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Gingival Wound Healing: An Essential
Response Disturbed by Aging?
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Abstract

Gingival wound healing comprises a series of sequential responses that allow the closure of breaches in the masticatory
mucosa. This process is of critical importance to prevent the invasion of microbes or other agents into tissues, avoiding the
establishment of a chronic infection. Wound healing may also play an important role during cell and tissue reaction to long-
term injury, as it may occur during inflammatory responses and cancer. Recent experimental data have shown that gingival
wound healing is severely affected by the aging process. These defects may alter distinct phases of the wound-healing
process, including epithelial migration, granulation tissue formation, and tissue remodeling. The cellular and molecular
defects that may explain these deficiencies include several biological responses such as an increased inflammatory response,
altered integrin signaling, reduced growth factor activity, decreased cell proliferation, diminished angiogenesis, reduced
collagen synthesis, augmented collagen remodeling, and deterioration of the proliferative and differentiation potential of
stem cells. In this review, we explore the cellular and molecular basis of these defects and their possible clinical implications.
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Wound Healing

Aging is defined as a biological process characterized by a
decrease in cell function derived by a gradual deficiency of
the regenerative response of certain tissues (Sousounis et al.
2014). After tissue injury, distinct biological pathways
immediately become activated and are synchronized to pre-
vent infection and restore the damaged tissues. The cells
recruited during wound healing include components of the
immune system (neutrophils, monocytes, lymphocytes, and
dendritic cells), endothelial cells, keratinocytes, and fibro-
blasts (Gurtner et al. 2008). These cells undergo massive
fluctuations in gene expression (Iyer et al. 1999), com-
manding important changes in cell proliferation, differenti-
ation, and migration (Gurtner et al. 2008). Unfortunately,
aging is characterized by a dramatic change in the regula-
tion of gene expression (Sousounis et al. 2014). The extra-
cellular matrix (ECM) also plays an important role in
wound healing (Greiling and Clark 1997). During tissue
repair, cells must secrete and organize components of the
ECM such as collagens, fibronectin, proteoglycans, and
matricellular proteins, among others (Frantz et al. 2010).
This response is critically important to fill the damaged tis-
sues with new matrix components to allow the migration of
cells and to remodel tissues after injury. Moreover, the
ECM provides a physical support by assisting as a cell
framework (Frantz et al. 2010). Tension derived from the

ECM that is transmitted through collagen fibers into cells is
also important for the modulation of gene expression, cell
proliferation, and locomotion (Frantz et al. 2010). Therefore,
it is possible to propose that proper and successful wound
healing, and hopefully tissue regeneration, requires nor-
mally responding cells and a healthy ECM. Unfortunately,
aging affects both the ability of cells to respond to injury
and the physiology of the ECM.

The normal response to injury involves 3 overlapping
however distinct stages: 1) inflammation, 2) new tissue for-
mation, and 3) remodeling (Gurtner et al. 2008). As illus-
trated in Figure 1, distinct cell populations are involved in
these phases of tissue repair. During these events, cells expe-
rience changes in gene expression, most of them driven by
cell-matrix interactions and/or initiated soluble mediators. In
the present review, we describe studies considering the
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is achieved by the formation of a
platelet plug embedded in a fibrin-
fibronectin matrix that prevents
the loss of tissue fluids and
becomes the scaffold for infiltrat-
ing cells. It has been assumed that
platelets play a critical role in
wound healing through the release
of growth factors present in their
granules, stimulating cell migra-
tion and proliferation. This was
demonstrated by classic studies
that evaluated skin wound healing
in mice treated with an antiplate-
let serum that induces thrombocy-
topenia (Szpaderska et al. 2003).
Under these conditions, injuries
were characterized by increased
numbers of infiltrating inflamma-
tory cells. Nevertheless, wounds
healed normally, suggesting that
platelets are mostly involved in
hemostasia (Szpaderska et al.
2003). Neutrophils are recruited
to the wound attracted by compo-
nents of the complement system
and products derived from plate-

Figure 1. Cellular and histologic events involved in gingival wound healing. (A) Tissue
section shows the inflammatory phase of gingival wound healing. Arrow indicates
inflammatory cells. SE, sulcular epithelium. Tissue section was stained with eosin-
hematoxylin. Bar = 250 pm. (B) Micrograph shows the migration of epithelial cells (E)
during wound healing. BC, blood clot. Tissue section was stained with phosphotungstic
acid hematoxylin. Bar = 250 pm. (C) A more advanced stage of wound healing shows the
formation of granulation tissue (GT). Tissue staining was stained with Giemsa. Bar = 50 pm.
(D) Section represents the tissue-remodeling phase. Wound has been replaced with
connective tissue (arrow). This tissue has a high proportion of cells. The gingival epithelium
has covered the wound. Section was stained with mallory trichrome. Bar = 250 um.

