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Abstract 
      The aim of this study was to determine the amount of attachment of Streptococcuss mutans to 
suture materials such as nylon, polypropylene and triclosan-coated polyglactin 910 commonly used 
in intraoral sutures. 
      Nylon, polypropylene and triclosan-coated polyglactin 910, each of which consists of 12 
samples with 3.0 in size, 1 cm long soaked for 72 hours in 100 μl of sterile saliva with S.mutans 
bacteria by 500 μl (1.5x 108 CFU / ml) and 1000 µl of Brain Heart Infusion broth. The amount of 
attached S. mutans was calculated by the plate count and Scanning Electron Microscope (SEM) 
methods. Data were analyzed with IBM SPSS 23 along with Anova test and Post-hoc test. 
The plate count-based observation showed the amount of S. mutans attachment to nylon suture 
material was less than polypropylene (p = 0.019), lower than triclosan-coated polyglactin 910 (p = 
0,000) where polypropylene was less than triclosan-coated polyglactin 910 (p = 0.002). The similar 
results were showed by SEM observation and resulted in an insignificant difference (p = 0.098) 
between nylon and polypropylene.  
      The study concluded that the lowest amount of attachment of S. mutans was found in nylon and 
the highest was in triclosan-coated polyglactin 910.  
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 Introduction 
 

Removal of sutures in the intraoral suture 
will be performed on day 5-7, during which the 
bacteria will attach to the suture materials to 
allow the bacteria penetration into the wound. 
The bacteria causes the infection that later will 
further result in slow healing of the wound. 
Streptococcus mutans is one of the oral 
pathogenic bacteria with the ability to attach to 
hard surfaces connected by the pellicle (a thin 
layer of the matrix formed from salivary 
glycoproteins). Categorized as the gram-positive 
species-cocci, the bacteria dominate the 
formation of biofilms at the beginning of 
attachment.1. Ability to penetrate into the 

bloodstream and bind with fibrinogen to form 
bacterial and platelet molecular bridges for 
platelet aggregation, S. mutans are crucial in 
pathogenicity of endocarditis infection.2  

The attachment ability of S. mutans 
bacteria is affected by the physical and chemical 
properties of the suture materials.  Nylon, 
polypropylene and triclosan-coated polyglactin 
910 are the materials that are commonly used in 
intraoral sutures today. Being a monofilament 
with a smooth surface, nylon and polypropylene 
supports fewer attachments of bacteria when 
compared to multifilament. Triclosan-coated 
polyglactin 910 is a multifilament with a wider 
surface to be exposed to bacteria and has a non-
shedding area that allows bacteria to attach to 
and form colonies.3 This suture material is 
absorbable, and degradable through the 
hydrolysis process.4. Addition of triclosan as the 
antibacterial on triclosan-coated polyglactin 910 
aims to inhibit the attachment of bacteria to be 
minimum as in monofilament.5  

This study was aimed at comparing the 
amount of S. mutans attached to nylon, 
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polypropylene and triclosan-coated polyglactin 
910 with the use of the plate count method and 
observation with Scanning Electron Microscope 
(SEM). 
   

Materials and methods 
 
 Saliva sampling 
 Among thirty candidates, a subject with 
healthy clinical conditions and normal values on 
blood tests; routine hematology, hemostasis, 
kidney function, liver function and blood sugar 
status was selected. Intraoral status examination 
showed good oral hygiene status, free of caries 
and calculus, no shakiness was found in the 
teeth and no ulcers were found or inflammation in 
the oral cavity area and the subject was not 
under orthodontic treatment. A healthy clinical 
condition and a healthy intraoral status are 
needed to ensure that the saliva obtained has 
the same composition as healthy human saliva in 
general.6   
 The selected subject was instructed not to 
eat, drink and brush teeth 2 hours before saliva 
collection. Saliva was obtained through spitting 
stimulated with paraffin chewing,  The saliva 
obtained was centrifuged at 4000 x g within 10 
minutes, and supernatant was taken and 
sterilized by pressure filtration.7 The obtained 
sterile saliva was distributed into 36 preparations 
in a microtube, each of which  contains 100 µl for 
each sample of suture material. 

