In vitro study of measures to control microbial colonization in the internal
chamber of the implant and the implant-abutment system
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Abstract
Objective: To determine biofilm control measures in the internal chamber of the
implant through an in vitro test.
Method: Different antimicrobial agents were selected and placed in the chambers of
three groups of implants. After seven days, we immersed them in a microbial
suspension for incubation. We collected, cultured and incubated the samples from the
chambers of each study group.
Results: We detected a filtration of microorganisms into the internal chamber in all
the groups of implants studied. This resulted in a higher count of colony-forming units
(CFU) in the control group, whereas in the experimental groups we identified a
significant reduction in the CFU count.
Conclusions: We observed a significant decrease in the number of CFU in the
experimental groups in relation to the control group, which determines the advantage
of using this type of antimicrobials.
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Introduction
The implant practice has made critical contributions to the functional and aesthetic
rehabilitation of full and partial edentulism. Very successful treatments have been
designed and protocolized in each situation with high implant and prosthesis survival
and success rates, whatever the type and modality of treatment(1). However, it has
been shown that microbial colonization in the implant-abutment-restoration system
with a prevalence of Porphyromonas gingivalis, Prevotella intermedia and
Aggregatibacter actinomycetemcomitans, among others, can cause peri-implant
disease, characterized as mucositis in the marginal inflammation stage, and as periimplantitis when the bone-implant interface is invaded and colonized by bacterial
activity causing a peri-implant infection(1). This can occur from the time when the
implant is placed, attributed to the flora present in the oral cavity, and also during the
second-stage surgery, when it is attributed to the infiltration in the gap between the
abutment and the implant, and between the abutment and the restoration, once the
prosthesis has been placed. This gap is generally found at the level of the alveolar
crest, is susceptible to bacterial colonization and represents a reservoir of
microorganisms(2,3). .Different preventive and therapeutic measures aimed at
controlling biofilm in the area surrounding the implant-supported restoration have
been proposed to deal with this widely studied phenomenon(3). Another critical area,
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the internal chamber of the implant and the implant-abutment-restoration system, is
added to this process. Contamination of these sites during second-stage surgery or
the execution of prosthetic procedures, or even during the placement of the final
prosthesis, results in colonization inside a closed environment that is inaccessible to
oral hygiene products (mechanical and chemical)(4). In a study conducted 14 days
after placing the prosthesis, the count of microorganisms was higher in cast
abutments versus machined abutments, which confirms microfiltration in the gap
between the abutment and the implant(5). This exchange goes both ways: there is
bacteria entering the chamber and coming out of it(2,6). Hence, the internal chamber
and the abutment-implant connection represent a reservoir of microbial activity that
can affect the area surrounding the implant(7). .Internal contamination is frequent and
can persist for long periods of time. Microbial leakage is observed in all the implant
and abutment systems analyzed(8,11).
Rationale
Traditional protocols have not solved the problem presented above and,
consequently, no specific measures have been developed to control internal
colonization. To reduce microleakage, abutments are developed using nitinol (shape
memory metal), which in in vitro studies reduces the microgap to 1 micron. Another
path tested is using antimicrobial agents. Tests have been conducted placing
chlorhexidine inside implants, which raises the possibility of reducing the microbial
population

at

that

level(1,13).

Groenendijk

et

al.(14)

tested

the

effects

of

2% chlorhexidine and obtained an initial promising result with a significant CFU
reduction (48% in the control-saline group vs. 17% in the test-2% chlorhexidine
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group). Periodontal indicators, such as gingival fluid flow, plaque index and gingival
index, do not vary significantly in neither group. There is a positive effect on the
peri-implant tissue, since chlorhexidine can permeate from the inside through the
micrograp and reduce colonization in the gingival sulcus. The long-term effects of this
procedure are questioned because of the short half-life of the product once it has
been applied. No conclusive results are observed in the study conducted by
Groenendijk E. et al. regarding the effective control of the internal microbial
contamination of the implant using chlorhexidine(14). Oral microflora plays an
important role in the beginning and perpetuation of the infectious process in the oral
cavity. This is why investigating and identifying it contributes to the selection and
application of preventive measures, defining the etiology of the infection and applying
the appropriate treatment(15). The application of molecular methods to identify oral
pathogens makes it possible to better manage and follow-up patients, an example of
which is multiplex-PCR, which enables the simultaneous detection of colonizing
microorganisms in the internal chamber of the implant and in the implant-abutment
system(16).
The general objective of this in vitro study was to develop different biofilm control
measures in the internal chamber of the implant by detecting the bacterial species
present, as well as the possible effect of antimicrobial agents used on implant
surfaces. The specific objectives were: 1) to determine the action of different
antimicrobial agents (calcium hydroxide, iodoform and combinations) against the
biofilm flora, 2) to quantify the microbiota, 3) to draw conclusions for clinical
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application in the control of the microbial colonization of the internal chamber of the
implant and the implant-abutment system.
Materials and methods
This is described as an experimental, in vitro study.
1. Selection of antimicrobial measures – The following criteria were considered
when selecting antimicrobial agents:
-

Is specific regarding the prevalent flora

-

Does not affect the integrity of the components of the implant-abutmentrestoration system

-

Does not act in any case as a cementing material

-

Is economical, has a pleasant taste and is easily handled

-

Does not attack gingival tissues.

