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There is a shortage of suitable tissue-engineered solutions for gingival recession, a soft tissue defect of the oral cavity.

Autologous tissue grafts lead to an increase in morbidity due to complications at the donor site. Although material

substitutes are available on the market, their development is early, and work to produce more functional material

substitutes is underway. The latter materials along with newly conceived tissue-engineered substitutes must maintain

volumetric form over time and have advantageous mechanical and biological characteristics facilitating the regeneration of

functional gingival tissue.
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1. Introduction

Gingival recession with tooth root exposure affects half of the adult U.S. population . A more efficient and less painful

solution to the current treatment standard could have a widespread impact, improving the lives of millions. Loss of gingival

coverage around the tooth at the tooth–tissue margin is referred to as gingival recession and results in the exposure of the

tooth’s root surface. This root exposure can lead to tooth sensitivity when eating, increased risk of biofilm accumulation

and further tissue loss and aesthetic compromise. Tissue loss is primarily caused by inflammation associated with

periodontitis (initiated from agents produced within plaque/biofilm) and mechanical trauma . Not only does gingival

recession yield challenges for the patients’ esthetic appearance, but it can also expose the roots surface of the tooth to

cariogenic supragingival microbiota leading to an increased risk of dental caries and in the extreme case loss of tooth .

The current treatment for the soft tissue defect of gingival recession is primarily autologous soft tissue grafts, usually

harvested from the patient’s palate . However, material substitutes can be used in isolation, or with autologous grafts,

and are available on the market, such as the Geistlich Fibro-Gide  bovine-collagen-based material . This material still

has limitations when compared to the gold standard of care (autologous grafts) , while several other more innovative

materials that are now being studied and are discussed here. However, the field of tissue material substitutes , and

tissue-engineered solutions is still in its infancy in this application area. The pain and length of recovery and the time to

carry out the procedures could be greatly reduced, when compared to the standard-of-care-associated procedures, if

superior scaffold material substitutes and/or pre-vascularized tissue-engineered constructs could be translated into the

clinical realm . Vascularized tissue-engineered substitutes hold the potential to provide the cells needed for tissue

regeneration and anastomosis, and deliver novel scaffolding materials to promote their proliferation and phenotype

expression towards successful tissue regeneration outcomes .

One promising processing method for fabricating materials for regenerating and/or engineering gingival tissue is

electrospinning. The method enables the production of fiber and fibril features that are on the scale of those of host

extracellular matrices (ECM). Despite its mention in a recent systematic review looking at engineering vascularized oral

tissue (mainly gingiva and alveolar bone), the entry provided no insight into the use of layered electrospun scaffolds,

which is gaining interest by many tissue engineering groups attempting to replicate the ECM form and niche residence

conditions for related cells to the tissue being grown . It should be noted that while other examples of layered scaffolds

for periodontal regeneration have been previously reported, none have addressed the potential use of electrospun

elastomeric polymers .

2. Physiology and Disease of the Periodontium and Gingival Tissues:
Defining Structure Requirements

The periodontium is comprised of four main tissue types: the alveolar bone, periodontal ligaments (connective tissue

which allows for the attachment between the alveolar bone and root of the tooth), cementum, which is a mineralized tissue

connecting the alveolar bone and the root of the tooth via periodontal ligaments, and gingival tissue which is the mucosal

tissue that seals and protects the tooth from bacterial or physical threats as illustrated in Figure 1A . The gingiva has
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two distinct layers, the epithelial tissue layer and the connective tissue layer (lamina propria) which make up

approximately 30% and 70% of the gingiva, respectively . The lamina propria can further be described as having two

layers, the papillary layer, and the reticular layer . The recession of gingival tissue is primarily caused by prolonged

inflammation of periodontal tissue, periodontal treatment, and occlusal trauma . Factors that could predispose an

individual to gingival recession include a decrease in the thickness of the alveolar or buccal bone .

