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The topical effect of chlorhexidine and povidone-iodine

in the repair of oral wounds. A review
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SUMMARY

Purpose. The aim of this paper was to review the current literature with regard to the use
of chlorhexidine and povidone-iodine in the treatment of oral wounds.

Background. Oral mucosa is continuously subjected to physical or chemical injuries, where
it becomes a common site for the occurrence of ulcerated lesions. These lesions are susceptible
to infections that may delay healing.

Materials and methods. A search of the medical and dental literature was conducted in
Medline/Pubmed and Scielo using a combination of the terms oral ulcer, oral wound, wound
healing, povidone-iodine and chlorhexidine, to review their mechanism of action and their use
in the healing of oral wounds.

Results and conclusion. The use of chlorhexidine and povidone-iodine is effective in the
control of local infection in a concentration-dependent manner, exerting a positive influence
on the tissue repair process. Oral antiseptics appear be a good alternative in the management
of these lesions, since there is a low risk of systemic toxicity and allergies, and less clinical

evidence of bacterial resistance.
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INTRODUCTION

Oral wounds occur frequently and are usually
accompanied by painful symptoms (1-3). They are
mainly caused by physical or chemical traumatic
agents, immunological disorders (e.g., recurrent
aphthous stomatitis, lichen planus, pemphigus
vulgaris), microbial infections, systemic diseases,
chemotherapy and radiotherapy (4). The oral cavity
is constantly subjected to traumatic injuries because
of poorly adapted prostheses, inadequate brushing,
teeth with sharp or fractured edges, use of acid or
alkaline products or drugs, and surgical procedures,
among others (2,5).

The repair of these lesions occurs as a cascade
process of inflammation, proliferation and tissue
remodeling, ending in wound healing (6-7). To ob-
tain suitable tissue repair is of extreme importance
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for local homeostasis, but the oral microsystem can
harbor from 800 to 1000 different bacterial spe-
cies, making the lesions susceptible to infectious
processes, mainly polymicrobial in nature (8). The
physiological interactions of the microorganisms
and the fact that the oral mucosa is exposed to con-
stant trauma can modify the microbiome in these
areas, favoring certain bacterial species, which
exhibit local virulence factors, hindering the heal-
ing process (9-10). Thus, it is recommended to use
substances or methods that promote local antisep-
sis or favor the tissue repair process (10-11). The
methods described in the literature include low-level
laser therapy, which promotes tissue biostimulation
(12-14), and topical use of corticosteroids (15-17),
antibiotics and antiseptics (18-20).

In the case of antiseptics, chlorhexidine (Chx)
and povidone-iodine (PvI) exhibit broad-spectrum
bactericidal effects, maintaining low numbers of
microorganisms, which may aid in the wound heal-
ing process, whether oral or cutaneous (21-22).
Chx is usually found in mouthwashes, gels and
toothpaste for controlling plaque and gingivitis, and
PvI in the form of a topical solution. On the other
hand, although Chx and PvI have broad-spectrum
germicidal effects, studies have demonstrated their

3



D.S. Teixeiraet al.

REVIEWS

cytotoxic and genotoxic effects in fibroblasts and
osteoblasts in vitro, which could delay the repair
process (23-24). Thus, it was observed the need to
compare these antiseptics, in order to verify their
efficacy in the treatment of oral wounds and to es-
tablish an adequate and easily accessible treatment.
Therefore, the aim of this study was to review the
use of Chx and PvI in the healing of oral lesions.

MATERIALS AND METHODS

The literature search was performed in the
Medline/PubMed and Scielo databases using the
terms “oral ulcer”, “oral wound™, “wound heal-
ing”, “povidone-iodine” and *““chlorhexidine”. The
studies were selected according to the following
inclusion criteria: articles published in English and
Spanish between 1970 and 2017; in vivo studies
(on human subjects or animals), clinical trials and
reviews involving the application of chlorhexidine
or povidone-iodine in the oral cavity focusing on
the wound healing. In addition, in vitro studies on
the cytotoxicity of these drugs have been included.

