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Objectives: This study aimed to compare the colonization of Enterococcus faecalis 
(E. faecalis), Escherichia coli (E. coli), Streptococcus mutans (S. mutans) and 
Staphylococcus aureus (S. aureus) isolated from the oral cavity on different suture 
materials used in oral implantology. 

Materials and Methods: Patients scheduled for implant surgery were included in 
this study. After flap approximation, the surgical site was sutured using silk, nylon, 
polyglactin 910 (Vicryl®) and triclosan-coated polyglactin 910 (Vicryl® Plus) sutures 
in a randomized order. Seven days after surgery, the sutures were removed and 
incubated in bile esculin agar (for E. faecalis), MacConkey agar (for E. coli), mitis 
salivarius agar (for S. mutans), and mannitol salt agar (for S. aureus) at 37°C for 24 h. 
The colonies were then counted. Data were analyzed using the Kruskal-Wallis and 
Mann-Whitney U tests.  

Results: Vicryl® sutures showed the highest accumulation of E. faecalis, followed by 
Vicryl® Plus, nylon, and silk. There was no significant difference between nylon and 
silk (P=0.5) or between Vicryl® and Vicryl® Plus (P=0.4). Vicryl® Plus sutures showed 
the highest accumulation of E. coli followed by Vicryl®, silk and nylon (P<0.01). 
Vicryl® sutures showed the highest accumulation of S. mutans, followed by Vicryl® 
Plus, silk, and nylon. Vicryl® Plus sutures showed the highest accumulation of S. 
aureus, followed by Vicryl®, nylon, and silk.  

Conclusion: Nylon sutures showed the least microbial accumulation. Vicryl® and 
triclosan-coated Vicryl® Plus sutures had no advantage over the commonly used silk 
sutures in decreasing the number of bacteria. 
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INTRODUCTION 
Delayed surgical wound healing is a major 
concern for patients and dental clinicians. 
Wound infection and dehiscence are two 

common postsurgical complications that 
prolong the course of wound healing and 
increase the treatment costs [1,2]. In 
dentoalveolar surgery, wound closure is 
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achieved by the use of suture threads. 
However, suture threads are potential risk 
factors for impairment of wound healing since 
they can enhance bacterial adhesion and 
colonization, and development of infection at 
the surgical site [3,4]. Thus, many studies have 
evaluated strategies to prevent bacterial 
colonization on suture threads in the first 
place. Suture threads coated with antibacterial 
agents were introduced to achieve this goal [5, 
6]. Peri-implantitis can occur due to the 
activity of aerobic and anaerobic bacteria. 
Fusobacteria, Peptostreptococcus species, 
Prevotella intermedia, Actinomyces species, 
Capnocytophaga, Enterococci, Streptococci, 
and Staphylococcus aureus (S. aureus) are 
among the commonly isolated bacteria from 
peri-implantitis and postoperative infections [7-
10]. Recently, enteric and non-oral bacteria 
were detected in the peri-implant environment 
of diseased implants, amongst which Entero-
coccus faecalis (E. faecalis) and Escherichia coli 
(E. coli) were more significant [11]. Also, 
Streptococcal species including Streptococcus 
mutans (S. mutans), Streptococcus mitis, 
Streptococcus sanguinis, and Streptococcus 
oralis are amongst the primary periodontal 
colonizers which have been demonstrated to 
colonize titanium surfaces and provide new 
receptors for putative periodontal and peri-
implant pathogens [12,13]. 
Evidence shows that the risk of infection 
depends on bacterial adhesion and physical 
and chemical properties of suture materials 
[14,15]. Multifilament suture materials have a 
higher tendency to attract bacteria than 
monofilament suture materials due to the 
capillary effect and higher porosities of the 
former sutures [16]. Silk braided sutures are 
non-absorbable multifilament sutures made of 
organic threads. Due to easy use and low cost, 
they are commonly used in oral surgical 
procedures [17,18]. Vicryl sutures are 
synthetic, multifilament absorbable sutures 
made of Polyglactin 910. Vicryl Plus is a 
recently introduced Vicryl suture with triclosan 
coating [19]. Triclosan is an antiseptic material 
with confirmed antibacterial effects on Gram-
positive and Gram-negative bacteria [20-22]. 
Nylon sutures are synthetic monofilament 

sutures with no reported bacterial contam-
ination [23].  
Studies on different suture materials and 
comparing their effects on colonization of both 
Gram-positive and Gram-negative bacteria are 
lacking. Considering the known complications 
of delayed wound healing and the existing 
controversy regarding an ideal suture 
material, this study aimed to assess bacterial 
colonization on four types of suture materials 
used in implant surgery.  
 
