


Other Sterilization Methods

Almost all dental instruments, inclusive of dental handpieces, are heat
tolerant and should be heat sterilized. However, some heat-sensitive critical and
semicritical instruments and devices do exist. In these instances sterilization
may be accomplished by immersion in liquid chemical germicides registered by
FDA as sterilants.1-7 This methodology has a number of drawbacks. First,
sterilization can require as much as 10-12 hours of complete immersion, making
instruments unavailable for a protracted period of time. These powerful,
sporicidal chemicals (glutaraldehyde, peracetic acid, and hydrogen peroxide)
are highly toxic and manufacturer instructions regarding dilution, immersion
time, temperature and safety precautions for using chemical sterilants/high-
level disinfectants must be followed precisely. Read the material safety data
sheet and be familiar with the agent, its properties and the recommended
precautions for safe handling of the product. Finally, due to their toxicity, all
patient care items must be:

1. thoroughly rinsed with sterile water after removal to remove toxic or
irritating residues;

2. handled using sterile gloves and dried with sterile towels; and 

3. delivered to the point of use in an aseptic manner.1-7

As more and more patient care items are autoclavable, there is less demand
for chemical sterilants in day to day practice. However, for the few heat sensitive
items or in extreme circumstances, such as long-term power failure or areas
totally without electrical power, these agents are effective when properly used
and handled.

Regulations and Operation

Any device used for sterilization is regulated by the Food and Drug
Administration (FDA). It is essential that all sterilization is performed by means
of medical sterilization equipment approved by FDA. Use of non-approved
devices can result in inadequate sterilization, regulatory sanction and liability

Mechanical Monitoring 
Sterilizers are manufactured with an assortment of gauges or displays that

allows for immediate monitoring of various conditions of a sterilization cycle.This
mechanical monitoring assesses the cycle time, temperature, and pressure of
sterilization equipment by direct observation of the sterilizer. When mechanical
monitoring is recording correct readings, according to manufacturer’s
recommendation, the device is probably working properly. However, this does
not ensure that actual sterilization has occurred, but incorrect readings might
indicate that a problem has occurred with the sterilization cycle. Any instruments
within a load where any mechanical monitoring parameter is outside of
recommended range should be not be used for patient care until they have been
reprocessed and that sterilization cycle records readings within the
recommended range. Multiple abnormal mechanical indicators warrant
immediate evaluation and possibly repair of that sterilizer.

Chemicals Indicators

Chemicals indicators can be inserted into packets either internally or
externally and are used to assess physical conditions such as temperature
during the sterilization process. One of the most familiar chemical indicators is
heat sensitive tape which will change color rapidly when a given parameter,
time and temperature, is reached.

Some indicators are for a single parameter such as steam (Figure 2) or
temperature, but others may measure multiple parameters. Obviously, the more
parameters monitored, the higher the degree of sensitivity. Failure of the chemical
indicator to change color indicates that proper pressure and/or temperature were
not achieved and sterilization may have been compromised. Optimally,an internal
chemical indicator should be placed in every sterilization package to ensure the
sterilization agent has penetrated the packaging material and actually reached
the instruments inside and an external indicator should be used when the internal
indicator cannot be seen from outside the package  (Figures 2 and 3). Chemical
indicator test results are shown immediately after the sterilization cycle is
complete and could provide an early indication of a problem and where the

problem occurred in the process. If the internal or external indicator suggests
inadequate processing, the item that has been processed should not be used.
Recurrent failure warrants evaluation and possibly repair of the sterilizer. Chemical
indicators do not prove sterilization has been achieved, therefore, they are not a
replacement for biological indicators (spore test).

