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Abstract. – OBJECTIVE: The occurrence of
bacterial leakage in the internal surface of im-
plants, through implant-abutment interface (IAI),
is one of the parameters for analyzing the fabri-
cation quality of the connections. The aim of this
in vitro study is to evaluate two different types of
implant-abutment connections: the screwed con-
nection (Group 1) and the cemented connection
(Group 2), analyzing the permeability of the IAI to
bacterial colonization, using human saliva as
culture medium.

PATIENTS AND METHODS: A total of twelve
implants were tested, six in each experimental
group. Five healthy patients were enrolled in
this study. Two milliliters of non-stimulated
saliva were collected from each subject and
mixed in a test tube. After 14 days of incuba-
tion of the bacteria sample in the implant fix-
tures, a PCR-Real Time analysis was per-
formed. Fisher’s exact test was used to com-
pare the proportions of implant-abutment as-
sembled structures detected with bacterial
leakage. Differences in the bacterial counts of
the two groups were compared using the
Mann-Whitney U test. A p value < 0.05 was con-
sidered significant.

RESULTS: The results showed a decreased
stability with the screwed implant-abutment con-
nections compared to the cemented implant-
abutment connections. A mean total bacterial
count of 1.2E+07 (± 0.25E+07) for Group 1 and of
7.2E+04 (± 14.4E+04) for Group 2 was found,
with a high level of significance, p = .0001.

CONCLUSIONS: Within the limitations of this
study it can be concluded that bacterial species
from human saliva may penetrate along the im-
plant-abutment interface in both connections,
however the cemented connection implants
showed the lowest amount of bacterial colo-
nization.
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Introduction

Dental implant restoration has been widely ac-
cepted as one of the treatment modalities to re-
place missing teeth and to restore human masti-
catory functions1.
Elevated success rates have been described in

the current literature for long-term treatment with
osseointegrated dental implants2-4. Usually, these
high success rates have been related to immedi-
ate stabilization processes, mainly associated to
the quality and characteristics of the implants
used5. Implant primary stability has been report-
ed as the key factor to improve the implant sur-
vival rate.
In spite of the excellent success rates in os-

seointegrated implant rehabilitations, failures
have been described in literature. The implant
failures are essentially related to mechanical and
microbiological factors that frequently act in as-
sociation6,7. The unfavourable occlusion and di-
versity of microorganisms inhabiting the oral
cavity, especially those related to periodontal dis-
eases, are the main factors associated to late im-
plant complications8,9.
The implant-abutment connection represents

the weakest point of the dental endosseous im-
plant, as it must resist maximal and permanent
chewing forces as well as bacterial infiltration.
Two-piece implants unavoidably present a mi-

cro-gap between the implant and the abutment.
When a prosthetic abutment is connected to a fix-
ture, a micro-gap is created between the compo-
nents, due to an inadequate fit between implant
and abutment. Microorganisms may grow into
this implant-abutment interface (IAI) micro-gap
and establish a bacterial reservoir resulting in an
area of inflamed soft tissue, which faces the fix-
ture-abutment junction10-12.
This inadequate fit between the implant and

the abutment may be considered a risk factor
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similar to that in poorly adapted dental restora-
tions, capable of leading to clinical and microbi-
ological alterations in the peri-implant tissues.
Callan et al13, analyzing the size of the fixture

abutment interface, found mean values between
30 µm and 135 µm; Dellow et al14 between 0 and
7.15 µm; and Jansen15 between 1 and 10 µm. Due
to the existence of the interface, the possibility of
fluid and microorganism exchanges is probable.
The implant abutment interface can allow the

passage of fluids and bacteria, irrespective of the
implant system (with tapered or flat connec-
tions). Well fitting interfaces too (smaller than 5
µm) were incapable of preventing bacterial leak-
age and colonization of the internal implant sur-
face. A large variety of microorganisms appear to
have the ability to penetrate at the fixture abut-
ment interface and reach the inside of implants,
ranging from Gram-positive coccus to Gram-neg-
ative rods. Streptoccocus sanguis presents a
mean size ranging between 0.8 µm and 1 µm and
Escherichia coli presents a mean size ranging be-
tween 1.1 µm and 1.5 µm in diameter and 2 µm
and 6 µm in length, being considered of medium
size in comparison with the oral micro-flora.
These characteristics enable bacterial leakage at
interfaces with maladjustment within the values
described in the literature15.
The potential colonization of the internal con-

