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Introduction: Over the past 30 years, the number of dental implant procedures has increased worldwide, reaching about one million 
dental implants per year. In Brazil, in recent decades, there has been a very rapid evolution in implant dentistry with high success 
rates. 

Objective: It was performed a systematic review of the main findings and potential use of adipose-derived stem cell and bone graft 
for a dental implant. Methods: A total of 55 clinical studies and reviews that were submitted for eligibility analysis were checked, and 
after that, 38 studies were selected, following the rules of systematic review-PRISMA. The search strategy was performed in PubMed, 
Embase, Ovid and Cochrane Library, Web of Science, ScienceDirect Journals (Elsevier), Scopus (Elsevier), OneFile (Gale).

Major Findings and Conclusion: Tissue engineering is a tool that allows by means of a suitable biological niche for any construction 
and regeneration of tissues and organs. Another advantage is minimally invasive surgery or allows the use of surgical techniques that 
cause less risk to the patient. This condition is maintained because the cells involved in the biological niche secret growth factors for 
cell proliferation and differentiation and supramolecular structures that ensure the functional organization of tissue generated by 
means of stereochemistry and its systemic integration ADSCs can potentiate osteogenesis and reduce the possibility of developing 
bone necrosis. Moreover, the ADSC, when cultured in the presence of bone, releases cytokines osteopoiesis undergo a process that 
involves the proliferation and maturation of primitive precursor cells to the formation of functional osteoblasts and bone cells origi-
nated ADSC this phenomenon is committed osteoprogenitor cells and pre-osteoblasts osteoblasts and osteocytes. Therefore, the lack 
of bone in the alveolar ridges has been a major problem in functional aesthetic recovery in patients who have suffered dentoalveolar 
trauma, traumatic tooth extractions, congenitally missing teeth, maxillary and mandibular pathologies. For the filling of large bone 
defects, the development of bone regeneration improves epithelial barriers to bone graft, favoring dental implantation.

Over the past 30 years, the number of dental implant proce-
dures has increased worldwide, reaching about one million dental 
implants per year [1]. In Brazil, in recent decades, there has been 
a very rapid evolution in implant dentistry with high success rates 
[2]. The development of biomaterials for use in dental clinics in re-

cent years has been a powerful therapeutic tool in the correction 
of bone defects [3]. However, despite the proven benefits, its use 
requires that the professionals take care of clinical and ethical cri-
teria in the analysis of risks and benefits that each biomaterial may 
present.
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The lack of bone in the alveolar ridges has been a major problem 
in functional aesthetic recovery in patients who have suffered den-
toalveolar trauma, traumatic tooth extractions, congenital missing 
teeth, maxillary and mandibular pathologies, as well as infections 
due to the emotional and the possibility of deformity. economic im-
pact on public health [4]. In addition, maxillofacial trauma can be 
considered one of the most devastating aggressions encountered 
in traumatology and oncology due to the emotional consequences 
and the possibility of deformity as well as the economic impact 
[4,5].

In this scenario, tissue engineering is a tool that enables, 
through the appropriate biological niche, the construction and re-
generation of many tissues and organs. For this, xenografts, auto-
grafts, and allografts are used, with and without the use of cells [6]. 
Thus, bioengineering and cell therapy work together for regenera-
tive medicine, favoring and improving biological conditions to ac-
celerate tissue repair and regeneration and thus maintain tissue 
homeostasis [6].

Normal bone formation and tissue restoration involve coordi-
nated interaction between bone-forming cells and biological sig-
nals. The main predictors in this process are osteoblasts and their 
precursors [7]. Osteoblasts may produce new bones together with 
biomaterials and may initiate the release of biological signals that 
guide the bone formation and remodeling [8].

