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ABSTRACT 

Microleakage through access channels of screw-retained abutments (crowns) is 

inevitable, but previous research has suggested that certain filling materials may be 

better than others at reducing the amount of leakage. The purpose of this study is two-

fold: first, to assess the levels of microleakage using four different materials (i.e., cotton, 

polyvinyl siloxane (PVS), teflon tape, and gutta percha). Next, to evaluate the potential 

differences between internal and external hexagonal implants on minimizing 

microleakage. Abutments filled with each of these materials were exposed to 

Porphyromonas gingivalis (P. gingivalis) and assessed for bacterial microleakage to 

determine the optimal material. Statistical analysis revealed a significant difference in 

microleakage among the different materials. Overall, PVS showed the lowest 

microleakage levels compared to the other materials tested, which led us to suggest 

PVS as the best filling material, among the four tested, to prevent bacterial 

microleakage. 
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I. INTRODUCTION 

A. History and Background 

The dental (endosseous) implant, used today, has been around for over 50 

years. In 1965, Dr. P. Brånemark placed the first implant into a human jaw (Abraham, 

2014). Brånemark discovered that bone will grow in such close proximity to titanium that 

it basically adheres or bonds to the titanium implant. Today’s implant has evolved in 

design; to the point that implants are the preferred method of replacing teeth when there 

is adequate bone and proper occlusion. By placing implants, instead of prepping teeth 

for full coverage restorations, tooth structure is preserved.   

One of the most important innovations is the transition from a machined, smooth 

surface implant to one of a roughened surface. This improvement has reduced the 

integration time dramatically, and has increased the predictability of successful 

integration (Cochran, 1999). Both, the tissue level implant innovation and the platform 

switch modification, have effectively minimized the crestal bone loss that occurred 

around the dental implant as a result of biologic width violation (Salimi et al 2011). The 

change from external to internal connection has reduced screw breakage, which, prior 

to that, had been a common complication seen in restoring implant crowns (Krishnan, 

2014).  

Dental implant abutment/restoration connections can be divided into two groups:  

cement retained and screw retained. Each of these two types of prosthetic connections 

has their advantages. The cement-retained approach is easier to use (more like 

conventional crown and bridge). Screw retained restorations have the advantage of 

retrievability. Screw-retained restorations can be removed without destroying the 
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implant crown. Screw retained restorations do not utilize cement so there is no risk of 

leaving cement subgingivally (Michalakis, 2003). These two groups can be further 

subdivided into internal and external connection types. The internal connection being 

the one most used today as it is less susceptible to screw breakage (Van Staden, 

2003). This study is limited to screw retained restorations and evaluates microleakage 

into the screw access space of both the internal and external hex implant connections.  

 

B. Hypothesis    

Bacterial microleakage between the crown and implant/abutment interface 

occurs because it is impossible to seal the two components together, creating a 

microgap that is larger than the size of most bacteria. This pooling of undesirable 

contaminant is then trapped in the screw access space. To date, there is no crown 

design to prevent this microleakage at the implant/abutment interface. In this study four 

different materials (i.e., cotton, gutta percha, teflon tape and PVS) were utilized and 

placed into the screw access channels of the Astra abutments and Lifecore abutments 

to seal the space from bacterial microleakage. Previous studies have been published 

using these same materials in screw access channels, however none have evaluated 

these materials in both external and internal hex implants. This study was conducted 

based on the hypothesis that placement of specific materials into the screw access 

channel will significantly minimize microleakage into this space. A secondary goal was 

to compare the efficiency of each material in accomplishing this objective. A tertiary goal 

was to compare internal hex with the external hex abutment leakage using the same 

filling materials.  
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C. The Problem with Dental Implant Microleakage  

The presence of bacterial contaminant within the abutment access channel of the 

implant can result in halitosis (bad breath). Also, there is the possibility the bacteria may 

leak subgingivally and cause gingival inflammation, which in turn has the potential to 

result in periimplantitis or loss of supporting bone. Halitosis can be a major problem and 

its treatment is generally relegated to the dentist. There are several potential sources for 

halitosis (Aylıkcı et al, 2013). It can come from the consumption of certain foods, be the 

result of sinus (Porter, 2016) or throat infection, derive from a gastrointestinal origin 

(Kinberg et al, 2010), come from the lungs, etc. However, by far, the most common 

cause of bad breath is bacteria of the oral cavity (Dewhirst, 2010). The anaerobic nature 

of some oral environments, such as the gingival sulcus, the gingival pocket and in 

between papillae and fissures of the tongue, favor those areas for bacterial growth and 

colonization (SR Porter, 2006). The environment of the gap within the implant crown 

complex is also anaerobic, making it a haven for these bacteria.  

