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Abstract 

     This study was aimed to describe the differences in amounts of Streptococcus mutans (S. 
mutans) colonization on the titanium-implant abutment surfaces after treatment with two different 
hygiene instruments by using Scanning Electron Microscope (SEM).  
      Fifteen Dentium Combi titanium-implant abutments were randomly divided equally into three 
groups. Five abutments were selected for untreated/control (C) group and the other two groups 
which were treated with rubber cup with pumice powder (RC) and air polishing (AP) respectively. S. 
mutans was then cultured on untreated and treated specimens. One sample from each group was 
randomly selected and observed for the bacterial colonization on the surface of abutment using 
SEM.  
      At x2000 magnification, the machining marks were observed in C and AP groups whereas the 
surface was smoothened in RC group. Sparse colonies could be observed in both C and RC 
groups but moderate colonies was noticed in AP group at a magnification of x5000. At x10 000 
magnification, multilayers of bacterial chains could be seen in C and AP groups, while a monolayer 
of bacterial chain was found in RC group.  
      RC instrumentation revealed lesser amounts of S. mutans colonization compared to 
instrumentation with AP. 
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 Introduction 
 

Nowadays edentulous patients can now 
have opportunity to gain back what they had 
once thought lost with the invention of dental 
implants which are generally viewed more 
favourably, in terms of aesthetics, functionality 
and stability and they are becoming increasingly 
available1.  

Implant is an artificial tooth, it is also 
affected with diseases as the natural tooth. It 
would not expose to caries but it is still 
susceptible to tooth supporting structure 
diseases which are peri-implant diseases, i.e 
peri-implantitis and peri-implant mucositis. Peri-
implant mucositis is comparable to gingivitis in 
the normal tooth, involving the inflammation of 

the gingiva that is in contact with the implant in 
the absence of loss of supporting bone2. 

Whereas, peri-implantitis is analogous to 
periodontitis, which involves the progressive loss 
of alveolar bone and can cause the implant to be 
lost3-5. Peri-implant mucositis is considered a 
precursor to peri-implantitis2. Both diseases of 
the natural tooth and implant have the same 
aetiology, which is bacterial biofilm. The 
microflora of peri-implantitis looks similar to 
subgingival biofilm on periodontitis teeth based 
on culture studies and recent molecular biological 
studies6. However, progression of the 
inflammatory process in these two diseases is 
different, in which progression of the peri-
implantitis is faster than periodontitis5,7. Most of 
the material of dental implants is titanium. 
Titanium as a highly polished metal has proven 
to be fewer plaques retentive than natural teeth8. 
However, it has been reported contradictory that 
even on relatively smooth implants surfaces e.g. 
abutments, plaque accumulates faster when 
compared with natural teeth and they found that 
up to 23 times more bacteria adhering to rough 
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implant surfaces than smooth ones9. The main 
concern about plaque removal from surface of 
implant is the possibility of damaging to the 
implant surfaces. Any damage to the implant 
surface will cause changes in chemical oxide 
layer and may result corrosion of implant surface. 
If plaque accumulation occurs and is left for a 
period of time, inflammation around the implant 
may spread rapidly and can easily reach the 
bone10. It could cause bone resorption, with 
subsequent failure of osseointegration. 

There is no denying that implants are a 
costly investment and should be taken good care 
to avoid severe complications. Therefore 
maintenance is crucial to ensure the longevity 
and lifespan of an implant. Proper implant 
instrumentation includes removing microbial 
deposits without altering the surfaces of implant 
or affecting biocompatibility adversely11

. During 
maintenance therapy, cleaning can be done by 
scaling with a metal instrument to remove the 
calculus in the case of a natural tooth but it is not 
advisable to use this hygiene instrument on an 
implant tooth as cleaning effects can alter the 
implant surface12. The bacterial load and host 
defence imbalance recognized as the factor in 
developing of peri-implant diseases13. Bacterial 
colonization on oral implant surfaces starts 
immediately and rapidly after exposing of implant 
surface to oral environment14. But many studies 
indicated that bacterial colonization may occur 
within 30 minutes after placement of the implant 
with different types of microorganisms15. The 
factor that initiates colonization seems to be 
influenced by the surface roughness, surface-
free energy and chemical composition16,17.  

