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Regenerative medicine has gained much attention and has been a hot topic in all
medical fields since its inception, and dentistry is no exception. However,
innovations and developments in basic research are sometimes disconnected
from daily clinical practice. This existing gap between basic research and clinical
practice can only be addressed with improved communication between
clinicians, academicians, industry, and researchers to facilitate the advance of
evidence-based therapies and procedures and to direct research to areas of
clinical need. In this perspective, six participants with strong clinical and
research interests debated five previously conceived questions. These questions
covered current methods and procedures for soft and hard tissue regeneration
in the oral cavity with predictable outcomes, limitations of their respective
protocols, and needs for future development of regenerative materials and
technologies.
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Introduction

This perspective is based on an innovative, interactive video meeting where six

researchers and clinicians convened to discuss current strategies and procedures being

used for soft and hard tissue regeneration in the oral cavity. Five questions were sent out

prior to the session, focusing on addressing which methods and materials provide

predictable treatment and identifying the limitations of each protocol. Also discussed were

future tools, technologies, and materials required to advance the care of the communities

we serve.

A brief background on the six participants in this perspective is provided in Table 1. All

of the individuals listed, except for MS, belong to the International Dentistry Research Group

(InDent Research), a private initiative founded in 2020 by JM and GB, who recognized a

critical need for bidirectional communication between clinicians, academicians, and

researchers to facilitate the advancement of evidence-based therapies and procedures and

to inform researchers of areas where more evidence-based data are needed to support

decision-making at the clinical level. It is noteworthy that GB, the only non-clinical

person in the group with a research focus on regenerative medicine, is committed to the
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TABLE 1 Zoom debaters.

Name, current positions Background
Martha Somerman DDS, PhD
Field Chief Editor, Frontiers in Dental Medicine

DDS, New York University, USA; Certificate in Periodontology, Eastman Dental: PhD, University of
Rochester, NY, USA.
Retired May 2021, National Institute of Dental and Craniofacial Research, National Institute of Arthritis
and Musculoskeletal and Skin Diseases, National Institutes of Health.
Her research focus is on the development and regeneration of tissues of the periodontal complex and
bidirectional oral-systemic integration from basic research to health care delivery.

Ignacio Ginebreda, DDS.
Private practice, Barcelona, Spain.
Medical Director at InDent Research.

School of Dentistry graduate at Universitat Internacional de Catalunya, Barcelona, Spain. Implantology
training program at the University of California, Los Angeles, CA, USA.
In private practice since 2014, with research focused on implantology and guided tissue regeneration using
different materials, such as synthetic bone substitutes.

Israel Puterman, DMD, MSD.
Private practice, Chevy Chase, MD, USA.
Co-Medical Director at InDent Research.

Boston University graduate in dentistry, dual program in implant dentistry and periodontics at Loma
Linda University, CA, USA.
In private practice since 2008 with a focus on tissue regeneration, soft and hard tissues, and implants.
An active member of the American Academy of Periodontology and the Academy of Osseointegration.

Matthew J Fien, DDS
Private practice, Fort Lauderdale, FL, USA.
Co-Medical Director at InDent Research.

BSc graduate from the University of Florida and doctorate from Columbia University School of Dental and
Oral Surgery, with post-graduate training in periodontology at Nova Southeastern University.
In private practice for 15 years, with interest in clinical research studies in the fields of periodontics,
implant dentistry, and tissue regeneration.
An active member of the American Academy of Periodontology and the Academy of Osseointegration.

Juan Mesquida, DDS
Private practice, Chevy Chase, MD, USA.
Co-Medical Director and Founder of InDent Research.

Universidad Alfonso X El Sabio (Madrid, Spain), graduated in Dentistry in 2005. Masters in Implant
Dentistry in ESI Barcelona, Spain.
Specialist in Implant Dentistry, Advanced Education in Implant Dentistry, Loma Linda, CA, USA. Former
assistant professor at the same program. International lecturer.
In private practice since 2014 in Palma de Mallorca, Spain. Practice focused on surgical and restorative
aspects of implant dentistry.
Co-founder of Indent Research.

Guillermo Bauza, PhD
Hon. Lecturer at the Faculty of Medicine, Health and Life Science
at Swansea University, Swansea, UK
Research Director and Co-founder of InDent Research, Mallorca,
Spain.

BSc in Medical Genetics at Swansea University, Wales, UK. PhD joint program in tissue engineering and
regenerative medicine at the Houston Methodist Research Institute, TX, USA, and Swansea University,
focused on musculoskeletal regeneration using stem cells and biomimetic scaffolds.
InDent Research’s co-founder and research director since 2020.

International Dentistry Research Group
(InDent Research)
www.indentresearch.com
info@indentresearch.com
@indent_research

A private initiative launched in 2020 to serve as an international hub and conduct high-quality research to
transform clinical practice and bridge the existing gap with research.
Formed by clinical and fundamental investigators to conduct innovative research and to bring robust
scientific evidence to the treatments and outcomes for patients, fostering collaborations as a key element to
success.
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goals of InDent Research and visits with regularity the offices of JM

and IG to further his understanding of regenerative procedures at

the clinical level.
Debate questions/topics

What are the current regenerative therapies
you are using in your practice? If applicable,
please include approaches you use based
on age, gender, compliance, health status,
and medications.

The practices of all the clinicians on the video call focus on the

regeneration of both soft and hard tissues, with some practices

having a large clinical need for implant-related tissue

regeneration. In general, there was agreement on the types of

techniques and materials used and that the specifics of a given

procedure are based on the individual patient, taking into

consideration health status, compliance, age, medications, type of

defect, and product availability in the geographic area, in

addition to country regulations. Regenerative procedures are

frequently used for ridge augmentation, immediate implant
Frontiers in Dental Medicine 02
placement, socket/ridge preservation, and regeneration of tissue

lost to disease, trauma, and infection. Therapies selected by the

clinicians surveyed are primarily based on the type of defect,

with routine use of growth factors and biologics in complex

cases, such as immunocompromised patients and patients with

complex and large defects, with the aim of providing an

improved healing environment and promoting a regenerative

cellular response.

Consistently expressed by the clinicians was the need for

materials and membranes that ensure predictable primary wound

closure. Of the currently available materials (1–3), the preference

is for resorbable materials. However, they do support the use of

non-resorbable membranes for vertical augmentation procedures.

The limiting factor for using biologics was mostly the cost.

