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Implants 

 This study aimed to compare the proliferation of Aggregatibacter 

actinomycetemcomitans (A. actinomycetemcomitans), Porphyromonas 

gingivalis (P. gingivalis), and Prevotella intermedia (P. intermedia) on 

exposed resorbable blast media (RBM) and sandblasted, large grit, acid-

etched (SLA) dental implant surfaces. In this in vitro, experimental study, 

RBM and SLA dental implant surfaces (n=5 from each type) were 

inoculated with A. actinomycetemcomitans, P. gingivalis, and P. 

intermedia in well-plates. Microbial proliferation in the wells was evaluated 

by measuring the optical density (OD) of the well contents at 650 nm 

wavelength every 60 minutes for 24 hours at 37°C using a 

spectrophotometer. Data were analyzed using generalized estimating 

equation. The results showed ascending trend of proliferation of all three 

microorganisms on both types of exposed implant surfaces within 24 hours. 

Proliferation of bacteria was not significantly different on RBM and SLA 

implant surfaces (P>0.05). The proliferation rate of bacteria on both 

surfaces was significantly greater from 8 to 24 hours compared with the 

first hour (P<0.05). However, the mean proliferation rate of bacteria on the 

two surfaces was not significantly different at 24 hours (P>0.05). Within 

the limitations of this in vitro study, the results showed that RBM and SLA 
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dental implant surfaces had no significant difference regarding the 

proliferation of A. actinomycetemcomitans, P. gingivalis, and P. 

intermedia. Further studies are required to confirm this finding. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Replacement of the lost teeth with dental implants is currently a reliable treatment option superior to 

conventional prosthetic techniques due to advances in surgical techniques, alloy compositions, and surface 

topography of dental implants. Osseointegration is the first and foremost success criterion for dental implants 

[1]. However, long-term success of dental implant treatment depends on some other factors as well, such as 

their optimal biocompatibility and mechanical compatibility. The manufacturers have greatly improved the 

biocompatibility of dental implants by optimization of their constituents and manufacturing process. 

Mechanical compatibility highly depends on the treatment plan. In general, implant-supported bridges are the 

first choice in partial dental reconstructions. However, according to the clinical and paraclinical data obtained 

in the long-term, and in case of presence of some limitations against implant placement, failed 

osseointegration of an implant, alveolar bone defects, patient not consenting to ridge augmentation, or 

financial constraints, a combination of tooth and implant abutments may be used [2]. 

 

Optimal osseointegration and bone-implant contact depend on biological, biomaterial, and biomechanical 

properties. Type of alloy, implant geometry, its surface topography, and physical and chemical treatments of 

implant surface are among the biomaterial parameters that play a role in this respect [3]. Pure titanium and 

titanium alloys are most commonly used for the fabrication of dental implants. Low density, high strength, 

high melting temperature, high resistance to surface roughness, and optimal biocompatibility are among the 

favorable characteristics of pure titanium and titanium alloys. Thus, they are commonly used for the 

fabrication of dental implants, bridges, overdenture, and prosthetic components of dental implants (abutments 

and screws) [4]. 

 

Several surface modifications have been suggested for dental implants such as increasing their surface 

roughness, induction of osteoconductivity, and application of biologically active medicinal coatings [5]. Of 

the abovementioned surface modifications, surface roughening has attracted greater attention. Surface 

roughening is performed aiming to increase the contact area of implant and bone, improve implant stability, 

and enhance osseointegration. Methods to create surface roughness are categorized into two groups of 

additive and subtractive techniques. In additive techniques, some compounds are added to the implant surface. 