The long term success of dental implants 
is dependent upon regular follow up and 
maintenance regimes and as dental implants 
become more prevalent, the responsibility for 
providing this maintenance care will fall 
increasingly on the general dental practitioner. As 
the number of patients selecting dental implants 
as a treatment option continues to grow, the 
dental team must accept the challenges of 
maintaining these sometimes complexes 
restorations. The softness of commercially pure 
titanium has led to the development of various 
devices for the cleaning of implant abutments. 
The efficacy of implant surface cleaning is 
significantly influenced by the implant surface 
structures and by the cleaning methods18. It is 
crucial that the instruments used for maintenance 

be able to remove plaque and calculus from the 
implant surface effectively and efficiently while 
causing minimal damage to its circumference. 
Conventional sonic and ultrasonic scalers cause 
considerable changes to implant surfaces19. 
Therefore the use of plastic curets, graphite or 
nylon-type instruments, rubber polishing cups, 
brushes with abrasive paste and air-powder 
abrasive systems have been recommended12. 
Studies using scanning electron microscopy 
showed these implant instruments produced no 
scratches or gouges on the implant surface. 

At the moment, there are no clear 

protocols for the treatment of peri‐implantitis, and 
there are no data in the literature devoted to the 
study of the effect of mechanical treatment on the 
implant surface, depending on its type, and as a 
result, the prognosis for the treatment of 
peri‐implantitis20. There was our previous study 
and other study before the bacterial colonization 
comparing the abutment surface after being 
treated with air polishing and rubber cup with 
pumice powder since these were among the 
best-suggested methods for cleaning implants. 
The abutment surface treated with AP had a 
significantly rougher surface compared to a 
surface treated with RC21,22. However, Cafiero et 
al. (2017) found that a high-pressure air-powder 
abrasive system resulted in a smoothened 
surface compared to a low-pressure setting and 
rubber cup polishing23. Based on previous 
studies, it theoretically shows that a rough 
surface has a better colonization of bacterial 
plaque, which leads to diseases. On the other 
hand, a statistically significant reduction of 
bacterial plaque formation was observed for RC 
in comparison to AP device treatment22. 

Therefore, the aim of this in vitro study 
was to describe the S. mutans colonization on 

the titanium-implant abutment surface 
topography using SEM in three different groups 
with two different type of instruments which were 
rubber cup with pumice powder and an air 
polishing. The knowledge about these hygiene 
instruments used for implant maintenance could 
help the dentist in choosing the least damaging 
method to clean surrounding the implant surfaces 
and to establish best practice with respect to 
reducing further bacterial colonization. This will 
prevent from peri-implant diseases progression 
and increase the survival rate of the dental 
implant. Subsequently, the dental implant 
treatment will be improved. 
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Materials and methods 
 

Study Design 

This was an experimental laboratory 
study which was performed at Craniofacial 
Science Laboratory, School of Dental Sciences, 
Universiti Sains Malaysia. S. mutans was 

cultured on a 24-well polystyrene cell-culture 
plate containing the different treated abutments 
and was incubated for 16 hours under 
microaerofilic conditions. The samples of 
abutments with the bacteria colonies were then 
scanned with SEM at the Biomaterial Laboratory 
School of Health Science, Universiti Sains 
Malaysia. 

Titanium-Implant Abutment Samples 

Fifteen Dentium Combi titanium-implant 
abutments (CAB 5535L) were randomly divided 
equally into three groups. Five abutments were 
selected for untreated/ control (C) group and the 
other two groups were treated with rubber cup 
with pumice powder (RC) and air polishing (AP) 
(Air Flow® Master, EMS, Munich, Germany) 
respectively. The transmucosal part with a 
surface area of 2mm x 3mm was selected for 
bacterial colonization. All samples were sterilized 
with autoclaved. 

Bacterial Strain and Growth Condition  
The standard reference strain comprising 

S. mutans (ATCC 25175) (United States) cells 

were inoculated and incubated under 
microaerophilic conditions for 24 hours (candle 
jar; 37°C). Bacterial cells were suspended in a 
BHI broth (HiMedia Laboratories Pvt Limited, 
India). 

Saliva Coating of the Samples.  

Unstimulated saliva was naturally 
collected from a healthy donor (age range, 18 to 
35 years) until the amount reached 7.5 ml within 
30 minutes in one visit. The saliva samples were 
collected in a sterile container. The samples were 
preserved in a cool flask with ice pack before 
being transported to the laboratory to be stored 
and frozen at -20°C. 

The saliva sample was pooled and 
centrifuged (2500 revolutions per minute (rpm) 
for 30 minutes). The supernatant was 
pasteurized for 30 minutes at 60°C inside a water 
bath to inactivate endogenous enzymes. Then, it 
was re-centrifuged at 2500 rpm for 30 minutes in 
a sterile 50 ml centrifuge tube and stored at -
20°C. The pasteurization efficacy was evaluated 
by plating 100µl saliva on a Brain-Heart Infusion 

(BHI) agar and the absence of bacterial growth 
was observed after 72 hours. 

The abutments were sterilised using the 
autoclave (15 minutes at 127°C) and placed into 
the collected saliva for 4 hours to allow salivary 
pellicle formation (24-well polystyrene cell culture 
plate containing 1000µl saliva). 

