European Journal of Dental and Oral Health
www.ejdent.org

ORIGINAL ARTICLE

The Impact of Oxidative Stresson Dental Implants
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ABSTRACT

Periodontal disease is an inflammatory condition that alters the
periodontium, resulting in destruction of the alveolar bone; without
treatment the condition may lead to tooth loss. Dental implants are an
alternative for substitution of naturally lost teeth as they have high success
rates; however, some factors are related to its failure. Peri-implantitis (PI)
is a pathological condition that affects the tissues surrounding dental
implants and has been reported as the major cause of implant failure; Pl
and periodontal diseases are characterized by tissue inflammation and bone
damage. In homeostasis conditions, reactive oxygen species (ROS) have
been shown to be involved in cell maintenance, signal transduction, and
repair of all tissues, but ROS overaccumulation leads to oxidative stress,
which generates cell damage and tissue destruction; likewise, antioxidants
protect against the destructive effects of ROS by turning free radicals into
waste products. The main purpose of this review was to determine some
aspects of inflammatory responses and oxidative stress and analyze their
relationship with the lack of osseointegration and PI.
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I. INTRODUCTION

Dental implants are a proven substitute that can be used to
replace naturally lost or hopeless teeth. Their success rates are
high, and they can support dental prostheses for prolonged
periods of time, up to thirty years [1]; however, there are
several factors that can interfere with their osseointegration
during the healing phase after its placement. Many factors
that could result in short, medium, or long-term
complications exist, which can cause subsequent failure of
osseointegration. According to the new classification
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workshop for peri-implant diseases in 2018, these diseases
have been classified into peri-implant mucositis (PM) and Pl
[2].

The term, peri-implantitis (PI), was first introduced in 1987
by Mombelli et al. They established the differences between
periodontal and peri-implant diseases (PM and PI,
respectively). [3]. PM is an inflammation established at the
level of the peri-implant mucosa caused by plaque or poor
hygiene [4], and the condition is characterized by bleeding,
swelling, and mainly absence of bone loss absence. This
condition precedes the development of PI (Fig. 1). In order to
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eliminate PM, dental cleaning procedures are done at the
level of perimplant soft tissues. Also important for managing
this condition are regimes of plaque control and periodontal
health education.

In recent years, various studies have analyzed the
incidence, prevalence, and risk factors for PI. In a systematic
review covering 36 years, Dreyer et al. identified a prevalence
in the general population of 7%. Concerning risk factors, they
identified medium and medium-high evidence with respect to
development of the illness in patients who are smokers, those
without regular maintenance control, and those with diabetes
mellitus (DM) or with a history of periodontitis [6]. In their
retrospective clinical study by Krebs, it was found that the
incidence of Pl is 7.9% at the implant level and 13.2% at the
patient level seventeen years after implant placement [7].

When there is an absence of intimate contact between the
implant and the bone before its functional loading after a
healing period, we refer to an early failure of the implants,
this occurs in 2% to 6% of the implants. Lack of
osseointegration is not a foreign body reaction but a
consequence of bacterial colonization on the implant surface
that causes a scar of fibrous tissue to be form around the
implant body [1]. In a retrospective study, Krisam et al.
included 186 implants placed between the periods from 2012
to 2017 and found nine with failed osseointegration. These
failures occurred mainly in short implants, implants placed in
previously regenerated areas, implants placed in maxillary
areas. Other factors of failed osseointegration that the authors
mention is smoking, DM, history of periodontal disease, and
poor bone quantity and quality. The finding that there was no
relationship between the degrees of torque and the early
implant failure is controversial since the lack of primary
stability has been considered as a possible cause of absence
of osseointegration; also, no relationship between immediate
loads and early failures. was found. Healing times to achieve
osseointegration in this study were five months for the
maxilla and 4.6 months for the maxilla [8].

The aim of this paper was to determine inflammatory and
clinical relationships that could lead to PI and the absence of
osseointegration in dental implants, providing the perspective
of the role that oxidative stress (OS) plays in these conditions.
In addition, we will give some clinical suggestions to avoid
problems at the different stages of dental implant placement.

