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ABSTRACT

Aim: The aim of the present study was to evaluate sterilization 
practices and effectiveness in the Lebanese private dental sector 
and identify potential factors contributing to sterilization failure.

Materials and methods: A 13-item questionnaire consisting 
of four demographic/professional questions and nine ques-
tions related to sterilization practices along with self-contained 
biologic indicators (SCBIs) were delivered to a representative 
sample of Lebanese private offices. Univariate statistics and 
bivariate analyses were performed to compare sterilization 
failure rates according to demographic, professional, and 
sterilization-related conditions.

Results: Out of the 560 dentists contacted, 205 dentists 
returned the completed questionnaires and undamaged pro-
cessed SCBIs. The tested autoclaves (n = 134) were mostly 
dynamic air removal (69.4%) and had a mean age of 10.5 ± 
6.9 years. The dry heat ovens (n = 71) were all static air and 
had 12.9 ± 8.1 years. The dental assistants performed the 
routine sterilization procedures in nearly 62% of the practices 
and sterilization cycles were run 4 to 6 times per week in 75% 
of the offices. Correct temperature/time ratios were applied in 
97% of the autoclaves and 80.3% of the ovens. Few dental 
practices reported having preventive maintenance (17.9% for 
the autoclaves and 14.1% for the ovens). Routine monitoring 
of sterilizer efficacy was infrequently performed and was mostly 
conducted using physical indicators. Sterilization failure rate was 
higher for the ovens (16.9%) than for the autoclaves (7.5%). 
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Incorrect temperature/time ratio was the main significant factor 
associated with sterilization failures.

Conclusion: The present study demonstrated a relatively 
high rate of sterilization failures in the Lebanese private dental 
sector and identified the human error in setting sterilization 
cycle parameters as the predominant cause of failure. These 
findings should prompt actions toward increasing knowledge of 
the sterilization processes and their monitoring among dental 
professionals and improving the quality control of sterilization 
through collaborative efforts among health authorities, dental 
schools, and associations.

Clinical significance: This study presents the first published 
data relative to sterilization practices and effectiveness in private 
Lebanese dental offices and provides a rationale to implement 
biologic monitoring protocols in Lebanon as long practiced in 
developed countries.
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INTRODUCTION

Sterilizing contaminated instruments is an essential com-
ponent of effective infection control in clinical practices 
to ensure protection of patients and health care profes-
sionals. In dental settings, the most commonly used and 
recommended sterilization method is steam (autoclaving).1 
Other options include chemiclaves using chemical vapor 
sterilization and dry heat sterilizers. Sterilization proce-
dures should be regularly monitored as recommended 
by the Centers for Disease Control and Prevention (CDC)1 
and the Association for the Advancement of Medical 
Instrumentation (ANSI/AAMI)2 to verify the effectiveness 
of sterilization. Biological indicators (BIs) are the most 
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accepted means of monitoring sterilization because they 
assess the process directly by killing known highly resistant 
microorganisms, thus offering greater sterility assurance 
than mechanical or chemical indicators.1 The resistance 
of microorganisms to sterilization ranges from low (lipids 
and medium-sized viruses, such as hepatitis B and human 
immunodeficiency virus) to high. Other than prions, the 
most resistant microorganisms are bacterial spores and 
these are used to test the ability of the sterilization process 
to kill microorganisms.3 The specific spore selected in BIs 
depends on the type of sterilizer. For steam autoclaves, 
Geobacillus stearothermophilus (formerly Bacillus stearother-
mophilus) is used while Bacillus atrophaeus (formerly Bacillus 
subtilis) is utilized for dry heat sterilizers.1,4 Spore strips 
in the chamber and SCBIs impregnated with the resistant 
spores are among the most widely used BIs for the valida-
tion and monitoring of sterilization in dental settings.5-9

According to CDC guidelines, BIs should be used for 
routine sterilizer monitoring at least weekly, but prefera-
bly every day that the sterilizer is in use.1 Additionally, BIs 
must be used to monitor every load containing implants, 
for sterilizer qualification testing after sterilizer installa-
tion, relocation, malfunctions, major repairs, and after 
sterilization process failures. Furthermore, ANSI/AAMI 
states that “product testing should always be done when 
major changes are made in packaging, product or load 
configuration, or materials, such as dimensional changes, 
weight changes, or changes in the type of packaging or 
wrapper used.”2