involvement or disturbance of wound healing due to aging
with a special focus on gingival tissues. As described in the
Table, aging may affect several biological events that play a
key role in the process of gingival or periodontal wound
healing. In the present review, we analyze both classic and
recent studies in the field of aging and wound healing with a
special focus on the repair of the oral mucosa and the
periodontium.

The Inflammatory Phase
of Wound Healing

The inflammatory response occurs immediately after injury,
where coagulation cascade components, inflammatory path-
ways, and the immune system are activated to remove cell
debris and prevent an infection (Dovi et al. 2003). Hemostasis

lets and/or invading bacteria
(Kolaczkowska and Kubes 2013).
Macrophages are also attracted to
the wound and play important
roles in tissue defense and in the
initiation of granulation tissue for-
mation and angiogenesis (Davies
et al. 2013). Although it appears
that inflammation is important to
prevent wound colonization and
infection, evidence has suggested
that the presence of neutrophils and macrophages is not
essential for tissue repair. For instance, skin wounds per-
formed in mice depleted of neutrophils heal faster compared
with control animals (Dovi et al. 2003). In addition, tissue
repair studies performed in the PU.1 knockout mice, defi-
cient in macrophages and neutrophils, have demonstrated an
accelerated wound-healing response compared with their
wild-type littermates (Martin et al. 2003). All of these stud-
ies suggest that infiltration by inflammatory cells seems to
be critical for the prevention of an infection. However, a pro-
longed inflammatory response may delay wound healing
and probably favor tissue fibrosis, reducing the chances of
true regeneration (Pacios et al. 2012; Arancibia et al. 2013).
It is important to consider that several studies have docu-
mented that aging cells and tissues show increased levels of
inflammation (Chung et al. 2011).
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Table. Key Biological Events Affected by Aging during Gingival and Periodontal Wound Healing.

Age-Associated Defects That Affect
Gingival and Periodontal Wound Healing

Study Model

Reference

Increased inflammatory response

Epithelial cell migration

Reduced cell proliferation

Increased apoptosis

Decreased collagen synthesis

Increased production of matrix
metalloproteinases

Increased collagen phagocytosis

Decreased stemness

Altered myofibroblastic differentiation

Gingival tissues
Periodontal ligament

Human periodontal ligament fibroblasts
Rat gingival wound healing
Periodontal ligament and gingival fibroblasts

Human periodontal ligament fibroblasts

Human gingival fibroblasts
Human periodontal ligament cells
Gingival wound healing

Benatti et al. 2009

Ciéceres et al. 2014

Benatti et al. 2008; Caceres et al. 2014
Gonzilez et al. 201 |

Ohi et al. 2006

Benatti et al. 2008

Lee and McCulloch 1997
Zhang et al. 2012
Céceres et al. 2014

Senescence-Associated Secretory Phenotype

Senescent cells are characterized by a proinflammatory trait
referred to as a senescence-associated secretory phenotype
(SASP) that includes the involvement of the nuclear factor—
kB (NF-kB) and CCAAT/enhancer binding associated with
the secretion of cytokines, chemokines, and proteolytic
enzymes (Coppé et al. 2010). Classic studies using aging
human dermal fibroblasts have reported higher levels of
interleukin-1la (IL-1a) that stimulates plasminogen activa-
tor inhibitor-2 (PAI-2) (Kumar et al. 1992). Moreover,
recent reports using human periodontal ligament fibroblasts
from aged donors have identified that interleukin-6 (IL-6)
and tumor necrosis factor—o (TNF-a) may be upregulated
(Benatti et al. 2009). Since aging may prolong or stimulate
the production of inflammatory cytokines, this altered
response might affect the normal evolution of wound heal-
ing. Nevertheless, the precise role of inflammatory cyto-
kines in wound repair remains unclear. Using soluble
receptors that block these cytokines, Zhang et al. (2004)
observed that inhibition of the function of these inflamma-
tory mediators increased apoptosis in the healing tissues.
Moreover, while short-term inhibition of these cytokines
favored wound healing, a prolonged blockade was associ-
ated with adverse effects (Zhang et al. 2004). In conclusion,
the evidence available suggests that a prolonged inflamma-
tory phase may delay wound healing. Aging may promote
the release of inflammatory mediators from fibroblasts.
However, further studies are needed to characterize the
impact of aging on the inflammatory response in gingival
tissues.

