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Abstract
Postoperative infections are increasingly common, as well as the increase in bacterial resistance 
mechanisms to a diverse class of broad-spectrum antibiotics. Hence the need to find a biocom-
patible and antimicrobial natural material to use as suture coating since these are considered an 
intrinsic factor in the process of these complications. This review aims to carry out a systematic 
search on the antimicrobial effectiveness of chitosan used as suture coating in oral and maxillo-
facial surgery. The search was carried out in two databases: PubMed and ScienceDirect from Fe-
bruary to March 2021. PRISMA guidelines for systematic reviews were followed. The five articles 
from in vitro or in vivo studies showed that chitosan coating on sutures inhibits Gram (+) and 
Gram (-) microorganisms, exhibiting greater activity against Gram (-). It is concluded that chi-
tosan coating on sutures could supplement and improve the properties of currently commercial 
antimicrobial sutures, reduce postoperative infections, and accelerate the healing processes.
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Resumen
Las infecciones postoperatorias son cada vez 
más comunes, así como el incremento en los 
mecanismos de resistencia bacteriana hacia 
una diversa clase de antibióticos de amplio 
espectro, por lo que actualmente ha surgido 
la necesidad de buscar materiales de origen 
natural con propiedades antimicrobianas y 
biocompatibles, que puedan evitar diversas 
complicaciones relacionadas con las infeccio-
nes postoperatorias. El objetivo de esta revi-
sión sistemática es poner en contexto actual la 
efectividad antimicrobiana del quitosano em-
pleado en el recubrimiento de suturas en ci-
rugía oral y maxilofacial. La estrategia de bús-
queda se llevó a cabo en dos bases de datos: 
PubMed y ScienceDirect de febrero a 18 de 
octubre del 2021. Se siguieron los lineamien-
tos PRISMA (Preferred Reporting Items for 
Systematic reviews and Meta-Analyses). De 
acuerdo con nuestros resultados, los cinco ar-
tículos incluidos de estudios in vitro e in vivo, 
mostraron que el recubrimiento de suturas 
con quitosano inhibe a los microorganismos 
de tipo Gram (+) y Gram (-), presentando una 
mayor actividad contra la especie Gram (-). 
Se concluye, además, que el recubrimiento de 
suturas con quitosano podría suplir y mejorar 
las propiedades de suturas antimicrobianas 
actualmente comerciales, así como reducir 
las infecciones postoperatorias y acelerar los 
procesos de cicatrización.

Palabras clave: Quitosano, efecto antimicro-
biano, cirugía oral, suturas.

Palavras-chave: Quitosana, efeito antimicro-
biano, cirurgia oral, suturas.

Resumo
As infecções pós-operatórias são cada vez mais 
comuns, assim como o aumento dos mecanis-
mos de resistência bacteriana a uma diversa 
classe de antibióticos de longo espectro, razão 
pela qual surgiu agora a necessidade de procu-
rar materiais de origem natural com proprie-
dades antimicrobianas e biocompatíveis, que 
pode prevenir várias complicações relacio-
nadas a infecções pós-operatórias. O objetivo 
desta revisão sistemática é contextualizar a 
eficácia antimicrobiana da quitosana utilizada 
no revestimento de suturas em cirurgia buco-
maxilofacial. A estratégia de busca foi realizada 
em dois bases de dados: PubMed e ScienceDi-
rect de fevereiro a 18 de outubro de 2021. Fo-
ram seguidas as diretrizes PRISMA (Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses). De acordo com nossos resul-
tados, os cinco artigos incluídos de estudos in 
vitro e in vivo mostraram que o revestimento 
das suturas com quitosana inibe microrganis-
mos do tipo Gram (+) e Gram (-), apresentando 
maior atividade contra espécies Gram. (-). Con-
clui-se também que o revestimento das sutu-
ras com quitosana pode substituir e melhorar 
as propriedades das suturas antimicrobianas 
atualmente comerciais, além de reduzir infe-
cções pós-operatórias e acelerar os processos 
de cicatrização.
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1.Introduction
Chitosan is a natural biopolymer consisting of 
D-glucosamine and N-acetyl-D-glucosamine 
units derived from the deacetylation of chitin, 
which is extracted from marine shell waste and 
insect exoskeletons with a coating structure.(1)