While such practices are compulsory by legislation 
in the United States and other developed countries, they 
continue to be poorly regulated in developing countries. 
In a previous survey evaluating knowledge, attitude, 
and behavior of Lebanese dentists relative to infectious 
diseases, the overall compliance with infection control 
measures has been demonstrated to be inadequate in the 
private dental sector.10 Autoclaves were reported to be the 
preferred means of sterilization in nearly 65% of the par-
ticipating clinics, but dry heat sterilizers continued to be 
used among the respondents (35.0%). No documentation 
is currently available relative to the biologic monitoring 
of sterilization in dental practices in Lebanon.

The objectives of the present study were to (1) survey 
the sterilization practices in a representative sample of 
private dental offices in Lebanon and (2) evaluate the 
incidence and potential causes of sterilization failures in 
these clinics.

MATERIALS AND METHODS

Study Sample

A sample of private dental offices was drawn from the 
database of virtually all dentists registered in the Lebanese 

Dental Associations and was provided by the Associations 
boards. The participating dentists were drawn from 
various sociodemographic and professional contexts 
regardless of age, gender, type, or years of practice.

The sample size was calculated during the planning 
phase of the study using the sampling formula:

Sample Nz pq
d N z pq

=
− +

2

2 21( )

where
•	 N	=	the	total	population	of	dentists	registered	in	the	

Lebanese Dental Associations (5004 dentists);
•	 p	=	estimated	failure	rate	(10%);
•	 q	=	1	-	p;
•	 z	=	the	number	of	standard	deviation	away	from	the	

sample	 proportion	 (z	 =	 1.96	 for	 a	 95%	 confidence	
interval);

•	 d	=	half	of	the	width	of	the	confidence	interval	of	the	
sample	proportion	p	(d	=	4%	and	confidence	interval	
=	10	±	4%,	which	means	6%	≤ p ≤ 14%).
The sample size considered representative for the 

survey was 207 representing 4.14% of the total number 
of Lebanese dentists with 135 using autoclaves and 72 
owning ovens. This ratio was based on the findings of a 
previous survey where 65% of the Lebanese private dental 
offices operated autoclaves vs 35% that used ovens.10 
Assuming a response rate of approximately 37% in the 
Lebanese private dental sector, a list of 560 dentists was 
selected according to a proportional stratified random 
sampling to ensure equitable representation of the five 
geographic regions of Lebanon.10

STUDy DESIgN

Dental practices were pre-screened by calling the den-
tists and asking about their willingness to participate in 
the survey and have the performance of their sterilizers 
tested. The dentists were informed that the results of the 
study would be published but that the survey responses 
and results of the biologic monitoring would be kept 
confidential. When a dentist did not respond or declined 
to take part in the study, he/she was substituted by the 
following dentist on the list. Dentists who confirmed their 
participation were asked about the type of sterilizer they 
use in their practice. Enrollment was continued until the 
desired sample size was reached.

Sealed envelopes including an introductory letter 
explaining the goals of the study, a printed 13-item short 
questionnaire, three SCBIs, and instructions on how to use 
them were delivered personally to the selected dentists 
between November 3, 2016 and October 9, 2017. The 
participants returned the completed questionnaires and 
indicators within one week for evaluation and incubation. 
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This research was conducted in full accordance with the 
World Medical Association Declaration of Helsinki.

Questionnaire

Given the lack of a standardized validated questionnaire 
to assess sterilization practices by dentists, a pilot survey 
was conducted on a random sample of 30 dentists working 
in private clinics to ensure practicability, relevance, and 
proper interpretation of the questions. The responses from 
the pilot test were analyzed and the questionnaire was 
modified according to the feedback obtained.

