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which could be used to repair damage throughout the body 
in the future as a regenerative medicine. The dental pulp 
is a connective tissue, contained within the pulp chamber 
and in root canals; it communicates with the periodontium 
through one or more apical foramina and through the lateral 
accessory channels of  the roots.[9,10] The pulp is composed 
of  cells immersed in an intercellular matrix characterized 
by a fundamental substance and fibers (especially collagen 
fiber types I and III).[11] The organic matrix represents 
about 25%, while the remaining 75% is made up of  water. 
With advancing age, there is a progressive decrease in the 
cell population and a numerical and volumetric increase 
in collagen fibers, especially in the 2/3 apical roots. Two 
different types of  stem cells are distinguished: Embryonic 
stem cells and adult stem cells.[12] After fertilization, the stem 
cells become totipotent: having morphogenetic capacity. 

INTRODUCTION

In the field of  biology and medicine, one hears often about 
stem cells and their potential. The key property of  all stem 
cells is that they are undifferentiated therefore; they can 
be replicated indefinitely and replace different types of  
damaged cells in the body.[1-4] Similar to mesenchymal stem 
cells (MSCs), literature shows that stem cells from the dental 
pulp share behaviors and characteristics from other tissues 
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Background: Dental implants are the most widely used treatment therapy for oral rehabilitation after tooth loss. Implant failures 
can be a result of many factors, with poor osseointegration being the main culprit and over the recent decades, there has been an 
important progress in the design and manufacturing of titanium implant surfaces with the goal of improving their osteointegration. 
Titanium implant surfaces are continuously modified to improve biocompatibility and promote osteointegration. The dental implant 
surfaces, subjected to specific treatments, perform better and allow for quicker healing times and better clinical performance. 
Stem cell therapy is a new age advancement which has led to quite promising results in the medical field. The implication of 
stem cells could lead to the unfolding of different dimensions of Biomimetic surface treatment leading to better results. 

Aim: This present review article aimed to assess the studies done on the effect of stem cells on the osseointegration, 
osteoinduction, viability, cytotoxic response, and biocompatibility of dental implants. This study assimilated various studies 
done using human dental pulp stem cells in combination with autologous plasma components, for in vitro bone generation on 
biomimetic titanium dental implant materials. Eleven studies that fulfilled the criteria were examined and included in the study. 

Results and Conclusion: All the included studies reported that the stem cells used with or without graft material acts as a great 
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stem attached to the implant surface facilitated cell proliferation which aided to boost bone formation and osseointegration at 
the bone–implant interfaces. A few selected studies showed a high risk of bias, indicating that caution must be exercised in 
their interpretation. These results highlight the significance of biomodified implant surfaces that in future can promote a better 
future for dental implants leading to reduced failures and better implant interface.
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They are capable of  giving rise to a complete individual, 
they have unlimited multiplicative and proliferative capacity 
(cell immortality), and they can differentiate into all cell 
types (differentiating ability).[13,14] A major breakthrough 
in dental history was achieved when Gronthos et al. found 
the odontogenic progenitor in the dental pulp. These cells 
were referred to as dental pulp stem cells (DPSCs). Since 
this discovery, several researchers have reported varieties of  
dental stem cells, which are isolated and characterized as:
1.	 DPSCs.[15]

2.	 SHED.[16]

3.	 Stem cells from apical papilla.[17,18]

4.	 Periodontal ligament stem cells (PDLSCs).[19]

At the implant surgery level, autologous bone derived from 
stem cells could replace the current materials used for 
guided bone regeneration.[20-23] In addition, the potential 
chances of  having implants with ligament-anchored, 
or periodontal tissue implants surrounded, produced 
acknowledgement of  tissue engineering, between bone 
and implant surface, arousing the interest of  many 
researchers.[24-26] The characteristics of  the implant surfaces 
have different implications in the integration that it will be 
possible to achieve, during rehabilitation, with both hard 
and soft tissues.[7,27] A rough implant allows for greater 
osseointegration rates than a smooth surface one. Equally 
important are the management of  soft tissues and the 
transmucosal portion of  the implant.[28,29] Scarano et al. 
recently demonstrated how faster osseointegration could 
be achieved in the presence of  specifically treated implant 
surfaces, promising encouraging clinical outcomes.[30] Other 
related researches highlighted how the presence of  stem 
cells applied to a dental implant surface could increase and 
accelerate the physiological osseointegration processes.[31,32] 
This review article is aimed to qualitatively assess the studies 
available in the literature, on dental implants coated with 
stem cells to enhance osseointegration.

MATERIALS AND METHODS

•	 Search Strategy: The articles were searched in relation 
to the role of  stem cells in the osseointegration of  
dental implants. The search was restricted to the study 
of  implant surfaces treated with mesenchymal types 
of  stem cells derived from DPSCs.