Another major problem caused by intraoral anaerobic bacteria is gingivitis and 

periodontitis. Löe et al. (1967) did a classic experiment showing that gingivitis results 

from the accumulation of bacterial plaque. Almost all the agents implicated in the 

initiation of gingivitis are anaerobic bacteria. As the presence of these bacteria progress 

to a critical mass, it may lead to gingivitis (gingival inflammation) and progress to 

periodontitis and loss of the alveolar bone around the teeth. Left untreated, it can 

ultimately lead to tooth loss (Löe et al., 1967). 

Proper oral hygiene technique can lessen bad breath and gingival inflammation 

by cleaning the areas of the causative bacteria. There are many mouth rinses that have 
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antibacterial formulations to help reduce bacterial levels (Porter, 2006). In the case of 

periodontal disease where deep sub gingival pockets occur, the pockets can be 

surgically reduced making these areas more accessible for proper oral hygiene 

(Pihlstrom, 1983). Each of these techniques is aimed at eliminating the presence of 

anaerobic bacteria in the mouth. However, with dental implants, unless one can find a 

way to eliminate the pooling of bacteria in the screw access space, none of these 

previously mentioned techniques would help in preventing bacterial colonization 

because none of them access this space. 

 

D. Previous Efforts to Stop Microleakage  

Previous studies have shown that microleakage of oral fluid and bacteria through 

the gap between implant and abutment interface is very difficult to eliminate (Park et al, 

2012). Moreover, in vitro studies have examined situations in which the gap is almost 

nonexistent (< 4 micrometers) and yet this microleakage still occurs. Although it has 

been determined that the average marginal gap found between a crown and a natural 

tooth is around 90 micrometers (Diederich & Erpenstein,1985), the marginal gap 

between a crown and implant/abutment can be smaller. An in vitro study using the Ha-Ti 

implant system showed a mean gap of 4 micrometers (Besimo et al,1996). 

Byrne et al, found that adaptation of abutments to implant is closer in pre-

machined abutments than in custom (cast) abutments (Byrne et al,1998). Therefore, the 

smallest gap existent today would be in stock, pre-machined abutment. In a study 

published in the Brazilian Dental Journal in 2012, their smallest gap was 0.3 

micrometers (Zanardi, 2012). This was the smallest gap published in current literature. 
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Using the extremely small gap model of the Ha-Ti implant (4 micrometers), Guindy et al 

performed a study to determine the amount of bacterial leakage, if any, through a 4-

micrometer gap (Guindy et al, 1998). The study found leakage through the screw 

access space and the gap between the restoration and the abutment. This incomplete 

seal was also found in in vitro studies of Branemark implants (Traversky and Birek, 

1992) and IMZ implants (Wahl and School, 1989). 

To date, no measures have been efficient in eliminating microleakage between 

the crown and Implant/abutment interface in vitro. Even if leakage could be eliminated in 

vitro, could it be maintained in an in vivo environment? The following studies indicate 

that in an in vivo environment where the implant supported restoration is loaded, the 

gap would change in size thus eventually permitting microleakage. 

A study by Gratton et al. (2001), showed that micromotion caused fatigue of the 

implant/abutment interface that would likely change the gap size. Studies by Meng 

(2007) and Khraisat (2001) showed similar results using different parameters. They all 

showed that dynamic fatigue occurred with micromotion, which would result in gap 

distance change. Other studies (Al-Turki et al., 2002), (Carr et al., 1996) showed that 

mechanical factors, such as prosthetic-screw stability, finishing and polishing 

procedures will change the gap size and make leakage even more inevitable. 