Figure 1. (A) The periodontal tissue anatomy. Created with BioRender.com. (B,C) Decellularized human gingival tissue

adapted from previous literature reproduced under terms of the CC-BY license . Copyright 2012, Nasser

Mahdavishahri, Maryam Moghatam Matin, Masoud Fereidoni, Zahra Yarjanli, Seyed Ali Banihashem Rad, and Saeedeh

Khajeh Ahmadi, published by Iranian Journal of Basic Medical Sciences. Created with BioRender.com, accessed on 8

April 2022.

Healthy gingiva is comprised mostly of collagens , elastin , laminin , and fibronectin . Of the collagens found

in the gingiva, collagen type I and type III make up 99% of this protein family in human gingival tissue . The remaining

1% is accounted for by collagen type IV, with the presence of collagen type V only increasing during the initial stages of

healing. The presence of collagen type V is thought to guide endothelial cells (ECs), facilitating angiogenesis . The

major function of the remaining collagen molecules is primarily to provide strength to the lamina propria . The ultra-

structure of these collagens and ECM can be found in Figure 1B,C. Within the lamina propria, human gingival fibroblasts

(HGFs) are responsible for synthesizing and maintaining the ECM . Gingival fibroblasts are present in the lamina

propria at a concentration of 200 million cells/cm  . The collagen fibrils produced by HGFs are approximately 50–100

nm in diameter . Both the papillary and reticular components contain a dense network of vasculature, consisting of

terminal capillary loops in the papillary component and the gingival plexus which is made up of postcapillary venules .

The papillary layer contains approximately 50–60 loops/mm  . The natural gingiva has approximately 10 microvessel

lumens/mm  , with defined diameters depending on locations and depth as outlined in Table 1.

Table 1. An outline of the vessels found within gingival tissue adapted from previous literature .

Tissue Area Type of Vessel Diameter (µm) Average Depth (µm)

Free gingiva

Capillary loops ≤30 50–200

Connective vessels 50–100 200–700

Large blood vessels 200–400 ≥500

Attached gingiva

Capillary loops ≤15 50–200

Connective vessels - -

Large blood vessels 200–500 ≥600

Alveolar mucosa

Capillary loops ≤15 50–200

Connective vessels 200–600 200–700

Large blood vessels ≥600 ≥700

Having the blueprint of the vasculature within gingival tissue is fundamental to its engineering from the standpoint of

understanding what is required for the native tissue to function. There are however notable differences in vasculature

[13][14]

[14]

[15]

[15]

[16]

[17] [18] [13] [13][19]

[17]

[17]

[17]

[20]

3 [14]

[21]

[14]

2 [14]

2 [22][23]

[24]



structure from person to person . How and to what variation blood flow is being supplied to the lamina propria is of

relevance when considering how important the anastomosis of pre-vascularized constructs will be. By prohibiting blood

flow from certain areas of the papilla, previous literature has demonstrated that some individuals have greater blood flow

horizontally or vertically . This is thought to be related to the abundance of blood vessels supplying the gingival area

. The differences may also be explained by changes in arteriole-to-arteriole connections (<100 µm in diameter) 

. It is also well recognized that males have better blood flow recovery, and quicker anastomosis of coronally advanced

flaps than females, which may suggest key factors that can be targeted to enhance the anastomosis of a graft .

Characterizing the differences in gingival vasculature is ongoing and will be critical to the application of pre-vascularized

tissue engineering to the periodontium. Based on the physiology and anatomy of gingival tissue, it is evident that to

prepare a construct resembling the native gingiva, modulating vasculature formation is going to be critical to graft

integration and healing.

