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Abstract: Regeneration of resorbed edentulous sites can be induced by bone grafts from the subject himself and/
or by the use of biomaterials. At present, there has been an extensive search for biomaterials that are evaluated by 
artificially creating one or more critical defects. The aim of this work was to clinically and radiographically analyze 
bone formation by the use of some biomaterials in artificially created defects in the parietal bone of rabbits. Six rab-
bits were used, creating defects of 8 mm in diameter in parietal bones. One defect was maintained with coagulum 
only, and in others, freeze-dried bone allograft (FDBA), autologous bone, and a combination of autologous bone 
with FDBA respectively, were added. Animals were sacrificed at 15-90 days with 2 weeks interval each, and calvaria 
were analyzed macroscopically, measuring by digital caliper the lack of filling at the surface of defects, identifying 
limits at anteroposterior and coronal view, realizing a digital photograph register of their external surfaces. This was 
subsequently evaluated radiographically by occlusal film radiography used to quantify its density through software. 
In conclusion, autologous bone showed the best behavior, clinically as well as radiographically. However, FDBA is a 
good option as an alternative to autologous bone as its behavior was slightly lower over time. The combination of 
autologous bone and FDBA in the same defect showed results considerably inferior to grafts used separately. Low 
radiopacity and clear limits were observed through time for the control coagulum filled defect.

Keywords: Bone regeneration, rabbits, autografting, radiography

Introduction

Osseointegrated implants are considered the 
ideal replacement for tooth loss [1]; however, 
the success of an implant is related to the bone 
resorption in edentulous sites [2]. It is very 
important to note that bone is a living tissue 
that constantly is being remodeled [3]. In addi-
tion, the rate of bone healing is slower than in 
other tissues; the use of biomaterials such as 
bone grafts that help the bone healing process 
is sometimes required [4]. 

Nowadays, there has been significant progress 
in techniques of bone grafting and bone substi-
tute materials used to fill bone defects adja-
cent to dental implants [5, 6]. The current para-

digm has changed from bioinert to bioactive 
materials with control of reaction and action in 
physiological environment [3]. In this context, 
allografts as FDBA (freeze-dried bone allograft) 
have been widely used in bone-healing pro-
cesses and filling bone defects in the clinical 
field [7, 8].

The preparation of these allografts, such as 
FDBA, includes: removing most of tissue fluids 
by freeze-drying processes, vacuum packaging, 
and maintenance at room temperature to 
destroy osteogenic cells, keeping only a limited 
osteoinductive ability. The unavoidable bone 
protein denaturation has been considered an 
additional factor retarding revascularization of 
the graft. Also, the low water content inhibits 
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the action of microorganisms and enzymes that 
might degrade it [9]. Usually, the process to 
which they are subjected removes bone 
allograft immunity, without affecting the bio-
chemical and structural bone properties. 
Despite this, the incorporation of the allograft 
is slow [7]. Otherwise, the risks of complica-
tions associated with harvesting autografts are 
avoidable because, according to a study by 
Lohmann et al. [10], the cost of autograft har-
vest for the user is similar to that of FDBA. 

Ideally, the role of allografts such as FDBA in 
bone reconstructive procedures is not just 
restricted to replacing the compromised bone 
area, but it must also stimulate the osteocon-
ductive properties acting as scaffold for ideal 
bone healing. It is important to point out that 
these materials are required to comply with the 
demands of biocompatibility with null collateral 
effects, such as leukocyte infiltration and fibro-
sis [11].

Furthermore, despite the intense research and 
development associated with the use of non-
autogenous biomaterials, they have still failed 
to reproduce the same features of the patient’s 
own bone, until now considered as the “gold 
standard” in these type of procedures [12], 
because they are immunologically inert, osteo-
inductive, and osteogenic [13]. Pansegrau et al. 
[14] showed better behavior for autografts than 
allografts as FDBA. Moreover, some authors 
recommend the use of allografts only when 

autografts are unavailable from the affected 
site [11, 15]. Therefore, the aim of this study 
was to compare, throughout a period of time, 
the macroscopic and radiographic behavior of 
the FDBA, autologous bone, and a mixture of 
both grafts in bone defects created in rabbit 
parietal bone.

Material and methods

Ethics Committee from Universidad de La 
Frontera previously approved the study.

Six rabbits (Oryctolagus cuniculus) were select-
ed from the Biotherium of the Department of 
Basic Sciences, Faculty of Medicine, Universi- 
dad de La Frontera, Chile. To minimize the 
growth effect, only adult animals (7 months old, 
with a weight of 2.90 ± 0.20 kg) were used in 
this study. The care and management of the 
animals was realized according to ethical stan-
dards of the “Guide for Control for Research 
Animals” and the surgery took place in a sterile 
environment. 

