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ABSTRACT

Background Although surface topography and chemical
composition of the dental implants greatly influences
osseointegration, they also have an indirect impact on microbial
adhesion. One important factor in the pathophysiology of peri-
implantitis is thought to be bacterial adherence to the implant
surface. This study aimed to compare the frequency of P. gingivalis,
T. denticola and T. forsythia among SLA, SLActive and TiUnite
implant surfaces using polymerase chain reaction.

Materials and methods Subjects with single healthy dental
implant with cement retained prosthesis under function for at
least one year were screened from Department of Implantology of
Saveetha Dental College and Hospitals, Chennai. The eligible subjects
were categorized based on the surface treatment into Group 1: SLA
(n=25), Group 2: SLActive (n=25), Group 3: TiUnite (n=25). The
presence of P. gingivalis, T. denticola and T. forsythia were evaluated
in each of the three groups. Statistical analysis was performed using
Fisher’s exact test to determine the association between implant
systems and bacterial frequency of red complex organisms.
Results The observed bacterial frequency pattern was TiUnite
> SLA > SLActive. There was a significant association between
implant systems and P. gingivalis (p=0.005); with higher frequency
of P. gingivalis was observed in TiUnite.

Condlusion Increased frequency of detection of red complex
organisms around TiUnite dental implant as compared to SLA and
SLActive implants. SLActive surface demonstrated lesser detection
of red complex microorganisms, especially P.gingivalis as compared
to SLA and TiUnite surfaces.
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INTRODUCTION

In general, dental implants have provided long-term good
results in the replacement of missing teeth. The first
documented threaded titanium root-form implant was
introduced in 1965 by Dr. Branemark(1). Ever since, im-
plants have significantly evolved in terms of shape, size,
and surface in order to optimize implant success and
longevity. In spite of the great success rate of dental
implants, some individuals experience initial implant fail-
ure from insufficient osseointegration and secondary
implant failure from peri-implantitis(2).

Various surface modifications of implants are typically
carried out to achieve and speed up osseointegration.
These modifications are typically focused on modifying
either the surface characteristics or the chemical com-
position. Acid treatments, sandblasting, or various oxidi-
zation mechanisms are used as the principal methods of
surface modification for implants. Sandblasted-acid
etched (SLA) implant surfaces are produced by sandblast-
ing with coarse grit particles to change the implant's
macrostructure and then etching the surface with an acid
to induce micro-irreqularitie(3). The implants are also
hydroxylated, cleansed under nitrogen protection, and
kept in an isotonic saline solution until they are used. This
process creates a surface termed SLActive, an upgrade
over SLA surface that has higher wettability(4). Another
surface modification technique is anodization, which
thickens the titanium dioxide layer by electrochemically
altering the titanium implant surface(5).

Although the surface topography and chemical makeup
of the implant can help with osseointegration, they also
have a small but indirect impact on microbial adhesion.
One important factor in the pathophysiology of peri-
implantitis is thought to be bacterial adherence to the
implant surface. The peri-implantitis onset and progres-
sion are driven by similar mechanisms as periodontitis(6).
It is also believed that the causing microorganisms for
peri-implantitis are comparable to periodontitis. It is well
documented that red complex organisms, such as Tan-
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neralla forsythia, Treponema denticola, and Porphyromonas
gingivalis, become more prevalent during periodontal
diseases(7,8).

Literature research reveals that most studies focus on
the stability and survival of the implant. However, there
are no studies assessing the frequency of pathogenic
microorganisms among different implant surfaces. There-
fore, this research was undertaken to compare the fre-
quency of T. forsythia, P. gingivalisand T. denticola among
SLA, SLActive and TiUnite implant surfaces using poly-
merase chain reaction.

MATERIALS AND METHODS

Study population

This study was conducted in compliance with the Helsinki
Declaration of 1975, as updated in 2013, and was reviewed
and approved by the Institutional Ethical Committee of
Saveetha Dental College and Hospitals, Chennai. The study
was conducted after each participant signed a consent
form acknowledging their voluntary participation in the
study.