Research sampling 
Nylon, polypropylene and triclosan-coated 

polyglactin 910  (Ethicon, USA) sized 3.0 and 1 
cm long were prepared, each of which consists of  
12 samples which were then put into two groups 
of observations; the plate count method and 
Scanning Electron Microscope observations 
(SEM; JSM-6510LA, JEOL, USA) that comprises 
6 samples each. The suspension preparation of 
S. mutans bacteria (ATCC 25175) and Brain 
Heart Infusion broth (BHI) as bacterial nutrition 
was made under the guidelines that refer to the 
American Society of Microbiology. 

Research procedures 
All samples of suture materials were 

soaked in a different microtube containing 100 μl 
of saliva, 500 μl of S. mutans bacterial 
suspension and 1000 μl of BHI broth. Incubation 
was carried out at 37 ° C for 72 hours under 
facultative anaerobic conditions in which a BHI 
broth replacement was performed every 24 hours. 

Each sample was subsequently soaked in 10 ml 
Phosphate-buffered Saline (PBS) for 1 minute 
and repeated 3 times. The procedure was aimed 
at cleaning the unattached bacteria and the BHI 
broth on the surface of the suture material. 

The plate count method-based 
observation was initiated with the detachment of 
S. mutans. After being washed with Phosphate-
buffered Saline (PBS), the suture material was 
placed in a new microtube that contains 1.5 ml of 
sterile distilled water. Vortex was done to the 
microtube for 1 minute, after which serial dilution 
was performed until it reached a dilution factor of 
10-3. Bacterial suspension from a tube with a 
dilution factor of 100 to 10-3 was cultured to the 
media to make sure the BHI in a Petri dish be 
triple cultured with each dilution factor. Petri dish 
was isolated using parafilm and incubated at 37 ° 
C. The result was read after 24 hours by counting 
the number of S. mutans bacterial colonies bred 
using a colony counter. 

The second observation was performed 
with Scanning Electron Microscope (SEM) at 10 
kV 5000x magnification, before which the fixation 
was conducted using a 4% paraformaldehyde 
solution pH 7.4 for 30 minutes. Each sample was 
then soaked in 70% 80%, 95% alcohol and pure 
alcohol as a dehydration process for 5 minutes 
each and dried with air and polished with 
platinum coating.8   Representing the area 
attached with bacteria, each sample was taken 
for the observation. JPG images obtained were 
then processed to obtain data on the percentage 
of bacteria attachment which were calculated by 
comparing the pixel width of the existing S. 
mutans with that of the visual field in the photo 
obtained from SEM.9 

Statistical analysis 
 The data obtained were processed using 
IBM SPSS version 23.0 application (IBM Corp., 
Armonk, NY, USA). The Saphiro-Wilk and 
Levene’s tests were performed for the normality 
test   and homogeneity test respectively.  The 
post-hoc and correlation tests were used to 
compare the amount of S. mutans attachment in 
3 suture materials.  The analysis worked in the 
confidence level by 95% (α = 0.05). 
 

Results 
 

1. Calculation of the growth of S. mutans  
The calculation of S. mutans colonies 

from a total of 18 samples of suture materials (6 
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samples each) showed the lowest number of 
bacterial growth in the nylon group ( = 3602.5) 

followed by the polypropylene group( = 17876.5) 

and highest was found in the triclosan-coated 
polyglactin 910 group ( = 43407.4) (Table 1). 

Data in all groups were normally 
distributed (p> 0.05) and not homogeneous (p = 
0.011). Anova test results showed a significant 
difference in the number of bacterial growth 
between groups (p = 0.000). 

Triclosan-coated polyglactin 910 
significantly had a bacterial growth rate 
approximately 3 times higher than polypropylene 
(p = 0.002) and 12 times higher than nylon (p = 
0,000). The polypropylene group also showed a 
significantly higher amount of growth compared 
to nylon (p = 0.019) (Figure 1a). The Spearman's 
test showed that there was a correlation between 
suture material and the amount of bacterial 
growth (p = 0,000) and the correlation coefficient 
r = 0.944 (Figure 1b), suggesting that the suture 
material significantly influenced the amount of S. 
mutans bacteria growth. 
 

 
Figure 1: Different percentage of the growth of S. 
mutans), (a) Post Hoc Games-Howell test, (b) 
Correlation test. 
 
2. Calculation of the percentage of 

attachment of S. mutans 
Among 6 threads for the samples for the 

percentage of the bacterial attachment, 1 sample 
was found to be extreme data (outlier) in the 
polypropylene group. The extreme data occured 
because of the massive bacterial contamination 
beyond S. mutans possibly attached during the 
fixation process. 