Chitosan has a lower molecular weight and crys-
tallinity than chitin. It has unique properties 
such as compatibility, biodegradability, non-toxi-
city, mucoadhesion, biological activity against a 
wide range of bacteria and fungi, bioactive, anal-

gesic, hemostatic, anti-erosive, anti-abrasive, 
and antioxidant properties.(2) Depending on the 
use intended, chitosan can be modified through 
chemical or enzymatic processes to form various 
derivatives, such as gels, micro/nanoparticles, 
fibers, sponges, and films.(3) Chitosan must have 
a higher degree of deacetylation when used to 
manufacture materials that require greater cell 
adhesion and proliferation since it helps activate 
fibroblasts and accelerate wound healing.(4)

Furthermore, oral and maxillofacial surgery is 



the medical-surgical specialty that deals with 
the prevention, diagnosis, treatment, and re-
habilitation of pathologies of the face, cervical 
structures, and oral cavity. However, there may 
be high-risk immediate or postoperative compli-
cations. Immediate complications are intraope-
rative and affect dental organs, soft tissues, and 
hard tissues of the oral cavity. Postoperative 
complications occur 48 hours to 72 hours after 
surgery.(5) The risk depends on several factors, 
such as surgery time, the type of wound and/or 
intervention, and the patient’s condition.(6)

The suture is a vital part of almost every surgical 
procedure. It is used to bind the skin surface and 
for vessel ligation. It is designed to close and sta-
bilize wound margins and to allow for healing.
(7,8) The materials used to manufacture sutures 
must comply with specific biological characteris-
tics such as bacterial inhibition, tissue reaction, 
histocompatibility and resorption, and physical, 
mechanical, and handling characteristics (knot 
tensile strength, elasticity, caliber, capillarity, 
and surface).(9) Therefore, suture materials can 
be considered intrinsic category risk factors that 
inhibit surgical wound healing.(10) 
In dentistry, chitosan-based drugs are used to 
treat periodontal diseases, dental caries, root 
canal treatment (endodontics), and to provide 
prolonged local anesthetic action.(11) Randomi-
zed clinical trials and in vitro or in vivo studies 
suggest that coating sutures with triclosan or 
natural extracts may help prevent surgical site 
infections.(12) However, it has been shown that 
triclosan coating can negatively affect immune 
functions and cell reproducibility.(13) Therefore, 
there is a growing need for a natural coating with 
a wide range of beneficial properties for the oral 
cavity, such as chitosan.(14) 
This review aims to determine the antimicrobial 
effectiveness of chitosan used as silk suture coa-
ting in oral and maxillofacial surgery.

2. Methodology
The PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) statement 
criteria were considered for this systematic re-
view.(15) 

Our research question is: What is the antimicro-
bial effectiveness chitosan-coated sutures in oral 
and maxillofacial surgery? 
PICOS Acronym: P=Post-surgical infections due 
to bacterial growth on sutures; I=Chitosan-coa-
ted suture, C=Sutures with and without chitosan, 
O=Effectiveness in reducing microbial growth 
rate, S=In vitro and in vivo studies.

2.1 Data sources and search strategy

The search was conducted from 20 February to 
18 October, 2021, in PubMed and ScienceDirect 
using the keywords “chitosan,” “sutures,” and 
“antimicrobial effect.” The keywords were com-
bined with the Boolean operators AND or OR in 
both databases. 

2.2 Inclusion and exclusion criteria

The following articles were included: all publi-
cations from 2015 to 2021, full-text articles in 
English or Spanish, in vivo and in vitro studies 
evaluating chitosan-coated sutures with various 
pathogens (Staphylococcus aureus and Staphylo-
coccus epidermidis as Gram-positive, Escherichia 
coli (Gram-negative) and Candida albicans as a 
fungal pathogen.
The studies that did not use chitosan for suture 
coating in oral and maxillofacial surgery were 
excluded, as well as mini-reviews and systematic 
reviews with or without meta-analysis.