The rabbits were premedicated 1 hour prior to 
surgery with an oral dose in drops of amoxicillin 
50 mg/kg. For sedation of the animals, ket-
amine 15 mg/kg i. m. supplemented with diaz-
epam 1 mg/kg i. m. was used, to maintain lev-
els of neuroleptanalgesia, with hypnorm 0.1 
mg/kg i. m. at intervals of 30 minutes during 
the surgery. In addition, as a local anesthetic, 
0.4 ml of lidocaine 2% was applied with a dose 
of 1:100.000 of epinephrine (Octocaine-100, 
Novocol Pharmaceutical, Ontario, Canada).

A median lineal incision was made from the 
frontal to the occipital region separating the 
skin laterally. The periosteum was elevated 5 
cm in each animal and subsequently four bicor-
tical defects were created, two in each parietal 
bone, fully bicortical, with an 8 mm internal 
diameter trephine bur. The block was removed 
according to the technique reported by Lu and 
Rabie [16]. As soon as it was extracted, the 
bone of the defects was particled in a bone mill 
with particle sizes between 350 and 500 µm to 
be subsequently used as autograft [17].

The defects created were randomly filled with 
(Figure 1): (1) Coagulum; (2) Particled autolo-
gous bone; (3) Human bone from bone tissue 
bank (FDBA, Community Tissue Services, 
Dayton, USA); (4) A mix of human bone of tissue 

Figure 1. Upper view of filled defects before suturing.
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bank (FDBA) with autologous bone (proportion 
1:1 in volume).

The wounds were closed with absorbable 
sutures type Vicryl® (Ethicon, Novartis Animal 
Health US, Inc., Greensboro, North Carolina, 
USA) 3-0 discontinued. 

Following surgery, the rabbits were medicated 
for ten days with one daily oral dose of amoxicil-
lin 50 mg/kg and were maintained with ad libi-

defects on the surface was measured with a 
digital caliper of 0-150 mm (Mitutoyo, Illinois, 
U.S.A.) identifying their limits in anteroposterior 
and coronal ways. Also, a record of digital pho-
tography of the external face of the calvaria 
was realized. 

Subsequently, calvaria radiography was taken 
with an occlusal film in the radiology unit of the 
Universidad de La Frontera, with the aim of 
evaluating the evolution of bone healing 
throughout time. The radiographs were taken 
with an extraoral equipment (Planmeca Intra, 
Planmeca U.S.A. INC, Roselle, Illinois, U.S.A.) at 
a distance of 15 cm from the plate, perpendicu-
lar to the same (90°), with 63 kV, 8 mA and 
0.64 seconds of exposure with a piece of 1 cm 
square plumb. The radiographs were developed 
in an automatic developer Durr Dental XR 24 
(Bietigheim, Germany).

Finally, the occlusal radiographs were digi-
talized with a Nikon D-50 camera with a 90 mm 
Tamron lens to be analyzed later with APFill Ink 
Coverage Meter v.5.2 software, identifying the 
density of each zone of the film. The average 
value of gray scale used was 130 (acceptable 
values between 296 and 116, according to 
Efeoglu et al. [18]).

Results

Macroscopic results

Regarding macroscopic characteristics, identi-
fying their limits in anteroposterior and coronal 
ways, the defect filled with FDBA presented the 
best consolidation throughout time because 

Figure 2. Relationship between diameter limits of bone defects in anteroposte-
rior and coronal ways throughout time.

tum feeding in closed cages 
and with controlled temper- 
ature. 

The animals were sacrificed 
with overdose of sodium 
pentobarbital i. m. (60 mg/
kg in weight) once 2, 4, 6, 8, 
10, and 12 weeks were met 
following surgery, the defect 
extracted immediately by 
slices with safety margin. 

After removal of samples, 
the presence of resorption 
was assessed of each bio-
material used to repair the 
defects created. For the 
above, the lack of filling 

Figure 3. Macroscopic view of samples. At 30 days, 
all defects were observed. At 90 days, the defect 
filled with coagulum was the only one clearly identi-
fied (white arrow). 
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after 60 days, no clear limits were observed. It 
is important to note that zero value demon-
strates an inability to see limits of the defects 
clearly and therefore checks visual consolida-
tion of the same. For the defect filled with autol-
ogous bone, no clear limits were observed at 
60, 75, and 90 days. While both grafts were 
observed macroscopically consolidated from 
60 days, prior to this time, FDBA showed better 
results. While both grafts were observed con-
solidating macroscopically beginning at 60 
days, prior to that time, the FDBA showed bet-
ter results. Only at 90 days, the defect filled 
with the mixture between autologous bone and 
FDBA showed total ossification. For the defect 
filled with coagulum, clear limits were noted 
throughout all time (Figures 2 and 3).

Radiographic results

The best results related with the greatest radi-
opacity throughout time were observed for 
autologous bone, followed by FDBA. The mix-
ture of autologous bone and FBDA showed 
lesser results compared with the same grafts 
separately. The worst results were observed for 
coagulum-filled defect, which showed less than 
10% of radiopacity (Figures 4 and 5). 

