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Abstract:

Background: The Pan American Health Organization considers instruments sterile when they are free of living microorganisms.
Currently, the use of indicators in dental sterilization processes is a growing health care management priority since it allows
controlling and preventing infectious diseases. Purpose: To verify the effectiveness of autoclaves through chemical indicators
used in private dental offices in the city of Machala, Ecuador. Methods: A descriptive study with an observational design was
carried out.The sample consisted of 60 readings collected from six autoclaves of private dental offices in the city of Machala. To
measure the effectiveness of the autoclaves, the 3M° SteriGage™ 1243 integrator indicator was used, which happened twice a
week for 5 weeks to a total of 60 readings. The data processing was performed through the RStudio 2.15 software. Data were
analyzed through the Fisher's exact test to determine association among variables (p=0.05). Results: Four of the autoclaves had a
100 % effectiveness, one was 90 % effective, and one was 40 %. Conclusions: A high effectiveness was found in most of the
autoclaves. However, no statistical association was found between the level of effectiveness and the type of dental office, the
maintenance time, or the autoclave age.

Keywords: agents for microorganism control, biosecurity, contamination indicators, dental office, dentistry, effectiveness,
infection control, preventive dentistry, sterilization.

Resumen:

Antecedentes: La Organizacién Panamericana de la Salud determina que los instrumentos estdn estériles cuando estdn libres de
microorganismos vivos. Actualmente, el uso de indicadores en los procesos de esterilizacion dental es una prioridad creciente en
la gestién asistencial, ya que permite controlar y prevenir enfermedades infecciosas. Objetivo: Verificar la eficacia de autoclaves a
través de indicadores quimicos utilizados en consultorios odontolégicos privados de la ciudad de Machala, Ecuador. Métodos: Se
realizé un estudio descriptivo de disefio observacional. La muestra estuvo conformada por 60 lecturas recolectadas de seis autoclaves
de consultorios odontoldgicos privados de la ciudad de Machala. Para medir la eficacia de los autoclaves, se utilizé el indicador
integrador SteriGage™ 1243 de 3M", el cual se realizé dos veces por semana durante cinco semanas para obtener un total de 60
lecturas. El procesamiento de datos se realizé a través del programa RStudio 2.15. Los datos se analizaron a través de la prueba exacta
de Fisher para determinar asociacién entre variables (p=0,05). Resultados: Cuatro de los autoclaves tuvieron una efectividad del
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100 %, uno fue del 90 % y uno del 40 %. Conclusiones: Se encontré una alta eficacia en la mayoria de los autoclaves. Sin embargo,
no se hallé asociacion estadistica entre la eficacia y el tipo de consultorio dental, el tiempo de mantenimiento o la edad del autoclave.
Palabras clave: agentes para el control de microorganismos, bioseguridad, consultorio odontoldgico, control de infecciones,
eficacia, esterilizacién, indicadores de contaminacién, odontologfa, odontologia preventiva.

Resumo:

Antecedentes: A Organizagio Pan-Americana da Satde considera os instrumentos estéreis quando estio livres de microrganismos
vivos. Atualmente, a utilizagio de indicadores nos processos de esterilizagio odontoldgica ¢ uma crescente prioridade da gestio
da satde, pois permite controlar e prevenir doengas infecciosas. Objetivo: Verificar a eficicia de autoclaves através de indicadores
quimicos utilizados em consultdrios odontoldgicos privados na cidade de Machala, Equador. Métodos: Foi realizado um estudo
descritivo com desenho observacional. A amostra foi composta por 60 leituras coletadas em seis autoclaves de consultdrios
particulares da cidade de Machala. Para medir a eficdcia das autoclaves, foi utilizado o indicador integrador 3M°® SteriGage™ 1243,
que ocorreu duas vezes por semana durante 5 semanas, totalizando 60 leituras. O tratamento dos dados foi realizado por meio
do software RStudio 2.15. Os dados foram analisados pelo teste exato de Fisher para determinar associagio entre as varidveis
(p=0,05). Resultados: Quatro das autoclaves tiveram 100% de eficicia, uma de 90% e uma de 40%. Conclusdes: Uma alta eficicia
foi encontrada na maioria das autoclaves. No entanto, nio foi encontrada associagio estatistica entre o nivel de eficdcia e o tipo de
consultdrio odontolégico, o tempo de manutengio ou a idade da autoclave.