Fig. 1. Peri-implant disease: dental implants placement in a vestibular
position that compromises the endosteal circulation and the vestibular bone.

Il. PERI-IMPLANTITIS

Pl is a pathological process that is characterized by
inflammation of the tissues surrounding a dental implant that
causes a progressive loss of the bone that supports the
implant. Known risk factors that may influence their
progression include periodontal disease (the main risk factor),
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poor oral hygiene, bacterial plaque, occlusal overload,
diseases such as diabetes mellitus, and smoking. The
association with genetic polymorphisms has also been
reported. Individuals with poor oral hygiene and smoking
have three times greater the probability of suffering PI. [10].
Sahrmann et al reported that an evaluation of 47 studies
showed that there was higher presence of Aggregatibacter
actinomycetemcomitans, Prevotella nigrescens, and P.
intermedia were associated with Pl biofilms [11]. As with
periodontal disease, poor hygiene and the absence of a
maintenance phase are considered the most common risk
factors for PI. It has been reported that people with poor oral
hygiene and a smoking habit have three times greater
probability of suffering PI [12].

Periodontal disease has been identified as the major risk
factor for developing Pl and thus is negative indicator for
implant survival. In cohort studies, systematic reviews and
meta-analyses have reported that the prevalence for Pl is 2.29
greater in patients with periodontal disease [13]. Other studies
have also shown that patients with the presence of periodontal
pockets > 6 mm have an increased risk of developing PI [14].
Fiirst reported in a clinical study that in early biofilm
colonization patterns between tooth and one-stage implants
bacterial colonization happens within 30 min after dental
implant placement. Additionally, the early colonization
patterns differed between implant and tooth surfaces, and it is
important to mention that in this study, patients never had
periodontal disease [15].

We could say that PI is a bacterial condition, but also, we
must remember that it occurs in a specific site, unlike
periodontitis, in which various areas of the mouth are usually
affected; therefore, it is logical to think that several systemic
and local factors could influence the appearance of Pl before
it actually appears.

As examples, factors, such as poor oral hygiene, smoking,
and/or hyperglycemia, it has been shown that once PI
appears, it follows a non-linear and accelerated pattern, but it
can be asked, “what causes a mucositis to take turns in peri-
implantitis?”.

The answer lies in the activation of epigenetic factors that
cause non-expression of genes involved in bone matrix
synthesis; therefore, suppressing osteogenesis and on the
other hand, over-expression of genes also activates
osteoclastogenesis [9]. Thus, we seek to establish that it is not
only bacterial etiology of Pl disease but local and systemic
factors that may be present even before the homeostasis
between health and PI disease breaks down.

Pl and periodontal disease are characterized by soft tissue
inflammation and bone destruction. In these conditions,
chemically reactive oxygen species (ROS) have a significant
function in cell signaling, maintenance, and proliferation in
the periodontal tissues in response to different bacteria [16].
ROS accumulation leads to oxidative stress, which is
responsible for cell damage and periodontal destruction.
Several studies have shown that free radicals, ROS, and OS
are involved in oral diseases, especially in periodontal
diseases; however, their role in PI remains unclear [16],[17],
[18].
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1. OXIDATIVE STRESS (OS) AND PERI-IMPLANTITIS

The term of OS is applied when the antioxidant balance is
shifted toward pro-oxidant agents due to an increment in ROS
when levels of antioxidants are diminished. OS is related to
damaged biomolecules, such as carbohydrates, lipids,
proteins, and nucleic acids and can promote cell death. OS
leads to the generation of ROS and free radicals and has been
identified as clinically relevant in vascular, inflammatory,
and periodontal diseases [19]-[23].

IV. FREE RADICALS

ROS, such as products of cellular metabolism in
organisms, are regulated by a system of antioxidant defense.
ROS can be classified as two types: (1) free radicals
(superoxide radical and the hydroxyl radical and (2) non-
radical oxygen species (hydrogen peroxide, the singlet
oxygen, peroxynitrite [24]-[26]. Free radicals are unstable
atoms and molecules with incomplete electron shells capable
of inducing structural and functionals changes in
biomolecules, which can result in cell damage. Inflammation
and environmental exposures, such as tobacco smoke and
radiation, lead to higher production of this molecular species.