Silva-Neto et al did several studies evaluating internal connections (morse taper) 

that showed unpreventable microleakage and also showed that there was no difference 

in microleakage as they varied the torque values (Silva-Neto, 2014). From this review of 

the associated literature, there is presently no mechanical design developed, capable of 

preventing microleakage from entering the abutment access channel, so the only way of 
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keeping implant bacterial microleakage from pooling in the channel would be to seal the 

screw access space with a material that allows for minimal colonization. 

Previous studies are found in literature that have dealt with this topic concerning 

access materials and microleakage. Some of the studies used the same access 

channel filling materials as used in this study. Other studies evaluated different 

materials to assess their ability to reduce microleakage. Studies evaluated internal 

connection implants and some evaluated external connection implants. Different studies 

used various bacteria to assess the microleakage and others used nonvital substances 

such as dyes and gases. This study differs from most of the other studies as P. 

gingivalis was selected as the bacteria and both internal and external connection 

implants were evaluated. 

Park and colleagues at the Wonkwang University School of Dentistry in South 

Korea studied internal connection implants and sealing efficiency using the following 

filling materials in the screw access space: cotton pellet, silicone sealing, PVS, and 

gutta percha (Park et al, 2012). In their protocol, they measured the degree to which 

fuschin dye dissolved in methyl alcohol passed through these 4 materials. Their study 

resulted with gutta percha containing the lowest level of microleakage followed by 

polyvinyl siloxane, however they were not significantly different from each other 

(P=0.14) (Park et al, 2012). 

 Moraguez and Belser from Geneva Switzerland School of Dental Medicine 

assessed the use of teflon tape for filling the screw access space. They found teflon to 

have many positive characteristics. It is sterilizable, radiopaque and is less associated 

with malodor (Maraguez & Belser, 2006). 
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Tarica et al found in his survey of 62 dental schools that the materials most 

commonly used in the dental school settings to obturate the screw access opening of 

dental implants were cotton, gutta percha, teflon, PVS and autopolymerizing acrylic 

resin. (Tarica et al, 2010). Rosenberry et al performed a pilot study similar to the 

experiment described in this thesis, however they only evaluated internal hex implants 

(Rosenberry and Tewes, 2016). They tested the same 4 materials, used P. gingivalis as 

the bacteria source and evaluated microleakage in the screw access channels. In this 

study, we expand the analyses by Rosenberry and Tewes (2016) to analyze P. 

gingivalis microleakage in the implant-abutment interface while using 4 different sealing 

materials to fill the screw access channel. The use of P. gingivalis to measure 

microleakage mimics the in vivo scenario where anaerobic bacteria can potentially leak 

and lead to halitosis and further complications. Moreover, P. gingivalis is one of the 

most recognized periodontal pathogens found in the oral cavity.  
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II.   MATERIALS AND METHODS  

A.   Assembly of Dental Implants 

A total of 40 implants were used in this study. The implants were divided into 

internal (Astra tech TX) and external (Lifecore Restore Regular Platform). The 

abutments used with the Astra implants were stock TiDesign while Restore RD COC 

were used with Lifecore implants. 20 Astra Tech 3.5/4.0 TX 11mm and 13mm Demo 

Implants and 20 Lifecore Restore Regular Platform 3.3 mm x 13 mm Implants were 

used for this study. Restore RD COC was used for abutments. Once all the abutments 

were assembled, they were connected to each of the 40 implants with 20-NCM torque 

per the manufacturer's instructions. The implants were then separated into internal and  

external hex groups (Figure 1A, B).  

Figure 1: Assembly of dental implants. A. Astra Tech TX 3.5 x 11mm Internal hex implant/abutment 

complex. B. Lifecore Restore Regular Platform 3.3 mm x 13 mm External hex implant/abutment 

complex.   

A B 
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B. Sealing Materials  
To seal the access channel, four different sealing materials were used- gutta 

percha (Smart Endodontics-Discuss Dental), Cotton pellets Size 4 (Richmond Dental 

Company), Teflon ½” Thread Seal Tape – Polytetrafluoroethylene- (PTFE) Thread Seal 

Tape (Oatey), and PVS Light Body (Aquasil). These materials were chosen for this 

study based on the survey by Tarica et al (2010), which examined different screw 

access filling materials and determined the four most common materials used in US 

dental schools.  

