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Bacterial Leakage in Morse Cone Internal
Connection Implants Using Different

Torque Values: An In Vitro Study
S. D’Ercole, DDS, PhD,* D. Tripodi, MD, DDS,† L. Ravera, MD, DDS,‡ V. Perrotti, DDS, PhD,§

Adriano Piattelli, MD, DDS,k and G. Iezzi, DDS, PhD¶AU2

S
oft tissue fistulae were frequently
observed clinically in Brånemar-
kimplants.1 One of the most

important problems related to 2-stage
implants is the decrease or the com-
plete elimination of bacterial leakage
at the level of the implant-abutment
junction (IAJ) to reduce inflammatory
processes at the interface and to main-
tain the long-term stability and level of
the periimplant alveolar crest.2 Several
in vitro studies have demonstrated the
occurrence of bacterial leakage at the
level of the implant-abutment micro-
gap with possible colonization of the
gaps and cavities present inside the
implant and between implant and abut-
ment.2–22 These cavities may act as
a bacterial reservoir that could inter-
fere with periimplant tissue health.1,15

These bacteria or their products have
been hypothesized to be correlated to
the chronic inflammatory infiltrate
described at the level of the IAJ23–26

and to the crestal bone resorption

observed especially after the first year
of function.27–33

The degree of bacterial leakage in
the different implant systems probably
are related to several factors, that is,
precision of the fit between implants
and abutments, micromovements
between implants and abutments, and
torque values used for the connection of
the abutments to the implant body.5,19,34

The construction of more precise and
physically tight connections may be
important in the reduction of the bacterial
leakage.2 Morse conical taper connec-
tions have been shown to have a reduced
bacterial leakage.9–11,19–22 Bacterial leak-
age was found to be significantly less as
the torque values increased.12 The sets

that did not receive the recommended
torque values (positive controls) showed
turbidity.11

The aim of this study was to assess
whether there was a decrease of bacte-
rial leakage with increasing torque
values in conical Morse Cone connec-
tion implants.

MATERIALS AND METHODS

A total of 30 Morse Cone tapered
implants (Biological Conical Connection
Oralplant; Oralplant, Cordenons, PD,
Italy) ( F1Fig. 1, A and B) were used in this
in vitro study; 10 specimensof eachgroup
were tested in the microbiological exper-
iment. Theywere inoculatedwith 2differ-
ent bacterial suspensions (Pseudomonas
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Purpose: The aim of this study
was to assess whether there was
a decrease of bacterial leakage with
increasing torque values in conical
Morse Cone connection implants.

Methods: A total of 30 Morse
Cone conical tapered implants (10
implants per group) were used in
this study. The abutments were con-
nected to the implants with 20 N
(group 1), 30 N (group 2), and 40 N
(group 3) insertion torque values.
The inner parts of 5 implants, per
group, were inoculated with Pseudo-
monas aeruginosa suspension and
the remaining 5 implants, per group,
with Aggregatibacter actinomyce-
temcomitans. The penetration of

bacteria into the surrounding solu-
tion was determined by the observa-
tion of turbidity of the broth.

Results: In groups 1 and 2,
bacterial contamination was found
in 2 of the 10 implants, only in the
specimens seeded with P. aeruginosa.
In group 3, no contaminated samples
were found.

Conclusion: This study demon-
strated that with increased insertion
torque values in Morse Cone con-
nection, the bacterial leakage is
reduced. (Implant Dentistry
2014;23:1–5)
Key Words: bacterial leakage, Morse
Cone implants, in vitro studies,
torque forces
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aeruginosa and Aggregatibacter actino-
mycetemcomitans) (F2 Fig. 2), and then the
abutmentswere connected to the implants
with 20 N (group 1), 30 N (group 2), and
40 N (group 3) insertion torque values
(F3 Fig. 3).

Microbiological Examination
After several trials, 0.1 mL was

determined to be the ideal quantity of
bacterial suspension for inoculation in
all implant systems. Two different bac-
terial sizes were used. Pseudomonas
aeruginosa is a gram-negative, aero-
bic/facultative anaerobe, rod-shaped
bacterium with unipolar motility. It is
considered an opportunistic human
pathogen, whose size ranges from 0.5