During inflammatory processes, macrophages generate an
extensive amount free radical causing damage of most
biomolecules (lipids, carbohydrates, proteins, and nucleic
acids) and also oxidative enzymes. Free radicals also increase
pro-inflammatory cytokines, such as tumor necrosis factor
(TNF)-a, interleukins (IL1-f and 6) [26].

One of the main targets of free radicals are cell membrane
polyunsaturated fatty acids in which free radicals promote
lipid peroxidation [28], [27]. This process generates
numerous sub-products, such as malondialdehyde (MDA),
which is a highly toxic molecule that disrupts the cell
membrane and leads to cell damage and an increase in OS.
MDA is used to evaluate OS levels by measuring in tissues,
gingival, and peri-implant crevicular fluid [16]. Studies have
reported that levels of MDA are augmented in oral fluids
derived from saliva and gingival crevicular from individuals
with periodontal and PI disease [18], [26], [34].

Another biological biomarker of oxidative stress is
myeloperoxidase (MPO), which is an inflammatory and
oxidative enzyme with antimicrobial activity that catalyzes
the transformation of hydrogen peroxide (H202) to
hypochlorous acid in neutrophils. MPO is a potential
oxidizing agent involved host defense against
microorganisms [17].

MPO plays a relevant role in inflammatory disease
processes [30]. It has been reported in the literature that MPO
activity is associated with periodontal tissue inflammation,
and MPO levels also increases in saliva and crevicular fluid
at the surrounding tissues of dental implants that are
associated with peri-implant disease [18], [31].

ROS promotes an increase in the products of non-
enzymatic glycation, several studies report that the end
products of advanced glycation (AGEs) induce pro-
inflammatory cytokines (TNF-a, IL6 and 8) and OS [32],
[33]. Ramzan and Malik reported the presence of higher
levels of AGEs in subjects with Pl and implant failure within
the first six months after implantation in which the number of
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AGEs was similar to those of chronic periodontitis patients
[34], [35].

There are reports that free radicals, ROS, MDA, AGEs,
and MPO levels are elevated in oral fluids in patients with
periodontitis and PI diseases and can promote inflammation
and periodontal tissue damage [18]. In future research, it is
important to analyze the presence of ROS, MDA, and MPO
in saliva or gingival crevicular fluid to differentiate between
healthy and PI implants [36], [37].

V. OXIDATIVE STRESS, DENTAL IMPLANT PLACEMENT AND
OSSEOINTEGRATION

Osseointegration is a term that describe an organizational
and operative relationship with the bone tissues and the
implant surface [39]. Dental implant materials are usually
made of titanium (Ti) or Ti alloy. When this material makes
contact with the oxygen a layer is created of titanium oxide
(TiOy) at the dental implant surface and their integrity is
important to evade problems at the bone-implant connection
(osseointegration) and prevent their corrosion [39]. After the
dental implant placement, structural changes can occur, such
as compression and microfractures in the dental implant
surface area. Torsional and frictional forces may alter the
original implant surface thus damaging the oxide layer
recently created at the implant. Stress areas can show Ti
fragments that are related to the generation of inflammation
and lead to an increase interleukins and cytokines, including
TNF-a, IL1-B, and receptor activator of nuclear factor kappa-
B ligand (RANKL). Stress areas show alterations in epithelial
cells with an increase in DNA damage response [39].

After placement of a dental implant, an inflammatory
healing response occurs. Angiogenesis is one characteristic
of the process and it contributes cells and oxygen that are
important for the achievement of osseointegration. Tsarik et
al. analyzed the damage to endothelial cells and found
cytotoxicity and inhibition of cell proliferation when cathodic
corrosion of Ti was induced. They observed that ROS and
H.O, were sub-products of the corrosion process and that
these particles harm endothelial cells. If dysregulation in the
inflammatory process and accumulation of ROS particles
over the implant and surrounding tissues occurs, aseptic
loosening of the implant may also occur [40] (Fig. 2-A).