•	 Focus questions: “Does the application of  stem cells 
augment osseointegration of  dental implants?”

•	 If  so, then what are the advantages and differences 
achieved by coating the surface with stem cells?

Search Strategy
The following steps were performed for conducting the 
review:

(I)	    �A broad electronic search was conducted of  databases 
using the keyword combination “stem cell”, “dental 
implant osseointegration”, “different implant surface 
treatments” and “stem cell therapy on Implant”. 
A manual search of  the references in the selected full 
articles was complemented by the electronic search.

(II)	   �Titles and abstracts were independently screened by 
reviewers to remove irrelevant articles and duplicates.

(III)  � Selection of  the full-text articles was conducted 
manually with the inclusion and exclusion criteria 
in the following section.

Inclusion Criteria
In vivo studies and In vitro studies using stem cells (derived 
from humans, autologous stem cells, stem cells derived 
from the same species) to augment dental implant 
osseointegration, treatment of  peri-implant–bone defects, 
and sinus augmentation for implant placement.

Exclusion Criteria
In vivo studies done on animals, stem cells derived from 
other species, and studies using stem cells other than 
mesenchymal type of  cells.

Data Extraction
All studies fulfilling the inclusion criteria underwent a 
thorough valid evaluation. Reasons for rejection were 
recorded for each study. All reviewers have extracted the 
data independently with. Authors were also contacted 
to provide information, clarify data and permissions for 
further usage. The following data were extracted and 
recorded: number of  patients, number of  defects, defect 
size, and type, stem cell characterization, stem cell origin, 
defect location, length of  follow-up, and treatment.

Quality Assessment and Data Synthesis
Both the reviewers were blinded to the authors, titles of  
journals, and institutions. The quality assessment of  the 
included studies was independently performed by the 
reviewers.

RESULTS

Selection of Articles
A total of  100 articles were assessed including 53 from 
PubMed, 27 from MDPI, and 20 from Scopus were 
retrieved using the keywords. Title and abstract screening 
of  the identified articles revealed that most of  the articles 
were either duplicates or irrelevant to the topic of  interest, 
and hence were excluded from the study. Out of  the 
available full-text articles that were screened for eligibility, 
only 11 met the inclusion criteria, and hence were included 
in the review. Table 1 reports the characteristics of  the final 
11 retained articles.
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Characteristics of the Included Studies
•	 Geographical distribution: Of  the 11 included studies, 

three are from Italy, one from Saudi Arabia, one from 
Spain, one from Canada, one from China, one from 
Brazil, one from Taiwan, one from Israel, and one 
from Pakistan.

•	 The source of  stem cells: DPSCs, human MSCs, 
PDLSCs, blood clot extensions, and small blood stem 
cells.

•	 Types of  implant used: Myth® (Maipek Manufacturer 
Industrial Care, Naples, Italy) is made of  Grade  4 
titanium, Osseotite® acid-etched implants, Tri-Vent, 
purchased from TRI Dental Implants Int AG (Baar, 
Switzerland), and TiUnite, rom Nobel Biocare, 
grade 2 Ti discs polished with silicon carbide abrasive 
papers and MPI—Molecular Precision Implants, 
Ti6Al4V ELI.

•	 The Follow-up period: The period of  follow-up ranged 
between a week and 6 months.

•	 Outcome assessment: In all the 11 studies assessed 
different parameters. Some assessed DPSC isolation, 
culture, and characterization by flow cytometry, cell 
adhesion by scanning electron microscopy (SEM), 
cell viability in the presence of  Calcein-AM (green 
fluorescence) and propidium iodide (red fluorescence), 
and analysis of  osteoblastic differentiation markers 
by reverse transcription polymerase chain reaction. 
One did bone mineral density was measured by 
computer tomography scans. In one article, lactate 
dehydrogenase (LDH) cytotoxicity assay was used to 
evaluate membrane integrity of  DPSCs, LDH was 
leaked into the medium and was quantified using a 
CytoTox 96 non-radioactive cytotoxicity assay, and 
enzyme-linked immunosorbent assay (ELISA) test 
was done for PGE2 secretion. In one article surface 
roughness test of  the control and test were assessed 
by Atomic Force Microscopy. One article did Quartz 
Crystal Microbalance measurements for the assessment 
of  albumin and amelogenin in TNS-modifies titanium. 
In one MTT colorimetric assay was also performed 
to assess cell adhesion and proliferation, and ELISA 
for h-osteocalcin, h-VEGF, and cell adhesion was 
evaluated by Immunofluorescence Test. In one article 
Bone Matrix Formation was done by histological 
analysis such as Alizarin Red S quantification.