In clinical studies, Adipose-Derived Stem Cell (ADSC) obtained 
from Vascular Stromal Fraction (SVF) as the regeneration of peri-
odontal tissues has been shown and ADSC showed that when asso-
ciated with platelet-rich plasma can regenerate alveolar bone, ce-
mentum, and periodontal ligament eight weeks after implantation 
[10]. In addition, there is a combined study of bone graft with fi-
brin glue, biodegradable biomaterial and ADSC for the reconstruc-
tion of large bone defects in the skull of a victim of seven years of 
trauma. In a few cases, the ADSC complex allowed the regeneration 
of wounds, improving the resulting radiation fibrosis. Other stud-
ies involve research on the safety and efficacy of ADSC for treating 
fistulae in patients with Crohn's disease, critical limb ischemia in 
diabetic patients, developing bone engineering and treatment of 
myocardial failure [17].

Therefore, the present study aimed to make a systematic review 
of the main findings and the potential use of adipose-derived stem 
cell and bone graft for the dental implant.

Methods

A total of 55 clinical studies and reviews that were submitted to 
the eligibility analysis were checked, and after that, 38 studies were 
selected, following the rules of systematic review-PRISMA (Trans-
parent reporting of systematic reviews and meta-analyzes-http: //
www.prisma-statement.org/).

Study design

The search strategy was performed in PubMed, Embase, Ovid 
and Cochrane Library, Web of Science, ScienceDirect Journals (El-
sevier), Scopus (Elsevier), OneFile (Gale) followed the following 
steps: - search for MeSH Terms: Adipose-derived stem cell. Stromal 
vascular fraction. Platelet rich plasma. Bone loss. Dental implant, 
and - use of boolean "and" between mesh terms and "or" among 
historical findings.

Search strategy and information sources

According to the Cochrane model for risk of bias in the pres-
ent study, the overall assessment resulted in 4 studies with high 
bias risk and 4studies with uncertain risk. In addition, there was 
an absence of funding source in 7 studies and four studies did not 
disclose the information on the declaration of conflict of interest 
(Figure 1).

Risk of bias

Development

Tissue engineering is a tool that allows by means of a suitable 
biological niche for any construction and regeneration of tissues 
and organs [5]. Tissue engineering offers numerous benefits that 
meet the needs of injured tissue or to the regeneration process or-
gan. Therefore, understanding the chemical, physical and biological 
processes of both organic materials as the biological niche in the 
host is necessary. The crossing of compatible information between 
microenvironments allows cascades of cell recognition and signal-
ing to neovascularization [5]. 

Another advantage is minimally invasive surgery or allows the 
use of surgical techniques that cause less risk to the patient. So 
biomaterial Bio Oss® (Geistlich), being biodegradable, biocompat-
ible, non-toxic, and low immunogenicity, can act in the regeneration 
of bone tissue, they establish with mesenchymal stem cells from 
adipose tissue appropriate biological niche (microenvironment fa-
vorable) to bone growth in both animal studies and human studies 
beings [5].

Bone tissue engineering
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Figure 1

The maxillary sinus augmentation procedure has been well 
publicated and the long-term clinical survival (> 5 years) of im-
plants placed, regardless of graft materials used, compares favor-
ably to implants placed conventionally as reported in other sys-
tematic reviews [1]. Studies that met the inclusion criteria seemed 
to be comparable and yielded favorable results in supporting den-
tal implants. However, alveolar ridge augmentation techniques do 
not have detailed documentation or long-term follow-up studies 
[1,2]. The alveolar ridge augmentation procedures may be more 
technique and operator experience sensitive, and implant survival 
may be a function of residual bone supporting the dental implant 

rather than grafted bone. More in-depth, multicenter studies are 
required to provide further insight into augmentation procedures 
to support dental implant survival [6].

