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Abstract

in the dental clinic.

contamination of the customized abutment surface.

Background: The demand for implant dentistry, which includes customized abutments, is increasing. A lot of pol-
lutions are generated on the customized abutment surface following milling procedure. This study evaluated the
surface topography and cleanliness of customized abutments after cleaning procedures, which are simply applicable

Methods: Thirty computer-aided design and computer-aided manufacturing internal connection type titanium
abutments were produced, milled, and randomly divided into 3 groups: steam cleaning (control group), chlorhexidine
(CHX) scrubbing (test group 1), and ultrasonic cleaning with CHX solution, acetone, and ethyl alcohol (test group 2).
Each group was evaluated using microscopic and microbial analysis.

Results: Foreign bodies were observed on the abutment surfaces in control group and test group 1, but not in test

group 2. Bacteria were observed on 40% of the agar plates following steam cleaning; most of the colonies consisted
of Bacillus cereus and Staphylococcus warneri. Colony growth was absent following test group 1 and 2.

Conclusion: For customized abutments, cleaning with steam is ineffective. CHX scrubbing effectively eliminates only
bacteria. Ultrasonic cleaning with CHX solution, acetone, and ethyl alcohol successfully removes both foreign bod-
ies and bacteria. Thus, the ultrasonic cleaning method is conveniently applicable in the dental clinic for eliminating
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Background

The health of the peri-implant soft tissue, which is located
between the oral tissue and bone, acts as a significant role
in implant’s long-term success. The soft tissues that sur-
round the implant are hypovascular and hypocellular
wound tissues with a significantly lower immunological
capacity than the periodontal tissues. Thus, peri-implant
soft tissue has a lower resistance to infection by bacterial
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colonies [1, 2]. Furthermore, mechanical overload and
prosthodontic processes can also exert a negative effect
on these tissues [3, 4]. The upper structure of an implant,
known as an abutment, is in direct contact with the sur-
rounding tissues and can therefore affect the health and
shape of the peri-implant soft tissues. Thus, the material,
surface characteristics, and surface treatments become
important factors in determining the degree of oral
health associated with dental implants. The chemical and
structural features of abutments also affect the surround-
ing bone and connective tissues. Furthermore, abutments
also play an important role in bioaffinity as they are
exposed to the oral cavity through the gingival mucosa.
The presence of contaminants in the implant-abutment
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interface initiates an inflammatory response, which may
damage tissue and activate osteoclasts, thus subsequently
resulting in bone resorption and the resetting of biologic
width [5, 6].

Due to a recent demand for aesthetic dental implants,
customized abutments usage has been significantly
increased. Despite this, the importance of abutment
surface treatments has been generally overlooked in
applying to patients. There is insufficient information
regarding manufacturers and techniques for surface
treatment and sterilization. Canullo et al. [7] confirmed
the presence of pollutions on the abutment surface fol-
lowing traditional milling procedure. SEM analysis
revealed that micro-particles covered 0.025% of the
milled abutment surface, while no micro-particles and
pollution were revealed on the whole abutment surface
before milling process. Sawase et al. [8] have highlighted
many differences between manufacturers with respect to
surface topography, composition, milling and finishing
procedures, and cleaning and sterilizing procedures of
customized abutments. After manufacture, customized
abutments must undergo steam-cleaning to remove any
contaminants located on both the internal and external
surfaces [9]. The presence of contaminants that remain
even after steam-cleaning can cause inflammatory
responses in peri-implant tissues and form plaques and
bacterial colonies, which can result in infection on the
collar surface of implants and abutments. The removal
of such microbial contaminants reduces bacterial adhe-
sion and osteoclast activation. The contaminants were
demonstrated to affect implant—abutment fit, leading to
an increased mechanical stress on connection. This con-
dition may induce preload loss or fracture and cause bio-
logical complications due to bacterial penetration within
a possible fixture—abutment gap [10]. Surface contami-
nants on abutments can be removed by steam-cleaning,
but such laboratory procedures cannot completely elimi-
nate the contaminants.

