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Abstract
Aims: This study aims to evaluate and compare the antibacterial activity of three self‑etching 
primers (SEP), namely, Transbond plus, Reliance, and Gluma against commonly encountered 
oral microflora  (Streptococcus mutans, Lactobacillus acidophilus, and Actinomyces viscosus). 
Subjects and Methods: The antibacterial activity of the three SEPs was examined against 
microorganisms using agar diffusion test  (ADT) and minimum inhibitory concentration  (MIC). In 
ADT, Whatman’s filter paper disc of 5  mm was loaded with primer and polymerized. This was 
placed on previously inoculated brain heart infusion and blood agar plates and was incubated for 48–
72  h at 37°C according to the microorganism. For assessing MIC serial dilution method was used. 
Statistical Analysis Used: Data were analyzed with Kruskal–Wallis (P < 0.001) and Mann–Whitney 
tests. Results: Only Transbond plus SEP and Reliance SEP produced a clear growth inhibition halo 
against S.  mutans, L.  acidophilus and A.  viscosus. Gluma SEP did not show any growth inhibition 
halo against S.  mutans, L.  acidophilus, and A.  viscosus. Conclusions: TSEP and Reliance SEP did 
show antibacterial activity in an in vitro environment. Therefore, this study concludes that the use of 
these SEPs may contribute to a reduction in bacterial colonization.
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Introduction
The orthodontic treatment involves 
placement of a fixed orthodontic appliance 
and is always recognized for its long 
treatment duration, which leads to increase 
in the level of Streptococcus mutans and 
Lactobacillus acidophilus in saliva and 
dental plaque.[1] The placement of fixed 
appliance also hampers the maintenance of 
oral hygiene. This leads to decalcification of 
enamel surface leading to caries formation. 
The further formation of plaque and calculus 
leads to gingival recession and periodontal 
diseases. S.  mutans and Actinomyces 
viscosus bacterias are cariogenic in nature 
and also are associated with periodontal 
diseases, thus hampering the prognosis of 
orthodontic treatment.

Orthodontic resins which are used 
for bracket bonding on tooth enamel 
contribute to demineralization as it has 
rough surfaces, ideal for colonization by 
oral microorganisms. For this reason, 
rigorous elimination of resin remains, and 
optimum oral hygiene maintenance during 
orthodontic treatment are recommended.[2]

Conventional methods for bonding 
orthodontic brackets to enamel surface 
necessitates 3 different agents: an enamel 
conditioner, a primer solution, and an 
adhesive resin. Phosphoric acid solution is 
the most widely used enamel conditioner. 
The enamel conditioner is applied over the 
enamel surface for 15–30 s. At the end of 
etching period, the conditioner is rinsed off 
the teeth with abundant water spray. After the 
teeth are completely dry and frosty white, a 
thin layer of primer is painted over the etched 
enamel surface. After this, the operator 
proceeds with the bonding procedure.[3]

The introduction of new seventh generation 
acid etch primers has attracted considerable 
interest as they combine etching and 
priming into one, eliminating the need 
to rinse and thus avoiding damage to 
gingival tissue. The use of self‑etching 
primers  (SEPs) reduces clinical steps and 
saves clinical operation time and application 
requires simply drying with air.[3] Further, 
they minimize the amount of enamel lost 
during etching.

This step promotes an effective, long lasting 
seal of tooth structure to avoid gap formation 
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at enamel‑adhesive interface causing microfiltration. The 
residual bacteria count is high with SEPs as the smear layer 
is not washed away.[4] Therefore, adhesive systems that 
possess antibacterial activity may be useful for eliminating 
harmful effects caused by bacteria and will contribute to a 
better prognosis. With this objective, SEPs with supposedly 
antibacterial properties have been introduced into the 
market and are commonly available. The most commonly 
used are Transbond Plus SEP  (3M Unitek, Monrovia, 
California, USA), a self‑etching fluoride‑releasing 
orthodontic adhesive. The other such SEPs are, Reliance 
SEP  (Reliance Orthodontic Products, Itasca) and Gluma 
SEP (Heraeus Kulzer, Germany).