Discussion

Results obtained from the macroscopic mea-
sure of the defects lengths in rabbit calvaria, in 
the anteroposterior as well as crown aspects, 
indicated that autologous bone grafts and 

tion to providing the three elements to gener-
ate and maintain the bone: osteoconduction 
graft, growth factors for osteoinduction, and 
osteogenesis progenitor cells [21, 22]. It is 
noteworthy that its main disadvantage lies in 
the need of a donor site, increasing the morbid-
ity of the procedure [4]. Nevertheless, FDBA 
has been reported by some authors as a suc-
cessful biomaterial in bone regeneration of 
critical cranial defects in rabbits [23]. Nishida 
and Shimamura [24] reported that 61.5% 
allografts are efficient and that they fail in the 
union or do not join in approximately 11% of 
cases. Other authors mention that allografts 
such as FDBA can present a minor immunogen-
ic reaction [25], in some cases, which could 
translate into graft failure, which did not occur 
during this study. It should be noted that defi-
ciencies of FDBA are directly associated with 
the 25%-35% frequency of allograft failures as 
a result of a lack of union or fracture [26].

The combination of autologous bone grafts 
with FDBA only consolidated at 90 days could 
lead to the assumption that, when in a state of 
particles, the combination of both grafts slows 
the consolidation process.

Furthermore, defects that were only main-
tained with coagulum presented lesser macro-
scopic progress in reference to the centripetal 
bone formation, inasmuch that well-defined net 
limits of the defects used as control with length 
values close to those initially developed were 

FDBA separately showed 
an improved macroscopic 
progress through time (Fig- 
ure 2). After 60 days, clini-
cal observation of a com-
plete consolidation was 
noted up to 90 days (Figure 
3); there upon, a value of 
measure zero was assig- 
ned. Previously, results ag- 
ree well with information 
reported by some authors 
[19, 20], who indicated that 
the best graft also consid-
ered the “gold standard” 
are the autografts. This 
statement pertains to the 
non-immunogenic capacity 
and histocompatibility of 
autologous bone, in addi-

Figure 4. Percentage of radiopacity throughout time for each kind of defect 
filled. 
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ing during the first 2 weeks, subsequently 
increasing bone volume, in accordance with 
results mentioned by Efeoglu et al. [18], who 
worked on bone defects with β-tricalcium phos-
phate and PRP (plasma rich in platelets). 
Pekkan et al. [30] indicate that radiopacity of 
bone biomaterial is reduced when used in the 
mandibular cortical bone. Something similar 
could occur with the calvaria, a bicortical bone, 
with its radiopacity affected in comparison to 
the autologous bone. Defects, in which grafts 
were a combination of autologous bone with 
FDBA, showed a lesser radiopacity than both 
grafts individually, achieving 50% radiopacity 
and maximum limit at 90 days; it is worthwhile 
noting that the combination of both grafts 
showed greater radiopacity compared with 
coagulum used as control. In the case of coag-
ulum-filled defect, the least radiopacity was 
observed over time, which again is in accor-
dance with the macroscopically located 
fibrosis.

As previously observed, results obtained during 
clinical evaluation and radiographic evaluation 
are relatively similar, presenting autologous 
bone as the first option in the use of grafts in 
bone defect, coinciding with some authors [14, 
31]. Essentially, good behavior was appreciat-
ed for the combination of autologous bone with 
FDBA, although considerably lesser than for 
FDBA and autologous bone grafts separately. In 
reference to the differences between macro-
scopic and radiographic results for FDBA grafts, 
this could be related to the osteoinductive 
capacity of the periosteum in direct contact 
with the side surface of the defect, which would 

always observed throughout the time period. 
Additionally, coagulum-filled defects were the 
only ones that did not present firm consistency, 
rather they presented as fibrous or flaccid in 
accordance with some reports [27]. 

Radiographically, we were able to observe 
defects with autologous grafts presenting 
greater radiopacity in time (Figures 4 and 5). 
This finding agrees with some reports [12, 14], 
which mentioned that autologous bone pres-
ents greater bone regeneration when com-
pared with allografts. Radiographic behavior of 
autologous bone could be related with a great 
amount of graft resorption during the first 30 
days, which coincides with Clune et al. [28]. 
Subsequent to 30 days, an almost constant 
radiopacity can be observed, possibly due to 
bone matrix apposition and mineralization. 
Initial size of the particles of autologous graft 
could influence the rate of initial bone resorp-
tion along with osteoconduction potential, a 
situation positively indicated by Malinin et al. 
[29]. Grafts with FDBA material presented very 
low radiopacity during the first 45 days; subse-
quent to that time, grafts were observed to 
present greater density, achieving nearly 85% 
radiopacity. The previous information could be 
related to that stated by Tang et al. [7], who 
mentioned that consolidation of allograft is 
slow. Furthermore, in some studies, fibrous 
connective tissue has been found around the 
FDBA [23]. It is noteworthy that allografts may 
not have the same osteoinductive characteris-
tics as autografts, depending on the method by 
which they are processed [22, 26]. FDBA behav-
ior can be the result of immature bone model-

Figure 5. Radiographic view of samples. A. Mixture of Autologous-FDBA; B. Autologous; C. Coagulum; D. FDBA.
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