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ABSTRACT
Purpose: The study aimed to standardize the effective antimicrobial dose per unit length of suture and evaluate the antimicrobial efficacy of coated resorbable Vicryl sutures against oral commensals responsible for surgical-site infections.
Methods: The study used three types of commercially available 3-0 Vicryl sutures (uncoated, triclosan-coated, chlorhexidine-coated) each cut into 5-centimetre piece, and immersed in bacterial suspension (S. aureus, Streptococcus, P. aeruginosa, E. faecalis). Bacterial counts on Days 3, 5, and 7 evaluated both the overall efficacy and specific antimicrobial activity of coated versus uncoated sutures.
Result: The study included 241 samples. For all tested bacterial species, uncoated sutures consistently showed the highest bacterial growth by Day 7 [S. aureus: 223.94 ± 34.19; Streptococcus: 225.77(28.9); P. aeruginosa: 229.49(27.45); E. faecalis: 207.84(47.65)], while antimicrobial-coated sutures significantly inhibited growth, with triclosan-coated sutures demonstrating the lowest counts for S. aureus [74.68(10.8)], Streptococcus [77.93(14.44)], and E. faecalis [83.34(9.71)], and chlorhexidine-coated sutures showing the lowest for P. aeruginosa [81.73(11.67)] by Day 7.
Conclusion: Triclosan and chlorhexidine-coated sutures showed sustained antimicrobial efficacy, with triclosan being more effective against gram-positive bacteria and chlorhexidine against gram-negative, while 5 cm of coated suture sufficed for effective action. 
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INTRODUCTION
Surgical site infections (SSIs) remain a significant concern in oral and maxillofacial procedures, often leading to increased morbidity. Surgical Site infections (SSIs) are surgery-related infections that occur within 30 days after a surgical intervention, or 1 year after the introduction of a medical implant. [1] Understandably, SSIs contribute to extensive financial burden post-operatively along with morbidity and mortality. At the same time, global estimate shows the incidence of SSI varying from 0.5% to 15%, whereas studies in India show a higher range of 23% to 38%. [2]
Although SSIs are multi-factorial and require the incorporation of stringent guidelines that also include prevention guidelines for immune-compromised individuals, a variety of measures have been implemented to avoid SSIs. [1]
The various measures implemented are yet to be standardized globally, the measures include, pre-operative bathing, pre-operative surgical antibiotic prophylaxis, Hair removal of the surgical site with surgical site preparation using aqueous antiseptic solution followed by alcohol-based antiseptic solutions or Povidone-Iodine; Intra-operatively for intensive peri-operative glucose control, incisional wound irrigation, antibacterial coated suture placement; post-operatively continued surgical antibiotic prophylaxis and optimal timing of wound drainage as indicated. [1, 2]
The WHO (2016) developed global guidelines to prevent SSIs, which consisted of recommendations based on the available literature. The evidence with low-quality grading, but conditional- strong recommendations were pre-operative bathing, pre-operative prophylactic surgical antibiotics when indicated, use of epilators/ shaving for removal, peri-operative intensive blood glucose control, incisional wound irrigation before closure, antibiotic prophylaxis for the presence of a wound drain or delayed timing of drain removal. Evidence with moderate quality, but conditional- strong recommendations include administration of surgical antibiotic prophylaxis 120 min before incision, use of only a clipper to facilitate hair removal, surgical site preparation, surgical hand preparation, use of antibacterial-coated sutures, continued use of surgical antibiotic prophylaxis post-operatively until intra-venous lines or tubes are removed. [2]
To address this issue, researchers have explored antibiotic-coated sutures as a potential strategy to mitigate the risk of post-operative infections. [3-9, 11, 12]  
The available evidence focuses on a variety of coated sutures; with two main suture types, the triclosan and chlorhexidine coated sutures being the most commonly studied. The literature does exhibit an inclination to the use of Triclosan-coated sutures, but the quality of this evidence is low, as most studies are either funded or sponsored by the companies manufacturing the sutures, the methodology of the study does not allow it to be generalized for the population and there is no proper standardization of the suture itself. 
To overcome the drawbacks of most studies in the literature, this in-vitro study aims to assess the use of triclosan-coated, chlorhexidine-coated and uncoated absorbable sutures in real-time, in as ideal conditions as feasible, with the purpose to standardize the effective antimicrobial dose per unit length of suture, considering that the entire suture is not always utilized in minor oral surgical procedures, and subsequently assess the antimicrobial efficacy of coated absorbable Vicryl sutures against common oral commensals implicated in SSIs.
It was known that anti-microbial coated sutures have better efficacy than un-coated ones, by logic and evidence. The authors hypothesized that the anti- microbial coating efficacy may vary over a period intra-orally. Hence, there was a need to access in similar conditions. 
Theprimary aim of the study was to evaluate the comparative bacterial colony count  at 24 hrs, 3rd, 5th, and 7th day that assessed the efficacy of antimicrobial-coated versus uncoated sutures, along with the individual bacterial colony counts on the same days that detailed specific antimicrobial activity of each suture type(uncoated Vicryl, triclosan-coated Vicryl, and chlorhexidine-coated Vicryl).
MATERIALS AND METHOD
STUDY DESIGN:
An in-vitro study was conducted using three types of commercially available resorbable suture materials – 3-0 Vicryl suture (uncoated, Triclosan-coated and Chlorhexidine-coated). The study was conducted at the Department of the Oral and Maxillofacial Surgery, at a tertiary health care centre during period of March 2024 to February 2025. This study adhered to the Declaration of Helsinki (1975) on medical protocols and ethics and was conducted after receiving approval from the Institutional Research and Ethics Committee at Maharishi Markandeshwar Institute of Medical Science and Research.