Palavras-chave: agentes para controle de microrganismos, biosseguranca, clinica dentéria, controle de infecgoes, eficicia,
esterilizagdo, indicadores de contaminagio, odontologia, odontologia preventiva.

INTRODUCTION

The oral cavity harbors a variety of microorganisms ranging from spores, bacteria, fungi, and viruses to
protozoa. It contains about six billion bacteria, making it one of the most populated habitats in the human
body (1,2,3). For this reason, dental practice is considered to carry a high risk of transmission of pathogens
and cross-infection that can cause anything from a simple flu to diseases such as pneumonia, hepatitis B,
and tuberculosis (4-5). In this sense, the proper disinfection and sterilization of dental instruments and
handpieces is very important. These actions seek to avoid spreading infectious diseases from patient to patient
and even among professionals (6,7,8,9). The Pan American Health Organization considers that instruments
are sterile when they are free of living microorganisms (10).

Currently, moist heat using steam (autoclave) and dry heat (sterilizer) represent the most frequent
procedures in dental offices (11). Currently, the Biosafety Manual for establishments, prepared by the
Ministry of Public Health of Ecuador, suggests moist heat at 121 °C for 30 minutes. It also recommends to
considering factors that affect sterilization such as incomplete removal of air in the sterilizer, superheated
steam, and inadequate preparation of the material (6,12).

As mentioned above, the disinfection and sterilization of instruments has become more important because,
duringdental procedures, the staff is continuously in contact with body fluids such as saliva and blood. At the
present time, due to the Covid-19 pandemic, the risk of contagion of infections is even higher (13). Such a
virus has been shown to survive on steel and aluminum surfaces for 4 hours to 5 days. Even on plastic surfaces,
the virus can live up to 9 days. However, the virus becomes infective when exposed to temperatures close to
75 °C for 30 minutes (14).

One challenge is that if sterilization protocols are not followed or preventative maintenance on autoclaves
is not performed, sterilization is ineffective. There is little literature on the effectiveness of sterilization
processes in public or private clinics in cities of Ecuador, for example, the city of Machala. Consequently, the
present study was based on the following research question: Are the autoclaves used in private clinics in the
city of Machala, Ecuador effective?

The verification of the sterilization processes will allow oral health professionals to know the effectiveness
of the autoclaves, carry out corrective actions, and reduce the possibility of cross-infection and infectious
discases. A strategy to verify said effectiveness are chemical indicators (15,16,17,18). One of them, the 3M"
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SteriGage” 1243, integrates all the critical parameters of steam sterilization: temperature, time, and steam. In
addition, it can be used for all steam cycles at 121 °C and 132 °C (19). Thus, the main purpose of the study
was to verify the effectiveness of autoclaves, through the use of chemical indicators, in private practice dental
offices in the city of Machala, Ecuador. This study will serve as a starting point for future research on this topic.

MATERIALS AND METHODS

It was a descriptive study with an observational design (20) and a non-probabilistic sampling, which was
approved by the Ethics Committee for Research on Human Beings (CEISH) of the Catholic University of
Cuenca, Ecuador. It specifies that the research does not generate bioethical conflicts or risk as there is no
contact with human beings. Invitations to participate in the study were sent to private practices, which were
accepted by six practices. The owners of the private practices signed informed consents to participate and
their identity was kept confidential. The autoclaves of these clinics were identified with the letters A, B, C, D,
E, and F (Table 1). Only autoclaves that were currently active were included.

TABLE 1
Characteristics of Autoclaves
Autoclave Type of Dental Last Ageof

Practice Maintenance Autoclave
A Surgery 3 monfhs 3-4 vears
B General dentistry 6 months 5-0 vears
C (General denfistry 3 monfhs 3-4 vears
D Orthodontics & months 3-4 vears
E General denfistry 3 monfhs 1-2 vears
F General dentistry =0 months 1-2 years

Source: the authors.

