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Commercial oral hygiene 
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ABSTRACT
Background: The use of medicated mouthwashes and gels in the home care maintenance 
of dental implants is controversial due to the possibility of residue deposition on the 
implant collar. The aim of this in vitro study was to analyse, by means of scanning 
electron microscopy (SEM), the amount of residues on dental implant collars treated with 
various commercial home dental care products. Methods: Gel and mouthwash products 
were tested on 10 implants. The gels included sodium fluoride, amine fluoride, and sodium hyaluronate products. The mouthwashes tested contained 
triclosan, nimesulide, stannous fluoride, amine fluoride, and hexetidine-chlorobutanol. The SEM observations were performed at different magnifications 
in double modality SE (secondary electrons) and BSE (backscattered electrons) to qualitatively assess any residual products. The image quantitative analysis 
was performed by Image J® software to assess areas occupied by residuals. All results were analysed by the same researcher with experience in electron 
microscopy. Results: The fluoride-based gel products left wider areas occupied by residuals than the mouthwash products. In particular the fluoride-based 
and hyaluronate products left the highest amount of residues. Among mouthwashes, fluoride-based and triclosan products showed the highest amount of 
residuals deposition. Discussion: Oral hygiene procedures and related professional products are fundamental to the prevention, treatment, and control of 
microorganisms. In the case of implants, mechanical and chemical plaque control strategies are even more important since the potentially harmful biofilm 
covers abiotic titanium surfaces. In situ fixture maintenance is crucial for dental implant therapy success. Correct recommendation of home care products 
for bacterial control is fundamental to the health of implants and their surrounding tissues. Conclusions: Data from this experimental study showed that 
home care commercial products in gel formulation, especially those containing fluoride, leave more residuals on titanium smooth surfaces than mouthwash 
products. The longer permanence of the products may lead to a more effective plaque control than other products. 

RÉSUMÉ
Contexte : L’utilisation de bains de bouche et de gels médicamentés lors des soins d’entretien à domicile des implants dentaires porte à controverse en raison 
de la possibilité de dépôts de résidus sur le collet de l’implant. La présente étude in vitro visait à analyser par microscopie électronique à balayage (MÉB) 
la quantité de résidus sur les collets d’implants dentaires traités in vitro avec divers produits commerciaux de soins dentaires à domicile. Méthodologie : 
Les produits de gels et de bains de bouche ont été testés sur 10 implants. Les gels comprenaient les produits de fluorure de sodium, de fluorure d’amine 
et de hyaluronate de sodium. Les bains de bouche évalués contenaient du triclosan, de la nimésulide, du fluorure d’étain et du hexétidine-chlorobutanol. 
Les observations par MÉB ont été effectuées à diverses amplifications en modalité double SE (électrons secondaires) et BSE (électrons rétrodiffusés) pour 
évaluer de manière qualitative tout produit résiduel. L’analyse quantitative de l’image a été effectuée à l’aide du logiciel Image J® pour évaluer les zones 
ayant des résidus. Tous les résultats ont été analysés par le même chercheur expérimenté dans le domaine de la microscopie électronique. Résultats : Les 
produits de gels à base de fluorure ont laissé des résidus sur de plus vastes zones que les produits de bains de bouche. En particulier, les produits à base de 
fluorure et le hyaluronate ont laissé la plus grande quantité de résidus. Parmi les bains de bouche, les produits à base de fluorure et de triclosan ont révélé la 
plus grande quantité de dépôts de résidus. Discussion : Les procédures d’hygiène buccodentaire et les produits professionnels qui y sont liés sont essentiels 
à la prévention, au traitement et au contrôle des microorganismes. En matière d’implants, les stratégies de contrôle mécanique et chimique de la plaque 
sont encore plus importantes puisque le biofilm potentiellement nocif couvre les surfaces abiotiques du titane. L’entretien in situ du montage est primordial 
au succès de la thérapie de l’implant dentaire. La bonne recommandation de produits de soins à domicile pour le contrôle des bactéries est essentielle à la 
santé des implants et des tissus environnants. Conclusions : Les données de cette étude expérimentale ont montré que les produits commerciaux de soins à 
domicile en formule de gels, surtout ceux contenant du fluorure, laissent une plus grande quantité de résidus sur les surfaces lisses du titane que les produits 
de bains de bouche. La permanence plus longue des produits peut mener à un contrôle plus efficace de la plaque que d’autres produits. 
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PRACTICAL IMPLICATIONS OF THIS 
RESEARCH
• Dental implants are now widely considered 

a valid intervention for the replacement of 
missing teeth.