In subtractive methods, some compounds are removed from the implant surface. Sandblasted, large grit, acid-

etched (SLA) implant surfaces and resorbable blast media (RBM) are among the subtractive surface 

treatments [6- 8]. SLA is a traditional type of surface treatment which is still practiced. It refers to sandblasting 

of dental implant surface after manufacturing in a CNC machine. It is then rinsed with acid to eliminate the 

materials remaining on the implant surface [9], [10].  RBM refers to implant surfaces sandblasted at high 

temperature under pressure, which results in smaller amounts of residues on the implant surface [11- 13]. At 

present, there is no strong evidence to support the greater efficacy of a specific surface treatment for dental 

implants [14]. A previous study reported that surface topography may significantly change the titanium 

surface properties and alter the formation of bacterial biofilm. Also, surface roughness is closely correlated 

with bacterial adhesion [15]. Accordingly, many novel surface topographies have been introduced to prevent 

the formation of microbial biofilm [16- 18]. 

https://www.teikyomedicaljournal.com/
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Oral microorganisms can affect dental implant surfaces. Adherence and accumulation of pathogenic 

microorganisms on the implant surfaces can play a role in failure of dental implant treatments. Researchers 

believe that dental implant failure may be related to bacterial contamination of implant surfaces during 

implant insertion. Peri-implant tissue health is imperative for long-term success and stability of dental 

implants, and depends on factors such as the host bacteria and their accumulation on the implant surface and 

peri-implant tissue, as well as dental plaque control [19], [20]. 

 

Evidence shows higher bacterial attachment to rougher implant surfaces compared with smooth and machined 

surfaces. Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans), Porphyromonas gingivalis 

(P. gingivalis), and Prevotella intermedia (P. intermedia) are among the bacteria that commonly adhere to 

rough implant surfaces [21- 23]. Periodontal pathogens such as A. actinomycetemcomitans, P. gingivalis and 

P. intermedia have been isolated from periodontal lesions and are responsible for development and 

progression of periodontitis. A. actinomycetemcomitans is associated with periodontal diseases such as 

aggressive periodontitis and is an age-related microorganism. Some researchers considerer it as a member of 

the oral microflora. The natural ecological reservoir of this microorganism and time of colonization of oral 

cavity by it have yet to be clearly identified [24], [25]. 

 

Relevant previous studies on proliferation of periopathogenic microorganisms on implant surfaces mostly 

used custom-made titanium discs instead of commercially available dental implants; thus, they ignored the 

geometric design of implant while it is an important factor in bacterial adhesion to implant surfaces. 

Accordingly, this study aimed to assess the proliferation of A. actinomycetemcomitans, P. intermedia, and P. 

gingivalis on exposed SLA and RBM dental implant surfaces. 

 

2. Methods 

This in vitro, experimental study (Ethical Code: IR.AJUMS.REC.1398.086). was conducted on one type of 

implant with two different surface treatments: Dio UF RBM surface (Ti-alloy; Dio, Korea) and Dio UF SLA 

surface (Ti-alloy; Dio, Korea). Five implants with SLA surface treatment and five implants with RBM surface 

treatment with 10 mm length and 4 mm diameter were used in this study. The implants were vertically fixed 

on plates by a cover screw. 

 

A 96-well micro-titer plate was used for the experiment. Microbial suspension was prepared from A. 

actinomycetemcomitans, P. intermedia, and P. gingivalis; 10 µL of the microbial suspension was added to 

each well containing a dental implant. The plates were then placed in an anaerobic jar and incubated for one 

hour. One well served as the positive control and two wells served as the negative control. Next, 250 µL of 

bacterial suspension was added to the wells. Microbial proliferation in each well was measured by reading 

the optical density (OD) of the wells at 650 nm wavelength every 60 minutes for 24 hours using a 

spectrophotometer at 37°C. Before reading the OD, the microplate was shaken to ensure homogeneity of 

bacterial suspension. Prior to reading the OD, the plate containing dental implant was removed. Then, the 

implants were placed back in their respective wells for another 60 minutes of incubation until the next reading. 

After 24 hours, the growth curve of the bacteria was drawn according to the OD values. 

 

Data were reported as mean and standard deviation, and analyzed using generalized estimating equation by 

SPSS version 22. Level of significance was set at 0.05. 