MATERIALS AND METHODS 

Ethical approval: 
This study complied with the principles stated 
in the Declaration of Helsinki “Ethical 
Principles for Medical Research Involving 
Human Subjects”, adopted by the 18th World 
Medical Assembly, Helsinki, Finland, June 
1964, and approved by the Faculty of 
Dentistry, Islamic Azad University of Tehran 
(IR.IAU.DENTAL.REC.1397,21) and registered in 
the Iranian Registry of Clinical Trials with regis-
tration numbers IRCT20180617040117N1 and 
IRCT20180617040119N2. 
Study population: 
A single-blind, randomized clinical trial was 
designed. The study sample was drawn from 
the population of patients presenting to the 
Implant Research Center of Dental Faculty of 
Islamic Azad University of Tehran between 
September 22, 2017 and July 21, 2018; 160 
specimens from 20 patients were evaluated. 
The patients had been scheduled to receive 
two or three adjacent dental implants on each 
side of the jaw and signed informed consent 
forms prior to participation in the study. The 
inclusion criteria consisted of severely 
decayed, non-restorable or fractured teeth 
scheduled for extraction. The exclusion 
criteria were history of periodontal disease, 
signs of periodontal destruction, any systemic 
condition affecting the wound healing or 
osseointegration, and intake of medications 
that could interfere with uneventful healing. 
Patients who required hard or soft tissue 
augmentation were also excluded.  
Patients who required bone augmentation due 
to thread exposure during implant placement 
were also excluded from the study. The sample 
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size was calculated to be a minimum of 10 [5] 
and a maximum of 20 [6] in each group 
considering α=0.05, and β=0.2, using one-way 
ANOVA power analysis feature of PASS 11. 
Thus, 20 samples of each suture material were 
used for each type of microorganism.  
Surgical procedure and laboratory tests: 
Each surgical site (including the space 
required for placement of two adjacent dental 
implants measuring 18mm) was randomly 
divided into four sections. One type of suture 
was used in each section. Prior to surgery, 
patients were evaluated for any sign of 
infection (periodontal and non-periodontal) 
in the oral cavity and patients with no 
infection and inflammation underwent 
surgery. Patients rinsed their mouth with 
0.2% chlorhexidine mouthwash before 
dental implant placement and were 
instructed to continue using it twice daily 
until suture removal. A total of 160 samples 
of the four suture materials and four types of 
microorganisms were evaluated. Vicryl 
Plus®, Vicryl®, silk, and nylon sutures (all 
suture materials were produced by Ethicon 
Inc., Johnson & Johnson Company, 
Somerville, NJ, USA) were used with 3 mm 
distance from each other. Allocation of 
suture material to the site was random and 
selected by a different individual other than 
the surgeon using a computer-generated 
randomization list such that two nylon 
sutures were applied on both sides of the 
Vicryl Plus® suture. These nylon sutures 
were not included in the study and were only 
applied to prevent the effect of triclosan 
coating of Vicryl Plus® suture on bacterial 
accumulation on other suture threads. Thus, 
each Vicryl Plus® suture had 6 mm distance 
from other sutures (Fig. 1). For postsurgical 
care, patients were instructed to use an 
icepack in the first 24 h after the surgery and 
due to the simplicity of the surgery and use 
of a delicate infection control protocol 
during implant placement, no antibiotics 
were prescribed for any of the participants. 
The sutures were removed one week after 
surgery and placed in brain heart infusion 
broth (Himedia, India) to allow the 
proliferation of all aerobic bacteria. 

Fig. 1. Intraoral photograph of a patient scheduled 
for implant surgery. Two dental implants were 
inserted in each side of the mandible. Wound 
approximation was achieved with (A) black 4-0 silk, 
(B) 4-0 Vicryl®, (C) 4-0 Nylon, and (E) 4-0 Vicryl 
Plus® sutures. Additional nylon sutures were used to 
prevent the Vicryl Plus® suture from affecting other 
suture materials (D). The left mandible was sutured 
with black 4-0 silk (not included in the study) 

 
They were then transferred to a laboratory 
within 12 h [24]. Next, 1ml of each suspension 
was transferred to the culture media namely 
bile esculin agar for the culture of E. faecalis, 
MacConkey agar for the culture of E. coli, Mitis 
salivarius agar for the culture of S. mutans, and 
mannitol salt agar for the culture of S. aureus 
(all from Himedia, India) (Fig. 2). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2. Different bacterial culture media used in the 
study: (A) MacConkey agar for Escherichia coli, (B) 
esculin agar for Enterococcus faecalis, (C) Mitis 
salivarius agar for Streptococcus mutans, and mannitol 
salt agar for Staphylococcus aureus culturing. 
 

