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A gap exists at the implant-abutment interface in two-piece implants and can serve as a reservoir of bacteria and compromise the health

of peri-implant tissue. This study aimed to compare the effect of different intermediate materials on bacterial leakage at the implant-

abutment interface. A total of 75 implants were divided into 5 groups (n ¼ 15) based on the material applied at the implant-abutment

connection: (1) Atridox, (2) chlorhexidine, (3) Gapseal silicone, (4) saliva, and (5) no material. All the implants were inoculated with 0.1 lL of

Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans) suspension, and then the respective material was applied. The

abutments were connected to the implants, and appropriate torque was applied as recommended by the manufacturer (Implantium,

Dentium, Korea, Seoul). Bacterial leakage was determined by evaluating the turbidity of the broth. Bacterial contamination was found in all

samples at different times; in groups 1, 2 and 3, contamination was noted after 7, 5, and 6 days, respectively, on average. Contamination

occurred averagely after 4 days in groups 4 and 5. The present study showed that Atridox applied at the implant-abutment interface

significantly delayed bacterial leakage.
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INTRODUCTION

A
t present, intraosseous titanium implants are com-

monly used to replace the lost teeth. One- and two-

piece implants are available in the market.1 Precise fit

between the implant and abutment in two-piece

implants is important for their long-term durability.2 Gaps are

present at the implant-abutment interface and also between

the threads and the screw hole.3 These gaps serve as a trap for

bacteria.4 Internal contamination of implant can occur in two

ways:

1. When an abutment is connected to an implant, gaps

between the components are unavoidable.5

2. Bacteria enter the inner part by leakage through the

implant-abutment interface.6

Several studies have reported inward and outward leakage

of bacteria, oral fluids, and nutrients through the implant-

abutment interface. After colonization, bacteria can invade the

peri-implant tissue and cause peri-implantitis.7 Also, in two-

piece implants, the peri-implant crestal bone level depends on

the location of the implant-abutment interface (microgaps).8

Infiltration of inflammatory cells can lead to peri-implantitis and

eventual bone loss.9 Bacterial infection also interferes with

osseointegration during the healing phase.10 Thus, it is a

challenge for researchers and implant manufacturers to

decrease the size of microgaps and achieve an ideal fit.11

Several studies have attempted to access and minimize

microleakage through the implant-abutment interface.12

Torres et al used a new nitrogen flow technique to measure

the amount of microleakage through the implant-abutment

interface. They found that there are significant differences

between different sealing and screwing conditions.13 Assenza

et al studied 3 implant connections—namely, cement-retained,

internal conical, and screw-retained—and confirmed the results

of previous studies regarding the hermiticity of cement-

retained implant-abutment assembly, low bacterial penetration

in internal conical connection and high prevalence of bacterial

leakage in screw-type connection.4 Koutouzis et al evaluated

endotoxin penetration through the implant-abutment interface

using chlorhexidine solution at the interface.14 Ghannad et al

found that the application of 1% chlorhexidine gel decreased

bacterial growth at the implant-abutment interface.15 Chadha

et al16 evaluated doxycycline controlled-release gel versus

doxycycline controlled-release implant for management of

periodontitis. The authors found that compared with scaling

alone, the use of doxycycline (whether gel or implant) had a

greater efficacy for improvement of periodontal condition.

Atridox is a controlled-release doxycycline gel that is applied
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subgingivally. It affects periodontal pathogens and improves

the periodontal condition.16

Reliable guidelines or standardized surgical protocols have

not been provided by the manufacturers regarding the use of

antibacterial agents at the implant-abutment interface, which

forces the clinicians to come up with methods to minimize

bacterial leakage.17

Although many studies have attempted to decrease

leakage at the implant-abutment interface using different

materials from saline to antibiotics, no study has compared

the efficacy of these materials to prevent bacterial leakage.18,19

The aim of this study was to compare the efficacy of 3

materials used at the implant-abutment interface in the

presence and absence of saliva. The following hypotheses

were tested:

(H1) Reduction of bacterial leakage by using Atridox at the

implant-abutment junction in comparison with not using it, is

more.?1

(H2) Reduction of bacterial leakage by using Atridox at the

implant-abutment junction in comparison with using silicon in

this space, is more

(H3) Reduction of bacterial leakage by using Atridox at the

implant-abutment junction in comparison with using chlorhex-

idine in this space, is more.

