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Effectiveness of disinfecting K-file contaminated with Staphylococcus aureus using alcohol, chlorhexidine,
and sodium hypochlorite in different concentrations and durations

Efektivitas desinfeksi K-file yang terkontaminasi Staphylococcus aureus menggunakan alkohol, klorheksidin, dan
natrium hipoklorit dengan konsentrasi dan durasi yang berbeda-beda
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ABSTRACT

This study evaluated the effectiveness of K-files contaminated with Staphylococcus aureus andimmersioninalcohol, chlorhexi-
dine, and sodium hypochlorite through CFU counting. Bacteria were identified through Gram staining and dilution to obtain anini-
tial 300 CFU, then the K-files were contaminated with bacteria. The samples were divided into three groups and repeated several
times inatime series. For alcohol, the groups were divided into 70% and 96% concentrations. For chlorhexidine and sodium hy-
pochlorite, each concentration was divided into three groups, and CFU counting was performed manually. The CFU results after
immersion in 70% alcohol for 5, 10, and 15 minutes were 28 CFU, 5 CFU, and 0 CFU; 96% alcohol was 5 CFU, 1 CFU, and O
CFU; 0.5%, 1%, and 2% chlorhexidine for 5 minutes and 10 minutes were 0 CFU; 0.25% sodium hypochlorite was 3 CFU, and
for 10 minutes was 1 CFU; 0.5% and 1% sodium hypochlorite for 5 minutes and 10 minutes were 0 CFU. It was concluded that
the antibacterial effectiveness of alcohol and sodium hypochlorite against S.aureus increased with increasing disinfectant concen-
tration and K-file immersion time, while chlorhexidine was effective inkilling S.aureus ata concentration of 0.5%. All disinfectants
were effective for K-file disinfection.
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ABSTRAK

Penelitian ini mengevaluasi efektivitas alat K-file yang terkontaminasi Staphylococcus aureus dan perendaman dalam alkohol,
klorheksidin, dan natrium hipoklorit melalui penghitungan CFU. Identifikasi bakteri melalui pewarnaan Gram dan proses pengen-
enceran untuk mendapatkan 300 CFU awal, kemudian proses kontaminasi bakteri dilakukan pada K-file. Sampel dibagi menjadi
3kelompok dandiulang beberapa kali dalam seriwaktu. Untuk alkohol dikelompokkan menjadi konsentrasi 70% dan 96%. Untuk
klorheksidin dan natrium hipoklorit, masing-masing konsentrasi dibagi menjadi 3 kelompok, kemudian penghitungan CFU dilaku-
kan secaramanual. Hasil CFU setelah perendaman dalam alkohol 70% selama5, 10, dan 15 menit adalah 28 CFU, 5 CFU, dan
0 CFU; alkohol 96% adalah 5 CFU, 1 CFU, dan 0 CFU; klorheksidin 0,5%, 1%, dan 2% selama 5 menit dan 10 menit adalah 0
CFU; natrium hipoklorit 0,25% 3 CFU, selama 10 menit 1 CFU; natrium hipoklorit 0,5% dan 1% selama 5 menit dan 10 menit
adalah 0 CFU. Disimpulkan bahwa efektivitas antibakteri alkohol dan natrium hipokloritterhadap S.Aureus meningkat seiring de-
ngan peningkatan konsentrasi desinfektan dan waktu perendaman K-file, sementara klorheksidin efektif membunuh S.Aureus
pada konsentrasi 0,5%. Semua disinfektan efektif untuk desinfeksi K-file.

Kata kunci: desinfeksi K-file, alkohol, klorheksidin, natrium hipoklorit, Staphylococcus aureus
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INTRODUCTION

Inthe practice of dentistry, blood and salivaare consi-
deredasdominantcontaminants thatcontain 750 millions
of microorganisms which causes cross infection among
health care workers.! In the last two decades, infection
control is the main concernwith strict protocolin order to
protectthe workers and patients. Onthe otherhand, limi-
ted space of practice room increase the risk of biologic
agenttransmission dueto air shared. Patientsinhale 700
liters of air per hour and significantly increase when they
are in anxiety during dental treatment.?3

Inendodontic treatmentthe success depends on the
eradication of microorganism of root canal and prevent-
ion of reinfection. It is of utmost important to build and
maintainaseptic during treatment. K-file instruments are
repeated useduring root canal preparation that might in-
creasetherisk oftreatmentfailure.* The result of Merdad
dan Alghamdi studyfound 9 of 25 newK-files are conta-
minated with microorganisms.® Tonello, et al reported
sometypes of microorganisms usuallycontaminate ins-
truments ofdentalclinics are Bacillus subtilis, Streptococ-
cusviridans, Staphylococcus aureus, Pseudomonas ae-
ruginosa, Klebsiellapneumoniae, Enterococcusfaecalis,
Staphylococcus epidermidis.®

DOI 10.35856/mdj.v14i3.1343

Data from local dental hospital showed S.aureus is
one of themicroorganism frequently found to contaminate
dentalinstruments and materials. S.aureus is Gram posi-
tive microorganismthat can cause inflammation, infecti-
on or necrosis to host tissues. To avoid the potency of
aseptic chain breakage and treatmentfailure, the instru-
ments should be disinfected prior to their use in the root
canal.”