 

3. Results 

 

3.1 actinomycetemcomitans 
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Table 1 compares the proliferation of A. actinomycetemcomitans on RBM and SLA implant surfaces. The 

results showed that the growth curve of A. actinomycetemcomitans on both implant surfaces was ascending 

from 1 to 24 hours, with no significant difference between the two surface types (P>0.05). However, the 

proliferation rate of A. actinomycetemcomitans on both implant surfaces was significantly higher from 8 to 

24 hours compared with the first hour (P<0.05). 

 

Table 1: Comparison of the proliferation of A. actinomycetemcomitans on RBM and SLA implant surfaces 

P-value SLA RMB Time  

0.883 69.4 ± 4.98 69 ± 3.08 1 hour 

1 71.6 ± 4.98 71.6 ± 5.32 2 hours 

0.846 79 ± 9 78 ± 7 3 hours 

0.911 89.8 ± 10.13 90.6 ± 11.67 4 hours 

1 107.2 ± 21.98 107.2 ± 19.21 5 hours 

0.901 123 ± 28 125 ± 21 6 hours 

0.877 142 ± 34.97 145.2 ± 27.73 7 hours 

0.753 167.4 ± 30.05 175.2 ± 44.53 8 hours 

0.886 188 ± 31 185 ± 33 9 hours 

0.236 218.4 ± 34.67 193.6 ± 25.83 10 hours 

0.509 240.6 ± 32.67 225.4 ± 36.73 11 hours 

0.439 261 ± 35 243 ± 35 12 hours 

0.547 286.4 ± 33.11 271.8 ± 39.96 13 hours 

0.591 296.6 ± 20.60 283.6 ± 47.62 14 hours 

0.749 331 ± 45 322 ± 41 15 hours 

0.688 333.6 ± 37.31 344.8 ± 47.29 16 hours 

0.696 371.6 ± 42.42 360 ± 48.11 17 hours 

0.484 394 ± 34 375 ± 47 18 hours 

0.723 412 ± 51.18 401.2 ± 42.22 19 hours 

0.646 440.6 ± 46.79 426.8 ± 44.75 20 hours 

0.339 467 ± 43 440 ± 41 21 hours 

0.417 490.8 ± 49.27 463.4 ± 52.10 22 hours 

0.511 508.8 ± 51.89 489.2 ± 36.92 23 hours 

0.684 532 ± 64 517 ± 47 24 hours 

0.604 266.9 ± 146.1 276.1 ± 152.7 Total 

 

3.2 P. Intermedia 

Table 2 compares the proliferation of P. intermedia on RBM and SLA implant surfaces. The results for P. 

intermedia were the same as those reported for A. actinomycetemcomitans. 

 

Table 2: Comparison of the proliferation of P. intermedia on RBM and SLA implant surfaces 

P-value SLA RMB Time  

0.418 60.80 ± 4.97 63 ± 2.92 1 hour 

0.745 65 ± 7.58 63.6 ± 5.37 2 hours 

0.846 72 ± 11 71 ± 2 3 hours 

0.901 81 ± 19.20 79.8 ± 8.52 4 hours 

0.571 96.6 ± 28.59 88.8 ± 7.22 5 hours 

0.456 114 ± 33 102 ± 9 6 hours 

0.188 139 ± 31.35 117 ± 13.55 7 hours 

0.178 159.2 ± 30.55 136.2 ± 16.63 8 hours 

https://www.teikyomedicaljournal.com/


  ISSN: 03875547 

Volume 45, Issue 02, April, 2022 

  