(H4) Reduction of bacterial leakage by using Atridox at the

implant-abutment junction in comparison with the existence of

saliva in this space, is more.

MATERIALS AND METHODS

A total of 75 Superline fixtures (12 mm height, 4 mm diameter)

and 75 abutments were used in this in vitro study. The

minimum sample size was calculated to be 12 samples in each

group according to a study by Assenza et al. The methodology

was reviewed by an independent statistician.

Fixtures were randomly divided into 5 groups (n ¼ 15).

Aggregatibacter actinomycetemcomitans (A. actinomycetem-

comitans) was used in this study. A. actinomycetemcomitans is

a gram-negative, facultative/anaerobic bacterium found in the

oral cavity. It is considered an oral commensal measuring about

0.4 3 1.0 lm. It can cause periodontitis and peri-implantitis. To

prepare a bacterial suspension, A. actinomycetemcomitans was

plated in tryptic soy agar yeast plates and incubated at 378C for

48 hours in presence of 0.5% CO2. A few bacterial colonies were

diluted in tryptic soy broth supplemented with yeast extract

(TSBY) to a density of 0.5 McFarland standard concentration (1

3 108 colony forming units/mL), confirmed by spectrophoto-

metric analysis.

The sensitivity of A. actinomycetemcomitans to Atridox,

chlorhexidine, and Gapseal silicone was then evaluated. For this

purpose, 3 plates of tryptic soy agar yeast were prepared, and

their surfaces were inoculated with bacteria. Then, one drop of

each material was placed on each plate and incubated at 378C

for 48 hours in the presence of 0.5% CO2. The results indicated

that bacterial colonies did not grow around Atridox and

chlorhexidine but grew normally around Gapseal silicone. This

result confirmed the sensitivity of A. actinomycetemcomitans

to Atridox and chlorhexidine.

The inner part of all implants was then inoculated with 0.1

lL of viable A. actinomycetemcomitans with sterile instruments

under sterile conditions. The volume of the inner part of the

fixture for each material was precisely measured.

After bacterial inoculation, the implants were divided into 5

groups, and each group was inoculated with 4.9 lL of

respective materials: (1) Atridox (10% doxycycline hyclate,

TOLMAR Inc, Fort Collins, Colo), (2) chlorhexidine (Colgate,

New York. NY), (3) Gapseal silicone (Hager & Werken GmbH &

Co KG, Duisburg, Germany), (4) saliva and (5) no material.

In all groups, the abutments were carefully connected to

fixtures using sterile gloves and torqued according to the

manufacturer’s recommendations regarding the closing torque

(Implantium, Dentium, Seoul, Korea). An electronic torque-

meter was used to ensure proper seating torque for all

implants. As a positive control, 2 test tubes were filled with

TSBY only and inoculated with 0.1 lL of A. actinomycetemco-

mitans. The turbidity of broth confirmed the viability and

growth of microorganisms in this study.

Two test tubes were filled with TBSY only and served as

negative controls. These tubes showed a transparent solution

with no bacterial growth.

The entire assembly was immersed in TSBY in a rolling

motion to evaluate inadvertent contamination of the external

surface; tubes showing turbidity of broth (indicating coloniza-

tion and contamination of surface) were excluded. The samples

were then placed in tubes; the amount of nutrient solution

required in the tubes was determined exactly such that the

level of fluid remained right above the implant-abutment

interface. All the procedures were performed under a laminar

flow hood (Class B, Jal Tajhiz, Iran). The tubes containing

samples, the test tubes used for external contamination testing,

the negative control tubes, and the positive control tubes were

incubated at 378C in the presence of 5% CO2 for 28 days.

The broth culture of the vials containing samples was

refreshed every 7 days. Any possible penetration of bacteria

was determined by evaluating the turbidity of the broths.