 

 
Figure 2: Different percentage of bacterial 
attachment (SEM), (a) Post Hoc Games-Howell 
test, (b) Correlation test 
 

The observation results showed the 
lowest percentage of bacterial attachment in 
nylon ( = 0.63%) followed by polypropylene 

( =1.55%) and the highest in triclosan-coated 

polyglactin 910 ( = 4.45%) (Table 1). Data in all 

groups were normally distributed (p> 0.05) and 
not homogeneous (p = 0.000). Anova results 
showed that there was a significant difference in 
the percentage of bacterial attachment between 
groups (p = 0.000). 

Triclosan-coated polyglactin 910 
significantly showed 7 times higher percentage 
than nylon (p = 0.003) and almost 3 times higher 
than polypropylene (p = 0.009). Polypropylene 
tends to show a higher percentage than nylon 
despite insignificance (p = 0.098) (Figure 2a). 
The Spearman's test showed a significant 
correlation between suture material and the 
percentage of bacterial attachment (p = 0,000) 
with a correlation coefficient r = 0.900 (Figure 
2b), which means the type of suture material 
significantly affected the percentage of S. 
mutans. 

 

 
Table 1. Observation results. *) n=5 in SEM Observation, 
because 1 sample was found to be extreme data (Outlier). 
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 Discussion 
 

Bacterial attachment in synthetic 
materials such as wound suture threads, 
prostheses and graft remain the objects of 
studies because of its important role in the 
mechanism of pathogenicity.10 The low bacterial 
attachment to a suture material is the basis for 
selecting the suture material. This study 
compares the types of suture materials i.e.  
nylon, polypropylene and triclosan-coated 
polyglactin 910 with the use of plate count 
method and SEM observation. The observation 
results were generally similar; the lowest 
bacterial attachment was found in nylon, followed 
by polypropylene and triclosan-coated polyglactin 
910 (p = 0.000) (Table 1). 

The results of the plate count method 
showed that the triclosan-coated polyglactin 910 
group had 12 times higher growth yield of S. 
mutans than the nylon group (p = 0.000) and 3 
times higher than polypropylene (p = 0.002) 
(Figure 1a). A similar figure was found in the 
SEM observation that triclosan-coated polyglactin 
910 had 7 times higher attachment percentage 
than the nylon group (p = 0.003) and almost 3 
times higher than the polypropylene group (p = 
0.009) (Figure 2a). Nylon and polypropylene 
have a monofilament structure. As a result, no 
non-shedding surface to be attached to bacteria. 
The degradation process did not occur in nylon 
and polypropylene, making the surface remain 
smooth to which bacteria find it hard to attach.  
Several studies have proved that nylon and 
polypropylene are more superior than 
multifilament suture materials. Dragovic et al. 
(2017) used real time PCR and SEM to analyze 
the attachment of oral bacteria. The study 
concluded that polypropylene was significantly 
less attached by bacteria compared to silk 
multifilament suture materials.11  Neto et al. 
(2015) stated that the level of total attachment of 
microorganisms in nylon was lower compared to 
multifilament suture materials such as silk, 
polyglactin 910 and triclosan-coated polyglactin 
910, however, in certain types of bacteria such 
as Provotella intermedia, nylon has the same  
level of attachment as triclosan-coated 
polyglactin 910.12 Especially on S. aureus 
bacteria, Masini et al. (2011) revealed that 
polypropylene also was less able to be attached 
than triclosan-coated polyglactin 910 despite 
insignificant difference.10 

 
Figure 3. Attachment of Streptococcus mutans 
with a magnification of 5000 x (10kV), SEM 
observation on suture materials; (a) nylon, (b) 
polypropylene, (c) triclosan-coated polyglactin 
910. 
 