Several studies have attributed the antibacterial effect 
of SEPs to their low pH, but these studies have been 
inconclusive. Therefore, this study was taken up to evaluate 
the antibacterial activity of three commercially available 
SEPs against S.  mutans, L.  acidophilus and A.  viscosus. 
Hence, the objective of the study was to evaluate and 
compare the antibacterial activity of SEPs  (Transbond plus 
SEP, Reliance SEP, and Gluma SEP) against S.  mutans, 
L. acidophilus, and A. viscosus.

Subjects and Methods
Source of data was the microbial strains. The test 
microorganisms used in the study:
1.	 S. mutans (ATCC no. 25175)
2.	 L. acidophilus (ATCC no. 4356)
3.	 A. viscosus (ATCC no. 15987).

Preparation of specimen

Autoclaved Whatman’s filter paper discs of diameter 5 mm 
were impregnated with 20 µl of each test sample (i.e., SEP) 
and polymerized for 20 s under strict sterile conditions in 
laminar air flow.

Agar diffusion test

Individual petri plates with brain heart infusion  (BHI) 
agar for S.  mutans and blood agar for L.  acidophilus and 
A.  viscosus were inoculated. In each petri plate five discs, 
three SEPs and two controls were placed with sterile 
forceps. Plates were then placed in the incubator according 
to respective test organism as follows: S.  mutans  ‑  37°C 
for 24–48  h, L.  acidophilus  ‑  35°C for 48–72  h, and 
A. viscosus ‑ 35°C for 48–72 h.

After the appropriate incubation period, the diameter of the 
growth inhibition halo was measured in mm with vernier 
caliper  [Figures  1‑3]. The three SEPs and two controls 
used in the study to check the antibacterial activity were 
marked as groups:
1.	 Group I ‑ Transbond plus SEP
2.	 Group II ‑ Reliance SEP
3.	 Group III ‑ Gluma SEP
4.	 Group IV ‑ Normal saline (negative control)
5.	 Group V ‑ Acetone (positive control).

The three SEPs used as test specimen for a particular 
organism were tested in a triplet form.

Figure 1: Agar diffusion test to detect antibacterial activity of self‑etching 
primers against Streptococcus mutans

Figure 2: Agar diffusion test to detect antibacterial activity of self‑etching 
primers against Lactobacillus acidophilus

Figure 3: Agar diffusion test to detect antibacterial activity of self‑etching 
primers against Actinomyces viscosus
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Minimum inhibitory concentration

Procedure:
1.	 Nine dilutions of each primer were done with BHI 

and Thioglycollate broth for minimum inhibitory 
concentration (MIC)

2.	 In the initial tube  (first tube), 100 µl of primer was 
added into the 300 µl of BHI broth for S.  mutans and 
Thioglycollate broth for L. acidophilus and A. viscosus

3.	 Then from the initial tube, 200 µl was transferred 
to the first tube containing 200 µl of broth. This was 
considered as 10−1 dilution

4.	 From 10−1 diluted tube, 200 µl was transferred to the 
second tube to make 10−2 dilution

5.	 The serial dilution was repeated up to 10−9 dilution for 
each test sample [Figure 4]

6.	 The concentrations of the SEPs achieved by this serial 
dilution method were as following 100, 50, 25, 12.5, 
6.25, 3.12, 1.6, 0.8, 0.4, 0.2 µg/ml

7.	 In each serially diluted tube, 200 µl of maintained stock 
culture suspension of required organism was added

8.	 The tubes were incubated for 24  h for S.  mutans and 
48–72 h for L. acidophilus and A. viscosus

9.	 After the incubation period, the MIC value was determined 
by visualizing each series of tubes, and the last tube with 
clear supernatant was taken as the MIC value.

The clear supernatant was considered to be without any 
growth. Turbidity in the MIC tube indicated the growth 
of the bacteria implying that the bacteria were resistant 
to the SEPs. All the sample dilutions were compared 
qualitatively by observing turbidity to assess the 
antibacterial activity.