Various measures have been usedto disinfectendo-
dontic instruments before sterilization including sodium
hypochlorite, chlorhexidine, alcohol, povidone iodine.”#

Alcohol is a stable desinfectant, is indicated to clean
smallsurface, doesnotinjure the skin or materials, biode-
gradable and mostly used in concentrations of 70% or
96%.° Chlorhexidine is adisinfectant of bactericidal acti-
vity, andthe concentrationusually usedis 0.5%, 1%, and
2%19, while NaOCI has strong antibacterial disinfectant
which candissolve pulpaltissue andbiofilm. There is still
no consensus of the concentration used that can vary
0.5-6%.

This study aims to evaluate the disinfection efficacy
of K-files contaminated with S.aureus following immer-
sion with alcohol, chlorhexidine, and sodium hypochlo-
rite at various concentrations and exposure times.
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METHODS

This studywas conductedfollowing the approval of the
Ethical Exemption of Dental Faculty, Hasanuddin Univer-
sity, Makassar (N0.059/KEPK FKG-RSGMP UH/EE/XI/
2024)onNovember 13, 2024. This laboratory studywas
designed with a pre and posttest study to evaluate the
number of CFU of bacteria found on K-file following im-
mersion in disinfectants alcohol, chlorhexidine, and sodi-
um hypochlorite.

Theinstruments used are inoculatingloop, preparation
glass, reactiontube, micropippete, incubator, vortex mix-
er, pincet, stirringrod triangle, bunsen burner, K-file size
25, length 25 mm.

S.aureus is obtained from bacterial culture ATCC
29737; blood agar plate is obtained from Microbiology
Laboratory, Medical Faculty, Hasanuddin University. Che-
micals used are 3% KOH solution, 70% and 96% alco-
hol, 0,5%, 1%, and 2% chlorhexidine, 0,25%, 0,5%, 1%,
sodium hypochlorite, physiologic solution, crystal violet
solution, mordant solution and methyl alcohol.

Working procedures

Bacterialidentification was conducted usingthe Gram
staining method. One drop of 3% KOH solution was
placed on a glass slide using an inoculation loop and
close to a Bunsen burner to maintain sterility. A culture
of S.aureus was then smeared onto the KOH drop and
left to dry. Once dried, the slide was stained evenly with
crystal violet and kept for 1 minute. The slide was then
tilted andrinsed gentlywithrunning water. A mordant so-
lutionwas applied and left for 1 minute, followed by ano-
ther gentle rinse. The slide was thenreadyfor microsco-
pic examination under 40X magnification for bacterial
identification.

Identified S.aureuswasinoculatedinto atesttube con-
taining physiological saline using aninoculation loop. Se-
rial dilutionwas performed until initial CFU count reach-
ed 300 CFU. The K-File was then placed into the test
tube containingthe S.aureus suspensionusing tweezers
and left for 5 minutes to allow for bacterial contaminati-
on.Following contamination, 1.5 mL of the bacterial sus-
pension containing the K-file was transferred to a blood

RESULTS

agarplate (BAP)using apippete. The solution was even-
ly spread using a sterile triangular stirring rod and stor-
ed for incubation as a negative control.

Contaminated K-fileswere placed into labeled tubes
containing 70%and 96% alcoholfor the disinfection pro-
cess. Thetubeswere subjectedtovibrationtoensurethat
alcoholreachedall grooves of the K-files evenly. The vi-
bration was followed byimmersionfor predetermined du-
rations of 5, 10, and 15 minutes. At each time interval,
1.5 mL of alcohol solution was transferred to BAP using
a pippete and spread with a triangular stirring rod. This
step was repeated at 10- and 15-minute intervals. The
BAPs were then stored as positive control samples for
incubation.

The chlorhexidine disinfection procedure followedthe
same protocol as the alcohol method. The concentrati-
ons used were 2%, 1%, and 0.5% with exposure times
of 5 and 10 minutes. Thus, transfer of the chlorhexidine
solution to BAPs was performed only at these two time
points. The BAPs were then stored as positive controls
for incubation.