After culture, the plates were incubated at 
37°C for 24 h to allow bacterial proliferation. 
The number of colony forming units (CFUs) 
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was then counted. The colleagues responsible 
for performing the laboratory tests were not 
aware of the type of suture materials used 
(single-blind design). The mean and standard 
deviation of colony counts of all four tested 
microorganisms were calculated and analyzed 
using the Kruskal-Wallis test. Pairwise 
comparisons were performed by the Mann-
Whitney U test with Bonferroni correction. 
Level of significance was set at 0.05.  
 
RESULTS 
Table 1 shows the count of microorganisms on 
the four suture materials. Regarding the count of 
E. faecalis, maximum accumulation was noted on 
Vicryl® sutures followed by Vicryl Plus®, nylon, 
and silk. According to the Kruskal-Wallis test, the 
difference between the four groups regarding E. 
faecalis count was significant (P<0.05). The 
Mann Whitney test showed no significant 
difference between the silk and nylon sutures 
(P=0.5). The difference between the Vicryl® and 
Vicryl Plus® sutures in this respect was not 
significant either (P=0.4). 
Regarding the count of E. coli, maximum 
accumulation was noted on Vicryl Plus® followed 
by Vicryl®, silk, and nylon. The Kruskal-Wallis test 
showed that the difference in this regard was 
significant among the four groups (P=0.01). The 
Mann-Whitney U test showed a significant 
difference in this respect between the Vicryl 
Plus® and other sutures (P=0.01). The difference 
between the silk and Vicryl Plus® sutures was not 
significant in this regard (P=0.8). Nylon sutures 
had significant differences with all other sutures 
in this respect (P=0.01).  
With regards to the count of S. mutans, 
maximum accumulation was noted on 

Vicryl® sutures followed by Vicryl Plus®, silk, 
and nylon. Adhesion of bacteria to Vicryl® 
sutures was over 2.4 times the rate of their 
adhesion to nylon; however, the Kruskal-
Wallis test showed no significant difference in 
adhesion of microorganisms (P=0.2). 
Regarding the count of S. aureus, maximum 
accumulation was noted on Vicryl Plus® 
sutures followed by Vicryl®, nylon, and silk. 
The adhesion of bacteria to Vicryl Plus® was 
around 4 times their adhesion rate to nylon; 
the Kruskal-Wallis test showed no significant 
difference in adhesion of microorganisms 
(P=0.6; Fig. 3). 
 
DISCUSSION 
This study compared the colonization of E. 
faecalis, E. coli, S. mutans, and S. aureus on 
different suture materials used in oral 
implantology. The results showed lower 
accumulation of E. faecalis on silk and nylon 
sutures. E. coli had the lowest accumulation on 
nylon sutures. Also, the lowest accumulation 
of S. mutans was noted on nylon sutures while 
the lowest accumulation of S. aureus was 
noted on silk and nylon sutures.  
Asher et al. [24] evaluated the accumulation of 
aerobic and anaerobic bacteria on silk, nylon, 
Vicryl Plus® and polyester sutures in 50 
patients who had undergone different types of 
oral surgical procedures such as implant 
surgery and flap surgery. All four types of 
sutures were applied in the oral cavity of all 
patients. The results showed equal 
accumulation of bacteria on silk, Vicryl Plus®, 
and polyester sutures; however, nylon suture 
showed significantly lower accumulation of 
aerobic and anaerobic bacteria. 

 

Table 1. Comparison of microbial count (CFUs/ml) on different types of suture threads  

 
 Bacterial count (CFUs/ml) ×103 

Thread type 

 E. faecalis E. coli S. mutans S. aureus 

Silk ≈ 4 ≈ 9.1 ≈ 7.2 ≈ 0.1 

Nylon ≈ 4 ≈ 6.3 ≈ 4.7 ≈ 1.5 

Vicryl® ≈ 10 ≈ 9.1 ≈ 11.39 ≈ 4 

Vicryl Plus® ≈ 9.1 ≈ 21.2 ≈ 8.03 ≈ 4.57 

P-value 0.06 0.01 0.2 0.6 
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Fig. 3. Comparison of microbial count (CFUs/ml ×103) among different types of suture threads 