In addition to four questions related to demographic 
and professional status (gender, type of practice, i.e., 
specialist vs general practitioner, years of experience, and 
region of practice), the questionnaire comprised nine ques-
tions covering sterilization-related issues including brand 
name, type, and age of the sterilizer used, person in charge 
of routine sterilization procedures in the dental practice 
(dentist or dental assistant), frequency of use of the steril-
izer, routinely applied sterilization parameters, frequency 
of professional maintenance, frequency, and type of routine 
monitoring of sterilization (physical indicators, chemical 
indicators, and biologic indicators). Dentists who returned 
the forms with some blank answers were re-contacted over 
the phone and asked about the missing details.

The sterilization cycles that were validated for spe-
cific sterilization accessories (i.e., BIs, trays/containers, 
wraps), cleared by the US Food and Drug Administration 
and reported by the CDC (2017)1 and ANSI/AAMI 
(2017),2 are summarized in Table 1. These figures were 
used to categorize the sterilization parameters reported 
in the questionnaires as correct or incorrect.

Biologic Monitoring

The three SCBIs sent to each participant included the 
spores of G. stearothermophilus for the autoclaves (Attest™ 
Biological Indicators, 3M, St. Paul, Minnesota, USA) 
and B. atrophaeus for the dry heat sterilizers (DriAmp™, 
MesaLabs, Bozeman, Montana, USA). Two of the three 
spore-containing vials were labeled “TEST” while the 
third was labeled “CONTROL.” The dentists were 
instructed to perform the biologic testing during a 
normal sterilization cycle and place one test SCBI unit 
in the middle, and one in the front of the autoclave near 
the door of the sterilizer chamber. These two test SCBIs 

were to be placed among the instruments to be sterilized, 
with or without wrapping as routinely performed. The 
third SCBI unit was not to be processed and served as 
positive control for bacterial growth. The dentists were 
asked to allow the sterilized instruments and test SCBIs 
to cool for at least 10 minutes for the autoclaves and 30 
minutes for the ovens at the end of the sterilization cycle. 
The SCBIs were labeled with a self-adhesive tag includ-
ing the dentist’s code and processing date and were 
refrigerated until incubation was possible. The returned 
three SCBI units were collected from the dental offices 
and examined for the type of packaging (wrapped or 
unwrapped). For autoclaves, the samples were placed 
into a 56°C dry block incubator (3M) and evaluated at 
24, 48, and 72 hours for color change according to the 
manufacturer’s recommendations. For ovens, the SCBIs 
were incubated in a microbiological incubator adjusted 
to 36 to 38°C using the Releasat® medium (Mesa Labs) 
and results read at 72 hours and 7 days. Testing manipu-
lations for the DriAmp™ BIs were performed under 
aseptic conditions within the confines of a laminar flow 
hood in a microbiology laboratory (St. Marc Medical 
Laboratory, Beirut, Lebanon) to avoid false-positive 
readings. Sterilization failure was recorded when color 
change toward yellow occurred after incubation (SCBI 
test positive), while absence of any growth represented 
successful sterilization (SCBI test negative).

Statistical Analysis

The answers were processed using the Statistic Package 
for the Social Sciences (IBM SPSS for Windows, Version 
20.0; IBM Corp., Armonk, New York, USA). Descriptive 
statistics with means, standard deviations, and frequency 
distributions were generated for all variables. The 
outcome measure (dependent variable) of the sterilization 
process was dichotomous and expressed as “failure” or 
“success.” Bivariate analyses were performed using t-test 
to assess the effect of continuous independent variables, 
i.e., sterilizer age on sterilization failures, and chi-square 
analysis when the independent variable was categorical 
(gender, type of practice, years of practices, sterilizer 
type, person in charge of sterilization, number of cycles 
per week, correct or incorrect temperature/time ratio, 
frequency of professional maintenance, and frequency 
of monitoring). Fisher’s exact test was applied when 

Table 1: Proposed validated sterilization cycles with temperature and exposure time for dry heat ovens1 and autoclaves2

Steam autoclaves
Dry heat ovensGravity displacement Dynamic air removal

Wrapped Unwrapped Wrapped Unwrapped Wrapped or unwrapped
Temperature (°C) 121 132 134/135 121 132 134/135 121 132 134/135 121 132 134/135 150 160 170
Time (minutes) 30 15 10 30 10 3 20 4 3 15 3 3 150 120 60
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the assumptions of chi-square test were violated (more 
than 20% of the expected counts were less than 5 and all 
individual expected counts were 1 or greater). The level 
of significance was set at p < 0.05.