Twenty-five subjects were identified in each of the fol-
lowing groups: Group 1: SLA (SLA®, Straumann, Basel,
Switzerland), Group 2: SLActive (SLActive®, Straumann,
Basel, Switzerland), Group 3: TiUnite (Nobel Biocare®,
Gothenburg, Sweden). Eligible subjects were screened
from the Department of Implantology of Saveetha Den-
tal College and Hospitals, Chennai. Inclusion criteria: male
and female participants aged between 25-60 years; at
least 18 natural teeth excluding third molars; systemically
healthy; periodontally healthy; single healthy dental im-
plant with cement retained prosthesis in function for a
minimum of one year. Periodontal and peri-implant health
was determined based on the criteria delineated by the
2017 World Workshop on the Classification of Periodon-
tal and Peri-Implant Diseases. Briefly, periodontal and
peri-implant health was characterized by the absence of
inflammatory changes with probing depths <3 mm.
Exclusion criteria considered were as follows: patients
with systemic diseases like diabetes mellitus, cardiovas-
cular diseases, hypertension, rheumatoid arthritis, preg-
nant and lactating women, patients under long-term
medications including analgesics, antibiotics, immunosup-
pressants, bisphosphonates or steroids, smokers (current
smokers and former smokers) and patients who had
undergone oral prophylactic procedures within the last

3 months and patients with regular use of mouthwash.
Clinical examination

Probing pocket depth (PPD) is measured from the marginal
gingiva to the base of the peri-implant sulcus, at six sites
around the implant (mesial, mid and distal on both buc-
cal and lingual surfaces) using a UNC-15 periodontal
probe and the average was recorded.

Microbiological analysis

The supragingival plaque was removed using sterile cu-
rettes, and each chosen implant site was isolated with
sterile cotton rolls. A sterile paper point was gently in-
serted into the sulcus depth and held there for 60 seconds.
Until processing, the pooled subgingival samples were
stored at -20°C.

The frequency distribution of P. gingivalis, T. forsythia and
T denticola was established using species specific primers
[P. gingivalis, F: 5'-ACCTTACCCGGGATTGAAATG-3’, R:
5’-CAACCATGCAGCACCTACATAGAA-3" (Amplicon size:
83 bp); T. forsythia, F: 5'-GGGTGAGTAACGCGTATGTA-
ACCT-3’, R: 5’-GCCCATCCGCAACCAATAAA-3" (Amplicon
size: 127 bp); T. denticola, F: 5'-TAATACCGAATGTGCTCATT-
TACAT-3', R: 5'-CTGCCATATCTCTATGTCATTG CTCTT-
3'(Amplicon size: 860 bp)] under standard conditions.
Using PureLink™ Genomic DNA Purification Kit (Invitro-
gen, Carlsbad, CA, USA), the genomic DNA was extracted
in accordance with the manufacturer's recommendations.
The following PCR procedures were carried out in a Bio-
Rad T100 (BioRad, California, USA) thermocycler: one
cycle at 94 °C for 5 min, 35 cycles at 94 °C for 30 s, 60
‘Cfor30s, 72 °C for 1 min and a final cycle of 72 °C for
5 min. The annealing temperatures applied for each of
the pathogens were: P. gingivalis 62 °C, T. forsythia 57 °C
and T. denticola 57 °C. The amplicon obtained was elec-
trophoresed on a 2% agarose gel and visualized under a
UV transilluminator. The images were captured using the
MegaCapt software.

Statistical Analysis

The data was analysed using the Statistical Package for
Social Sciences (SPSS Software, Version 23.0; IBM Corp.,
Armonk, NY, USA). The results were evaluated using the
Kolmogorov-Smirnov test and the Shapiro-Wilk test of
normality. According to the data, the findings followed
a parametric distribution. One-way ANOVA (analysis of
variance) was used to compare mean age and PPD. Gen-
der distribution was assessed using the Chi-square test.

