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ABSTRACT
In recent years, antioxidants have been successfully used in dentistry because of their beneficial effects on human health. The most 
important effect of antioxidants known is to neutralize the harmful effects of free radicals. Free radicals can cause destruction of cell 
membranes and DNA, DNA mutations, lipid peroxidation, and other diseases. Although not routinely used, the use of antioxidants 
continues to expand worldwide, and studies are conducted to determine the effective use of these products. In the field of restorative 
dentistry, antioxidants are used for bonding procedures after bleaching, remineralization, hypersensitivity, and pulp capping. This review 
highlights the use and clinical significance of antioxidant therapy in these treatment modalities of restorative dentistry. 
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INTRODUCTION
The term antioxidant is used for molecules that reduce the damaging capacity of free radicals using their scavenging 
property. They are stable enough for donating an electron to a rampaging free radical and neutralizing it (1). Free radical 
species were defined by Halliwell et al. (2) as “any species capable of independent existence that contains one or more 
unpaired electrons.” They can be in the form of reactive oxygen species (ROS) or reactive nitrogen species. ROS can lead 
to tissue damage by different mechanisms, such as DNA damage, lipid peroxidation, protein damage, and oxidation of 
important enzymes (3).

Antioxidants that are helpful in inhibiting the negative effects of ROS can include the following:

1. The “scavenging” or “chain-breaking” antioxidants, such as alpha tocopherol (vitamin E), ascorbic acid (vitamin C), 
beta carotene (vitamin A), urate, and bilirubin (4). These antioxidants scavenge the active radicals to suppress chain 
initiation and/or break the chain propagation reactions (1).

2. Thiol-containing antioxidants named as “preventative antioxidants,” such as albumin, transferrin, lactoferrin, ceru-
loplasmin, haptoglobin, and ascorbic acid. These are large proteins by nature (4). These antioxidants also suppress 
free radical formation by reducing hydroperoxides and hydrogen peroxides (H2O2) to alcohol and water without form-
ing free radicals, respectively (1).

3. Enzyme antioxidants that function by catalyzing the oxidation of other molecules, such as superoxide dismutase, cat-
alase, and glutathione systems (1, 4).

Antioxidants were used in studies related to industrial processes in the late 19th and 20th centuries. In the field of biology, 
the first research focused on the use of antioxidants in preventing the oxidation of unsaturated fats (1).

Antioxidants are also widely used in dentistry. Eugenol with its scavenging, preventing effect and presence of enzyme 
activator for antioxidant action has been used effectively for toothache. Epigallocatechin-3-gallate in green tea reduces 
the risk of dental caries and plaque formation with its scavenging effect (4).
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In this review, the effects of antioxidants in the treatment meth-
ods of restorative dentistry including bonding procedures after 
bleaching, remineralization, hypersensitivity, and pulp capping 
were compiled.

Bond strength after bleaching
Dental bleaching is a cosmetic procedure that is often request-
ed in clinical practice. The bleaching procedure can be classified 
into two groups as vital bleaching and nonvital bleaching (5).

Vital tooth bleaching techniques are further divided into two 
groups as home and office bleaching done with carbamide 
peroxide and H2O2, respectively (6). Bleaching agents can cause 
different side effects, such as pulpal sensitivity, microleakage in 
restorations, external root resorption, and changes in the com-
position of tooth structure (7-9). Vital dental bleaching agents 
contain H2O2 or carbamide peroxide ranging from 3% to 40% (5).

Lasers and lights are used to initiate the dental bleaching proce-
dure under a photochemical reaction. As a result of this chemi-
cal interaction, an increase in the release of hydrogen released 
from H2O2 is observed (10). H2O2 is an agent that decomposes 
and creates unstable free radicals, such as perhydroxyl radicals, 
hydroxyl radicals, superoxide anions, and perhydroxyl anions, 
when it diffuses into the tooth, thus causing oxidation (11).

Many studies have shown that carbamide peroxide and H2O2 
can negatively affect the bonding strength of the composite to 
the tooth structure (12-14).

Some methods, such as delayed bonding (wait time, 24 h to 3 
weeks), removal of the enamel, the use of acetone-based ad-
hesives, alcohol application on the tooth surface, and the use of 
antioxidants, are proposed to counteract the decreasing bond 
strength after bleaching (15-17).

Nowadays, some studies have proven that the use of antioxi-
dants, such as sodium ascorbate, alpha tocopherol, grape seed, 
and proanthocyanidin, can eliminate the harmful effects caused 
by free radicals after dental bleaching and can increase the 
bond strength of composite resins (18, 19).