VI. THE TRIBOCORROSION OF DENTAL IMPLANTS AND ITS
RELATIONSHIP WITH PERI-IMPLANTITIS

Tribocorrosion refers to affectation of a material, in this
case titanium-alloy, as a result of concurrent actions by
chemical, mechanical (wear), and electromechanical
(corrosion) factors. When this damaging process happens in
biological environments, such as the human mouth, the
process is called bio-tribocorrosion [43]. The formation
process of bacterial biofilm begins with the union of primary
bacteria adhesins to the layer of glycoproteins found over the
surface of soft (gums) and hard (enamel) tissues or restorative
structures (implants). Later, primary bacteria (Streptococcus:
mutans, sanguinis, oralis, gordonii), Actinomyces naeslundii,
Fusobacterium nucleatum, and Streptococcus mitis) adhesion
to the layer of glycoproteins (mucin) [44], bacteria begin the

Vol 2| Issue 1 | January 2021



European Journal of Dental and Oral Health
www.ejdent.org

formation of a matrix composed by water, nucleic acids,
glycoproteins and polysaccharides [41], [45]. When oxygen
levels decrease, phenotypical changes occur to the bacterial
colony, and a periodontopathogen biofilm is formed. These
late bacterial colonizers are an anaerobic lineage that can
produce endotoxins. As a result of carbohydrate digestion by
the biofilm bacteria, lactic acid is produced, and the resulting
changes in the pH environment can cause alteration of the
layer of TiO, with later corrosion of the dental implant. In in
vitro experimental studies, Bressan et. al reported that Ti
particles could affect mitochondrial functions and promote
ROS production in peri-implant tissues [46].

ROS molecules generate an inflammatory response and
destruction of the tissues surrounding a dental implant. Also,
endotoxins produced by anaerobic bacteria and Ti ions
transport into tissues occur as a results of implant corrosion.
This series of events establishes a retro-negative cycle that
modifies the homeostasis between the surrounding tissues of
dental implants and their surfaces. (Fig. 2-B).
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Fig. 2. A-B). Fig 2. Role of oxidative stress (OS) during dental implant
placement and their influence on peri-implantitis.

After dental implant placement, modifications can occur at
the implant surfaces and its surrounding bone; also, other
forces may alter the dental implant surface thus damaging the
layer of TiO2 [38], which may lead to Ti corrosion and the
increment of free radicals due to oxidative stress (OS).
Damage to the endothelial cells can occur, thus leading to loss
of the dental implant.

In PI disease, pathogen biofilm mechanisms that produce
lactic acid by the metabolism of carbohydrates are involved.
This causes a decrease in pH at the zone, and bio-
tribocorrosion may occur leading to a retro-negative cycle
that will affect the implant.

VIl. ANTIOXIDANTS AND THEIR ROLE IN PERI-IMPLANTITIS

The term, antioxidant, is defined as a substance that
protects or prevent cells and DNA from the damage induced
by free radicals, which are converted into waste products that
are eliminated from the human body. Antioxidants may play
a role in chronic and systemic diseases, they can end
oxidative reactions to avoid new oxidation reactions, the
inability of human body to neutralize large amounts of free
radicals to which we are exposed allows the presence of
diseases, including oral diseases, and thus, it is necessary to
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consume natural antioxidants in the diet that are capable of
neutralizing free radicals [50]-[52]. In oral diseases, such as
periodontal and PI, saliva is important in the oral cavity for
maintaining homeostasis. The salivary glands produce saliva,
which represents a defense system with enzymes to prevent
or block the generation of superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione reductase, catalase
(CAT), and free radicals [20].

One study analyzed total antioxidant capacity of saliva and
found that it was reduced in people with P1 [18]. Other studies
have reported that antioxidants decrease the presence of the
enzymes, SOD, CAT, and GPX, and further increase MDA
activity in periodontal disease and Pl [55]. Several
experimental studies have reported the benefits of
antioxidants in inflammatory processes. Another study
reported that antioxidants have protective effects on the
periodontium, and they neutralize ROS to prevent tissue
damage [54].