Guided bone regeneration (GBR) appears to be the standard of

practice, and it includes the use of allografts, xenografts, or

synthetic bone grafts combined with autograft bone plus a

membrane (4, 5).

Specific factors are based on the scientific literature and

conferences attended, acknowledging that these factors promote

the positive regeneration of soft and hard tissues. Factors

mentioned included: autologous blood-derived products, such as

platelet-rich fibrin (ABPs/PRF) (6); recombinant human platelet-
frontiersin.org
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derived growth factor-BB (rhPDGF) (7); enamel matrix derivative

(EMD) (8); and bone morphogenetic proteins (rhBMP2/BMPs)

(9), although the latter is more commonly used by oral and

maxillofacial surgeons for larger defects (10). Further, it was

mentioned that BMPs are expensive and thus cost-benefit needs

to be considered in the decision-making process (11). Regarding

soft tissue grafts, in addition to autografts, some clinicians use

collagen-based membranes (12) along with rhPDGF or EMD to

promote cell migration and proliferation in addition to vascular

infiltration, as reported in the literature (3). More recently, two

of the clinicians (MF and IP) have been using amnion-chorion

grafts (13), which are known to be rich in biological factors and

also reported to be antimicrobial, with some positive results to

date (14–18). All clinicians agreed that they would prefer

allografts or xenografts to connective tissue grafts if predictability,

both esthetically and in terms of gaining attached gingiva, could

be achieved.

The use of lasers as a noninvasive procedure to remove bacteria

and promote wound healing was briefly discussed, but it is not

routinely utilized by InDent Research clinicians. Concerns about

the use of lasers included a learning curve due to a lack of tactile

sensitivity and a lack of predictability of positive outcomes

(19, 20). Patient compliance was cited as a possible explanation

for the lack of positive outcomes.

Patients’ medications must be considered as they may affect the

wound healing process in general and specifically the regeneration

of soft and hard tissues (21). Some examples include osteoclast

regulatory factors, which are used to treat osteoporosis and other

mineralized tissue disorders (22), chronic inflammatory

conditions (23), cancer patients (24), those receiving monoclonal

antibody therapy (25), or selective serotonin reuptake inhibitors

(26). Clinicians agreed that the use of such medications does not

impede indicated surgical procedures but may alter the schedule

and recovery times from a procedure, in addition to the selection

of a specific therapy. There was also mention of the need to

monitor blood levels of vitamin D, which is involved in bone

health modulation and wound healing in general (27, 28).

Moreover, a standard blood profile may be useful to monitor

general health status. Uncontrolled diabetics and heavy smokers

are not considered good candidates for regenerative therapies, as

reinforced by the literature on this subject (29, 30).

Regarding age, there was agreement that the predicted life span

of a material and a patient, plus the patient’s tolerance to longer

procedures, needed to be considered. For example, a less expensive

procedure or therapy with a limited lifespan may be indicated for

older patients with compromised health, but longer-lasting

materials may be preferred for younger and healthier patients.

Listening to the clinicians discuss current technologies, it was

apparent that, like researchers, they use evidence-based data

points. However, clinicians’ data points consider the patient in

the chair and include compliance (a significant factor mentioned

by all), the complexity of the defect, biomechanical properties,

medical and dental history, and age (31, 32). These concerns

need to be taken into consideration when developing materials,

membranes, or medical devices. The InDent Research group felt

that there was a need for an improved dialogue between the
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researcher and their biological approach to designing materials,

devices, and technologies, and the clinician’s approach to the

selection of therapies, which importantly includes the different

profiles of the patient in the chair.
Do you feel that existing regenerative
approaches have robust and predictable
outcomes?

There was agreement that the current approaches and materials

used to promote tissue regeneration have improved considerably over

the past decade and, as mentioned above, are routinely used with a

case-by-case approach and are situation-specific in terms of

predictability (33). All InDent Research clinicians use regenerative

procedures weekly, most of them daily, and are satisfied with the

clinical outcomes. Predictability centered on patient compliance, oral

hygiene, health status, and defect types, with less success in vertical

defects where non-resorbable membranes are indicated (5), and in

situations where primary closure was not maintained. As emphasized

throughout the session, for procedures to be successful, primary

closure of the surgical site is critical (34), especially in non-compliant

patients, and all agreed that with the materials available at this time,

resorbable membranes provide a better chance of maintaining

wound closure than non-resorbable materials. There was

consensus that improved non-resorbable membranes with increased

osteoconductivity, along with resorbable membranes with improved

biologics, are needed to achieve and maintain primary closure.

At the time of addressing this question, an issue arose regarding the

incompleteness of many systematic reviews and their limited inclusion

of publications due to a high risk of bias, providing minimal statistical

significance, and thus not being valuable for clinicians (35). There

was agreement that many existing systematic reviews are of limited

value because of insufficient data points, e.g., the lack of shared

electronic records and thus a lack of means to track procedures, and

limited randomized clinical trials, in part related to the high cost of

such trials and thus limited funding in this area. Also mentioned was

the need for stringent guidelines for determining the acceptance or

rejection of systematic reviews and for reviewers of such articles to

include at least one clinician in full-time practice. Table 2 and the

Conclusion section include suggested approaches to advance the

exchange of ideas between researchers and clinicians.
In your practice, how often do you currently
use these therapies and/or plan to use them
in the future: factors (biologics and/or
synthetics); cell therapies; cell-free
therapies; scaffolds; and gene therapy. Also,
looking to the future, which of these
therapies and/or others do you think hold
promise for more predictable and optimal
results?

As stated above, biologics and scaffolds are routinely used in

clinical practice. Biologics used that were mentioned during our
frontiersin.org
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TABLE 2 Suggested mechanisms for advancing communications between the research and clinical communities.

Manuscript reviews For submissions having a clinical focus, at least one clinician and one researcher should be appointed as reviewers.
Similarly, research articles should always include a dental practitioner in their authorship providing a clinical implication perspective of the study.

Study groups Many dental study groups exist with the active participation of clinicians in case of revision, offering advice based on experience. Adding researchers
to the group sessions would add scientific rigor to the statements, and information to the clinicians on emerging areas of research, and identify
clinical areas where further research is needed.

Meetings At both research and clinical meetings, such as the International Association of Dental Research, European Periodontology meeting, Gordon
conferences, European Association for Osseointegration, and American Association of Dental, Oral, and Craniofacial Research, at least one session
or symposium per meeting should focus on dialogue between clinicians and researchers on specific topics, and such symposia should be published or
recorded.

