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ABSTRACT

Background: Human dental pulp stem cells (hDPSCs) considered as a promising source of 
mesenchymal stem cells for bone regeneration. It can be used to improve osseointegration of dental 
implant and improve its stability.

Objectives: Assessment of bone healing and implant osseointegration by the use of human 
dental pulp stem cells with chitosan scaffold and compared the result with xenografts in a rabbit 
model.

Materials &Methods: Eighteen adult white rabbits were used in this study. They were 
distributed equally into three groups, group I, human dental pulp stem cells and chitosan was 
used before implant insertion in the tibia. Group II, xenografts were used and group III was the 
control group. After 12 weeks the animals were sacrificed and assessment of bone formation was 
accomplished by the used of the histological section using H&E, Masson stain as well as scanning 
electron microscope (SEM). 

Results: The highest mean area percent was detected in the stem cell group, followed by the 
xenograft group, while the control group revealed the lowest mean area percent value. Analysis 
of variance test revealed a highly significant difference between the studied groups (P=0.00). 
Comparison between the gap distances (µm) in the three groups measured by electron microscope 
indicated that the lowest mean gap distance was presented in the stem cells group.

Conclusion: human dental pulp stem cells coupled with chitosan is a promising method for 
bone formation and maturation around dental implant and help in osseointegration. 

KEY WORDS: Human Dental Pulp Stem Cells, Chitosan, Xenografts, bone healing, 
osseointegration. 
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INTRODUCTION 

Mesenchymal stem cells (MSCs) are being 
investigated as an appropriate type of stem cells to 
be used in bone tissue engineering due to their ability 
to differentiate into osteoblasts and endothelial  
cells.(1) Human dental pulp stem cells hDPSCs 
represents a promising source of mesenchymal stem 
cells for bone regeneration. The advantages of MSCs 
isolated from human dental pulp tissue are its easy 
accessibility, great proliferative and multilineage 
differentiation potential. They are tremendously 
proliferative and able of bony, dentin, adipose tissue, 

cartilage, and neurogenic differentiation. (2- 5)

The process of bone regeneration by the stem 
cells was completed by adding specific biomaterials 
that act as a scaffold. This carrier allows the cells 
to proliferate migrate, and transform into bone 
cells. It is also necessary for local angiogenesis 
to provide the necessary nutrients for the precise 
development of the bone tissue. (2) The scaffold 
must also be biodegradable gradually in harmony 
with bone regeneration to provide spaces for natural 
bone growth. Materials used to fabricate bone 
scaffolds includes natural and artificial bioceramics, 
natural and synthetic polymers and mixtures of 
polymers with bioceramics. The most widely used 
natural polymers in bone tissue engineering include 
collagen, alginate, and chitosan. (6)

Chitosan scaffold (poly-N-acetyl glucosamino-
glycan), a carbohydrate biopolymer is a natural co-
polymer derived from the alkaline deacetylation of 
chitin. It has been suggested as a scaffold for tissue 
regeneration. It was detected that in cell culture me-
dia treated with chitosan monomer (D-glucosamine 
hydrochloride) a significant increase of alkaline 
phosphatase activity and BMP-2 gene expression of 
the developed osteoblasts. (7, 8, 9) Chitosan has many 
valuable properties including biocompatibility, bio-
degradability, nonimmunogenic, with no inflam-
matory or allergic reactions. It has an antimicrobial 
and antifungal effect and non-toxic reactions after 

implantation, injection, or topical application. (10-14) 
it is fabricated in different forms including powders, 
granules, filament, sponge, or as a composite with 
cotton or polyester. The degradation rate can be 
controlled by cross-linking. The progress of a chito-
san that can support osteogenesis may be significant 
not only in the quality of newly formed bone matrix, 
but also in the ability of this tissue to incorporate 
with the host ground. (15, 16)

