Effect of denture cleansing solutions on retention of two types of overdenture attachments 
Abstract


This study aimed to assess the effect of different denture cleansing solutions on the retention of two commonly used overdenture attachment systems namely Dalbo-Plus and Locator. This in vitro, experimental study evaluated 160 attachments including 80 Locator and 80 Dalbo-Plus attachment systems. The attachments were mounted in acrylic resin blocks and were subjected to a universal testing machine to measure their baseline retention. Each attachment system (n=80) was then randomly divided into four groups (n=20) for immersion in four different cleansing solutions namely water, 5% sodium hypochlorite diluted 1:10, Dentipur denture cleanser and Corega denture cleanser for a period of time corresponding to 6 months of clinical service. The retention of attachments was measured again after the immersion period. Data were analyzed using ANOVA and Tukey’s test. The retention of Dalbo-Plus attachments in water and Dentipur was significantly higher than that in other solutions (P<0.05). The Locator attachments had the highest retention in Dentipur followed by water, Corega and sodium hypochlorite. The retention of Locator attachments was significantly higher than that of Dalbo-Plus in all solutions (P<0.05). Immersion of attachments in Dentipur increased their retention. Locator attachment showed higher retention than the Dalbo-Plus irrespective of the type of cleansing solution. Dentipur can serve as a suitable denture cleanser since it increased the retention of attachments. Corega decreased the retention of attachments and should be used with care. 
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Introduction
Removable complete denture is a simple, low-cost treatment modality for replacement of the lost teeth, which is still commonly used worldwide [1,2]. However, resorption of the alveolar ridge inevitably occurs over time, which may become problematic for denture wearers especially in the mandible due to the smaller supporting surface area and the pressure applied by the tongue [2]. Removable complete denture can cause oral mucosal wounds in patients with resorbed alveolar ridges and lead to problems related to decreased retention and stability of denture and poor masticatory efficiency [3,4]. Thus, following the advent of dental implants, use of implant-supported over-dentures gained increasing popularity and they are recommended to improve function and increase patient satisfaction [5,6]. 
Various attachments systems have been designed for implant-supported overdentures. However, clinicians may choose the attachments experimentally and based on the amount of retention provided by the attachment as claimed by the manufacturers [7]. Evidence shows that adequate denture retention has a significant correlation with high level of patient satisfaction. However, a uniform definition of an acceptable retention is not available and no consensus has been reached in this respect [8]. To the best of authors’ knowledge, only one previous study commented on this topic and stated that an attachment requires 10 to 20 N of retention in order to be able to retain the overdenture [9]. 
Several factors affect the retention of the attachment systems used in overdentures such as the angle between implants, the inter-implant distance, the direction of applied load, the attachment material, the attachment system design and the dimensions of the attachment [10]. Moreover, evidence shows that the attachment systems are inevitably subjected to wear and structural changes over time, which decrease their retention or can even lead to eventual retention loss. Thus, the attachment retention should be evaluated under cyclic loading to better simulate the clinical setting [10-12]. 
Oral hygiene and home care among the most important factors affecting the long-term clinical success of implant-supported overdentures. Denture wearers should necessarily receive instructions regarding oral hygiene and home care measures for their overdenture to ensure their oral mucosa health [13,14]. Chemical denture cleansing solutions have been suggested as an adjunct to mechanical cleaning methods, and their optimal efficacy has been previously documented in the literature [13,15,16]. However, chemical cleansing solutions can have adverse effects as well, such as bleaching of the acrylic resin, corrosion of the metal parts and degrading the soft liners; the latter effect may be transient or permanent [13,16]. The effect of chemical denture cleansing solutions on overdenture attachments has been less commonly studied. A previous study evaluated the effect of cleansing solutions on the retention of O-ring attachment [17] while two other studies evaluated the effect of cleansing solutions on the retention of Locator attachment system [18,19]. However, no previous study has compared the effect of different denture cleansing solutions on different attachment types. Considering the availability of different types of attachments on the market and the gap of information regarding the effect of different denture cleansing solutions on the retention of different attachments, this study aimed to assess the effect of four frequently used denture cleansing solutions on the retention of two commonly applied attachment systems namely Dalbo-Plus and Locator to find the cleansing solution with minimal adverse effect on the retention of implant-supported overdentures. 
