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Introduction

The replacement of  bone tissue is a major challenge for 
dentistry, being essential for the restoration of  patients’ 
masticatory function, either by prostheses or dental im-
plants (Morsczeck and Reichert, 2018; Spin-Neto et al., 
2011). Recent advances in bone tissue bioengineering 
have provided access to a variety of  biomaterials for al-
veolar bone grafting and, in some cases, have allowed the 
early placement of  dental implants (Aguilar et al., 2019). 

Several biomaterials have been used in the fabrication 
of  scaffolds or three-dimensional matrices, including 
natural materials derived from animals or plants (colla-
gen, starch, gelatin, alginate, cellulose, fibrin, hyaluronan, 
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and chitosan) and synthetic materials, such as bioactive 
ceramics and a wide range of  synthetic polymers (Aguilar 
et al., 2019; Bhattacharyya et al., 2008; Sitharaman et al., 
2008; Ma et al., 2019; Miranda et al., 2012). These materials 
serve as structural support (scaffold) and guides for the 
migration and proliferation of  osteogenic cells toward the 
bone healing area (Abarrategi et al., 2008; Bhattacharyya et 
al., 2008; Ma et al., 2019). Three-dimensional matrices of  
chitosan-based biomaterials (CS) have attracted the atten-
tion of  researchers due to their inert nature, antibacterial 
properties, biodegradability, biocompatibility and low cost 
(Dreifke et al., 2013; Miranda et al., 2012). They also of-
fer the possibility of  an association with substances that 
promote bone formation (Oryan and Sahvieh, 2017). 
Adittionally, CS is easy to mould into a three-dimensional 
scaffold and can not only support tissue ingrowth, but 
also aids in the formation of  tissue structure and promote 
growth and mineral rich matrix deposition by osteoblasts 
(Seol et al., 2004).
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Some in vivo studies have shown the proliferation 
and adhesion of  osteogenic cells to porous chitosan 
matrices associated with gelatin (chitosan-gelatin) during 
the repair of  dental sockets in rats (Miranda et al., 2011; 
Miranda et al., 2012).

Recently, studies demonstrated the osteoinductive 
potential of  1% hyaluronic acid (HA) in the regenera-
tive process of  dental sockets in rats and suggested its 
use as a therapeutic adjuvant in dentistry (Casale et al., 
2016; Babo et al., 2018). Hyaluronic acid (HA), also 
called sodium hyaluronate or Hyaluronan, is a com-
ponent of  the extracellular matrix and plays important 
roles in morphogenesis and tissue healing (Alcântara 
et al., 2018). It is thought to stimulate cell migration, 
adhesion, proliferation and differentiation that leads to 
bone formation. Treatment of  extraction sockets with 
HA in rats accelerated bone deposition, confirmed by 
the increased expression of  osteogenic proteins such as 
osteopontin (OPN) and bone morphogenetic protein 
type 2 (BMP-2) (Casale et al., 2016; Babo et al., 2018).

Although the tooth socket model in rats has been 
recognized as a viable model for the analysis of  bone 
reconstruction (Miranda et al., 2012; Babo et al., 2018), 
cavities in this model are very small and do not repre-
sent the actual demand in terms of  bone loss in clinical 
dentistry. For ethical, logistical, and also financial rea-
sons, larger and standardized bone defects are more 
often simulated in small animals. It is worth noting that 
studies with chitosan-gelatin and 1% hyaluronic acid 
gel in intrabuccal bone defects in rats have not been 
reported in the literature. Individually, CS and HA have 
demonstrated positive results in preliminary studies in 
vivo. However, this has not been the case for CS and 
HA used in the combination for the treatment of  bone 
defects where the cavity dimension and the volume of  
biomaterial are larger/broader and standardized.

In this sense, we hypothesized a possible synergistic 
effect of  an osteoinductive molecule (HA) together with 
a scaffold (CS) that has proved to be successful in the 
proliferation of  osteogenic cells in vitro and in vivo. 
Thus, the present study aimed to evaluate the effects 
of  a tridimensional matrix graft of  chitosan-gelatin, 
associated or not with a 1% hyaluronic acid gel, on the 
repair of  intrabuccal bone defects in a rat model.