nection through the implant-abutment micro-gap
is probably related to multi-factorial conditions,
i.e., the precision fit between the implant compo-
nents, which is associated with the implant sys-
tem design; the torque used to connect the com-
ponents; the repeated screw loosening and re-
tightening; and the loading force when the im-
plant is in function16-22.
Several studies have demonstrated the pres-

ence of a micro-gap between implant and abut-
ment and the occurrence of bacterial leakage in
IAI. However, artifices can be created to render
the clinical significance of this gap negligible.
The supra-crestal position of the interface, the
adaptation torque of the screw to the implant, use
of silicone to seal the interface, and the system
design are the main findings that are clinically
significant. The occurrence of bacterial leakage
in the internal surface of implants, through IAI,
is one of the parameters for analyzing the fabri-
cation quality of the connections.
In this contest, the connection design and the

type of system used to connect the implant with
the abutment, are both very important factors.
The purpose of this in vitro study is to com-

pare different implant-abutment connection
based on their permeability to the bacterial colo-
nization, evaluating the detection frequency of
bacterial leakage from human saliva through the
implant-abutment interface.
The investigators hypothesize that screwed im-

plant-abutment connection show a higher colo-
nization by bacteria than the cemented connection.

Patients and Methods

In this study, a total of twelve implants were
tested, six in each experimental group. Group 1
consisted of fixtures (Winsix®, BioSAF IN, An-
cona, Italy), 4.5 mm in diameter, with an internal
hexagon connected to the abutment with a re-
tained screw; and Group 2 consisted of fixtures
(Bone System®, Milan, Italy), 4.1 mm in diame-
ter, with an internal hexagon connected to the
abutment with a sealant (Panavia 21, J. Morita
USA Inc, Tustin, CA, USA).
Under aseptic conditions, in a laminar flux

hood and using sterile instruments and gloves,
the abutments, previously autoclaved at 121°C
for 30 minutes, were attached to sterile implants
following the manufacturer’s instructions.
For Group 1 the abutments were screwed to

fixtures using a dynamometric ratchet with a
torque of 25 Ncm.
For Group 2 the abutments were cemented into

the fixtures through a specific collar inserted into
the implant, using a device that ensures the in-
serting pressure. In Group 2 the cement was
mixed, at room temperature, according to the
manufacturer’s protocol and applied on the axial
surface of the internal portion of the implants to
minimize the hydrostatic pressure during its
hardening. Abutments were cemented onto the
implants with a load of 5 kg maintained for 10
minutes.
All the procedures were carried out by the

same expert investigator.

Saliva Collection
The study was open to all subjects who met

specific inclusion and exclusion criteria (Table I)
and provided signed informed consent according
to the World Medical Association’s Declaration
of Helsinki.
Five healthy subjects, aged between 31 and 60

years (mean age 37 ± 9.09 years), were enrolled
in this study. Two milliliters of non-stimulated
saliva were collected from each subject and
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anaerobic conditions for 14 days.
Every morning the plaque and saliva within

the micro-tubes were partially changed with new
saliva samples.
After incubation, the assembled structures

were aseptically disconnected, placed on sterile
absorbing paper, washed with NaCl 0.9%, and
externally dried with sterile gauzes.
The samples from the internal parts of the im-

plants were collected using a kit, consisting of 10
sterile absorbent paper tips and sterile Eppendorf
tubes (Eppendorf Tubes®, Hamburg, Germany).
One drop of RNA-and DNA-free water (Water

Molecular Biology Reagent code W4502, Sigma-
Aldrich, Saint Louis, MI, USA) was placed in-
side the implant connection and three paper tips
were insert for 30s.
The connection surface of the abutment was

wet with a drop of RNA-and DNA-free water
and smeared with two paper tips.
The papers tips were placed into the Eppen-

dorf tubes and were sent for microbiological
analysis to the laboratory Institut Clinident SAS
(Aix en Provence, France) inside provided mail-
ing envelopes.