The addition of triclosan to polyglactin 
910 is expected to inhibit the bacteria attachment 
to the suture material. Kruthi et al. (2014) proved 
that 40 patients who underwent oral surgery 
procedures and added triclosan to the polyglactin 
910 significantly reduced the attachment of 
anaerobic bacteria compared to the one without 
triclosan.13 Triclosan can inhibit the attachment of 
Staphylococcus aureus and Escherichia coli, 
exluding other types of bacteria such as 
Staphylococcus epidermidis, Enterococcus 
faecium and Pseudomonas aeruginosa which are 
insensitive to triclosan added to polyglactin 910.14  

This study observed that high attachment 
of S. mutans to triclosan-coated polyglactin 910 
indicated proved ineffective addition of triclosan 
to inhibit the attachment of S. mutans. The 
finding was also reinforced by in vitro study of 
Marzo et al. (2008) which  proved that added 
triclosan to  polyglactin 910 inhibits P. aeruginosa 
more effectively than S. mutans.15  Triclosan is a 
broad-spectrum anti-microbial commonly used in 
the oral cavity and has a Minimum Inhibitory 
Concentration (MIC) against S. mutans bacteria 
at 7 , 8 mg / ml.16 The lower concentration of MIC 
results in reduced effectiveness of triclosan in 
inhibiting bacterial attachment.17 Furthermore, 
immersion within 72 hours may allow triclosan to 
dissolve in the suture material to reduce the 
concentration of triclosan.  
A number of studies on antimicrobials found that 
antimicrobials smaller than MIC can modulate the 
biological characteristics of bacteria including 
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their ability to colonize.18 Despite smaller than 
MIC, triclosan content in S. mutans can increase 
comD and luxS production which affect the 
mechanism of quorum sensing systems.17 The 
comD gene is a histidynecinase sensor protein 
for competence-stimulating peptide (CSP) which 
increases the formation of bacterial colonies, 
while LuxS produces autoinducer 2 for biofilm 
formation. The increase in these two components 
ultimately result in more number of formation of S. 
mutans colonies in triclosan-coated polyglactin 
910.19 

 

 
Figure 4. Samples of 3.0-sized and 1 cm-long 
suture materials, made by Ethicon, USA, (a) 
nylon, (b) polypropylene, (c) triclosan-coated 
polyglactin 910. 
 

Triclosan-coated polyglactin 910 has a 
multifilament structure with strands of several 
threads resulting in a non-shedding surface for 
the bacteria to attach to and form colonies. Being 
absorbable, triclosan-coated polyglactin 910 
make the surface degradable through the 
hydrolysis process caused by saliva and wet 
environmental condition.4 The process occurs 
gradually and produces a non-shedding surface 
which makes the physical structure of this 
multifilament the perfect place for the bacteria to 
attach to and form colonies. 

Under the chemical formula 6[NH-CO-
(CH2)5]n, nylon is a type of polyamide composed 
of long-chain aliphatic polymers20 because of 
which nylon has hydrophilic properties while 
polyropylene with the chemical formula (C3H6)n is 
more hydrophobic. The different properties affect 
the ability of bacteria to attach to, but no studies 
have been done to compare the two. This study 
proves that nylon has a lower amount of 
attachment of S. mutans compared to 
polypropylene. The plate count method found a 
significant difference is (p = 0.006) but 
observations with SEM found the opposite (p = 
0.098). This difference can occur due to different 
bacterial calculations. To calculate bacteria, the 
plate count method refers to the viable bacteria 
that can still multiply and form colonies, while 

SEM observation calculates all bacteria that are 
actually still attached to the suture material.21 
Despite different significance value, both 
methods still show similar results that nylon is 
less attached to S. mutans compared to 
polypropylene. 

The attachment reaction of S. mutans 
biofilm to the matrix material is a complex 
process.22 The hydrophobic nature causes 
polypropylene an easy target for the attachment 
of S. mutans. bacteria with a high to moderate 
hydrophobic surface.23 Influenced by the 
hydrophobic nature of the microorganism cells, 
thermodynamics contributes considerably in the 
attachment process.24 hydrophobic cells will 
attach more strongly to a hydrophobic surface.25   

Correlation test shows a relationship 
between the type of suture material and the 
amount of bacterial attachment which proves that 
the type of suture material influences the amount 
of the attachment. Different results will be found 
in an in vivo study bacause this in vitro study was 
carried out by controlling substrate and 
environmental factors different from the actual 
condition of the oral cavity. 