Xenografts are the use of living cells, tissues 
or organs after treatment from an animal, non-
human source such as bovine, equine, or coral 
that are transplanted and placed into a human. In 
the last few decades, the bovine bone has become 
a common source for the preparation of bone 
substitutes. It has a good osteoconductive capacity 
with low immunologic reactions after protein 
elimination. The xenograft provides long-term 
volume stability. The decreased risk of infectivity 
to the tissue is set to a minimum after treatment 
with a strong alkaline solution. (17- 19) The efficacy 
of xenografts is due to a combination of factors 
osteoconductivity and slow resorbability without 
interference with osseointegration by the residual 
graft material. (20) Xenografts could be used in the 
different field as maxillary sinus augmentation, (21) 
around the dental implant in the deficient ridge, 
(22) intrabony and furcation defects in periodontal 
regeneration, (23) filling of bony defects after cystic 
lesions enucleation of the jaws and for correction of 
skeletal deformities with facial asymmetry. (24) 

The aim of the current research was to assess 
bone healing and implant osseointegration by the 
use of human dental pulp stem cells coupled with 
chitosan scaffold and compared the result with 
xenografts. An experimental model has been used. 
The following calipers were utilized for assessment, 
histological examination using H&E stain, Masson 
stain for assessment of the percentage of newly 
formed bone. Scanning electron microscope SEM 
was employed for gap measurements in (µm) 
between the bone and the placed dental implant. 
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MATERIAL AND METHODS

This study was accomplished according to 
the experimental research ethics committee of 
the animal house, Faculty of Medicine, Cairo 
University. It was conducted on eighteen pathogen-
free adult white rabbits (2500-3500 gm.). The 
animals were checked by the veterinarian staff just 
on arrival and quarantined for 1 week. Isolation and 
culture of mesenchymal cells from human dental 
pulp tissues was obtained from impacted teeth 
extracted two weeks before surgical procedures 
in the rabbits. The process of attaining stem cells 
was performed at stem cell Laboratory, Faculty of 
Medicine, Cairo University, Egypt, according to the 
technique described by Di Benedetto et al (25) Figure 
(1). Chitosan gel was synthesis according to the 
technique reported by Senel et al (26). 

Isolation and culture of mesenchymal cells from 
human dental pulp tissues (25):

Human dental stem cells were harvested from 
the attached dental pulps separated from impacted 
tooth. The dental tissues were processed in a solution 
of 0.1U/ml collagenase type II (Sigma) for 60 min. 
at 37°C then centrifugation at 500 xg for 5 minutes 
in phosphate buffer saline. The cells debris was 
detached by passing mix through a 40 mm nylon cell 
strainer (BD FalconTM, BD Biosciences, Franklin 
Lakes, NJ, and USA) and, the dental pulp stem cells 
were expanded in vitro. hDSCs were dissociated 
on confluence using a 0.25 % (w/v) trypsin-EDTA 
(Gibco). Cell pellets was obtained by centrifugation 
at 500 xg for 5 minutes. Cells were then re-cultured 
in Dulbecco’s modified eagle’s medium (ADMEM) 
supplemented with 10% PBS, 100U/ml penicillin 
and 100 mg/ml streptomycin at 37˚C in a humidified 
atmosphere of 5% CO2. The culture medium was 
changed twice a week and passages were expanded 
three times for further analysis and characterization. 
Figure 1.

Surgical procedure:

Two weeks after preparation of human mesen-
chymal dental pulp stem cells, surgery was per-
formed in the three groups of animals. The animals 
were anesthetized under general anesthesia using 
the intramuscular injection of Ketamine 20-50 mg/
kg IM (Ketamine HCL injection USP, Rotexmedica, 
Germany) and Xylazine 2%, 10 mg/kg IM, (Rom-
pun. Bayer AG, Leverkusen. Germany). (27) Scrub-
bing of tibia and knee joint was performed in a rou-
tine way. Skin incision was carried-out at the medial 
side of the knee joint under the routine aseptic tech-
nique. Dissection was performed to expose the tibia 
platform, from the center of the tibia a round surgi-
cal bur was used to mark the implant site followed 
by gradual drilling accompanied by copious irriga-
tion with saline. Each animal received two titanium 
implant in the tibia (3.4 mm in diameter and 8 mm 
in length) (Super Line Dentium Implant System. 
Dentium Co., Ltd. Seoul, Korea). The sample (18 
rabbits) was distributed equally into three groups, 
group I, the implant bed was filled by a mixture 
of human dental pulp stem cells and chitosan, then 
the implant was inserted and the covered screw was 