Samples were checked daily, and the presence/absence of

turbidity was recorded. Leakages cause the colonization of

bacteria, and the colonization of bacteria causes cloudiness and

turbidity of the solution (Figure 1). Next, 1 lL of the cloudy

solution was analyzed for the morphology of colonies in tryptic

soy agar yeast plate incubated at 378C for 48 hours to confirm

the purity of bacteria used to inoculate the inner part of the

implant. The growth and proliferation of A. actinomycetemco-

mitans showed that the bacteria had moved from the inner

part of the implant into the surrounding solution through the

implant-abutment interface. The experiment was repeated for

some implants showing external surface contamination.

Statistical analysis

Statistical analysis was done using SPSS software version 24.

The differences between the groups were statistically analyzed

by Kruskal-Wallis and Bonferroni adjusted Dunn’s multiple

comparisons test. Statistically significant differences were

accepted at P , 0.05.

2 Vol. XLV / No. Six / 2019

Implant-Abutment Interface Leakage Inhibitor

//titan/Production/o/orim/live_jobs/orim-45/orim-45-06/orim-45-06-11/layouts/orim-45-06-11.3d � Thursday, 5 December 2019 � 5:56 am � Allen Press, Inc. � Page 2



RESULTS

In this study, bacterial contamination was found in all samples,

with differences in the distribution of time of occurrence

among 5 groups (P¼ 0.004). Descriptive statistics for the day of

bacterial occurrence is given in Table 1. Post hoc comparisons

revealed significant differences between Atridox with saliva and

no material (P¼ 0.008 and P ¼ 0.025).

The cumulative proportion of contaminated samples

during the study period is given in Figure 2 for all of the

studied subgroups.

DISCUSSION

Gaps between the components in 2-piece implant systems can

serve as a trap for bacteria. Previous studies have demonstrated

that infiltration of inflammatory cells around implants is related

to microleakage through the implant-abutment interface. This

inflammatory process in soft and hard tissues around the

implant interferes with its long-term durability. Contamination

of the inner part of the implant during the prosthetic phase is

often inevitable and causes bacterial colonization at the

implant-abutment interface. Bacterial colonization close to the

bone may lead to inflammation and eventual bone loss. This is

one of the most important factors causing 1 mm of bone loss in

the first year of implant placement. Bacterial leakage through

the implant-abutment interface causes an immune reaction

and periodontal inflammation.20,21 Torres et al found that

sealing of the implant-abutment interface can decrease micro-

leakage.13 Rimondini et al22 demonstrated that bacterial

microleakage occurs in clinical conditions; applying a silicone

washer at the implant-abutment interface can decrease

bacterial leakage, but very good oral hygiene is still more

effective in reducing contamination. While Rimondini and

colleagues demonstrated that sealing of the implant-abutment

interface with Gapseal could not prevent bacterial leakage, it

could inconsiderably delay the occurrence of leakage.22 Mehl et

al compared three sealing agents—Gapseal, AGC Cem, and

Cervetic Plus—to prevent microleakage in prefabricated 2-

implant bar attachment system.23 The results indicated that

microleakage initially occurred in some groups, but after 1000

loading cycles, microleakage was observed in all groups, and

none of the sealing agents could prevent microleakage. In our

study, even applying Gapseal at the implant-abutment

interface could not completely prevent bacterial leakage.

Studies on the use of chlorhexidine found that 0.2%

chlorhexidine rinse is effective for reduction of the count of oral

microflora and bacterial pathogens.24 Paolatinio et al evaluated

the efficacy of chlorhexidine when used at the implant-

abutment interface and found that applying chlorhexidine to

the inner part of the fixture decreased bacterial colonization.25

However, Koutouzis et al demonstrated that bacterial toxins

leaked through the implant-abutment interface despite the use

of chlorhexidine.14 The present study confirmed the findings of

the 2 studies previously mentioned. In our study, A. actino-

mycetemcomitans was sensitive to chlorhexidine, but applying

chlorhexidine to the implant-abutment interface could not

prevent bacterial leakage. However, it caused an insignificant

delay in the time of occurrence of leakage.

