Bacterial colonization on different abutment materials

Influence of abutment material
and detersion protocol on bacterial
adhesion: An in vitro study

Abstract
Objective
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In recent years, periimplantitis has been extensively studied as bone loss
has been observed around dental implants. As a result of multiple factors,
different materials might enhance different patterns of bacterial plaque
accumulation. The purpose of this research was to assess bacterial adhesion to different abutments and define the efficacy of different detersion
protocols in reducing bacterial adhesion.
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Four kinds of prefabricated abutments were analyzed: machined pure
titanium abutments without anodization, machined gold hue and pink
hue anodized pure titanium abutments and zirconia abutments with titanium connectors. All of the (sterile) abutments were immersed in separate bacterial suspensions (Staphylococcus haemolyticus, Streptococcus
pyogenes and Escherichia coli) and contaminated with 3 × 108 colony-
forming units per mL of each bacterial species suspension. Then, the
following detersion protocols were compared: no treatment representing the internal control, 10 min rinsing with water, 10 min incubation in
0.05% chlorhexidine. The microbial abatement was determined by swab
collection of abutment-attached microbes and swab streaking on specific
culture plates in a semiquantitative manner. Microbial growth was determined at 24 and 48 hours after inoculation.
Results

Contaminated abutments that had not undergone any cleaning treatment
displayed a microbial growth up to the third quadrant of the culture plate.
Chlorhexidine rinsing completely removed bacterial contamination. No
statistically significant differences were found in terms of bacterial adhesion and bacterial growth among the different types of abutments.
Conclusion

All of the analyzed abutments displayed similar characteristics with
regard to bacterial adhesion. A low concentration of chlorhexidine had a
significant disinfectant activity, regardless of the type of abutment.
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Introduction

colonization and to evaluate the efficacy of
microbial removal of 2 different detersion proDental implants have become a common choice tocols on different abutment materials.
for edentulous sites, and implant survival rate
has been demonstrated to be extremely high.1, 2
Materials and methods
For these reasons, attention has switched to
different aspects, such as esthetic outcome,
including shape and shade of the surrounding Microbiological analysis of bacterial adhesion
tissue, and benefits of different prosthetic mate- and colonization of abutments was carried out
rials. In recent years, periimplantitis has been in December 2015 at the Department of Microextensively analyzed as bone loss has been expe- biology, University of Padua, Padua, Italy. Four
rienced around many different implants due to different abutments were analyzed:
different factors. 3
1	machined Grade 5 pure titanium abutments
Among these factors, prosthetic compowithout anodization;
nents have been included as possible causes of 2	machined gold hue anodized titanium abutments;
periimplant bone loss. In particular, different
materials might have different effects on 3	machined pink hue anodized titanium abutments; and
periimplant soft and hard tissue and on different patterns of bacterial plaque accumulation. 4	zirconia abutments with titanium connectors
(all by Sweden & Martina, Due Carrare, Italy).
Titanium has been described as an optimal
material, since it combines adequate precision,
strength and biological compatibility. 4 While Initially, each sterile abutment was contaminated
not much difference in the reaction of periim- with 3 × 108 colony-forming units (CFU) per mL of
plant soft and hard tissue to titanium and zir- 3 different bacterial types (Staphylococcus hae‑
conium is present, the literature shows that molyticus, Streptococcus pyogenes and Escherichia
titanium and zirconia are slightly superior to coli), representing Gram positive and Gram negagold as abutment materials, 5, 6 even if few clin- tive bacteria. This condition simulates a possible
ical differences have been reported.7 In recent condition of bacteria accumulation in the oral tract.
years, all-ceramic restorations have become
Five minutes after the bacterial contaminapopular owing to their esthetic advantages tion, the abutments were accurately removed
concerning the soft tissue. 8, 9 A more natural from the suspension with sterile forceps and
outcome with the utilization of a ceramic abut- divided into 3 groups of treatment: The abutment compared with a metal or titanium abut- ments of the first group were not subjected to
ment has been well documented in various any decontamination treatment; the abutments
clinical and in vitro trials, especially when deal- of the second group were rinsed for 10 min with
ing with thin periimplant tissue.10–12 The utili- sterile water; the abutments of the third group
zation of pink-colored abutments and colored were incubated for 10 min in a 0.05% chlorheximplant heads has also been suggested.13 idine solution. All of the samples were collected
Hence, titanium anodization or nitride coating with sterile cotton swabs and plated on Columhas been proposed as a method to improve the bia agar and 5% sheep blood, MacConkey agar
esthetic result.14
and Chocolate agar plates (Becton Dickinson,
Recently, great emphasis has been placed on Franklin Lakes, N.J., U.S.) using the dilution
the decontamination of the prosthetic compo- streak technique. The first quadrant was
nents in order to exclude any possible source of streaked with the cotton swab, and the succesbacterial colonization. The effect of chlorhexi- sive ones using a 10 µL bacteriological loop in
dine in disrupting and preventing plaque biofilm order to dilute the initial inocula. A volume of
formation has been widely investigated.15, 16 Pre- 10 µL of the initial supersaturated bacterial soluvious studies have compared bacterial adhesion tion was plated separately as a positive control.
affinity to discs and abutments made of titanium Plates were incubated at 37 °C, and the microbial
or zirconia.17, 18 Moreover, a wide range of clean- abatements were measured by observing microing methods have been proposed for abutment bial growth in each plate at 24 and 48 h.
decontamination.15, 19 No evidence is present
All of the tests were repeated 3 times after
regarding contamination and decontamination abutment cleaning and sterilization under the
of anodized abutments. The aim of this in vitro same conditions. Differences between deconstudy was to analyze the amount of bacterial tamination treatment groups were statistically
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Abutment type