STUDY SAMPLE:
The study included a total of 241 samples, where three types of Vicryl (uncoated, triclosan-coated, and chlorhexidine-coated) sutures were investigated. For each type of suture material being investigated, 5 cm pieces was cut after being measures with a sterilized scale and cut with sterilized scissors. The objective was to conduct this assessment on sutures cut to a length of 5 cm, reflecting the average suture size utilized for uncomplicated intraoral wounds. This approach served to standardize not only the actual dosage per centimetre of suture length, but also the antimicrobial effect of the same.  These 5 cm suture pieces were individually immersed in different bacterial inoculations consisting of S. aureus, Streptococcus species [S. mutans, S. mitis, S. sobrinus], P. aeruginosa, and E. faecalis, for time periods of 24 hours, 3 days, 5 days, and 7 days, these intervals were selected because they correspond to how long suture material remains in the patient’s mouth, making them relevant for our analysis. 

Sample size estimation: The study design, viability, and project financing support were taken into consideration when determining the sample size. One experimental sample was defined as the combination of three suture materials (triclosan-coated, chlorhexidine-coated, and uncoated), each tested against four bacterial strains (Staphylococcus aureus, Streptococcus species, Pseudomonas aeruginosa, and Enterococcus faecalis) and evaluated at four predetermined time intervals (1, 3, 5, and 7 days), yielding 48 experimental units per sample (3x4x4). A total of 241 suture specimens were obtained and processed for each group based on the funding made available by the authorised research grant. This sample size was deemed sufficient to ensure methodological consistency and adherence to resource limits while enabling meaningful statistical comparison across suture groups across bacterial strains and time intervals.
Selection criteria for specimens: The resorbable sutures that were visually intact, free from apparent physical damage, and within their sterility expiry date were the only ones used. Expired or contaminated sutures, as well as culture media, were excluded.  To ensure microbiological purity, strain validity, and reliability of quantitative assessment, bacterial cultures displaying atypical growth characteristics or morphological features inconsistent with established reference descriptions were eliminated from examination.


VARIABLES:
The independent variable was the suture material and bacterial suspension (S. aureus, Streptococcus species [S. mutans, S. mitis, S. sobrinus], P. aeruginosa, and E. faecalis). The study utilized commercially available, sterile sutures, as listed below (FIGURE 1):
1. Uncoated absorbable (Polyglactin 910) 3-0 suture (Meril Mitsu Suture)
2. Triclosan coated absorbable (Polyglactin 910) 3-0 suture (Meril Mitsu AB Triclosan)
3. Chlorhexidine coated absorbable (Polyglactin 910) 3-0 suture (Meril Mitsu C+)
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FIGURE 1: Meril Mitsu AB Triclosan, Meril Mitsu Suture, Meril Mitsu C+
The dependent variable was categorized as primary and secondary outcomes. The primary outcome was to compare the efficacy of commercially available antimicrobial absorbable sutures with uncoated absorbable sutures on days 1, 3, 5, and 7. The secondary outcome was to assess the antimicrobial activity of uncoated sterile absorbable sutures, triclosan-coated, and chlorhexidine-coated absorbable sutures across these identical time points.