New Tissue Formation

The formation of new tissue corresponds to the second
stage of wound repair and occurs between 2 and 10 d after
injury (Gurtner et al. 2008). As previously suggested, a per-
sistent inflammatory response—which might occur in aged

individuals—could alter the timing of these events. This
phase involves the migration and proliferation of epithelial
cells, the differentiation of myofibroblasts, and the ingrowth
of new capillaries into the wound. In this section, we ana-
lyze these cell responses and their possible involvement
during aging. As well, we discuss factors that may influence
this phase, such as cell proliferation, serum-derived factors,
and stem cells.

Epithelial Cell Response

One of the first steps observed in this stage is the migration
of keratinocytes over the wound bead (Gurtner et al. 2008).
Seminal studies identified that upon wounding, epithelial
cells change their morphology from polarized to elongated
migrating keratinocytes (Odland and Ross 1968). Basal epi-
thelial cells adjacent to migrating cells start proliferating
between 48 and 72 h after wounding, providing new cells
for wound closure (Odland and Ross 1968). Cell-matrix
interactions have also been identified as critically important
for epithelial cell migration. In unwounded tissue, basal
epithelial cells interact with several components of the
intact basement membrane. Nevertheless, after tissue injury,
keratinocytes are exposed to a diverse array of matrix com-
ponents, including type I collagen, polymerized fibrin, and
plasma fibronectin (Subdeck et al. 1997; Larjava et al.
2011). Activation of specific cell-membrane receptors, par-
ticularly collagen and fibronectin-binding integrins, drives
cell migration and the expression of matrix metalloprotein-
ases and plasminogen activators (Garlick et al. 1996;
Netzel-Arnett et al. 2002). In a recent study performed by
our group, we evaluated whether aging modifies gingival
wound healing (Caceres et al. 2014). To this end, a gingi-
vectomy procedure was performed in the palatal aspect of
the gingival tissue facing the upper first and second molars.
Using morphometric analysis of histologic sections, we
assessed the rate of wound closure at the epithelial level in
young and middle-aged rats aged 2 and 18 mo, respectively.
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2012). Myofibroblasts play a criti-
cal role during wound healing by
secreting matrix components and
remodeling the newly formed tis-
sues (Hinz et al. 2012). It is impor-
tant to note that previous studies
have characterized the role that
aging has over myofibroblastic
differentiation. A prominent defi-
ciency in myofibroblastic differen-
tiation has been identified in aged
cardiac tissue (Cieslik et al. 2011)

Figure 2. Aging affects myofibroblastic differentiation. These images show human
gingival myofibroblasts derived from young and aged donors stimulated with transforming
growth factor—f1 (TGF-B1) for 72 h. In both cases, young and aged cells expressed

the actin isoform o—smooth muscle actin (a-SMA) (green staining). However, a-SMA
was incorporated into actin stress fibers (red) only in fibroblasts derived from young
individuals. In aged cells, a-SMA (green) remained as a cytosolic staining, as shown in this
image. These results suggest that aged myofibroblasts were not able to form mature actin
fibers. These defects might affect tissue remodeling during wound healing. Bar = 10 pym.
For details, see Caceres et al. (2014). This figure is available in color online at

http://jdr.sagepub.com.

A significant delay in wound coverage by epithelial tissue
was observed in middle-aged rats. As previously indicated,
epithelial cell wound healing involves several cell responses
that include cell proliferation of the keratinocytes residing
close to migrating cells, activation of a migratory pheno-
type that involves modifications in the actin cytoskeleton,
and the involvement of integrins that recognize matrix com-
ponents present in the wound bead. Therefore, several bio-
logical responses deserve further studies to characterize the
wound-healing defects associated with aging.