Cleaning treatment

S. haemolyticus

S. pyogenes

S. pyogenes

Bacterial solution

> 1 × 104

>1 × 104

>1 × 104

No treatment

600.00 (282.80)

300.00 (70.71)

1100.00 (585.90)

Sterile water

101.00 (19.80)

200.00 (17.68)

111.00 (20.30)

0.05% chlorhexidine

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

Bacterial solution

> 1 × 104

> 1 × 104

> 1 × 104

No treatment

500.00 (141.40)

1300.00 (212.10)

1600.00 (757.20)

Sterile water

119.00 (36.77)

200.00 (30.41)

123.00 (14.53)

0.05% chlorhexidine

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

Bacterial solution

> 1 × 104

> 1 × 104

> 1 × 104

No treatment

1100.00 (282.80)

1500.00 (495.00)

4000.00 (818.50)

Titanium abutment
without anodization

Gold hue anodized
titanium abutment

Pink hue anodized
titanium abutment

Sterile water

152.00 (34.65)

200.00 (4.95)

108.00 (36.76)

0.05% chlorhexidine

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

Bacterial solution

> 1 × 10

> 1 × 10

> 1 × 104

No treatment

900.00 (141.40)

2600.00 (636.40)

3400.00 (953.90)

Sterile water

136.00 (49.50)

200.00 (16.97)

62.00 (12.77)

0.05% chlorhexidine

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

Zirconia abutment

4

4

Table 1
Microbiological assessment of
bacterial contamination of
abutment surfaces after the 3
cleaning treatments tested.
Results, expressed as number
of colony-forming units (CFU)
per abutment, are reported as
mean (± standard deviation).
Bacterial growth regarding the
positive control (bacterial
solution) is expressed as
CFU/mL.
Figs. 1A–D
Abutments used for the
protocol:
(A) machined Grade 5 pure
titanium abutment without
anodization;
(B) machined pink hue
anodized titanium abutment;
(C) machined gold hue
anodized titanium abutment;
(D) zirconia abutment with
titanium connector.