Statistical analysis

The inhibition halos data produced by the different primers 
on each bacterial strain was evaluated using Kruskal–
Wallis ANOVA test. Mann–Whitney U‑test was used to 
find a significant difference for two independent samples. 
P  <  0.001 was considered as statistically significant. Data 
were subjected to statistical analysis using SPSS 10.0 for 
social sciences (SPSS 10.0 Inc. IBM, Chicago, USA). Data 
of MIC were assessed qualitatively based on their turbidity.

Results
Agar diffusion test

The results of growth inhibition halos, using agar diffusion 
test  (ADT) were obtained. The readings obtained are 
presented as follows [Table 1].

In general, for all bacterial strains, Transbond plus SEP 
and Reliance SEP showed growth inhibition halos data 

Figure 4: Minimum inhibitory concentration of Transbond plus self‑etching 
primer against Actinomyces viscosus

Table 1: Mean, Standard deviation, range, percentiles of inhibition halo sizes (mm)observed with the agar diffusion 
test produced by different self etching primers on each bacterial strain

Group N Mean Std. 
Deviation

Range Percentiles
Minimum Maximum 25th 50th (Median) 75th

Group 1
S.mutans 9 11.44 1.13 10.0 13.0 10.5 11.0 12.5
L.acidophilus 9 15.56 2.74 12.0 20.0 12.5 16.0 17.5
A.viscosus 9 16.33 1.41 14.0 18.0 15.0 17.0 17.5

Group 2
S.mutans 9 9.22 0.97 8.0 11.0 8.5 9.0 10.0
L.acidophilus 9 11.22 2.05 8.0 14.0 9.0 12.0 12.5
A.viscosus 9 19.33 1.73 17.0 22.0 18.0 19.0 21.0

Group 3
S.mutans 9 0.00 0.00 0.0 0.0 0.0 0.0 0.0
L.acidophilus 9 0.00 0.00 0.0 0.0 0.0 0.0 0.0
A.viscosus 9 0.00 0.00 0.0 0.0 0.0 0.0 0.0

Group 4
S.mutans 9 0.00 0.00 0.0 0.0 0.0 0.0 0.0
L.acidophilus 9 0.00 0.00 0.0 0.0 0.0 0.0 0.0
A.viscosus 9 0.00 0.00 0.0 0.0 0.0 0.0 0.0

Group 5
S.mutans 9 12.11 1.27 10.0 14.0 11.0 12.0 13.0
L.acidophilus 9 10.89 0.33 10.0 11.0 11.0 11.0 11.0
A.viscosus 9 12.67 0.50 12.0 13.0 12.0 13.0 13.0
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statistically significant. Transbond plus SEP showed 
significantly greater growth inhibition halos against 
S.  mutans [Table  1] and L.  acidophilus  [Table  1] than 
Reliance SEP  (P  <  0.001) and Gluma SEP  (P  <  0.001). 
Reliance SEP showed significantly greater growth inhibition 
halos against A.  viscosus  [Table  1] than Transbond plus 
SEP (P < 0.001) as compared to Gluma SEP.

Thus, against S.  mutans and L.  acidophilus, antibacterial 
activity of Transbond plus SEP was greater than Reliance 
SEP. Against A.  viscosus antibacterial activity of Reliance 
SEP was greater than Transbond plus SEP. Acetone (positive 
control) in general showed significant antibacterial activity 
against all three bacterial strains. Neither saline nor Gluma 
SEP showed antibacterial activity against either of the 
bacterial strains  [Table 1]. When inhibition halos produced 
by each SEP were evaluated comparing three bacterial 
strains, significant difference was found between those 
produced by Transbond plus SEP and Reliance SEP against 
all three bacterial strains  (P  <  0.001). The comparison of 
antibacterial activity of self‑etching primers  (SEP) tested 
against microorganisms can be seen [Graph 1].

Minimum inhibitory concentration

Qualitative assessment of the MIC results was made by 
observing the turbidity. The groups tested showed sensitivity 
at various concentrations ranging from 100 to 0.2 µg/ml.