The cotton pellets and teflon tape were both sterilized prior to loading into 

abutment channel. The gutta percha and PVS could not be sterilized in heat because it 

would ruin the chemical nature of the materials.  Forty total (20 internal and 20 external) 

implants were grouped separately. The 20 internal hex implants were then divided into 4 

groups (5 cotton, 5 gutta percha, 5 PVS, 5 Teflon). The same was true regarding the 

external hex implants. The cotton pellet group acted as the control, while PVS, teflon, 

and gutta percha were used as the experimental groups. Each assigned sealing 

material was loaded into the access channel leaving 3.0 mm of space to the top of the 

abutment interface to be filled with composite resin TPH. 

 

C. Filling Abutment Screw Space  

Prior to filling each material into abutment screw access channels, each 

instrument used underwent the standard Creighton University instrument sterilization 

protocol: 45-minute cycle (5-minute steam, 3 minutes sterilize at 275°F, 30 minutes 

drying). 

For each material, the following methods were performed:        
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○ Gutta Percha- Abutment screw torqued to 20 NCM. Gutta gun heated to 200 degrees 

F. Gutta percha vertically expressed into abutment access leaving 3 mm space to place 

TPH resin (Figure 2A) Gutta percha allowed to cool slightly, then a medium condenser 

was used to make final adaptation to internal surface of abutment. 3 mm of TPH placed 

in remaining access and light cured for 30 sec (Figure 2C). This set was then repeated 

for the 5 external and internal implants in the gutta percha group. 

 

○ Teflon- Abutment screw torqued to 20 NCM. 120 mm of PTFE measured, twisted and 

condensed into abutment access leaving 3 mm of space for TPH resin (Figure 2A). TPH 

resin then placed in remaining access space and light cured for 30 sec (Figure 2C). This 

set was then repeated for the total of 5 external and internal implants in the teflon group. 

 

○ Cotton Pellets- Abutment screw torqued to 20 NCM. Cotton pellet condensed in 

access channel leaving 3 mm of space remaining (Figure 2A). TPH placed in remaining 

3 mm of space and light cured for 30 sec (Figure 2C). This set was then repeated for 

the total of 5 external and internal implants in the cotton pellet group.   

 

○ PVS- Abutment screw torqued to 20 NCM. Light body PVS was expressed into the 

access channel (Figure 2B) and allowed to set with 3 mm of a space remaining (Figure 

2A). TPH placed in remaining access space and light cured for 30 sec (Figure 2C) This 

set was then repeated for the total of 5 external and internal implants in the PVS group.  
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D. Preparation of Porphyromonas gingivalis for Infection 

1. Media Preparation   

American Type Culture Collection (ATCC) recommends two separate formulations of 

culture media for optimal growth of Porphyromonas gingivalis. One of the methods 

utilizes mixing sheep’s blood with tryptic soy broth. In the present study, we used the 

alternative ATCC recommended media (without sheep’s blood), supplemented with 

tryptic soy broth (ATCC 2722). This media consisted of combining 15 g of tryptic soy 

broth, 2.5 g of yeast extract and 0.25 g of l-cysteine hydrochloride in 500 mL of 

deionized water. Once fully dissolved the 500-mL flask containing the media solution 

was autoclaved at 121°C for one hour. After sterilization, 0.1 mL of vitamin K1 stock and 

0.5 mL of hemin stock were added to the solution finalizing the preparation process.  

 

2. P. gingivalis Culture  

P. gingivalis cryopreserved vial was thawed in a water bath at 37°C and quickly 

centrifuged at 3000 rpm for 10 minutes. Once centrifuged, glycerol containing cell 
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culture media was replaced with the fresh P. gingivalis culture media. 1 mL of the tryptic 

soy broth media solution was added and mixed with the bacteria. This 1 mL bacterial 

suspension was then inoculated to a bacterial culture tube containing 4 mL of tryptic soy 

broth media. The 5 mL P. gingivalis solution was stored in an air-tight chamber 

containing a BD Gas Pak to create an anaerobic gas mixture (80% N2, 10% H2, 10% 

CO2). The anaerobic gas chamber was placed in a bacterial incubator (MaxQ 400) set 

at 37°C overnight.   