2.3 Data selection, extraction, and analysis

PM-KDG and OU-MA analyzed the articles by title 
and abstract based on the inclusion criteria. They 
also extracted the following data: type of suture 
used, degree of chitosan deacetylation, chitosan 
concentration, additional agents or compounds, 
techniques or methods to incorporate the chito-
san to sutures and their antimicrobial effective-
ness by observing the variable response of mi-
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nimum inhibitory concentration (MIC), zone of 
inhibition (ZI), and bacterial growth rate (GR).

2.4 Methodological quality and risk of bias
Quality analysis was conducted. It was perfor-
med a critical and hierarchical analysis, classi-
fying the evidence available in the literature as 
high, moderate, low, and very low. Specific pa-
rameters were applied according to the presen-
ce of the following elements: a comparison be-
tween two formulations, a control group, coating 
methods described in full, a statistical analysis, 
concordance in the measurement methods, and 
the results of the response variable.

3. Results
3.1 Study selection
The PRISMA diagram in Figure 1 shows the re-
sults obtained through the search parameters 
established above.
The initial search yielded 1275 articles. After eli-
minating duplicate articles, 1248 articles remai-
ned. Then, we considered the 5-year publication 
period and the full-text articles, and 22 articles 
were obtained. These were reviewed based on 
the inclusion criteria. A total of 5 articles resul-
ted from this process. They were analyzed as 
presented in this systematic review.

Figure 1. PRISMA diagram with the study selection.
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Coating the sutures with antimicrobial agents or 
antibiofilm would prevent microorganism adhe-
sion. In turn, this would restrict biofilm forma-
tion and inhibit infection. Natural coating formu-
lations effectively reduce the use of topical and 
toxic suture treatments. Results indicate that 
applying natural coating materials over non-ab-
sorbable sutures may help reduce the number of 
incisions and wound-site infections.(17) Including 
other materials in this coating could improve the 
suture’s physical and biological properties. Table 
1 shows the results of the antimicrobial effect of 
chitosan-coated sutures. 
Masood et al.(16) evaluated the in vitro antimi-
crobial effectiveness of the coating of two types 
of suture: polyethylene terephthalate (PET) and 
polyamide (Nylon 6) multifilament threads, ad-
ding chitosan (0.75% w/v) with a deacetylation 
degree of 90-95%, starch (1.5% w/v), softener 
(0.2% w/v), clove oil (0.05% w/v), turmeric oil 
(0.5% w/v) in different combinations. All these 
coating formulations have shown satisfactory 
antimicrobial activity against Gram-positive mi-
croorganisms.
Subramani Prabha et al.(17) conducted an in vitro 
study to evaluate the antimicrobial effectiveness 
of two types of chitosan (extracted from crab 
shells (EC) and commercial (CC)) as a coating 
on braided vicryl absorbable sutures against 
Gram-positive S. epidermidis and Gram-negative 
C. albicans. The results indicate that the uncoa-
ted suture (control) and sutures soaked with 1% 
(v/v) acetic acid (vehicle control) did not show 
any zone of clearance, indicating a lack of anti-
bacterial or anti-candidal activity. Both EC (200 
µg/ml) and CC (200 µg/ml) impregnated sutu-
res showed antibacterial and antifungal activity. 
EC-impregnated sutures showed a clear zone 
of inhibition for both test strains, which seems 
evident given their more effective antimicrobial 
activity. In turn, CC-impregnated sutures showed 
a minimal zone of inhibition for both test strains.
Faten Debbabi et al.(18) evaluated the antimicro-
bial effectiveness of 16-filament PA 6-6 braided 
sutures coated with chitosan (1%, 2%, and 3%) 