Fig. (1) Prepared (hDMSCs)
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placed. (Figure 2 and 3). Group II, the implant bed 
was filled by xenografts (Bio-Oss® small granules. 
Geistlich Pharma North America Inc.), then the 
implant was inserted, and group III, the implant 
inserted without adding of any material and it was 
considered as control group. The wound was closed 
and sutured with 3-0 Vicryl sutures material (poly-
glactin 910 Ethicon). The animals received the fol-
lowing drugs postoperatively: Crystalline penicillin 
(Misr Co. for pharm. Ind. Cairo. Egypt) dosage: 
10mg/kg. I.M injection every 12 hour for 5 days 
and Cataflam (diclofenac potassium 75mg, Novar-
tis Pharma) ampoule I.M injection, dosage: 5mg/kg, 
per day for 3 days.

At 12 weeks after implant insertion, the animals 
were sacrificed for sample preparation. A portion of 

the tibia that included the implants was sectioned 
using a diamond burr. All samples were immersed 
immediately in a 10% formaldehyde-buffered fixa-
tive solution (Sigma-Aldrich). Assessments of the 
results of bone formation were performed through 
histologic section using H&E and Masson stain for 
assessment of the percentage of newly formed bone. 
The area percent of newly formed bone was estimat-
ed using Leica Quin 500 analyzer computer system, 
(Leica Microsystems, Switzerland). Department of 
Oral and Maxillofacial Pathology. Faculty of Den-
tistry. Cairo University. The area percent of newly-
formed bone was estimated in 8 different fields in 
each group with magnification (X100). The scan-
ning electron microscope (a JEOL 6300F - Eching, 
Germany) was used to assess the size of the gap be-
tween implant threads and bone for osseointegration 
in National Research Center, Giza. It was measured 
by μm using 4000-6000X. The specimen containing 
implant was prepared for electron microscope study 
according to the Hipp et al (28) technique.

Statistical analysis

Mean and standard deviation was presented for 
each group. Analysis of variance (ANOVA) test was 
used for comparison of the difference between the 
three groups. Tukey’s post hoc test as well as ANO-
VA, test was performed to reveal any significant dif-
ference. The unpaired T test was used for pairwise 
comparisons. P value ≤ 0.05 was considered statisti-
cally significant. Statistical analysis was done using 
SPSS test. Version 20 for Windows 2016.

RESULTS

All 18 animals tolerated the general anesthesia 
without any complications. One experimental ani-
mal developed an extensive inflammatory reaction 
postoperatively and it was excluded and replaced by 
another one. 

Fig. (2) the first implant bed and

Fig. (3) insertion of two implants in tibia
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Histological findings H&E, Masson stain

Group, I (stem cells and chitosan) showed 
large masses of newly formed calcified tissue with 
regularly arranged marrow spaces. The detected 
newly formed bone was dense and more mature 
than that of group II and III with no marked 
inflammatory reaction or fibrosis (Figure 4a). The 
mean area percent of bone was detected by Masson 
stain in group I was (32.1±1.45) and this was highly 
significant when compared with the other two 
groups with P- value P=0.00. (Figure 4b) (Table 1)

Group, II (xenografts) revealed some areas 
composed of newly formed calcified tissue with 
a residual layer of granulation tissue with a mild 
inflammatory response. The newly formed woven 

bone was thinner, less dense and less mature than 
in group I. The number of bone forming cells 
entrapped in bone trabeculae was little (Figure 
5a) when compared with group I but higher than 
group III (control). The mean area percent of bone 
was detected by Masson stain in group II was 
(24.6±1.63) (Figure 5b) (Table 1).