Quantitative Real-Time PCR Assays
Quantitative real-time PCR was carried out for

the Total Bacterial Count (TBC) and for 10
pathogens: Aggregatibacter actinomycetemcomi-
tans (Aa), Porphyromonas gingivalis (Pg), Ten-
nerella forsythensis (Tf), Treponema denticola
(Td), Prevotella intermedia (Pi), Peptostrepto-
coccus micros (Pm), Fusobacterium nucleatum
(Fn), Campylobacter rectus (Cr) and Eikella cor-
rodens (Ec); and Candida Albicans (Ca).
Quantitative real-time PCR assays were per-

formed in a volume of 10 1l composed of 1 9
QuantiFast® SYBR® Green PCR (Qiagen,
Hilden, Düsseldorf, Germany), 2 1l of DNA ex-
tract and 1 1M of each primer. The species-spe-
cific PCR primers used in this study were provid-
ed by Institut Clinident SAS (Aix en Provence,
France) and manufactured by Metabion GmbH
(Metabion international AG, Planneg, München,
Germany). The bacterial primers used derived
from previously published ribosomal 16S se-
quences and have been adapted to the real-time
PCR conditions.
Assays were carried out on the RotorGene® Q

thermal cycling system (Qiagen, Hilden, Düssel-
dorf, Germany) with the following program:
95°C for 5 min, followed by 40 cycles of 10 s at
95°C, 10 s at 60°C, and 35 s at 72°C. A final
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mixed in a test tube.
In addition, samples of supra-gingival biofilm

from the subjects’ first maxillary and mandibular
molars were taken with individual curettes and
added to the test tube.
The selected subjects had no clinical sign of

disease in their oral mucosa. The gingival sulci
were less than 3 mm deep and showed no clinical
signs of inflammation. There were no caries or ac-
tive white spot lesions on the teeth. Patients who
were currently pregnant or lactating, had received
periodontal antibiotic treatment during the previ-
ous 3 months, were current smokers, or had any
systemic disease that could influence the peri-
odontal status were excluded from study (Table I).
The collected saliva samples were taken every

morning for 14 days, making sure that the ordi-
nary oral hygiene remained unvaried.

Microbiological Assessment
Before the implant-abutment connection, sam-

ples from the internal parts of the implants were
collected with sterile paper points to be used as
negative controls for the bacterial contamination.
Under aseptic conditions, in a laminar flux

hood and using sterile instruments and gloves,
the abutments were attached to implants follow-
ing the manufacturer’s instructions.
Next, the implants and the abutments were

washed twice with a sterile physiological solu-
tion (0.9% NaCl) and dried with sterile gauze
pads. Five assembled structures for each group
were immersed into micro-tubes containing 200
µl of human saliva. This supernatant volume was
sufficient enough so to ensure that the micro-gap
between the implant and abutment (IAI) was to-
tally covered by saliva.
One assembled structure per group was im-

mersed into micro-tubes containing 200 µl of
sterile physiological solution (0.9% NaCl) and
was used as negative control.
The micro-tubes were incubated at 37°C in

No clinical signs of oral mucosa diseases
Gingival sulci less than 3 mm deep
No clinical signs of inflammation
No caries or active white spot lesions
No pregnant or lactating
No periodontal antibiotic treatment during the previous
3 months

No smokers
No systemic diseases
Written consent

Table I. Inclusion criteria.



melt curve analysis (70 to 95°C in 1°C steps for
5s increments) was performed. Fluorescence sig-
nals were measured at the end of the extension
step of every cycle and continuously during the
melt curve analysis. The resulting data were ana-
lyzed using Rotor-Gene® Q Series software (Qia-
gen, Hilden, Düsseldorf, Germany).
Serial dilutions of bacterial standard DNA pro-

vided by Institut Clinident SAS (Aix en
Provence, France) were used in each reaction as
external standards for absolute quantitation of the
targeted bacterial pathogens. Standard bacterial
strains used for standard DNA production were
obtained from DSMZ (Braunschweig, Germany),
CIP Collection of Institut Pasteur (Paris, France)
or from BCMM/LMG Bacteria Collection
(Ghent, Belgium): Aa (DSM No. 8324), Pg
(DSM No. 20709), Tf (CIP No. 105220), Td
(DSM No. 14222), Pi (DSM No. 20706), Pm
(DSM No. 20468), Fn (DSM No. 20482), Cr
(LMG No. 18530), Ec (DSM No. 8340).

Statistical Analysis
Descriptive analysis was used to summarize

the data, mean values and standard deviations
(SD) were calculated. In addition, the total num-
ber of implants per group exhibiting bacterial
colonization of the IAI microgap was calculated.
Fisher’s Exact test was used to compare the pro-
portions of implant-abutment assembled struc-
tures detected with bacterial leakage. Differences
in the bacterial counts of the two groups were
compared using the Mann-Whitney U test.
A p value < 0.05 was considered significant. A

specific statistical software (IBM SPSS V10 Sta-
tistics, IBM, Armonk, USA) was used for data
analysis.