 

Materials and methods 

Experimental model
In this experimental study, twenty-four 10-week-old 
male Wistar rats, Rattus norvegicus albinus were used, 
weighing between 300 and 350g, These animals were 
housed in temperature-controlled rooms and received 
water and food ad libitum. They were cared for accord-
ing to the guidelines of  the local Ethical Committee for 

Animal Research from de Federal University of  Minas 
Gerais, had it approved the study project prior to the 
beginning of  the experiments (protocol #2842010). 
When applicable, this study followed the ARRIVE 
(Animal Research: Reporting in Vivo Experiments) 
checklist guidelines.

Biomaterials 
Hyaluronic acid (C14H20NNaO11)n.Na.pH 6,2/NIK-
KOL was obtained from Galena, Campinas, Brazil. 
Three-dimensional chitosan-gelatin (CG) scaffolds were 
obtained by means of  a freeze-drying technique and glu-
taraldehyde (Sigma, St. Louis, USA ) cross-linking. The 
CG scaffolds were synthesized according to Miranda et 
al. (2011) in the Institute of  Biological Sciences of  the 
Federal University of  Minas Gerais, Brazil, from two 
natural polymers: chitosan (Sigma, St. Louis, USA) with 
a degree of  deacetylation of  85%, and type A porcine 
skin gelatin (Vetec, Rio de Janeiro, Brazil). In summary, 
a chitosan 0.7% (w/v) solution and a gelatin 0.7% (w/v) 
solution were dissolved separately in 0.1 M acetic acid. 
These two distinct solutions rested for 24 h at room tem-
perature, and they were then mixed at a 3:1 (chitosan/
gelatin) ratio. Subsequently, the chitosan-gelatin blend 
was cross-linked to a 25% glutaraldehyde solution at a 
0.1% concentration. Dimensional information on the 
porosity patterns and the chemical and morphological 
aspects of  the scaffolds was previously presented by 
Miranda et al. (2011), and biocompatibility, bioperme-
ability and proper degradation of  chitosan demonstrated 
in previous experimental studies (Sitharaman et al., 2008; 
Hou et al., 2012).

Surgical procedures 
Rats were anaesthetized intramuscularly with a mixture 
of  10% ketamine (Dopalen®; Vetbrands, São Paulo, 
Brazil) and 2% xylazine (Ronpum®; Bayer, São Paulo, 
Brazil), 1:1, 0.1 mL/100g body weight, i.m. Prior to 
surgery, the animals received a dose of  veterinary anti-
inflammatory, flunixin-meglumine (Banamine® inject-
able PET, Cruzeiro, Brazil.), 1.1 mg/kg. The rats were 
then subjected to the extraction of  the upper first molars 
(right and left). A circular defect of  2.5 mm in diameter 
and 2.5 mm in depth was made near the alveoli of  the 
1st maxillary molar using a sterile cylindrical #2094 
diamond bur (KG Sorensen ISO, Brazil). The defects 
were created at a low rpm under copious irrigation with 
sterile saline. Control of  bleeding and secretions was 
performed by vacuum aspiration. In all surgical phases, 
the use of  cotton or gauze was avoided, as they could 
leave residues in the surgical site. The coaptation of  the 
edges of  the mucosa after grafting is of  fundamental 
importance. Mattress silk sutures 6.0 (Ethicon, Jonhson 
& Jonhson, São Paulo, Brazil) were employed. Suture 
loss prior to day 7 was considered an exclusion criterion 
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of  the samples. Bone defects (n=6 per group) were 
treated according to prescribed conditions for each of  
the four groups: 1) HA group: 30µl of  1% HA; 2) CG 
group: CG/chitosan-gelatin disks (1.5mm thickness x 
2.5mm diameter); 3) HA+CG group: association of  
HA+CG; 4) CO group: defect filled with blood clot 
(control). An amalgam carrier was used to place the 
chitosan disks into the bone cavities. The sequence of  
the surgical procedures, details of  the location and size 
of  the bone defects are shown in figures 1 and 2.