The variables analyzed were type of office, date of last maintenance, and age of the autoclave. In some of
the dental specialties there is greater exposure to microorganisms. On the other hand, the time elapsed after
the last maintenance and the age of the autoclave can influence its effectiveness, considering that preventive
maintenance must be carried out twice a year.

To measure the effectiveness of the autoclaves, the 3M” SteriGage® 1243 integrating indicator was used.
The measurement with the integrators was carried out twice a week for 5 weeks, which generated 10
measurements per autoclave, for a total of 60 samples. The indicators were applied for five weeks to avoid
false positives.

A protocol for the use of the indicators was established. First, the dental instruments were manually
cleaned, immersing them in an enzymatic detergent, and then each instrument was individually washed with
a long-handled brush, as suggested by the Biosafety Manual of the Ministry of Health of Ecuador. Once
washed, the instruments were packed in bags to be sterilized, ensuring that they were airtight and sealed. 50 %
loads were applied as reccommended by Lara Van der Linde, 7 al. (21), to avoid forcing situations that would
bias the study due to excess load. The indicator was placed in the middle part of the tray; the position was a
determining factor in reducing the risk of false positives. In this way, it allowed to monitor the effectiveness
of the procedure in several points of the autoclave; thus, an effective process was guaranteed.

3M° SteriGage® Indicator 1243 consists of a solid, temperature-sensitive chemical that migrates through
paper according to sterilization conditions. The result was analyzed through a window such as “Rejected” or
“Accepted.” Accepted means the absence of bacterial growth.

The sterilization process was carried out in accordance with the Biosafety Manual for establishments
prepared by the Ministry of Health of Ecuador, which recommends using the autoclave at a temperature of
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121 °C for 30 minutes in order to achieve an effective sterilization cycle. When a cycle with an unaccepted
indicator was reported, it was recommended to repeat the process, increasing the temperature to 132 °C for
15 minutes (12). Despite this, if the error persisted, the autoclave underwent maintenance, which improved
its effectiveness. The quantification of the verification recommended by the Ministry of Health of Ecuador
was as follows (12):

No. loads per autoclave, with verification form,
with sterilization indicators per week

= 100

Compliance percentaje =
No. total loads per autoclave per week

The data were processed using the statistical program RStudio version 2.15. Descriptive data for each
variable were calculated. The values obtained were analyzed using Fisher's exact test to determine if two
dichotomous variables were associated. Statistical significance was established when p = 1 (alpha error =5 %).

RESULTS

Of the groups analyzed per autoclave, A, B, C, and D showed 100 % effectiveness in sterilization. However,
groups E and F had a lower effectiveness, with 90 % and 40 %, respectively (Table 2). According to Fisher's
exact test, there was no significance between the effectiveness of sterilization of dental instruments and the
variables type of office, maintenance time, and age of the autoclave (Table 3).

TABLE 2
Percentage of Dental Instruments’ Sterilization Effectiveness
No. loads per autoclave with No. total F flectiveness
Autoclave verification form of right loads in (%)
sterilization indicators autoclave
A 10 10 100
B 10 10 100
C 10 10 100
D 10 10 100
E Q 10 a0
F 4 10 40
Total 33 60 88

Source: the authors.
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TABLE 3
Descriptive Data and Fisher’s Test for each Type of Variable
_ Standard
Variable Deviation
Type of Practice
Accepted
»  Surgery 0.2508 0766
» (General denfisiry 0.1333 0833
+  Orthodontics 0,2508 0766
Mot accepted
+  Surgery 20,1926 0999
+  General denfistry 40,6931 03512
» Orthodontics 20,1926 0999
Time of Maintenance
Accepted
* 3 months ago 0,2355 0718
* 0§ months ago 02508 0722
*» +i monthsago 0,2566 0,798
Mot accepted
* 3 months ago 20,1926 0008
* O months ago 20,1926 0900
+ 6 monthsago 0.6931 0512
Auioclave Age
Accepted
e 1-2 vears 05832 0270
¢ 3-4 wears 02508 0,700
*  5-§ vyears 2508 0,766
Not accepted
* 1-2 wears A.1009 (883
o 3-4 vears 20,1926 0008
*  5-0 years 20,1926 0999

P = 1. Confidence interval 95 %. Minimum 0.182; maximum 2.47. ODDS Ratio: 1.13.
Association measures: Likelihood Ratio Chi square: 0.87. Likelihood Ratio Pearson: 0.25. Degrees of
Freedom: 9. Phi: 0,029. Contingency coefficient COEF: 0,029; Kramer’s V: 0,029. Source: the authors.