Results

In this study a total of 12 implants were tested,
6 for each group. Implants were assembled and
inserted in tubes containing human saliva and
were incubated at 37°C for 14 days. After 14
days, with partially changed saliva samples every
morning, implant-abutments were disassembled
and the bacteria samples were performed using
sterile paper points inserted into the implant for
30 seconds. The samples were sent to Institut
Clinident SAS (Aix en Provence) and analyzed
by real-time PCR.
PCR methodology provided Genomic DNA

extraction from the samples and tested for micro-
organisms associated with peri-implantitis. The
DNA was tested by Polymerase Chain Reaction
(PCR) amplification followed by fluorescence
detection and quantitation.
The results show a low permeability to bacte-

ria for Group 2 implants, with cemented implant-
abutment connections, and a high permeability to
bacteria for the Group 1, with screwed implant-
abutment connection, as showed in Figure 1 and
Figure 2.
After 14 days, bacterial contamination was ob-

served in a total of 6 assembled structures out of
the 10, 5 were in Group 1, with screwed connec-
tions, and only 1 assembled structure was of
Group 2, with the cemented connection. The con-
tamination, was therefore of 100% for the Group
1 implants and of 20% for Group 2, but was not
statistically significant; p value = .074.
No contamination by bacteria was observed

for implants immersed in sterile physiological
solution for either groups.
The total bacterial count was 1.2E+07 (±

0.25E+07) for Group 1 versus 7.2E+04
(±14.4E+04) for Group 2, with a high level of
significance, p = .0001.
For Group 1, the bacterial contamination was

positive for all tested bacteria except Aggregati-
bacter actinomycetemcomitans and Candida al-
bicans, but all bacteria were below the patho-
genicity threshold (Figure 3).
For Group 2, the bacterial contamination was

positive for only two bacteria Porphyromonas gin-
givalis and Fusobacterium nucleatum, and well
below the pathogenicity threshold (Figure 4).

Discussion

The precise mechanism responsible for crestal
bone remodeling in 2-piece implants is not
known. One of the factors causing most concern
is the IAI (Implant-abutment interface). If the in-
terface of the implant and abutment is not precise
and does not fit adequately, it can cause the for-
mation of a micro-gap. Microbial infiltration
through the micro-gap, which inevitably exists
between implants and abutments, and the colo-
nization of the connection’s inner portion are
demonstrated by in vitro and in vivo studies.
A bacterial reservoir may establish inside the

implant, which with time can seriously affect the
health of peri-implant tissue.
According to Broggini et al23, the precision of
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Figure 1. Group 1, screwed implant-abutment connection, and Group 2, cemented implant-abutment connection, real-time
PCR average results. *Pathogenic load: the amount of detected bacteria in the sample; **Pathogenic threshold: Represents a
specific microbiological pathogenic load above which antibiotic therapy is recommended in order to reduce risk of tooth or im-
plant attachment loss (periodontal disease or peri-implantitis). ***Status: levels of microbiological pathogenic load: -Absent;
+Moderate and less than the pathogenic load threshold; ++High and more the pathogenic load threshold. Associated with ag-
gressive forms of disease; +++Very high and more than 10 times above the pathogenic load threshold; ++++Very strong associ-
ation with aggressive forms of disease and loss of bone attachment; Negative, absence of Candida albicans/Positive, presence
of Candida albicans. ****%Total Bacterial Count: relative proportion of a specific bacteria versus total bacterial count; N/A
not available.

Figure 2. Group 1, screwed implant-abutment connection, and Group 2, cemented implant-abutment connection, real-time
PCR average results. *Pathogenic load: the amount of detected bacteria in the sample; **Pathogenic threshold: Represents a
specific microbiological pathogenic load above which antibiotic therapy is recommended in order to reduce risk of tooth or im-
plant attachment loss (periodontal disease or peri-implantitis). ***Status: levels of microbiological pathogenic load: -Absent;
+Moderate and less than the pathogenic load threshold; ++High and more the pathogenic load threshold. Associated with ag-
gressive forms of disease; +++Very high and more than 10 times above the pathogenic load threshold; ++++Very strong associ-
ation with aggressive forms of disease and loss of bone attachment; Negative, absence of Candida albicans/Positive, presence
of Candida albicans. ****%Total Bacterial Count: relative proportion of a specific bacteria versus total bacterial count; N/A
not available.