The antimicrobial agents selected were: iodoform, calcium hydroxide and a 50/50
combination of both (calcium hydroxide powder, Leduc®, iodoform powder, Leduc ®).
Methylcellulose (Leduc ®) was used as medium in all cases.
2. Bacterial strains- The following strains were used:Porphyromonas gingivalis
(BAA-308), Prevotella intermedia (ATCC 25611), Tannerella forsythia (ATCC 43037)
and Fusobacterium nucleatum (ATCC 25586).
3. Study groups:
1.1. We used 80 cylindrical titanium implants with external connections measuring
8.5 mm in length and 3.75 in diameter (3i FI-USA®), with their corresponding cover
screws, and formed four groups:
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a) Control group (CG): 20 implants with nothing placed inside the internal
chamber of the implant.
b) Experimental group 1 (EG1):20 implants with the internal chamber of the
implant coated with calcium hydroxide and methylcellulose.
c) Experimental group 2 (EG2):20 implants with the internal chamber of the
implant coated with iodoform and methylcellulose.
d) Experimental group 3 (EG3): 20 implants with the internal chamber of the
implant coated with calcium hydroxide, iodoform and methylcellulose.
Disposable sterile needles and syringes were used to introduce the chemical agents,
and sterile No. 25 paper points were used to collect samples. The implants of the CG
were placed in a sterile bottle with thioglycolate(17,18) and a suspension of bacteria
was introduced in the culture medium.
In the experimental group 1 (EG1), consisting of 20 implants, we applied calcium
hydroxide in the corresponding chambers (Fig.1). To that end, 1 g of this compound
was weighed on an electronic scale using an aseptic technique. It was poured on
sterile glass, two drops of methylcellulose were dropped on it, and then it was
combined. We opened an implant, removed the cover and, using a disposable needle
and syringe, took the suspension and introduced a drop into the chamber.
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Fig. 1.Placement of calcium hydroxide in the internal chamber of an implant

We proceeded to place the cover screw and wipe off the excess using sterile gauze.
Once clean, we placed the implant in a sterile bottle with the thioglycolate medium
and the bacteria suspension using sterile pliers.
In the experimental group 2 (EG2), we applied iodoform with methylcellulose in the
corresponding chambers. To that end, 1g of this compound was weighed on an
electronic scale using an aseptic technique. It was poured on sterile glass, two drops
of methylcellulose were dropped on it, and then it was combined. We opened an
implant, removed the cover screw and, using a disposable needle and syringe, took
the suspension and introduced a drop of it into the chamber. We proceeded to place
the cover screw and wipe off the excess using sterile gauze. Once clean, we placed
the implant in the culture in a thioglycolate medium using sterile pliers. The same
procedure was carried out with the remaining 19 implants.
In the experimental group 3 (EG3), we placed calcium hydroxide and iodoform with
methylcellulose in the corresponding chambers. To that end, 1 g of calcium hydroxide
and 1 g of iodoform were weighed on an electronic scale applying an aseptic
7

technique. We poured it on sterile glass, dropped two drops of methylcellulose on it,
and then combined the mixture. We opened an implant, removed the cover screw
and, using a disposable needle and syringe, took a sample from the suspension and
introduced a drop of it into the chamber. We then placed the cover screw and wiped
off all the excess material with sterile gauze. Once clean, the implant was placed in
the culture with the thioglycolate medium using sterile pliers. The procedure was
repeated with the remaining 19 implants. The bottle contained a thioglycolate culture
medium with a suspension containing 107-8x108 CFU of Porphyromonas gingivalis,
Prevotella intermedia, Tannerellaforsythia and Fusobacterium nucleatum. These
bacteria are among the most prevalent in peri-implant disease(17,21) (Fig. 2).

Fig. 2.Thioglycolate with microbial suspension
Bottles were incubated at 37°C for 7 days (Fig. 3). After that time had elapsed, the
implants were removed from the thioglycolate culture using sterile pliers, and then
they were cleaned and dried with sterile gauze. After removing the cover screws,
sterile No. 25 paper points were introduced (Fig. 4) inside each internal chamber of
each of the implants of the four groups. Each of the 80 samples was introduced in
one of 80 tubes containing a solution of 1.5 ml of RTF (Reduced Trasport Fluid)(22). All
8

implant handling (screwing and unscrewing of cover screws) was performed by the
same operator.

