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Abstract

This study reviews information about the most novel ideas and modalities being incorporated into facial and neck
cosmetic care. We seek to identify trends and developments within these areas as well as perceptions of plastic
surgeons regarding their probable significance, and discussion on how these modalities may impact future practice
patterns. It is hypothesized that nano and regenerative technologies are considered the most “hopeful”. Emerging
invasive and non-invasive modalities utilizing nano and regenerative concepts were reviewed. We intentionally
sought to investigate approaches to beautification, including maintenance and reversal of signs of aging, utilizing
methods lacking an established level of evidence. This included promising modalities which are currently at the
investigational stage. Twelve board-certified plastic surgeons were surveyed regarding the clinical importance
of twelve concepts and their expected impact on facial and neck rejuvenation. Scientific and technological
creativity in aesthetics is rapidly changing, and the efficacy of innovations and safety margins are improving.
Nano and regenerative medicine-based technologies and procedures were ranked most promising for the future
of cosmetics. Their potential applications and research were reviewed in the context of surgical and non-surgical
modalities in clinical practice. There has been an advent of new approaches to facial and neck aesthetic surgery
and tissue care, which is well-beyond just skin care. With this new level of knowledge regarding variability in
care responses and indications for procedures on an almost “molecular level”, personalized and precise aesthetic
surgery and medicine are quickly becoming a reality.
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INTRODUCTION

Many technologies are currently available for developing effective cosmeceuticals with the goals of facial
rejuvenation through procedures with varying levels of “invasiveness” These include non-invasive and
invasive (requiring anesthesia) modalities; multi-platform devices for tissue contouring, comprising skin
tightening modalities, fat reduction, and/or volumization procedures; genomic/molecular-level intervention
to slow down the aging process; and nano and regenerative technologiesh’zl. Molecular concepts in the field
of cosmetology indicate that even seemingly distant human body components and parameters such as gut
microbiome and skin quality are related”. Furthermore, nanorobots and/or specific nanocosmeceuticals
may form micellar nanostructures capable of carrying both hydrophilic and hydrophobic agents with rapid
uptake into cells. These agents can be, for example, antibiotics to treat acne or agents targeting interventions
on the molecular level such as prevention of telomere attrition, thus protecting skin DNA and structural

proteins from aging and loss of native growth factors ™.

The goal of this review is to present and discuss current and potential future trends in facial and neck
rejuvenation. In doing so, this review links current technologies with what may be considered somewhat
futuristic approaches and perspectives. The authors felt that it was important to survey practicing board-
certified plastic surgeons to determine how they felt about the significance of emerging trends (not only
nano and regenerative), their expected prevalence and applicability to the areas of facial and neck aesthetic
surgery practices in the coming decade, and to determine whether the perspective of scientific researchers
is congruent with non-academic practitioners. Furthermore, the authors sought to potentially determine
educational priorities among plastic surgeons.

From this analysis, the question that arises is whether the familiarity with nano and regenerative concepts
is useful to a practitioner. The answer should be “yes’, as trends clearly indicate that many procedures may
be combined and include approaches which may appear to be distant and esoteric today, but are clearly
going to be a large part of the daily practice of facial rejuvenation in the near future. Lastly, the question
arises as to why to review nanoscience and regenerative technologies in one article. The simple reason is
that it appears that both are tightly intermingled and one of the primary goals of this review is to point out

and comment on these links™”

DEFINITIONS

For the purpose of this review, the following definition of nanotechnology was applied: nanoscience is the
area of science, including healthcare, that deals with developing and producing extremely small devices and
molecules. Nanoscale materials are classified in the range of 10 ° m (there are 25,400,000 nanometers in an
. [6]
inch)™.

