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Abstract

Regeneration is reproduction or reconstitution of injured or lost part with the growth and differentiation of new cells and intercellular
substances to form new tissues or parts. Periodontal regeneration refers to healing after periodontal surgery that result in the restoration
of the lost periodontium and attachment apparatus viz. cementum, alveolar bone and periodontal ligament. Treatment of periodontal
disease has evolved from just fighting bacteria to a combined effort to eliminate the offending microorganisms, to arrest the progression
of tissue damage and to regenerate lost tissues. Although some of the regenerative techniques have been available for several years,
and some have shown promising results, none of the techniques are without problems and none have proven to be 100% effective. In
perspective, periodontal regeneration remains a challenging and complex endeavour, requiring synchronous formation of all periodontal
tissues via cementogenesis, osteogenesis and formation of a periodontal ligament, generating a similar form and function found in the
intact, native periodontal attachment.
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Introduction

Periodontitisis an infectious disease that causes destruction of the tooth-attachment apparatus, if left untreated, results in progressive
attachment loss that may eventually lead to early tooth loss [1-2]. The goal of periodontal therapy is to restore periodontal tissues
affected by disease to their original architectural form and function. This requires regeneration of the gingival connective tissues
destroyed by inflammation, formation of cementum, restoration of lost bone, re-establishment of connective tissue fibers into
previously diseased root surfaces [3]. The regenerative capacity of the periodontium rekindled the flame to research various
techniques and materials for the same. For many decades, periodontists have been interested in regenerating tooth-supporting
tissues destroyed by periodontal disease [4].

Conventional periodontal therapy consists of scaling, root planing, gingival curettage, gingivectomy and flap procedures of various
types, including osseous surgery is effective in stabilizing periodontal status and maintaining periodontal health. Restitution of
the periodontium to normal has often been an elusive, frustrating objective of periodontal therapy. This therapeutic modality
has resulted primarily in repair rather than regeneration of the periodontium. Periodontal regeneration is unique because it
involves both soft (gingival and periodontal ligament) and mineralized (bone and cementum) connective tissues. The healing of all
periodontal components needs to be coordinated and integrated in order for regeneration to occur. Complete regeneration may be
an unrealistic goal for many situations; due in part to the complexity of the biological events, factors and cells underlying successful
periodontal regeneration [5,6].

There are various critical issues which act collaboratively as a road blocker in the path to attain complete regeneration and need to
be addressed to achieve the objective well worth pursuing. The objective of this review is to bring the reader update regarding the
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critical issues in periodontal regeneration.

Biological Factors

a. Epithelial occlusion and promotion of progenitor cells

One of the crucial cellular events is recruitment of cells as the cell-type selection determines whether healing occurs by repair or
regeneration. When the flap is replaced against the tooth after surgical procedure, the most aggressive tissue during the initial
phases of wound healing is gingival epithelium which leads to repair with formation of long junctional epithelium which is a
weaker union [4]. The critical issue is the regulation of timing of differentiation and maturation of all progenitor cells to restrain the
epithelial cells from forming long junctional epithelium and simultaneously promoting selective population by regenerative cells
to achieve true regeneration. In this context, clinical procedures and devices were envisioned to retard epithelial tissues from early
access to the root surface. Since the pioneering guided tissue regeneration (GTR) experiments of just over 30 years ago studies have
repeatedly demonstrated that periodontal regeneration is biologically possible and clinically feasible [5]. However, GTR technique
is sensitive and technically demanding. In addition, these modalities present with increased chair side time for the clinician and
pose a financial burden for the patients (Figure 1).
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Figure 1: Guided Tissue Regeneration

The critical disadvantages of both polytetrafluoroethylene-based nonresorbable (e.g., second surgery) and resorbable membranes,
mainly those based on collagen (e.g., insufficient mechanical properties, unpredictable degradation profiles), have led to studies of
alternate membrane materials with the necessary mechanical, degradation and biological properties [7].

i. E-spinning technique: has demonstrated great potential for processing membranes for periodontal regeneration E-spinning is
a particularly promising technique for synthesizing biomimetic nanomatrices, including membranes for GTR/GBR (Guided Bone
Regeneration) applications [8]. The three-dimensional structure shown by these e-spun membranes, with a high surface area of
improved hydrophilicity and wettability, endow the structure with mechanical support and regulate cell functions guiding new
bone formation into the defect [7].