CHX, which is in routine clinical use, has been dem-
onstrated as one of the most effective chemical plaque-
control compounds [11-14]. It is a widely used antiseptic
with beneficial antimicrobial effects on Gram-positive
and Gram-negative bacteria and on fungi as well [15].
Furthermore, it has shown to be effective that 0.12%
CHX solution mouthwash is able to remove the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[16].

Since CHX is a positively charged bisbiguanide, it is
helpful at adsorbing different sites that are negatively
charged, such as titanium surfaces, salivary pellicle on
teeth, and mucous membranes as the biofilm on the
tooth surfaces [17-20]. In this context, CHX scrub-
bing can deserve potential benefit, but there is still no
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sufficient evidence that CHX scrubbing alone could sig-
nificantly remove bacteria and foreign bodies on custom-
ized abutments in human.

Consequently, additional procedures, such as ultra-
sonic cleaning, which mechanically remove contami-
nants with high frequency waves in aqueous or organic
medium, are recommended prior to clinical application
[21, 22]. Canullo et al. [23, 24] compared a group of cus-
tomized abutments that was steam-cleaned for 5 s with
a group that was subjected to argon plasma cleaning/
sterilization. Two-year follow-up results showed that
peri-implant bone resorption was lower for the group of
patients whose implants had been cleaned and sterilized.
However, dental clinics are rarely equipped with this type
of sterilizer, so there is a limitation on treating the surface
of customized abutments.

This article performed a study to evaluate the surface
topography and cleanliness of customized abutments
after convenient cleaning procedures applicable for cus-
tomized abutment in the dental clinic.

Methods

Customized titanium abutments

Thirty CAD/CAM customized titanium abutments were
fabricated with an internal connection type. All abut-
ments were manufactured in a commercial dental labora-
tory. Milling and polishing were performed using carbide
burs mounted on a miller (ARUM5X-100, Doowon elec-
tronics, Daejun, Korea). Following the milling process,
abutments were randomly divided into 3 groups of 10.

Cleaning methods

The abutments assigned to control group were steam
cleaned at 4 MPa and 150 °C for 10 s using a steam
cleaner (Steam Man Plus, Shin Myung Dental Co., Seoul,
Korea). The abutments assigned to test group 1 were
steam cleaned, after which they were scrubbed 5 times
with gauze soaked in 0.12% CHX (Hexamedine, BUK-
WANG PHARM. Co., Ltd., Seoul, Korea) as part of the
conventional protocol and were soaked in distilled water
for 5 min. Lastly, the abutments assigned to test group 2
were sequentially immersed in three different solutions,
which are 0.12% CHX solution, pure acetone, and 98%
ethyl alcohol, at 50 °C with an ultrasonic cleaner (UC125
Ultrasonic Cleaning System, Coltene/Whaledent INC,
USA) for 10 min each. After immersion in each solution,
samples were soaked in distilled water for 5 min. The
total cleaning time was 45 min (Fig. 1).

Microscopic and Microbiological analysis

The abutments were inserted in the surface analyzing
device after steam cleaning, CHX scrubbing, and ultra-
sonic cleaning Scanning electron microscopy (SEM)
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Fig. 1 Customized titanium abutments cleaned with three different methods: a steam cleaning, b CHX scrubbing, and c ultrasonic cleaning

(5-3000 N, Hitachi Ltd., Tokyo, Japan) was used to
scan the connection area and the hexagon area of the
abutments.

To evaluate the bacterial contamination on the sam-
ple abutments, they were transferred to sterilized 1.5 ml
micro-tubes containing 1 ml of thioglycolate medium
and incubated overnight under aerobic conditions. The
bacterial colonies on which blood agar plates were incu-
bated in 35°C aerobic condition for 24 h, were observed
(Fig. 2).

Statistical analysis

Statistical analysis was performed using SPSS version
23.0 statistical software (SPSS Inc., Chicago, IL, USA).
The Fisher exact set was performed in order to compare
the frequency of bacterial growth in each group and the
level of significance was set as 0.05. Additionally, bacte-
rial taxonomy was analyzed using matrix assisted laser
desorption ionization time of flight mass spectrometer
(MALDI TOF MS) (Microflex LT, Bruker Elemental
GmbH, Kalkar, Germany).