Fig. 3. Development in thioglycolate

Fig. 4.Sample collection

using paper points

Dilutions were then prepared. One rack was used per sample with: one eppendorf
tube with 1.5 ml of RTF with the corresponding two No. 25 paper points and two
eppendorf tubes with 900 μl of RTF. Then the sample was diluted for quantification
(Fig. 5). In each sample there was 1.5 ml of RTF with the corresponding two No. 25
paper points. 100 µl was taken from the sample and placed in an eppendorf tube with
900 µl of RTF. (First dilution: 1:10). Then, 100 µl was taken from the first dilution and
placed in another tube with 900 µl of RTF (second dilution: 1:100). 100 µl was taken
from the first and 100 µl from the second and streaked in base agar medium with
blood, menadione and hemin, expanded with a glass spreader, and the plates were
incubated for 14 days at 37ºC in absolute anaerobiosis(23-24).
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Fig. 5. Sample dilutions
After the incubation period, the plates were read by performing the CFU
(colony-forming units) count for each study group, using a stereoscopic magnifying
glass.
Results
Plates were opened after 14 days. (Figs. 6 and 7)
Control group- Samples obtained from the implant chambers without chemical
compounds. All of the plates streaked with the two dilutions showed colony growth.
The samples streaked from the first dilution showed: 2 plates with more than
3,000 CFU, 2 plates with 6 CFU, 8 plates with 4 CFU, 6 plates with 3 CFU, 2 with
1 CFU. The samples streaked from the second dilution showed:2 plates with more
than 100 CFU, 2 plates with 5 CFU, 2 plates with 3 CFU, 2 plates with 4 CFU, 6 with
2 CFU, 4 with 1 CFU and 2 plates without growth.
EG1- Samples obtained from the implant chambers with calcium hydroxide and
methylcellulose. Of the plates streaked with the first dilution, one showed 2 CFU,
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second dilutions did not show growth of microorganisms.

Fig. 6. Plates incubated in anaerobiosis

EG2-

Samples

obtained

from

the

Fig. 7. Growth of sample with iodoform

implant

chambers

with

iodoform

and

methylcellulose. Two of the plates streaked from the first dilution of the samples
showed growth with 2 CFU. Two of the plates streaked from the second dilution of the
samples showed growth with 1 CFU.
EG3- Samples obtained from the implant chambers with the mixture of calcium
hydroxide, iodoform and methylcellulose. Two of the plates streaked from the first
dilution showed growth with 1 CFU. The samples streaked from the second dilution
showed no growth.
The results of this study show that there was a leakage of microorganisms into the
internal chamber of the implant. There was colony growth in all the plates streaked
with the samples without chemical agents (100%). The use of the chemical agents
introduced in the chambers of implants was favorable because they reduced the
number of colony-forming units in all samples, both in the first dilutions (95% in EG1
and 90% in EG2 and EG3) and in the second dilutions (90% in EG2 and 100% in
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EG1 and EG3), with the most successful result being those obtained using the
mixture of calcium hydroxide and methylcellulose, and the combination with iodoform
and methylcellulose.
The descriptive analysis of the results identified a substantial difference in CFU
growth in the group “without agent” (control group) in relation to the other
experimental groups, with a reduction in the second dilution, but no significant
reduction in the CFU count was found between them (Fig. 8). The use of calcium
hydroxide, whether alone or in combination with iodoform, showed the lowest CFU
count among the groups studied. It was not possible to determine the duration of the
effect of this agent.

Fig. 8. The average CFU in the control group was 3.56, in the experimental group 1,
0.1, in the GE2,0.2 and in the GE3,0.1. A significant decrease in the number of CFU
in the groups treated with some antimicrobial agent in relation to the control group
was observed. No significant difference was observed when comparing the different
experimental groups. The same results were obtained when analyzing the results of
the second dilution.

Discussion
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This study enabled the comparison of two antimicrobial agents, and a combination of
both, in relation to the microflora which colonizes the internal chamber of the implant.
We could determine which antimicrobial agent was more effective against the flora in
the internal chamber of the implant. Works which study this phenomenon of
contamination

in

the

implant-abutment-restoration

system(1,2,4,7,12-14,21)

use

chlorhexidine as an antimicrobial agent with varying results and note its short life as a
common characteristic. The selection of calcium hydroxide and iodoform appears as
an alternative to chlorhexidine in trying to achieve a higher effectiveness against
contamination. No studies using the antimicrobials used in this work were found in the
review of the literature conducted. These are the antimicrobials used in the daily
dentistry practice with the same concentration, which guarantees product
biocompatibility. After reading the cultures, it was possible to establish, with samples
from 20 implants each, that calcium hydroxide alone or in combination with iodoform
showed the best performance, since the growth of colony-forming units observed in
the cultures in which this product was used was minimal, although we cannot
determine a significant difference with the group where only iodoform was used as an
antimicrobial (GE2).
Bacterial strains which can regularly colonize these completely anaerobic zones were
used in this research. It is important to conduct an in vivo study to assess the mid and
long-term effectiveness of these measures.
Conclusions
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We found a significant decrease in the growth of CFU in the experimental groups in
relation to the control group, which determines the advantage of using calcium
hydroxide and iodoform as antimicrobial agents to control the growth of
microorganisms inside the internal chamber of dental implants. These results open
the door for further research on the fight against contamination in the implant
chamber, whether by expanding the sample in in vitro studies or by conducting a
prospective clinical study (upcoming) which will make it possible to confirm the results
obtained in the laboratory.
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