RESULTS

Out of the 560 dentists initially contacted over the phone, 
230 agreed to participate and received the study-related 
envelopes. Out of these, 211 returned the study pack-
ages, yielding a response rate of 37.7%. Four returned 
processed SCBIs were damaged (2 crushed and 2 melted) 
and 2 SCBIs were not included in the returned packages. 
These six offices were excluded from the study. Forty-five 
dentists had to be recontacted to retrieve the missing 
information and fill in the blanks in the questionnaires. 
Therefore, final data were obtained from 205 fully com-
pleted questionnaires and corresponding SCBI test results 
(134 autoclaves and 71 ovens).

Table 2 summarizes the distribution of the 205 partici-
pating dentists according to gender and type, years and 
region of practice. The sample included 130 male (63.4%) 
and 75 female (36.6%) dentists with an average period 
in	practice	of	16.8	±	9.0	years.	Most	of	the	dentists	were	
general practitioners (63.4%), and practiced in the Mount 
Lebanon region (44.9%).

Table 3 summarizes sterilization-related data obtained 
from dentists using steam sterilizers. The reported type 
of autoclaves coupled with the brand name confirmed 
that the most commonly used autoclaves were dynamic 
air removal (69.4%) and that fewer offices had gravity 
displacement (30.6%). The tested autoclaves had a mean 

age	of	10.5	±	6.9	years	(1–30	years)	with	17.7	±	6.8	years	
for	 the	 gravity	 displacement	 and	 7.3	 ±	 3.9	 years	 for	
the dynamic air removal autoclaves. In the majority of 
practices (61.9%), the dental assistants performed the 
routine sterilization procedures. In nearly 75% of the 
dental offices, sterilization cycles were run 4 to 6 times per 
week. Adequate temperature/time ratios were applied 
in 97% of the autoclaves. More than 80% of the surveyed 
dentists reported having professional maintenance per-
formed only in case of malfunction. Few practices (17.9%) 
indicated having preventive maintenance scheduled on 
yearly basis. Routine monitoring of sterilizer efficacy was 
rarely performed (8.2%) and was mostly conducted using 
physical indicators.

Results of oven-related questionnaires are summa-
rized in Table 4. All participating dentists used static air 
ovens	with	an	average	age	of	12.9	±	8.1	years	(1–33	years).	

Table 2: Demographic and professional distribution of the 
participating dentists in private dental practices in Lebanon 
(2016–2017)

Demographic and  
professional variables

Number of 
respondents Percent

Gender
Male 130 63.4
Female 75 36.6
Type of practice
General practitioner 130 63.4
Specialist 75 36.6
Years in practice
<5 14 6.8
5–10 55 26.8
11–20 64 31.2
>20 72 35.1
Region of practice
Beirut 46 22.4
Beqaa 19 9.3
Mount Lebanon 92 44.9
South Lebanon and Nabatieh 24 11.7
North Lebanon 24 11.7

Table 3: Summary of sterilization-related data obtained from the 
participating Lebanese private dental clinics using autoclaves 
(2016–2017)

Questions related to sterilization 
practices

Number of 
respondents Percent

Type of autoclave
Dynamic air removal 93 69.4
Gravity displacement 41 30.6
Age of autoclave (years)
0–5 41 30.6
6–10 45 33.6
11–20 33 24.6
>20 years 15 11.2
Person in charge of sterilization
The dentist him/herself 51 38.1
The dental assistant 83 61.9
Frequency of autoclave use (cycles 
per week)
1–3 17 12.7
4–6 101 75.4
7–10 13 9.7
>10 3 2.2
Autoclave parameters used routinely
Correct ratio temperature/time 130 97.0
Incorrect ratio temperature/time 4 3
Frequency of autoclave professional 
maintenance
Yearly 24 17.9
Only when problems 110 82.1
Frequency of regular monitoring of 
sterilization
Always 11 8.2
Occasionally 37 27.6
Rarely 86 64.2
Type of tests for regular monitoring of 
sterilization
Physical indicators 108 80.6
Chemical indicators 25 18.7
Biological indicators 1 0.7
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Sterilization-related data reported with ovens were similar 
to those found in autoclave users. Assistants were primar-
ily responsible of the routine sterilization procedures 
(60.6%) and sterilization cycles were predominantly run 
4 to 6 times per week (66.2%). The routinely applied tem-
perature/time ratio was correct in 80.3% of the oven users. 
A low rate of regular preventive professional maintenance 
was reported (14.1%). Routine sterilizer efficacy testing 
was infrequent (29.6%) to rare (53.5%) and physical indica-
tors were mainly used for the monitoring process (90.1%).