Journals Several journals have made attempts to bring the clinical and research communities together such as the MDPI, with a special issue on Clinical
Applications and Fundamental Research in Dentistry; the journal Clinical Oral Investigations, the International Association for Dental Research
(IADR) with the JDR Clinical and translational research; the American Dental Association (ADA), with their newer journal JADA Foundational
Science; newer journals such as Frontiers in Dental Medicine, Frontiers in Oral Health and many more. More efforts in this direction are required.

Patient engagement A systematic patient record including patient pre- and post-surgery surveys with treatment expectations and post-surgical impressions could increase
the clinician’s understanding of patients’ needs and treatment limitations.

Continuing education
(CE)

Clinician affiliation with a research institution and rotation through a research department at least one or two months every year and reporting
research engagement during the period. Also, researchers should engage in at least one clinical opportunity per year, such as clinical teaching; dental
study clubs; clinical meetings; dental CE, either in person or in a videoconference.
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video call included EMD, rhPDGF, ABPs/PRF, and rarely BMPs

due to cost/benefit and lack of availability in certain regions of

the world. In terms of scaffolds or bone substitutes, allografts,

xenografts, and synthetic bone substitutes are commonly used in

surgery with predictable results. Collagen xenograft or allograft

and amnion-chorion membranes are also utilized with promising

results; however, the latter membranes are not available in many

regions of the world (12–16). It is important to note that the

regulatory agencies in Europe are restrictive on the use of

biologics and allografts, and differences between EU countries

exist, making it difficult for clinicians to use many of these

materials across Europe (36).

A recurrent theme was the routine use of biologics for complex

cases (e.g., defect complexity, patient compliance, medical and

dental history) and was supported by the literature indicating

that biologics promote an optimal environment for wound

healing, although it was recognized that some of the current data

are conflicting and, further, that existing materials are not as

robust nor predictable as desired for their patients (37–40). In

short, the American Academy of Periodontology consensus

statement, based on existing data and expert opinion, was that

the biologics they considered (EMD, rhPDGF, ABPS, and

rhBMP2) were safe and provided added benefits over

conventional treatments (40). However, as mentioned by the

InDent Research members during the debate session, the benefits

and risks are variable and depend on the specific biologics used

and patient-related issues, such as the type of defect, patient

compliance, and medical/dental history. The InDent Research

group agreed that there is no downside to the use of biologics

other than cost, and this is discussed with their patients. One

clinician stated, as a positive, that this is “moving the research to

the patient in the chair”. All agreed that if they were the patient,

they would use a biological factor every time based on

supporting data, and of course, in their situation, cost would not

be an issue.

Among the biologics used, there was some discussion on their

use in specific situations. None of the InDent clinicians use platelet

derivatives for hard tissue regeneration, citing a lack of
Frontiers in Dental Medicine 04
confirmation of results in the literature (41). In contrast, two of

the clinicians mentioned that they use platelet derivatives for soft

tissue procedures with successful outcomes, feeling that platelet

derivatives and perhaps other biologics are more effective for soft

tissue healing than for hard tissue. However, a third clinician no

longer uses platelet derivatives for any procedures because he

does not see any benefits based on clinical outcomes with or

without this derivative. In terms of scaffolds, and reinforced by

the answer to the question above, there was agreement that

scaffold materials have improved over the past decade but are

still not ideal, as they lack predictability in terms of achieving

primary closure and/or the ability to regenerate bone/PDL/

cementum (periodontal complex). In terms of BMPs, it was felt

that the current delivery system, collagen, is not optimal since

collagen lacks the mechanical properties needed to maintain

tissue architecture during regeneration (5, 42). As a solution,

clinicians are using titanium mesh to support the graft space

(43), although the success of these procedures is technique-

dependent (5).

There was consensus that future research on materials needs to

include improvements in scaffolds that are mechanically stable,

provide a better carrier for factor release (e.g., slow release of

factors over time), do not cause wound dehiscence, and are easy

to handle. There was interest in further communication about

the new types of scaffolds currently in clinical trials, such as a

new biocompatible synthetic bone adhesive that is reported to be

osteoconductive, bioactive, biodegradable (over the long-term,

6–9 months), and to solidify quickly once placed in the defect,

offering rapid mechanical stability (44, 45). All agreed that if

these properties hold true, such a scaffold will be transformative

and much needed to achieve the goals of predictable wound

closure and tissue regeneration of the periodontal complex and

for applications in implant placement (46–48).

Regarding the use of gene therapy, while this may not be an

approach for all patients, there was agreement that this may be a

suitable approach for certain individuals as we continue to gain

knowledge about the causes of severe forms (aggressive forms) of

periodontal disease and, therefore, situations associated with
frontiersin.org
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genetic profiles (49, 50). In fact, such an approach is being

considered for the treatment of individuals with

hypophosphatasia (HPP), a hereditary disease caused by a

deficiency of alkaline phosphatase (TNAP). These individuals

have defects in bones and teeth, such as root formation or

cementogenesis, because increased pyrophosphate inhibits the

mineralization of these tissues (51). The extent of the disease

varies from mild defects limited to the teeth (odontoHPP) to

perinatal HPP disease. Current therapies include the use of bone-

targeted enzyme replacement therapy (TNAP), with evidence of

successful outcomes for skeletal and dental tissues (52), but

patients need weekly injections. More recent studies suggest that

viral vector delivery of mineral-targeted TNAP may be a viable

approach (51–53). Moreover, data using a rodent periodontal

defect suggest that local delivery of TNAP promotes periodontal

tissue regeneration (54). Also noteworthy is the publication by

S Makawa et al. (55), where using both an in vitro approach (cell

culture) and an in vivo rodent (rat) tooth extraction/implant

model and BMP gene immobilization technology, the researchers

reported an increase in osteoblast differentiation in vitro and

positive alveolar bone regeneration in vivo.

In reference to the use of cell therapies, one clinician

mentioned that he was discussing the use of cell therapies with a

company but had not yet explored the clinical approach.

However, the Ph.D. member of InDent voiced concern over the

use of cell therapies, especially stem cell (SC) therapy, to treat

the complex environment within the oral cavity. Although SCs

are known to have strong regenerative and anti-inflammatory

potential (56, 57), the complex local inflammatory environment

within the oral cavity together with the large microbial

populations may promote an inconsistent SC response (56, 58),

and further research is required on how to condition for an anti-

inflammatory SC response (59, 60).