Chlorhexidine

Chx is an antimicrobial substance belonging
to the bisbiguanide class. The most frequent oral
preparation is water-soluble 0.12% chlorhexidine
digluconate, which at physiological pH dissociates
to release a positively charged molecule (25).

Mechanism of action

The bactericidal effect is due to rupture of the
cell membrane and consequent loss of intracellular
material such as potassium (at low concentrations)
or by respiratory inhibition and loss of nucleic acids
(at high concentrations) (25). Moreover, because of
the interaction of Chx with cytoplasmic proteins,
there is precipitation of proteins and nucleic acids
(26). Chx inhibits glycosyltransferase and 2-phos-
phoenolpyruvate phosphotransferase, the latter
being a vital enzyme for the function and mainte-
nance of the bacterial glycolytic pathway (27). It
is active against Gram-positive and Gram-negative
bacteria and yeasts as well. Gram-positive bacteria
are more sensitive than Gram-negative bacteria,
probably due to the absence of an outer membrane
and the presence of teichoic acids in their cell wall
(25,28). Moreover, it exhibits a bacteriostatic effect
due to its adsorption to oral surfaces, which allows
prolonged release, conferring the characteristic of
substantivity (29-30).

Clinical applications and oral wound healing

Clinical trials have demonstrated the bacteri-
cidal effect of Chx and its importance in pre-surgical
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preparation to decrease infections (31), dental
plaque formation (32), postoperative discomfort and
the occurrence of alveolitis (33). Torres-Lagares et
al. (34) investigated the effect of 0.2% Chx gel on
reduction of alveolar osteitis. Chx was applied to the
interior of the alveolus immediately after exodon-
tia. A 63.33% reduction in the incidence of osteitis
was observed in comparison to the control group.
On the other hand, Abu-Mostafa et al. (35) did not
observe significant differences with intra-alveolar
application of 0.2% Chx gel. However, in this study
there was no placebo group. The control group used
0.12% Chx in the postoperative period twice a day
for a week, which may explain the absence of any
difference.

Fomete et al. (36) did not observe significant
differences between 0.2% Chx and warm saline
mouthwashes with regard to biofilm formation
and microbial composition of third molar sutures.
However, Chx mouthwash was used twice daily,
while saline was used before and after each meal.
In contrast, de Waal et al. (37) found that there was
a significant reduction in anaerobic bacterial count
with the use of a combination of 0.05% cetylpyri-
dinium chloride and 0.12% Chx after surgical treat-
ment for peri-implantitis. Furthermore, there was
a loss of nine implants in the placebo group during
the follow-up period, while no implant was lost in
the test group. Such findings were explained by the
efficient control of infection and local inflammation
when the combination of antiseptics was employed.

In this perspective, preclinical studies have
used animal models to evaluate clinically and
histologically the healing of traumatic lesions
induced in the oral mucosa (10, 18, 22, 38-40).
Therefore, the study of different anatomical sites,
drug concentrations and follow-up times has been
described (Table 1). Table 1 shows that the best
results are obtained with treatments of 7 to 21 days
and depend, according to the authors, on the Chx
concentration (between 0.12 and 2%). When the
antiseptic was used in the form of a gel or paste,
there was a longer contact time of the product with
the operated area which could have contributed to
the more favorable outcomes.

However, it should be emphasized that in vitro
studies have demonstrated the cytotoxicity of this
substance. The interaction of Chx with different cells
of the oral mucosa and the mechanisms by which
it could induce cell death have been investigated.
Giannelli et al. (23) evaluated cell viability and cell
death after contact of cells of the oral cavity with
different concentrations of Chx. Cell viability was
reduced in osteoblasts, fibroblasts and endothelial
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cells by 0.01, 0.03 and 0.12% Chx, respectively.
According to the authors, Chx exerts a toxic effect
by inducing apoptosis and necrosis, also involving
a decrease in mitochondrial membrane potential,
intracellular increase in calcium ions levels and in-
crease in oxidative stress, affecting vital conditions
for cellular homeostasis. Faria et al. (24) observed
apoptosis of L929 fibroblasts with 0.0005% Chx,
which would occur via endoplasmic reticulum
stress. Chx concentrations equal to or greater than
0.04% were shown to inhibit cell proliferation and
cause morphological changes in human gingival
fibroblasts. It is possible that the treated cells were
blocked in the S phase of the cell cycle to repair
the DNA damage induced by Chx and that some of
these changes were not repaired, resulting in cell
apoptosis (41).