Group, III (control group) displayed connective 
tissue composed of collagen fiber bundles with 
little fibroblast and inflammatory cells suggesting 
granulation tissue. Mild bone formation could be 
detected in the form of multiple small ectopic foci 
of osteoid bone (Figure 6a). The mean area percent 
of bone was detected by Masson stain in group III 
was (12.4±1.37) (Figure 6b) (Table 1).

Fig. (4): Photomicrograph in the (group I) stem cells showing (a) large masses of newly formed calcified tissue (yellow arrows) 
(H&E x100). (b) Many areas of newly formed calcified tissue (yellow arrow) (Masson x100).

Fig. (5): Photomicrograph in the (group II) xenografts showing (a) some areas composed of newly formed calcified tissue (yellow 
arrows) (H&E x100). (b) Some areas of newly formed calcified tissue (yellow arrows)(Masson x100).



(3504) Abeer Kamal and Eman KhalilE.D.J. Vol. 64, No. 4

The highest mean area percent was detected in 
the stem cell group (32.1±1.45), followed by the 
xenografts group (24.6±1.63) while the control 
group revealed the lowest mean area percent 
value (12.4±1.37). ANOVA test revealed a highly 
significant difference between the studied groups 
(P=0.00) (Table 1), (Figure 7).

Comparing each two groups together using Post 
Hoc Tukey test revealed a significant difference 
between the control group III and the xenografts 
group II (p=0.00), control group (III) and the stem 
cell with chitosan group (I) (p<0.05) as well as 
between the xenografts group (II) and the stem cell 
group (I) (p=0.00). Table (2), Figure. (7)

Fig. (6): Photomicrograph in the (group III) control group showing (a) connective tissue composed of collagen fiber bundles 
(yellow arrow) (H&E x100). (b) Connective tissue (yellow arrow). (Masson x100)

Fig. (7): Bar chart showing the mean area percent values for the 
studied groups.

TABLE (1): Comparison of mean area percent values between the studied groups (ANOVA test)

Group
Mean area %

Stem cell group Xenografts group Control group P value

Mean ±SD 32.1±1.45 24.6±1.63 12.4±1.37 0.00

Significant at P ≤ 0.05

TABLE (2): Comparing each two groups together (Post hoc Tukey’s test)

Groups Stem cell  group Xenografts group Control group

Control group P=0.04 P=0.00 -

Xenograft group P=0.00 - P=0.00

Stem cell group - P=0.00 P=0.04

Significant at P ≤ 0.05
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Electron Microscope scanning results: 

Comparison between the gap distances (µm) in 

the three groups measured by electron microscope 

DISCUSSIONS

Osseointegration of dental implant in cases 
of bony defect or poor bone quality represents 
a surgical dilemma in the maxillofacial field. 
Many efforts have been reported to accelerate and 
augment bone formation and regeneration. Stem 
cells represent the new era in the bone healing and 
regeneration in the oral and maxillofacial field. It has 
promising and appropriate resources to overcome 
the problems of autologous bone graft, allografts, 
xenografts, or artificial bone substitutes. Several 
studies have been proved the ability of stem cells to 
induce bone regeneration for skeletal bone defects, 
maxillary sinus lifting procedure as well as healing 

indicated that the lowest mean gap distance was 
presented in the group I (stem cells with chitosan) 
with the mean 6.4 (µm) and this was statistically 
significant with p- value 0.041. Figure (8). Table (3).

of bone around the dental implants(29-33). The present 
study was intended to use human dental pulp stem 
cells with chitosan scaffold versus Xenograft bone 
substitute for improvement of bone regeneration 
around dental implant in an experimental rabbit 
model. It was hoped to develop potent therapeutic 
methods to rapidly promote bone healing 
around dental implant with the result of increase 
osseointegration and dental implant stability.

Using a suitable scaffold with an appropriate 
architectural design is a prerequisite when using 
stem cells approach for bone regeneration. In the 
present study, chitosan scaffold has been used to 
deliver stem cells being non-toxic, biodegradable 

Fig. (8) Scanning Electron microscope of the three group showing gap distance (µm) indicate the lowest mean gap distance (µm) 
in group I stem cell with chitosan group.