In general, there was interest in and anticipation of next-

generation scaffolds, as discussed above, and for a more

predictable application of biologics, recognizing that a single

factor may not be the solution (61). Rather, as improvements in

carriers for factors are achieved, the slow release of two or three

factors may be needed (62), such as a first factor that promotes

migration to the site and proliferation of cells within the local

site, followed by a factor that promotes cell differentiation into

an osteoblast-like and cementoblast-like cell.
Are there any specific surgical techniques,
tools, or devices that you use now, and
why? Also, are there any specific surgical
techniques, tools, or devices you are
considering in the future, and why?

In terms of tools and technologies, there was support for new

technologies and improvements in existing technologies such as

3D printing, digital technologies, and cone beam computed

tomography (CBCT). With continued advances in tools and

technologies, the group is confident that there will be less human
Frontiers in Dental Medicine 05
error in diagnosis, treatment approaches (more predictable), and

clinical outcomes. Areas mentioned during the discussion included:

(1) 3D printing: Enabling individualized, custom-fit materials

that optimize the delivery of a material to a specific site

(63–66).

(2) Scaffolds: New developments, including laminar cortical plates

that provide better structure to ensure the needed mechanical

proprieties, flexibility, delivery/carrier of factors, and primary

closure of defects (11, 61).

(3) Navigated surgery: For the clinicians in the session using this

technique, they feel that it has revolutionized their placement

of implants, bone harvesting, and more, where there is less

stress as they are better informed of nerves and other

structures during their surgical procedures. They mentioned

that a learning curve is required to be comfortable with the

use of the system (67–69).

(4) Artificial intelligence (AI)/Machine learning: There are some

existing software systems and more in development that will

help inform prevention, diagnosis, and treatment

approaches, thus improving the quality-of-care delivery. In a

similar fashion to the transition from radiology files and lost

images to radiographic images, the group is optimistic that

AI and machine learning will transform our practices and

allow clinicians to devote more time to direct patient care (70).

(5) Robotics: Although still in the very early stages, some value

has been reported for the use of robotics (71, 72).

(6) Other devices—now/future: Also mentioned were the use of

lasers and piezoelectric surgical technologies, with some

using these now and feeling that, as these technologies

improve and others are currently being developed or

planned, positive outcomes will be more predictable and

there will be an increase in the use of newer technologies

(73, 74).

What areas of research do you think are
needed to advance the success of
regenerative therapies? This includes tools
and technologies. Also, do you have any
suggestions on how to increase the
interaction between the research/academic
community and the practice community to
improve clinical outcomes?

This question was largely addressed in the previous sections. In

addition, there was some discussion on the potential value of

pharmacogenomics and pharmacogenetics (75, 76) using

biomarkers, genetic panels, and proteomic profiles derived from

biological fluids, e.g., blood, saliva, and crevicular fluid, to

personalize dental treatments. For example, the use of

biomarkers coupled with machine learning and other emerging

tools and technologies can assist in determining which patients

will respond best to a given treatment. More recently, epigenetic

studies, understood as external factors that influence gene

expression (77), have focused on developing biological
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approaches to redirect degenerative or diseased processes in the

oral cavity (78, 79).

However, at this time, the group feels that the available

technology may provide some interesting data but will not alter

patient care and will be expensive. The current predictors used

by clinicians—medical and dental history, plaque and bleeding

index, and compliance—offer similar information to that

provided by kits available on the market. The group looks

forward to further research in this area to provide evidence that

changes in the biomarker profile can predict oral-dental health

status over time and assist in informing a patient’s preventive

plan, diagnosis, and response to a given treatment.
Conclusion

This video call, with clinicians and researchers in attendance,

provided an appropriate forum for an open discussion of current

regenerative procedures and future directions for advancing

predictable regenerative procedures. However, we acknowledge

that there were limitations to our debate format. Our virtual

discussion was informal and did not require specific instructions,

time limits, or polling of each person at the end of a question. In

the future, readers who wish to use a debate-type format may want

to consider a more formal methodology. All participants remarked

on how far we have come in the past decade in improving the

availability of tools, devices, materials, and technologies and

recognized that these advances would not be possible without

research efforts that include academic, clinical, and industry settings.

InDent Research has only been in existence for two years, but

there is a consensus that its model, which includes clinicians in

both clinical practice and academia, in addition to PhDs with a

research focus to complement clinicians in practice, supports

dialogue among the various stakeholders. Those in full-time

practice stated that most of their information about new

products is obtained from industry, corporations, meetings, and

selected clinical journals. However, their training and education

are focused on the clinical side, so there is a need for better

communication with researchers to assist in interpreting data

from numerous publications, including systematic reviews.
Frontiers in Dental Medicine 06
Author’s note

MS is a Special Volunteer at the National Institute of Dental

Craniofacial Research.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work, and have approved it for

publication. All authors contributed to the article and approved

the submitted version.
Conflict of interest

MS acknowledges that she is the Field Chief Editor of Frontiers

in Dental Medicine and on the Board of Biolase and the Board of

the American Dental Association Scientific Research Institute. JM

discloses a consulting contractual relationship with Nobel Biocare.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Urban IA, Monje A. Guided bone regeneration in alveolar bone reconstruction.
Oral Maxillofac Surg Clin. (2019) 31(2):331–8. doi: 10.1016/j.coms.2019.01.003

2. Tavelli L, Barootchi S, Avila-Ortiz G, Urban IA, Giannobile WV, Wang H. Peri-
implant soft tissue phenotype modification and its impact on peri-implant health: a
systematic review and network meta-analysis. J Periodontol. (2021) 92(1):21–44.
doi: 10.1002/JPER.19-0716

3. Tavelli L, McGuire MK, Zucchelli G, Rasperini G, Feinberg SE, Wang H, et al.
Biologics-based regenerative technologies for periodontal soft tissue engineering.
J Periodontol. (2020) 91(2):147–54. doi: 10.1002/JPER.19-0352

4. Buser D, Dahlin C, Schenk RK. Guided bone regeneration. Chicago: Chicago
Quintessence (1994).

5. Fien MJ, Mesquida J, Puterman I, Ginebreda I, Bauza G. Chapter 29: guided bone
regeneration: principles and practice. In: Silverman BW, Miron RJ, editors. Modern
implant dentistry. 1st ed. Chicago: Quintessence Publishing Company, Inc.
(2023). p. 386–431.
6. Pan J, Xu Q, Hou J, Wu Y, Liu Y, Li R, et al. Effect of platelet-rich fibrin on
alveolar ridge preservation: a systematic review. J Am Dent Assoc. (2019) 150
(9):766–78. doi: 10.1016/j.adaj.2019.04.025