Diverse types of microorganisms in the 
oral cavity will also affect different attachment 
patterns due to the antagonistic or protagonistic 
nature of different kinds of microorganisms 
against S. mutans in forming biofilms to support 
their attachment and growth.26 Gram positive 
coccus bacteria like S. mutans have higher 
peptidoglycan concentration that related to 
structural bacterial cell wall. 27 The other existing 
microorganisms such as Candida albicans can 
support the formation of S. mutans colonies 
which is coomon in the child’s oral cavity while 
other bacteria such as Streptococcus sanguinis 
and Streptococcus gonrdonii which secrete H2O2 
can inhibit the growth of S. mutans. In other 
interactions, S. mutans that produce lactic acid 
can also ultimately inhibit the growth of 
Veillonella parvula, the other oral cavity 
bacteria.19 The complex interactions between 
these oral cavity microorganisms definitely 
require further clinical studies to prove the 
bacterial attachment to the suture material used 
in the oral cavity. 

 
Conclusions 
 
The study concluded that the lowest 

amount of attachment of S. mutans was found in 
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nylon and the highest was in triclosan-coated 
polyglactin 910. One of the main limitations of the 
study was that the various condition environtment 
in human oral is differences with in vitro. 
However, we are focused on carrying out 
additional experiments, taking into consideration 
various parameters and carrying out experiments 
in vivo in the future  
 

Data Availability  
 
The data used to support the findings of 

this study are available from the corresponding 
author upon request.  
 

Disclosure  
 
This manuscript is based on the thesis by 

author Denta Aditya Prasetya. All authors gave 
their final approval and agree to be accountable 
for all aspects of the work. 
 

Declaration of Interest  
 
The authors declare no conflicts of 

interest.  
 

Acknowledgments  
 
This study was supported by the 

Integrated Research and Testing Laboratory 
Universitas Gadjah Mada, Yogyakarta, Indonesia. 
 
 References 
 
1. Valen H, and Scheie AA. Biofilm and Their Properties. Eur J 

Oral Sci.  2018;126(1):13-18.  
2. Nomura R, Otsugu M, Naka S, Teramoto N, Kojima A, 

Muranaka Y, Matsumoto-Nakano M, Ooshima T, Nakano K. 
Contribution of the interaction of Streptococcus mutans 
serotype k strains with fibrinogen to the pathogenicity of 
infective endocarditis. Infection and immunity. 
2014;82(12):5223–5234.  

3. Zhang Y, Wang X, Li H, Ni C, Du Z, Yan F. Human Oral 
Microbiota and Its Modulation for Oral Health, Biomed 
Pharmacother. 2018;99:883-893. 

4. Gunatillake PA & Adhikari A. Biodegradable Synthetic Polymers 
for Tissue Engineering, European Cells and Material. 2003;5:1-
16.  

5. McMurry LM, Oethinger M, Levy SB. Triclosan Targets Lipid 
Synthesis. Nature. 1998;394(6693):531-532. 

6. Bhattarai KR, Kim HR, Chae HJ. Compliance with Saliva 
Collection Protocol in Healthy Volunteers: Strategies for 
Managing Risk and Errors. International Journal of Medical 
Sciences. 2018;15(8):823–831. 

7. Ahn S, Ahn S, Wen ZT, Brady LJ, Burne RA. Characteristics of 
Biofilm Formation by Streptococcus mutans in the Presence of 
Saliva. INFECT. IMMUN. 2008; 76(9):4259–4268.  

8. Morita A, Yulianto DK, Kusdina SD, Purwanti N. Differences of 
Streptococcus mutans adhesion between artificial mouth 
systems: a dinamic and static methods. Dent. J. (Majalah 
Kedokteran Gigi). 2016;49(2):67–70. 

9. Al-Bakri, I., Harty, D., Al-Omari, W., Swain, M., Chrzanowski, 
W., & Ellakwa, A. 2014. Surface characteristics and microbial 
adherence ability of modified polymethylmethacrylate by 
fluoridated glass fillers. Australian Dental Journal. 
2014;59(4):482–489. 

10. Masini BD, Stinner, DJ, Waterman, SM, Wenke, JC. Bacterial 
Adherence to Suture Materials. Journal of Surgical Education. 
2011;68(2):101–104. 

11. Dragovic M, Pejovic M, Stepic J, Dragovic S, Nikolic N, 
Kuzmanovic-Pficer J, Colic S, Milasin J. Microbial Adherence 
Affinity and Clinical Characteristics of Polypropylene versus Silk 
Suture in Oral Surgery, Srp Arh Celok Lek. 2018;146(5-6):258-
263. 