Methods and Materials

This in vitro experiment, evaluated 160 attachments including 80 Locator and 80 Dalbo-Plus attachment systems. Each attachment system (n=80) was randomly divided into four groups (n=20) for immersion in four different cleansing solutions namely water, 5% sodium hypochlorite diluted 1:10, Dentipur denture cleanser and Corega denture cleanser. 
In each attachment pair, two implant analogs and attachments were mounted in a pair of cubic blocks measuring 40×15×35 mm with the same height and 23 mm inter-implant distance [20]. The Locator attachments (Zest Anchors, Zest Dental Solutions, Carlsbad, California, USA) and the Dalbo-Plus attachments (DIO Co., Busan, Korea) were connected to their corresponding implant analogues (DIO Co., Busan, Korea). The first block was filled with autopolymerizing polymethyl methacrylate resin (GC Reline; GC America Inc.). Two pinholes were drilled (Pindex machine; Coltène/Whaledent Inc.) after complete setting of resin at an equal distance from the block edges. The attachment assemblies were fixed with fresh mixture of autopolymerizing resin in the pinholes using dental surveyor (Saeshin Precision Co.) to be parallel to each other. The second block was filled with type IV dental stone (Vel-Mix) and was inverted on implant analogs in the first block. (Figure 1 and 2)
The two acrylic blocks were then placed in a universal testing machine (Zwick Roell, Ulm, Germany) such that the margins of the lower block were parallel to the superior borders of the lower compartment of the machine. Medium size compartments were used. The universal testing machine separated the attachment components by applying a load with a constant crosshead speed of 50 mm/minute, corresponding to the speed of insertion and removal of overdenture by patients [21]. The machine drew a graph and the peak of the graph indicated the maximum load required for separation of the attachment components in Newtons (N). This value indicated the retention of attachment. The baseline retention of attachments was measured as such.
As explained earlier, each attachment system was divided into four subgroups for immersion in different cleansing solutions namely water (control group), Corega denture cleansing tablet (Polident GSK, Ireland), 5% sodium hypochlorite diluted 1:10, and Dentipur denture cleansing tablet (Helago, Germany). 
The nylon insert of the Locator attachment (male portion) and the metal cap of the Dalbo-Plus attachment (female portion) were immersed in the respective solutions. Duration of immersion was based on the manufacturers’ instructions to simulate 6 months of clinical use. The Corega denture cleansing tablet was used for 15 minutes daily; 45 hours of immersion in Corega solution simulated 6 months of clinical use. Sodium hypochlorite was also used for 15 minutes daily; 45 hours of immersion in sodium hypochlorite simulated 6 months of clinical use. Dentipur cleansing tablet was used for 10 minutes daily; 30 hours of immersion in Dentipur solution simulated 6 months of clinical use. Samples in the water group were immersed in water for 45 hours to simulate 6 months of clinical use. 
After completion of the immersion period, the attachments were removed from the solutions and were visually inspected with the naked eye for any possible change in their shape or color. The samples were then placed again in a metal housing as paired and transferred to the universal testing machine. The maximum load that caused separation of the attachment components was recorded to determine the retention of each attachment. The values were compared with the baseline values. 
Data were analyzed using one-way ANOVA, and pairwise comparisons were carried out using Tukey’s HSD test. All statistical analyses were performed using SPSS version 22 (SPSS Inc., IL, USA) at 0.05 level of significance.


Results
Descriptive statistics of the retention of Dalbo-Plus and Locator attachments are presented in Table 1. Pairwise comparison of the retention of Dalbo-Plus and Locator attachments are presented in table 2. 
Inspection of the appearance of the attachments revealed that sodium hypochlorite caused whitening of Locator attachments while other solutions did not cause any change in the appearance of the Locator and Dalbo-Plus attachments.