ii. Functionally graded and multi-layered membranes: The rationale of having a periodontal membrane with a graded-
structure again relies on the principle that one can tailor the properties of the different layers to design a membrane that will
retain its structural, dimensional and mechanical integrity long enough to enhance periodontal regeneration. The functionally
graded membrane consists of a core-layer and two functional surface-layers interfacing bone (nanohydroxyapatite) and epithelial
(metronidazole) tissues wherein the core layer comprises a neat poly(d,l-lactide-cocaprolactone) layer surrounded by two
composite layers composed of a gelatin/polymer ternary blend [7].

a. Anti-bacterial properties: It is extremely important to control and/or reduce the bacterial contamination of the periodontal defect
in order to enhance periodontal regeneration. Multiple investigators have successfully incorporated tetracycline hydrochloride and
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metronidazole benzoate into different polymeric solutions aiming to develop a material with therapeutic properties [9].

b. Bioactive calcium phosphate incorporation: Co-electrospinning of hydroxyapatite and collagen with polymers has made
possible the fabrication of membranes with improved mechanical properties. Studies on the membrane prepared by Liao et al.
demonstrated that the addition of nano-carbonated hydroxyapatite improved both the biocompatibility and the osteoconductivity
of the membrane [10]. Phipps et al. (2011) fabricated a tri-component biocomposite fibrous electrospun membrane comprised
of polycaprolactone, collagen and nanohydroxyapatite (50/30/20 weight ratio). The tri-component substrate exhibited a rapid
spreading and significantly greater proliferation of cultured mesenchymal stem cells [7].

iii. Hydrogels: Hydrogels also offer great versatility in design and synthesis. They are sufliciently conductive to the migration
of cells in to the bulk of the scaffolds and their biological properties such as bioactivity can be tuned and biomolecules (e.g.,
growth factors) can be added to guide, enhance or prevent cell adhesion and growth. Possibilities to enhance mechanical strength
of hydrogels are in the generation of interpenetrating or nanocomposite hydrogel networks. Often a combination of different
crosslinking mechanisms allows for generating mechanical strength, resilience and self-healing characteristics, all of which are
suitable parameters for use as a periodontal regeneration membrane [7].

b. Cementum regeneration

A true and complete regeneration of cementum has remained an elusive goal in periodontal therapy. This is attributed to i)
reduced pool of available progenitor and stem cells ii) cementoblast development, expression of osteocalcin and bone sialoprotein
are required, while periodontal ligament (PDL) cells lack the expression of these proteins iii) signalling molecules needed for
recruiting cementoblasts and their differentiation (cemental derived growth factor) and for the attachment of new cementum to
old cementum, cemental attachment proteins are required which are in low level in the wound healing environment.

In spite of advances in the tissue engineering concept, we are only able to regenerate cellular cementum and not acellular cementum.
Further, no single technique to regenerate cementum is successful and a combination of techniques is required. Reformation of
acellular cementum during adult life becomes illusionary since the epithelial cells responsible for the formation of the hyaline layer
are no longer present in the adult periodontium. In future by designing advanced technology to deliver novel genes and growth
factors expressed by cementoblasts but absent in wound environment will assist in providing optimal conditions required for
more predictable technique for cementum regeneration. Further, the extent of regeneration necessary to influence long-term tooth
prognosis has not been established [11] (Figure 2).

Epithelum

E Rsgensration

A - Different competing cell types for wound repopulation. B - Epithelium and long junctional epithelium.
C - Connective tissue and resorption. D — Bone and ankylosis. E — Periodontal ligament and regeneration
Figure 2: Types of attachment

c. Limited osteogenic potential of resident alveolar bone

Defects beyond certain size may not be completely restored by PDL cells. Aukhil (1996) mentioned 2 factors responsible for
this - i) slow rate of angiogenesis in PDL space consisting of avascular tissue ii) premature differentiation of progenitor cells
into formative cells result in delayed migration at the leading front. Osteogenic potential of the resident bone plays a role in
periodontal regeneration [12]. Hence, higher alveolar bone level and narrow defect width will create better circumstances for
complete regeneration.
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d. Root surface alterations