7. Paolantonio M, Di Tullio M, Giraudi M, Romano L, Secondi L, Paolantonio G,
et al. Periodontal regeneration by leukocyte and platelet-rich fibrin with autogenous
bone graft versus enamel matrix derivative with autogenous bone graft in the
treatment of periodontal intrabony defects: a randomized non-inferiority trial.
J Periodontol. (2020) 91(12):1595–608. doi: 10.1002/JPER.19-0533

8. Miron RJ, Sculean A, Cochran DL, Froum S, Zucchelli G, Nemcovsky C, et al.
Twenty years of enamel matrix derivative: the past, the present and the future.
J Clin Periodontol. (2016) 43(8):668–83. doi: 10.1111/jcpe.12546

9. Alraei K, Shrqawi J, Alarusi K. Application of recombinant human BMP-2 with
bone marrow aspirate concentrate and platelet-rich fibrin in titanium mesh for vertical
maxillary defect reconstruction prior to implant placement. Case Rep Dent. (2021)
2021:6691022. doi: 10.1155/2021/6691022
frontiersin.org

https://doi.org/10.1016/j.coms.2019.01.003
https://doi.org/10.1002/JPER.19-0716
https://doi.org/10.1002/JPER.19-0352
https://doi.org/10.1016/j.adaj.2019.04.025
https://doi.org/10.1002/JPER.19-0533
https://doi.org/10.1111/jcpe.12546
https://doi.org/10.1155/2021/6691022
https://doi.org/10.3389/fdmed.2023.1242547
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


Puterman et al. 10.3389/fdmed.2023.1242547
10. Casap N, Rushinek H, Jensen OT. Vertical alveolar augmentation using BMP-2/
ACS/allograft with printed titanium shells to establish an early vascular scaffold. Oral
Maxillofac Surg Clin. (2019) 31(3):473–87. doi: 10.1016/j.coms.2019.03.009

11. Swanson WB, Yao Y, Mishina Y. Novel approaches for periodontal tissue
engineering. Genesis. (2022) 60(8–9):e23499. doi: 10.1002/dvg.23499

12. Puterman I, Fien M, Mesquida J, Llansana F, Bauza G, Nevins M. The use of a
collagen scaffold to augment buccal ridge contour concurrently with implant
placement: a two-case report. Int J Periodontics Restorative Dent. (2021) 41
(6):827–33. doi: 10.11607/prd.5665

13. Fien MJ, Puterman I, Mesquida J, Fitó FL, Bauza G. Use of a sugar-crosslinked
collagen membrane in conjunction with a dehydrated amnion/chorion membrane for
guided bone regeneration around immediate implants. Compendium. (2022) 43(5).

14. Schmiedova I, Dembickaja A, Kiselakova L, Nowakova B, Slama P. Using of
amniotic membrane derivatives for the treatment of chronic wounds. Membranes
(Basel). (2021) 11(12):941. doi: 10.3390/membranes11120941

15. Dadkhah Tehrani F, Firouzeh A, Shabani I, Shabani A. A review on
modifications of amniotic membrane for biomedical applications. Front Bioeng
Biotechnol. (2021) 8:606982. doi: 10.3389/fbioe.2020.606982

16. Hassan M, Prakasam S, Bain C, Ghoneima A, Liu SSY. A randomized split-
mouth clinical trial on effectiveness of amnion-chorion membranes in alveolar
ridge preservation: a clinical, radiologic, and morphometric study. Int J Oral
Maxillofac Implants. (2017) 32(6):1389–98. doi: 10.11607/jomi.5875

17. Holtzclaw DJ, Toscano NJ. Amnion–chorion allograft barrier used for guided tissue
regeneration treatment of periodontal intrabony defects: a retrospective observational
report. Clin Adv Periodontics. (2013) 3(3):131–7. doi: 10.1902/cap.2012.110110

18. Ashraf H, Font K, Powell C, Schurr M. Antimicrobial activity of an amnion-
chorion membrane to oral microbes. Int J Dent. (2019) 2019:1269534. doi: 10.1155/
2019/1269534

19. ADA. ADA technical report No. 133: Guide to dental lasers and related light-
based technologies. ANSI/ADA 133-2020. American Dental Association (2020).

20. Cobb CM. Lasers and the treatment of periodontitis: the essence and the noise.
Periodontol 2000. (2017) 75(1):205–95. doi: 10.1111/prd.12137

21. Romanos GE, Vaglica M, Sculean A. Drug-associated bone resorption with
potential dental and implant implications. Periodontol 2000. (2022) 90(1):236–46.
doi: 10.1111/prd.12461

22. de-Freitas NR, Lima LB, de-Moura MB, Simamoto-Júnior PC, de-Magalhães D.
Bisphosphonate treatment and dental implants: a systematic review. Med Oral Patol
Oral Cir Bucal. (2016) 21(5):e644. doi: 10.4317/medoral.20920

23. Sacco R, Shah S, Leeson R, Moraschini V, de Almeida Barros Mourão CF,
Akintola O, et al. Osteonecrosis and osteomyelitis of the jaw associated with
tumour necrosis factor-alpha (TNF-α) inhibitors: a systematic review. Br J Oral
Maxillofac Surg. (2020) 58(1):25–33. doi: 10.1016/j.bjoms.2019.09.023

24. Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani D.
American association of oral and maxillofacial surgeons’ position paper on
medication-related osteonecrosis of the jaw–2022 update. J Oral Maxillofac Surg.
(2022) 80:920–43. doi: 10.1016/j.joms.2022.02.008

25. Boquete-Castro A, Gómez-Moreno G, Calvo-Guirado JL, Aguilar-Salvatierra A,
Delgado-Ruiz RA. Denosumab and osteonecrosis of the jaw. A systematic analysis of
events reported in clinical trials. Clin Oral Implants Res. (2016) 27(3):367–75. doi: 10.
1111/clr.12556

26. Gupta B, Acharya A, Pelekos G, Gopalakrishnan D, Kolokythas A. Selective
serotonin reuptake inhibitors and dental implant failure—a significant concern in
elders? Gerodontology. (2017) 34(4):505–7. doi: 10.1111/ger.12287

27. Mangano FG, Oskouei SG, Paz A, Mangano N, Mangano C. Low serum vitamin
D and early dental implant failure: is there a connection? A retrospective clinical study
on 1740 implants placed in 885 patients. J Dent Res Dent Clin Dent Prospects. (2018)
12(3):174. doi: 10.15171/joddd.2018.027

28. Miron RJ, Paz A. Chapter 2: vitamin D deficiency and early implant failure. In:
Silverman BW, Miron RJ, editors. Modern implant dentistry. 1st ed. Chicago:
Quintessence Publishing Company, Inc. (2023).