CULTURE PREPARATION: 
[bookmark: _Hlk203746630]The suture material was cut into 5 cm pieces and immersed in the respective bacterial suspension solutions S. aureus, Streptococcus species [S. mutans, S. mitis, S. sobrinus], P. aeruginosa, and E. faecalis. Inoculation was carried out according to McFarland standards in sterile containers, with time intervals of- 1 day, 3 days, 5 days and 7 days.Random allocation of suture specimens was performed. blinding was not used because the same investigator handled both allocation and outcome evaluation. Nonetheless, objective quantitative metrics such as assessing CFUs were used in outcome assessment, reducing the possibility of observer bias and a third-party funding allowed the investigators to conduct the study without bias. CFU was selected as the primary outcome measure because it offers a straightforward, quantitative evaluation of the viable bacterial growth connected to suture materials and is less affected by factors related to diffusion and enables reliable statistical comparison over time making it clinically relevant.
For the culture of aerobic bacteria, the immersed suture material was transferred onto the following media: Mitis Salivarius agar for Streptococcus species (S. mutans, S. mitis, S. sobrinus) (FIGURE 2), Tryptic Soy Agar for S. aureus, and Nutrient Agar for P. aeruginosa (FIGURE 3). Inoculation loops, sterilized by dry heat before each sample, were used for the transfer. The plates were then placed in McIntosh and Filde’s anaerobic jar, along with a catalyst (Gaspack) to absorb the remaining oxygen. The plates were incubated at 37°C for up to 48 hours and bacterial growth was identified.
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FIGURE 2: Streptococcus species on Mitis Salivarius agar.
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FIGURE 3: Nutrient Agar for P. aeruginosa
For E. faecalis bacterial culture, the immersed suture material was transferred to Blood Agar medium and incubated under anaerobic conditions, in Laminar Airflow Chamber to prevent bacterial aggregation. The sample was incubated for upto five days and kept in Gas Pack Chamber. Bacterial colonies growing on the media were examined and confirmed as gram-positive cocci. The identification was further verified using VITEK 2 cards (bioMérieux, Marcy-l'Étoile, France).
After the incubation period, a colony counter was used to count the colonies and calculate the number of CFUs. The CFU was determined by counting the number of colonies per 10 µL at the lowest dilution where the colonies were clear, separate, and countable.
STATISTICAL ANALYSIS: 
The collected data were subjected to statistical analysis utilizing SPSS (Statistical Package for the Social Sciences), version 25 (IBM Corp., Armonk, NY, USA). Continuous variables are presented as their respective mean and standard deviation (SD). Inter-group analysis and subsequent multiple comparisons were conducted via Analysis of Variance (ANOVA), followed by the Bonferroni post-hoc test. Statistical significance was established at a P-value < 0.05.
RESULT
[bookmark: _Hlk203736120]The study encompassed 241 samples. For each of the three suture materials investigated, a set of 16 sample-tubes was prepared, resulting in a total of 48 sample-tubes constituting one complete experimental unit as explained in the Methodology. The results of this in vitro study, evaluating the antimicrobial efficacy of uncoated, triclosan-coated, and chlorhexidine-coated Vicryl sutures, are presented below. Analysis of bacterial CFUs demonstrated varying levels of antimicrobial activity across suture types and incubation periods.
The results showed that for Staphylococcus aureus, the lowest bacterial colony unit growth was observed on triclosan-coated sutures, with a mean of 26.23(4.9) on day 1, which gradually increased to 74.68(10.8) by day 7. Chlorhexidine-coated sutures exhibited higher bacterial growth than triclosan-coated ones, with a mean of 35.6(5.79) on day 1, rising to 89.13(11.54) by day 7. Uncoated sutures showed significantly higher bacterial growth, with a mean of 86.87(9.4) on day 1, increasing exponentially to 223.94(34.19) by day 7. (TABLE 1)
The results for Streptococcus species indicated the lowest bacterial colony count on triclosan-coated sutures, with a mean growth of 30.22(7.35) on day 1, which steadily increased to 77.93(14.44) by day 7. Chlorhexidine-coated sutures showed a higher bacterial count unit, though still close to the triclosan-coated sutures, with a mean of 40.58 ± 11.9 on day 1, rising to 90.34(10.68) by day 7. Uncoated sutures exhibited the highest bacterial growth, with a mean of 88.77(11.45) on day 1, increasing notably to 225.77(28.9) by day 7. (TABLE 1)
The results for P. aeruginosa showed the lowest bacterial colony count on chlorhexidine-coated sutures, with a mean of 30.34(6.05) on day 1, gradually increasing to 81.73(11.67) by day 7. Triclosan-coated sutures had a slightly higher bacterial colony unit count, with a mean of 35.37(4.72) on day 1, rising to 86.9(7.85) by day 7. Uncoated sutures exhibited a very high number of bacterial colonies unit count, with a mean of 88.34(7.66) on day 1, showing excessive growth to 229.49(27.45) by day 7. (TABLE 1)