Periodontitis renders the root surface toxic and unsuitable for the new connective tissue attachment necessary for periodontal
regeneration, allowing down growth of junctional and pocket epithelium and inhibiting the regenerative progenitor cell attachment
[13]. In the concept of reciprocal utilisation of biological mediators conducive for periodontal regeneration, root conditioning
as a mode to attain periodontal regeneration was attempted. Despite the apparent sense in trying to improve the biological
compatibility of the root surfaces using various conditioning agents, clinical results were disappointing [14]. Irrespective of the
type of demineralizing agent used, it cannot be claimed that demineralization of the root surface per se is a regenerative procedure
[5]. Despite the demineralization of the root surface by acids or chelating agents, the dentin itself is still mineralized and thus a
real interconnection of the different fiber systems does not take place even though a new cementum layer is deposited on top of
the cleaned, previously diseased root surface. According to some investigators, regenerative cementogenesis along established but
formerly diseased and denatured root surfaces is not achieved in the true sense of the term [15]. Thus, root conditioning may have
a positive effect on wound healing and be used as a component of, or a step within, various regenerative procedures.

Surgical techniques

The conventional surgical techniques employed in regeneration under microscope have shown to be more traumatic causing tissue
injury and thus impairs the periodontal regeneration. Flaps should be carefully designed and executed to ensure passive closure
without tension on the wound margins. Realistically, true healing by primary intention is often difficult to achieve. However,
primary wound closure is a fundamental surgical principle for GBR because it creates an environment that is undisturbed/unaltered
by outside bacterial or mechanical insult. Passive closure of wound edges enables the wound to heal with less re-epithelialization,
collagen formation and remodeling, wound contraction, and overall tissue remodeling. Techniques that have been advocated in an
effort to gain tension-free primary wound closure include lateral incision technique, buccal rotational flap, coronally positioned
palatal sliding flap, split palatal rotated flap and a palatal advanced flap [16]. Minimally invasive microscopic surgical techniques
have been introduced and shown to be very promising [17]. Further, surgical flap techniques which causes least tissue loss and better
flap adaptation should be adopted. E.g. simplified papilla preservation flap, modified papilla preservation flap etc. Thus, correct flap
design, tension-free flap approximation, and postoperative care of the wound site are keys to achieving, and maintaining primary
closure.

Wound Healing

Wound stabilization is a very critical factor in periodontal regeneration [18]. Care should be taken to maintain the integrity and
stability of the clot during wound maturation and development. Wound integrity during the early healing phase rests primarily
with that offered by suturing and the tooth-mucogingival flap interface is vulnerable to disruption by mechanical forces for a
considerable time post surgery. This knowledge underscores the importance of positioning and maintaining the mucogingival
flaps protected from mechanical insult [19]. A thick blood clot seen during healing acts as an invitee for inflammatory cells for
its resolution creating a dead space between the flap margin and tooth surface hampering regeneration. Therefore, it should be
aimed to maintain a thin and stable blood clot by eliminating occlusal trauma, tooth mobility, giving nutritional supplements
and enhancing wound healing by incorporating platelet concentrates. It has been postulated that near-final boundaries of the
regenerated periodontal tissues should be established within 4 weeks, if not earlier. Strategies based on long-term availability
of biological factors, or slowly resorbing materials and devices, are unlikely to support clinically meaningful improvements and
should thus be reconsidered. By thorough understanding with proper integration and controlling the factors which aid in wound
healing would result in more predictable regenerative outcome [20].

Regenerative materials

Bone grafts: The rationale behind the use of bone fillers is to take advantage of one or more of the following properties of such
materials, namely osteoconduction, osteoinduction and osteogenesis, induced by transferred cells that are capable of differentiating
into osteoblasts [21-23]. Not all three properties apply to every type of bone filler. The available evidence from human histological
studies indicate that use of autogenous bone, demineralized freeze dried bone allograft and bovine-derived xenograft may result in
periodontal regeneration. On the contrary, there is no evidence demonstrating predictable regeneration following use of alloplastic
materials. However, the basic problem pertaining to all bone filler materials is that a biologic rationale for the regeneration of the
periodontium is missing. Bone grafts or bone substitute materials do not possess the ability to regenerate lost connective tissue
attachment. The osteoconductive, osteoinductive and/or osteogenic properties of such materials can at best support new bone
formation

i. Nanoparticles of hydroxyapatite: have emerged as bioactive substances having positive osteogenic activity which have shown to
facilitate the bioactivity of osteoblasts which promotes quicker bone regeneration [24].

