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Microbiological and clinical effects
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Abstract: This double-blind study used a split-mouth design to investigate the microbio-
logical and clinical effects of 0.2% chlorhexidine enclosed in fixtures. Twelve patients had 46
fixtures implanted. At second-stage surgery, a microbiological sample (baseline sample) of
the inner parts of the fixtures was taken. Then, a 0.2% chlorhexidine solution was applied
into the inner space of 23 fixtures (test group), and in 23 fixtures saline was applied (control
group). Abutments were installed and gingival index, plaque index and crevicular fluid flow
were monitored weekly. After 6 weeks, a second microbiological sample of the inner part of
the fixtures was taken.

At baseline, viable bacteria were detected within 46% of the fixtures. After 6 weeks,
bacteria were found in 87% of the fixtures. The numbers of bacteria in the control group
were significantly higher than those in the test group. The results indicate that, after first-
stage surgery, contamination of the inner spaces of the fixtures is commonplace. Application
of a 0.2% chlorhexidine solution at second-stage surgery inhibits growth or acquisition of
bacteria in the fixtures. In both test and control groups, the crevicular fluid flow as well as
the gingival index decreased during the experimental period. At 4, 5 and 6 weeks after
chlorhexidine application, these values in the test group appeared lower, but did not attain
statistical significance.

Persistent infection is certainly one of the
factors that interferes with clinical implant
success. Except for microorganisms loca-
lized at the outer surfaces of implant
systems that cause peri-implantitis, bacter-
ia present within the implant system could
trigger inflammation at the level of the
abutment-fixture contact. Bacteria en-
closed within the implant space, not unlike
those in infected root canals, are more or
less shielded from host defense activities.
They may persist for long periods of time.

Ericsson et al. (1995, 1996 observed, in
studies on dogs, that an inflammatory cell
infiltrate was consistently present at the
borderline between abutment and fixture.

This infiltrate occurred both at sites that
had not been exposed to plaque and at sites
that had been exposed to plaque for ¢
months. It was suggested that this inflam-
matory infiltrate represents the efforts by
the host to close off bacteria present with-
in the implant system and that this
may explain the 1-mm bone loss observed
during the first year after abutment
connection.

In a clinical study by Quirynen and van
Steenberghe (1993), it was suggested that
the microorganisms present inside the
fixture 3 months after abutment connec-
tion may be the result of leakage at the
abutment-fixture interface. From a later



in vitro study, Quirynen et al. (1994) con-
cluded that the gap between the abutment
and the fixture might act as a reservoir from
which microorganisms may leak from the
fixture into the peri-implant sulcus and
vice versa. This was in line with the
findings of Traversy and Birek (1991).
Jansen et al. (1997) reported that the very
precise fit of the components of several
implant systems could not prevent organ-
isms from passing through the interface
gap. This was confirmed in a similar study
by Gross et al. (1999). Persson et al. (1996)
examined the microbiota on the internal
surfaces of 28 Branemark implants that
had been in function for 1-8 years. They
suggested that the presence of microorgan-
isms at the inner surfaces of the fixtures
and abutments is the result of contamina-
tion during the first and/or second stage of
implant installation, and/or an ingress of
microorganisms from the oral cavity
during functioning after bridge installation.
In the study of Keller et al. (1998), it
was stated that the microbial leakage
through the gap between the suprastructure
and the abutment plays an important
role in the bacterial colonization of the
internal parts of screw-retained crowns and
bridges. Piattelli et al. (2001) studied dye
penetration and bacterial penetration
through the implant-abutment interface.
All of their screw-retained abutments
allowed bacteria (and dye) to penetrate into
the inner cavity of the fixture. No pene-
tration occurred with cement-retained
abutments.

Chlorhexidine is the most effective and
thoroughly tested antiplaque agent. It has
the ability to reduce the amount of a wide
spectrum of bacteria around natural teeth
(Lang & Brecx 1986). Bacterial colonization
of implants and teeth follow similar pat-
terns (Lekholm et al. 1986; Mombelli et al.
1987; Quirynen & Listgarten 1990; Rams
et al. 1991, Leonhardt et al. 1992; Danser
et al. 1997). Note the excellent review hy
Quirynen et al. (2002).