Regeneration is defined as the process of renewal, restoration, and regrowth of damaged tissue or tissue
replaced in the process of natural fluctuation or events (e.g., hair). Regeneration can be either complete,
where the new tissue is the same as the tissue replaced, or incomplete, where different qualities of tissue
replace the original (e.g., scar formation). Aspects of the regenerative processes for nerves, bones, and
skin were traditionally emphasized and studied in plastic surgery. Advances in molecular biology and
empiric clinical observations provided a basis for the development of interventions utilizing the potential

regenerative properties of stem cells obtained from adipose tissue and perivascular tissue components”™”,

SAMPLING PLASTIC SURGEONS’ VISIONS REGARDING TRENDS IN FACIAL PLASTIC
SURGERY

A review of the literature was conducted using the following keywords as search criteria: nanotechnology,
nanocosmeceuticals, and regenerative procedures for facial and neck rejuvenation. The results of this
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Table 1. Survey of plastic surgeons regarding modalities impacting the practice of facial and neck rejuvenation

Modality rank Score
1. Non-invasive stem cell and regenerative approaches 135
2. Molecular level interventions, e.g., prevention of telomeres attrition protecting skin DNA and structural proteins from aging, 19
from loss of native growth factors

3. Improvements in percutaneous delivery of cosmeceuticals, personalized cosmetics 15
4. Genomic interventions 109
5. Tissue contouring/repair by energy delivering modalities 100
6. Refinements in body shaping by surgical techniques including tissue fllers and scaffolds 96
7. Skin resurfacing, tightening techniques (light, lasers) 69
8. Nutrition, specific, personalized diets, skin nutrients, control of obesity and malnutrition 48
9. Nanorobotic tissue rebuilding techniques 44
10. Alterations/adjustments in skin and gut microbiota 41
11. Immune system manipulations 33
12. Auto- and allo- transplantations for cosmetic purposes (other than fat transfers) 33

search were evaluated by the author and two independent reviewers (non-academic practitioners) in an
attempt to identify for this review and summarize the literature on the topic in the context of relevancy to
current research and practitioners’ interests as affirmed by a survey of practicing board-certified plastic
surgeons. These board-certified plastic surgeons participated in the survey ranking the clinical importance
(current and future) of twelve issues and their predicted or expected impact on the practice of face and
neck rejuvenation. Each respondent ranked the twelve categories by assigning a score “12” to the modality

expected to exert the most prominent impact in descending fashion, ending on “1” given to the treatment
with the least expectations. Scores were then totaled and ranked for each of the issues.

Twelve board-certified plastic surgeons were surveyed, ranking areas of current and future research and
clinical developments targeting facial and neck aging which will likely have the highest impact on the
practice of rejuvenation [Table 1]. The results of the survey indicate that nano and regenerative medical and
surgical developments and new technologies are expected to have the largest influence moving forward and
reaffirm the hypothesis reflected originally.

COMBINING NANO AND REGENERATIVE TISSUE RESEARCH AND TECHNOLOGIES

Primary technologies enabling interventions at the molecular level, e.g., prevention of telomere attrition
and subsequent protection of DNA and structural proteins of the skin from loss of growth factors and
ultimately aging or the use of platelet-rich plasma for skin rejuvenation, are examples of applications of

such emerging nanotechnology and regenerative techniques[l’4’9’10].

Nano materials and formulations currently tested in cosmetic medicine include scaffolds for cells and
fillers, agent (e.g., growth factors) delivery, applications for cellular modification, isolation and tracking,
and nanodevices/robots (e.g., biosensors). Their small size and ability to enter even cell organelles as
well as technologies enabling the release of active agents are key"”. Nano systems, nano-assisted cosmetic
interventions, and regenerative medicine and surgery have the potential to change facial rejuvenation.
Leveraging and enhancement of endogenous stem cells and self-repair mechanisms will likely lead to the
development of precision cosmetology (similar to precision medicine) by identification of signaling and
effective tissue intercellular substrates and intracellular targets; and current trends, which are generally
based on physician intuition and experience, will begin to disappear as palliation of signs of facial and
neck aging progress[”]. Futuristically, one can imagine a synergy of nano and regenerative systems by
cosmeceuticals or stem cell delivery by nanocarriers steering towards a specific target organ, e.g., face or

neck, by external magnetic fields and light-triggered release of active agents'”.
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CAPTURE TOTALE