The rats were sacrificed at 7 or 21 days after surgical 
procedures. In the postoperative period, the animals 
were kept isolated in plastic cages with access to water 
ad libitum and pasty food for 5 days. Lining the cages 
with wood shavings was avoided.Additionally, the rats 
received three subcutaneous doses (10mg/kg) of  the 
antibiotic oxytetracycline (Terramicina® Injectable Solu-
tion; Pfizer, São Paulo, Brazil ) every 24 hours.

Clinical evaluations
The effect of  biomaterials on the wound healing was 
assessed via macroscopic photos analysis of  the surgical 
site. Gingival healing was assessed by three trained and 
calibrated examiners, according to previously defined 
scores: 1 – maximum of  1/3 of  healing wound: most 
of  the operated area is occupied by granulation tissue; 
2 – gingival epitelialization in a maximum 2/3 of  the 
operated area; 3 – epithelialization over 2/3; 4 – com-
plete epithelialization. For the definition of  these scores, 
a preliminary study was conducted to obtain images of  
the maximum and minimum wound healing levels. Inter 
and intra-examiner agreement was assessed by weighted 
Kappa coefficients and showed values > 0.94.

To obtain the images, the rats were anesthetized with 
half  a dose of  anesthetic, therefore allowing animals 
to be immobilized and their mouth to be opened, with 
the aid of  intraoral retractors. Photographs were taken 

Figure 1. Surgical procedures steps. (a) Extraction of upper 1st molar; (b) Visualization 
of alveoli from distal roots; (c) Creation of defect with cylindrical diamond bur under 
irrigation and aspiration; (d) Cavitary inspection to determine the absence of perforation 
and the complete removal of the alveolar walls; (e) Preparation of CG disks and insertion 
of biomaterial; (f) Coaptation of the edges of mucosa.
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with a macro lens and Lumix Camera (Leika, Panasonic 
DMC-TZ3, New York, USA), without the use of  flashes, 
at a standard distance of  5 cm from the object of  study.

Histological procedures 
After 7 and 21 days following the surgical procedures, 
the animals (n=24) were sacrificed by decapitation 
under anesthesia with 10% ketamine and 2% xylazine 
(1:1, 0.1 mL/100 g body weight, i.m.). Maxillae were 
dissected and fixed in neutral 10% buffered formalin 

for 72h at room temperature. After fixation, the up-
per maxillaries were demineralized in Planck Richol’s 
solution, dehydrated by means of  graded ethanol solu-
tions, embedded in paraffin, and serially sectioned at 
6 µm in the frontal plane. The sections were stained 
with Haematoxylin and Eosin (H&E) for histological 
analysis and Gomori’s Trichrome for morphometric 
analysis. Four histological sections, 120 μm equidistant 
from one another, representing the central area of  bone 
defect were selected from each of  the 6 animals in the 

Figure 2. Location and dimensions of the bone defect in a dry skull. 
(a). Position of the bur perpendicular to the bone surface and parallel 
to the crown of the 2nd upper molar; (b). Arrow indicates the depth 
of the bur (2.5mm) used during the osteotomy; (c). The area circled 
in blue indicates the alveoli of the 4 distal roots of the upper 1st 
molar, which will be unified to create the defect. On the opposite 
side, the image illustrates the defect made with a diameter of 2.5mm; 
(d) Radiographic image of the defect. The radiograph was obtained 
with the animal in the supine position (surgical position). Dashed line 
indicates the limits of the bone cavity.
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same group for the quantification of  bone deposition 
by morphometry. Images were captured with a 4x ob-
jective using the Q-color 3 camera, coupled to a light 
microscope (Olympus BX-41, New York, USA). Images 
were then transferred to a computer for morphometric 
analysis of  bone deposition through the morphometric 
software ImageJ (open software, Laboratory for Opti-
cal and Computational Instrumentation, University of  
Wisconsin-Madison, Madison, WI, USA). This software 
enabled an accurate reading of  percentage of  collagen 
on the osteid and new bone trabeculae, stained in green 
by Gomori’s trichrome (kit Leica Biosystems, Buffalo 
Grove, IL, US). To do so, the largest area of  the defects 
central region was selected for measuring the green 
coverage percentage, which is an indicative of  newly 
deposited bone.