Therefore, we undertook an effort to
reduce the number of microorganisms in
fixtures by enclosing chlorhexidine within
the fixtures. The aim of this experimental
study was to compare the microbiological
and clinical effects of a 0.2% chlorhexidine
solution applied to the inner space of
fixtures, with the effects of a physiologic
saline solution only.
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Material and methods
Subjects

Twelve edentulous patients, four male and
eight female, of the Academic Center for
Dentistry Amsterdam (ACTA| were in-
formed about and selected for the study. In
all except one patient, an overdenture on
four implants in the mandible was indi-
cated. In one patient an overdenture on two
implants was planned. All patients had
been edentulous and full denture wearers
for many years and had an ASA classifica-
tion of 1. They had not taken antibiotics 3
months prior to inclusion in the study.

Procedure

In this double-blind experimental study
with a split-mouth design, two implants
per patient were randomly allocated to the
test group and two to the control group (one
implant in each group for the patient for
whom only two implants were planned).
The surgeon started the experiment during
second-stage surgery. In the test group, a
0.2% chlorhexidine solution (Corsodyl")
was injected into the inner part of the 3I-
Titamed' fixtures. In the control group the
inner parts were rinsed with physiologic
saline solution only. The clinical measure-
ments were performed by the prosthodon-
tist. Neither the prosthodontist, the patient
nor the microbiologist was informed about
which fixture was in the test or control
group.

Two-stage fixtures were placed according
to protocol. After 3 months, second-stage
surgery was performed. Prior to surgery, the
patient was instructed to rinse with 0.2%
chlorhexidine solution for 2 min. In order
to prevent contamination of the operation
site with saliva, sterile gauze was inserted
around the operation site and the area was
kept dry using suction. The operation site
was dried with sterile gauze and a ridge
incision was made. Immediately after the
cover screws were removed, a microbiolo-
gic sample of the inner part of each fixture
was taken (for details see the Microbiology
section). After sampling the inner parts,
fixtures and their environment were rinsed
with physiologic saline solution. The inter-
nal parts of fixtures in the test group were
dried by means of sterile paper points no.
140 and then 0.2% chlorhexidine solution
was injected into the inner space of the

fixture (internal volume approximately
7 ul). The abutment was immediately con-
nected and fastened at the manufacturers
recommended torque of 20 Nm by means
of a torque controller. The abutments in the
control group were connected and fastened
immediately after rinsing with physiologic
saline solution. After the gauze was re-
moved, the operation site was rinsed with
physiologic saline solution in order to
remove the remains of chlorhexidine solu-
tion in the operation site and sutures were
made. The patient was instructed to rinse
with 0.2% chlorhexidine solution twice
daily for 2 weeks. After this period, the
prosthetic treatment started. The four
implants were connected with a U-shaped
Dolder bar. In the case with two implants,
we used an egg-shaped Dolder bar.

Clinical indices

Three different kinds of measurements
were taken each week for a period of 6
weeks after abutment connection. Crevi-
cular fluid flow rate (CFFR) was measured
at the buccal surface of each implant by
means of a sterile paper strip (TearFlo”
distributed by Rose Stone Enterprises| and
counted in mm/1os (Apse et al. 1989).
First, the site was kept free from saliva
using gauze. The peri-implant tissue was
carefully dried with a cotton swab. The
strip was bent in order to fit around the
abutment and was inserted in the peri-
implant sulcus without damaging the
tissue. Per patient, the mean CFFR of the
two implants per group (test and control)
was calculated.

Next, the modified plaque index (mPII;
Mombelli et al. 1987) was used to assess
the amount of plaque on a scale ranging
from o to 3 (o=no detection of plaque;
1 =plaque only recognized by running a
probe across the smooth marginal surtace of
the implant; 2 = plaque seen by the naked
eye; 3=abundance of soft matter). The
scores of the two implants in each group
were averaged per patient. Finally, although
peri-implant tissue is not completely com-
parable with gingival tissue (Berglundh
et al. 1994), we used the gingival index
(GI) by Loe & Silness (1963) to describe
the health of the peri-implant mucosa. Per
implant, a score ranging from o to 3
was given (o= absence of inflammation;
1 =mild inflammation, slight change in
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color, little change in texture; 2 = moderate
inflammation, redness, edema and hyper-
trophy, bleeding on pressure; 3= severe
inflammation, marked redness and hyper-
trophy, tendency for spontaneous bleeding,
ulceration.). Scores were averaged for the
two implants in each group per patient.