Table 1

Figs. 1A–D

A

B

C

D

analyzed according to analysis of variance and consequently on the culture plates, limiting
Student’s t-test.
colony growth to the first quadrant (P < 0.05
with regard to abutment contamination and
P < 0.01 with regard to bacterial suspension).
Results
Immersion in a 0.05% chlorhexidine solution
prevented any bacterial growth.
When comparing different abutment types,
The Evita supersaturated bacterial suspensions
showed growth until the third quadrant of the no statistically significant differences were
culture plates. The samples taken from the con- found between the groups. Bacterial growth on
taminated and not cleansed abutments showed culture plates was similar for all decontaminaa limited growth to the second quadrant. The tion treatments (P < 0.05). The results were
sterile water solution significantly reduced the similar for all 3 types of bacteria taken into
bacterial concentration on the specimens and account, as shown in Table 1.
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Fig. 2

Discussion
Abutment decontamination is considered an
important factor for long-term dental implant
survival. Moreover, chlorhexidine has been
widely investigated for its unique properties of
inhibiting bacterial growth on titanium surfaces.15 In the present study, chlorhexidine’s
decontamination properties were confirmed, and
the degree of bacterial inhibition was comparable between all of the abutments considered.
S. haemolyticus, S. pyogenes and E. coli were
not able to grow on either anodized or nonanodized titanium abutments after treatment with
chlorhexidine. They were able to partially grow
after treatment with sterile water. This is in accordance with previous studies,20, 21 which reported
the reduction of S. pyogenes on titanium discs
after ultraviolet irradiation. However, uncommon
oral bacterial populations were used in this study,
because they were easier to stain, but, above all,
because they express one of the highest adhesiveness ratios and present the worst possible
conditions for the decontamination methods.22
The group contamination (abutment immersed
in a bacterial solution and then seeded on the
culture plate) showed a surprisingly lower
amount of bacterial growth on culture plates
compared with bacterial suspension (growth up
to second and third quadrants, respectively).
This finding shows that titanium surfaces, with
and without anodization, and zirconia surfaces
behave similarly regarding bacterial adhesion
(P < 0.05). These results are in accordance with
those of recent studies,23 confirming that zirconia and titanium alloy surfaces have comparable
properties regarding bacterial adhesion. One
limitation of the present study stays in the

in vitro conditions used to determine the microbial abatement. It would be desirable to assess
the same conditions in a dynamic environment
such as the oral microbiota. Nevertheless, this
study shows evidence that the abutment surfaces have inhibitory capabilities against 3 different microbial species, including Gram-positive
and Gram-negative bacteria. This study shows
also that a low concentration of chlorhexidine is
effective in eliminating microbial contamination
from different types of abutments.
Moreover, Yamane et al. investigated bacterial affinity to titanium and zirconia discs and
found no statistically significant adhesion differences.18 Interestingly, the bacterial count after 4
days of contamination was similar to those presented in this study (between 8 and 9 Log CFU).18
Bacterial adhesiveness can be influenced by
the surface roughness: The rougher the surface,
the greater the bacterial adhesiveness.24 All of
the abutments used for the study were prefabricated. This fact may be a limitation of the
study. In fact, clinically, all abutments placed in
the patient undergo a dental technician process
that increases the surface roughness characteristics, regardless of the final polishing that is
applied. It would be of interest to test the same
abutments after preparation.
Regarding clinical implications, further studies should test the optimal chlorhexidine concentration and especially application time to
better determine good clinical practice. Moreover, the clinical procedure during maintenance
with a PTFE curette or rubber cup could modify
the titanium abutment surface configuration,
leading to an increased roughness, greater bacterial adhesion and a potentially more difficult
cleaning procedure.25
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Fig. 2
Microbial growth observed
after the 3 cleaning
treatments tested for the 4
abutment types. The bar
graphs display the means and
standard deviations obtained.
Statistical analysis showed
significant differences in
microbial abatement with
P values of 0.02 (S. haemo‑
lyticus), 0.02 (S. pyogenes)
and 0.0003 (E. coli).
Abutment A: titanium abut‑
ment without anodization;
Abutment B: gold hue
anodized titanium abutment;
Abutment C: pink hue
anodized titanium abutment;
Abutment D: zirconia
abutment.