 

3. Exposing Implant/Abutment Complex to Bacteria  

On the following day, the culture tube containing bacterial suspension in the gas 

chamber was removed from the incubator. A media cocktail was prepared in which the 

5 mL of overnight grown culture of P. gingivalis solution was added to 155 mL of tryptic 

soy broth media stored in a 200-mL flask and mixed thoroughly to make a uniform 

suspension. Forty culture tubes were placed on a rack and labeled depending on the 

implant type and loaded material; 5 gutta percha (G), 5 cotton (C), 5 teflon (T), and 5 

PVS. 4 mL of the P. gingivalis suspension was transferred into each of the 40 labeled 

test tubes. The flask was stirred between each of the 4 mL extractions to ensure that 

the bacterial concentration was consistent for each culture tube. The forty hexagonal 

implants (20 internal and 20 external) that were each divided into 4 groups (5 cotton, 5 

gutta percha, 5 PVS, 5 Teflon) were placed into each test tube (abutment side down) 

according to their implant type and material. When all implants are exposed to P. 
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gingivalis suspension they were again placed into the MaxQ 400 for 24 hours (Figure 3). 

Anaerobic conditions were maintained with the Gaspak. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. P. gingivalis culture from Filling Materials 

After 28 hours of incubation, the culture tubes were removed from incubation. 

Forty new test tubes were placed on a rack and labeled according to implant type and 

filling material: 5 gutta percha (G), 5 cotton (C), 5 teflon (T), and 5 PVS. 4 mL of fresh 

tryptic soy broth media was transferred into each of the 40 labeled culture tubes.   

One by one, each implant was then removed from its test tube using cotton 

pliers. Once removed, the implants were wiped with 70% ethanol and then stored in a 

Figure 3: Test tubes with access channel materials placed in 

Gaspak chamber prior to 24-hour incubation in MaxQ 400. 
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1.5 mL plastic vial until the removal of filling materials. All 40 vials were labeled prior by 

their appropriate implant type and material. After implants were removed and stored in 

their vials, the leftover media from each test tube was treated with 10% bleach solution 

and discarded. The culture tubes and pipettes were similarly soaked in 10% bleach 

solution before they were disposed in a biohazard container. To remove the filling 

materials from each abutment access channel safely; gloves, protective eyewear, a 

mask and a safety lab coat were worn. Eight dental operative kits, containing the 

instruments needed for removing the access materials were used (1 operative kit per 

implant group). The instruments required for this procedure were an explorer, cotton 

pliers, highspeed hand piece and a #6 round bur. 

One abutment at a time, the TPH composite was removed using a high speed 

and #6 round bur. The filling material was extracted using an explorer and cotton pliers. 

Each filling material sample was then placed in a culture tube containing the 4 mL of the 

tryptic soy broth media prepared previously. The harvested material was entirely 

submerged in the media before capping the test tube. Instruments were sprayed and 

wiped with 70% ethanol in between each implant removal in each group to prevent 

bacterial cross-contamination. The 40 test tubes were placed in the anaerobic Gaspak 

chamber and then in the MaxQ 400 incubator overnight to allow optimal bacterial 

growth.  

 

E.   Positive and Negative Controls 

Positive and negative controls were also performed in this study. These controls 

were assembled differently from the internal and external hex implant-abutment 
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complexes in main experiment. For positive control, 20 internal hex implants and 20 

external hex implants each were divided into 4 groups (3 cotton, 3 gutta percha, 3 PVS, 

3 Teflon). Also, regarding the positive control, we did not seal the access with 

composite once the abutment was fully loaded with the sealing material.  By doing this, 

the material would be easily exposed to the P. gingivalis bacteria. Positive control 

testing showed the bacterial absorption of each material when fully exposed to the 

bacteria itself. In theory, the results for positive controls should show a higher bacterial 

absorbance.  