For S.  mutans Transbond plus SEP and Reliance SEP 
showed antibacterial activity at lesser concentration 
than Gluma SEP. For L.  acidophilus and A.  viscosus, 
Transbond plus SEP showed antibacterial activity at lesser 
concentration than the other SEPs [Table 2] (original).

Discussion
Malocclusion correction by orthodontic treatment normally 
takes a long duration. During the treatment, the oral 
environment undergoes a lot of changes such as low pH, 
alterations in buffer capacity, pH acidity, salivary flow rate, 
increased retention of food particles, and retentive sites for 
microorganisms. It is seen that during orthodontic treatment 
there is increased colonization of microorganisms such as 
S. mutans, L. acidophilus, and A. viscosus.[5]

Among the several species of bacteria’s isolated from dental 
plaque, streptococcus, and lactobacillus are considered to 

be major human dental pathogens. These bacterias together 
are considered as odontopathogens.[6]

A.  viscosus is another opportunistic dental pathogen 
responsible for the formation of root surface caries and 
diseases of the periodontium. These bacteria, namely, 
S.  mutans, L.  acidophilus, and A.  viscosus together are 
responsible for dental caries, and therefore, these bacteria 
were chosen as test microorganisms in this study.

Orthodontic treatment involves bonding of brackets on 
enamel surface of all teeth. The conventional method 
involves three different agents: an enamel conditioner, 
a primer solution, and an adhesive resin. But with 
the introduction of seventh generation primers, the 
steps involved in the bond procedure has reduced. The 
newly introduced seventh generation primers are also known 
as SEP. These current SEPs are focused toward simplifying 
the application procedure. Combining conditioning and 
priming into one step results in a reduction in time and 
cost‑effectiveness for clinicians and patients, provided the 
clinical bond failure rates are not increased significantly.[3]

The main features of the single‑step etch/primer bonding 
systems are that it does not require separate acid‑etching 
and subsequent rinsing; the liquid itself has a component 
that conditions the enamel surface.[3]

The active ingredient of the SEPs is a methacrylated 
phosphoric acid ester that dissolves calcium from 
hydroxyapatite. Rather than being rinsed away, the 
removed calcium forms a complex and is incorporated 
into the network when the primer polymerizes. Etching 
and monomer penetration to the exposed enamel rods are 
simultaneous, and the depth of etch and primer penetration 
are identical.

Antibacterial action of primers is an important factor 
to prevent caries and the periodontal diseases as the 
duration of orthodontic treatment is prolonged. The acidic 
monomers found in self‑etching adhesives with low pH 
have demonstrated antibacterial activity. Many authors 
have suggested that the antibacterial activity of SEPs is due 
to inherent properties such as pH, viscosity, and diffusion 
capacity of antibacterial agents.[7‑13] SEPs have an acidic 
pH, and the acidic nature has been considered as a key 
factor for bacterial inhibition.[9,10,14]

However, there are many studies that have concluded 
differently as they did not find a significant relation between 

Graph 1: Comparison of antibacterial activity of self‑etching primers tested 
against each bacterial strain

Table 2: Minimum inhibitory concentration results, the 
concentrations at which different self-etching primers 
showed sensitivity against microorganisms in μg/ml

S. mutans L. acidophilus A. viscosus
Transbond plus SEP 12.5 3.12 6.25
Reliance SEP 12.5 12.5 12.25
Gluma SEP 50 6.25 50
Acetone 50 25 50
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the acidity of self‑etching adhesives and their antibacterial 
effects.[7,15,16] Some authors have reasoned that bacteria such 
as L.  acidophilus are acid tolerant  (acidophilic) bacteria 
and can survive at low pH, therefore, the antibacterial 
effects may not be only due to its acidic pH. However, 
studies done by Korkmaz et  al. have also shown that the 
monomer present in the primer  (SEP) has inhibitory action 
against L. acidophilus.[2]

Studies conducted by Harper and Loesche concluded that 
the pH values that completely eliminated bacteria over 
a 3‑h period was 2.3 for Lactobacillus casei and 3.0 for 
S. mutans.[17] In addition, the buffering capacity of dentin 
can also limit the effects of the acid.[1,18] As many studies 
have given contradictory results regarding SEPs, therefore, 
this study was carried out to assess the antibacterial activity 
of three SEPs, namely, Transbond plus SEP, Reliance SEP, 
and Gluma SEP.