A significant difference was noted in retention of Dalbo-Plus attachments immersed in different solutions (P<0.05). Pairwise comparisons showed that the retention of attachments in water and Dentipur was significantly higher than the retention of attachments immersed in other solutions (P<0.05) but no significant difference was noted in this regard between water and Dentipur (P>0.05). The retention of attachments immersed in Corega was significantly higher than that of attachments immersed in sodium hypochlorite (P<0.05). The lowest retention was recorded in attachments immersed in sodium hypochlorite. 
A significant difference was noted in retention of Locator attachments immersed in different solutions (P<0.05). The highest retention was noted in attachments immersed in Dentipur solution followed by water, Corega and sodium hypochlorite. 
Comparison of the retention of Dalbo-Plus and Locator attachments in each cleansing solution revealed a significant difference (P<0.05) and the retention of Locator attachments was significantly higher than that of Dalbo-Plus in all solutions. (Figure 3)
Separate assessment of the retention of Dalbo-Plus and Locator attachments in different solutions revealed that the retention of Dalbo-Plus after immersion in water was not significantly different from its baseline retention (P>0.05). The retention of Locator attachment significantly decreased after immersion in water compared to its baseline value (by 0.17%, P<0.05). The retention of Dalbo-Plus did not significantly change after immersion in Dentipur compared to its baseline value (P>0.05).  The retention of Locator attachment significantly increased after immersion in Dentipur compared to baseline (by 2.3%, P<0.05). The retention of Locator attachment significantly decreased after immersion in sodium hypochlorite compared to baseline (by 10.7%, P<0.05). The retention of Dalbo-Plus significantly decreased after immersion in sodium hypochlorite compare to baseline (by 4.62%, P<0.05). The retention of Locator attachment significantly decreased after immersion in Corega compared to baseline (by 4.68%, P<0.05). The retention of Dalbo-Plus significantly decreased after immersion in Corega compared to baseline (by 2.07%, P<0.05) (See Figure 3).
Discussion 
This study assessed the effect of different denture cleansing solutions on the retention of two commonly used attachment systems namely Dalbo-Plus and Locator. The results showed that overall, Locator attachment showed higher retention than the Dalbo-Plus irrespective of the type of cleansing solution. 
The retentive patrix of the Locator attachment has nylon inserts that provide retention by friction contact with the matrix. By an increase in the frequency of insertion and removal cycles of overdenture (clinical use by patient), the nylon insert may undergo corrosion and deformity and gradually lose its efficacy, necessitating its replacement. Moreover, immersion in different chemical solutions can adversely affect the nylon insert. However, this statement requires further studies on the microscopic structure of the nylon insert. The Dalbo-Plus attachment has a different mechanism of retention and different design compared to the Locator attachment. The retentive part of the Dalbo-Plus attachment is in the form of a metal lamella made of gold and noble alloys, which is screwed into a titanium cap. The lamella blades are interlocked in the attachment matrix undercuts, which is in the form of a ball abutment. By rotating the lamella inside the metal cap in a clockwise fashion, the lamella blades are approximated and provide greater retention for Dalbo-Plus. One advantage of Dalbo-Plus attachment is that the dental clinician only needs to rotate the lamella screw in the metal cap to adjust the retention of the attachment and achieve the desired retention. This postpones the need for component replacement. Moreover, since the lamella is made of metal, denture cleansing solutions have a smaller degrading effect on its structure compared to nylon insert and it less commonly requires replacement [10-12]. 
