Sampath and Reddi23 and Kenley et al,24 the amount 
of bone morphogenic proteins in demineralized ma-
trix depends on donor and recipient sites. Also, during 
the production of DFDBA, certain processes can lead 
to the concentration of more osteoinductive factors in 
the matrix. These factors are known to be responsible 
for the diverse results achieved.1

Bio-Oss is viewed as a non-resorbable material be-
cause it needs several years (3 to 6 years) of implanta-
tion before showing some slow in vivo resorption.25 In 
the present study, Bio-Oss showed good osteoconduc-
tive characteristics in agreement with other reports.4,26 
In contrast with Mokbel et al,4 in the present study, 
Bio-Oss showed significantly more bone formation 
than DFDBA. Moreover, comparing Bio-Oss with MBCP 
Gel, MBCP Gel showed better osteoconductive ability 
compared to Bio-Oss.

Given the importance of critical graft stabilization, 
it should be noted that micromotion can inhibit bone 
growth on the biomaterial surface, leading to fibrosis 
and the predominant growth of connective tissue at the 
healing site rather than osseous healing.27 In this study, 
great care was given to stabilize the Bio-Oss particles in 
the osteotomy site, but some washing-out of the graft 
material was inevitable. This partial loss of grafting ma-
terial can partly account for the lower mean bone forma-
tion in the Bio-Oss group compared with MBCP Gel.

Therefore, in order to stabilize the material and to 
prevent dispersion of the particles when working with 
particulate graft materials such as Bio-Oss, it is better 
to use a membrane barrier to cover the osteotomy 
site. Since guided bone regeneration was not the 
purpose of the present study, the authors did not use 
membrane in this research. Thus, the loss of a certain 
amount of particulate materials was inevitable.

Stypro is a sterile, resorbable gelatin sponge with a 
hemostatic effect. This hemostatic effect is due to the 
physical properties of the material rather than the al-
teration of blood clotting mechanisms.13 Since angio-
genesis is a prerequisite for tissue healing, the authors 
had predicted that using Stypro in well-maintained de-
fects would increase bone formation. Although the re-
sults regarding Stypro showed significantly more bone 
formation in comparison to the unfilled control group, 
other grafting materials showed even better results. 
Perhaps lysis of Stypro after 14 days had a deleterious 
effect in this regard, mainly because hard tissue regen-
eration needs more time to occur. 

None of the materials tested in this study elicited an 
adverse inflammatory reaction that could prevent the 
bone apposition process. This confirms that all grafted 
materials were biocompatible. As mentioned earlier, a 
CSD is a defect which has less than 10% bony regen-
eration during the lifetime of the animal.28 For more 
practical purposes, it has been recommended that if 
there is no complete osseous regeneration after 56 
weeks (1 year), there will never be a complete bony 
regeneration and the defect can be considered as a 
CSD.29 Different animal models have been proposed 
for creating CSDs. Among these animals, rats and mice 
show a very high metabolic rate which leads to a high 
rate of new bone formation, unlike the metabolic and 
bone formation rate in human beings.29

Different sizes have been reported for CSDs in guin-
ea pig calvaria. While Cestari et al30 reported a 9.5-mm 
diameter CSD in guinea pigs, Taga et al31 considered a 
9-mm defect as a CSD in this animal model. Gosain et 
al32 reported that linear measures might not provide 
an accurate evaluation of new bone formation within 
a CSD. Also, the concept of a CSD can be more accu-
rately described using a three-dimensional assess-
ment based on the cross-sectional area of deposited 
new bone. According to their three-dimensional study, 
a 5-mm defect is a CSD in guinea-pig calvaria.32 

Due to the dimensional limitations of producing 
large-size defects in guinea pig calvaria, two 8-mm de-
fects were used as CSDs. This diameter permits a suf-
ficient distance between two defects. This could avoid 
the direct influence of the grafted materials on the 
healing process between two adjacent defects.

It is also worth mentioning that, so as not to over-
estimate or underestimate the bone regenerative ca-
pability of the grafting materials, all were compared 
with ungrafted defects (control group) and also with 
the gold standard (autogenous bone).

Conclusions

The results of this study indicate that all the test-
ing materials (autogenous bone, MBCP Gel, Bio-Oss,  
DFDBA [Exfuse], and Stypro) show different capabili-
ties in producing new bone in CSDs in guinea pigs 
without eliciting a significant inflammatory reaction.

It can also be suggested that the macroporous  
HA-TCP combination may elicit significant new bone 
formation. This is mainly due to the combination of the 
available pore size and rigid space-maintaining scaf-
fold that HA-TCP provides.

This study also confirms that after 8 weeks, BCP par-
ticles, like the autogenous bone, can conserve their 
bioactivity and be conductive in extensive early bone 
substitution.
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