Bacterial colonization on different abutment materials

Conclusion

Competing interests

Within the limitations of this study, anodized
titanium abutments proved to have similar bacterial accumulation compared with pure titanium abutments. A low concentration of chlorhexidine for a limited period of time (0.05% for
10 min) proved to be effective in disinfecting
contaminated abutment surfaces.

The present trial was partially funded by Sweden
& Martina for the manufacture of the abutments. Nevertheless, the data belonged to the
authors and by no means did the manufacturer
interfere with the conduct of the trial or the publication of the results.

References
1.
Jung RE, Zembic A, Pjetursson BE,
Zwahlen M, Thoma DS. Systematic
review of the survival rate and the inci‑
dence of biological, technical, and
aesthetic complications of single crowns
on implants reported in longitudinal
studies with a mean follow-up of 5 years.
→ Clin Oral Implants Res.
2012 Oct;23 Suppl 6:2–21.
2.
Pjetursson BE, Thoma D, Jung R,
Zwahlen M, Zembic A. A systematic
review of the survival and complication
rates of implant-supported fixed dental
prostheses (FDPs) after a mean
observation period of at least 5 years.
→ Clin Oral Implants Res.
2012 Oct;23 Suppl 6:22–38.

8.
Heydecke G, Sierraalta M, Razzoog ME.
Evolution and use of aluminum oxide
single-tooth implant abutments: a short
review and presentation of two cases.
→ Int J Prosthodont.
2002 Sep–Oct;15(5):488–93.
9.
Nakamura T, Saito O, Fuyikawa J, Ishigaki
S. Influence of abutment substrate
and ceramic thickness on the colour of
heat-pressed ceramic crowns.
→ J Oral Rehabil.
2002 Sep;29(9):805–9.
10.
Bressan E, Paniz G, Lops D, Corazza B,
Romeo E, Favero G. Influence of
abutment material on the gingival color
of implant-supported all-ceramic
restorations: a prospective multicenter
study.
→ Clin Oral Implants Res.
2011 Jun;22(6):631–7.

3.
Derks J, Hakansson J, Wennstrom JL,
Tomasi C, Larsson M, Berglundh T.
Effectiveness of implant therapy
analyzed in a Swedish population:
early and late implant loss.
→ J Dent Res.
2015 Mar;94(3 Suppl):44S–51S.

11.
Jung RE, Holderegger C, Sailer I, Khraisat
A, Suter A, Hammerle CH. The effect of
all-ceramic and porcelain-fused-to-metal
restorations on marginal peri-implant
soft tissue color: a randomized controlled
clinical trial.
→ Int J Periodontics Restorative Dent.
2008 Aug;28(4):357–65.

4.
Linkevicius T, Apse P. Influence of
abutment material on stability
of peri-implant tissues: a systematic
review.
→ Int J Oral Maxillofac Implants.
2008 May–Jun;23(3):449–56.
5.
Abrahamsson I, Berglundh T, Lindhe J.
Soft tissue response to plaque
formation at different implant systems.
A comparative study in the dog.
→ Clin Oral Implants Res.
1998 Apr;9(2):73–9.
6.
Welander M, Abrahamsson I, Berglundh
T. The mucosal barrier at implant
abutments of different materials.
→ Clin Oral Implants Res.
2008 Jul;19(7):635–41.