with a deacetylation degree higher than 75%, ci-
tric acid (3%, 6%, and 10%) and sodium hypo-
phosphite (1%, 2%, and 3.5 %) against Gram-po-
sitive S. aureus, Gram-positive S. epidermidis, 
Gram-negative E. coli, and Gram-negative P. aeru-
ginosa. The results indicate that the uncoated su-
ture did not inhibit the growth of bacteria, which 
expanded completely around it. On the other 
hand, the sutures coated with 1% and 2% chito-
san showed greater inhibition for the four types 
of bacteria, showing that the zone of inhibition 
(ZI) decreased as the chitosan concentration in-
creased. 
Hassan Mohammadi et al.(19) evaluated the coa-
ting of a monofilament Nylon suture by adding 
hyaluronic acid (HA) and chitosan at different 
concentrations and a 75-85% degree of deace-
tylation. The chitosan (4% w/v) and chitosan 
(4% w/v)–hyaluronic acid (HA) (8% w/v) sam-
ples exhibited significant antibacterial activity 
against E. coli compared to the HA sample. This 
may be connected to the intrinsic antibacterial 
property of chitosan attributed to its positive 
charge, which induces strong reactions between 
the chitosan molecule and the negatively charged 
bacterial cell surface. In turn, chitosan (4% w/v) 
shows no antibacterial activity against S. aureus, 
probably due to the low chitosan concentration. 
However, adding HA as a second layer generates 
antibacterial activity that lasts up to 70 hours. 
Ying Yang et al.(20) conducted an in vitro and in 
vivo study of antibacterial absorbable sutures 
(VP) and absorbable sutures (V) gentamicin-coa-
ted Vicryl (GV) suture, and hydroxypropyltrime-
thyl ammonium chloride chitosan (HACC)-coa-
ted Vicryl (HV) suture at an 87% concentration. 
The zone of inhibition of the three antibiotic-coa-
ted sutures (VP, GV, and HV) exhibited no signi-
ficant difference for S. epidermidis (p>0.05). In 
contrast, the zone of inhibition of GV against S. 
aureus was evidently smaller than that of VP and 
HV (p<0.01). 
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Table 1: Summary of individual articles.

Author/
Year

Coating materials Chitosan 
concentration

Chitosan degree 
of deacetylation

Coatings Type of su-
ture used

Type 
of bacteria

Antimicrobial 
effectiveness

Ying Yang, 
et al. 2016

Hydroxypropyl tri-
methyl ammonium 
chloride chitosan

Gentamicin sulfate 
salt

Mass
concentration 
of 0.2 wt.% 
dissolved in 50 
mL of collagen 
solutions

87 % 1. Gentami-
cin-coated 
Vicryl (GV) 
suture
2. Hy-
droxypro-
pyltrimethyl 
ammonium 
chloride chi-
tosan (HAC-
C)-coated 
Vicryl (HV) 
suture
3. (V) absor-
bable Vicryl 
suture
4.  (VP) Vicryl 
Plus

Vicryl 
absorbable 

suture

Staphylococcus 
epidermidis 

(Gram-positive) 
Staphylococ-

cus aureus 
(Gram-positive)

POSITIVE
(ZI)=The three sutures 
VP, GV and HV, showed 
no significant difference 
for S. epidermidis 
(p>0.05), while the 
zone of inhibition of GV 
against S. aureus was 
clearly smaller than that 
of VP and HV (p<0.01).

Faten 
Debbabi et 
al., 2017

Chitosan with citric 
acid and sodium 
hypophosphite

Variable con-
centrations for 
chitosan (1%, 
2%, and 3%) 
and citric acid

Higher than 75% 9 coatings 
considering 
1. Chitosan 
concentration 
(1%, 2%, and 
3%).
2. Citric acid 
concentration 
(3%, 6%, 
and 10%) 3. 
Sodium hypo-
phosphite 
concentration 
(1%, 2%, and 
3.5%)

PA 6-6 
braided 
suture–16 
filaments

Staphylococ-
cus aureus 

(Gram-positive) 
Staphylococcus 

epidermidis 
(Gram-positive) 
Escherichia coli 

(Gram-negative) 
Pseudomona 
aeruginosa 

(Gram-negative)

POSITIVE
higher (ZI): 
(ZI=9.5 ± 0.7) mm 
against P. aeruginosa, 1% 
chitosan concentration.
(ZI=3.75 ± 0.3) mm 
against S. epidermis, 2% 
chitosan.
(ZI=5.75 ± 0.3) mm 
against S. aureus, 1% 
chitosan.
(ZI=8.75 ± 0.3) mm 
against E. coli, 1% 
chitosan.