29. Bornstein MM, Cionca N, Mombelli A. Systemic conditions and treatments as
risks for implant therapy. Int J Oral Maxillofac Implants. (2009) 24(Suppl):12–27.

30. Klokkevold PR, Han TJ. How do smoking, diabetes, and periodontitis affect
outcomes of implant treatment? Int J Oral Maxillofac Implants. (2007) 22
(7):173–202.

31. Elangovan S, Guzman-Armstrong S, Marshall TA, Johnsen DC. Clinical decision
making in the era of evidence-based dentistry. J Am Dent Assoc. (2018) 149(9):745–7.
doi: 10.1016/j.adaj.2018.06.001

32. Ghoneim A, Yu B, Lawrence H, Glogauer M, Shankardass K, Quiñonez C. What
influences the clinical decision-making of dentists? A cross-sectional study. PLoS One.
(2020) 15(6):e0233652. doi: 10.1371/journal.pone.0233652

33. Buser D, Araujo MG, Von Arx T, Asparuhova MB, Belser UC, Bosshardt DD,
et al. In: Buser D, editor. Chapter 1: 30 Years of guided bone regeneration. 3rd ed.
Chicago, IL: Quintessence Publishing Company, Inc. (2021):11–45.
Frontiers in Dental Medicine 07
34. Wang HL, Boyapati L. “PASS” principles for predictable bone regeneration.
Implant Dent. (2006) 15(1):8–17. doi: 10.1097/01.id.0000204762.39826.0f

35. Cumpston MS, McKenzie JE, Welch VA, Brennan SE. Strengthening systematic
reviews in public health: guidance in the cochrane handbook for systematic reviews of
interventions. J Public Health (Bangkok). (2022) 44(4):e588–92. doi: 10.1093/pubmed/
fdac036

36. European Comission Staff. Proposal for a Regulation of the European Parliament
and of the Council on standards of quality and safety for substances of human origin
intended for human application and repealing Directives 2002/98/EC and 2004/23/
EC. Brussels (2022).

37. Tavelli L, Chen C, Barootchi S, Kim DM. Efficacy of biologics for the treatment
of periodontal infrabony defects: an American academy of periodontology best
evidence systematic review and network meta-analysis. J Periodontol. (2022)
93:1803–26. doi: 10.1002/JPER.22-0120

38. Suárez-López del Amo F, Monje A. Efficacy of biologics for alveolar ridge
preservation/reconstruction and implant site development: an American academy of
periodontology best evidence systematic review. J Periodontol. (2022) 93
(12):1827–47. doi: 10.1002/JPER.22-0069

39. Chambrone L, Barootchi S, Avila-Ortiz G. Efficacy of biologics in root coverage
and gingival augmentation therapy: an American academy of periodontology best
evidence systematic review and network meta-analysis. J Periodontol. (2022)
93:1771–802. doi: 10.1002/JPER.22-0075

40. Avila-Ortiz G, Ambruster J, Barootchi S, Chambrone L, Chen C, Dixon DR,
et al. American Academy of periodontology best evidence consensus statement on
the use of biologics in clinical practice. J Periodontol. (2022) 93:1763–70. doi: 10.
1002/JPER.22-0361

41. Miron RJ, Zucchelli G, Pikos MA, Salama M, Lee S, Guillemette V, et al. Use of
platelet-rich fibrin in regenerative dentistry: a systematic review. Clin Oral Investig.
(2017) 21:1913–27. doi: 10.1007/s00784-017-2133-z

42. Dong C, Lv Y. Application of collagen scaffold in tissue engineering: recent advances
and new perspectives. Polymers (Basel). (2016) 8(2):42. doi: 10.3390/polym8020042

43. Briguglio F, Falcomatà D, Marconcini S, Fiorillo L, Briguglio R, Farronato D.
The use of titanium mesh in guided bone regeneration: a systematic review. Int
J Dent. (2019) 2019:9065423. doi: 10.1155/2019/9065423

44. Barba A, Diez-Escudero A, Maazouz Y, Rappe K, Espanol M, Montufar EB, et al.
Osteoinduction by foamed and 3D-printed calcium phosphate scaffolds: effect of
nanostructure and pore architecture. ACS Appl Mater Interfaces. (2017) 9
(48):41722–36. doi: 10.1021/acsami.7b14175

45. Duan R, Van Dijk LA, Barbieri D, De Groot F, Yuan H, De Bruijn JD.
Accelerated bone formation by biphasic calcium phosphate with a novel sub-micron
surface topography. Eur Cell Mater. (2019) 37:60–73. doi: 10.22203/eCM.v037a05

46. Norton MR, Kay GW, Brown MC, Cochran DL. Bone glue-the final frontier for
fracture repair and implantable device stabilization. Int J Adhes. (2020) 102:102647.
doi: 10.1016/j.ijadhadh.2020.102647

47. Foley KT, Woodard EJ, Slotkin JR, Mayotte CK, Baldwin AC, Brown MC, et al.
Cranial flap fixation in sheep using a resorbable bone adhesive. J Neurosurg. (2020)
134(2):621–9. doi: 10.3171/2019.11.JNS192806

48. Kirillova A, Kelly C, von Windheim N, Gall K. Biomaterials: bioinspired
mineral–organic bioresorbable bone adhesive (adv. healthcare mater. 17/2018). Adv
Healthc Mater. (2018) 7(17):1870070. doi: 10.1002/adhm.201870070

49. Loos BG, Van Dyke TE. The role of inflammation and genetics in periodontal
disease. Periodontol 2000. (2020) 83(1):26–39. doi: 10.1111/prd.12297

50. Hajishengallis G, Moutsopoulos NM. Etiology of leukocyte adhesion deficiency-
associated periodontitis revisited: not a raging infection but a raging inflammatory
response. Expert Rev Clin Immunol. (2014) 10(8):973–5. doi: 10.1586/1744666X.
2014.929944

51. Millán JL, Whyte MP. Alkaline phosphatase and hypophosphatasia. Calcif Tissue
Int. (2016) 98:398–416. doi: 10.1007/s00223-015-0079-1

52. Wölfel EM, von Kroge S, Matthies L, Koehne T, Petz K, Beikler T, et al. Effects of
infantile hypophosphatasia on human dental tissue. Calcif Tissue Int. (2023) 112
(3):308–19. doi: 10.1007/s00223-022-01041-4

53. Bowden SA, Foster BL. Alkaline phosphatase replacement therapy for
hypophosphatasia in development and practice. In: Labrou N, editor. Therapeutic
enzymes: function and clinical implications. Singapore: Springer (2019). p. 279–322.