Analysis of the Effect of Stem Cells on Osseointegration
All the included studies reported that implant coating with 
stem cells secrete cytokines and chemokines that aid in 
the healing of  damaged tissue. They expressed excellent 
biocompatibility stimulate osteogenic differentiation, and 
increase the production of  VEGF. No severe adverse 
effects were observed in patients who suffered from severe 
bone defect, moreover showed improvement from D3 

level to D1 or D2 level. The results obtained in tests done 
for osteogenesis suggested a combination of  biomimetic 
rough titanium surfaces, such as BAS™, with autologous 
plasma-derived fibrin-clot membranes such as PRF and/
or insoluble PRGF formulations maximizes osteoblastic 
cell differentiation, bone generation, anchorage and 
osseointegration of  titanium-made dental implants. The 
implants promote cell proliferation approximately with 
the same values of  the cell culture in standard conditions 
and the expression of  osteocalcin is increased at 30 days, 
confirming the stability and osteogenic induction of  the 
implant.

DISCUSSION

The purpose of  this review was to analyze the effect of  
stem cell-coated dental implants for osseointegration, cell 
proliferation, adhesion, and osteoinduction in humans and 
to further enumerate the advantages it holds compared to 
other coated or non-coated implant surfaces.

Most of  the data done on such is done on animal models 
and very few on human-derived cells and thus were 
included in the study. Eleven studies were short-listed 
given the inclusion criteria. Three were from Italy, one 
from Saudi Arabia, one from Spain, one from Canada, one 
from China, one from Brazil, one from Taiwan, one from 
Israel and one from Pakistan.

In most of  the studies, mesenchymal cells were used, 
derived from dental pulp or the third molar for coating 
the dental implants. Some used small blood stem cells 
(SB cells), isolated from human peripheral blood to coat 
the implant. Major studies used were in vitro. The SB cells 
were injected into the implant site and, an absorbable 
double-layer collagen membrane was utilized to cover the 
wound. A second treatment was performed following the 
removal of  the granulation tissue. SB cells and hydroxyl 
apatite powder were used to fill the alveolar bone deficits 
and repeated a third time. In studies done with DPSCs, they 
were seeded onto dental implants having either a rough 
surface or one coated with a ceramic layer mimicking native 
bone. In one, cells were seeded at a density of  5 × 105 cells/
implant onto dental implants that had been previously 
washed in PBS. Cells were resuspended in 100 μL of  culture 
medium and plated as a drop on the scaffold placed in a 12-
well plate, taking care not to spill the medium at the bottom 
of  the plate, to allow cell attachment. The cell implant 
devices were transferred to 15 mL tubes with a cap filter 
and incubated with osteogenic medium in a humidified 
atmosphere at 37°C after 1 hour of  incubation and 5% 
CO2 in a rotating culture apparatus (Wheaton Science 
Products, Millville, NJ, USA) at six rpm; cells plated in flasks 
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were used as the control (2D culture). In another, DPSCs 
from the fourth or fifth passage were seeded on Ti discs 
at a density of  10,000 cells/cm2 and cultivated for 24 h in 
α-MEM. After 24 h, the standard medium was removed 
and replaced by a differentiating medium. The culturing of  
cells is done in a differentiating medium for up to 28 days 
by refreshing it two times per week.

The samples of  the respective studies were observed for 
a period of  time ranging from a week-6 months. During 
the period various tests were performed to achieve the 
results. Tests including: Cytotoxicity test: Conditioned 
medium, cell proliferation assay: MTT tests, cell adhesion: 
Immunofluorescence, cell adhesion: SEM, bone matrix 
formation: Histological analysis and osteoinduction: 
Quantitative real-time-polymerase chain reaction. The 
studies showed that the results obtained were promising. 
It showed that coating implants with stem cells improve 
their osteogenic and endothelial differentiation, even in 
the presence of  inflammatory cytokines. In a few, samples 
showed the deposition of  extracellular matrix, more 
pronounced in the test and GO-functionalized test discs. 
Most studies prove a total biocompatibility of  the implants, 
suggesting that no particles that damage cells were released 
by them, and the expression of  osteocalcin is increased 
at 30  days, confirming the osteogenic induction of  the 
implant and stability.

A moderate risk of  bias was observed in a few studies and 
only one study had a low risk of  bias. A note of  caution is 
due here in the interpretation of  these results, as there is a 
lack of  homogeneity in the data. This indicates the urgent 
need for further well-designed, high-quality standardized 
studies.

CONCLUSION

In this present review article, we examined 11 published 
studies that investigated the application of  stem cells on 
implant surfaces. Our analysis of  the results revealed 
that stem cells when coated on the implant, promoted 
osseointegration with higher levels of  new bone formation. 
These findings emphasize the role of  the bioactive 
properties of  these cells and for future use as surface 
treatment. The major limitation of  the present review is 
the lack of  homogeneity of  the data in the selected studies, 
the amount of  related studies along with the high risk of  
bias in the majority of  the studies.
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