Aloe vera, pomegranate peel, grape seed extract, green tea, 
and sodium ascorbate were used in a study to evaluate the 
effects of different antioxidants on shear bond strength to 
home-bleached enamel. The untreated group was determined 
as the control group. No significant differences were observed 
between the shear bond strength of the control group and the 
experimental groups treated with different antioxidants (20).

It was shown in a study comparing the effectiveness of 10% so-
dium ascorbate and 5% proanthocyanidin agents on the bond 
strength after bleaching that the use of antioxidants before 
bonding on bleached surfaces reverses the harmful effect of 
bleaching agents and increases bond strength (21).

The benefits of three herbal antioxidants, such as 5% grape 
seed extract, 5% pine bark extract, and 5% pomegranate peel 
extract, on the recovery of reduced bond strength were investi-
gated. As a result, it was found out that the use of antioxidants, 
especially 5% pine bark extract application after bleaching to-

tally neutralizes the deleterious effects of bleaching on enamel 
surface and increases the SBS significantly (22).

An in vitro study compared the effects of 35% sodium ascorbate 
application as an antioxidant and 1-week delayed bonding pro-
cedure on microtensile bond strength after bleaching. Accord-
ing to the results, 35% sodium ascorbate application showed 
similar bonding strength to 1-week delayed bonding procedure. 
In this study, both delayed bonding and immediate bonding pro-
cedures were found as time-saving applications that restored 
the bond strength similar to the original bond strength (23).

Alpha tocopherol, 10% ascorbic acid, and hesperidin were used 
for evaluating the effects of antioxidants on microshear bond 
strength after chemical and laser bleaching. Hesperidin and 
ascorbic acid applications showed no significant differenc-
es compared with the control group that exhibited the highest 
microshear bond strength value. Alpha tocopherol showed the 
lowest microshear bond values. The results of the study showed 
that immediate bonding procedures could be applied after 
laser-assisted bleaching without the need for antioxidant ap-
plication since laser-assisted bleaching did not induce surface 
morphological changes (24).

An in vitro study examined the shear bond strengths of com-
posite resins to bleached enamel using 10% sodium ascorbate, 
10% alpha tocopherol, 10% grape seed extract, and 10% guava 
seed extract as antioxidants. The results showed that guava 
seed extract was the most effective antioxidant increasing the 
bond strength. With the use of these antioxidants, the bonding 
strengths of the bleached enamel were effectively increased 
(25).

Dikmen et al. (26) investigated the effects of some antioxidants, 
such as proanthocyanidin, Accel, and noni fruit juice, on the mi-
crotensile bond strength of a single etching adhesive system on 
dentin treated by sodium hypochlorite (NaOCl). No significant 
differences were found among the antioxidant-treated groups. 
The NaOCl group showed lower microtensile bond strength 
than the other groups.

Nonvital bleaching includes several techniques, such as walk-
ing bleaching or nonvital power bleaching. The most common-
ly used procedure is walking bleaching. The mixture of sodium 
perborate and water is placed in a pulp chamber, and this ap-
plication is maintained until the desired color is achieved (5). 
Antioxidants can be used, such as vital bleaching technique, for 
immediate restoration. According to an in vitro study, sodium 
ascorbate was applied as an antioxidant after nonvital bleach-
ing, the shear bond strength of the composite to the bleached 
dentin was evaluated, and the effects were compared with 
calcium hydroxide, Ca(OH)2, a buffering agent. The results of 
the study showed that sodium ascorbate showed a significant 
increase in the bond shear strength of composite, whereas 
Ca(OH)2 showed failure (27).

Aslan et al. (28) compared the effect of immediate cemeta-
tion with delayed cemetation-on the bond strength of fiber 
posts after intracoronal bleaching with 35% carbamide perox-
ide. Researchers divided the experimental groups into 5 as; no 
bleaching, immediate cementation, immediate cemetation after 
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antioxidant application (Sodium ascorbate), 14-days delayed 
cemetation and 14 days delayed cemetation after sodium ascor-
bate application. The 14-day delayed bonding was reported to 
be more effective than the use of sodium ascorbate application.

Remineralization
In 2010, remineralization was defined by Cochrane et al. (29) as 
“the process whereby calcium and phosphate ions are supplied 
from a source external to the tooth to promote ion deposition 
into crystal voids in demineralized enamel to produce net min-
eral gain.”

Proanthocyanidins are found in grape seeds and grape seed 
extracts. Silva et al. (30) compared the remineralization effect of 
grape seed extract and fluoride under cariogenic challenge on 
enamel and dentin. The samples that were treated with grape 
seed extract and fluoride showed statistically higher remineral-
ization than the untreated group (30).