Despite the significant effect of chemical cleansing solutions on overdentures and their fine attachments, studies on this topic are limited [17-19,22,23]. This study revealed that the Locator attachment had higher retention than the Dalbo-Plus irrespective of the type of cleansing solution. This finding can be due to the double retentive surface of the Locator attachment (internal and external) compared to the spherical surface of Dalbo-Plus attachment. In our study, immersion in water significantly decreased the retention of the Locator attachment while it had no significant effect on the retention of Dalbo-Plus. This finding may be attributed to the presence of nylon insert in the Locator attachment versus the metallic retentive part of Dalbo-Plus. Interestingly, our results showed that the retention of Locator attachment increased after immersion in Dentipur, which may be due to the constituents of Dentipur. According to the manufacturer, Dentipur is comprised of potassium caroate, sodium bicarbonate, citric acid, sodium carbonate, sorbitol, VP/VA copolymer, sodium lauryl sulfate, sodium lauryl sulfoacetate and aroma. Potassium caroate is an oxidizing agent, which is added as an antibacterial agent in addition to citric acid and its sodium derivatives. VP/VA copolymer is a lubricating agent commonly used in cosmetic products. Aromatic compounds are also added to improve quality [13]. Water was considered as the control cleansing solution in our study. The results showed that immersion of attachments in Dentipur increased their retention compared to their immersion in water. Thus, Dentipur seems to be a good choice for clinical use. Increased retention by Dentipur may be due to the fact that sodium bicarbonate and sorbitol are both moisture absorbent, and sorbitol has adhesive properties as well. These properties may be responsible for increased adhesion and subsequently higher retention. However, this theory needs to be confirmed in further investigations. 
According to the manufacturer, Corega tablets contain sodium bicarbonate, citric acid, potassium caroate, sodium carbonate, peroxide, TAED, sodium benzoate, PEG-180, sodium lauryl sulfoacetate and aroma. Comparison of Dentipur and Corega after eliminating their common ingredients revealed that Corega has higher oxidizing and acidic compounds, which may be responsible for no increase in retention of attachments by Corega. 
Immersion in sodium hypochlorite caused a significant reduction in retention of both attachment types, which is directly related to its highly corrosive nature that negatively affects the nylon insert and metallic compounds. Watcharapichat et al. [24] evaluated the effect of Polident, Fittydent, 0.12% chlorhexidine and sodium hypochlorite on the retention of Pink Locator attachment. They used water as the control solution. They immersed the attachments in the solutions for a time period corresponding to 1 year of clinical service. Retention decreased in all groups although the difference among the groups was not significant at 1 month. At 6 months, however, Fittydent and chlorhexidine caused significantly less reduction in retention than other solutions while the difference among other groups was not significant. At 1 year, Fittydent and chlorhexidine caused significantly less reduction in retention while sodium hypochlorite significantly decreased the retention. The difference in this respect was not significant among other groups. Watcharapichat et al. [24] advised that sodium hypochlorite should not be used as a routine denture cleanser. Their results regarding the reduction in retention caused by sodium hypochlorite were in agreement with ours. 
Derafshi et al. [17] evaluated the effect of sodium hypochlorite, Corega and Professional denture cleansing tablets on DIO O-ring and showed that Corega and Professional significantly decreased the retention of attachments. Also, sodium hypochlorite decreased the retention of O-ring attachment by 48%. Their results were in agreement with ours, which may be due to the similar elastic nature of Locator and Dio O-ring attachments. Also, the acidic and oxidizing properties of Corega and the corrosion potential of sodium hypochlorite can explain the reduction in retention of attachments.
Christin et al. [18] evaluated the effect of Corega and Cool Mint Listerine denture cleansing solutions on the retention of blue, pink and transparent Locator attachments. They found that the retention of attachments significantly increased after immersion in the solutions, which was in contrast to our findings. In our study, only Dentipur significantly increased the retention of attachments while Corega caused a significant reduction in retention. In our study, Dentipur had no significant effect on retention of Dalbo-Plus. Moreover, the reduction in retention of Dalbo-Plus was less than that of Locator attachment, which may be due to the metal structure of this attachment. 
Nguyen et al. [19] evaluated the effect of six denture cleansers on the nylon insert of pink Locator attachment and revealed that sodium hypochlorite caused a significant reduction in retention of Locator attachment, which was in agreement with our findings. Cool Mint Listerine increased the retention of attachment, which was in line with the findings of Christin et al [18]. The authors advised not to use Cool Mint Listerine and 6% sodium hypochlorite for cleaning of overdentures since they alter the retention of attachments. Polident Regular and Polident Overnight did not significantly change the retention of attachments and showed an effect similar to that of Dentipur on Dalbo-Plus attachments in our study. Efferdent also caused a slight reduction in retention while Cool Mint Listerine increased the retention of Locator attachments (similar to the effect of Dentipur in our study), which may be due to the similar chemical composition and properties of these two solutions; this issue is in need of further investigations. 