Regarding negative control, 20 internal hex implants and 20 external hex 

implants each were divided into 4 groups (2 cotton, 2 gutta percha, 2 PVS, 2 Teflon). 

The abutments for the negative control group were sealed with composite after the 

materials were loaded and instead of placing them into the media containing P. 

gingivalis, they were incubated into bacteria free tryptic soy broth media. Data collected 

during the negative control should support the premise that the media is free of any 

potential contamination. Therefore, no bacteria should be detected in the material filled 

space of the abutment. 

 

F. Bacterial Quantification via NanoDrop Spectrophotometer   

After 24 hours, the test tubes were removed from incubation and then from the 

gas chamber. Individually, each container was briefly vortexed to suspend the bacteria, 

which may have settled to the bottom of the culture tube. NanoDrop was first blanked 

using tryptic soy broth culture medium only and thereafter 2 ul of vortexed sample 

measured the absorbance by placing the sample on the pedestal of the nanodrop 
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(Figure 4). The bacterial absorbance was measured at 600 nm. The procedure was 

repeated for each of the 20 internal hex and 20 external hex filling materials. 

 

 

 

G. Statistical Analysis 

Summary statistics were computed for the four materials: (1) cotton (control), (2) 

Teflon® tape, (3) polyvinyl siloxane impression material, and (4) gutta percha by implant 

type: (1) internal hex and (2) external hex. A two-way analysis of variance (ANOVA) 

Figure 4: Bacterial absorbance (600 nm) measured by placing vortexed 

sample on pedestal of spectrophotometer. 
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was conducted to test for differences among the four materials and the two implant 

types. Testing for interaction between material and implant type was also conducted 

with the interaction term eliminated if it was not statistically significant. ANOVA model 

was validated by testing for homogeneity of variance of residuals and normality of 

residuals, and independence of observations was assumed. Adjusted means and 95% 

confidence intervals for microleakage by material and implant type were also obtained 

from the two-way ANOVA. Following the two-way ANOVA, multiple comparisons were 

conducted using Student-Newman-Keuls test of homogeneity and Tukey’s Honestly 

Significant Difference (HSD) test to determine which pairwise differences among the 

four materials were significant while controlling for experiment-wise error rate. An 

interaction plot for mean microleakage of material by implant type was also constructed. 
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III.   RESULTS  

A..Bacterial Absorbance of Access Materials for Implant Types 

Photospectrometry was used to compare microleakage of three materials used 

(teflon tape, PVS, and gutta percha) for sealing screw-retained abutments for implants 

with the control group (cotton). Two types of implants were used to test these materials: 

internal hex implants and external hex implants. Summary statistics computed for the 

three materials and the control grouped by type of implant are presented in Table 1. A 

two-way ANOVA was conducted to test for differences among materials (cotton, teflon 

tape, PVS, and gutta percha) and implant type (internal hex and external hex). Overall, 

microleakage varied significantly among materials (p < 0.001) and between implant type 

(p = 0.013). However, no statistically significant differences were observed on the 

interaction between material and implant type (p = 0.212). 

 

Table 1: Summary statistics for absorbance by implant type and material (n=5 per implant type 

and material).  
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Table 2 shows the adjusted means and 95% confidence intervals for 

microleakage by material and implant type from the two-way ANOVA.  

 

Table 2: Adjusted means for microleakage by implant type and material from two-way ANOVA 

(n=5 per test group).  

 

 

To determine which pairs of sealing materials were or were not significantly 

different while accounting for experiment-wise error rate, post hoc testing was 

conducted using Student-Newman-Keuls test of homogeneity and Tukey’s HSD test.  

The sealing materials that were not significantly different from each other according to 

their mean bacterial absorbance were categorized into homogeneous groups.  Table 3 

shows the homogeneous groups obtained from Student-Newman-Keuls post hoc 

multiple comparisons. The same groupings were also obtained from Tukey HSD.  PVS 

had the lowest microleakage, although it was not significantly different from gutta 

percha, it was significantly different from both teflon tape and cotton. Microleakage for 

cotton was the greatest and was significantly different from all other materials.     
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Table 3: Homogeneous groups from Student-Newman-Keuls post hoc test of multiple 

comparisons. 