Antioxidants may play a role to prevent or control PI. In an
experimental study by Ozawa et al., novel therapeutic
strategy with a hydrogel containing nitroxide radicals was
injected in an experimental rat model with PI and osteoblast
cells in vitro was used. The hydrogel reduces the presence of
ROS and inhibits H202 and lipid peroxidation in vitro. This
gel could be a prophylactic therapy for causing a decrease in
inflammatory responses and the effects associated with Pl
[53]. However, the role of OS and antioxidant capacity in Pl
requires more experimental and clinical studies.

VIII. CLINICAL SUGGESTIONS

Once we have presented the possible mechanisms by
which there could be an absence of osseointegration and a Pl
disease due to inflammation and structural changes on the
implant surface, we can provide some critical suggestions in
order to prevent such events. We describe an approach
comprised by two components: (1) prevention and (2)
treatment.

A. Atthe Time of Implant Dental Placement

Enough keratinized tissue in the area of the placement must
exist. It has been proven that having a good band of
keratinized tissue around dental implants positively impacts
them by preventing recession, accumulation of plaque, and
deepening of the vestibule. These conditions provide an
optimal environment for hygiene. These characteristics have
been correlated with immune responses in which molecules
such as prostaglandin E2 (PGE2) are not present [9].

In the surgery involving dental implant placement, their
surfaces could take contact with the mucous tissues or saliva,
this must be avoided in order to decrease the contamination
of the implant; this will avoid the presence of bacteria and
prevent the damage in the recently formed TiO, layer [56]. In
an in vitro study, Shams et al. analyzed the effects of saliva
on morphology and differentiation of osteoblast cells attached
to implant contaminated surfaces and identified that cells in
the experimental group were round with shorter cellular
processes, whereas elongated, fusiform, and well-defined cell
processes were seen in the control condition (not exposed to
saliva). Also, alkaline phosphatase activity was lower in the
test group. This finding indicates the importance of not
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allowing contamination of the implant surface or the
operative field [57].

Excessive torques that cause disruption of the TiO, layer
with subsequent corrosion at level of the dental implant and
release of Ti particles to the tissues surrounding a dental
implant must be avoided [38]. As we mentioned above, this
process can cause uncontrolled inflammation that could
damage the endothelial cells and therefore, affect the viability
of the peri-implant tissues, resulting in a lack of
osseointegration. In the areas in which the implant cords
contact the bone, there is reabsorption in the first weeks;
however, in contrast, those places in which no contact is
found, osteoblastic differentiation and therefore bone
formation is initiated [9].

Vestibular bone mostly consists of cortical bone, and it
receives irrigation from the periosteum on the outer side and
from endosteum on the inner side. Placement of dental
implants in a very vestibular position compromises the
endosteal circulation and with it, the vestibular bone (Fig. 1).
Thickness of the vestibular and lingual bones in the areas in
which dental implants are located, a minimum of 1.5 mm is
needed to avoid the bone remodeling phenomena due to
avascular necrosis caused by improper positioning of the
implants.

Regarding the apico-coronal positions of the implants
when they are placed > 6 mm below the cement-enamel
junctions of the adjacent teeth, they present a higher
incidence of PI [9].

Mesio-distal positions of the implants must consider the
distance between them and between teeth as this will allow
adequate spaces, so hygiene can be performed around them.
This process also prevents necrosis of interproximal bone due
the proximity of the structures [9].

Immediate loading of the implants must be done following
the various consensus protocols that have already been
established. This text contains information about the
characteristics that an implant and its surrounding tissues
must have at the time of its placement in order to be loaded
[58].

The fact of performing immediate loads over implants that
do not have these parameters (minimum torque, primary
stability) can lead to a high risk of dental implant failure.

B. At the Time of Maintenance Phase

a) Prevention of problems on loaded implants

Supportive  peri-implant  therapy and periodontal
healthcare should be undertaken every three, six, or 12
months after agreeing to the specific needs of the patient.
Detection of problems in their early stages ensures that a less
invasive treatment would be performed. In patients with a
history of periodontitis, shorter recall periods should be
considered. It is necessary that oral hygiene education be
assessed and evaluated with the patient to maintain peri-
implant health [59].