DISCUSSION

No studies have been found in which autoclave sterilization has been evaluated in dental offices in the city of
Machala, Ecuador. However, it is known that the sterilization protocol established by the Ministry of Health
is used in most dental oflices throughout the country. With this precedent, we sought to evaluate this protocol
using 3M" SteriGage® 1243 integrative indicators in a non-probabilistic sample of autoclaves from private
practices (12). It was found that 88.33 % of the six autoclaves/sterilization processes analyzed were effective,
of which four autoclaves effective in 100 %, while there were less than 50 % of favorable readings in one
autoclave; likewise, readings from an autoclave showed a 10 % error.

In the last two cases, they were autoclaves that had been in operation for a few years and the autoclave
maintenance process was unknown. It is understood that the effectiveness of sterilization can be affected
by factors such as lack of knowledge of sterilization protocols by the personnel in charge. Thus, it would
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be advisable to use chemical indicators that measure two or more parameters and periodically verify the
operation of the autoclave (22,23,24).

There are standards of international and national organizations that recommend starting with proper
cleaning of instruments after use. Such cleaning should be done with enzymatic detergents due to their
potential to remove biological residues. Chlorhexidine is often used as a cleaning material, although it is not
a detergent itself; but rather an antiseptic (22).

A study carried out by Gimenes Corréa, e 4l., in Brazil (23), showed an efficiency of 100 % of the
sterilization process measured with external chemical indicators. Similarly, Rodriguez, e 4/., in Cuba (14),
found 100 % efficacy in 28 readings (14). Such findings are consistent with those of the first four autoclaves
evaluated in our study. Regarding the autoclaves that were less effective, Gimenes Corréa, e al. (23), and
Tole-Acosta, er al. (24) suggest that such failures may be due to mechanical alterations of the sterilization
equipment (23,24).

In relation to the type of dental office and the effectiveness of the bioburden, in this study it was observed
that there was no statistical association between the variables. Santafé Viana and Izquierdo Bucheli (25)
analyzed the sterilization effectiveness of dental instruments in three sterilization centers of the Central
University of Ecuador’s School of Dentistry. They used biological indicators and accepted a classification of
the autoclaves according to the type of office similar to that of our study. Their findings were similar to those
of this investigation.

In another study, Chdvez-Fermin, ez 4/., in the Dominican Republic (26), used microbiological cultures
to determine the eflicacy of sterilization on endodontic and periodontal bioburdens. Of all the samples
analyzed, 60 % of the files were not contaminated, nor was 69 % of the periodontal bioburdens. It has been
found that, after sterilization, biological residues still persist on the surface of the instruments, which is
accentuated in endodontic instruments due to the structural characteristics of their surface. The permanence
of residues directly influences the obstruction of the efficient arrival of water vapor and with this the
sterilization process is affected.

Regarding the variables time of maintenance and age of the autoclave, several authors recommend keeping
a record of the technical maintenance carried out annually. Such processes must be monitored as they can
influence the effectiveness of sterilization. However, in this study no association was found between these
variables and the independent study variable (22,27).

The chemical indicators clearly indicate whether sterilization parameters such as time, temperature,
pressure, and steam were met; however, they do not assess the quality of the sterilization process. Despite
their limitations, the indicators are affordable and their use in routine practice is easy.

CONCLUSIONS

In the group of private practice dental offices analyzed in the city of Machala, Ecuador, most autoclaves had
high efficiency. However, no statistical association was found between efficacy and the type of dental ofhice,
the maintenance time and the age of the autoclaves.

RECOMMENDATIONS

For future investigations that address the same study problem, it is recommended to use a probabilistic and
representative sample, to produce generalizable results. Likewise, it is suggested to analyze the effectiveness
of autoclaves in clinics in the private and public sectors.
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