ii. Supplementation with metal ions (zinc, strontium, magnesium): Recently, metal ions of zinc, strontium and magnesium have
been incorporated in hydroxyapatite (HA) particles to improve the therapeutic benefits of periodontal treatment. These elements
invigorate bone growth and bone mineralization by initiation of osteogenesis of osteoblast cells aside from restraining osteoclastic
resorption. Further, the calcium present in HA can be exchangeable for metal ions and presence of these elements in HA may
cocreate bone cells, which take part in bone turnover and remodelling [24].
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iii. Addition of bisphosphonates to HA: Osteoporosis therapeutics has been dominated by anti-resorptive agents, mainly
bisphosphonates (risedronate, alendronate, zoledronic acid, etc.) which prevent further bone loss in established osteoporosis
but do not change the bone mass or replenish the already lost bone. Owing to their high affinity for HA, bisphosphonates after
intravenous or oral administration are rapidly cleared from circulation and localize to the bone surface at the sites of active
bone remodeling, especially in areas undergoing resorption by osteoclast. Several mechanisms appear to mediate their action
on osteoclasts: the inhibition of osteoclast recruitment, inhibition of osteoclast adhesion, increasing osteoclast apoptosis, and
inhibition of osteoclast activity. They have also been proposed to have osteostimulative properties in vivo and in vitro by an increase
in the matrix formation [25].

iv. Porous titanium granules: The osteogenic properties of titanium have been studied in experimental studies and it has been
shown that titanium stimulates activation of the complement system, surface binding of platelets, and platelet activation as reflected
by increased levels of platelet-derived growth factor related to other tested materials [26].

v. Chitosan: Chitosan, a deacetylated derivative of chitin, is another biomaterial used for guided tissue regeneration that is
biodegradable. Its property of bacteriostasis may reduce the bacterial contamination and benefit periodontal tissue regeneration .
Furthermore, chitosan has high osteoinductivity and osteo-integrability that make it a good candidate for bone regeneration [2].

Tissue engineering: The use of biologic factors as biomimetic molecules to enhance regenerative response is based on the
rationale of the local enrichment of natural biomolecules that may be deficient in chronic periodontal wound sites [27]. Current
candidate and commercially available biologics (matrix / growth / differentiation factors), intended for periodontal indications,
appear safe, with minimal (if any) adverse events associated with their clinical application. These molecules include: extracellular
matrix proteins, cell-attachment factors, mediators of cell metabolism and activity and growth / differentiation factors. The most
promising growth factors appear to be Bone Morphogenetic Protein [BMPs]-2, 7. Critical issues include: (i) the complexity of the
periodontium consisting four different tissues; (ii) use of very high doses of BMPs; (iii) the ideal carrier has still not been found;
(iv) enormous costs associated with recombinant human BMPs in relation to relatively small and non-life-threatening periodontal
defects for which other treatment options exist [1]. The use of platelet rich fibrin (PRF) as a tissue engineering scaffold has been
investigated by many researchers for the past few years. In a study by Gassling et al. reported that PRF appears to be superior to
collagen as a scaffold for human periosteal cell proliferation and PRF membranes can be used for in vitro cultivation of periosteal
cells for bone-tissue engineering [28]. In spite of the lack of scientifically proven clinical benefits, PRF is considered as a healing
biomaterial and is commonly used in implant and plastic periodontal surgical procedures to enhance bone regeneration and soft
tissue wound healing [28] (Figure 3).

Diseased
Periodontium

Regeneration of
Periodontium

Signaling Blood
Molecules

Figure 3: Four basic elements for regeneration

Enamel matrix proteins: An important advancement in periodontal regeneration was the discovery of enamel matrix proteins
(EMP), produced by Hertwig’s epithelial sheath. These proteins were shown to play an important role in cementogenesis, as well
as in the development of the periodontal attachment apparatus. This observation led to the development and utilization of the
biologically active agent “enamel matrix derivative” (Emdogain; Straumann AG, Basel, Switzerland) as alocal adjunct to periodontal
surgery for stimulating regeneration of periodontal tissues [5]. Emdogain is a purified acidic extract of developing embryonal
enamel derived from six-month-old piglets. Its purpose is to act as a tissue-healing modulator that would mimic the events that
occur during root development and to help stimulate periodontal regeneration [29]. It can act as a multipurpose growth factor
capable of stimulating the proliferation of mesenchymal cells while inhibiting the cell division of epithelial cells [30]. However, the
results cannot always be consistent. There are several reasons for this, including the use of (1) different types of EMPs; (2) different
concentrations of EMPs; (3) different observation periods; (4) different cell types; (5) different states of cell differentiation; (6)
different experimental in vitro systems or conditions; and (7) different local in vivo environments. Nevertheless, there is a large
body of information available that provides a biological rationale for the use of EMPs for periodontal regeneration [31].