Myofibroblastic Differentiation

Different cell populations are attracted to migrate and
invade the regenerating lesion to fill the wound and to pop-
ulate the newly formed granulation tissue (Gurtner et al.
2008). Connective tissue cells surrounding the wound
receive signals from ECM molecules and polypeptide
growth factors released by platelets and macrophages pres-
ent in the injured tissue (Gurtner et al. 2008). A specific
circulating cell population known as fibrocytes may also
derive from the bone marrow to the wounded tissues (Kao
et al. 2011). However, the proportion of bone marrow cells
contributing to soft tissue healing may vary considerably
(Mackinnon and Forbes 2013). During wound healing, a
specific phenotype of mesenchymal cells, known as myofi-
broblasts, is differentiated from several sources, including
fibroblasts residing in the connective tissue surrounding the
wound, circulating fibrocytes derived from the bone mar-
row, and cells that are transdifferentiated from blood ves-
sels or epithelium (Hinz et al. 2012; Peng and Herzog

and in old skin fibroblasts (Simpson
et al. 2010). To typify the effect of
aging on gingival myofibroblastic
differentiation, we have evaluated
the expression and distribution of
a—smooth muscle actin (a-SMA)
in gingival fibroblasts derived
from young and aged donors
(Caceres et al. 2014). To promote
myofibroblastic  differentiation,
cells were stimulated with trans-
forming growth factor—f1 (TGF-B1). As illustrated in
Figure 2, both young and aged myofibroblasts demonstrated
increased levels of o-SMA after TGF-B1 stimulation.
However, only young fibroblasts established the develop-
ment of actin stress fibers and the incorporation of a-SMA
into these structures. In addition, we evaluated the ability of
young and aged fibroblasts to remodel 3-dimensional col-
lagen matrices. Compared with young cells, fibroblasts
derived from aged individuals demonstrated a diminished
capacity to remodel collagen gels (Caceres et al. 2014).
These results suggest that aging affects the dynamics of the
actin cytoskeleton and collagen reorganization during
wound healing, probably disturbing tissue homeostasis and
function.

Angiogenesis

New blood vessels form and capillaries associated with
fibroblasts and macrophages replace the temporary fibrin
matrix with granulation tissue during the tissue formation
phase. Blood vessels develop rapidly after wounding by
sprouting from preexisting capillaries through the incorpo-
ration of bone marrow—derived endothelial precursors and
by the transdifferentiation of circulating monocytes into
endothelial cells (Carmeliet 2003). Among the soluble
mediators involved in tissue growth during granulation tis-
sue formation, vascular endothelial growth factor (VEGF)
and fibroblast growth factor-2 (FGF-2) play a crucial role in
angiogenesis (Presta et al. 2005). Aging may affect angio-
genesis at several levels, including changes in the produc-
tion or signaling associated with VEGF and FGF-2 (Swift
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et al. 1999; Gunin et al. 2014). Interestingly, aging may dif-
ferentially affect angiogenesis in a tissue-specific manner
(Shimoda et al. 2014). Therefore, more studies are needed
to evaluate if aging may affect angiogenesis during gingival
or periodontal wound healing.

Cell Proliferation

A pivotal aspect of cellular senescence is the inability of
cells to progress through the cell cycle. Nevertheless, aged
cells may stop their growth, maintaining their metabolic
activity (Campisi and d’Adda di Fagagna 2007).
Furthermore, it has been proposed that aged skin fibroblasts
cultured in 3-dimensional collagen matrices show a dimin-
ished proliferative capacity that correlates with a lower
expression of insulin-like growth factor receptor (IGF-R)
(Bentov et al. 2014). Telomere shortening and DNA dam-
age response are considered important mechanisms that
regulate the diminished cell proliferation described in aged
cells. The function of telomeres is to act as a molecular
clock that keeps a record of cell replication (Harley et al.
1990). Telomere loss through consecutive cell divisions
results in critically short telomeres that derive in a phenom-
enon known as replicative senescence (Campisi and d’Adda
di Fagagna 2007). The loss of telomeres is detected as a
type of DNA damage, triggering the so-called DNA damage
response. The main mediators of DNA damage response are
the DNA damage kinases ATM, ATR, CHK1, and CHK2,
which phosphorylate and activate several cell cycle pro-
teins, including p53 (Campisi and d’Adda di Fagagna
2007). Moreover, phosphorylated p53 protein activates the
expression of p21, which binds to and inhibits some CDK-
cyclin complexes, particularly those involving CDK2,
finally altering the proliferative activity of cells (Fumagalli
et al. 2012). Both cell proliferation and differentiation are
striking features of the new tissue formation phase, and sev-
eral markers and morphologic features characterize senes-
cent cells. These include the absence of the proliferative
marker Ki-67, an increase in senescence-associated
B-galactosidase activity, and the expression of tumor sup-
pressors and cell cycle inhibitors (p16, ARF, p53, p21, p15,
p27, and hypophosphorylated RB) (Mufioz-Espin and
Serrano 2014). The biological purpose of senescence is,
therefore, to eliminate unwanted cells that may have accu-
mulated damage in their genome. Consequently, senescence
and apoptosis are essential mechanisms that eliminate dam-
aged cells (Munoz-Espin and Serrano 2014). Although this
strategy represents a key mechanism to avoid the perpetua-
tion of genome alterations in daughter cells, it will defini-
tively reduce the proliferation potential in aged tissues.
Recent studies have evaluated the role of aging on the pro-
liferative potential of periodontal cells. Concerning gingi-
val and periodontal wound healing, Benatti et al. (2008)
described that primary cultures of human periodontal

