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Periodontal and peri-implant regeneration is the technique that aims to restore the damaged tissue around teeth and
implants. They are surrounded by a different apparatus, and according to it, the regenerative procedure can differ for both
sites. During the last century, several biomaterials and biological mediators were proposed to achieve a complete
restoration of the damaged tissues with less invasiveness and a tailored approach.
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| 1. Introduction

The improved quality and expectancy of life of the current population leads to an increase in injuries and bone disease in
older people who have a diminished capacity to restore and regenerate the damaged tissues . Oral and craniofacial
tissue injuries are still a very challenging situation for dentists and oral surgeons. To facilitate dentists in their clinical
practice, tissue engineering is in constant evolution, and each year several biomaterials are proposed to achieve better
results in periodontal and peri-implant regeneration 2. The principal target of periodontal and peri-implant tissue
engineering is to regenerate the supporting tissue of the teeth or implants. Tooth loss, bone, and soft tissue remodeling
are consequences of an inflammatory process or age-related decay B, Periodontitis has been estimated in about 27%
of the global population, and to restore missing tooth implants, therapy is a primary alternative to mobile prosthesis BIEIZ],
This condition leads the clinician to evaluate the predisposition of bone and supporting tissue around the missing tooth
site. In several conditions, this required a regenerative approach before or during the implant insertion B2, Peri-
implantitis has been estimated in 20% of the population and is defined as an inflammatory process that occurs around
implants with soft tissue inflammation and supporting bone loss 19,

In the last decades, hard tissue regeneration has reached good outcomes regarding newly formed bone, mineralization,
and osteoinduction 14, On the other hand, soft tissue regeneration has also gained interest in preventing advanced forms
of periodontitis, peri-implantitis, and mucogingival disorders 12, Indeed, keratinized tissue, tissue thickness, and
supracrestal tissue height around teeth and implants is desirable to achieve better esthetic outcomes and guarantee long-
term stability 1311141, periodontal regeneration is one of several disciplines that has benefitted from tissue engineering.
Biomaterials (scaffolds), molecules (growth factors), and stem cells are keys in the regenerative process, and a synergy
between them improves the quality and predictability of the technique ( Figure 1).
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Figure 1. Iconographic representation of the factors involved in periodontal regeneration.

Early on, periodontal regeneration used the concept of guided tissue regeneration (GTR), selecting cell populations to
colonize the periodontal wound following surgical exposure 2. The use of bone substitutes in conjunction with barriers
aims to prevent epithelial migration. This allows the periodontal ligament cells (PDL) to populate the protected site,



providing positive effects in particular cases R8I, Decades of research have expanded from this concept, and different
biomaterials are available to clinicians and researchers for alveolar bone regeneration. According to the mechanism of
action, biomaterials are classified as barriers, bone fillers, and biologicals. In several situations, such as GTR, treatment
components are not used alone but always in combination. Barriers are materials that cover the periodontal defect,
protecting them from epithelial downgrowth. Bone fillers are scaffolds or bone grafts that replace the missing portion of the
alveolar bone 18!, Biologics are growth factors, cell therapy, or substances that can be directly administrated in the defect
(Figure 2).

Figure 2. Approaches for regenerating periodontal and peri-implant sites after treating the disease.

Efforts have been made over recent years to stimulate bone and soft tissue regeneration around teeth as well as
edentulous areas and around implants affected by peri-implantitis [12[20(21],

| 2. Materials

Grafting materials are commonly used in periodontal tissue engineering to restore the alveolar bone proper, providing
adequate regeneration and tooth stability over the years, or the soft and hard tissues around teeth and implants for clinical
and esthetic reasons 22, They include biological and synthetic materials in various shapes and forms, such as granules,
particles, gel, 3D scaffolds, injectable substances, polymers, and matrices. According to the type of regeneration and
technique, these materials are used alone or in combinations to improve and accentuate the regenerative process. The
followed biomaterials were classified and selected according to the scientific evidence extracted from systematic reviews
and articles searched on PubMed, Scopus, and Cochrane databases with the following keywords: “Periodontal
regeneration” AND/OR “Biomaterials” OR “Peri-implant regeneration” AND “Bone grafts” AND/OR “Biologics” OR “Stem
cells”.

Collagen membranes are used not only in periodontal regeneration but also in peri-implant regeneration and, in several
cases, regenerative procedures associated with an implantoplasty or heavy decontamination of the implant surfaces (
Figure 3).

Figure 3. Example of peri-implant regeneration after peri-implantitis with xenografts and collagen membranes. After the
peri-implant access, a heavy implant debridement was achieved and an implantoplasty was mandatory to remove the
infected surface. The peri-implant defect was filled with xenogeneic grafts and covered with a resorbable membrane.