CREME MULTI-PERFECTION
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Figure 1. Nano technology for skin care: From “Capture Totale” antiaging cream - skin cosmeceutical utilizing nano-liposomal
technology for improved transepidermal and percutaneous delivery introduced by Dior® and representing technology with moisture-
loaded liposomes which reduce skin water deprivation - to “Atelokolagen” by Colway which contains sericin - capable of carrying both
hydrophilic and hydrophobic agents with intracellular uptake

Before

Figure 2. Crows feet skin wrinkles before and after daily application of nano-collagen for 3 weeks (Marine Collagen Biologicals, Inc., San
Diego, CA). Results were less spectacular in other cases, however, perhaps due to different individual nuclear gene expression profiles
and skin biology"’

Topical and cutaneous delivery of cosmeceuticals evolved from formulations utilizing nano systems to
enhance percutaneous delivery of tissue-rejuvenating agents (e.g., the first nano cream Capture Totale
developed by Dior®, France) to agents with nanocarriers ensuring specific targeted extra- or intracellular
cosmeceutical delivery (e.g., sericin containing Atelokolagen developed by Colway, Poland) [Figure 1],
Certainly, variability in tissue rejuvenating techniques and agents depends not only on the modality of
delivery, including surgery, but also on the pheno- and genotypic characteristics of the subject. Currently,
personalized cosmetic selection to effectively target specific features is likely mostly through empiric processes

which lead to the establishment of an individualized beauty and rejuvenation “regimen”[“’”] [Figure 2].

It is probably only a matter of time until personalized skin care and facial rejuvenation techniques will
include interventions on a genotypic level (e.g., by shutting down unfavorable genes) or by triggering
regenerative processes'®. These beliefs and modalities were consistently demonstrated and highly ranked
within the plastic surgery community[s’m]. Transcription factors activate gene supporting processes which
lead to cell repair and such factors as forkhead-box protein O3a have a high capacity to preserve skin DNA in
younger individuals. As with aging agents, such as sericin, which may be useful to counteract the reduction
of cells’ capacity for self-repair and dermal regeneration, enhancing the targeted delivery of cosmeceuticals
to tissues and even cellular organelles may ultimately reduce and/or reverse skin “decay”“""sl [Figure 3].

Surveyed physicians recognized that there is a growing level of evidence that mesenchymal stem cells from
adipose tissue and perivascular cellular components exert a strong potentiating effect on angiogenesis,
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Can we slow down or even reverse aging?

Figure 3. How far are we willing to go to alter, edit, or prevent decay of the skin and/or body genome? Are we able to slow down aging (lower
arrow) or reverse skin decay that has already taken place (upper arrow)?

and that they stimulate the regenerative ability of skin by maintaining stem cells that are present in the
skin or by assuming the role of native cells upon injection/deposition. Signaling pathways for cellular
interactions within the skin and their “controls” appear to be at the core for the maintenance of youthful
facial and neck tissues or for the reversal of the loss of a smooth skin surface, dermal cohesion, and/or
firmness™". One of the already existing and commercially available systems (SkinMedica TNS Recovery
Complex®, SkinMedica®, An Allergan Company, Anaheim, CA), capable of upregulation of extracellular
matrix regeneration controlling genes, exemplifies the feasibility and effectiveness of skin rejuvenation
interventions at a molecular level™”.