Masood y 
cols., 2017

Starch
Softener
Clove oil
Turmeric
Hydrolysed chi-
tosan

0.75 % w/v 90-95 % 1. Chitosan 
(0.75 % w/v), 
starch (1.5% 
w/v), softener 
(.2 % w/v) 
2. Chitosan 
(.75 % w/v), 
starch (1.5 % 
w/v), softener 
(.2 % w/v), 
clove oil (0.05 
% w/v)
3. Chitosan 
(.75 % w/v), 
starch (1.5 % 
w/v), softener 
(.2 % w/v), 
turmeric (.5 % 
w/v)

Multifila-
ment 

- polye-
thylene 

terephtha-
late (PET) 

- polyamide 
(Nylon 6)

Staphylococ-
cus aureus 

(Gram-positive)

POSITIVE 
(ZI): All coated sutures 
are effective against S. 
aureus.

Hassan 
Moham-
madi y 
col., 2020

Hyaluronic acid
Chitosan

Variable con-
centration

75-85 %  1. Hyaluronic 
Acid (HA) (8% 
w/v)
2. Chitosan 
(4% w/v) 
3. Chitosan 
(4% w/v) 
Hyaluronic 
Acid (HA) (8% 
w/v

Suture with 
nylon mo-

nofilaments

Escherichia coli 
(Gram-negative) 

Staphylococ-
cus aureus 

(Gram-positive)

POSITIVE 
NB=Number of bacteria 
(CFU/ml)
Lower against S. aureus 
with a chitosan coating 
(4% w/v) - hyaluronic 
acid (8% w/v)
Lower against E. coli 
with a chitosan coating 
(4% w/v) - hyaluronic 
acid (8% w/v)

Subrama-
ni Prabha 
y col., 
2020

Chitosan extracted 
from crab shells 
(EC)
Commercial chito-
san (CC)

Variable con-
centration for 
CC and EC

------------ 1. Chitosan 
(EC)
2. Chitosan 
(CC)
3. Vehicle 
control (VC) 

Absorbable 
braided
 Vicryl 
suture

Staphylococcus 
epidermidis
(Gram-positive)
Candida albicans
(Gram-negative)

POSITIVE 
(MIC)  
EC (200 µg/ml) showed 
a clear zone of inhibition 
for both test strains.
CC (200 µg/ml) showed 
a minimal zone of inhibi-
tion for both test strains.
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Table 2 describes the process of adding chitosan 
alone or with an additional compound such as 
collagen, acetic acid, or hyaluronic acid to the su-
ture surface. The process generally involves dis-

solving the chitosan powder in 1% acetic acid at 
60 ºC and neutralizing it with 1% NaOH, curing, 
and drying.

Author/ 
Year

How chitosan was added to the sutures/Description Method for measu-
ring antibacterial

Description of the method for measuring
 antibacterial activity

Ying Yang 
et al., 2016

Two groups of sutures were prepared; 1) GV (Gen-
tamicin-coated Vicryl); 2) HV (Hydroxypropyltrime-
thylammonium chloride chitosan (HACC)-coated Vicryl 
suture). The coating process consisted of dissolving 
type I collagen in 5 mM acetic acid at a concentration of 
0.5 mg/mL according to the manufacturer’s protocols. 
Then, gentamicin or HACC with a mass concentration 
of 0.2 wt% was dissolved in 50 mL of prepared collagen 
solutions and sonicated in an ultrasonic bath at 150 W 
(B3500S-MT, Branson, Shanghai, China, 50 Hz) for 5 
minutes to obtain uniformly dissolved solutions. Then, 
Vicryl absorbable sutures were immersed overnight 
in the solutions to form the antibacterial agent-coa-
ted sutures as previously described. After collagen 
adsorption, the sutures were dried at room temperature 
for 24 hours. In each group, the same suture size was 
used for the in vitro and in vivo experiments, and all the 
tested sutures were cut into 2.5 cm in length for the in 
vitro assay (except for the 10-cm sutures used for the 
in vitro drug release). All prepared GV and HV sutures 
were sterilized with 25 kGy of 60 Co irradiation before 
conducting the biological experiments.