Bacterial Colonization 
Saliva was aspirated from each well and 

replaced with 500µl BHI broth and 500µl saliva. 
Bacterial cells of S. mutans were suspended in 
BHI broth, adjusting the turbidity to Optical 

density  0.15 (1 x  colony forming 
units (CFUs)/ml). Each well was inoculated with 
100µl of this inoculum suspension. The plate was 
incubated for 16 hours under microaerophilic 
conditions for S. mutans. All saliva samples were 

discarded directly into the sluice, which was 
directly connected to the sewage system. 

Assessment of Bacterial Colonization 

 Out of fifteen titanium-implant abutments, 
three abutments were randomly selected with 
one of each group and observed under the SEM 
after colonization and incubation of S. mutans. 

Samples were primarily fixed in McDowell’s and 
Trump’s fixation, at 4°C for 24 hours. 
Subsequently, samples were washed with 
phosphate-buffered saline buffer, secondarily 
fixed with 1% osmium tetroxide for 10 minutes at 
4°C, dehydrated in ascending acetone 
concentrations up to 100% before air dried 
overnight. The flat surface of the prepared 
portion of specimens faced the stub and mounted 
to the stub. Meanwhile, the 2mm x 3mm convex 
surface at the transmucosal portion of the 
abutment was standardized for observation and 
randomly scanned at three points after all 
abutments were sputtered gold in an SC005 
Leica sputter machine. Representative areas of 
samples after bacterial incubation were 
photographed at a magnification of x2000, x5000 
and x10, 000. 

 
Ethical consideration 

Ethical clearance was obtained from the 
Research Ethics and Committee (Human), 
Universiti Sains Malaysia with the reference 
number was USM/JEPeM/16090313. 
 

Results 
 

At a magnification of x2000, the 
machining marks that ran in uniform oblique lines 
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could be seen in C group but not in RC group 
where the surface was smoothened by the 
rubber cup and pumice powder. Similarly in AP 
group, the machining marks were observed and 
intact as in C group. However, the surface looked 
rougher with a presence of generalized micro 
pores created by high velocity of air flow and 
amino acid-glycine powder (Figure 1). 
 

 
Figure 1. SEM images of S. mutans adhesion on 
the titanium–implant abutment surface 
topography in three different groups at x2000 
magnification. (A) Control, (B) Rubber Cup with 
Pumice Powder, and (C) Air Polishing. 
 

Sparse S. mutans colonies could be 

observed in both C and RC groups at a 
magnification of x5000. Moderate S. mutans 

colonies in AP group reflected higher amounts of 
bacterial colonization compared to others (Figure 
2).  
 

 
Figure 2. SEM images of S. mutans adhesion on 

the titanium–implant abutment surface 
topography in three different groups at x5000 
magnification. (A) Control, (B) Rubber Cup with 
Pumice Powder, and (C) Air Polishing. 
 

 
Multilayers of bacterial chains could be 

seen in the C and AP groups, while a monolayer 
of bacterial chain was found in RC group at a 
magnification of x10 000. At this magnification 
level, the biofilm clearly showed bacteria cell 
shape, which was rounded or rod-like while 
making a long chain. Debris from the sample 
processing could be seen in RC and AP groups. 
However, some of them exhibited branched 
bacteria rather than in chain form (Figure 3). 

 

 
Figure 3. SEM images of S. mutans adhesion on 
the titanium–implant abutment surface 
topography in three different groups at x10 000 
magnification. (A) Control, (B) Rubber Cup with 
Pumice Powder, (C) Air Polishing. 
 
 Discussion 
 

The pathogenicity of S. mutans is 

associated with the ability to produce 
extracellular polysaccharides and lactic acid. The 
acidity causes the release of metal ions that can 
lead to antimicrobial effects. This ion release can 
inhibit biofilm formation, particularly during the 
early stage of biofilm growth 24. This explained 
the lower amounts of bacterial composition in this 
study compared to previous studies that utilised 
Streptococcus sanguinis, which was not 
acidogenic when observed under a SEM25. In 
contrast, Olmedo et al. (2013) found high 

concentrations of metal-like particles in patients 
suffering from implantitis26. However, Schwarz et 
al. (2018) differed and concluded that the 

available evidence is not enough to associate the 
role of titanium or metal particles in the 
pathogenesis of peri-implantitis5. 

Abutment surfaces reflected light under 
SEM. At large magnifications, apart from the 
bacterial composition, it was evident that 
untreated abutment surfaces were not smooth. 
Definite machined parallel grooves could be seen 
circumferentially, which were horizontally lined 
and perpendicular to the abutment axis. The 
distance between each machining mark was 
about 5-6 µm27. Similarly, the C group in this 
study exhibited some pits and scratches. The 
machining marks could be seen in the C group, 
which ran in uniform oblique lines at x2000 
magnification. 