5221 
 

0.101 180 ± 28 150 ± 23 9 hours 

0.250 201.4 ± 32.88 177.6 ± 27.59 10 hours 

0.097 221.2 ± 35.98 183.8 ± 26.36 11 hours 

0.143 246 ± 44 208 ± 29 12 hours 

0.300 264.8 42.42 238.4 ± 32.21 13 hours 

0.325 284.2 ± 45.47 257.4 ± 34.55 14 hours 

0.562 300 ± 39 286 ± 34 15 hours 

0.892 316.2 ± 39.12 313.2 ± 28.15 16 hours 

0.928 345.2 ± 34.97 243.2 ± 32.88 17 hours 

0.793 490.8 ± 35 366 ± 35 18 hours 

0.731 391.8 ± 32.07 384 ± 36.92 19 hours 

0.534 417 ± 49.27 402.8 ± 32.84 20 hours 

0.545 442 ± 37 427 ± 38 21 hours 

0.732 467.6 ± 39.7 458.2 ± 44.01 22 hours 

0.853 489 ± 41.60 483.8 ± 44.21 23 hours 

0.942 508 ± 40 506 ± 44 24 hours 

0.373 259.9 ± 146.3 246.3 ± 146.5 Total 

 

3.3 P. gingivalis 

Table 3 compares the proliferation of P. gingivalis on RBM and SLA implant surfaces. The results for P. 

gingivalis were the same as those reported for A. actinomycetemcomitans and P. intermedia.  

 

Table 3: Comparison of the proliferation of P. gingivalis on RBM and SLA implant surfaces 

P-value SLA RMB Time  

0.463 66.8 ± 3.49 64.4 ± 6.03 1 hour 

0.747 69.8 ± 2.68 71 ± 7.58 2 hours 

0.689 75 ± 4 77 ± 10 3 hours 

0.592 85.8 ± 5.89 90 ± 15.75 4 hours 

0.952 100.8 ± 10.76 101.6 ± 6.03 5 hours 

0.531 113 ± 12 123 ± 32 6 hours 

0.729 135.6 ± 7.73 141.8 ± 37.80 7 hours 

0.628 156.8 ± 15.87 165.4 ± 34.75 8 hours 

0.449 171 ± 22 186 ± 36 9 hours 

0.503 195.4 ± 23.72 209 ± 36.31 10 hours 

0.364 208 ± 33.58 229.2 ± 36.1 11 hours 

0.592 239 ± 28 251 ± 39 12 hours 

0.461 274.4 ± 30.68 266.2 ± 44.72 13 hours 

0.699 276.6 ± 25.51 287.2 ± 53.33 14 hours 

0.813 298 ± 25 304 ± 49 15 hours 

0.806 318 ± 26.45 324.4 ± 49.93 16 hours 

0.975 334.6 ± 33.74 329.2 ± 367 17 hours 

0.946 370 ± 70 367.4 ± 45.39 18 hours 

0.738 377.4 ± 31.86 385.8 ± 49.93 19 hours 

0.957 405.8 ± 30.21 407.2 ± 48.46 20 hours 

1 431 ± 33 431 ± 52 21 hours 

0.858 450.8 ± 34.36 456.2 ± 55.59 22 hours 

0.627 463 ± 39.12 478.2 ± 54.71 23 hours 

0.948 498 ± 31 496 ± 59 24 hours 
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0.697 253.8 ± 139.4 260.2 ± 141.5 Total 

 

4. Discussion 

This study assessed the proliferation of A. actinomycetemcomitans, P. intermedia, and P. gingivalis on 

exposed SLA and RBM dental implant surfaces. The results showed the ascending trend of proliferation of 

all three microorganisms on the exposed surfaces within 24 hours. The proliferation of bacteria was not 

significantly different on RBM and SLA implant surfaces (P>0.05). The proliferation rate of bacteria on both 

surfaces was significantly greater from 8 to 24 hours compared with the first hour (P<0.05). However, the 

mean proliferation rate of bacteria on the two surfaces was not significantly different at 24 hours (P>0.05). 

 

[26] indicated that geometry and surface roughness of implants had a significant role in bacterial accumulation 

around dental implants. [27] evaluated biofilm formation on modified implant surfaces. They evaluated the 

accumulation of Streptococcus mutans and Streptococcus sanguinis and showed significantly lower adhesion 

of bacteria on TiN and ZrN surfaces and heat-oxidized titanium surfaces compared with pure titanium. They 

concluded that physical surface modification and coating of titanium implants with TiN and ZrN may 

decrease bacterial proliferation and improve the clinical outcome. 