Hesperidin is a citrus flavonoid antioxidant. Hiraishi et al. (31) 
compared the effect of hesperidin on the remineralization of 
dentin lesions with chlorhexidine. Their study showed that hes-
peridin enhances remineralization by protecting the collagen 
structure (31).

According to a study in 2017, researchers used two antioxidants 
after bleaching and observed their effects on enamel struc-
ture and hydroxyapatite crystal growth. In the study, catalase 
and sodium ascorbate were used as antioxidants, and the test 
groups were examined after 72 h. The results showed that using 
antioxidant after bleaching can increase the remineralization 
capability of saliva, but the topographical properties do not re-
verse to the initial form (32).

Catalase is an antioxidant that provides remineralization in the 
fluoride-mediated enamel microstructure, removes free radicals 
effectively, and affects enamel stiffness. Thakur et al. (33) aimed 
to neutralize the free acids by applying catalase to teeth treat-
ed with 37% hydrogen peroxide as whitening treatment and to 
restore the surface hardness by topical fluoride application. The 
surface hardness of whitened enamel was found to significantly 
increase with catalase and fluoride applications.

Dentin hypersensitivity
Dentin hypersensitivity is a short and sharp pain arising from 
exposed dentin in response to a thermal, evaporative, tactile, 
osmotic, or chemical stimulus and cannot be associated with 
any other form of dental pathology or defect. The most widely 
accepted theory behind the mechanism of dentin hypersensi-
tivity is the hydrodynamic theory often attributed to Brannstrom 
(34-36). According to this theory, the abrupt movement of fluid 
within the dentinal tubules causes an outward flow of fluid from 
the pulp to open dentin surface, causing hypersensitivity (34). 
The treatment modalities of hypersensitivity include occluding 
the dentinal tubules or impeding or diminishing neural transmis-
sion (34, 35). For this purpose, several strategies, such as lasers, 
iontophoresis, dentin sealers, and soft tissue grafting, are used. 
The use of toothpastes is widely preferred in delivering the de-
sensitizing agents (37). Desensitizing agents, such as potassium, 
fluoride, hydroxyapatite, copal varnishes, and Ca(OH)2, or den-
tin bonding agents are used (34,38). There has been a growing 

interest in the use of natural products and antioxidants for the 
treatment of dentin hypersensitivity (37, 38). According to the 
results of a study, a dentifrice containing antioxidants, such as 
ferulic acid, silymarin, and phloretin, in addition to sodium mono-
fluorophosphate, nano-hydroxyapatite, and potassium nitrate, 
reduced dentinal hypersensitivity in a 2-day to 2-week period 
(34).

Propolis, a bee product, has been a striking natural agent for the 
treatment of dentin hypersensitivity (38). Sankari et al. (39) stat-
ed that propolis occludes dentinal tubules and reduces dentinal 
hypersensitivity of periodontally involved teeth. Purra et al. (38) 
compared the desensitizing effect of propolis with 5% potassi-
um nitrate and distilled water. Their results showed that propo-
lis is the most effective desensitizing agent in the intermediate 
relief of sensitivity.

Madhawan et al. (36) compared the clinical efficiency of prop-
olis with sodium fluoride, casein phosphoprotein-amorphous 
calcium phosphate fluoride, and distilled water and found that 
propolis is the most rapid agent in treating dentinal hypersen-
sitivity. Another study pointed out that propolis showed the 
most rapid decrease of dentin hypersensitivity compared with 
hydroxyapatite, sodium fluoride, and potassium nitrate. The au-
thors interpreted that the anti-inflammatory action of propolis 
stimulates reparative dentin formation that is able to reduce 
dentin permeability (40).

Pulp capping
When dental pulp is exposed either traumatically or because 
of caries, direct pulp capping technique is used for protecting 
pulpal health and function, allowing the patients to retain their 
teeth longer and at lower costs than root canal treatment, which 
is an alternative invasive technique (41). For this purpose, a wide 
range of materials have been used (42, 43). These materials 
should control infection, prevent microleakage, promote hard 
tissue formation, and should be handled easily (42).

Some of the materials used for direct pulp capping are zinc 
oxide eugenol (ZOE), glass ionomer cement or resin-modified 
glass ionomer cement, adhesive systems, Ca(OH)2, and miner-
al trioxide aggregate (MTA). Eugenol has been used for many 
years in dentistry as liners, bases, cements, or temporary resto-
rations. However, capping is questionable. Since the cytotoxicity 
of ZOE is high, controversy exists for its use in direct pulp cap-
ping therapies (44).