Statistical analysis
Given the normality and homoscedasticity assumptions 
(Liliefors and Bartlett tests, respectively), data were 
subjected to the one-way ANOVA test, followed by the 
Bonferroni multiple comparison test. All analyses were 
performed using statistical software (Statistical Package 
for Social Sciences, Version for Windows – SPSS Inc., 
Chicago, IL, USA). Differences between groups were 
considered significant if  a probability of  < 5% signifi-
cance were attained (p<0.05). 

Results 

Clinical macroscopic evaluation 
The macroscopic appearance of  the healing wounds was 
assessed at days 7 and 21. Epithelialization was incom-
plete at day 7 for all groups (scores 1 and 2). However, 
hyaluronic acid (HA) was effective as an adjuvant in 
the initial phase of  healing (7 days) when compared to 
control (CO - blood clot) and chitosan-gelatin groups 
(CG and HA+CG). The presence of  chitosan into the 
bone defects did not affect gingival healing, being similar 
to the closing of  the control group at day 7 (Figure 3a). 
On day 21, there were no statistical differences between 
groups. All treatment had scores between 3 and 4, similar 
to the control group (Figure 3b).

Histomorphometric evaluation
Histologically, on day 7, the defects were filled with clot 
and fibrin network in all groups (Figure 4). An evident 
aspect was the process of  resorption of  the remaining 
cavity walls, apparently more accelerated in the CO and 
HA groups (Figure 4a and 4b) in relation to the groups 
that received the chitosan scaffolds, CG (Figure 4c) 
and HA+CG (Figure 4d) groups. In accordance with 
the macroscopic data, epithelial tissue was still inter-
rupted (open) in both CO and HA groups and in the 
CG and HA+CG groups (Figure 4e and 4f). In CG and 

HA+CG groups, it was also possible to observe residues 
of  the biomaterial (chitosan-gelatin) stained in red by 
the Gomori’s trichrome, as shown in figures 4c and 4d 
respectively. At day 7, the bone deposition was minimal 
in all groups, histologically detected as isolated points 
of  collagen in the apical third of  the defects.

At day 21 (Figure 5), the epithelial tissue was con-
tinuous (score 4) or in the final stages of  healing (score 
3) in most of  the samples in all groups. An interesting 
finding was that the three-dimensional structure of  
the chitosan-scaffold, present in the CG and HA+CG 
groups (Figures 5b and 5d), appeared to contain epithe-
lial migration towards the interior of  the bone defect, 
as opposed to the CO and HA groups (Figure 5a and 
5c). In some cases, volume filling by chitosan-gelatin 
scaffolds could be clinically observed by the outline of  
mucosa covering the surgical site (Figre 5e).

Bone deposition in defects without CG-scaffolds 
(CO and HA groups) were concentrated in the deepest 
part (~50% of  the apical area) of  the defect, as observed 
in figures 5a and 5c. In groups with CG-scaffolds (CG 
and HA+CG), the area of  new bone formation was 
more extensive.

In these groups, areas of  new collagen deposition 
(osteoid) filled most of  the defect closely associated 
with the chitosan laminae, suggesting the continuity of  
the repair process in the ~50% of  the cervical cavity 
(Figures 5b and 5d). Figures 6e and 6f  show, in the 
enlarged images, the presence of  green-colored colla-
gen between the chitosan sheets (red) in both CG and 
HA+CG groups. The histological evaluation at day 21 
also showed differences in the level of  bone maturation.