to 1.0 mm wide and from 1.5 to 5 mm
long. Aggregatibacter actinomycetem-
comitans (A. actinomycetemcomitans),
previously described as Actinobacillus
actinomycetemcomitans, is a gram-neg-
ative, facultative/anaerobic, nonmotile
rod. It is an oral commensal found also
in severe infections in the oral cavity,
mainly the periodontium, whose size is
approximately 0.43 1.0mm. The inner
part of 5 implants, for group, were inoc-
ulated with 0.1 mL of a viable P. aeru-
ginosa suspension and 5 implants with
A. actinomycetemcomitans with a 0.1
mL calibrated micropipette (Gilson),
with sterile gloves, under sterile condi-
tions. A pure culture of P. aeruginosa
(reference strain ATCC 27853) and
a pure culture of A. actinomycetemco-
mitans (reference strain ATCC 29522)
were used. For preparation of the

bacterial suspension, the test organism
P. aeruginosa was first plated onto
fresh cetrimide agar (Oxoid Ltd., Ba-
singstoke, Hampshire, England) and
then incubated for 24 hours at 37°C.
Aggregatibacter actinomycetemcomi-
tans was first plated on tryptic soy agar
yeast plates (Oxoid Ltd.) and then incu-
bated for 48 hours at 37°C in 5% CO2.
Suspension was made from the culture
by diluting a few colonies in nutrient
broth (NB) (Oxoid Ltd.) for P. aerugi-
nosa and in tryptic soy broth supple-
mented with yeast extract (TSBY)
(Oxoid Ltd.) for A. actinomycetemco-
mitans to a density of 0.5 McFarland
Standard (13 108 colony forming units
per milliliterdCFU/mL), confirmed by
spectrophotometer analysis (Agilent
Technologies 8453 UV, Santa Clara,
CA) and subjected to a series (2 series)
of 10-fold dilutions in broth. In all
cases, after the implant inoculation,
the abutment was carefully connected
to the implant, according to the manu-
facturer’s protocol, without touching
the outer surface of the implant and
using sterile gloves. As a positive con-
trol, 2 identified test tubes were used
with only nutrient solution and inocu-
lated with 0.1 mL of P. aeruginosa and
A. actinomycetemcomitans, respec-
tively. They showed bacterial growth
with solution cloudiness, and this con-
firmed the viability of the microorgan-
isms throughout the experiment. As
a negative control, 2 identified test tubes
were used with only sterile nutrient
solution. This was confirmed by the
transparency of the solution and con-
ventional microbial culturing techni-
ques. Subsequent to inoculation, the
assembled components were totally
immersed for 1 minute inside the nutri-
ent solution (NB and TSBY) in a rolling
motion for the evaluation of inadvertent
contamination of the external surface.
Tubes with a cloudy broth (indicative
of colonization/contamination the outer
parts of the implant) were excluded
from further observations after evalua-
tion of bacterial growth in plates. Then,
the specimens were placed into sterile
Eppendorf tubes (Eppendorf, Milan,
Italy), and the volume of nutrient solu-
tion required in the test vials was deter-
mined exactly for each implant system,
so that the fluid level remained just

Fig. 1. A, 3D reconstruction of the Morse Cone conical tapered implant. B, Longitudinal
section showing the components of the implant-abutment connection.

Fig. 2. Inoculation of the inner part of im-
plants with a viable bacteria suspension.

Fig. 3. An implant-abutment connection
assembled with an implant torque controller.
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above the implant-abutment interfaces.
All the vials containing the assemblies,
the test tubes used as external contami-
nation control, the test tubes used as
positive control, and the test tubes used
as negative control were incubated at
37°C, under aerobic condition for
P. aeruginosa and 37°C in the presence
of 5% CO2 for A. actinomycetemcomi-
tans.Theyweremaintained for 14 days,
and the culture broth in the vials con-
taining the assemblies were replaced
every 4 days. The possible penetration
of bacterial suspension into the sur-
rounding solution was determined by
the observation of turbidity of the broth.
The sampleswere checked daily and the
presence or absence of turbidity was re-
corded. Such leakage caused bacterial
colonization and resulted in a cloudy
solution, 1 mL of the solution was ana-
lyzed with a Gram stain and by colony
morphology in cetrimide agar (Oxoid
Ltd.) or in tryptic soy agar yeast plates
(Oxoid Ltd.), incubated at 37°C for

24 hours (48 hours for A. actinomyce-
temcomitans) to confirm the purity of
the microorganism that had been inoc-
ulated in the inner part of the implant
and to determine the presence of P. aer-
uginosa or A. actinomycetemcomitans,
respectively. A resulting growth of
P. aeruginosa or A. actinomycetemco-
mitans, respectively confirmed that
bacteria had indeed escaped from the
inner part of the implant along the tested
interface into the surrounding solution.
The experiment was not repeated
because none of the test tubes showed
contamination of the outer part of the
implant.