ScholArena | www.scholarena.com Volume 2 | Issue 2



6 J Oral Health Dent Sci

Gene therapy: Despite the emerging evidence that local application of growth factors may encourage periodontal regeneration,
a number of issues remain which limit their efficacy. These include containment of the factor at the local site, limited controlled
release of the bioactive peptides, and inactivation of the growth factor via locally produced proteinases. As a result, more refined
techniques have been explored to improve growth factor delivery and release for periodontal regeneration. One such method is
gene transfer, whereby genes for regeneration-promoting growth factors using plasmid and adenovirus gene delivery methods are
used [5]. However, there are certain limitations in the use of gene therapy which include - i) short-lived nature of gene therapy
ii) immune response of the patient iii) problems with viral vectors like patient toxicity, immune and inflammatory responses, and
gene control and targeting issues iv) limitation of sufficient quantity of the engineered gene that can be delivered v) extreme cost
vi) ethical restrictions [32]. Consequently, there is still a considerable amount of further work required before such an approach
becomes a clinical reality [5].

Stem-cell therapy: The discovery of periodontal ligament stem cells (e.g., Hertwig’s epithelial root sheath cells) has opened a new
vista for periodontal regeneration. More recently, the use of periodontal ligament stem cells for tissue engineering approaches to
facilitate periodontal regeneration has emerged. To date most of the studies have been restricted to experimental animals, with
only one report involving transplantation of periodontal ligament stem cells into human periodontal defects being published.
A significant issue with these studies is that surgically created periodontal defects are very different from defects arising from
periodontitis and thus any extrapolation of findings for stem cell regeneration in surgically created defects and what may happen
in periodontitis needs to be made with caution [5]. Clinical challenges in stem cell-based periodontal therapy relate to immune
rejection after administration, oncogenic properties of stem cells and functional integration of transplanted tissues into the host. A
potential solution to this problem lies in the use of autologous stem cells (from cell /tissue banks) to overcome immune rejection.
Further, the technical challenges in stem cell therapy are associated with cell manipulations, scaffold materials and delivery systems.
The ideal matrix scaffold should mimic native extracellular matrix, support cell attachment, allow controlled release of bioactive
factors, be conducive to tissue ingrowth and facilitate laboratory handling [33]. This led to the application of using cell sheet
technology in conjunction with regenerative principles to deliver the regenerative potential of the periodontal ligament stem cells
to the appropriate location [34].

Risk factors
Bacterial accumulation

Bacterial accumulations following regenerative procedures would result in a reduced net formation of connective tissue and
bone. Tissue-implanted materials, such as GTR membranes, encourage bacterial contamination of the local site and appear to
harbour periodontal pathogens on a frequent basis [35]. Therefore, it is extremely important to control and/or reduce the bacterial
contamination of the periodontal defect in order to enhance periodontal regeneration. Bottino et al. incorporated 25 weight % of
metronidazole benzoate to functionally graded layer of GTR membrane interfacing with the epithelial tissue and showed reduction
in bacterial growth and biofilm control [8].

Inadequate Plaque control

Poor plaque control and residual periodontal infection have been associated with less favourable clinical outcomes following
regenerative therapy. Patients with inadequate supportive periodontal treatment after successful regenerative therapy demonstrate
50-fold increase in risk of probing attachment loss compared with those having regular recall visits [36].

Environmental factors

Smoking is a strong risk factor for adverse outcomes of regenerative therapy. The mechanisms by which smoking influences the
clinical outcomes of regenerative procedures are purely speculative, but many of the known biological effects of smoking would
certainly be expected to adversely influence both periodontitis and regeneration which include direct and indirect effects on
vasculature, impairment of neutrophil function, interference with collagen biosynthesis and maintenance, and altered immune-
inflammatory responses [35].