The main advantages of non-resorbable membranes are the high mechanical stability and the cell’s migration inhibition
(23], However, there are some criticisms, such as the second surgical intervention possible exposure, and accentuated
inflammation in case of infection 23], The most widespread and used during the last decade were polytetrafluoroethylene
(ePTFE) and titanium-reinforced membranes 24, PTFE was developed by Gore-Tex (W. L. Gore & Associates, Inc.,
Newark, Denmark) in 1990. The particularities were the presence of a double layer with different functions; the first layer is
porous, and the aim is to promote cell ingrowth. The other side acts as a space provider to inhibit epithelial cell
downgrowth. Several randomized clinical trials showed interesting results after three months of healing in periodontal
regeneration [2312611271[281[29130] ' Others reported several complications (exposure, suppuration, pain) probably related to
the flap handling and suture collapsing 22. Nowadays, these barriers are not used due to the introduction of minimally
invasive approaches (minimally invasive surgical technique, single flap approach, or modified minimally invasive
approach) that can achieve periodontal regeneration without the selection of cells but with the use of growth factors inside
the defect associated with a minimal flaps design that maintains the space in favor of blood clot stability BS1I32](331[34]
Moreover, with these techniques, the handling of a membrane is not easy to obtain.

Biological mediators are considered the last innovation in oral regeneration. It is possible to classify these mediators in
stem cells, growth factors, and gene therapy. The most used and widespread are platelet-rich growth factors (PDGF),
bone morphogenetic proteins (BMP), and enamel matrix derivatives (EMD).

| 3. Emerging Technologies

Stem cells are cells of the human body capable of differentiating into any cell of an organism and are self-renewing. They
are defined as unspecialized, and, in their evolution, there are various steps of specialization 2. Research on cell-based
approaches is concentrated on the use of mesenchymal stem cells (MSCs), multipotent stem cells with excellent
biological proprieties obtainable from nearly all organs and tissues =8,

Periodontal ligament stem cells (PDL-SCs) are used in periodontal ligaments or cementum regeneration. They can be
found in alveolar bone and root surfaces, though the PDL-SCs on the alveolar bone show better differentiation abilities.
PDL-SCs can differentiate into mesenchymal cell lineages to generate adipocytes, collagen-forming cells, osteoblast-like
cells, cementum tissue, and Sharpey’s fibers in vitro 23],

The discovery of periodontal ligament mesenchymal stem cells (PDL-MSCs) into the PDL proposes the important
implication of them in the regeneration of the periodontium and its homeostasis. Although the use of PDL-MSCs on bone
formation has provided contrasting results, the effect in increasing cementum and PDL formation seems to give good
results. This capacity could be supported by the fact that PDL-MSCs express higher levels of various PDL-specific
proteins than other MSCs B4, From a clinical point of view, the use of stem cells is a promising adjuvant in the
regenerative procedure. In any case, the limited availability and the requirement of a specialized laboratory render the use
limited. In the last three years, a new concept was developed to facilitate the extraction through a mechanical process
using simple handling directly in the dental office. Indeed, according to a previous review, this type of extraction seems to
be promising in oral regeneration thanks to the combination with scaffolds as collagen membranes or grafts 28, Studies
on stem cells and innovative scaffolds show a potential improvement in term of periodontal regeneration 28129 Regarding
the use in peri-implant regeneration, preclinical data showed promising results; nevertheless, further clinical studies are
needed to validate their effect in peri-implant defects 49,

The introduction of 3D printing in the regenerative field enabled new bioresorbable polymers to be printed and customized
for individual cases. The processes are several.

| 4. Summary and Future Directions

The challenge for each periodontist is to restore all the components of the periodontal compartment (cementum,
periodontal ligament, and bone). The regeneration around implants, from the tissue aspect, seems to be easier due to the
regeneration of bone only. Nevertheless, it is still a crucial site due to the absence of the anatomical apparatus enriched
with vessels, proteins, and growth factors located around teeth. The main elements that need to be considered to have a
reliable regeneration are the managing of the occlusal load, mechanical stability of the biomaterial used (grafts better than
biologics alone), the reduced FBR due to chemical and thermic treatments that allow the processing of particles,
microbiological flora around the defects, dysbiosis control, and, lastly, wound stability. FBR should be discussed carefully
due to possible failure related to exposure and infection of the grafts. Exposure is a crucial aspect in daily practice and in
many, from an expected regeneration follow-up, has revealed the presence of fibrous encapsulation or graft rejection. The
principles, mentioned before, are to be applied for every type of biomaterial and are at the basis of the regenerative
process. Moreover, with the introduction of 3D biomaterials and the use of growth factors, signaling is another aspect that



needs to be considered to recruit cells and guarantee a proper regenerative response around teeth or implants. However,

the main targets are and will be the cost-effective and tailored approaches providing function and esthetics. According to

this review for the question “Which is the best biomaterial?”, there is not a specific answer, but the synergetic potential of

several biomaterials and the tailored approach lead to a reliable result and predictable regeneration ( Figure 4 ).
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Figure 4. Biomaterials and their possible implications in periodontal/peri-implant regeneration.
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