Technical refinements of tissue replacement by fat grafting are based on at least level III evidence, and they
include such factors as the physical form of transferred fat, ratios between the vascularized recipient site
and surface/volume of the adipose tissue graft, and the proportion between the stroma and adipocytes[m].
Adipose-based tissue graft volumization in combination with customized laser-based skin resurfacing
may lead to marked improvements in facial rejuvenation outcomes, as it appears that both modalities
may augment specific individual effects”. Potentiation of the viability, and ultimately the retention rate of
the adipose cell grafts by the stromal vascular fraction (including enhancements by the addition of stem
cells obtained by culturing), may require more than one operative step. For example, obtaining extra stem
cell tissue cultures for 2-3 weeks may be required prior to the addition of stem cells to newly procured
adipose tissue. Increased ratio between stem cells (or stroma) and the adipose cells may enhance composite
autograft potential, but the entire procedure requires two steps (harvest of adipose tissue to obtain stroma
and produce stem cells and procurement of fat to be enriched with cultured stem cells prior to usage)[w].

Therefore, from the standpoint of practicality in cosmetic surgery, tissue regeneration and/or enhancing
products which can be stored and “taken off the shelf” - just as many synthetic tissue fillers are - is of
particular interest™***". For example, the mVASC (Microvascular Tissues, Inc., San Diego, CA) product,
which consists of aseptically-processed and freeze-dried allogeneic microvascular tissue derived from
donated tissue, requires less than one minute to prepare for use. This is in contrast to procedures
involving commercially available closed systems for isolating platelet rich plasma, which typically
require approximately 30 min to obtain"". The proprietary mVASC manufacturing process eliminates
the proliferative ability of cells within the graft as well as its immunogenicity. The resultant injectable
tissue graft (which can also be applicable as a topical agent, e.g., to senescent wounds) is stable at room
temperature for four years[zo] [Figure 4]. Ongoing trials indicate enormous angiogenic potential of mVASC
through upregulation of signaling cascades resulting in tissue remodeling, regeneration, rejuvenation of
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Figure 4. A vial of mVASC with the lyophilized and sterilized pellet containing microvascular tissue fragments. The standardized
formulation of mVASC contains an amount of the graft dispersed into one vial such that is ready for dilution, and forms isotonic solution
upon the addition of 1 mL of sterile water

its architecture, and thickness, which - no doubt - will find future aesthetic applications because results of

. . . [8,20]
Ol’lgOlIlg trlals are So encouraglng .

CONCLUSION

Notably, the survey demonstrated that such modalities as tissue contouring by energy delivering devices,
refinements in surgical techniques, alterations in skin and gut microbiota, and transplantation-based (other
than adipose tissue) methods were perceived as methods that exert a lesser effect on the future management of
facial and neck aging than those “top modalities” including nano and regenerative techniques"*"**" [Table 1].

Considering the relatively fast-paced changes and progress in cosmetic surgery and medicine, as well as the
novelties that are frequently thrown on the market - oftentimes without prior rigorous clinical studies or
trials - suggests that words of caution are appropriate. Recipients of cosmetic care are particularly vulnerable
due to the fact that, in many countries, cosmeceuticals are not regulated as rigorously as pharmaceutical
drugs, and there is also the risk of addiction to aesthetic procedures. Patients may develop a psychological
obsession with repeated or multiple cosmetic procedures and may obsessively seek invasive and non-
invasive aesthetic novelties. These patients lose objectivity and criticism, and oftentimes become victims
of unscrupulous providers. Even those who observe safety issues may not appreciate the importance of
the fact that there is a separate categorization of the quality of evidence and strength of recommendations
available™*!, Failure to recognize the quality of evidence can lead to misguided recommendations. The
assessment of trends and developments in facial and neck rejuvenation requires particular attention to the
quality of research available prior to its clinical application, as emerging evidence includes an element of
uncertainty about tradeoffs - the balance among safety and desirable and undesirable effects is not well-
defined. With the inevitability of scientific progress, this new level of knowledge regarding the variability in
care responses and indications for procedures on almost a “molecular level” will likely lead to personalized
and precise aesthetic surgery and medicine becoming a nearby reality.
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