Mombelli et al found that local delivery of tetracycline

improved the clinical periodontal parameters.26 Park et al used

tetracycline with deproteinized bovine bone to treat peri-

implantitis and report its positive results.27 Chadha et al

evaluated doxycycline controlled-release gel versus doxycycline

controlled-release implants and found that local doxycycline,

whether gel or implant and in comparison with only scaling

and root planing, had higher efficacy for treatment of

periodontal disease. There was no significant difference

between gel and implant.16

Atridox, chlorhexidine, and Gapseal could not completely

prevent bacterial leakage but when compared to the presence

of saliva or no treatment at the implant-abutment interface,

they significantly delayed the occurrence of leakage. To the

best of the authors’ knowledge, no previous in vitro study has

used Atridox at the implant-abutment interface, but the

present study has confirmed the available data reported in

the literature.

According to this study, the use of Atridox gel is

recommended for patients; it significantly delays bacterial

leakage and decreases crestal bone resorption.

FIGURE 1. Implants of group 2 placed in the nutrition solution. (a) No
contamination. (b) Cloudiness of broth indicative of bacterial
contamination.

TABLE 1

Descriptive statistics for the occurrence day of bacterial
contamination

Group Mean SD Median IQR Min Max

Atridox 7.1 0.4 7 (7,7) 7 8

Chx 5.3 1.4 5 (5,5) 2 8

Silicon 6.7 2.4 5 (5,8) 5 12

Saliva 4.6 4.9 1 (1,11) 1 13

No Material 4.6 3.4 3 (1,6) 1 12
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This study had an in vitro design; thus, in vivo studies are

still required on this topic. To assess the effect of occlusal forces

on screw loosening, cyclic loading is important and should be

performed. Screw loosening creates a space between the

implant and abutment and also increases the secretion of

bacterial endotoxins due to pumping movements. Therefore, it

is recommended to perform cyclic loading and assess its effects

on results in future studies. The lower the limitations of studies,

the more realistic the results will be.

CONCLUSION

Three materials that are routinely used to seal the implant-

abutment interface were compared in this study. Atridox and

chlorhexidine have confirmed antibacterial effects. Atridox seals

the implant-abutment interface and limits bacterial accumula-

tion and endotoxin production. There is no evidence of

research done on Gapseal silicone or comparing the above-

mentioned 3 materials. Further, presence and absence of saliva

at the implant-abutment interface were compared in our study.

This comprehensive study compared the effects of the above-

mentioned 3 materials on bacterial growth and crestal bone

resorption.

� The present study confirmed previous results about the use

of Atridox, showing that it can prevent bacterial colonization

for a period of time. Bacterial leakage always occurs, but

Atridox caused a significant delay in the onset of leakage

when used at the implant-abutment interface.
� Presence/absence of saliva did not have any significant

effect on the time of onset of bacterial leakage.
� This study showed that chlorhexidine and Gapseal did not

prevent bacterial leakage but caused an inconsiderable

delay in the onset of leakage.

ABBREVIATION

TSBY: tryptic soy broth supplemented with yeast
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26. Mombelli A, Feloutzis A, Brägger U, Lang NP. Treatment of peri-
implantitis by local delivery of tetracycline. Clinical, microbiological and
radiological results. Clin Oral Implants Res. 2001;12:287–294.

27. Park JB. Treatment of peri-implantitis with deproteinised bovine
bone and tetracycline: a case report. Gerodontology. 2012;29:145–149.

Journal of Oral Implantology 5

Mohammadi et al

//titan/Production/o/orim/live_jobs/orim-45/orim-45-06/orim-45-06-11/layouts/orim-45-06-11.3d � Thursday, 5 December 2019 � 5:56 am � Allen Press, Inc. � Page 5



Queries for orim-45-06-11

1. Author: Unclear re: ‘‘is more’’? Do you mean ‘‘XXX is better in comparison with not using it’’? Please clarify your
meaning in these phrases. Copy editor