15.
Bressan E, Tessarolo F, Sbricoli L, Caola I,
Nollo G, Di Fiore A. Effect of chlorhexidine in preventing plaque biofilm on
healing abutment: a crossover controlled
study.
→ Implant Dent.
2014 Feb;23(1):64–8.
16.
Paolantonio M, Perinetti G, D’Ercole S,
Graziani F, Catamo G, Sammartino G,
Piccolomini R. Internal decontamination
of dental implants: an in vivo random‑
ized microbiologic 6-month trial on the
effects of a chlorhexidine gel.
→ J Periodontol.
2008 Aug;79(8):1419–25.
17.
Do Nascimento C, Pita MS, Fernandes
FH, Pedrazzi V, de Albuquerque RF Jr,
Ribeiro RF. Bacterial adhesion on the
titanium and zirconia abutment surfaces.
→ Clin Oral Implants Res.
2014 Mar;25(3):337–43.

12.
Paniz G, Bressan E, Stellini E, Romeo E,
Lops D. Correlation between subjective
and objective evaluation of peri-implant
soft tissue color.
→ Clin Oral Implants Res.
2014 Aug;25(8):992–6.

18.
Yamane K, Ayukawa Y, Takeshita T,
Furuhashi A, Yamashita Y, Koyano K.
Bacterial adhesion affinities of various
implant abutment materials.
→ Clin Oral Implants Res.
2013 Dec;24(12):1310–5.

13.
Ishikawa-Nagai S, Da Silva JD, Weber HP,
Park SE. Optical phenomenon of
peri-implant soft tissue. Part II. Preferred
implant neck color to improve soft tissue
esthetics.
→ Clin Oral Implants Res.
2007 Oct;18(5):575–80.

19.
Canullo L, Tallarico M, Peñarrocha-Oltra
D, Monje A, Wang HL, Peñarrocha-Diago
M. Implant abutment cleaning by plasma
of argon: 5-year follow-up of a
randomized controlled trial.
→ J Periodontol.
2016 Apr;87(4):434–42.

7.
Vigolo P, Givani A, Majzoub Z, Cordioli G.
A 4-year prospective study to assess
peri-implant hard and soft tissues
adjacent to titanium versus gold-alloy
abutments in cemented single
implant crowns.
→ J Prosthodont.
2006 Jul–Aug;15(4):250–6.

36

14.
Holst S, Blatz MB, Hegenbarth E,
Wichmann M, Eitner S. Prosthodontic
considerations for predictable
single-implant esthetics in the anterior
maxilla.
→ J Oral Maxillofac Surg.
2005 Sep;63(9 Suppl 2):89–96.

20.
Annunziata M, Oliva A, Basile MA,
Giordano M, Mazzola N, Rizzo A, Lanza A,
Guida L. The effects of titanium
nitride-coating on the topographic and
biological features of TPS implant
surfaces.
→ J Dent.
2011 Nov;39(11):720–8.

Volume 4 | Issue 1/2018

Journal of
Oral Science & Rehabilitation

21.
Yamada Y, Yamada M, Ueda T, Sakurai K.
Reduction of biofilm formation on
titanium surface with ultraviolet-C
pre-irradiation.
→ J Biomater Appl.
2013 Dec 23;29(2):161–71.
22.
Levine MM. Adhesion of enterotoxigenic
Escherichia coli in humans and animals.
→ Ciba Found Symp.
1981;80:142–60.
23.
De Oliveira GR, Pozzer L, Cavalieri-Pereira
L, de Moraes PH, Olate S, de Albergaría
Barbosa JR. Bacterial adhesion and
colonization differences between zirconia
and titanium implant abutments:
an in vivo human study.
→ J Periodontal Implant Sci.
2012 Dec;42(6):217–23.
24.
Teughels W, Van Assche N, Sliepen I,
Quirynen M. Effect of material
characteristics and/or surface
topography on biofilm development.
→ Clin Oral Implants Res.
2006 Oct;17 Suppl 2:68–81.
25.
Marconcini S, Genovesi AM, Marchisio O,
Gelpi F, Barone A, Corega C, Bertossi D,
Pardo A, Nocini PF, Rigoni G, De Santis D,
Covani U. In vivo study of titanium
healing screws surface modifications
after different debridment procedure.
→ Minerva Stomatol.
2014 Jan 14. [Epub ahead of print]