The characteristics of failed autoclaves and ovens 
are reported in Tables 5 and 6. 10 out of the 134 tested 
autoclaves had positive spore tests yielding a sterilization 
failure rate of 7.5%. The failed autoclaves had a mean age 
of	16.5	±	5.6	years	vs the successful autoclaves which had 
an	average	age	of	10.0	±	6.8	years.	Independent	sample	
t-test analysis showed that the difference was statisti-
cally	significant	(p	=	0.004).	More	gravity	displacement	
autoclaves failed than dynamic air removal (17.1 vs 3.2%;  
p	=	0.009)	(Table	7).	In	95.4%	of	the	successful	autoclaves,	
a correct ratio temperature/time was used. All of the auto-
claves with incorrect ratios failed their sterilization cycles.

Ovens were associated with a higher rate of failures 
(16.9%)	than	autoclaves	(7.5%)	(p	=	0.038)	(Table	7).	The	
mean	age	of	the	failed	ovens	was	18.9	±	8.8	years	vs 11.6 
±	7.5	years	for	the	successful	ones,	the	difference	being	
statistically	 significant	 (p	 =	 0.004).	All	 oven	 failures	
were associated with incorrect temperature/time ratios  
(Table 7). Two ovens with incorrect operational param-
eters (180°C for 50 minutes and 160°C for 110 minutes) 
passed successfully the spore test.

When sterilization data obtained from autoclaves and 
ovens were considered separately or jointly (Table 7), no 
statistically significant relationships were demonstrated 
between percentage failures and the demographic/ 
professional variables (gender, type of practice, and years 

Table 4: Summary of sterilization-related data obtained from 
the participating Lebanese private dental clinics using dry heat 
sterilizers (2016–2017)

Variables related to sterilization practices
Number of 
respondents Percent

Type of oven
Static air 71 100
Forced air 0 0
Age of oven (years)
0–5 16 22.5
6–10 16 22.5
11–20 27 38.0
>20 12 16.9
Person in charge of oven
The dentist him/herself 28 39.4
The dental assistant 43 60.6
Frequency of oven use (cycles per week)
1–3 8 11.3
4–6 47 66.2
7–10 10 14.1
>10 cycles per week 6 8.5
Oven parameters used routinely
Correct ratio temperature/time 57 80.3
Incorrect ratio temperature/time 14 19.7
Frequency of oven professional 
maintenance
Yearly 10 14.1
Only when problems 61 85.9
Frequency of regular monitoring of 
sterilization
Always 12 16.9
Occasionally 21 29.6
Rarely 38 53.5
Type of tests for regular monitoring of 
Sterilization
Physical indicators 64 90.1
Chemical indicators 7 9.9
Biological indicators 0 0