Table (3): Comparison between gap distances (µm) in the three groups. Mean, standard deviation (SD) 
values and results of one-way ANOVA and Tukey’s tests for 

           Group
Gap distance

Stem cell group Xenografts group Control group P value

Mean ±SD 6.4±1.8 8.8±1.5 9.3±1.6 0.041

Significant at P ≤ 0.05
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material, highly versatile promising material with 
many potential biomedical applications and free 
from any side effect. This opinion is concordance 
with many authors.(34-41) Chitosan scaffold is essential 
carrier for the stem cells, it prevents rapid diffusion 
of cells away from the defect site as well as their 
susceptibility to uptake, catabolism or proteolysis 
resulting in an insufficient local concentration of the 
number of cells. 

Rabbit was selected as an experimental model in 
the current study. The white rabbits have been shown 
to be more effective for evaluating the potential for 
bone formation and convenient for examining bone 
regeneration because of its effective accessibility. 
Rabbits show substantial intracortical remodeling, 
and have a more rapid bone turnover than rodents 
and even primates, the tibia is easily accessible 
due to minimal associated soft tissue, the mature 
rabbit can support 2- to 3-implants. The selection 
of the experimental model used in this study was 
in agreement with Baofeng et al (42) Wancket (43) 
Himanshu et al (44) and Bressan et al. (45)

In the current research, the mean area percent 
of bone formation was significantly higher in stem 
cells group followed by xenograft group with lesser 
mean area percent of bone in control group. Owing 
to the fact that stem cells encourage early peri-
implant trabecular bone formation to ensures tissue 
anchorage that corresponds to biological fixation of 
the implant, ingrowth of more mature bone observed 
in group I (stem cells), with thick bony trabeculae 
and increasing osteocytes in their lacunae, support 
the higher positive effect of stem cells with chitosan 
scaffold on osseointegration compared with group II 
and control group. Once chitosan scaffold enriched 
with human dental pulp stem cells (hDSCs) were 
inserted around dental implant, several new blood 
vessels and new bone cells were detected with no 
inflammatory cells, thus higher bone regeneration 
process was mediated by the transplanted hDSCs 
that may act by starting to recruit endogenous stem 
cell by means of growth factor secretion without 
triggering any inflammatory response. These results 

are in agreement with the finding of Bressan et al. 
(45, 46) 

Scanning electron microscope analysis showed 
significant decreased in gap distance between 
implant threads and bone in group I as a result of the 
addition of stem cells with chitosan scaffold more 
than the other two groups. This finding suggests 
that dental pulp stem cells capable to induce greater 
bone formation as compared with Xenograft. This 
action might be related to the seeded stem cells in 
the porous chitosan scaffold with its lower level 
of resorption and this property may favor bone 
formation and stay in direct contact with implant 
surface as supported by the finding of Suh et al 
(47). Chitosan scaffolds with stem cells mixture 
allow effective cell seeding, nutrient, and waste 
transport to support cell metabolism. This could 
help cell attachment, proliferation, and aggregation. 
The newly formed bone trabeculae are clearly 
evident, more condensed, more mature and become 
connected with the original old bone with the result 
of the decreased gap measurement represented in 
the scanning electron microscope. 

This observation detected in the current study 
allowed to conclude that the chitosan scaffolds used 
were able to preserve stem cells in direct contact 
with bone and implant threads for a longer time with 
the result greater bone percentage as well as lowest 
gap distance observed in the stem cells group. The 
differentiated hDSCs increase bone regeneration as 
detected and that the chitosan scaffold used can be a 
suitable carrier to entrap and maintain the cells. This 
finding is in concordant with the results presented 
by Kim et al (48) and Michele et al. (49) 

Conclusion: the results of the present study 
deduced that human dental pulp stem cells with 
chitosan scaffold is an effective and promising 
method that has significantly enhanced new bone 
formation around dental implant suggesting its 
potency in inducing bone regeneration in the 
defective area around the dental implant.
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