The results for E. faecalis indicated that triclosan-coated sutures had the lowest bacterial colony unit count, with a mean of 33.51(6.18) on day 1, increasing to 83.34(9.71) by day 7. Chlorhexidine-coated sutures showed a slightly higher bacterial count, with a mean of 38.7(6.16) on day 1, rising to 90.61(8.17) by day 7. Uncoated sutures exhibited a statistically significant higher bacterial count, with a mean of 85.51(7.99) on day 1, increasing sharply to 207.84(47.65) by day 7. (TABLE 1)
The variation in bacterial colony counts for different bacterial strains on days 1, 3, 5, and 7 was found to be statistically significant when analyzed both intergroup and intragroup (P – value < 0.05). (TABLE 2)
Statistical analysis interpretation:
When compared to uncoated sutures, both triclosan- and chlorhexidine-coated sutures showed noticeably lower bacterial growth, demonstrating potent antimicrobial activity. Antimicrobial coatings may be crucial in preventing early and sustained bacterial colonisation, as this decrease was statistically significant for all organisms and at all assessed time intervals (p < 0.001). The high F-values obtained from ANOVA analysis further indicate that the differences observed were primarily attributable to the type of suture material rather than random variation.
The Table 2 further summarises the results of ANOVA analysis (Table 1), to compare bacterial growth among the three suture groups at each time interval for all bacterial strains. Bacterial growth was compared between the three suture groups at each time interval for all bacterial strains using a one-way ANOVA. The ANOVA showed highly statistically significant differences between groups for S. aureus, Streptococcus species, P. aeruginosa, and E. faecalis at all time points (p < 0.001). The remarkably high F-values across days show that the type of suture material used has a significant impact on the observed variations in bacterial growth rather than being the result of random variation. Good internal consistency within each group is further confirmed by the comparatively low within-group mean square values. Both coated sutures had significantly lower bacterial counts than uncoated sutures, according to Bonferroni post-hoc analysis, and triclosan-coated sutures often had significantly lower bacterial growth than chlorhexidine-coated sutures.
DISCUSSION
Sutures have been used to close surgical incisions since 3500 BC and are now a standard element of surgical procedures. Surgical sutures are simply, surgical tools used to close wounds by bringing their open edges together. They should be able to endure physiological mechanical stress. Sutures come in  many kinds of forms, such as synthetic and natural, absorbable and non-absorbable, braided and monofilament and have established indications for use. [13]
Several authors, such as Alexander JW et al (1973), Katz S et al (1981), Mahesh L et al (2019), have investigated into how chemical composition and physical structure of the suture contribute and relate to bacterial attachment, especially in the oral cavity environment and ultimately may lead to surgical site infections. [14-17]
As per Owens & Stoessel (2008) and Mani G et al (2018), Microorganisms exceeding 105 / gm of tissue have been found to increase the risk of surgical site infection but in the presence of sutures, even a smaller number of organisms are likely cause infection as it helps providing a nidus for infections and hence efforts have been made abundantly to provide guidelines on reducing surgical site infections as per WHO guidelines in 2016. [1, 2]
This study aimed to not only determine the anti-microbial efficacy of the commercially available absorbable sutures both coated and uncoated by assessing the Colony forming Unit (CFU) of the common micro-organisms of the oral cavity involved in causing surgical site infections but also assess the change in efficacy over stipulated time intervals mimicking the intraoral conditions in vitro. CFU is a quantitative analysis that refers to the number of viable bacteria in the sample that are likely to grow into a visible colony, giving clarity on the effect of the coated and the uncoated sutures within bacterial suspensions over a period of time.
In routine oral surgical procedures, sutures are kept in situ for a minimum of 5 to 7 days; only a portion of the suture material is used and hence it is also important to assess the efficacy of that portion of the suture, during its duration within the oral cavity.