Table 5: Characteristics of failed autoclaves and related sterilization data

Sterilization 
failure

Type of 
atoclave

Age of 
autoclave

Number of 
cycles per 
week

Correct or incorrect 
ratio temperature/ 
time

Frequency of 
professional 
maintenance

Frequency 
of regular 
monitoring

Type of regular 
sterilization 
monitoring

 1 GD 16 5 Correct OWP Rarely Physical
 2 GD 30 4 Incorrect OWP Rarely Physical
 3 GD 14 6 Correct OWP Rarely Physical
 4 GD 15 5 Correct OWP Occasionally Physical
 5 GD 18 7 Incorrect OWP Rarely Physical
 6 GD 19 4 Incorrect OWP Rarely Physical
 7 GD 17 4 Incorrect OWP Occasionally Physical
 8 DAR 11 5 Correct OWP Rarely Physical
 9 DAR 16 6 Correct OWP Rarely Physical
10 DAR 9 6 Correct OWP Rarely Physical
GD: Gravity displacement; DAR: Dynamic air removal; OWP: Only when problems
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of practices) or sterilization-related variables (person 
in charge of sterilization, frequency of professional  
maintenance and regular monitoring). Sterilization  
failure was significantly affected by the application 
of correct or incorrect temperature/time ratios in  
autoclaves,	 ovens,	 and	 pooled	 sterilizers	 (p	 =	 0.000)	
(Table 7).

All dental offices with failed sterilizers were immedi-
ately notified over the telephone. Whenever possible, the 
person responsible for sterilization was informed about 
the potential reasons for sterilization failure and given 
advice on how to improve the sterilizer performance. 
Unfortunately, the nonsterile instrument loads associated 
with cycle failures could not be recalled because of the 

Table 6: Characteristics of failed dry heat sterilizers and related sterilization data

Sterilization 
failure

Age of  
oven

Number of  
cycles per  
week

Correct or incorrect  
ratio temperature/ 
time

Frequency of 
professional 
maintenance

Frequency 
of regular 
monitoring

Type of regular 
sterilization 
monitoring

 1 20 3 Incorrect OWP Rarely Physical
 2 15 7 Incorrect OWP Rarely Physical
 3 33 7 Incorrect OWP Rarely Physical
 4 9 3 Incorrect OWP Rarely Physical
 5 25 3 Incorrect OWP Rarely Physical
 6 12 3 Incorrect OWP Rarely Physical
 7 30 5 Incorrect OWP Occasionally Physical
 8 18 3 Incorrect OWP Rarely Physical
 9 20 4 Incorrect Yearly Always Physical
10 5 4 Incorrect OWP Rarely Physical
11 12 5 Incorrect OWP Rarely Physical
12 28 5 Incorrect Yearly Always Physical
OWP: Only when problems

Table 7: Bivariate analysis reporting the effect of sterilization-related variables on sterilization failures  
with autoclaves, ovens, and pooled sterilizers

Autoclaves Ovens Both
n (%) p-value n (%) p-value n (%) p-value

Category of sterilizer
Autoclave – – – – 10 (7.5%) 0.038*
Oven – – – – 12 (16.9%)
Type of sterilizer
Dynamic air removal autoclave 3 (3.2%) 0.009* – – 3 (3.2%) 0.007*
Gravity displacement autoclave 7 (17.1%) – – – 7 (17.1%)
Static air oven – – – – 12 (16.9%)
Person in charge of sterilization
The dentist him/herself 1 (2%) 0.088 4 (14.3%) 0.753 5 (6.3%) 0.107
The dental assistant 9 (10.8%) – 8 (18.6%) – 17 (13.5%) –
Frequency of autoclave use (cycles per week)
1–3 0 (0%) 0.425 5 (62.5%) 0.001* 5 (20%) 0.279
4–6 9 (8.9%) – 5 (10.6%) – 14 (9.5%) –
>6 1 (6.3%) – 2 (12.5%) – 3 (9.4%) –
Ratio temperature/time
Incorrect 4 (100%) 0.000* 12 (85.7%) 0.000* 16 (88.9%) 0.000*
Correct 6 (4.6%) – 0 (0%) – 6 (3.2%) –
Frequency of professional maintenance
Yearly 0 (0%) 0.208 2 (20%) 0.673 2 (5.9%) 0.543
Only when problems 10 (9.1%) – 10 (16.4%) – 20 (11.7%)
Frequency of regular monitoring
Always 0 (0%) 0.464 2 (16.7%) 0.178 2 (8.7%) 0.210
Occasionally 2 (5.4%) – 1 (4.8%) – 3 (5.2%) –
Rarely 8 (9.3%) – 9 (23.7%) – 17 (13.7%) –
Fisher’s exact test was used in all cross-tabulations of autoclave data and dry heat data when analyzed separately, and in pooled data 
when comparing the effect of frequency of sterilizer maintenance and the effect of correct temperature/time ratio on failure; *statistically 
significant
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time lag between the sterilization cycle and availability 
of the spore tests results.