Microbiology

Microbiological samples of the inner spaces
of the fixtures were taken just before
abutment connection (week o) and 6 weeks
after surgery (week 6 in order to measure
the number of viable bacteria. At week 6,
the microbial sample was taken after the
clinical measurements. Patients were in-
structed to rinse with 0.2% chlorhexidine
solution for 2min before sampling. To
prevent contamination of the site with
saliva, sterile gauze was inserted around
the abutment and the area was kept dry
using suction. The implants and the oral
mucosa were dried with sterile gauze. The
external surfaces of the implants were
disinfected with 70% ethanol. The abut-
ments were held in place by an abutment
clamp (Nobel Biocare”), and the abutment
screws were removed aseptically. Samples
of the fluid contents of the inner parts of the
fixtures were taken by means of two sterile
paper points no. 14o. The paper points
containing the sample were immediately
transferred to a tube containing 0.5 ml of
reduced transport fluid (RTF; Syed &
Loesche 1972). Within 2 h, the tubes were
transported to the laboratory, the samples
dispersed, serially diluted in RTF, plated
onto blood agar and incubated in an
anaerobic glove box. Blood agar was made
from tryptic soy agar (Difco”, Detroit, MI,
USA), 5% defibrinated horse blood, 5 mg/1
hemin and 1mg/l menadion. The atmo-
sphere in the anaerobic glove box consisted
of 80% N,, 10% H, and 10% CO,. After 1
week at 37°C, total colony forming units
(CFU) were counted. Numbers of viable
microorganisms were calculated per fix-
ture. CFUs = 10* per 7 pl internal volume
(i.e. >1.4 x 10°/ml) were considered as
potential pathological amounts of bacteria
(Sundgvist 1994). No attempt was made to
identify the bacteria. For statistical pur-
poses, the numbers of CFUs per fixture
space were divided into three categories: (a)
<10% |b) 210° and <10% and (c) >10%
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The scores of the two implants in each
group were then averaged per patient.

Statistical analysis

Data were analyzed using the Wilcoxon
signed rank test for two related samples
when differences were assessed between
test and control group and between weeks o
and 6. The Friedman test was used to assess
differences among weeks 0-6, and post hoc
Wilcoxon signed rank tests were conducted
when necessary. Differences were consid-
ered statistically significant when P<o0.05.
However, as a result of the high number of
comparisons between the test and control
group with respect to the clinical indices, a
significance level of 0.01 was chosen.

Results
Microbiology

At baseline, 3 months after fixture installa-
tion, we found viable bacteria in 21 of the
46 implants. The amounts of CFUs at
weeks o and 6 for the test and control
site are listed in Table 1. At week o, the
amounts of CFU in the control and
test groups did not differ significantly
(P=o0.581). However, at week 6, 48% of

the microbial samples in the control group
and 17% of the implants of the test group
had total CFU>10* The categorized
counts in the control group were signi-
ficantly higher than in the test group
(P=o0.018).

Compared to week o, there was a large
and significant increase in numbers of
bacteria after 6 weeks (P=0.003) in the
control group, but not in the chlorhexidine
group (P =0.070).

Clinical indices

The mean scores and standard deviations of
the clinical indices are given in Table 2. In
both the test and control groups, the CFFR
and the GI decreased during the observation
period (P<o.001). There were no signifi-
cant differences in CFFR, mPll and GI
between the control and the test groups
during the 6-week observation (P>o.01).

Discussion

Three months after fixture implantation,
viable bacteria were detected in 46% of the
implants. This could mean that contam-
ination of the inner part of the fixture
occurred at first-stage surgery (and that

Table 1. Amounts of bacteria in CFU per fixture per site at weeks 0 and 6

Patient Test site Control site

Week 0 Week 6 Week 0 Week 6
1 0 0 0 0
1 0 0 0 11,500
2 39,000 0 55 6000
2 40 105 100,000 15,000
3* 0 7000 0 2450
4 1850 0 195 5500
4 25 6000 25 650
5 0 50,000 0 10,000
5 0 50,000 330 7000
6 0 2200 25 150,000
6 0 800 0 10,000
7 0 400 600 2000
7 0 1000 13,000 6000
8 0 2200 0 200
8 0 0 0 3650
9 60 405 10,500 3150
9 0 16,000 0 60,000
10 0 100,000 0 500,000
10 55 9500 70 500,000
1 1400 4050 6000 3950
11 17,000 3750 0 12,000
12 0 3350 9150 26,000
12 400 2250 0 30,000

*Two instead of four implants in patient 3.