Defects treated with HA revealed more mature, thick 
and well delineated trabeculae compared to the CO 
group (Figure 6). The medullary spaces in the HA groups 
(figure 6b) were smaller suggesting a final phase of  the 
repairing process. The CG and HA+CG groups showed 
bone trabeculae with more immature aspects involving 
wide medullary spaces (Figures 6c and 6d). In both cases, 
rests of  the biomaterial were observed on ~50% of  the 
superficial area of  the defect underlying the oral mucosa 
in close contact with loose connective tissue. However, 
there were no signs of  inflammation or fibrous tissue en-
capsulation of  the chitosan scaffold. Pores of  the scaffold 
were invaded by native cells of  connective tissue (Figure 
6g), suggesting a chemotaxis and osteoconductive action 
induced by the biomaterial. Areas of  neovascularization, 
revealed by the presence of  blood cells in small capillaries, 
were seen in close contact with the residual chitosan lami-
nae in CG and HA+CG groups (Figure 6g). At day 21, 
some resorptive multinucleated cells were observed close 
to chitosan laminae in CG and HA+CG groups (Figure 
6h), indicating the degradation mode of  the biomaterial. 
The amount of  chitosan observed in the HA+CG group 
was apparently lower, suggesting a faster degradation of  
the biomaterial when combined with HA.
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Quantification of  new bone formation evaluated 
from collagen deposition (a) at 7 days and (b) at 21 days 
after surgical procedures is show in figure 7. Although 
the HA+CG group showed a statistically greater colla-
gen deposition in this period, it did not exceed the limit 
of  1% of  new bone formation (Figure 7). At day 7, bone 
deposition was minimal in all groups (Figure 7). The 
percentage of  collagen increased after treatment with 
HA+CG for 7 days [(HA+CG) > (CO=CG) > HA]. 
For 21 days, collagen deposition was higher in the CG 
and HA groups [(HA=CG) > CO=HA+CG]. For the 
same space of  time, the quantitative analysis revealed 
superior results for the bone defects treated with HA 
or CG (Figure 7). 

Discussion 

This present study demonstrated the effects of  chitosan-
gelatin (CG) and hyaluronic acid (HA) on the healing of  
intrabuccal bone defects created in rat maxillas. A novel 
bone defect model was utilized, which has not been pub-
lished previously. This model can be considered feasible, 
reproducible, and appropriate for studies on bone grafting 
in dentistry. However, all of  the pre- and post-operative 
care presented in the methodology of  this study must be 
strictly followed to ensure the success of  the technique.

In relation to studies of  intrabuccal bone repair in rats, 
previous literature reported that the tooth socket model 
is a viable model for the analysis of  bone reconstruction 
(Miranda et al., 2011; Babo et al., 2013). However, some 

 Figure 3. Comparison among mean gingival healing scores. (a) Wound healing 
at day 7. Treatment with HA improved gingival epithelization [HA>CO = CG= 
(HA+CG)]; (b) Wound healing at day 21 without statistical differences [HA= CO 
=CG = (HA+CG)]. Data are shown as mean±S.E.M. *Statistical difference, One-
way ANOVA, followed by the Bonferroni multiple comparison test. Photographs 
show the macroscopic aspect of the epithelial sealing of the defect in each group
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technical issues must be considered for this model: the 
variation in the size of  tooth roots and the presence 
of  interradicular septum can hinder the insertion of  
solid materials, making it impossible to standardize the 
amount of  biomaterial inserted within the bone cavities. 
Furthermore, intact alveoli are subject to variations in 
the amount of  remaining periodontal ligament. This may 
interfere with the evolution of  the inflammatory process 
due to the availability of  osteogenic cells, thus masking 
the interpretation of  the results (Miranda et al., 2012). 
Larger and more standardized bone defects have been 
traditionally created outside of  the oral cavity, such as in 
the tibia, femur, and calvaria of  mice and rabbits (Lee et 
al., 2010; Puricelli et al., 2010; Wang et al., 2017; Taz et al., 

2018). These sites, however, are free of  factors such as 
bacteria, salivary flow, changes in pH and chewing forces, 
which prevent the direct extrapolation of  results to clini-
cal dentistry. Bone defect models more directly related to 
dental clinics, had it been developed in dogs and primates 
(Sugawara et al., 2010; De Santis et al., 2012; Jin et al., 
2014; Wang et al., 2020). These experimental models are 
adequate as they facilitate intraoral surgical access due to 
its large visual field, allowing direct surgical access and 
the use of  technical resources similar to those available at 
dental clinics (Elsalanty et al., 2009; Baroni et al., 2011; Li 
et al., 2018). Nevertheless, the use of  these animals raises 
issues related to ethics, costs, logistics and the need of  
specific vivarium. 