Zone of inhibition 
assay to compare 
antimicrobial effecti-
veness.
Spread plate assay 
to evaluate bacterial 
addition and biofilm 
formation.
Plate culture assay 
to detect biofilm 
formation.

ZI/bacterial suspension at a concentration of 1x108 
CFUs/mL in MHB medium was inoculated onto the 10 
cm tryptic soy agar (TSA) plate to obtain a uniform 
bacterial overlay (S. epidermidis (ATCC35984) and 
S. aureus (MRSA, ATCC43300)). Then, the prepared 
sutures were placed on the bacterial overlay and gently 
pressed in. The zones of inhibition of all the tested 
sutures were photographed and calculated after 24 
hours of incubation at 37°C.

Faten
Debbabi et 
al., 2017

The chitosan was gradually dissolved by stirring in a 1% 
acetic acid solution and gradually heated to 60°C. Then, 
citric acid (CA) was slowly added to the chitosan dis-
solution. CA was used as a crosslinking agent between 
chitosan macromolecular chains. Finally, sodium hypo-
phosphite was added as a catalyst of the crosslinking 
reaction. The second step of antibacterial suture ma-
nufacturing (braided suture made of 16 non-texturized 
PA 6-6 threads with 44 dtex count and 16 filaments per 
thread) was the PAD dry process to prevent the sutures 
from sticking together and to ensure a uniform coating. 
In the first step of the process, the braided suture 
was supported by braid roll and passed through the 
tension sensor. It was then placed in the coating bath 
containing the chitosan-CA solution. Then, the suture 
passed through a heat chamber of heat-setting machine. 
After that, the suture was neutralized in a 0.1N NaOH 
solution before being washed in a water bath. Finally, it 
was dried at 80°C and collected on a take-up spool.

Agar disk-diffusion 
method

First, the bacterial strains were cultured in a non-inhi-
bitory agar gel to obtain isolated colonies. Then, after 
incubation at 37 ºC overnight, 4 to 5 well-isolated colo-
nies were transferred to saline solution in Petri dishes. 
Sterilized sutures were then placed on the Petri dishes. 
The Petri dishes were then incubated at 37°C for 24 
h. Finally, the mean distance of the inhibition growth 
zones (clear zone around the suture sample) was mea-
sured. The average inhibition distance of a 4 cm suture 
sample was determined against four bacterial strains: 
S. aureus, E. coli, Gram-positive S. epidermidis, and 
Gram-negative P. aeruginosa. In each case of bacterial 
strain, three samples were taken from each suture to 
determine the average value.

Table 2: Coating evaluation and antimicrobial evaluation method
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Masood et 
al., 2017

Coating was carried out on a thread sizing machine 
(SS-565, CCI Technology Incorporation Taiwan) using 
hydrolyzed chitosan (15 g/l), previously dissolved in 
1% acetic acid in demineralized water for 2 hours and 
then with HCl (35 ml/l). The chitosan solution was then 
heated under a reflux for 5 hours, cooled overnight, and 
filtered to remove any residual impurities. The tempe-
rature of the coating solution was maintained at 70°C. 
Drying conditions were kept at 100°C for 2 minutes 
and curing was performed at an elevated temperature 
of 130°C for 3 minutes using the laboratory oven. The 
cured sutures were rinsed with a 1% NaOH solution to 
remove any traces of hydrochloric acid and acetic acid 
and rinsed again with water and dried.