Another clinical study, forty-eight maxillary sinuses were 
treated in 37 patients. Lateral sinus augmentation was used with 
grafting using either Bio-Oss® (ABB) (control group; 23 sinuses) or 
Biphasic Calcium Phosphate (BCP) (test group; 25 sinuses). Histol-
ogy showed close contact between new bone and graft particles for 
both groups, with no significant differences in the amount of min-
eralized bone, the bone-to-graft contact, remaining percentage of 
graft substitute material and more soft tissue components [5].
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The challenge is to understand the science of multidisciplinary 
biomaterials and its application requires adjustments to its pro-
cessing, sterilization and structural changes to promote interac-
tion with the tissue of interest [5]. Thus, the bioengineered and 
cell therapy act together to regenerative medicine, facilitating and 
improving the biological conditions to accelerate tissue repair and 
regeneration, and thereby maintain tissue homeostasis course [5].

This condition is maintained because of the cells involved in the 
biological niche secret growth factors for cell proliferation and dif-
ferentiation and supramolecular structures that ensure the func-
tional organization of tissue generated by means of stereochemis-
try and its systemic integration [6].

Normal bone formation and tissue restoration involve coordi-
nated interaction between bone-forming cells and biological sig-
nals [13]. The main force in this process are osteoblasts and their 
precursors. Osteoblasts may produce new bones together with 
biomaterials and may initiate the release of biological signals that 
guide the bone formation and remodeling [14,15].

These biological signals attract bone-forming cells to the re-
ceptor site. Growth factors and other proteins are some biological 
signs that may be involved in bone neoformation and tissue remod-
eling. In addition, through chemotaxis, bone-forming cells are mi-
grated to the application area because stimulation of cell migration 
occurs in response to chemical stimuli [16].

Monocytes, macrophages and endothelial cells contribute to 
bone remodeling, either by contact with osteogenic cells or by re-
leasing soluble factors such as cytokines and GF [8]. In the skeletal 
system, TNF-α stimulates bone and cartilaginous resorption and 
inhibits collagen and proteoglycan synthesis. IL-1 induces expres-
sion of a wide variety of cytokines. LIF and IL-6 are two such mol-
ecules that are known to stimulate differentiation of mesenchymal 
progenitor cells in the osteoblastic lineage, are also potent osteo-
blast anti-apoptotic agents. In bone, the main sources of IL-6 are 
osteoblasts rather than osteoclasts. Prostaglandin E2 (PGE2) is 
also directly related to IL-6 cytokine expression [8].

The microscopic bone structure consists of osteoprogenitor 
cells, support cells (osteoblasts and osteocytes), remodeling cells 
- osteoclasts - and a non-mineralized extracellular matrix called os-
teoid, composed of collagen type I and non-collagen proteins such 

Bone graft and bone remodeling action mechanism with ADSC as osteonectin, osteocalcin, bone morphogenetic protein (BMP), 
glycosaminoglycans and bone sialoproteins [7]. Osteoprogenitor 
cells are small spindle cells found on all non-resorbable bone sur-
faces, derived from primitive mesenchymal cells and form a popu-
lation and precursor cells that can differentiate into more special-
ized cells such as osteoblasts and osteocytes [7].

In this sense, the osteoinduction process is influenced by sev-
eral factors, requiring the presence of inducers, which include 
β-glycerolphosphate, ascorbic acid, and dexamethasone [8]. In the 
presence of these substances, mesenchymal cells acquire morphol-
ogy and osteoblastic membrane components and express alkaline 
phosphatase to deposit calcium-rich extracellular matrix and cer-
tain proteins such as osteopontin and osteocalcin [8].

In addition, bone morphogenetic proteins (BMP) function as 
growth factors with a specific role in the proliferation and differen-
tiation of mesenchymal stem cells present in the lesion niche [9]. In 
particular, BMP-2 is involved in the early stages of osteogenesis; In 
addition, it has been shown that differentiation of human mesen-
chymal stem cells into the osteogenic lineage requires the presence 
of BMP-2 in the first days of culture and that these cells after 21 
days express osteogenic lineage-specific proteins such as osteonec-
tin, osteocalcin, and osteopontin [9].