A variety of antibacterial coatings, including triclosan, chlorhexidine, polyhexamethylene biguanide, and octenidine, have been developed recently to prevent microbial colonisation over suture materials in order to limit bacterial resistance and the possibility of infections.[11] Of these, triclosan and chlorhexidine have been extensively examined in both in vitro and in vivo studies, providing a basis for evaluating the effects of triclosan and chlorhexidine. Since triclosan is a well-known plaque-inhibitory ingredient frequently found in toothpastes and other oral hygiene products, it was chosen. It works particularly well against Gram-positive oral bacteria, which are the main early colonisers of sutures and surgical wounds. 
The triclosan coated suture on an average consists of ≤ 472 µg/m triclosan along the entire length of suture, and hence approx. 4.72 µg per centimeter of the suture. [18] The chlorhexidine coated suture (coated with palmitic acid) on an average contains ≤ 11µg as per ISO 10993-5 standards. [19]
Triclosan, a Diphenyl Ether derivative, a broad spectrum anti-microbial agent that has been widely used in personal care and health care products as it exhibits non-cytotoxic and non-carcinogenic properties due to its rapid metabolism, excretion (gets eliminated from blood within 3-4 days) and lack of accumulation over time. [12, 20-22] Chlorhexidine, a bis-biguanide has a wide variety of use as antiseptic and disinfectant. It was developed in the 1940s-1970s and has been ever since used actively in dentistry. [23] The bacteriostatic stage of chlorhexidine’s antimicrobial effect can be reversed by removing it. On the other hand, irreversible cell damage and a bactericidal stage will result if the concentration of chlorhexidine stays constant or rises over time, hence the need to standardise becomes pertinent. Chlorhexidine provides not only antibacterial (for both aerobic and anaerobic bacteria) but also antifungal action and remains effective even in low concentrations, making it a gold-standard alternative to triclosan. Because of its high substantivity, broad-spectrum antimicrobial activity, and proven role in plaque control and surgical site decontamination, chlorhexidine was used. Its use in major surgeries including dental surgeries as prophylactic and therapeutic has been discussed in detail by many authors. [19, 23]
The results of our study correlate with the results of Karde PA et al [5] that the uncoated sutures unequivocally showed the highest colony forming units when compared with the coated sutures for Day 1, 3, 5 and 7, with both aerobic and anaerobic bacteria. And hence, it is understood that the real comparison may be drawn between the two coated sutures viz. Chlorhexidine coated and triclosan coated sutures. This finding may be contrasting to results in the review by Onesti MG et al [7], where eight out of the fifteen Randomised control trials studied, showed no difference between the antimicrobial sutures and the uncoated sutures.
A Randomized Control Trial by Chitra A et al [4], although provided similar results in, in-vivo settings, similar to that of Sala-Perez S et al [3], it failed to justify the use of absorbable sutures to silk sutures while comparing various parameters, also, the authors did not choose to evaluate the antimicrobial effect; these points were also discussed in the systematic review and meta-analysis by Wu Xiuwen et al [12], which suggested key priorities to be kept in mind for future research, such as comparisons between antimicrobial-coated and uncoated sutures be done with the same type of suture material, and with an alternative antimicrobial agent to triclosan. Additionally, as per systematic review research by La Rosa et al [9], it is understandable that antimicrobial sutures exert antimicrobial activity locally, the magnitude of which may or may not be enough to favour the use of antibiotics. There is a need to standardize the use and efficacy of antimicrobial sutures first, to determine it to be more advantageous over conventional sutures. These studies align with the aim and objective of our study.
On assessing the antimicrobial efficacy of our sutures with respective bacterial strains, the results of our study clearly outline the efficacy of triclosan coated sutures in Staph. Aureus and Strep. Species for all the days when compared with the other two groups i.e. chlorhexidine coated sutures and uncoated sutures, which were comparable to the studies by Janani K et al [24] and Ford HR et al [25] that stated that Triclosan-coated sutures significantly reduced colonization of Staphylococcus aureus. 
Contrastingly, Chlorhexidine coated sutures seem to provide comparatively better efficacy in gram negative aerobic bacteria, P. aeruginosa, which may be similar to the findings in the study by Krishnan S et al [26] who compared it to triclosan coated sutures and a study by Mohan et al [6] who compared the use of chlorhexidine coated sutures to prophylactic antibiotics. 
The triclosan coated sutures also showed significant reduction in bacterial load for anaerobic bacteria in both intergroup and intragroup analysis (p<0.01). These findings are similar to the studies conducted by S Chaganti et al [18] and Rothenburger S et al. [27] 