Test method AATCC 
147-1998

A 1 x 10-5 dilution of S. aureus (Strain ATCC 29213) 
that had been incubated overnight was spread on 
sterile agar plate. Test specimens of each of the coated 
and uncoated threads were placed gently transversely 
against the agar surface to ensure close contact. After 
16 hours incubation at 37°C, the agar plates were exa-
mined for inhibition of microbial growth underneath 
the specimen and for the zone of inhibition along the 
edges of the specimen.

Hassan Mo-
hammadi et 
al., 2020

Nylon monofilaments (NMy) were coated with chitosan 
solution with hyaluronic acid (CH-AH) of different con-
centrations for 24 h at room temperature. They were 
first coated with chitosan and then treated in hyaluronic 
acid solutions (CH/HA-NMy) of different concentra-
tions. Due to neutralization of the acetic acid content 
from the coated film, the nylon monofilaments were 
washed with 0.1 M NaOH solution and deionized water. 
The nylon monofilaments were subsequently padded 
and cured in the curing chamber at 100°C for 10 min.

Shake flask method Three-centimeter samples were placed in 1 mL of PBS 
and incubated at 37 ºC for 5, 24, 48, and 72 h. E. coli as 
a gram-negative bacteria and S. aureus as a gram-posi-
tive bacteria were cultured overnight at 37°C. At each 
time point, the number of bacteria (CFU/mL) in the 
culture medium containing samples was determined.

Subramani 
Prabha et 
al., 2020

Vicryl absorbable suture was UV sterilized and cut into 
small 1-cm pieces aseptically. The pieces were soaked 
in a solution of chitosan extract (EC) and commercial 
chitosan (CC) at 1 mg/mL, previously dissolved in 1% 
(v/v) acetic acid for approximately 12 h.

Agar disk diffusion 
method

The impregnated sutures were then air dried and 
placed on Petri-dishes swabbed with overnight culture 
of S. epidermidis and C. albicans and incubated at 37 
°C for 24 h. After incubation, a clear zone of inhibition 
was observed around the suture sample.

Table 3 and Figure 2 present the results of the 
risk of bias after comparing the included articles. 
In some of these studies, the authors did not 
always provide sufficient information or details 
to ascertain the quality of the methodology, and 

most authors did not include a control group. 
This influenced the values obtained and increa-
sed the bias. Table 3 shows the results: one arti-
cle with moderate evidence and four with a high 
level of evidence.

Table 3: Quality analysis of the studies included for the summary of results

Author Comparison 
of coating 

formulations 
0= None
1= One

2= Two or 
more

Control group
0= No control 

group
2=

Control group

Coating 
method des-
cribed in full
1= Not des-

cribed
2= Partially 
described

3= Compre-
hensive

Response 
variable

1= Qualitative 
subjective

2= Qualitative 
objective

3= Quantita-
tive

Statistical 
analysis 

0= Not clear
1= Partial

 2= Complete

Concordance in 
measurement 

methods
0= None 

1= Not clear 
2= Present

0= Incomplete 
1= Partial

2= Complete
Total

Ying Yang et 
al., 2016

3 0 2 3 1 2 2 13

Faten 
Debbabi  et 
al., 2017

3 0 3 3 2 2 2 15

Masood et 
al. , 2017

3 0 2 1 1 2 1 10

Hassan 
Mohammadi 
et al., 2020

3 0 3 2 2 1 2 13

Subramani 
Prabha et 
al., 2020

3 2 1 2 2 2 2 14
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Total 15 2 11 11 8 9 9 65

Level of Evidence: High= 13-17 points; Moderate= 9-12 points; Low= 5-8 points; Very low= 1-4 
points