Group 1 (n=25) Group 2 (n=25) Group 3 (n=25) p value
Age (years) 42.16+10.67 42.1249.51 40.56+9.30 0.807a
Gender (M/F) 12/13 14/ 12/13 0.808b
PPD (mm) 3.78+0.57 3.64+0.40 3.96+0.64 0.130a

a Statistically insignificant (ANOVA)
b Statistically insignificant (Chi-square test)

TABLE 1 Demographic data of the study population

© ARIESDUE December 2023; 15 (4)



Rajasekar A. and Varghese S.S.

JO

Similarly, the frequency of red complex organisms among
three implant systems was assessed using the Chi-square
test. Fisher's exact test was performed to confirm if there
was any association between implant systems and bacte-
rial frequency of red complex organisms. The results were
considered statistically significant when the p-value was
less than 0.05.

RESULTS

A total of 75 subjects Group 1: n=25 (SLA® Group 2: n=25
(SLActive®), Group 3: n=25 (TiUnite®) participated in the
present study. Table 1 summarizes the demographic and
clinical characteristics of the study groups. There was
statistical insignificance between the three study groups
in relation to age (p = 0.807), gender (p = 0.808) and PPD
(p = 0.130).

The frequency of P. gingivalis, T. denticola and T. forsythia
was compared between the three groups (Table 2). The
frequency of P. gingivaliswas 16% in group 1, 0% in group
2 and 32% in group 3. The frequency of T. denticola was
16% in group 1, 8% in group 2 and 24% in group 3. The
frequency of T. denticola was 8% in group 1, 8% in group
2 and 20% in group 3. The pattern of bacterial frequency
observed was group 3 > group 1 > group 2. In group 3,
there was a higher frequency of bacteria. The distribution
of P.gingivalis, T denticola and T. forsythia differed signifi-
cantly (p = 0.000) amongst the three implant systems.
Final analysis was performed to determine the association
between implant systems and the

frequency of each bacterial species (Table 3). There was
a significant association between implant systems and P.
gingivalis (p = 0.005); with higher frequency of P. gingi-
valis was observed in group 3. In addition, there was no
significant association between implant systems and T.
denticola (p = 0.363) and T. forsythia (p = 0.486).

DISCUSSION

The play of microorganisms in initiating the disease pro-
cess around per-implant sulci has been under debate since
the early 1990s. According to the findings, the surface to-
pography and composition of the surface of the im-
plant have a massive effect on microbial profile of im-
plants, so it's plausible that the topographical disparities
between different implant surfaces will affect the mi-
crobial profile(9,10). Despite decades of research, specific
microbiological differences between the subgingival
biofilms around different implant surfaces remain unclear.
SLA, SLActive, and TiUnite are the three dental implants
that are currently most frequently used in clinical settings.
Each of the three dental implant surfaces has unique
surface properties that encourage bone apposition. It is
unclear which implant surface is least likely to harbor
pathogenic microorganisms. This is the first study of its
kind to compare the frequency of red complex microor-
ganisms by polymerase chain reaction among SLA, SLAc-

Bacterial Group 1 Group 2 Group 3 p value
Frequency
P gingivalis 4 (16%) O 8 (32%) | 0.000°
n (%)
I denticola 4 (16%) 2 (8%) 6 (24%) 0.000
n (%)
T forsythia 2 (8%) |2 (8%) 5(20%) 0.000°
n (%)

*Statistically significant (Chi-square test)

TABLE 2 Frequency of red complex organisms in SLA, SLActive and TiUnite
implant surfaces

Group Absence | Presence | pvalue
P.gingivalis 1 Observed 21 4 .005°
Expected 21.0 40
2 Observed 25 0
Expected [21.0 40
3 Observed 17 8
Expected [21.0 4.0
I denticola 1 Observed 21 4 .363
Expected 21.0 40
2 Observed |23 2
Expected | 21.0 4.0
3 Observed | 19 6
Expected 21.0 40
T forsythia 1 Observed | 23 2 486
Expected 220 3.0
2 Observed |23 2
Expected  22.0 3.0
3 Observed 20 5
Expected 22.0 3.0

*Statistically significant (Fisher's exact test)

TABLE 3 Association between implant systems and frequency of red
complex organisms

tive, and TiUnite dental implants.