 

[24] evaluated bacterial colonization of pure titanium and zirconia ceramics by Streptococcus mutans, 

Actinomyces viscosus, Streptococcus sanguinis, P. gingivalis, and Actinomyces naeslundii by 

spectrophotometry, and concluded that bacterial accumulation was lower on zirconia ceramic than titanium. 

[22] evaluated the formation of stable biofilm on implant surfaces in a clinical study. They evaluated biofilm 

formation on healing abutments placed for 14 days on sandblasted, machined, acid-etched and control (no 

surface treatment) implant surfaces using electron microscopy by the secondary-electron and Rutherford 

backscattering-detection methods. They found that biofilm formation increased by an increase in surface 

roughness of implants. [28] assessed the adhesion of pathogenic bacteria to internal and external titanium 

surfaces of dental implants. They evaluated the adhesion of 8 types of microorganisms by real-time 

polymerase chain reaction and showed that bacterial colonization was directly correlated with the implant 

manufacturing process (geometric shape and implant surface) and the manufacturing environment. [29] 

assessed the effect of implant surface porosities on bacterial biofilm formation. They found no significant 

difference in proliferation of Streptococcus mutans and P. gingivalis on exposed PT and SLA implant 

surfaces, which was in agreement with the present results. [30] evaluated the formation of oral streptococci 

(five types) on titanium discs with different surface topographies (sandblasted, acid-etched and machined 

surfaces) using an electron microscope. They reported that biofilm formation on titanium surfaces depended 

on surface topography, surface properties, and type of microorganism. [31] compared the proliferation of 

Staphylococcus aureus, P. gingivalis, and Pseudomonas aeruginosa on titanium implant surfaces treated by 

laser and sandblasted surfaces by using laser scanning microscopy and spectrophotometry. They found that 

biofilm formation was lower on lased titanium surfaces compared with sandblasted surfaces. They concluded 

that modification of surface topography of conventional implants with laser is a promising technique for 

inhibition of biofilm formation. [32] evaluated the proliferation of Firmicutes, Proteobacteria, Fusobacteria, 

Bacteroidetes, and Actinobacteria on 7 titanium discs in three groups of sandblasted, acid-etched and 

machined surfaces by the molecular techniques.  

 

They reported that machined and SLA surfaces had similar number of prokaryotic OUT after 24 hours of 

storage in the oral cavity. They concluded that higher complexity of titanium surface topography in initial 

phases of biofilm maturation does not appear to significantly affect bacterial colonization. [33] used laser 

scanning and electron microscopy for evaluation of biofilm formation on different implant surfaces and 

reported higher formation of Fusobacterium nucleatum, and A. actinomycetemcomitans on implants with 

https://www.teikyomedicaljournal.com/
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moderate surface roughness compared with smooth-surface implants. [34] evaluated biofilm formation on 

machined and SLA titanium surfaces in vitro and in vivo, and showed that SLA surface had significantly 

higher surface roughness and higher level of bacterial adhesion compared with machined surfaces. They 

concluded that primary bacterial adhesion to different titanium surfaces is affected by surface roughness. [35] 

showed that SLA titanium surfaces had higher roughness than RBM surfaces. [36] evaluated scanning 

electron microscopic images of bacterial adhesion to disc surfaces and demonstrated that A. 

actinomycetemcomitans well adhered to SLA and RBM surfaces. Also, SLA surfaces had higher number of 

superficial grooves than RBM surfaces. 

 

Further studies are required to assess the proliferation of microorganisms on RBM and SLA implant surfaces 

in vivo and also on other types of dental implants. 

 

5. Conclusion  

Within the limitations of this in vitro study, the results indicated that RBM and SLA surfaces had no 

significant difference regarding the proliferation of A. actinomycetemcomitans, P. gingivalis, and P. 

intermedia. Further studies are required to confirm this finding. 
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