In this context, facial bone defects are found in clinical practice. 
Thus, bone grafts, flaps, and alloplastic materials are used in their 
treatment. In this regard, an animal model study examined whether 
adipose-derived stromal vascular fraction (SVF) has an osteogenic 
effect on the critically sized membranous bone defect of the zygo-
matic bone. Twenty male Wistar Albino rats were used [8]. The 
bilateral zygomatic arches were opened with lateral incisions. A 
standard 3 mm bone defect was created bilaterally in the zygomatic 
arches of the rats. On the side of the experiment, stem cell-rich SVF, 
which was obtained by applying the centrifugal process to adipose 
tissue-derived from the inguinal adipose layer, was injected into the 
site of the right zygomatic arch bone defect. On the control side, 
the left zygomatic arch was left for secondary bone healing without 
any treatment after the creation of a critical bone defect of 3 mm. 
At 10th (n = 5) and 20 weeks (n = 13) postoperatively, bone de-
fect healing areas were evaluated by three-dimensional tomogra-
phy and then rats were sacrificed and bone healing was examined 
histologically. There were no statistically significant differences in 
the 10th-week results. At week 20, the new amount of bone for-
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mation calculated from the results of three-dimensional computed 
tomography was significantly higher on the side of the experiment 
(p = 0.033). Histological examination at week 20 showed signifi-
cantly more callus formation on the side of the experiment (p = 
0.0112). Thus, stem cells can increase the rate of bone healing by 
differentiating into certain tissues. SVF derived from mesenchymal 
stem cell-rich adipose tissue is expected to increase bone healing 
in facial bone defects, and this application may replace the use of 
bone grafts and flaps in clinical practice. Therefore, ADSC can po-
tentiate osteogenesis and reduce the possibility of developing bone 
extremity necrosis [8].

In this sense, the ADSC have several advantages such as low 
cost, availability, and low immunogenicity compared to acellular 
fillers such as collagen, hyaluronic acid, chitosan and others [16]. 
When added to biomaterials as Bio-Oss® its site of improved and 
more permanent implant survival, reaching several mechanisms 
including increased revascularization, reduction of apoptosis and 
promotion of differentiation of osteocytes for the regeneration of 
alveolar bone, increasing thickness of jawbone [16-18]. Moreover, 
the ADSC when cultured in the presence of bone releases cytokines 
osteopoiesis undergoing a process that involves the proliferation 
and maturation of primitive precursor cells to the formation of 
functional osteoblasts and bone cells originated ADSC this phe-
nomenon is committed osteoprogenitor cells and pre-osteoblasts 
osteoblasts and osteocytes [22-24].

Unlike osteoconductive materials, osteoinductive substances 
promote bone formation in extra-skeletal sites. Also members 
of the TGF-β family. TGF-β belongs to a family of multifunctional 
growth proves to be one of the mediators of normal cellular physi-
ology, embryogenic tissue involved in a number of responses as-
sociated with inflammation and tissue repair factors [23]. Its main 
source is the extracellular bone matrix and platelet reservoir for 
the second polypeptide. TGF-β has an excellent performance in cel-
lular activity, including control of proliferation and expression of 
different phenotypes of various types of specific cells in the skel-
eton, especially the precursor of mesenchymal stem cells to chon-
drocytes, osteoblasts, and osteoclasts [23].

The ADSC contains several types of cells, such as stem cells from 
adipose tissue endothelial cells and smooth muscle cells and their 
progenitors for preadipocytes [16]. The adipose stem cells can se-
crete VEGF, HGF, and IGF-1, which are pro-angiogenic, and pro- ad-

ipogenic effects antipoptóticos. Furthermore, due to the abundance 
of progenitor cells in the vessels of ADSC also suggests that these 
cells are highly capable of enhancing neovascularization, such stud-
ies have shown that there is a significant relationship between fat 
cells and vascular system. These cells represent a heterogeneous 
population of microvascular endothelial cells, are a convenient 
source of multipotent cells and are not restrictive [22]. 