ADT and MIC methods were selected as a medium 
to evaluate the antibacterial activity of SEPs against 
S. mutans, L. acidophilus, and A. viscosus.

The advantage of ADT was that it allows direct comparisons 
of test materials against the test microorganisms, indicating 
which test materials had the potential to eliminate bacteria 
in the local microenvironment.[19]

ADT is one of the techniques used as a standard to measure 
antibacterial properties. This test was used as it reflects a 
combination of antibacterial activity and diffusivity of the 
components from the materials. It allows the components 
to gradually leach out from materials as a certain period is 
needed for the antibacterial agents to reach a concentration 
that will disturb bacterial cells. However, from the results of 
ADT, it is not possible to distinguish whether the materials 
exhibit bactericidal or bacteriostatic effects because the 
inhibition zone production on the agar plate indicates only 
hindered bacterial growth.[4]

ADT is easier to perform, but the inhibitory properties of 
solid materials placed on agar surface are dependent on 
many factors. The zone of growth inhibition produced by 
the materials depends on the toxicity of the material against 
bacteria tested,[19] diffusibility and diffusion coefficient of 
the material across the culture medium used[19] viscosity,[20] 
acidity, molecular weight, alkyl chain length, concentration 
of material, and ability of material to wet the agar surface.[4] 
A material that diffuses more easily in addition to its direct 
toxicity will provide a larger zone of inhibition.[4] Therefore 
by taking all this into consideration, ADT was selected to 
test the antibacterial activity of the selected SEPs.

The results of ADT method in our study showed that 
Transbond plus SEP had a highest antibacterial activity 
against all bacteria’s except A.  viscosus. This was in 
accordance with the study done by Jacobo et  al.,[2] they 
suggested that Transbond plus SEP had antibacterial 
activity, but it was least compared to other SEP’s tested. 

As in our study, we have taken different SEPs compared 
to their study, therefore, our study showed that Transbond 
plus SEP had the highest antibacterial activity among the 
SEP’s tested.

The reasons for the antibacterial property might be that 
soluble antibacterial components were released into the 
surrounding environment by Transbond plus SEP. The 
antibacterial effect of Transbond plus SEP may be attributed 
to dipotassium hexafluorotitanate as it is known to release 
fluoride. Some dental materials containing fluoride have 
been shown to be bacteriostatic.[17,21] The methacrylate 
monomer in Transbond plus SEP has a lower molecular 
weight and also has lower viscosity value.[20] Being a low 
viscosity primer, it spreads easily on agar and may show a 
greater zone of inhibition. Transbond plus SEP also contains 
15%–25% water[20] which makes it hydrophilic and thereby 
increasing its spread of the zone of inhibition. Transbond 
SEP has pH of about 0.4,[22] which makes it a strong acidic 
monomer. The primers acidity[9,10,14] along with other factors 
such as the diffusibility and diffusion coefficient of the 
material across the culture medium used[19] low viscosity,[22] 
lower molecular weight of methacrylate and fluoride has 
been considered a key factor for bacterial inhibition.

Reliance SEP also showed antibacterial activity against all 
the bacteria’s tested  (mainly A.  viscosus). This might be 
attributed to the presence of nitric acid which has a low 
pH of 2. Another reason might be because of the presence 
of acrylates 2‑metha cryloyloxyethyl phosphate. These 
acrylates, in general, may show to be reactive and increase 
the toxicological risk of monomers.[23]

In our study, Gluma SEP did not show any antibacterial 
activity with any of the bacteria’s tested. This was not in 
accordance with a study done by Aziz et  al.[24] where they 
concluded that among all the seventh generation DBAs 
tested, Gluma SEP had a maximum caries‑protective effect. 
As there was the difference in the design of both the 
studies, the results could not be compared.