54. Nagasaki A, Nagasaki K, Kear BD, Tadesse WD, Thumbigere-Math V, Millán JL,
et al. Delivery of alkaline phosphatase promotes periodontal regeneration in mice.
J Dent Res. (2021) 100(9):993–1001. doi: 10.1177/00220345211005677

55. Maekawa S, Cho Y, Kauffmann F, Yao Y, Sugai JV, Zhong X, et al. BMP gene-
immobilization to dental implants enhances bone regeneration. Adv Mater Interfaces.
(2022) 9(22):2200531. doi: 10.1002/admi.202200531

56. Zhou LL, Liu W, Wu YM, Sun WL, Dörfer CE, Fawzy El-Sayed KM. Oral
mesenchymal stem/progenitor cells: the immunomodulatory masters. Stem Cells Int.
(2020) 2020:1327405. doi: 10.1155/2020/1327405

57. Taraballi F, Pasto A, Bauza G, Varner C, Amadori A, Tasciotti E.
Immunomodulatory potential of mesenchymal stem cell role in diseases and
frontiersin.org

https://doi.org/10.1016/j.coms.2019.03.009
https://doi.org/10.1002/dvg.23499
https://doi.org/10.11607/prd.5665
https://doi.org/10.3390/membranes11120941
https://doi.org/10.3389/fbioe.2020.606982
https://doi.org/10.11607/jomi.5875
https://doi.org/10.1902/cap.2012.110110
https://doi.org/10.1155/2019/1269534
https://doi.org/10.1155/2019/1269534
https://doi.org/10.1111/prd.12137
https://doi.org/10.1111/prd.12461
https://doi.org/10.4317/medoral.20920
https://doi.org/10.1016/j.bjoms.2019.09.023
https://doi.org/10.1016/j.joms.2022.02.008
https://doi.org/10.1111/clr.12556
https://doi.org/10.1111/clr.12556
https://doi.org/10.1111/ger.12287
https://doi.org/10.15171/joddd.2018.027
https://doi.org/10.1016/j.adaj.2018.06.001
https://doi.org/10.1371/journal.pone.0233652
https://doi.org/10.1097/01.id.0000204762.39826.0f
https://doi.org/10.1093/pubmed/fdac036
https://doi.org/10.1093/pubmed/fdac036
https://doi.org/10.1002/JPER.22-0120
https://doi.org/10.1002/JPER.22-0069
https://doi.org/10.1002/JPER.22-0075
https://doi.org/10.1002/JPER.22-0361
https://doi.org/10.1002/JPER.22-0361
https://doi.org/10.1007/s00784-017-2133-z
https://doi.org/10.3390/polym8020042
https://doi.org/10.1155/2019/9065423
https://doi.org/10.1021/acsami.7b14175
https://doi.org/10.22203/eCM.v037a05
https://doi.org/10.1016/j.ijadhadh.2020.102647
https://doi.org/10.3171/2019.11.JNS192806
https://doi.org/10.1002/adhm.201870070
https://doi.org/10.1111/prd.12297
https://doi.org/10.1586/1744666X.2014.929944
https://doi.org/10.1586/1744666X.2014.929944
https://doi.org/10.1007/s00223-015-0079-1
https://doi.org/10.1007/s00223-022-01041-4
https://doi.org/10.1177/00220345211005677
https://doi.org/10.1002/admi.202200531
https://doi.org/10.1155/2020/1327405
https://doi.org/10.3389/fdmed.2023.1242547
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


Puterman et al. 10.3389/fdmed.2023.1242547
therapies: a bioengineering prospective. J Immunol Regen Med. (2019) 4:100017.
doi: 10.1177/23259671211058459

58. Brozovich A, Sinicrope BJ, Bauza G, Niclot FB, Lintner D, Taraballi F, et al. High
variability of mesenchymal stem cells obtained via bone marrow aspirate concentrate
compared with traditional bone marrow aspiration technique. Orthop J Sports Med.
(2021) 9(12):23259671211058460. doi: 10.1177/23259671211058459

59. Corradetti B, Taraballi F, Martinez JO, Minardi S, Basu N, Bauza G, et al.
Hyaluronic acid coatings as a simple and efficient approach to improve MSC
homing toward the site of inflammation. Sci Rep. (2017) 7(1):7991. doi: 10.1038/
s41598-017-08687-3

60. Bauza G, Pasto A, Mcculloch P, Lintner D, Brozovich A, Niclot FB, et al.
Improving the immunosuppressive potential of articular chondroprogenitors in a
three-dimensional culture setting. Sci Rep. (2020) 10(1):1–13. doi: 10.1038/s41598-
020-73188-9

61. Moioli EK, Clark PA, Xin X, Lal S, Mao JJ. Matrices and scaffolds for drug
delivery in dental, oral and craniofacial tissue engineering. Adv Drug Deliv Rev.
(2007) 59(4–5):308–24. doi: 10.1016/j.addr.2007.03.019

62. Whitaker MJ, Quirk RA, Howdle SM, Shakesheff KM. Growth factor release
from tissue engineering scaffolds. J Pharm Pharmacol. (2001) 53(11):1427–37.
doi: 10.1211/0022357011777963

63. Revilla-León M, Frazier K, da Costa J, Haraszthy V, Ioannidou E, MacDonnell
W, et al. Prevalence and applications of 3-dimensional printers in dental practice: an
American dental association clinical evaluators panel survey. J Am Dent Assoc. (2023)
154(4):355–6. doi: 10.1016/j.adaj.2023.02.004

64. Nesic D, Durual S, Marger L, Mekki M, Sailer I, Scherrer SS. Could 3D printing
be the future for oral soft tissue regeneration? Bioprinting. (2020) 20:e00100. doi: 10.
1016/j.bprint.2020.e00100

65. Rasperini G, Pilipchuk SP, Flanagan CL, Park CH, Pagni G, Hollister SJ, et al.
3D-printed Bioresorbable scaffold for periodontal repair. J Dent Res. (2015) 94
(9_suppl):153S–7S. doi: 10.1177/0022034515588303