It is also interesting to note, as discussed in Rothenburger S et al [27], inspite of extended exposure to the aqueous suspension and tissue passage in patients, the antimicrobial coated sutures provide antimicrobial efficacy; that may be attributed partly to the physical characteristics of the braided suture that traps the antimicrobial agent within the knots of the braids, even after initial loss of the coating. This may also be a reason for the results in our study that show efficacy of antimicrobial coated sutures over uncoated sutures.
Although Triclosan and Chlorhexidine are not conventional antibiotics, it has been demonstrated that a number of bacterial resistance mechanisms linked to antibiotic resistance confer cross-resistance or decreased susceptibility to triclosan and chlorhexidine.[28-30] In organisms like Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus faecalis, that are the common commensals of the oral cavity, overexpression of multidrug efflux pumps has been demonstrated to decrease intracellular accumulation of antibiotics and antiseptics, such as triclosan and chlorhexidine. Plasmid-mediated qac genes, which are often connected to antibiotic resistance determinants, have been linked to decreased susceptibility to chlorhexidine. Similar to this, mutations or overexpression of the fabI gene, which is involved in fatty acid synthesis and is also targeted by some antibiotics, have been connected to triclosan tolerance. [30, 31] These results emphasise how crucial it is to comprehend that prolonged or indiscriminate exposure to antimicrobial agents may potentially lead to microbial adaptation. From a surgical standpoint, this information is essential for carefully choosing antimicrobial sutures, especially in patients who have poor healing or a high risk of infection.
When applied to the oral cavity, in-vitro studies have inherent limitations even though they offer useful preliminary data. The intricate oral environment, which includes salivary flow, enzymatic activity, pH variations, mechanical forces from mastication, and the host immune response, cannot be replicated by such models. The research focused on the response of specific, isolated bacterial strains rather than the polymicrobial biofilms typically found in oral surgical sites. In a clinical environment, the interaction between diverse microbial species within a biofilm often alters individual bacterial susceptibility to agents such as triclosan and chlorhexidine—a complexity that single-strain suspensions cannot capture. Additionally, in-vitro studies do not take into consideration the dilution or clearance of antimicrobial agents by saliva and use specific microorganisms instead of a polymicrobial biofilm, which may not accurately reflect clinical conditions. While the observed reduction in CFUs reflects the material’s chemical potency, it may not fully represent the holistic biological outcome of wound healing, as clinical variations such as knotting, tissue penetration, and suture handling can significantly affect antimicrobial availability and effectiveness. Despite these drawbacks, in-vitro testing is crucial as a Phase-1 step because it enables standardised, controlled evaluation of the intrinsic, dose-dependent antimicrobial efficacy of coated sutures free from the confounding effects of host-related factors. It can be inferred from the present study, that Triclosan coated and chlorhexidine coated sutures provide adequate antimicrobial efficacy when assessed over a period time interval as in oral cavity, while Triclosan provides better efficacy in most gram positive aerobic and anaerobic organisms in accordance with the evidence, Chlorhexidine seemingly provides marginally better efficacy against gram negative organisms. It may be important to note the dose of the antimicrobial agent in the portion (approx. 5cm) of the entire length of the suture provides adequate efficacy when subjected to conditions similar to oral cavity.
CONCLUSION
This in-vitro study aimed to fill gaps in current research by standardizing how we assess the antimicrobial effectiveness of commonly used antimicrobial-coated sutures, comparing their performance to uncoated sutures against typical oral microorganisms that can cause post-operative wound contamination. By controlling the evaluation conditions, the study enabled an objective comparison of antimicrobial activity under settings that mimic the early post-operative phase in the oral cavity. However, since in-vitro models cannot fully capture the complex biological and environmental factors present in the mouth, additional in-vivo studies are needed to truly determine the clinical relevance and potential application of these results. The authors are currently pursuing the same as phase 2 of the study.
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TABLE 1: ANOVA test to evaluate bacterial growth on different suture materials in the presence of various bacterial strains over time intervals of 1, 3, 5, and 7 days.
	[bookmark: _Hlk203818958]Bacterial strains
	Days
	 Suture material
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean

	 
S. aureus
 
 
 
 
 
 
 
 
 
 
 
	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	
	1 Day
	TRICLOSAN
	241
	26.2365
	4.95039
	0.31888
	25.6083
	26.8647

	
	 
	CHLORHEXIDINE
	241
	35.6058
	5.9734
	0.38478
	34.8478
	36.3638

	
	 
	UNCOATED
	241
	86.8797
	9.40645
	0.60592
	85.6861
	88.0733

	
	3 Days
	TRICLOSAN
	241
	64.9668
	10.94108
	0.70478
	63.5785
	66.3551

	
	 
	CHLORHEXIDINE
	241
	79.7095
	9.57072
	0.6165
	78.4951
	80.924

	
	 
	UNCOATED
	241
	184.2863
	26.01804
	1.67597
	180.9848
	187.5878

	
	5 Days
	TRICLOSAN
	241
	79.2116
	10.31387
	0.66437
	77.9029
	80.5204

	
	 
	CHLORHEXIDINE
	241
	97.1992
	12.99045
	0.83679
	95.5508
	98.8476

	
	 
	UNCOATED
	241
	243.9419
	34.19181
	2.20249
	239.6032
	248.2806

	
	7 Days
	TRICLOSAN
	241
	74.6846
	10.84897
	0.69884
	73.308
	76.0613

	
	 
	CHLORHEXIDINE
	241
	89.1328
	11.54804
	0.74387
	87.6674
	90.5981

	
	 
	UNCOATED
	241
	223.7427
	35.96144
	2.31648
	219.1795
	228.306

	Strep sp.












	1 Day
	TRICLOSAN
	241
	30.2241
	7.35524
	0.47379
	29.2907
	31.1574

	
	 
	CHLORHEXIDINE
	241
	40.5851
	11.95696
	0.77022
	39.0678
	42.1023

	
	 
	UNCOATED
	241
	88.7759
	11.45497
	0.73788
	87.3224
	90.2295

	
	3 Days
	TRICLOSAN
	241
	70.4274
	10.4863
	0.67548
	69.0968
	71.758

	
	 
	CHLORHEXIDINE
	241
	80.3237
	7.24821
	0.4669
	79.4039
	81.2434

	
	 
	UNCOATED
	241
	189.7801
	22.98744
	1.48075
	186.8632
	192.697

	
	5 Days
	TRICLOSAN
	241
	86.8465
	10.31692
	0.66457
	85.5373
	88.1556

	
	 
	CHLORHEXIDINE
	241
	101.8133
	14.36323
	0.92522
	99.9907
	103.6359

	
	 
	UNCOATED
	241
	236.8299
	29.30813
	1.8879
	233.1109
	240.5489

	
	7 Days
	TRICLOSAN
	241
	77.9336
	14.44918
	0.93075
	76.1001
	79.7671

	
	 
	CHLORHEXIDINE
	241
	90.3402
	10.68841
	0.6885
	88.984
	91.6965

	
	 
	UNCOATED
	241
	225.7718
	28.93545
	1.8639
	222.1001
	229.4435

	P. Aeruginosa
 
 
 
 
 
 
 
 
 
 
 
	1 Day
	TRICLOSAN
	241
	35.3734
	4.72158
	0.30414
	34.7743
	35.9726

	
	 
	CHLORHEXIDINE
	241
	30.3402
	6.05671
	0.39015
	29.5717
	31.1088

	
	 
	UNCOATED
	241
	88.3444
	7.66116
	0.4935
	87.3723
	89.3165

	
	3 Days
	TRICLOSAN
	241
	80.5104
	8.87605
	0.57176
	79.3841
	81.6367

	
	 
	CHLORHEXIDINE
	241
	70.3361
	16.32327
	1.05147
	68.2648
	72.4074

	
	 
	UNCOATED
	241
	182.4108
	22.91636
	1.47617
	179.5029
	185.3187

	
	5 Days
	TRICLOSAN
	241
	98.4108
	7.72289
	0.49748
	97.4308
	99.3908

	
	 
	CHLORHEXIDINE
	241
	88.3361
	12.98297
	0.83631
	86.6887
	89.9835

	
	 
	UNCOATED
	241
	238.3444
	30.63294
	1.97324
	234.4573
	242.2315

	
	7 Days
	TRICLOSAN
	241
	86.9046
	7.85196
	0.50579
	85.9082
	87.9009

	
	 
	CHLORHEXIDINE
	241
	81.7344
	11.1671
	0.71934
	80.3174
	83.1515

	
	 