Varghese et al. [22] evaluated the effect of denture cleansing solutions on the retention of bar and clip attachments and demonstrated that 6 months of immersion in denture cleansers had no significant effect on the retention of clips while sodium hypochlorite significantly increased the retention of clips. They suggested that increasing the attachment retention might not be beneficial since it decreases the durability of clips. Their findings were in contrast to our results and those of other studies. This controversy in the results may be due to the use of different types of attachments and their geometry, which is different from Locator and Dalbo-Plus attachments. Kürkcüoğlu et al. [23] evaluated the effect of 6-month clinical use of sodium hypochlorite, sodium perborate and sodium bicarbonate/sodium perborate denture cleansers on pink, blue and transparent Locator attachments. They reported that the retention of pink Locator attachment did not significantly change following immersion in different solutions, which was in contrast to our findings. The retention of transparent attachment significantly decreased following immersion in sodium bicarbonate. Both Corega and Dentipur contain sodium bicarbonate. Corega decreased the retention of pink Locator attachment while Dentipur increased its retention. The reason for this finding is probably the chemical composition of these solutions, which calls for further studies in this respect. On the other hand, this study showed that the retention of blue Locator attachment significantly decreased following immersion in sodium hypochlorite and sodium bicarbonate. Therefore, it may be concluded that different chemical cleansers have different effects on different types of Locator attachments. It should be noted that many factors other than the cleansing solutions affect the retention of attachments in the clinical setting such as repeated removal and insertion of overdentures by patients. Sultana et al. [25] simulated the effect of 5.5 years of fatigue on Locator and ball attachments placed at 0 and 20° angles. They showed that simulation of the clinical setting (repeated removal and insertion of overdentures) significantly decreased the retention of both systems at both angles. The reduction in retention of ball attachment at all positions was less than that of Locator attachment. Overdenture positioned in an angulated fashion showed superior clinical performance. Many other factors also affect the retention of overdenture such as nutrition and pH of the oral environment. Thus, stronger materials with greater resistance should be used for the fabrication of overdentures and their components.
In the present study, Dalbo-Plus attachment showed much lower changes in retention than Locator attachment, and was superior in this respect. As stated earlier, studies on the effect of denture cleansing solutions on the retention of overdentures are limited [17-19,22,23]. However, studies on the effect of cleansing solutions on complete and partial dentures have unanimously stated that sodium hypochlorite has adverse effects on the acrylic and metallic parts of dentures and is not a suitable cleanser for this purpose [26-32]. Since there are many factors in the oral environment that decrease the retention of attachments, use of cleansing solutions that can increase the retention of attachments and subsequently prolong the clinical service of overdentures is recommended. Moreover, patients should be well informed about the significance of oral hygiene and denture care and should receive instructions on maintenance of attachments. In general, it is recommended to preferably use attachments with metal components since they are less affected by the environmental and chemical factors and have a longer lifespan, which ensures patient satisfaction. Future in vivo studies are required to assess the effect of other factors such as diet on the retention of overdentures. Also, simultaneous effect of cleansing solutions and cyclic loading on retention of overdenture attachments should be evaluated to increase the generalizability of the results to the clinical setting.
Conclusion
Within the limitations of this in vitro study, the results showed that sodium hypochlorite decreases the retention of attachments and is not recommended for denture cleansing. Dentipur can serve as a suitable denture cleanser since it increased the retention of attachments and had less destructive effects on the overdenture components. Corega decreased the retention of attachments due to its oxidizing and acidic composition and should be used with care. 
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[image: ]Table1. Descriptive statistics of the retention of Dalbo-Plus and Locator attachments













Table2. Pairwise comparison of the retention of Dalbo-Plus and Locator attachments
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Figure Legends
Figure 1. Mounted Dalbo Plus attachments.
Figure 2. Mounted Locator attachments.
Figure 3. The presentation of mean and 95% Confidence Interwall (CI) of the attachments retention before and after immersion in different solutions. 
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