The results of ADT concluded that Transbond plus SEP 
showed greater antibacterial activity than Reliance SEP 
against S. mutans and L. acidophilus. Reliance SEP showed 
greater antibacterial activity than Transbond plus SEP 
against A. viscosus.

ADT widely used to determine the susceptibility of 
organisms isolated from clinical specimens have their 
limitations. The assessment of antibacterial action 
regarding the pathogen needs to be more precise. In 
addition, the terms “susceptibility” and “resistant” can have 
a realistic interpretation. Thus, when in doubt, the way to 
precise assessment is to determine the MIC of the bacteria 
concerned.

The MIC is defined as the lowest dilution of resin that 
inhibited bacterial growth as determined by the lack 
of turbidity. The lowest dilution which showed growth 
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inhibition appeared to be clear. The dilution below this 
showed turbidity which means that microorganisms were 
resistant to the primers at that concentration. Accordingly, 
in our study, Transbond plus SEP and Reliance SEP 
inhibits the growth of S.  mutans at a lower concentration 
than Gluma SEP. This indicates that lower concentration 
of Transbond plus SEP and Reliance SEP is required to 
have antibacterial activity against S.  mutans as compared 
to Gluma SEP.

Transbond plus SEP showed antibacterial activity at lower 
concentration than Reliance SEP and Gluma SEP against 
L.  acidophilus and A.  viscosus. This indicated that lower 
concentration of Transbond plus SEP is required to inhibit 
the growth of L.  acidophilus and A.  viscosus as compared 
to Reliance SEP. The Gluma SEP may possess antibacterial 
activity but at a higher concentration than Transbond plus 
SEP and Reliance SEP. Therefore, MIC test, in general, 
showed that SEP tested had varying antibacterial effect at 
different concentrations.

The results of both ADT and MIC test confirms the 
antibacterial activity of Transbond plus SEP and Reliance 
SEP. Both the methods showed a positive correlation. 
Therefore, the results are in accordance with McClatchey 
who has stated that inhibition halos on ADT is inversely 
proportional to the MIC, i.e., higher the zone of inhibition 
lesser is the dilution of SEP required for antibacterial 
activity.[25]

Over a period of many years, lot of studies have been 
done to acertain the antibacterial properties of SEPs; many 
authors have attributed various reasons for antibacterial 
activity, therefore, results regarding the factors responsible 
for antibacterial effects vary.

This study was done in a smaller set of samples to see and 
compare the antibacterial activity between different SEPs at 
one point of time rather than for a long duration. Hence, it 
signifies the comparative antibacterial effect between three 
SEPs and which primer has got better antibacterial effect 
at that point of time when evaluated. It needs randomized 
control trials and long‑term results to see the duration of 
antibacterial effect and then the comparison between SEPs. 
Orthodontist has direct involvement in plaque accumulation 
so materials which help to prevent plaque accumulation 
and having antibacterial activity may be helpful.

The antibacterial effect of the self‑etching adhesive systems 
may be clinically restricted to a short time and to the 
superficial layers of dentin, and they may be considered 
limited.[26]

There are very few studies related to antibacterial 
properties of SEPs and their use in clinical practice. 
Thus, incorporation of antibacterial agents into SEPs 
may be helpful in preventing caries, but we recommend 
further research to be carried out to know the extent 
of clinical usage of these SEPs and their effectiveness. 

This study may not have direct clinical significance but 
may help the patient and orthodontist in less plaque 
aggregation.

Conclusions
•	 Transbond plus SEP and Reliance SEP showed 

antibacterial activity in  vitro against S.  mutans, 
L.  acidophilus, and A.  viscosus as derived from the 
results of ADT

•	 Transbond plus SEP and Reliance SEP are preferred 
SEPs because of their antibacterial activity against the 
commonly encountered oral microflora  (S.  mutans, 
L. acidophilus A. viscosus).
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