Table2. Mean, SD and P-value of the
clinical indices per group per week

Week Testsite Control site P
CFFR in mm/10s

1) 41411 41415 0.952
2 25512 20414 0.666
3 1.8 2.1 411 0.161
4 1:240.9- 17413 0.258
5 09107 15109 0.139
6 06+06 14+1.0 0.073
mPll

1 01402 0.1+0.1 0.564
2 1.0+£09 09+1.1 0.783
3 13+10 15111 0.257
4 1.31+08 1.51+08 0.157
5 1.2406 1.2106 0.564
6 12406 12106 0.655
Gl

1 18405 1.8+04 0.317
2 1.4+05 1.6+05 0.194
3 1.0+04 1.3+05 0.107
4 05+05 09+04 0.026
5 03404 0.7+03 0.021
6 03404 05+0.5 0.248

Significance level «=0.01.

these bacteria survived for 3 months in the
fixture) or that, after surgery, bacteria
gained access by leakage. Six weeks after
abutment connection, microorganisms
could be detected in the inner part of the
fixtures in 87% of the implants. This
means that another 41% of the fixtures
were contaminated during abutment con-
nection or in the 6 weeks thereafter. This is
in line with the findings of Quirynen & van
Steenberghe (1993) and Persson et al.
(1996), who found microorganisms in the
inner part of the fixture 3 months after
abutment connection and after 1-8 years of
function, respectively. These authors sug-
gested that the presence of microorganisms
might be the result of contamination during
the first stage and/or during the second
stage of implant surgery and/or by leakage
of microorganisms into the inner part of the
fixture after installation of the suprastruc-
ture. In the present investigation, we
took efforts to avoid contamination of
the fixtures during surgery. Patients were
instructed to rinse with chlorhexidine for
2min before surgery and sampling, the
operation site was isolated and dried by
sterile gauze, and careful suction was used.
Therefore, contamination of the inner part
of the fixture during surgery scems possible
but unlikely. Access of bacteria into the
inner part of the fixture during first-stage
surgery as well as during function, as
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suggested by Persson et al. (1996), seems
probable indeed.

At week o, the CFU counts in the control
and test groups appeared mostly low, but in
five out of 46 the numbers of CFU were
high (=10*/7pl ). In one of these cases,
there was a dehiscence of the cover screw
through the mucosa. In the other four
cases, the cover screws were found loo-
sened, allowing easy ingress of bacteria.

In the control group, a large and signifi-
cant increase in the amounts of viable
bacteria 6 weeks after abutment connection
had occurred. This was not only due to an
increase in the total amount of contami-
nated fixtures, but also the amount of CFU
per fixture had increased in most of the
cases (Table 1). We suppose that leakage
through the abutment-implant interface
and/or through the abutment screw com-
ponent is a significant factor in the con-
tamination of the inner parts.

In a healthy situation, the peri-implant
mucosa forms a firm seal around the
implant, protecting the fixture against
microorganisms from the oral environ-
ment. As soon as implants come into
contact with the oral cavity, bacteria
colonize them (Mombelli et al. 1987,
1988; Keller et al. 1998). Reduction of
microbial accumulation by an optimal oral
hygiene is a very important factor in the
prevention of peri-implantitis (Leonhardt
et al. 1992; Pontoriero et al. 1994). How-
ever, the peri-implant tissues appear less
effective than the gingiva in the defense
against microbial invasion. Lindhe et al.
(1992), using dogs, found that lesions
caused by bacterial infections in peri-
implant mucosa involve the alveolar
bone earlier than a periodontal infection
does around natural teeth. Any factor
that compromises the defense against
microorganisms should be taken into
account.

Such a factor is the presence of bacteria in
the internal spaces of implants. Although it
is not known what role these bacteria play
in the propagation of peri-implantitis and
marginal bone loss, the existence of a
reservoir of bacteria from which leakage
out of the implant into the surrounding
tissues could occur is not unlike the
situation in infected natural root canals
(Wu & Wesselink 1993). Similarities of
root-filled teeth with contaminated spaces
between root-filling and crown spring to

mind (Fogel 1995). In endodontics, anti-
bacterial treatment of infected spaces
within teeth is the most important char-
acteristic of the therapy indeed.
Chlorhexidine within the fixture could
kill bacteria or prevent bacterial growth. We
have shown here that this is a significant
effect indeed. Chlorhexidine could also
diffuse out, exert an antibacterial effect,
and in this way might reinforce the host
defense protecting the peri-implant tissues.