 Figure 4. Histological aspect of bone repair at day 7 after surgical procedures. (a) CO group; (b) 
HA Group. In both CO and HA groups, the defects were filled with blood clot [BC] and fibrin 
network [F] without bone deposition. (c) CG group (d) HA+CG group. Layers of biomaterial 
shown in red with fibrin clot inside pores of chitosan (detail in c’ and d’). (e-f) Representative 
images of gingival healing in CO/HA, CG and HA+CG groups. At day 7, epithelium was 
discontinued in all groups (double arrows). (*) Areas of bone resorption were commonly found 
in all groups at day 7. Gomori’s Trichrome. Original magnification: 4x.
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Figure 5. Histological (a-d) and macroscopical 
(e) images of epithelial healing after 21 days of 
surgical procedures. New bone deposition (NB) was 
concentrated in the deepest area of the defect in 
both the CO (a) and HA (c) groups. In these groups, 
~50% of the cervical area of the defect is filled with 
connective tissue (CT). In the CG (b) and HA+CG 
(d) groups, chitosan (CG) in red occupied the largest 
area of the defect intercalated with newly deposited 
collagen matrix (green). (*) indicates the epithelium 
over the closed surgical site in all groups. The straight 
line in (b) and (d) indicates the level of the defect by the 
scaffold occupied by the biomaterial (CG) containing 
the epithelial invasion toward the interior of the bone 
defect. Hyaluronic acid (HA group) promotes bone 
deposition, but the absence of the scaffold can allow 
epithelial folding (arrow) into the defect. The aspect 
of the epithelialized mucosa over the surgical site (e) 
is indicated by the arrow heads in the HA (left) and 
CG (right) groups. Note the concave contour of the 
mucosa and groove (black arrow) in the epithelium, 
a common aspect found in the CO and HA groups 
suggesting epithelial invasion in the area of the surgical 
site that did not receive three-dimensional support 
of chitosan. On the opposite side (right) the mucosa 
is smooth and volume is apparently preserved. (a-d): 
Gomori’s Trichrome. Original magnification: 4x.

Figure 6. Histological aspect of bone repair at day 21. 
Note thicker bone trabeculae (BT) and smaller marrow 
spaces (asterisk) in the HA group (b) when compared 
with the CO group (a). In the CG (c) and HA+CG 
(d) groups, the trabeculae are more widely spaced 
and have larger medullary spaces, indicating a lower 
level of bone organization and maturation. Collagen 
deposition (arrows head) between residual sheets of 
chitosan (red) can be seen in both CG (e) and HA+CG 
groups (f). Image in H&E (g) shows the integration of 
chitosan-scaffold, observed in both groups CG and 
HA+CG, with native cells and vessels (V) of connective 
tissue. (h) Resorption of residual chitosan-gelatin (CG) 
scaffold by multinucleated giant cells (arrows). (a-d) 
Gomori’s Trichrome. Original magnification: 4x. (e-f) 
Gomori’s Trichrome. Original magnification: 10x. (g-h) 
H&E Original magnification: 40x
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In the present study, the effects of  biomaterials on 
bone repair were evaluated at periods of  7 and 21 days. 
These periods were selected as the parameters in the 
healing process of  dental sockets in rats, since at day 
7 it is already possible to observe the onset of  bone 
deposition and at day21 the alveoli are almost completely 
filled by newly formed bone (Babo et al., 2018). Our 
results indicated that a period of  7 days is very brief  for 
the evaluation of  bone deposition. Morphometric data 
showed a minimum collagen deposition (less than 1%) 
during this period, even in control animals. Therefore, 
although statistical analysis has revealed a significantly 
higher percentage of  collagen in the treatment with 
HA+CG, it is prudent to conclude that a period of  7 
days is insufficient for the evaluation of  this parameter. 
This period may be useful for evaluating other param-
eters that are indicatives of  bone repair, such as the 
expression of  markers of  osteogenic differentiation, 
phenotypic characterization of  initial phases of  the 
inflammatory process, or the resorptive process preced-
ing bone deposition. On the other hand, a 7-day period 

is well suited for clinical assessment and gingival heal-
ing analysis, as shown by our macroscopic evaluation. 
The treatment of  the defects with HA has promoted 
a breakthrough in gingival healing observed during the 
first postoperative week. This finding is consistent with 
previous data (Yildirim et al., 2018) that showed benefi-
cial effects of  HA in assisting the healing of  soft tissues 
and acting like an anti-inflammatory agent (Bansal, et al., 
2010; Casale et al., 2016). In dentistry, the initial closing 
of  wounds is highly desirable in order to reduce the 
risk of  contamination from bacteria and residuals in 
the oral cavity. 