The present study revealed that there was an increased
frequency of detection of red complex organisms around
the TiUnite dental implant as compared to SLA and SLAc-
tive implants. Anodic oxidation is employed to prepare the
TiUnite surface by generating a thick layer of TiO2. Ac-
cording to Albouy JP et al., implants with a TiUnite surface
showed a greater disease progression than implants with
a SLA surface. Additionally, implants with a TiUnite surface
demonstrated a more significant progression of peri-im-
plantitis and a less favorable treatment outcome than that
seen around implants with a SLA surface(11). Furthermore,
as compared to SLA implants, the findings of a prospective
single-center clinical evaluation on 121 dental implants
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with a TiUnite surface showed more significant tissue
loss(12).

On the contrary, a recent meta-analysis revealed that the
TiUnite surface had the best impact on osseointegra-
tion(13). Surface roughness is a crucial surface property
for encouraging bone apposition, as is widely recognised.
A parallel phenomenon is that biofilm formation is fa-
cilitated by increasing the surface roughness and surface
free energy(14). All three of the systems examined in the
current study feature relatively rough surfaces. Due to
the different microbial colonisation, considerations other
than surface roughness must be taken. The existence of
grooves and pits in TiUnite's surface and its microdesign,
which may shield bacteria from shear forces and facilitate
bacterial adhesion, might account for the increased de-
tection of red complex organisms(15).

The present study data showed that the SLActive surface
demonstrated lesser detection of red complex microor-
ganisms. Furthermore, there was a statistically significant
difference in the frequency of detection of Pgingivalis
around SLActive as compared to SLA and TiUnite surfaces.
An upgradation to the SLA surface that provides more
wettability is the SLActive surface. In order to prepare
the SLActive surface, implants that have undergone SLA
treatment are rinsed in a nitrogen environment and kept
in NaCl solution as opposed to dry storage. Chemically
altered implants have increased hydrophilicity, which
inhibits hydrophobic contact and produces repulsion
between the hydrophobic bacteria and the implant sur-
face, inhibiting their adhesion and activity(16).
According to an in vitro study, periodontal pathogens
like P. gingivalis have hydrophobic activity(17), which
makes them less likely to adhere to hydrophilic sur-
faces(18). Additionally, it has been noted in a number of
studies that the hydrophobicity of a surface may increase
the propensity for microbes to adhere(19,20). Several
studies have documented the greater extent of bacterial
adhesion in hydrophobicity(21-23). On investigating the
impact of surface chemistry on the adhesion of S. aureus,
Tegoulia et al., found that the bacterial adhesion was
higher on the hydrophobic surfaces(24). Furthermore, the
degree of aerobic and anaerobic bacterial adherence was
larger than on hydrophobic substrates(25).

In this study, dissimilarities in the frequency of red com-
plex organisms were evident between the studied three
implant surfaces, since higher frequencies were observed
in the TiUnite implant surface. Our research also showed
that pathogen occurrence near the SLActive surface ap-
peared to be less common. Based on the observations, it
was evident that there was a shift in microbial composi-
tion among dental implants with different surface treat-
ments.

Collectively, these findings support the notion that the
microbial profile is significantly influenced by the surface
treatments applied to dental implants. The potential cause
for microbial variability between various implant systems
is structural variations and surface characteristics that

may affect bacterial adherence. These microbial differ-
ences among implant surfaces, despite being negligible,
might act as a potential threat to the rate of disease
progression as peri-implantitis is expected to progress
rapidly because of the absence of periodontal ligament
fibers. In addition, this microbial disparity could affect
the treatment strategies for peri-implantitis.

In summary, implants with different surface treatments
may have a specific bacterial

microbiota. Quantification of these pathogenic microor-
ganisms and the clinical significance of these findings
should be analyzed.

Increased frequency of detection of red complex organ-
isms around TiUnite dental implant as compared to SLA
and SLActive implants. SLActive surface demonstrated
lesser detection of red complex microorganisms, especially
Pgingivalis as compared to SLA and TiUnite surfaces.
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