Thedisinfection procedure using sodium hypochlorite
was alsosimilarto that used for alcohol. Concentrations
0f0.25%, 0.5%, and 1% sodium hypochlorite were used
withexposuretimes of 5and 10 minutes. Transfer of so-
dium hypochlorite to BAPs was done at both time inter-
vals. The BAPswere then stored as positive controls for
incubation.

AlIBAPs containing negative and positive controlsam-
pleswere incubated inanincubatorfor48 hours, and the
bacterial coloniesformed on the BAPswere directly coun-
ted to determine the number of viable bacteria.

Reduction of CFU of S.aureus following 5 minutes
im-mersion in 70% alcohol was 90.6 % while reduction
of CFU of S.aureusfollowing 5 minutesimmersionin 96%
alcohol was 98.3 %. Reduction of CFU of S.aureus fol-
lowing 10 minutes immersion in 70% alcohol was 98.3%
whilereduction of CFU of S.aureus following 10 minutes
immersion in 96% alcohol was 99.6% (Table 1). Reduc-
tion of CFU of S.aureus following 5 minutes or 10 minu-
tesimmersionin 0.5%, 1% and 2% in chlorhexidine was
100%. Reduction of CFU of S.aureusfollowing 5 minutes

Table 1 Number of S.aureus following immersion with 70% and 96% alcohol

Number of CFU
Time Control (-) Alcohol 70% Reduction (%) Alcohol 96% Reduction (%)
5 minutes 300 28 90.6 5 98.3
10 minutes 5 98.3 1 99.6
15 minutes 0 100 0 100
Table 2 Number of S.aureus following immersion with chlorhexidine
Number of CFU
Time Control (-) Chlorhexidine 0.5% Reduction (%) Chlorhexidine 1% Reduction (%) Chlorhexidine 2% Reduction (%)
5 minutes 300 0 100 0 100 0 100
10 minutes 0 100 0 100 0 100
Table 3 Number of S.aureus following immersion with sodium hypochlorite
Number of CFU
Time Control  Sod.hypochlorite 0.25% Reduction Sod.hypochlorite 0.5% Reduction Sod.hypochlorite 1% Reduction
5 minutes 300 3 99% 0 100 0 100
10minutes 1 99.6% 0 100 0 100
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Table 4 Number of S.aureus following immersion with alcohol, chlorhexidine, and sodium hypochlorite

Number of CFU
Time Control Alcohol 96% Reduction Chlorhexidine 0.5% Reduction Sodium hypochlorite 0.5% Reduction
5 minutes 300 3 99% 0 100 0 100
10 minutes 1 99.6% 0 100 0 100

or 10 minutes immersion in 0.25% sodium hypochlorite
was 99% and 99.6% respectively, while reduction of CFU
of S.aureus following 5 minutes or 10 minutesimmersion
in 0.5% and 1% sodium hypochlorite was 100 %.

DISCUSSION

Alcohol, typically ethanol orisopropyl alcoholis a sta-
ble disinfectant, has broad-spectrum antimicrobial activi-
ty, indicated for use on small surfaces, does not irritate
the skin or materials, and is biodegradable, which suits
its use for immersion instruments such as K-files. The
concentrations commonlyused for disinfection are 70%
and96%.2° Alcohol denatures proteinsthat leads to loss
of enzyme and structural protein function, causing cell
death. In addition, alcoholcandehydrate cells that helps
inpreserving cell structure, however it contributes to cell
lysiswhendenatured protein occurred. For optimal pro-
teindenaturation, water isrequired. Therefore 70% alco-
cohol is assumed more effective than 95%.° In this stu-
dy, the reduction of CFU is similar between 70% alcohol
and 96% alcoholineach duration of immersion. Atlower
concentrations, disinfectants exhibit bacteriostatic activi-
ty, whereas higher concentrations, molecularkinetics in-
crease and enhance inhibitory effects, leading to bacte-
ricidal activity. Limitations of alcohol is ineffective against
bacterial endospores.®

Chlorhexidine is a disinfectant with bactericidal pro-
perties, capable of killing microorganisms Gram+ and
Gram-. The concentrations commonly usedfor chlorhe-
xidine as a disinfectant are 0.5%, 1%, and 2%.1° In this
study, the lower concentration (0.5%) of chlorhexidine
has beenableto eradicate 100% CFU of S.aureus. Chlor-
hexidine is a cationic bisbiguanide, binds to negatively
charged phospholipids on bacterialmembranes, increa-
sesmembrane permeability that cause leakage of intra-
cellular contents, and cell death. At higher concentrati-
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