ligament fibroblasts derived from aged donors displayed a
reduction in cell proliferation compared with cells obtained
from young individuals. These results were also confirmed
in our recent study that evaluated cell proliferation in human
gingival fibroblasts derived from young and aged donors
(Caceres et al. 2014). Future studies should evaluate which
specific cell populations are affected by defects in cell
proliferation in the oral masticatory mucosa and the
periodontium.

Serum-Derived Factors in Wound Healing

Blood circulation slowly restores the oxygen supply to tis-
sues through incremental angiogenesis during wound heal-
ing. Therefore, factors derived from circulation and serum
may influence tissue repair. Conboy et al. (2005) studied the
role of circulation in wound healing by performing a para-
biosis experiment. They concluded that muscle tissues from
aged mice experienced a rejuvenating process when they
were exposed to a young circulatory system (Conboy et al.
2005). On the basis of these findings, we stimulated gingi-
val fibroblasts with serum derived from young and middle-
aged rats and observed that serum from young rats was able
to stimulate cell migration (Céceres et al. 2014). These find-
ings strongly suggest that defects in gingival wound healing
may reside not only on resident tissue cells but also in serum
factors. These results are important when considering the
use of autologous platelet-derived growth factors, particu-
larly in the case of aged individuals.

Stem Cells

Several studies have highlighted the role of adult stem cells
in preserving tissue homeostasis and wound healing (Oh et
al. 2014). Adult stem cells remain in a specialized microen-
vironment or niche, which provides essential signals for
stem cell potential maintenance (Jung and Brack 2014).
Stem cell functions decline with age, probably through
alterations in self-renewal, differentiation potential, senes-
cence-associated f-galactosidase expression, and the arrest
of proliferation, leading to a reduced regenerative capacity
of all tissues and organs. In recent years, research in stem
cell aging has focused on the role of oxidative stress and
impaired cellular antioxidant mechanisms, modifications in
the systems that control the repair of damaged DNA, reduc-
tion of telomere length, and epigenetic changes induced by
histone acetylation and methylation. All these events are
affected by many different cell-intrinsic and cell-extrinsic
pathways that influence not only stem cell function but also
other cells present in the niche (Jung and Brack 2014; Oh et
al. 2014). In oral tissues, studies performed by Zhang et al.
(2012) explored the effects of aging on stem cells. These
authors analyzed several cell responses in cell cultures
derived from the periodontal ligament derived from donors



400

Journal of Dental Research 94(3)

Inflammatory phase:
Increased inflammatory
response

% of maximum response

123 4567 89 10 1
Days

12 13 14 15

Figure 3. Phases of wound healing and tissue repair deficiencies
associated with aging. The classically described stages of wound
healing—inflammatory phase, new tissue formation, and tissue
remodeling phase—are illustrated as a function of time. The
main wound-healing defects associated with aging are indicated.
MMP, matrix metalloproteinases.

of different ages and found that cell proliferation, migra-
tion, and pluripotency were significantly inhibited in stem
cells obtained from aged tissues compared with young indi-
viduals (Zhang et al. 2012).

Tissue Remodeling

The timing of the initial wound remodeling stage is highly
variable and will depend on the size of the wound and
whether the injury healed through a primary or secondary
intention. However, it has been assumed that this phase
starts between 2 and 3 wk after injury and may last for 1 y
or more (Gurtner et al. 2008). During this stage, all of the
processes activated after injury wind down and conclude.
Endothelial cells and myofibroblasts undergo apoptosis,
leaving a new tissue that consists mostly of collagen and
other ECM proteins. One of the striking changes observed
during the tissue-remodeling phase is the substitution of the
collagens present in the wound. Remarkably, type III col-
lagen, which is the predominant matrix molecule in the
granulation tissue, is degraded and replaced by fibrous type
I collagen (Gurtner et al. 2008). In the aged lung and heart,
type I collagen is increased, whereas type III collagen is
diminished (Mays et al. 1988). However, the proportion of
type I collagen is reduced during skin aging (Mays et al.
1988). Interestingly, in the aged periodontal ligament, col-
lagen 1A1 gene expression is downregulated, probably due
to hypermethylation of the promoter of this gene (Ohi et al.
2006). Collagen production is critically dependent on the
activity of TGF-B1 (Brown et al. 1995). A recent study has
shown that decreased TGF-f signaling and consequent