SEM images in this study also revealed 
different surface topographies according to 
different treatments. The machining mark with 
irregular scratches and small pits resulting from 
machining could be clearly seen on the C 
abutment; however, it was reduced on the RC 
treated surfaces suggesting a smoothening effect. 
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Studies had found that RC resulted in lesser 
roughness, obliterated surface asperities and 
scratches12 and reports also suggested that the 
use of RC polishing did not increase surface 
roughness23.  

Inversely, they were enhanced on AP 
treated surfaces, suggesting a roughening effect. 
It was concluded that abutments treated with AP 
created the roughest surface, while the RC 
created a smoother surface by obliterating the 
original milling marks 12. This was similar to 
Duarte et al. (2009), who found that AP gave 

some sand-blasting effects and irregular crater-
like defects25. In addition, AP treatment 
significantly increased the surface roughness of 
the titanium surface though it was still considered 
safe28. 

The surface alteration still occurred even 
though the amino-acid-glycine powder used in 
AP was the softest available powder for 
subgingival use that should not affect the root 
surface and soft tissue even more in harder 
surfaces such as titanium 12. Furthermore, it was 
found that AP that used three different abrasive 
materials, such as glycine based powder, soft 
powder and erythritol powder, gave an 
insignificantly rougher surface compared to non-
treated surfaces viewed under SEM 27. The 
roughness effect could be obvious on laser 
profilometry as its measurements are more 
sensitive compared to SEM5. 
  This study was consistent with Di Salle et 
al. (2018), who found that AP increased 

roughness values, while RC polishing 
significantly reduced roughness values compared 
to the C group. Therefore, both samples, C group 
and RC group showed sparse distribution of S. 
mutans colonies compared to the sample treated 
with AP. However, the sample treated with the 
RC had a monolayer S. mutans cell chains, while 

the sample without any treatment had multilayer 
S. mutans cell chains. Whereas the sample 
treated with air flow had moderate distribution of 
colonies and multilayered S. mutans cell chains 
22. Hence, it was found that the control titanium 
abutment supported denser biofilm growth of S. 
mutans compared to the RC treated titanium 
abutment 29. Somehow, Duarte et al. (2009) 
found similar and moderate number of S. 
sanguinis colonies in C and AP treated surfaces, 

respectively, with a predominantly monolayer 
present25. The spatial arrangement of S. mutans 
cells resembling long chain beads, as its 

morphological characteristic, was observed at a 
high magnification of x10 00030. Some bacteria 
exhibited in the branch might suggest that it was 
not S. mutans. However, efficacy of the culture 
plate and gram staining was carried out to detect 
any contamination. 

This finding indicated a low bacterial 
adhesion rate on the sample treated with the RC 
compared to the sample without any treatment 
and treated with AP. However, previous studies 
found that smooth surfaces treated with dental 
hygiene instruments, including AP and RC 
demonstrated the same level of S. sanguinis 

adhesion as the untreated control surface 
regardless in the differences of the surface 
texture between groups25,31. These observations 
were too subjective and carried out under a SEM, 
which could contain inaccurate data and 
impediments when studying the S. mutans 

biofilm. The extracellular polymeric substance 
was devastated, removing supporting structures 
and causing cracks on the biofilm surface during 
the intensive dehydration process when using 
SEM. The variable pressure scanning electron 
microscopy (VPSEM) offers the most 
comprehensive representation of bacterial biofilm 
morphology by avoiding the dehydration process 
and high chamber vacuum32. 
 In this study, particles and debris noted 
on the samples treated with the RC and AP 
instruments, whereas surfaces without treatment 
were clear. These could be due to the pumice 
residue, rubber cup remnant or the amino acid 
glycine powder residue. Similarly, presence of 
sodium carbonate deposits on the treated 
titanium surface after AP compared to the control 
group,   might be related to a low bacterial 
adhesion rate25. All these residues might interact 
with the chemical during sample processing and 
influence bacterial33. They might also have other 
unknown biologic implications on periodontal 
tissues, such as cytotoxicity, impairment of the 
fibroblast and osteoblast adhesion. 
 

Conclusions 
 
In conclusion, under SEM, the topography 

of titanium surfaces after treatment with RC 
polishing showed lower S. mutans colonization 

compared to AP samples due to the smoothening 
effect of the instruments. S. mutans colonies 

were sparse or thinly scattered at a higher 
magnification compared to surfaces treated with 
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AP, which was moderately scattered due to the 
roughening effect of the instruments. 
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