The clinical examination at the recall visits must include a
physical examination: (1) inspection and (2) palpation of the
peri-implant tissues to analyze if there is presence of
swelling, bleeding, and suppuration. Radiography is
recommended to evaluate crestal bone level, and comparison
with previous radiographs are suggested to analyze
progressive bone loss [60].
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It is recommended that measurements of probe depth in
implants be performed without exerting too much pressure in
order to avoid disruption at the mucosa-implant union,
preferably using a compatible probe to prevent scratching of
the dental implant surface.

Scaling procedures will also occur during the recall
appointments in order to reduce the risk of suffering PI. Using
plastic curette to removing biofilm is not recommended as it
can also leave traces of plastic particles between the gum and
the implant due to implant hardness. For the appropriate
removal of biofilm and calculus, metal scalers and curettes
compatible with Ti must be used. A need for research
regarding the most effective tool for systematic and
professional mechanical debridement for dental implants is
required [61].

b) Treatment of PI diseases in loaded implants

The most common problems found in this phase are PM
and PI; treatment of the latter could be surgical or non-
surgical to remove biofilm and calculus, a process that would
result in the resolution of inflammation around implant
tissues.

Several instruments have been proposed to treat these
pathological condition, including the use of scaling
instruments, implantoplasty, air abrasion, chemical, and laser
decontamination methods. Depending on the particular
situation, the clinician should adopt the treatment modality
that results in less liberation of Ti particles to the surrounding
tissues (Fig. 3).

Implantoplasty could be the most invasive treatment
against P1. Powerful suction and high irrigation must be used
in this method because it has been proven that it causes a large
number of Ti particles can gain access to the surrounding
tissues, thus causing inflammation [38].

In a study by Ronay et al., three debridement techniques
using different instruments, such as scalers, curettes, air-
powder abrasion, and ultrasonic were evaluated. They
concluded that air-powder abrasion has more advantages,
such as no effects on the Ti surface, over the other methods
[62].

With respect to lasers, it is not recommended to use them
for long periods. Avoiding over-irradiation is also important
and can be done by using a refrigerant media, such as water
or air. The laser must be configured in the pulse mode at low
energies [38].

Several chemical decontamination methods for treating PI
have been tested. These methods include tetracycline,
doxycycline, chlorhexidine, hydrogen peroxide, and citric
acid. High concentrations of fluoride and acid solutions alter
the TiO2 layer, so their use must be avoided. Solutions that
have shown better behavior with the smallest modification to
the dental implant surfaces are chlorhexidine, hydrogen
peroxide, and saturated citric acid [38].
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Fig. 3. Implantopla.

When the management of Pl implies a surgical approach,
a technique depending on the final objective of the surgery
should be chosen. In a systemic review by Esposito et al.
several suggestions have been made: (1) open flap
debridement in order to remove bacteria and unsupported
implant threads that protects bacterial biofilm, (2) smoothing
of the dental implant surface to reduce the surface roughness,
and (3) decontamination or detoxification using several
chemical agents or laser [63], [64] (Fig. 4).

Fig. 4. Case 1. A-B) Open flaps to provide access to the diseased areas in
order to treat them by the several decontamination methods. C) Guided
bone regeneration using a resorbable membrane in which regenerative

techniques, such as guided bone regeneration and autologous or allogenic
bone grafts, are used.

D |

IX. CONCLUSION

Oxidative stress can play a role in Pl, and the use of
antioxidants to prevent a lack of osseointegration or PI
requires additional studies in order to prevent dental implant
complications and failures.

Lactic acid production by several microorganisms in Pl
causing dental implant surface corrosion, and other factors,
such as periodontitis, smoking, and overload can also
contribute to inducing and supporting bone destruction
around dental implants.

The placement of a dental implant occurs in several stages:
(1) insertion, (2) loading, and (3) maintenance. Damage to the
TiO2 layer can cause corrosion that may lead to liberation of
Ti particles into the surrounding tissues and produced
inflammation, and it may contribute to a lack of
osseointegration, PI, damage, and/or contamination of the
surrounding tissues.

Clinicians must be careful at every stage of implant
placement, analyze each case individually, and make
decisions based on scientific literature in order to prevent
improper treatment and tissue damage. A thorough clinical
history of the patient’s oral health record should be
performed, and key risk factors that may affect the
osseointegration process at any stage should be examined.
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