Nevertheless, it is important to point out that
the oral cavity has several sites for the adsorption of
this substance, thus reducing the concentration that
effectively comes into contact with the cells, which
may explain its beneficial effect on the tissue repair
process described in previous studies (10, 48-39).

Povidone-iodine

Pvl is an iodine complex with polyvinylpyr-
rolidone, which is water soluble. The bactericidal
component is free iodine (usually 1 ppm), which is
released gradually, and its most common formula-
tion is a 10% solution. It has a germicidal effect on
Gram-positive and Gram-negative bacteria, bacterial
spores, fungi, viruses and protozoa, showing the
broadest spectrum of activity among oral antiseptics
(42-43).

Table 1. Pre-clinical studies involving topical application of chlorhexidine on oral wounds

Authors  Concentration Wound size/ n Experimental Results
site time
Kozlovsky 0.12% chlorhex- 5 mm diam-  Wistar rats 3,7, 14 and 14, 21 days: 1% ChxG
etal. idine digluconate eter/ Palatal  0.12% ChxG: 21 days showed a significant rate
(2007) solution - 1% mucosa 24 (6 per experi- of wound epithelialization
(38) chlorhexidine mental time) 1% (p<0.05) compared with
digluconate gel ChxG: 24 (6 per placebo group. 0.12% ChxG
experimental no significant difference
time) between any of the experi-
mental times.
Ham- 0.12% chlorhex- 3 mm diam- Wistar albino 3,7,14and 7, 14, 21 days: ChxG
mad et idine digluconate eter/ Palatal  rats ChxG: 24 (6 21 days showed a greater reduction
al. (2011) gel mucosa per experimental in the wound area (p<0.05)
39) time) in relation to control group.
7 days: ChxG showed a
significant rate of wound
epithelialization (p<0.05).
Al- 0.2% chlorhex- 5 mm length/ Sprague-Dawley 1, 2,7, 15 and No significant difference in
Mobeeriek idine digluconate Right buccal rats ChxG: 25 (5 30 days the ChxG compared to the
(2011) (18) solution mucosa per experimental control group at all experi-
time) mental times.
Alsadat  Not given 2 mm diam-  Wistar rats 2,4,6and 8 2, 4 days: higher count of
Hashemi- eter/ Palatal ~ChxG: 16 (4 per days PMNs in ChxG (p<0.05) 2,
pour et mucosa experimental 4, 6, 8 days: Chx alone had
al. (2013) time) no significant effect on the
22) area of the ulcer, the thick-
ness of the epithelium nor
the rate of epithelialization.
Kovalik et 2% chlorhexidine 4 mm diam-  Wistar rats 3,7,15and 21 No significant difference in
al. (2014) digluconate gel ~ eter/ Palatal ~ ChxG: 32 (8 per  days the ChxG compared to the
(40) mucosa experimental control group at all experi-
time) mental times. At 15 days, the
ChxG showed a delay in the
pattern of repair compared
with baseline wound.
Mariano 2% chlorhex- 4 mm diam-  Wistar rats 3,6and 10 3, 6 and 10 days: Signifi-
etal. idine paste eter/ Palatal ChxG:9 (3 per  days cant difference in tissue re-
(2015) mucosa experimental time pair in 2% ChxG compared
(10) with control group.

ChxG — chlorhexidine group, PMNs — polymorphonuclear cells.
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Mechanism of action

Its basic mechanism of action is the oxidation
of'amino acids and nucleic acids, through the pertur-
bation of various microbial metabolic pathways, as
well as destabilization of the cell membrane, causing
irreversible damage to the microbial organism (11).
Furthermore, it exerts an effect on bacterial exotox-
ins, enzymes and proteins, which directly influence
tissue repair and inflammation (44).