 

 

An interaction analysis of the adjusted means from the two-way ANOVA test was 

performed to determine if there was a significant interaction between the materials and 

the two implant types (internal and external hex).  In other words, the test for an 

interaction between material and implant type is conducted to determine if the implant 

type changes the effect that material has on microleakage. Figure 5 shows an 

interaction plot for the mean microleakage of material by implant type. For an interaction 

plot to demonstrate that microleakage among the different materials varies by implant 

type, the two lines must cross.  In Figure 5, the two lines are relatively parallel and 

barely cross at PVS, which might possibly indicate a statistically significant interaction.  

However, based on testing for an interaction between material and implant type using 

the two-way ANOVA, no statistically significant interaction between material and implant 

type was observed (p = 0.212). Based on the interaction plot and the lack of statistical 

significance for the interaction between material and implant type from the two-way 

ANOVA model, it appears that microleakage according to material behaves similarly 

across implant types. In Figure 6, the blue bars represent the bacterial absorbance of 
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the four materials for both internal and external hex implants combined, along with the 

95% confidence intervals which are indicated by the black lines above the bars. 

 

              

  

Figure 5: Interaction plot comparing bacterial absorbance for material and implant type. 
Internal hex implants (blue) on average showed lower bacterial absorbance than external 
hex implants (red), however both implant types were not significantly different from each 
other. (p=0.212) 
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Figure 6: Comparison of bacterial absorbance by implant materials. Black bars indicate 95%  

confidence intervals. 

 

As expected, no bacterial growth, as determined by lack of absorbance at 600 

nm, and, therefore, no microleakage was observed in negative control (no bacteria) 

samples regardless of the material or implant type (data not shown). On the other hand, 

100% bacterial growth was observed in positive control samples regardless of the 

material and implant type (Table 4). a two-way ANOVA analyses revealed no significant 

differences among materials or between implant types for all positive control samples 

(Table 4). Nevertheless, as observed with the experimental samples trends for 
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microleakage among materials was found for the positive controls (p = 0.063).  Of note, 

no significant differences were detected between implant types (p = 0.317).    

Table 4: Summary statistics for absorbance by implant type and material for positive controls 

(n=3 per implant type and material).  

 

 

Table 5: Adjusted means for microleakage by implant type and material from two-way ANOVA 

for positive controls (n=3 per test group).  
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IV.   DISCUSSION 

Microleakage between the crown and implant/abutment interface is a design flaw 

that remains to be addressed in the endosseous dental implant practice. To date, 

mechanical engineering of the crown/implant/abutment complex, has been unable to 

completely seal off microleakages (Besimo et al, 1996). The result is the pooling of 

bacterial contaminant in the screw access space. Since the presence of bacterial 

leakage can result in halitosis and gingival inflammation, the choice of material to seal 

the screw access channel is an important factor to be taken into consideration (SR 

Porter, 2006).  

This in vitro study evaluated the potential of the four most commonly used 

materials in dental practice (i.e., teflon tape, PVS or gutta percha) to fill the access 

space and minimize bacterial colonization of the screw access space (Tarica et al, 

2010). Cotton was used as the control filler material. Moreover, external and internal 

connection screw retained implants were assessed. As previously described, many 

techniques have been used to evaluate leakage. Some of these studies used gas, dyes 

(Park et al, 2012), endotoxins or bacteria to assess leakage through the screw access 

space of the internal and external connection dental implant (Rosenberry and Tewes, 

2016). For the present study, we sought to evaluate resistance of different materials to 

bacterial (P. gingivalis) microleakage. As with any other technique the use of bacteria 

has its pros and cons. In one hand, it mimics the in vivo environment, where bacterial 

colonization is of concern, utilizes a known periodontal pathogen, P. gingivalis, which is 

also a bacterium often implicated in halitosis. On the other hand, the use of bacteria is 

not without challenges; compared to inert substances such as gas and dyes, which are 
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more predictable and less subject to variability, bacteria are fragile and sensitive to 

changes. If left uncontrolled, it could potentially affect the results of the experiments. 