12. Neto OCC, Lobo LA, Iorio NLP, Vasconcelos MFC, Maia LC, 
Tannure, PN, Antonio AG. Oral Bacteria Adherence to Suture 
Thread: an in Vitro Study, Oral Maxillofac Surg. 2015;19(3):275-
280. 

13. Kruthi N, Rajasekhar G, Anuradha B, dan Krishna Prasad L. 
Polyglactin 910 vs. Triclosan Coated Polyglactin 910 In Oral 
Surgery:A Comparative In Vivo Study, Dentistry.2014;4(10):1-3. 

14. Dhom J, Bloes DA, Peschel A, Hofmann UK. Bacterial 
Adhesion to Suture Material in a Contaminated Wound Model: 
Comparasion of Monofilament, Braided and Barbed Suture, J 
Orthop Res. 2017;35:925-933. 

15. Marzo G, Loffredi R, Marchetti E, Di Martino S, Di Pietro C, 
Marinelli G. In Vitro Antibacterial Efficacy of Vicryl Plus Suture 
(Coated Polyglactin 910 with Triclosan) using Zone of Inibition 
Assays, Oral & implantology 2008;1:43-48. 

16. Assadian O, Wehse K, Hübner NO, Koburger T, Bagel S, 
Jethon F, Kramer A. Minimum inhibitory (MIC) and minimum 
microbicidal concentration (MMC) of polihexanide and triclosan 
against antibiotic sensitive and resistant Staphylococcus aureus 
and Escherichia coli strains. GMS Krankenhaushygiene 
interdisziplinar. 2011;6(1):1-7. 

17. Bedran TBL, Grignon L, Spolidorio DP, Grenier D. Subinhibitory 
Concentrations of Triclosan Promote Streptococcus mutans 
Biofilm Formation and Adherence to Oral Epithelial Cells. PLoS 
ONE 2014;9(2):e89059. 

18. Erdeljan P, MacDonald KW, Goneau LW, Bevan T, Carriveau 
R, Razvi H, Denstedt JD, Cadieux PA. Effects of Subinhibitory 
Concentrations of Ciprofloxacin on Staphylococcus 
Saprophyticus Adherence and Virulence in Urinary Tract 
Infections. Journal of Endourology. 2012;26(1):32–37. 

19. Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires IA, 
Abranches J, Brady LJ. The Biology of Streptococcus mutans, 
Microbiology Spectrum. 2019;7(1):1-26.  

20. Kudur MH, Pai SB, Sripathi H, Prabhuu S. Sutures and Suturing 
Techniques in Skin Closure, Indian J Dermatol Venereol Leprol. 
2009;75(4):425-434. 

21. Parizzi SQF, Andrade NJ, de Silva CA, de S, Soares N, de FF, 
Silva EAMda. Bacterial adherence to different inert surfaces 
evaluated by epifluorescence microscopy and plate count 
method. Brazilian Archives of Biology and Technology. 
2004;47(1):77–83.  

22. Gartika M, Satari MH, Chairulfattah A, Hilmanto D. The Effect of 
Papain Towards mRNA Expression OF gtfB, gtfC, gtfD, gbpB 
and Streptococcus Mutans Biofilm Mass Formation. J Int Dent 
Med Res. 2019;12(4):1335-1342. 

23. Tahmourespour A, Kermanshahi RK, Salehi R, Nabinejad A. 
The Relationship between Cell Surface Hydrophobicity and 
Antibiotic Resistance of Streptococcal Strains Isolated from 
Dental Plaque and Caries. IJBMS. 2008;10(4):251- 255. 

24. Tuson HH, & Weibel DB. Bacteria–surface interactions. Soft 
Matter. 2013;9(17):4368-4380. 

25. Krasowska A, & Sigler K. How microorganisms use 
hydrophobicity and what does this mean for human needs? 
Frontiers in Cellular and Infection Microbiology.2014;112(4):1-7. 

26. Dunne WM. Bacterial Adhesion: Seen Any Good Biofilms 
Lately? Clinical Microbiology Reviews. 2002;15(2):155–166. 

27. Paramita NA, Purbiati M, Ismaniati NA. Antibacterial effects of 
silver and titanium dioxide nanoparticle solutions on 
Streptococcus mutans on thermoplastic retainers. J Int Dent 
Med Res. 2019;12(3): 907-11. 