Clinical applications and oral wound healing

Several literature reviews have demonstrated the
effects of the PvI application in the treatment and pre-
vention of infection in cutaneous wounds, both acute
and chronic, showing good clinical results (45-46). In
the oral cavity, the use of Pvl has been restricted to
the treatment of oral mucositis (OM), to pre-surgical
preparation and as an adjuvant to periodontal therapy
(11,47).

OM is a common complication of radiotherapy,
chemotherapy or the combination of the two. The

main clinical signs are erythema in the mucosa and
painful ulcers, which make eating difficult and can
lead to interruption of cancer treatment due to the
high risk of infections (48). Accordingly, several
clinical studies have investigated the effect of Pvl in
the prevention and treatment of OM during chemo-
radiotherapy (47,49-52). Table 2 presents the main
clinical studies in which Pvl was used in cancer
patients with OM. The findings suggest a positive
effect of the antiseptic, mainly in relation to the
severity, incidence and duration of the lesions. Most
authors highlight the antimicrobial efficacy of this
antiseptic as the main reason for recommending its
use in the prevention and treatment of OM.
Areduction in microorganism counts following
the use of Pvl mouthwash is well documented in the
literature (11), with an effect lasting up to four hours
(53). Cherry et al. (54) investigated the effect of
mouthwash with 7.5% PvI on systemic bacteremia
after periodontal treatment. Oral-derived bacteremia

Table 2. Controlled clinical studies involving topical application of povidone-iodine (PvI) for prevention or treatment of oral

mucositis (OM)

Authors  Cancer treatmentmo-  Treatment or preven- n Comments
dality tion regimen for OM
with Pvl
Rahn et C/RT (carboplatin in Rinses with 10% PvI 20 patients PvI significantly reduced
al. (1997) the 1st and 5th week of (diluted 1:8), four time per group incidence (p<0.05), sever-
(49) RT, total radiation dose a day, started simultane- ity (p<0.005) and duration
of 71.3 Gy) ously with RT (approxi- (p<0.001) of chemoradiation-
mately 8 weeks) induced OM.
Vokurka  CT (BEAM: carmus-  Rinses with 10% PvI 67 patients in  Overall incidence, severity
etal. tine, etoposide, cyta-  (diluted 1:100), four PvI group and duration of OM were not
(2005) rabine, melphalan or times a day, started significantly different between
(50) HD-L-PAM: melpha-  simultaneously with CT the control group and PvI
lan) in the 1st week, (time of treatment not group. Mouthwash with PvI
followed by autologous specified) was significantly less tolerated
peripheral stem cell (p=0.02).
transplantation.
Madanet RT (total dose of 60 Rinses with 1% PvI, 20 patients A significant difference in the
al. 2008) Gy) twice a day, started per group mean OM scores was observed
47 simultaneously with RT between the PvI group and
(6 weeks) the control group (p<0.01) at
the end of each study week.
PvlI also significantly reduced
onset of OM. p=0.005).
Roopashri RT (total dose of 66 Rinses with 5% PvI, 25 patients PvI reduced the severity of
et al. Gy) four times a day, started per group OM and pain, without signifi-
(2011) after two weeks of RT cant difference in relation to
51 (4 weeks) the control group (0.15% Ben-
zydamine hydrochloride).
Raoetal. C/RT (carboplatin once Rinses with 10% PvI (di- 40 patients per PvI was used as the gold
(2014) a week, totaling 7 ses-  luted 1:100), twice a day, group standard for treatment of OM.
(52) sions/ total dose of 70 started simultaneously The test group used mouthwash

Gy) or only RT.

with C/RT (7 weeks)

with curcuma, 6 times a day,
showing a reduction in the
incidence and severity of the
lesions (p<0.001).