DISCUSSION

Data related to sterilizers performance using spore tests 
among dentists in developed countries, such as the 
USA,11-17 Canada,18 Norway,6,19 Denmark,5 Spain,20 and 
Germany,21,22 are two to four decades old for the most 
part, confirming that quality assurance of sterilization 
has become an integral and highly protocoled part 
of practice in these countries. Related information in 
developing countries is somewhat more recent, indicat-
ing that this issue has only lately started to gain serious 
interest.7,9,23-26

The present study demonstrated that routine sterili-
zation monitoring is not frequently performed in the 
Lebanese private dental sector (8.2% for the autoclaves 
and 16.9% of the ovens). Physical monitoring through 
observation of gauges or monitors showing temperature, 
time, and pressure during the operational cycles seems 
to be the preferred method in the studied sample (80.6% 
for autoclaves and 90.1% for ovens). Internal chemical 
monitoring through the use of chemical indicators that 
change color at specific temperature and/or time cycles 
is less commonly used (18.7% for autoclaves and 9.9% 
for ovens). These two methods confirm that specific 
exposure conditions were met and that the sterilant has 
penetrated to the point of placement of the indicator 
in the pack without the absolute guarantee of effective 
sterilization. BIs monitor the interaction of all steriliza-
tion parameters and verify that the conditions at the BI 
location within the load were adequate to kill resistant 
spores and provide optimal sterility assurance. Although 
regular spore testing in dental practices is incorporated as 
a law requirement in quality control procedures in most 
developed countries, BIs continue to be rarely or never 
used by the private Lebanese dentists (0.7% for autoclaves 
and 0% for ovens).

In the present Lebanese sample, sterilization failure 
rate with autoclaves amounted to 7.5%, which compares 
favorably with recently reported data on the effective-
ness of autoclaves using spore tests in dental practices 
in developing countries, such as Mexico (6.7 and 21%)7,26 
and Brazil (8.3%).27

The failed autoclaves in the present investigation 
had a significantly higher mean age than the success-
ful	 ones	 (16.5	 ±	 5.6	 and	 10.0	 ±	 6.8	 years	 respectively).	
There were more failed gravity displacement autoclaves 
than dynamic air removal (17.1 vs	3.2%;	p	=	0.009).	In	a	
study evaluating the outcome of sterilization by steam 
autoclaves in Danish dental offices, the two parameters 
brand and age of autoclaves were not demonstrated 

to be implicated in sterilization failure.5 It should be 
noted, however, that the mean age of autoclaves in 
the Danish sample was only 8.9 vs 17.7 years for the 
gravity displacement autoclaves of the present study.5  
Although regression analysis could not be performed to 
assess the predictor variables of sterilization failure due  
to the small number of positive spore tests, it can be  
suggested that inadequate sterilizers performance  
could, at least partly, be attributed to old age, especially 
when it is coupled with infrequent routine professional 
maintenance.

In nearly 95% of the successful autoclaves, a correct 
ratio temperature/time was applied. Furthermore, all 
autoclaves with incorrect temperature/time settings 
failed. This tendency confirms previously published 
conclusions that most sterilization failures are due to 
operator error and not to inherent defects in the steriliza-
tion devices.20 In 6 out of the 10 autoclave failures in the 
present study, the dentists reported that correct tempera-
ture/time ratio was reached during the sterilization cycles. 
Although these two parameters can be readily observed 
by checking the sterilizer gauges, monitors, or computer 
displays, the third parameter “pressure” is more difficult 
to confirm through physical monitoring and is better 
supported by printouts. Other variables not investigated 
in the present study, such as overloading of the steril-
izer, lack of separation between packages/cassettes, or 
improper packaging material and technique could have 
contributed to the sterilization process failures. The other 
investigated sterilization-related parameters, i.e., person 
in charge of routine sterilization, frequency of professional 
maintenance, and routine monitoring were not associated 
with higher autoclave failure rates. These findings are in 
accordance with the study of Acosta-Gío et al7 in which 
lack of routine maintenance and sterilizer monitoring 
were not found to be related to sterilization failures.