 
Sala-Perez et al, [25] in their split-mouth study 
evaluated patients who underwent bilateral 
surgical extraction of maxillary third molars. 
They used silk sutures at one side and Monocryl 
Plus® sutures with triclosan coating on the 
other side. The sutures were removed after 3 
and 7 days. They showed significantly lower 
accumulation of aerobic and anaerobic bacteria 
on Monocryl Plus® sutures compared with silk 
sutures on day 3; however, this difference was 
no longer significant on day 7. Thus, it was 
concluded that the antibacterial properties of 
triclosan lasted for up to 3 days postoper-
atively, and significantly decreased thereafter.  
Pelz et al, [26] in a similar study compared 
Vicryl® and Vicryl Plus® sutures and observed 
equal accumulation of aerobic and anaerobic 
bacteria on both suture types one week after 
surgery. Venema et al. [20] exposed Vicryl® 
and Vicryl Plus® sutures to human saliva for 4 
h. They divided the samples into two groups. 
One group served as the control group and did 
not undergo any intervention. In the 
intervention group, the sutures were 
immersed in 0.12% chlorhexidine for 30 s. 
Bacteria were cultured on plates. The 
difference between the intervention and 
control groups was not significant irrespective 
of suture type. However, a significant 
difference was noted in the accumulation of 
bacteria on the same suture type between the 
control and chlorhexidine groups.  
They concluded that the antibacterial efficacy 
of continuous use of chlorhexidine was higher 

 
than that of triclosan coating of Vicryl Plus® 
sutures. Masini et al. [27] immersed Prolene 
(polypropylene), Monocryl® (polyglycaprone), 
silk, Vicryl® and Vicryl Plus® sutures directly 
in a standard suspension of S. aureus for 12 h 
and then rinsed them with saline. Bacterial 
accumulation was inspected under an electron 
microscope. They found that bacterial 
accumulation on Vicryl Plus® was significantly 
higher than that on other suture types. No 
significant difference was noted in microbial 
accumulation on other suture types. Edmiston 
et al. [28] immersed Vicryl® and Vicryl Plus® 
sutures in a standard suspension of S. aureus, 
Staphylococcus epidermidis and E. coli for 24, 
48, 72, and 96 h. They were rinsed, and 
bacterial contamination was evaluated under 
an electron microscope. The results showed 
that the accumulation of all three bacterial 
types on Vicryl Plus® sutures was significantly 
lower than that on Vicryl® suture. They 
concluded that triclosan maintains its 
antibacterial effect for a minimum of 96 h after 
placement in the oral cavity [28]. It seems that 
the triclosan coating of Vicryl Plus® and 
Monocryl Plus® maintains its antibacterial 
properties maximally for up to 3 days after 
surgery [5]. Thus, since in oral surgery the 
sutures need to remain in the oral cavity for a 
minimum of one week, these sutures have no 
advantage over other suture materials [29].  
Also, it seems that multifilament sutures 
absorb a higher number of microorganisms 
than monofilament sutures. Nylon sutures, 
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which are synthetic monofilament sutures, 
have the lowest accumulation of bacteria 
followed by silk sutures, which have a 
relatively lower accumulation of micro-
organisms compared with Vicryl® and Vicryl 
Plus®. Thus, Vicryl® and Vicryl Plus® sutures 
have no superiority to silk sutures, which is 
the most commonly used suture type in oral 
surgery in terms of reduction of bacterial 
accumulation.  
This study had several strengths. Twenty 
patients were evaluated in each group and 
microorganisms were isolated from the oral 
cavity of patients, which is an advantage since 
previous studies used standard strains of 
bacteria [20, 27, 28]. Also, the most commonly 
used suture materials in implant surgery were 
evaluated in this study. The main limitation of 
this study was the high standard deviation 
values. However, it should be noted that a 
wide variability exists in the accumulation of 
microorganisms, and the use of chlorhexidine 
can affect bacterial accumulation on sutures.   
Despite the advantages of nylon sutures in 
decreasing the accumulation of micro-
organisms, studies on nylon sutures are 
limited. Thus, further studies are warranted in 
this respect. Also, future studies are 
recommended to focus on nylon sutures and 
daily use of chlorhexidine on the accumulation 
of oral microorganisms especially anaerobic 
bacteria and periopathogenic microorganisms.  

 
CONCLUSION 

Nylon sutures showed the lowest microbial 
accumulation compared with other suture 
materials. Vicryl® and triclosan-coated Vicryl 
Plus® sutures had no advantage over the 
commonly used silk sutures in decreasing the 
bacterial count. 
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