Results

Foreign bodies were observed in control group and test
group 1, but not in test group 1 (Fig. 3). Arrows indicate
foreign bodies on the abutment surfaces connected with
implant and the average area of contamination across the
two groups was 50 pm (Fig. 4).

Bacterial colonies were found on 40% of the agar plates
in control group, but not in test group land 2. A statisti-
cal comparison of the different cleaning groups revealed
a higher frequency of bacterial colonies in the steaming
group than in the CHX scrubbing and ultrasonic cleaning
groups (Table 1). The majority of the colonies consisted
of Bacillus cereus and Staphylococcus warneri detected
by MALDI-TOF MS analysis.

Discussion

Although grinding down the transmucosal surface of cus-
tomized abutments to ensure softness can prevent initial
attachment of soft tissues, a very rough abutment surface
can increase plaque adhesion. In other words, subgingival
and supragingival plaque formation is delayed when the
surface roughness or Sa-value of abutments is lower than

Fig. 2 Microbiological analysis of customized titanium abutments. a Incubation in a thioglycolate microtube. b Culture on an agar plate. ¢
Observation of colonies
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Fig. 3 Scanning electron micrographs of abutments after different cleaning methods (x 25 magnification): a steam cleaning, b CHX scrubbing, and

Fig. 4 Scanning electron micrograph of contaminants (indicated with arrows) on the abutment surface (x 70 magnification): a steam cleaning, b
CHX scrubbing, and c ultrasonic cleaning

Table 1 Comparison of bacterial colonies after different
cleaning methods

Cleaning methods

Control  CHXscrubbing  Ultrasonic  Total
Colonies 4 0 0 4
Without Colonies 6 10 10 26
P value® 0.023*

@ Fisher exact test

*P <0.05 is considered statistically significant

0.2 pm, but soft tissue attachment is disrupted when the
surface is too smooth. Hence, implant abutments with a
Sa-value of 0.2 pm have a balanced response toward bac-
terial adhesion and soft tissue stability; thus, clinically,
Sa-values between 0.15and0.25 pm are recommended
for better soft tissue stability and lesser bacterial adhe-
sion [25, 26]. In this study, a microscopic characterization
of the surface of customized abutments was performed
after processing, which revealed the presence of sub-
stantial contaminants such as lubricant microparticles
and titanium fragments with an average size of 50 pm.

Ultrasonic cleaning was also found to remove more con-
taminants than did steam cleaning or CHX scrubbing fol-
lowing steam cleaning.

One of the most important combinations requisite of
an implant’s prosthetic stability is the interface between
the implant and abutment, as even small movements
or misalignments in this interface can loosen abutment
screws, cause abutment fracture, and affect soft tissues
[27-29]. The stability of the implant-abutment inter-
face correlates with the connection type and fatigue
characteristics of the screw and the precision of the
implant components. Ideal preload is achieved by pre-
cise connections between implant components; impre-
cise connections caused by debris or contaminants on
the implant-abutment interface or screw decreases the
preload and prevents ideal connections [30, 31]. In this
study, the average 50 um foreign bodies of the abutment
surface connected with implant can also negatively affect
the stability of the interface between the implant and
abutment. According to Olefjord and Hansson [32], the
sulfur, phosphor, and silicate particles that have been
observed on the surface of an abutment are caused by
the laboratory process, and negatively affect the soft
tissue around implants [33]. These particles can cause
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osteoclasis and can induce monocyte/macrophage sur-
vival in vitro through an endogenous mediator [33]. Tita-
nium particles were shown to induce acute inflammation
via increases in interleukin (IL)-1p secretion and IL-1-as-
sociated signaling by promoting the NALP3 inflamma-
some, which is time-limiting enzymes of PGE2 synthesis,
and RANL/RANKL, which differentiates osteoclasts [34,
35]. Therefore, these particles cause bone resorption by
enhancing osteoclast differentiation. The occurrence of
this phenomenon in the connection area of the abutment
increases macrophages and osteoclasts in the connective
tissue. Thus, the cancellous bone will cause local inflam-
mation, resulting in the reset of biological width and
bone resorption.