Conclusion

At second-stage surgery (abutment connec-
tion), bacteria are either absent or their
numbers in the fixtures are generally small,
except in those cases with loose cover
screws. Six weeks after abutment con-
nection, the number of contaminated
implants as well as the amounts of bacteria
within the inner parts of the fixtures had
increased. Contamination at surgery or
leakage through the abutment-fixture in-
terface appears to be the cause. A 0.2%
chlorhexidine solution, compared to saline,
applied within the inner implant space of
fixtures at second-stage surgery, resulted in
significantly lower numbers of bacteria.
Within the limits of this study, we could
not prove a significant effect of the enclosed
chlorhexidine on crevicular fluid flow,
plaque index and GI.

Résumé

Cette étude en double aveugle a utilisé un modele de
bouche divisée pour étudier les effets cliniques et
microbiologiques de la chlorhexidine placée dans les
implants. Douze patients ont regu 46 implants. Lors
de la seconde chirurgie, un échantillon microbien
(échantillon de base| des parties internes de I'implant
a été prélevé. Une solution de 0,2% de chlorhexidine
a ensuite €té placée dans la partie interne de 23
implants (groupe test) et du sérum physiologique
dans 23 implants servant de controles. Les piliers ont
été places et I'indice gingival, de plaque dentaireainsi
que le flux du fluide créviculaire ont été enregistrés
toutes les semaines. Apres six semaines, un second
échantillon microbiologique a été prélevé de la partie
interne des implants. Lors de 'examen de départ, des
bactéries viables étaient détectées dans 46% des
implants. Aprés six semaines, des bactéries étaient
trouvées dans 87% des implants. Le nombre de
bactéries dans le groupe controle étaient significati-
vement plus important que dans le test. Les résultats
indiquent qu‘aprés une chirurgie de premiére étape,
la contamination des espaces intérieures de 1'implant
est fréquente. L'application d'une solution de 0,2%
de chlorhexidine lors de la seconde chirurgie inhibe la
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croissance ou l’acquisition de bactéries dans les
implants, Tant dans les groupes tests que contréles,
le flux du fluide créviculaire ainsi que l'indice
gingival diminuaient durant la période expérimen-
tale. Quatre, cing et six semaines aprés 1'application
de la chlorhexidine, ces valeurs dans le groupe test
apparaissaient inférieures, mais ne l’étaient pas
statistiquement.

Zusammenfassung

Mikrobiologische und klinische Auswirkungen von
Chlorhexidin, welches in Implantate des 3I-Ti-
tamed Systems eingebracht wurde

In dieser Doppelblindstudie wurde eine Versuchsa-
nordnung mit unterschiedlich behandelten Seiten
angewendet, um die mikrobiologischen und kli-
nischen Auswirkungen von 0.2% Chlorhexidin,
welches in die Implantate eingebracht wurde, zu
untersuchen. Bei 12 Patienten wurde 46 Implantate
eingesetzt. Bei der Zweitoperation wurden mikro-
biologische Proben (Ausgangsuntersuchung) vom
inneren Teil der Implantate entnommen. Danach
wurde im inneren Teil von 23 Implantaten eine
0.2% Chlorhexidinlésung appliziert (Testgruppe),
wihrend bei 23 weiteren Implantaten Kochsalzla-
sung verwendet wurde (Kontrollgruppe). Die
Prothetikteile wurden eingesetzt, danach wurden
wiachentlich Gingivalindizes, Plaqueindizes und
Sulkusfliissigkeitsmessungen  durchgefiihrt. Nach
6 Wochen wurde vom inneren Teil der Im-
plantate einen zweite mikrobiologische Probe
entnommen.

Bei der Ausgangsuntersuchung konnten bei 46 % der
Implantate lebendige Mikroorganismen gefunden
werden. Nach 6 Wochen konnten bei 87% der
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salino en 23 fijaciones (grupo de control]. Se
colocaron los pilares y se monitorizaron semanal-
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muestra microbiologica de las partes internas de las
fijaciones.
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mente mas alto que en el grupo de prueba. Los
resultados indican que, tras la cirugia de primera
fase, es comun la contaminacion de los espacios
intemos de las fijaciones. La aplicacién de una
solucion de clorhexidina al 0.2% en la segunda fase
quirirgica inhibe el crecimiento de o la adquisicion
de bacterias en las fijaciones. Tanto en los grupos de
prueba como de control descendieron el flujo de
fluido gingival al igual que el indice gingival durante
el periodo experimental. A las cuatro, cinco y seis
semanas de la aplicacion de la clorhexidina, estos
valores aparecieron mas bajos en el grupo de prueba,
pero no mostraron significancia estadistica.
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