Although the chitosan-scaffold revealed no healing 
effect on the gingival tissue, its presence was not able 
to prevent the evolution of  the healing process. At day 
21, healing was almost complete and the clinical aspects 
in all groups were quite similar. The level of  gingival 
healing was between scores of  3-4.

Our study demonstrated better results with isolated 
HA and CG. The low levels of  immunogenicity and bio-
compatibility of  the chitosan-gelatin blend, commonly 
cited in the literature (Huang et al., 2005; Konovalova 
et al., 2017; Oryan and Sahvieh, 2017) were confirmed 
by histological analyses. 7 days after implantation, the 
ingrowth of  cells, as well as the characteristic acute 
inflammatory phase, could be seen even in the most 
central area of  the scaffold. Neither necrosis of  the sur-
rounding tissues or scaffold encapsulation was observed 
up until 21 days, suggesting that CG was a nontoxic 
biocompatible matrix. These results are in agreement 
with Miranda et al. (2011) that used the same formula-
tion of  chitosan-gelatin in the evaluation of  alveolar 
bone repair in rats. The authors used a natural and 
low-cost chitosan-gelatin blend scaffold, cross-linked by 
glutaraldehyde. Gelatin was employed as a strategy for 
the improvement of  cell adhesion to scaffold surface, 
as previously described (Yang et al., 2004; Lawrence and 
Madihally 2008). Gelatin from animal sources presents 
type I collagen, which is important in the formation 
of  new bone from progenitor cells (Yang et al., 2004). 
Gelatin is reported to improve the biological activity of  
chitosan, since the collagen amino acid sequences of  
arginine-glycine-aspartate (RGD sequence) promote cell 
adhesion and migration (Huang et al., 2005; Lawrence 
and Madihally 2008). 

In the histological evaluation, it was observed 
remaining CG-biomaterial in close contact with the 
connective tissue up to 21 days. Encapsulation of  the 
biomaterial, areas of  fibrosis or isolation of  the biomate-
rial by fibrotic capsules were observed in none of  the CG 
or HA+CG groups. It is noteworthy that the induction 
of  fibrotic reactions around synthetic materials are not 
desirable properties for biomaterials (Chung et al., 2017). 
This type of  reaction that results from the activation 
of  macrophages is one innate of  the host. It can occur 

   Figure 7. Quantification of new bone formation assessed 
from collagen deposition (a) at day 7 and (b) after 21 days 
of surgical procedures. Data are shown as mean±S.E.M. 
* # Statistical differences. One-way ANOVA, 
followed by the Bonferroni multiple comparison test.
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with any type of  biomaterial, signaling the failure of  
the therapy. Current studies and strategies are currently 
focusing on more advanced biomaterials that can modu-
late the innate and adaptative immune systems (Chung 
et al., 2017). In this context, chitosan presents itself  as a 
promising biomaterial. The chitosan layers were seen in 
close association with several cell types, especially cells 
with clear nuclei and evident chromatin, a phenotype 
known to suggest extracellular matrix synthesis.

The adhesion and proliferation of  osteoblasts on 
chitosan, suggested by the images of  these cells and the 
deposition of  collagen juxtaposed to the biomaterial, 
corroborate previous in vitro studies that demonstrated 
great advantages of  chitosan in therapies for bone tissue 
regeneration (Aguilar et al., 2019). 