• Harmful biofilm can quickly cover the abiotic 
titanium surfaces and surrounding tissues, 
making mechanical and chemical home care 
plaque control strategies for clients critical.

• Commercial oral care products in gel 
formulation, especially those containing fluoride, 
leave more residuals on titanium smooth 
surfaces than mouthwash products, potentially 
leading to more effective plaque control.



27Can J Dent Hyg 2020;54(1): 26-31

ORIGINAL RESEARCH

INTRODUCTION
Oral hygiene products and mechanical plaque control are 
fundamental to maintaining the health of the oral cavity 
and, in particular, the dental and periodontal tissues.1 
Toothpastes containing fluorides have decreased tooth 
decay on the natural dentition for decades.2 In their meta-
analysis, Walsh et al.2 confirmed the preventive action 
of fluoride toothpastes on caries when used in children 
and adolescents. Fluoride toothpastes bond to the tooth 
surface enamel, making it stronger and less susceptible to 
demineralization.3-4 However, this is a slow process that 
requires the presence of fluoride in the mouth for extended 
periods of time,5 and the low concentrations that are found 
after brushing with fluoride toothpastes may not be enough 
to significantly reduce the dissolution of tooth minerals.6

Mouthwashes and gels containing chemicals, such as 
chlorhexidine, help the daily battle against microorganisms 
responsible for periodontitis. The American Dental 
Association (ADA) has accepted chlorhexidine gluconate 
as an effective treatment for gingivitis.3 Chlorhexidine 
possesses the property of substantivity that adsorbs to 
tooth surfaces and disrupts the cytoplasmic membranes of 
the microorganisms.7 

Periodontitis and dental caries often lead to tooth 
loss if microorganisms are not kept under control.8-11 
Since dental implants are now widely considered a valid 
intervention for the replacement of missing teeth, there 
are many who believe that dental implants, along with 
their prosthodontic rehabilitation components, provide a 
solution to end all periodontal problems; unfortunately, 
they have not fulfilled such expectations.12-13 Indeed, if 
in selected clients the success of implants is reported to 
be high, the implant placement intervention may fail for 
several reasons.14 In addition, the placed dental fixture is 
a unique rehabilitation connecting the oral environment 
to bone tissue. Therefore, it is exposed to microbial 
colonization in the same manner as natural teeth, making 
the surrounding host tissues susceptible to infection.15

All biological and non-biological surfaces in the oral 
cavity are covered by a microbial biofilm,16 thus the 
control of the equilibrium between the host and these 
microorganisms is vital for the maintenance of both 
healthy teeth and healthy implants. Hence, home care 
efforts are just as critical for individuals with dental 
implants as they are for individuals with natural teeth. 
However, scant evidence exists about which home care 
products—particularly mouthwashes and gels—are safe to 
use on dental implants. The use of medicated mouthwashes 
and topical gel applications is still controversial since it 
has been proposed that salts or other residuals can remain 
on the implant collar.17 

The aim of this in vitro study was to determine, by means 
of visual examination using scanning electron microscopy (SEM), 
whether some commercial products designed for oral health 
maintenance leave residues on the neck portion of implants.

MATERIALS AND METHODS
This study was conducted on 10 implants provided by 
Sweden and Martina® S.P.A. Five of the implants were 
Sweden and Martina® “Khono” implants, with the fixture 

covered in titanium-plasma-spray (TPS); 5 other implants 
were Sweden and Martina® “Premium,” with the surface 
made in nano-Pore. In addition to the different type of 
fixture surfaces, the considered portion for the production 
adhesion was the collar, which is overlapping, in order to 
make the area comparable. 

Commercial oral hygiene products 
Overall, 4 fluoride-based gel products were tested and 
4 mouthwash products were tested. Fluorine® Gel and 
Mentadent® Gel were sodium fluoride-based, Elmex® 
Gel was amine fluoride-based, and Aminogam® Gel 
contained sodium hyaluronate. The 4 mouthwashes tested 
contained triclosan (DentoOral® mouthwash), hexetidine 
and chlorobutanol (Buccagel® mouthwash), nimesulide 
(Erefflog® mouthwash), and amine fluoride plus stannous 
fluoride (Meridol®). 

Three gel products were tested on the “Khono” implants; 
a mouthwash was used as positive control and saline 
solution was used as negative control. The mouthwash 
products were tested on the “Premium” implants; a gel 
product was used as positive control and saline solution 
was used as negative control.