Therefore, all experiments were repeated to validate our findings and minimize chances 

of false-negative or false-positive results. 

Various access channel filling materials are commonly used today. Cotton pellets 

and teflon tape are likely the most popular choices of material due to their low cost as 

well as their ability to be manipulated upon insertion and removal (Duncan J.P. & Taylor 

T.D., 1998). Gutta percha and PVS are not as common of materials to use most likey 

because they are more expensive and can be more of a nuisance when having to 

remove them (Sattar M.M., 2017).  

Based on our current findings, PVS has proven to be the most effective filling 

material tested. However, it did not eliminate leakage. Gutta percha, in the other hand 

was a close second, showing to be almost as an effective sealing as PVS. Moreover, 

both PVS and gutta percha were significantly better at sealing and minimizing leakage 

than teflon tape. Consistent with its deficient sealing properties, cotton showed the 

poorest sealing properties among all materials tested, greatest amount of bacterial 

colonization. Of note, these results were consistent regardless of the type of implant 

(i.e., internal or external hex). Moreover, no differences were observed in sealing 

properties between internal hex and external hex implants. Altogether, our results 

suggest that while microleakage into the access space of the screw retained implant 

cannot be completely prevented, it can be reduced with the use of specific filling 

materials, some being more effective than others. When making the determination as to 
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which material to use in sealing the screw access space, the dental practitioner should 

consider this information.  

Other factors to be considered, should include ease of placement, ease of 

removal and cost of access sealing materials. Gutta percha is easy to place in the 

access when a gutta percha heating gun is used but takes more time or requires heat to 

remove the material later. Also, gutta percha tends to be removed in pieces rather than 

in its entirety, which can become a frustrating nuisance for the practitioner. Teflon is 

very easily manipulated, both on insertion and removal. In summary, cotton is a very 

inexpensive choice of sealing material, however it provides the least desirable 

microleakage environment. One should consider PVS, gutta percha or teflon as a 

superior access channel sealing material regarding microleakage and ease of 

manipulation.  

Even so, it is important to highlight that sealing properties should be the most 

important aspect to be taken into consideration. For example, cotton, the least 

expensive of the materials tested, is also the easiest to place and easiest to remove. 

Nevertheless, it also the least effective material and allow for massive microleakage. A 

prudent general practitioner should not use cotton because of the extensive problems 

that bacterial microleakage could present.  
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V.   CONCLUSION 

The present study investigated the absorbance of bacteria in both internal hex 

and external hex implants with TiDesign abutments and Restore RD COC abutments 

(simulating a screw retained implant crown). The presence of bacterial growth in the 

sealed abutments is most likely due to microleakage through the access channels of 

screw-retained prostheses or the abutment-implant interface.  

Other approaches to address the problem addressed in this study must be 

considered in the future. Different filling materials should be studied, with the goal of 

eliminating all microleakage. Some crown cements and composite filling materials can 

release antimicrobials to reduce recurrent decay (JF Zhang, 2014), (A. Hoszek & D. 

Ericson, 2008). Perhaps a similar antimicrobial release capability could be added to the 

screw access filling materials, which would kill the anaerobic bacteria and reduce 

bacterial colonization. Cement retained implant crowns may offer less microleakage at 

the abutment/crown interface but the implant/abutment microgap is still present. There 

are implants designed with the option of solid abutments, which do not have a screw 

access channel, and may have minimal microleakage. 

Within the limitations of this study, the following conclusions were drawn:  

1. Microleakage of bacteria occurred in all groups, regardless of the sealing material 

and type of implant used.  

2. Teflon tape, PVS and gutta percha showed statistically less bacterial growth than 

cotton.  

3. PVS showed the least amount of bacterial growth when all 40 samples were 

analyzed together.  
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Microleakage into the sealed abutment (screw retained implant crown) is an 

inevitable occurrence. Based on this study, PVS may provide the best bacteriostatic 

environment for use in a clinic setting. One should consider PVS, gutta percha or teflon 

as a superior access channel sealing material in regard to microleakage and ease of 

manipulation. 
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