RT — radiotherapy, CT — chemotherapy, C/RT — chemoradiotherapy.
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occurred in 33% of subjects in the control group and
10% in the PvI group. Additionally, studies have
shown that PvI has an anti-inflammatory, hemostatic
effect and causes reduction in postoperative edema
and trismus. Kumar et al. (55) evaluated the effect
of irrigation with PvI after apicoectomy of anterior
teeth in reducing bleeding and the inflammatory
process. Pvl significantly reduced bleeding time,
total dose of non-steroidal anti-inflammatory drugs,
and postoperative edema in relation to the control
group. Chemical cauterization promoted by the PvI
complex might have been the reason for cessation
of bleeding (56). The authors suggested that PvIl had
anti-inflammatory action because it decreases the
availability of cytochrome oxidase, thereby altering
the synthesis of prostaglandins and influencing the
initial stages of wound healing. Arakeri and Brennan
(57), in arandomized clinical trial, evaluated the ef-
fect of irrigation with PvI (0.5%) during lower third
molar extraction, in reducing postoperative edema.
There was a significant reduction in facial edema in
relation to the control group on the first and seventh
day after surgery. Such findings may be explained
by a possible inhibitory effect on leukotriene B4
synthesis and leukocyte chemotaxis.

Despite the good clinical results and the various
beneficial effects of PvI on the inflammatory process,
in vitro studies have demonstrated deleterious effects
on gingival fibroblasts, keratinocytes and human
osteoblasts. PvI has a non-selective cytotoxic effect;
high concentrations (greater than 10%) can induce
tissue necrosis and low concentrations, cellular
apoptosis (58). Flemingson et al. (59) evaluated the
effect of three oral antiseptics (0.2% Chx, Listerine®
and 1% Pvl) on the proliferation of human gingival
fibroblasts. Several dilutions of each drug were tested,
and cell cultures were evaluated after 1, 5 and 15 min-
utes. In all three groups, the inhibition of fibroblast
proliferation was dependent on the concentration
used and independent of the exposure time. Among
the products tested, Pvl demonstrated the lowest cy-
totoxicity. Regarding the effect on keratinocytes, Pvl
induced necrosis and apoptosis in human epithelial
cells (HeLa) in a dose-dependent manner. In addition,
when tested in cells from the oral mucosa of rats,
there was a significant reduction in epithelial tissue
layers as well as changes in the cytoplasm after the
first day of exposure (60).

Cabral and Fernandes (61) compared the effect
of Chx and PvI on cell proliferation and functional
activity of human alveolar bone cells. A short ex-
posure (2 minutes) resulted in cell death at 0.12 and
2% (1.2 and 20 mg/mL) Chx and 5 and 10% (50 and
100 mg/mL) Pvl. Chx at levels up to 0.005 mg/mL
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and PvI at levels up to 0.5 mg/mL did not result in
significant effects on adhesion and cell morphology.
The results suggested higher cytotoxicity of Chx to
osteoblastic cells.

Although in vitro studies demonstrate that PvI
inhibits cell proliferation, it should be considered
that the oral cavity is a complex environment com-
posed of several tissues, structures and substrates,
which together with salivary flow promote a certain
dilution of the antiseptic, reducing the concentration
which actually reaches the cells of the surgical bed,
for example. In view of these findings, the use of Pvl
at a low concentration should be considered, since
it exhibits a bactericidal effect at concentrations
around 0.001% (58).

FINAL CONSIDERATIONS

The management of oral wounds is complex
because of the various structures involved and the
highly contaminated environment to which these
lesions are exposed. In this paper, we discussed
studies involving the oral mucosa and adjacent
bone structures, injured by physical or chemical
traumatic agents. Pvl appears to be the most ef-
fective antiseptic in oral wound repair, due to its
antimicrobial, anti-inflammatory and antioxidant
properties. However, rinses with povidone-iodine
cause yellow-brown stains on the tooth surface and
soft tissues, which could contraindicate its use. The
choice of antiseptic should consider the location,
size and etiology of the wound. Oral antiseptics have
proven to be a good alternative for the management
of these lesions, since there is a low risk of systemic
toxicity or allergies and less clinical evidence of
bacterial resistance. However, such findings are
mainly from laboratory studies, and clinical trials
are lacking.
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