thetic connections of the external hexagonal type,
and internal connections, such as hexagonal, ta-
pered (Morse Cone), or both in combination are
used. Tapered connections appear to have a supe-
rior stability when compared with the external
hexagonal type. According to Dibart et al27, the
frictional connection of a tapered pillar consists
of a cold, metal-to-metal shoulder; which seals
and thus makes the IAI very narrow so to try to
prevent the passage of bacteria.
Prosthetic connections with a better sealing

capacity of the IAI have been investigated in or-
der to eliminate bacterial leakage. Cemented pil-
lars, varnish containing 1% chlorhexidine, silicon
sealant and the silicone ring have been assessed.
The authors verified that the cement-retained im-
plant-abutments offer better results relating to
fluid and bacterial permeability compared with
screw-retained implant-abutments. Besimo et al28

observed no contamination until 11 weeks at the
internal surface of implants when chlorhexidine
varnish was applied at the IAI, in internal hexa-
gon connection; however, Duarte et al29 when as-
sessing varnish containing 1% chlorhexidine and
a silicone sealant, verified that these materials
were incapable of preventing bacterial leakage.
According to Quirynen et al7, the bone crest

loss associated with dental implants is directly
related to the existence of IAI at the alveolar
crest, which could favor the maintenance of a
chronic inflammatory process in the area, due to
bacterial accumulation.
Marginal bone stability is an important factor

for the longevity of implants. Horizontal and ver-
tical bone loss is generally associated with the
presence of a space at the IAI and peri-implant
bacterial infection.
Therefore, it is very important to know the risk

factors, as well as their etiologies in determining
bone loss30.
Hermann et al31 concluded that radiographic

and histologic analyses indicated that the alter-
ation at the bone crest depends on the character-
istics of the implant surface, presence, absence
and location of a gap.
Tonetti and Schmid32 conducted a literature re-

view regarding pathogenic processes that lead to
osseointegration failure. The late failures that oc-
curred after established osseointegration were
classified into disturbances of biomechanical
equilibrium (overload) and alterations in the
host-parasite equilibrium (infection). The stabili-
ty of osseointegration depends on a dynamic
equilibrium in biomechanical terms, and on inter-
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the space in the IAI at the level of the bone crest
is associated with reduction in the accumulation
of inflammatory peri-implant cells and minimum
bone loss. Rangert et al24, McCartney et al25, and
May et al26 also stated that the accurate assem-
blies of implant components and the precision of
fit of the prosthesis to the implant is absolutely
essential for the long-term survival of dental im-
plants and the preservation of the supporting
bone.
In rehabilitations with implants, external pros-

Figure 3. Group 1 and Group 2 bacterial leakage, average
results. Aa: Aggregatibacter actinomycetencomitans; Pg:
Porphyromonas gingivalis; Tf: Tannerella forsythia; Td:
Treponema denticola; Pi: Prevotella intermedia; Pm: Parvi-
monas micra; Fn: Fusobacterium nucleatum; Cr: Campy-
lobacter rectus; Ec: Eikenella corrodens; Ca: Candida albi-
cans.

Figure 4. Group 1 and Group 2 bacterial leakage, average
results. Aa: Aggregatibacter actinomycetencomitans; Pg:
Porphyromonas gingivalis; Tf: Tannerella forsythia; Td:
Treponema denticola; Pi: Prevotella intermedia; Pm: Parvi-
monas micra; Fn: Fusobacterium nucleatum; Cr: Campy-
lobacter rectus; Ec: Eikenella corrodens; Ca: Candida albi-
cans.
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actions between the host-parasite.
In this study two different implant-abutment

connection types were compared, one with a
screwed implant-abutment connection and the oth-
er with a cemented implant-abutment connection.
The results, in agreement with Schmitt et al33,

showed a decreased stability for the screwed im-
plant-abutment connection compared to the ce-
mented implant-abutment connection.
In this in vitro study, the screwed implant-

abutment connection showed an higher coloniza-
tion by bacteria than the cemented connection,
with 100% implants colonized by bacteria versus
20%, and a higher average total count (1.2E+07
versus 7.2E+04). The difference was statistically
significant with a p value < .05.

Conclusions

To the best of the author’s knowledge, this
study is one of the few that compares screwed
connection and cemented connection, based on
their permeability to the bacterial colonization,
evaluating the detection frequency of bacterial
leakage from human saliva through the implant-
abutment interface.
Within the limitations of the relatively small

sample of this work, it can be concluded that
bacterial species from human saliva may infil-
trate along the implant-abutment interface in both
connections, however cemented connection im-
plants showed the lowest amount of bacterial col-
onization.
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