Ca(OH)2 has been accepted as the gold standard in vital pulp 
therapies (41). When it is applied to the exposed pulp tissue, it 
induces hard tissue formation that is an important advantage 
in vital pulp therapies (42). However, high solubility in oral fluids, 
lack of adhesion, and degradation after acid etching are some 
of the undesirable effects of this material (43). Additionally, the 
high pH (12.5) causes the destruction of cell membranes and pro-
tein structures. The reparative dentin formed by Ca(OH)2 results 
in a porous and incomplete barrier structure, and the formation 
of extensive dentin causes the obliteration of pulp chamber (42, 
43).

As stated previously, the high pH value also made Ca(OH)2 
a toxic material and prone to dissolve soft tissue that causes 
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chronic inflammation and cell necrosis. Al-Shaher et al. (45) 
found that propolis, an antioxidant agent, has superior proper-
ties than Ca(OH)2 and does not produce pulpal inflammation, 
necrosis, and infection while inducing tubular and high qualified 
dentin production.

Mineral trioxide aggregate is a pulp capping agent that consists 
of calcium oxide, tricalcium silicate, dicalcium silicate, tricalcium 
aluminate, and bismuth oxide. Although Ca(OH)2 and MTA have 
many similarities, such as antibacterial property, radiopacity, or 
biocompatibility, MTA has some advantages, such as contain-
ing iron or sealing ability (44).

The results of a study that compared the effects of ProRoot 
MTA (Dentsply Caulk Milford, DE, USA) (MTA material), Dy-
cal (Dentsply Caulk Milford) (Ca(OH)2 material), and propolis 
showed that the response of dental pulps to propolis was com-
parable to Ca(OH)2 and MTA (43).

Ahangari et al. (42) investigated the effect of propolis as an 
alternative material to Ca(OH)2 on dentin regeneration and on 
the potential role of dental pulp stem cells. They reported that 
although more stem cells were found in the Ca(OH)2 control 
group at each time point, the propolis group showed superior 
properties over Ca(OH)2 with respect to the prevention of the 
formation of inflammation, infection, and necrosis and inducing 
the formation of higher quality tubular dentin. The anti-inflam-
matory property of propolis aids to inhibit the synthesis of pros-
taglandins and helps the immune system by promoting phago-
cytic activity, stimulating cellular immunity, and increasing the 
healing effects on epithelial tissue. Additionally, the elements of 
propolis, such as iron and zinc, are effective in the synthesis of 
collagen, and flavonoids regulate the immune system response 
(43, 46). According to the results of a study, propolis flavonoids, 
as direct pulp capping agents, can stimulate reparative dentin 
and may delay the formation of pulp inflammation (46). Parolia 
et al. (43) reported that the response of dental pulps to propolis 
as a pulp capping agent is comparable to that of ProRoot MTA 
(Dentsply Caulk Milford) and Dycal (Dentsply Caulk Milford). 
Sabir et al. (46) reported that propolis delays pulpal inflamma-
tion and stimulates reparative dentin formation.

Glass ionomer cements/resin glass ionomer cements and ad-
hesive systems are cytotoxic when they are placed directly on 
the pulp tissue. These two agents showed chronic inflammation 
when used as direct pulp capping agents (44, 47). N-acetylcys-
teine (NAC) showed significant antioxidant effect by inhibiting 
glutathione depletion (48). Goldberg et al. (48) reported that 
NAC induces reparative dentin formation in a rat molar model. 
The effect of NAC in reducing cytotoxicity and in inducing min-
eralized tissue conductivity with resin-modified glass ionomer 
cements was examined. NAC detoxifies and functionalizes res-
in-modified glass ionomer cements by detoxification and anti-
oxidant cell proliferation (49).

Catalase, as an oxidoreductase of H2O2, has been used as one 
of the enzymatic defense mechanisms of the body against toxic 
oxygen species or reactive oxygen intermediates. Alaçam et al. 
(50) reported that perforated dog teeth treated with the topical 
application of catalase antioxidant enzyme showed better heal-
ing in the 90-day period than the teeth treated without catalase.

CONCLUSION
Although there are studies showing the benefits of antioxidant 
use in restorative dentistry including bonding procedures after 
bleaching, remineralization, hypersensitivity, and pulp capping, 
studies must be conducted on reducing the risk of dental caries 
and plaque formation to determine the most appropriate ma-
terial and methods for the exact regeneration of dentin–pulp 
complex and to reduce the undesirable effects caused by den-
tin hypersensitivity. Most of the studies proved that the use of 
antioxidant agents improves the bond strength after bleaching. 
As a result, the use of antioxidants can open a new possible 
treatment modality for restorative procedures to prevent the 
negative effects of ROS.  
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