3. Current Material Options for Gingival Recession Treatment

The current treatment for gingival recession is typically autologous soft tissue grafts . Additionally, material substitutes

are available on the market, which have some reports on their efficacy. The two most common types of autologous grafts

are connective tissue grafts (CTG) and free gingival grafts (FGG). CTGs involve harvesting connective tissue and grafting

it such that root coverage and improved thickness of the gingival tissue are provided, as seen in Figure 2. An FGG entails

harvesting connective tissue with surface epithelial tissue and placing it on the defect to cover the exposed root of the

tooth and increase keratinized tissue . Some of the major disadvantages of autologous gingival grafting are the

increase in morbidity due to the harvest site, interindividual differences in terms of tissue availability, the time associated

with the tissue harvesting (FGG takes ~25 min longer than using material substitutes) , donor infection, and bleeding

from the harvest site .

Figure 2. The workflow and potential complications that can occur with a connective tissue graft. The string of green dots

represents bacteria. Created with BioRender.com with images from Dr. Michael Glogauer (University of Toronto) and

images reproduced with permission under terms of the CC-BY license . Copyright 2014, Sakshee Trivedi, Neeta

Bhavsar, Kirti Dulani, and Rahul Trivedi published by the Journal of Clinical and Experimental Dentistry. Created with

BioRender.com, accessed on 8 April 2022.

Based on two systematic reviews, the general consensus is that FGGs provide additional efficacy in terms of generating

keratinized tissue when compared to material substitutes . One of the most popular metrics of efficacy is the width of

keratinized tissue . Although the differences between autografts and material substitutes might not be large enough to

negate the use of material substitutes given their benefits, autologous grafts remain the “gold standard” due to their ability

to provide a greater area of keratinized tissue . Taken all together autologous grafts remain the engineering

benchmark, in large part due to their superior efficacy quantified by keratinized tissue.

During the differentiation of epithelial cells to keratinocytes, the composition of the underlying connective tissue dictates

the subsequent occupancy of the epithelium, due to the keratinocyte interactions with components of the ECM, such as

collagen type I . Keratinocytes are also involved in the complex processes of healing the underlying connective

tissue . Further, changes in epithelial cell integrin binding are associated with changes in the activity of matrix

metalloproteinases (MMPs), which participate in tissue remodeling and the migration of keratinocytes . The

interactions between the underlying connective tissue and the epithelial layer are mediated by integrins such as beta1-

integrins . The interactions that epithelial cells, such as keratinocytes, have with such integrins dictate cellular

differentiation and survival . Additionally, the secretion of paracrine factors such as hepatocyte growth factor from the

underlying connective tissue contributes to the formation of keratinocytes .

Due to the available supply and lower morbidity associated with using material substitutes, the field is pushing towards

their greater adoption. However, their adoption is in part hampered by the lack of efficacy to establish a keratinized
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structured layer, as discussed above, when compared to the traditional autologous graft. In considering keratinized tissue

dependence in relation to their composition and interactions with the underlying connective tissue, it will be important that

de novo material substitutes try to facilitate the formation of healthy gingival tissue more rapidly, as in this instance more

keratinized tissue can be produced, thus improving the clinical efficacy of the graft.

Currently, the most common types of material substitutes being reported on and used in the clinic appear to be xenogenic

scaffolds such as the Geistlich Fibro-Gide  , or allogenic grafts such as Alloderm  . Their benefits mainly reflect

their unlimited supply relative to autografts and lower associated morbidity relative to other material subsitutes .

Geistlich Fibro-Gide  by volume is 96% porous and is comprised of 60–96% (w/w) porcine collagen (type I and III) and 4–

40% (w/w) elastin . A similar product is Mucograft , which has two layers, one of which is compact, and one which is

spongy architecture for supporting cell ingrowth . The compact outer layer can be left exposed to the oral environment

and can aid in gaining keratinized tissue, suggesting that having a multilayered structure wherein different layers provide

different functions is being used in the clinic . Mucoderm  is a similar product to Mucograft  however is only comprised

of a single layer . Alloderm  or decellularized human dermal tissue are used clinically, however, they have been shown

to have inferior clinical outcomes when compared to FGGs . These material substitutes are currently the leading

commercial substitutes that are widely available but are clearly still in need of improvement .
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