The resorption process of  chitosan-gelatin seems to 
be the consequence of  a typical foreign body reaction 
that evolves into a favorable implant-tissue interaction. 
The chitosan-gelatin was progressively resorbed and 
there was a simultaneous time-compatible replacement 
of  bone tissue, as preconized for an ideal scaffold by 
Donzelli et al. (2007). Our histological analysis showed 
the presence of  resorptive cells in the scaffold pores 
in both CG and HA+CG groups. These multinucle-
ated giant cells were more numerous and organized 
at day 21. Interestingly, images suggestive of  a more 
accelerated degradation of  chitosan were seen in the 
HA+CG group. The apparent reduction of  chitosan 
layers observed at day 21, culminating in the reduction 
of  the scaffold for osteogenic cells, can explain the 
lower deposition of  collagen found in the morphometric 
analysis of  HA+CG samples. Further studies should be 
conducted to evaluate the hypothesis that the presence 
of  hyaluronic acid could accelerate the degradation of  
chitosan. The use of  hyaluronic acid improved bone 
neoformation when compared to the control group, as 
shown by the morphometric evaluation at day 21. These 
results are in agreement with Babo et al. (2018) who 
observed the acceleration of  bone deposition on the 
dental alveoli treated with HA. However, in the model 
developed in the present study, treatment with HA was 
not superior to the one with CG in relation to the per-
centage of  collagen deposited during the same period. 
Both materials showed better results than the control 
group. However, histological assessment revealed advan-
tages of  CG compared to HA in terms of  extension of  
the healing area and contention of  epithelial invasion. 
Bone deposition in HA group was concentrated in the 
deepest area of  the defect and presented outlined, thick, 
mature trabeculae. In the CG group, the neoformation 
area occupied the major part of  the defect. Thus, the 
collagen matrix had an immature aspect, suggesting an 
intermediate phase of  the bone repair process. This 
finding suggests the continuity of  the process for later 
formation of  trabeculae across the defect. In addition, 

the great advantage of  CG over HA is the difference in 
the mechanical properties of  these biomaterials.

It is important that biomaterials can provide a bal-
anced ability to mechanically support initial scaffolding 
in the defect site, while encouraging cells to migrate into 
it and ignate the bone healing process (Fernandez et al., 
2020). The micro-architecture of  the gelatin-chitosan 
matrix is capable of  supporting the oral mucosa and pre-
venting precocious migration of  the epithelial tissue into 
the defect, thereby preserving bone volume (Miranda 
et al., 2012). Hence, this biomaterial is also compatible 
with Guided Bone Regeneration (GBR) treatment (Elgai 
et al., 2017). The biological rationale underlying GBR 
advocates the mechanical exclusion of  undesirable soft 
tissues from growing into the osseous defect, therefore 
allowing only osteogenic cell populations derived from 
the parent bone to repopulate the osseous wound space 
(Barone et al., 2011). 

Some limitations of  the present study should be 
pointed out such as the bone metabolism and the early 
healing periods in rats are significantly different from 
those in human bone (Danielsen et al., 1993). This makes 
it difficult to extrapolate the experimental observations 
to clinical conditions and this study should be regarded 
as a starting point for obtaining “proof  of  principle”. 
Further studies aiming to validate CG as an appropriate 
biomaterial for GBR should be performed in other mod-
els of  bone defects, considering different dimensions, 
topographies, as well as extending the healing evaluation 
to periods of  45 to 60 days, due to the current dynamics 
of  bone repair.

Clearly, the novel model of  intrabuccal bone defect 
of  this present study creates important perspectives 
into biomaterials testing on the healing and/or bone 
regeneration in the oral cavity of  low cost animal mod-
els and readily available in research laboratories. Our 
results demonstrated that a chitosan-gelatin blend is a 
biocompatible biomaterial, allowing cell adhesion and 
proliferation, and it is therefore desirable in the filling 
of  bone injuries. These aspects, added to its economic 
viability, make chitosan-gelatin a suitable biomaterial 
for tissue bioengineering and a promising strategy in 
dentistry and regenerative medicine for bone restoration 
of  larger defects.

Conclusion 

The isolated use of  a chitosan-gelatin osteoconductive 
matrix promoted greater bone deposition and preserved 
the volume of  the surgical site, irrespective of  the pres-
ence of  hyaluronic acid (HA). Additionaly, the animal 
model used in the present study has a great potential use 
for future studies on the healing and/or bone regenera-
tion of  intrabuccal bone defects.
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