66. Pappalardo A, Alvarez Cespedes D, Fang S, Herschman AR, Jeon EY, Myers
KM, et al. Engineering edgeless human skin with enhanced biomechanical
properties. Sci Adv. (2023) 9(4):eade2514. doi: 10.1126/sciadv.ade2514

67. Gargallo-Albiol J, Barootchi S, Salomó-Coll O, Wang H-L. Advantages and
disadvantages of implant navigation surgery. A systematic review. Ann Anat Anat
Anz. (2019) 225:1–10. doi: 10.1016/j.aanat.2019.04.005
Frontiers in Dental Medicine 08
68. Bell RB. Computer planning and intraoperative navigation in cranio-
maxillofacial surgery. Oral Maxillofac Surg Clin. (2010) 22(1):135–56. doi: 10.1016/j.
coms.2009.10.010

69. Wei S, Zhu Y, Wei J, Zhang C, Shi J, Lai H. Accuracy of dynamic navigation in
implant surgery: a systematic review and meta-analysis. Clin Oral Implants Res. (2021)
32(4):383–93. doi: 10.1111/clr.13719

70. Haug CJ, Drazen JM. Artificial intelligence and machine learning in clinical
medicine, 2023. N Engl J Med. (2023) 388(13):1201–8. doi: 10.1056/NEJMra
2302038

71. Yang S, Chen J, Li A, Deng K, Li P, Xu S. Accuracy of autonomous robotic
surgery for single-tooth implant placement: a case series. J Dent. (2023) 132:104451.
doi: 10.1016/j.jdent.2023.104451

72. Li Z, Xie R, Bai S, Zhao Y. Implant placement with an autonomous dental
implant robot: a clinical report. J Prosthet Dent. (2023). doi: 10.1016/j.prosdent.
2023.02.014 (in Press)

73. Pande A, Rai P, Shetty D. Piezosurgery in periodontics: a new paradigm for
traditional approaches: a review. Int J Appl Dent Sci. (2021) 7(1):154–9. doi: 10.
22271/oral.2021.v7.i1c.1130

74. Liaqat S, Qayyum H, Rafaqat Z, Qadir A, Fayyaz S, Khan A, et al. Laser
as an innovative tool, its implications and advances in dentistry: a systematic
review. J Photochem Photobiol. (2022) 12:100148. doi: 10.1016/j.jpap.2022.
100148

75. Fung PL, Nicoletti P, Shen Y, Porter S, Fedele S. Pharmacogenetics of
bisphosphonate-associated osteonecrosis of the jaw. Oral Maxillofac Surg Clin.
(2015) 27(4):537–46. doi: 10.1016/j.coms.2015.06.005

76. Slavkin HC. Applications of pharmacogenomics in general dental practice.
Pharmacogenomics. (2003) 4(2):163–70. doi: 10.1517/phgs.4.2.163.22626

77. Gibney ER, Nolan CM. Epigenetics and gene expression. Heredity (Edinb).
(2010) 105(1):4–13. doi: 10.1038/hdy.2010.54

78. Hussain A, Tebyaniyan H, Khayatan D. The role of epigenetic in dental and oral
regenerative medicine by different types of dental stem cells: a comprehensive
overview. Stem Cells Int. (2022) 2022:5304860. doi: 10.1155/2022/5304860

79. Rodas-Junco BA, Canul-Chan M, Rojas-Herrera RA, De-la-Peña C, Nic-Can GI.
Stem cells from dental pulp: what epigenetics can do with your tooth. Front Physiol.
(2017) 8:999. doi: 10.3389/fphys.2017.00999
frontiersin.org

https://doi.org/10.1177/23259671211058459
https://doi.org/10.1177/23259671211058459
https://doi.org/10.1038/s41598-017-08687-3
https://doi.org/10.1038/s41598-017-08687-3
https://doi.org/10.1038/s41598-020-73188-9
https://doi.org/10.1038/s41598-020-73188-9
https://doi.org/10.1016/j.addr.2007.03.019
https://doi.org/10.1211/0022357011777963
https://doi.org/10.1016/j.adaj.2023.02.004
https://doi.org/10.1016/j.bprint.2020.e00100
https://doi.org/10.1016/j.bprint.2020.e00100
https://doi.org/10.1177/0022034515588303
https://doi.org/10.1126/sciadv.ade2514
https://doi.org/10.1016/j.aanat.2019.04.005
https://doi.org/10.1016/j.coms.2009.10.010
https://doi.org/10.1016/j.coms.2009.10.010
https://doi.org/10.1111/clr.13719
https://doi.org/10.1056/NEJMra2302038
https://doi.org/10.1056/NEJMra2302038
https://doi.org/10.1016/j.jdent.2023.104451
https://doi.org/10.1016/j.prosdent.2023.02.014
https://doi.org/10.1016/j.prosdent.2023.02.014
https://doi.org/10.22271/oral.2021.v7.i1c.1130
https://doi.org/10.22271/oral.2021.v7.i1c.1130
https://doi.org/10.1016/j.jpap.2022.100148
https://doi.org/10.1016/j.jpap.2022.100148
https://doi.org/10.1016/j.coms.2015.06.005
https://doi.org/10.1517/phgs.4.2.163.22626
https://doi.org/10.1038/hdy.2010.54
https://doi.org/10.1155/2022/5304860
https://doi.org/10.3389/fphys.2017.00999
https://doi.org/10.3389/fdmed.2023.1242547
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

	A perspective: Regeneration of soft and hard tissues in the oral cavity, from research to clinical practice
	Introduction
	Debate questions/topics
	What are the current regenerative therapies you are using in your practice? If applicable, please include approaches you use based on age, gender, compliance, health status, and medications.
	Do you feel that existing regenerative approaches have robust and predictable outcomes?
	In your practice, how often do you currently use these therapies and/or plan to use them in the future: factors (biologics and/or synthetics); cell therapies; cell-free therapies; scaffolds; and gene therapy. Also, looking to the future, which of these therapies and/or others do you think hold promise for more predictable and optimal results?
	Are there any specific surgical techniques, tools, or devices that you use now, and why? Also, are there any specific surgical techniques, tools, or devices you are considering in the future, and why?
	What areas of research do you think are needed to advance the success of regenerative therapies? This includes tools and technologies. Also, do you have any suggestions on how to increase the interaction between the research/academic community and the practice community to improve clinical outcomes?

	Conclusion
	Author's note
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