Figure 2: Risk of bias across studies

4. Discussion
Ming Kong et al. (21) reported that the anti-
microbial effect of chitosan is influenced by 
four categories of factors: (1) microbial fac-
tors related to microorganism species and 
cell age; (2) intrinsic factors of chitosan like 
molecular weight, solubility, degree of dea-
cetylation, positive charge density and con-
centration; (3) physical state of chitosan, 
i.e., water-soluble and solid state of chito-
san; and (4) environmental factors, inclu-
ding pH, temperature, and reactive time. In 
this review, we only evaluated two of them: 
degree of deacetylation and concentration 
(Table 1). The degree of deacetylation indi-
cates the total amount of acetamide groups 
converted to amine, which directly deter-
mines physical properties such as solubili-
ty, basicity, adsorption, and functionality of 
chitosan. A higher degree of deacetylation is 
associated with higher solubility and proton 
charge density. These two factors are essen-
tial for chitosan to adhere to the cell wall of 
microorganisms and to improve its antibac-
terial properties. In the studies included in 
this review, deacetylation degrees higher 

than 70% were used (Table 3).  
Hassan Mohammadi et al.(19) indicate that 
adding hyaluronic acid led to a decrease in 
surface roughness on the sutures, as the in-
crease in the concentration of the chitosan 
solution (4% w/v) led to the formation of a 
uniform coating layer, which could be exfo-
liated. Adding a hyaluronic acid layer on the 
chitosan-coated thread leads to interaction 
between two polymers, preventing the coa-
ted layer’s exfoliation.(18) Faten Debbabi et 
al. included citric acid to improve the fric-
tion and tensile properties at the knot of the 
suture. The results indicate that the knot 
tensile strength was higher than 17.4 N af-
ter coating, which is a limit on the minimum 
average required by the USP (United States 
Pharmacopeia Convention). However, a sli-
ght increase in the mean FCD (coefficient of 
friction) was observed as the concentration 
of chitosan and AC increased. These sutures 
are easier to handle and are better for knot 
tying.
Ying Yang et al.(20) added hydroxypropyltri-
methylammonium chloride to improve bio- 
and cytocompatibility properties. The re-
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sults show that cell proliferation measured 
with the CCK-8 assay was similar in the four 
groups during the 120-hour culture period 
(p> 0.05). In addition, the cells exhibited 
good viability according to flow cytometry 
results.
The minimum inhibiting concentration 
(MIC) refers to the lowest concentration (in 
μg/mL) that inhibits the growth of a given 
bacterial strain. Subramani Prabha et al.(17) 

concluded that the MIC range was 400 to 
800 µg/mL for both EC (extracted chitosan) 
and CC (commercial chitosan) against the 
test strains. When comparing the MIC va-
lues of S. epidermidis and the mixed species, 
it was found that the MIC of CC was high for 
mixed species. Therefore, it was evident that 
microbes in mixed species have more robust 
membrane stability, which requires a higher 
concentration of antibacterial agents to lyse 
them. The other authors included did not de-
termine MIC; antimicrobial activity was me-
asured by ZI and CT. Antimicrobial activity 
decreases with increasing chitosan concen-
tration. Hassan Mohammadi et al.’s(19) coa-
tings showed positive antimicrobial activity 
against Gram-positive and Gram-negative 
bacteria. It is worth mentioning that chito-
san has antimicrobial properties mainly due 
to a positively charged amino group at a pH 
below 6.3 (carbon 2). This group interacts 
with the negative charges of the cell wall of 
the microorganisms, creating a rupture or 
lysis of these structures. This leads to the 
loss of protein compounds and other intra-
cellular constituents.(23) This is why chitosan 
shows greater activity against Gram-nega-
tive bacteria. Based on the results obtained 
by Hassan Mohammadi et al.,(19) hyaluronic 
acid has no antibacterial properties in itself. 
It seems that its existence applies a syner-
gistic reaction to chitosan and increases its 
activity against Gram-positive bacteria. Fina-
lly, all the included studies determined that 

the antimicrobial activity of chitosan increa-
sed when using coatings with low chitosan 
concentrations but an increased number of 
layers.
5. Conclusion
This review concluded that chitosan-coated su-
tures used in wound and incision closure would 
not be as susceptible to infection. This could help 
accelerate wound healing by preventing adhe-
rence and colonization of microbial communi-
ties. Adding other materials to this coating helps 
to improve the suture’s physical and biological 
properties. However, there is still insufficient 
evidence and records of in vivo studies and their 
positive outcomes.
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