Study protocol 
The study steps were as follows: 

1. Implant handling always by sterile pliers (to fasten 
it on an appropriate support) 

2. Implant labelling and product assignment 
3. Product application for 30 minutes, in order to 

simulate the manufacturer indications 
4. Water rinsing
5. Final SEM observation of the pre-established 

surface

One single product was tested on one single fixture.

SEM observations
The SEM (Philips XL30CP, The Netherlands) observations 
were performed as previously described18-21 at different 
magnifications in double modality SE and BSE to 
qualitatively assess the presence or absence of residual 
products. The observations were performed at 20.0 kV, 
at a working distance ranging from 14.5 mm to 17.5 
mm, capturing images at 15x magnification. In order 
to homogenize the observations, all the implants were 
observed at the same reference points.

Image analysis 
The image analysis was performed by the Image J® 
software, using the thresholding process22 to assess the 
occupied area of the residuals. In particular, the area was 
measured and the grey tones associated with the residuals 
were isolated. Then the occupied area was assessed by the 
software and the percentage area was calculated. Given 
the small sample size, only a descriptive comparison of the 
residuals could be performed. 

RESULTS
The SEM observations were easily identified as all of the 
products left some residue on the smooth implant surfaces, 
including the negative control constituted by the saline 



Bianchi, Fantozzi, Bernardi, et al.

28 Can J Dent Hyg 2020;54(1): 26-31

solutions (Figures 1 and 2). 
In particular, the areas occupied by the sodium fluoride-

based gels (Fluorine® Gel and Mentadent® Gel) were smaller 
than those of the amine fluoride gel (Elmex® Gel) and the 
gel with an amino acid and hyaluronic acid composition 
(Aminogam® Gel). In addition, the SEM observation 
revealed the presence of tiny particles presenting a very 
peculiar shape (Figure 1D) in the sample exposed to 
the amine fluoride gel, while the sample exposed to the 
hyaluronic acid gel was covered completely (Aminogam® 
Gel) (Figure 2E).

Among the mouthwash products, the highest assessed 
values were found with the DentoOral® product, followed 
by the mouthwash containing fluoride (Meridol®). In the 
sample exposed to the triclosan, the residuals observed 
by SEM were distributed more widely along the smooth 
surface (Figure 2B). 

In addition, the image analysis showed that some of 
the gel products left more residues, occupying a larger 
area than those left by the mouthwash formulations 
(Table 1). It is worth noting, moreover, that the products 
containing amine fluoride, both gel and mouthwash, left 
high percentages of residues, and the hyaluronated gel 
remained on the entire surface.

DISCUSSION 
Microbial biofilm, in general, represents a complex bacterial 
community living under peculiar conditions protected 
from UV light, dehydration, host immune cells, and killing 
molecules.23 Hence, when an infection is biofilm mediated, 
the adhesive bacteria are extremely dangerous and 
difficult for the immune system to eliminate.24 In the oral 
cavity, in the presence of saliva and direct contact with the 
external environment, biofilm formation is physiological.25 
The initial biofilm formation on cleaned teeth is estimated 
to occur in 6 hours, while the biofilm formation on the 
implant takes more time, but with similar stages.26 

When an imbalance or dysbiosis of the microbial 
population within the biofilm covering the biotic and 
abiotic surfaces of the oral cavity occurs, it leads to 
the development of oral pathologies, such as caries, 
periodontitis, and peri-implantitis.27 Oral hygiene 
procedures and related professional home care products 
are fundamental to the control of this dysbiosis of oral 
biofilm in order to prevent such infective oral pathologies. 

In the case of dental implants, mechanical and chemical 
plaque control strategies are even more important since 
the potentially harmful biofilm covers the abiotic titanium 
surfaces.28 Our morphological data have demonstrated 
how commercial home care products in 3 different gel 
formulations, especially those containing fluoride, leave 
residues on titanium smooth surfaces, while 3 tested 
mouthwash formulations left fewer residuals on titanium 
smooth surfaces. 

Numerous inconsistencies in the literature regarding 
this topic have been identified. Huang and Lee29 in 2005 
reported that the use of fluoride ions on titanium alloy 
surfaces was harmful. Indeed, in their study, the use of 
fluoride ions in artificial saliva with an acid pH caused 
the loss of the superficial oxide titanium film. Conversely, 

a 2009 study by Muguruma and colleagues30 observed that 
mouthwashes containing fluoride left residuals on titanium 
surfaces, but they concluded that these residuals did not 
adversely alter the mechanical properties of the titanium 
alloy. Quaranta et al.31 also highly recommended the use 
of amine fluoride mouthwash as a home care product for 
routine oral hygiene. 