	UNCOATED
	241
	229.4191
	27.45471
	1.76851
	225.9353
	232.9029

	Enterococcus faecalis
 
 
 
 
 
 
 
 
 
 
 
	1 Day
	TRICLOSAN
	241
	33.5187
	6.18876
	0.39865
	32.7334
	34.304

	
	 
	CHLORHEXIDINE
	241
	38.7095
	6.16768
	0.3973
	37.9269
	39.4922

	
	 
	UNCOATED
	241
	85.5104
	7.99433
	0.51496
	84.496
	86.5248

	
	3 Days
	TRICLOSAN
	241
	75.6556
	12.1488
	0.78257
	74.114
	77.1972

	
	 
	CHLORHEXIDINE
	241
	83.8257
	8.15748
	0.52547
	82.7906
	84.8608

	
	 
	UNCOATED
	241
	184.278
	18.75393
	1.20805
	181.8983
	186.6577

	
	5 Days
	TRICLOSAN
	241
	92.1079
	10.62881
	0.68466
	90.7592
	93.4566

	
	 
	CHLORHEXIDINE
	241
	102.4066
	11.53692
	0.74316
	100.9427
	103.8706

	
	 
	UNCOATED
	241
	252.0415
	28.66717
	1.84661
	248.4039
	255.6791

	
	7 Days
	TRICLOSAN
	241
	82.3402
	9.71513
	0.62581
	81.1075
	83.573

	
	 
	CHLORHEXIDINE
	241
	90.61
	8.17602
	0.52666
	89.5725
	91.6474

	
	 
	UNCOATED
	241
	207.8423
	47.65291
	3.06959
	201.7955
	213.8891



TABLE 2: Bonferroni post-hoc test for inter group and intra group analysis.
	Bacterial strains
	Day
	 
	Mean Square
	F-value
	P-value

	S. Aureus
 
 
 
 
 
 
 
	1 Day
	Between Groups
	256841.105
	5182.808
	<0.001*

	
	 
	Within Groups
	49.556
	 
	 

	
	3 Days
	Between Groups
	1019863.454
	3444.537
	<0.001*

	
	 
	Within Groups
	296.081
	 
	 

	
	5 Days
	Between Groups
	1967887.586
	4087.821
	<0.001*

	
	 
	Within Groups
	481.403
	 
	 

	
	7 Days
	Between Groups
	1628633.979
	3163.865
	<0.001*

	
	 
	Within Groups
	514.761
	 
	 

	Strep sp.
 
 
 
 
 
 
 
	1 Day
	Between Groups
	235297.598
	2150.246
	<0.001*

	
	 
	Within Groups
	109.428
	 
	 

	
	3 Days
	Between Groups
	1057335.797
	4590.983
	<0.001*

	
	 
	Within Groups
	230.307
	 
	 

	
	5 Days
	Between Groups
	1644765.066
	4211.198
	<0.001*

	
	 
	Within Groups
	390.569
	 
	 

	
	7 Days
	Between Groups
	1620795.34
	4190.696
	<0.001*

	
	 
	Within Groups
	386.76
	 
	 

	P. Aeruginosa
 
 
 
 
 
 
 
	1 Day
	Between Groups
	248862.079
	6344.722
	<0.001*

	
	 
	Within Groups
	39.223
	 
	 

	
	3 Days
	Between Groups
	925759.176
	3190.831
	<0.001*

	
	 
	Within Groups
	290.131
	 
	 

	
	5 Days
	Between Groups
	1694447.071
	4357.484
	<0.001*

	
	 
	Within Groups
	388.859
	 
	 

	
	7 Days
	Between Groups
	1692939.624
	5402.317
	<0.001*

	
	 
	Within Groups
	313.373
	 
	 

	Enterococcus faecalis
 
 
 
 
 
 
 
	1 Day
	Between Groups
	197636.059
	4227.502
	<0.001*

	
	 
	Within Groups
	46.75
	 
	 

	
	3 Days
	Between Groups
	881908.939
	4675.686
	<0.001*

	
	 
	Within Groups
	188.616
	 
	 

	
	5 Days
	Between Groups
	1931029.118
	5424.854
	<0.001*

	
	 
	Within Groups
	355.96
	 
	 

	
	7 Days
	Between Groups
	1187430.549
	1464.739
	<0.001*

	
	 
	Within Groups
	810.677
	 
	 


* P-value < 0.05 indicates statistical significance
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