reduced levels of connective tissue growth factor (CTGF)
may be responsible for the progressive loss of collagen in
the aged skin (Quan et al. 2010). Although TGF-f regula-
tion may differ in skin versus gingival cells (Mah et al.
2014), it is plausible that gingival cells may experience
changes in their response to TGF-f during aging. Collagen
fibers are significantly modified and reorganized during the
slow tissue-remodeling process in which molecules change
their general orientation. Matrix metalloproteinases
(MMPs) also have been involved in the remodeling of ECM
components that are necessary to adjust the amount of
newly formed tissue during gingival wound healing
(Ravanti et al. 1999). Increased levels of MMPs and tissue
inhibitors of MMPs (TIMPs) have been identified in aged
periodontal ligament cells compared with cells derived
from young donors (Benatti et al. 2008). Therefore, it is
possible that tissue remodeling and maturation develop
with an increased level of proteolytic enzymes in aged sub-
jects, which might degrade and eventually weaken the
newly formed tissue. Tissue remodeling is also dependent
on the activity of the actin cytoskeleton and integrins
involved in cell attachment to ECM components and cell
signaling (Segal et al. 2001). All these changes involve the
active role of integrins that participate in tissue remodeling.
Integrin signaling may be altered during aging, as demon-
strated in cardiac tissue, where aging modifies f1 integrin
signaling, probably due to changes in the organization and
mechanical properties of the ECM (Nishimura et al. 2014).
More studies are needed to evaluate the involvement of
integrins in aging gingival tissues.

In the final stages of the wound-healing process, acti-
vated fibroblasts, macrophages, and endothelial cells
undergo apoptosis (Desmoulicre et al. 1995; Zhang et al.
2004). Since aging modifies apoptotic signaling (Gonzalez
etal. 2011), it is likely that the normal removal of cells from
the newly regenerated tissue is compromised in older
individuals. Further studies are needed to explore this
possibility.

Collagen is remodeled through phagocytosis during
wound healing (Arlein et al. 1998). Collagen phagocytosis
is a complex process that involves the initial degradation of
collagen macromolecules by MMPs, the binding and inter-
nalization of collagen fragments by integrins, and their deg-
radation in intracellular phagolysosomal domains (Segal et
al. 2001). Using an in vitro cell culture model of fibroblast
aging through consecutive cell culture passages, Lee and
McCulloch (1997) demonstrated that cell aging was associ-
ated with an increase in collagen phagocytosis. It is tempt-
ing to speculate whether increased collagen phagocytosis
may contribute to this altered phenotype as aged periodon-
tal ligaments show a decrease in collagen content (Ohi et al.
2006). Moreover, in vivo studies are needed to further char-
acterize involvement of collagen phagocytosis during tissue
repair in aged tissues.
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Concluding Remarks

Aging provokes a clear detrimental effect on wound healing
in several tissues, including the masticatory mucosa and the
periodontium (Benatti et al. 2006; Céceres et al. 2014). The
3 stages of tissue repair, including the inflammatory phase,
new tissue formation, and tissue-remodeling phase, may be
affected by aging. The tissue repair deficiencies associated
with aging have been summarized and highlighted in Figure
3. A major objective of wound healing is the restoration of
injured tissues preventing infection and chronic inflamma-
tion. Therefore, elderly patients may be at risk of bacterial
colonization and inflammatory reactions. Although studies
evaluating periodontal disease in older subjects have shown
an increase in their prevalence, they have been unable to
identify an increased risk of periodontal disease progression
(Ship and Beck 1996; Renvert et al. 2013). This information
is not necessarily contradictory since aging has been associ-
ated with the attenuation of several diseases, including renal
and liver fibrosis, atherosclerosis, and cancer (reviewed by
Muiioz-Espin and Serrano 2014). Gingival tissues play a
key role in the protection of tooth structures and supporting
periodontal tissues against trauma and/or infection.
Therefore, more studies are needed to identify and charac-
terize the role of aging in the response of gingival tissues
upon microbial and/or physical injury.
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