The ADSC has the advantages of self-renewal, immunomodula-
tory character multipotentiality, ease of isolation, purification, ex-
pansion "in vitro" as well as cryopreservation [9,24]. Thus, ADSC 
must provide the minimum requirements adherent cells and the 
proliferation, differentiation into at least three cell lines (adipo-
cytes, chondrocytes, and osteocytes) and display panel with the 
surface markers typical of MSCs so that they can study be used 
according to the recommendations of the International Society 
for Cellular Therapy. In culture conditions, the adipose stem cells 
grow easily in monolayers, retain multipotentiality normally until 
the 10th passage and feature fibroblastoid morphology (elongated) 
[9,27].

For immunophenotyping of ADSC series of markers (antibodies) 
positive CD9, CD10, CD13, CD29, CD44, CD49, CD54, CD55, CD59, 
CD73, CD90, CD105, CD106, CD144, CD146, CD166 and HLA-1 are 
necessary and one negative number for CD11, CD14, CD19, CD31, 
CD34, CD45, CD79 alpha, CD80, CD117, CD133, CD144, HLA-DR, 
and Stro-1 [9]. The ADSC secrete a cascade of cytokines and growth 
factors with paracrine, autocrine and endocrine activities such as 
colony-stimulating factor macrophage (M-CSF), colony-stimulating 
factor granulocyte-macrophage (GM-CSF), macrophages inflam-
matory protein (MIP-1α / CCL3). These factors, when combined, 
may produce a series of local immune responses by stimulating 
angiogenesis and the induction of proliferation and differentiation 
of mesenchymal stem cells to the desired tissue. Furthermore, the 
ADSC induces expression of proteins junction and increase mi-
crovessel integrity and nitric oxide (NO) by macrophages [27].

In the context of successful dental implant practice, osseointe-
gration is essential. However, it is a complex process with many 
factors interfering with the formation and maintenance of bone 
tissue around the implant, such as topography and surface rough-
ness, biocompatibility and loading conditions [19,20]. In addition, a 
healthy and compatible bone layer of the host is required, allowing 
primary stability [28].

Dental implants and biomaterials 
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Dental implants are increasingly being used due to high success 
rates [30,31]. However, a large proportion of patients do not have 
sufficient bone conditions for implant placement, thus requiring 
prior reconstructive bone surgery. It is essential that the dentist 
master the knowledge in the healing process of post-extraction al-
veoli in order to provide correct planning of cases [31].

In this sense, after extraction the repair process occurs in the 
internal region of the alveolus along with the formation of cell-rich 
clot and growth factors, promoting neoformation, bone remodeling 
and soft tissue epithelialization [32]. During this process, the al-
veolar ridge undergoes relevant changes, both in height and thick-
ness, which influence the possibility of implant placement. Thus, 
the optimized implantology and biomaterials processes allow the 
implantation of implants in areas of low thickness and bone width, 
with simpler surgeries and greater patient success and comfort 
[32].

The lack of bone in the alveolar ridges has been a major problem 
in functional aesthetic recovery in patients who have suffered den-
toalveolar trauma, traumatic tooth extractions, congenital missing 
teeth, maxillary and mandibular pathologies [33,34]. For the fill-
ing of large bone defects, the development of bone regeneration 
improves epithelial barriers to bone graft, favoring greater pre-
dictability in alveolar and peri-implant reconstructions and have 
a good prognosis [35-37]. In this sense, the filling biomaterials can 
be fibrin-rich plasma (PRF), Bio-Oss®, hydroxyapatite, lyophilized 
and ground demineralized bone marrow, autogenous bone, which 
is considered the gold standard, among others [38].

Conflicts of Interest
There are no conflicts of interest.

Therefore, the lack of bone in the alveolar ridges has been a ma-
jor problem in functional aesthetic recovery in patients who have 
suffered dentoalveolar trauma, traumatic tooth extractions, con-
genital missing teeth, maxillary and mandibular pathologies. For 
the filling of large bone defects, the development of bone regen-
eration improves epithelial barriers to bone graft, favoring dental 
implantation.

Conclusion
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