Genetic factors

Gene mutation and polymorphism have shown to influence the outcome of regeneration and it is not possible to control the
genetic influence. e.g. IL-1{3

Aging

The proliferative and migratory potential and the differentiation capacity of periodontal ligament stem cells decreases as age
increases [37]. Aging negatively influences cell proliferation and mineral nodule formation. mRNA levels for type I and type
III collagen are significantly lower in aged cells. Aging modulates important biological properties of periodontal ligament cells,
diminishes the potential for mineral nodule formation and favours extracellular matrix degradation. [38]. Aging influences specific
components of the wound healing process which is especially prominent in surgical wounds in which there is some early ischemia.
Ischemic wounds in older animals have significantly lower numbers of mononuclear cells infiltrating the wounds and display a
reduced strength, as compared to younger animals [35].
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Systemic factors

Of all the systemic diseases that are relatively common, diabetes mellitus has emerged in recent years as the one with the strongest
potential influence on periodontal diseases. Diabetes does not directly alter the plaque composition but is likely to alter the tissue
response to the bacteria. One component of the increased risk may be an increased microbial challenge and the other component
may be a delayed wound healing response that is most likely the result of poor control of glucose metabolism on the inflammatory
process. Thus, the risk of failure in diabetics is likely to be related to the stability of long-term control of glucose metabolism.
Improved metabolic control is currently the only practical approach to managing this risk factor. Stringent measures have to be
taken to maintain adequate plaque control and to negate the negative influence of these factors. Further, patients who are non-
compliant and have uncontrolled systemic conditions should not be taken up as they affect the predictable outcome of periodontal
regeneration [35].

Role of occlusion

Occlusal forces that exceed physiological thresholds, whether a function of force, magnitude, duration or direction, do not initiate
gingivitis or periodontitis but can result in bone remodelling and tooth mobility. Occlusal forces of sufficient magnitude to cause
severe or increasing tooth hypermobility may accelerate attachment loss in existing, plaque-induced periodontitis and, in addition,
may interfere with repair or regeneration of connective tissue attachment lost to periodontitis [35]. The clinician must recognise
progressing tooth mobility due to trauma, teeth under premature centric occlusal contacts, and/or under traumatic excursional
interferences. Such occlusal discrepancies should be adjusted to minimize trauma and thus tooth mobility prior to regenerative
therapy [39]. Burgett, et al. found that teeth which received occlusal adjustments prior to surgical treatment resulted in a greater
attachment level gain when compared to non-adjusted controls [40].

Methods of assessing periodontal regeneration

The primary methods used for evaluation include histology, direct measurement of bone, periodontal probing and radiographic
analysis. The correlation between clinical attachment level measurements and histology as it relates to regeneration is not as clear
as the subtraction radiography and histology data. Digital subtraction radiography has been validated to quantitative bone loss or
gain in terms of three-dimensional volume or bone mass destroyed or regenerated. For the long term, the power of radiographic
image processing for regeneration therapy lies not only in the ability to detect a small lesion but in the ability to detect and size
that lesion in terms of length, area, volume and mass of bone gain [41]. Assessment is done after an interval of 6 months which
leads to disruption of the healing process. Additionally, assessment is subject to errors which could give false positive results. While
re-entry surgery or radiographs demonstrate impressive volume gains, the actual ratio of filler material to new bone cannot be
determined using these methods [1]. The advent of cone-beam computed tomography (CBCT) has become one of the most useful
advances in periodontology. CBCT has the potential to streamline clinical workflow; enhance the periodontist’s skills in diagnosis
and complex treatment planning; hone surgical anatomic expertise; and improve outcomes in specific implant and periodontal
cases. However, minimally invasive therapies and evaluation of regenerative procedure outcomes are two areas of potential benefit
where further research was indicated [42]. Newer technologies that are non-invasive, provide real time assessment and are more
objective with no bias in measurements should be developed for a true and holistic assessment.

Conclusion

Our perspective on the current evidence is that regenerative periodontal therapies to date can only restore a fraction of the original
tissue volume in extent. Thus, complete periodontal restoration may still be regarded as an illusion. Finally, it should still be borne
in mind that the structural and interactive complexity of periodontal tissues is probably one of the reasons why it is so difficult
to regenerate the periodontium. New knowledge about the etiology and pathogenesis of periodontitis, the relationship of disease
to systemic problems, and advances in genetics, molecular biology, cell biology and biomaterials, have opened the door for new
regenerative techniques based upon the tissue engineering approach. There is not going to be one magic solution that can be used
to treat all periodontal patients, but rather a combination of different approaches that can be adjusted to fit the specific need of
individual patients.
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