One commonality among all cited authors was their 
recognition of the potential damage derived from the 
combination of high levels of fluoride ion concentrations 
and low levels of salivary pH, such as 3.5. Interestingly, 
Joska et al.32 in a 2010 study demonstrated the high 
resistance of TiN alloy, which is used for the fabrication 
of endodontic instruments and orthodontic wires, in a 
simulated environment with high concentrations of fluoride 
ions in a strong acid pH. In 2013, Licausi et al. 33, building 
on their study results, demonstrated how the contact 
between fluoride ions and titanium alloys in artificial 
saliva leads to the formation of a salt incorporated into the 
examined surfaces. They assumed that the salt formation 
made the superficial layer of the titanium porous. However, 
more investigations using the profilometer are required to 
support these assumptions. 

Within the limits of this current study, including the 
small sample size, the decision not to test each product 
against a control on each type of implant surface, and 
the lack of numerical analysis for comparison of results 
of the morphological evaluation of the examined titanium 
surfaces, the observations showed the presence of residuals 
of different molecules in all tested formulations, but 
no significant superficial damages were observed. In 
particular, the highest percentage of occupied residual 
area resulted from gel formulations of amine fluoride. This 
result could be due to the particular formulation of the gel 
and the nature of the amine fluoride. Specifically, gels and 
mouthwashes belong to colloidal systems, using water as 
the main solvent. Gels are lipophilic systems that are highly 
concentrated.34 The cohesion between the elementary 
particles within gels is higher in comparison to those of 
mouthwashes, allowing the formation of a 3-dimensional 
reticular structure that incorporates the solvent (gel). 

Even if both formulations (gels and mouthwashes) have 
a high capillarity, which enables them to fill into very 
small spaces or fissures, they have a difference in viscosity. 

Table1. Numerical data of the quantitative image analysis 

Type of product Area occupied in %

Sodium-fluoride gel 4.48

Sodium-fluoride gel 1.21

Amine fluoride gel 36.59

Stannous and amine fluoride mouthwash 24.28

Triclosan-based mouthwash 34.12

Hexetidine and chlorobutanol mouthwash 14.29

Nimesulide mouthwashes 28.92

Hyaluronated gel 100

Saline solution 0.05
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Figure 1. SEM observations of the “Khono” implant surface, before and after product applications
A: “Khono” implant surface with no application of product. B: SEM observation after the application of fluoride gel. The observation presented in backscattered 
secondary electron shows punctiform residuals of the product along the considered smooth surface. C: SEM observation after the application of Mentadent® Gel. D: 
SEM observation after the application of Elmex® Gel. The observation presented in secondary electrons shows how the residual of the product occupies a very large 
area. E: Magnification of the salt of the product on the surface. No particular damage is detectable. F: SEM observation of the positive control after the application 
of the fluoride-based mouthwashes, which leaves a quite important area of residuals. G: SEM observation of the negative control (saline solution): the black arrows 
point to the small residuals.
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The mouthwashes are liquids in state; the gels have a more 
complex structure that promotes the internal friction 
between cross-linked molecules, opposing the outflow of 
the formulation.35 

In situ fixture maintenance is crucial for the success 
of dental implants. Given the complexity of the microbial 
environment of the oral cavity, recommendations for the 
safe use of home care oral hygiene products targeted for 
bacterial control are fundamental to the health of implants 
and their surrounding tissues. 

CONCLUSIONS
The investigated dental home care products left residues 
on the smooth collar part of the implants. Future studies 
should investigate if amine fluoride product residue on 
the titanium surfaces of dental implants can demonstrate 
a positive bacteriostatic action for long-term fixture 
maintenance without harming the implant surface. 

Figure 2. SEM observations of the “Premium” implant surface, before and after product applications
A: “Premium” implant surface with no application of product. B: SEM observation after the application of DentoOral® mouthwash. The observation presented in backscattered 
secondary electron shows few areas occupied by the product’s residuals along the considered smooth surface. C: SEM observation after the application of Erreflog® mouthwash. 
The observation presented in backscattered secondary electron shows areas occupied by the product’s residuals along all of the considered smooth surface. D: SEM observation 
after the application of Buccagel® mouthwash. The observation presented in secondary electrons shows few areas occupied by the product’s residuals along the considered 
smooth surface. E: SEM observation of the positive control exposed to the Aminogam®, which occupies not only the considered area of the study (the collar) but all of the 
surface of the implant. F: SEM observation of the negative control (saline solution): the black arrows point to the small residuals.
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