RESULTS

The number of assemblies showing
bacterial growth in the nutrient solution
monitored over 14 days is shown in
Tab T1le 1.

In the group 1 (20 N), bacterial
contamination was found in 2 of the 5
implant-abutment assemblies seeded
with the P. aeruginosa, all on the sixth
day ( F4Fig. 4). Two assemblies at 30 N
and inoculated with P. aeruginosa
showed the evidence of bacterial leak-
age after 13 days of incubation. In all 4
positive cases, the P. aeruginosa refer-
ence strain was identified as the reason
for the solution’s cloudiness, plated
onto fresh cetrimide agar, and the colo-
nies were identified positive to coloniz-
ing bacterium. In the assemblies at 20N
and 30 N seeded with A. actinomyce-
temcomitans, no contamination was
found. In the group 3 (40 N), no con-
tamination was found either in the
specimens seeded with P. aeruginosa
or A. actinomycetemcomitans.

All the test tubes were examined
until the 14th day because no assem-
blies showed contamination of the outer
part of the implant. The positive control
showed cloudy broths, which con-
firmed the viability of the microorgan-
isms throughout the experiment. The
negative control, used to check for
microbial crosscontamination during
the experiment, had clear broths.

DISCUSSION

When abutments are connected to
implants, microgaps and cavities are
produced at the interface and in the
inner portions of the implants. These
gaps and cavities have been shown to be
able to be colonized by bacteria. Bac-
teria and their products can have a neg-
ative impact at the level of the
periimplant soft tissues and can, also,
be involved in the resorption of the
periimplant crestal bone, observed
especially in the first year of func-
tion.26–31 Implant manufacturers have
tried to decrease or eliminate the occur-
rence of this bacterial leakage and its
negative influence on the periimplant
tissues by proposing more tight and sta-
ble connections, with a more precision
fit between the implant-abutment com-
ponents, by moving the microgap in an
inward direction (platform switching), by
using different torque values.34 In previ-
ous studies from our laboratory, it was
found a lesser amount of bacterial micro-
leakagewith the use ofMorseCone inter-
nal tapered connections.20–22 These
results have been confirmed in the litera-
ture.2,9,11,14,19 This type of connection has
been reported to have a superior stability
and distribution of the stress35 and to

Table 1. Bacterial Leakage in Implants Assessed at Varying Closing Torques Inoculated With P. aeruginosa and A.
actinomycetemcomitans

Implants Bacterial Species
Percentage of
Contamination Days Total

Group 1, 20 N P. aeruginosa 2 of the 5 Both on the 6th day 2 contaminated samples of
the 10

A. actinomycetemcomitans 0 of the 5
Group 2, 30 N P. aeruginosa 2 of the 5 Both on the 13th day 2 contaminated sample of

the 10
A. actinomycetemcomitans 0 of the 5

Group 3, 40 N P. aeruginosa 0 of the 5 No contaminated sample
of the 10

A. actinomycetemcomitans 0 of the 5

Fig. 4. Abutments connected to the im-
plants with 20 N (group 1) insertion torque
values and placed into nutrient solution. Left:
no contamination. Right: turbidity of the broth
as sign of P. aeruginosa penetration.
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show a lesser quantity of bacterial leak-
age.9 A better stability of the implant-
abutment assembly has been reported to
be related to a more precise adaptation of
the different components and to the use of
suitable torque forces.5,18,34

Not many investigations about the
relationship between increasing torque
values and bacterial leakage have been
reported in the literature. In a recent
systematic review of the literature, da
Silva-Neto et al34 reported that implants
that had received higher torque forces to
connect the abutments to the implants
showed the presence of lesser amounts
of leakage.Gross et al12 found that a sig-
nificant decrease of microleakage was
found for increasing torque values, and
the author’s assumption was that this
decrease was related to a more precise
fit between the assembly components
reported with higher torque values.
Jaworski et al11 have shown that the
implant-abutment assemblies where
the recommended valueswere not used,
presented a turbidity of the medium.
However, Coelho et al17 have reported
that the use of too high torque forces
could produce a distortion of some por-
tions of the interface with an increase of
the microgap. The results of the present
in vitro study supported the data re-
ported in the literature of a decrease of
leakage with increasing torque forces.

In conclusion, this study demon-
strated that increasing insertion torque
values inMorseConeconnection reduced
the leakage because no bacteria were
found when abutments were connected
to implants with a 40 N insertion torque.
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