Dry heat ovens continue to be used in the private 
Lebanese dental sector and represent approximately 
one-third of the overall sterilizers.10 The 12 failed ovens 
were linked with users who reported inadequate tem-
perature/time ratios, indicating that failure to inactivate 
bacterial spores can be reliably attributed to human 
error in accordance with the findings of de Nardo et 
al.9 Lack of knowledge of the correct temperature/
time exposure levels required for efficient sterilization 
is often associated with the use of dry heat sterilizers.28 
Two ovens passed successfully the spore test despite the 
application of incorrect operational parameters (180°C for  
50 minutes and 160°C for 110 minutes). Although 180°C 
may not be recommended for dental instruments and the 
exposure time of 110 minutes is 10 minutes short of the 
recommended figures at 160°C, it should be noted that 
these values still fall within the range of the minimal 
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kill time calculated according to current International 
Organization for Standardization standards.29

In the present study, sterilization failure rate was 
greater in ovens than in autoclaves. This finding is in 
agreement with the trend observed in dental practices 
in Mexico (6.7% for the autoclaves vs 10.7% for ovens)7 
and Brazil (0% for autoclaves vs 25% for ovens),9 (8.3% 
for autoclaves and 21.5% for ovens),27 (0% for autoclaves 
and 12% for ovens).28 Although the application of incor-
rect settings temperature/time was identified as the main 
reason for failures in both autoclaves and ovens, steam 
sterilizers, especially the newer generation autoclaves, 
are more sophisticated devices with several automated 
parameter settings and could therefore, minimize human 
error in parameters selection. In addition, newer auto-
claves are equipped with alarm systems indicating that 
sterilization parameters were not reached in the allocated 
time and prompting corrective actions.

The Attest™ indicators used in the present study are 
self-contained, i.e., contain both the dry spore strip and 
the growth medium. This design minimizes the possibi-
lity of contamination which may occur with spore strips 
in glassine envelopes when they are transferred to the 
growth medium producing a false-positive result. This 
type of BI has been demonstrated to be highly reliable 
for vacuum-assisted and gravity displacement steam 
sterilization cycles with rare false-negative results.30 It 
is noteworthy that a negative BI does not prove that all 
items in the load are sterile or that they were all exposed 
to adequate sterilization conditions.

One of the limitations of the present study is related 
to the use of one single monitoring test per sterilizer. 
This might have resulted in underestimation of the true 
incidence of sterilization failures since more frequent 
testing is likely to be associated with increased failure 
detection rate.7 A second drawback is the limited number 
of sterilization-based questions included in the survey. 
Sterilization process failures occur for many reasons, 
such as sterilizer malfunction, incorrect settings or cycle 
selection, improper disinfection, packaging, loading, 
storage, and others. Future larger scale studies with 
broader questionnaires should be conducted to inves-
tigate operator- and sterilizer-related factors associated 
with sterilization failures and identify barriers for the 
generalized implementation of CDC sterilization guide-
lines in Lebanon.

CONCLUSION

The present study highlights the results of sterilization 
practices and sterilizers performance in the private 
Lebanese dental sector in 2016 to 2017 and provides the 
basis for prospective comparisons assessing potential 

future changes. The present findings should be consid-
ered to enhance general awareness of the importance 
of routine monitoring of the sterilizing equipment 
and understanding some of the potential causes of 
sterilization failures. Some tangible steps should be 
considered by the Ministry of Health in collaboration 
with the Lebanese dental associations and universi-
ties and regulated under a formalized legal legislation:  
(1) increasing infection control-related continuing  
education requirements and mandatory courses/work-
shops; (2) development and distribution of steriliza-
tion manuals that incorporate updated guidelines and  
recommendations for dental practices; (3) instigate 
certain practices, such as sterilization monitoring and  
confirmation of sterilization efficiency through docu-
mented printouts as a prerequisite to practice or license 
renewal; (4) continuous monitoring of private dental 
clinics to supervise adherence to sterilization CDC 
guidelines.
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