This study aimed to evaluate the surface topography
and cleanliness of customized abutments after conveni-
ent cleaning procedures in the clinic. Cleaning only with
steam resulted in residual foreign bodies on abutment
surface, and bacterial colonies were found on 40% of the
agar plates. Thus, steam cleaning is insufficient for bac-
terial decontamination. Bacillus cereus and Staphylo-
coccus warneri, both of which were found in this study,
are opportunistic pathogens. Gram-positive anaerobic
bacteria Bacillus cereus proliferates in various environ-
ments, such as soil and water, with an optimal growth
temperature of 28—35°C; these bacteria can cause emetic
and diarrheal food poisoning. Gram-positive anaerobic
bacteria Staphylococcus warneri, which have an optimal
growth temperature of 30-40°C, can cause bacteremia.

Recently, 0.12% CHX solution mouthwash can effec-
tively reduce the SARS-CoV-2 for a short period of time
[16]. The viral load of SARS-CoV-2 was high in saliva, but
it decreased for 2 h after 30 s of CHX mouthwash [16].
Due to this effectiveness, various international asso-
ciation have recommended the use of a pre-procedural
mouth rinse to obviate the danger of SARS-CoV-2 trans-
mission throughout dental treatment. For example, the
New Zealand Dental Association highly suggests 0.2%
CHX for 30 s for a pre-procedure and when this is not
applicable, the alternative way can be used, which is a
swab soaked in 1% CHX [36]. CHX, which is used exten-
sively in dentistry, is a broad-spectrum antimicrobial
agent [37]. In this study, the CHX solution that is effec-
tive for reducing the SARS-CoV-2 was also involved in
both CHX scrubbing and ultrasonic cleaning methods,
and when those methods were applied to customized
abutments, it provided antimicrobial effect.

However, as a few studies suggested, its benefits are
limited. According to Chin et al. [38], CHX has bacteri-
cidal capacity but does not actually remove biofilm from
the implant surface. In this present study, it also reveals
that CHX scrubbing is insufficient to remove foreign
body on customized abutments.
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Additionally, foreign bodies and bacterial growth
were absent on the abutments after ultrasonic clean-
ing. Therefore, ultrasonic cleaning, which can remove
both foreign bodies and bacteria, is generally used in
most dental clinics, so it is thought to be a convenient
way for the surface treatment of customized abutments
without special disinfection procedures and steriliz-
ers. Among three different solutions with an ultrasonic
cleaner, 0.12% CHX solution and 98% ethyl alcohol
acted as an antiseptic and disinfection and the acetone
was used as organic solvent to remove lubricant and
titanium smear layer during the milling procedure.
However, since customized abutments were sequen-
tially immersed in three different solutions with ultra-
sound, the physical effects of ultrasonic cleaner and the
effect of antimicrobial solutions were not separately
evaluated in limitation of this study. The further studies
will be necessary to assess each effect of antimicrobial
solutions and ultrasonic procedure.

There is no consensus regarding the cleaning protocol
applicable to customized abutments. In addition, the
majority of the universities and hospitals do not have an
established set of standards [39]. Therefore, it is essen-
tial to develop standardized cleaning and decontamina-
tion methods to remove contamination of customized
abutments, which can negatively affect the biological
stability of peri-implant tissues in the long term.

Conclusions

For the clinical use of customized abutments, steam
cleaning is ineffective, CHX scrubbing is effective in
removing bacteria, and ultrasonic cleaning with CHX
solution, acetone, and ethyl alcohol is very effective in
removing both foreign bodies and bacteria from the
surface of the abutments. Therefore, ultrasonic cleaning
is an effective procedure that can be in used dental clin-
ics as it can be conveniently applied for abutments.
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