Biological Indicators

While mechanical monitoring and chemical indicators are useful in
confirming the conditions that can achieve sterilization have been met,
biological indicators (BIs) directly determine whether the most resistant viable
microorganisms (the bacterial endospores of Geobacillus (formerly Bacillus)
stearothermophilis or Bacillus atropaeus) have been killed (Table 1). These living
bacterial spores have been selected as the most resistant type of microbes to
inactivation and are themselves, non-pathologic and safe to handle on a routine
basis. Inactivation of the spores contained in the BIs are more resistant and
present in greater numbers than the common microbial contaminants found on
patient-care equipment, an inactivated BI indicates other potential pathogens in
the load have been killed (Figure 1).1-3,8,9

Both the CDC and the ADA recommend that correct functioning of sterilization
cycles should be verified for each sterilizer by the periodic use (at least weekly) of
biological indicators (spore strip testing).1-3,8,9 However, individual state dental
boards may require more frequent biological monitoring and clinicians should
consult their local board for the exact requirement. In offices where the
instrument demand is high (more than several loads/day), daily use of BIs may
be indicated. More frequent utilization of BIs facilitates earlier discovery of
equipment malfunctions or procedural errors. There is some variation in
recommended placement of the BI and manufacturer’s directions should
determine the placement and location of BI in the sterilizer. In addition to the BI
that is placed in the sterilizer, a control BI, from the same lot as the test indicator
and not processed through the sterilizer, should be incubated with the test BI.
This control BI should be positive for bacterial growth, confirming viability of the
lot of the BI, and validation the biological monitoring process.1-3,8,9

documented from failure to sterilize patient use items. Therefore, it is the medical,
legal and ethical responsibility of all oral health providers to follow CDC and ADA
recommendations to insure that all instruments/patient care items and devices have
been sterilized. Additionally, to minimize the potential for disease transmission to
the dental staff, Standard Precautions must be followed whenever handling
contaminated patient care items. All dental practitioners must insure that all
critical and non-critical dental instruments and/or devices are routinely sterilized
between use unless it is designed for a single use and then discarded
(disposable).1-3 Disposable items should not be reused.

Heat Sterilization 

The most consistent and effective method to sterilize patient care items is heat
sterilization and all heat-tolerant items should undergo this process. Heat
sterilization can be accomplished by means of:

1. steam under pressure (autoclaving),
2. unsaturated chemical vapor or 
3. dry heat.

Each of the above is effective when used properly and each has advantages
and disadvantages.1-3

Steam Sterilization

Steam under pressure sterilization (autoclave) has been proven to be both
dependable and economical, and is the most common form of sterilization used
in dentistry. In the autoclave, microorganisms are killed by direct exposure to
steam at a required temperature and pressure for a specified time (Table 1). Most
tabletop sterilizers used in a dental practice are classified as gravity displacement
sterilizers because when steam is introduced into the chamber, unsaturated air is
forced out of the chamber through a vent in the chamber wall by means of
gravity displacement. Air may be trapped in the chamber and must be heated to
critical temperature, resulting in a longer cycle to achieve sterilization, and
possibly cool air pockets and items not being sterilized. A newer technology,
known as the  prevacuum sterilizers, are fitted with a pump to create a vacuum in
the chamber and more rapid and efficient removal of air from the sterilizing
chamber before the chamber is pressurized with steam. This results in faster and
more positive steam penetration throughout the entire load (Table 1). Although
more costly than the gravity displacement sterilizers, the increased expense may
be offset by more rapid turnaround of patient care items and need for fewer
instruments in the office inventory.1-3

Unsaturated Chemical-Vapor

Unsaturated chemical-vapor sterilization involves heating a chemical solution,
primarily alcohol with 0.23% formaldehyde, in a closed pressurized chamber.The
major advantage of this device is sterilization of carbon steel instruments (e.g.,
dental burs) causes less corrosion than steam sterilization because of the low
level of water present during the cycle. Disadvantages are that instruments
should be dry before sterilizing and following hazardous waste disposal
requirements for the sterilizing solution.1-3

Dry Heat

Dry heat is used to sterilize materials that might be damaged by moist heat,
such as carbide burs and some orthodontic instruments, by means of hot air rising
inside the chamber through natural convection (static dry heat). While
noncorrosive and economical, it is a prolonged process (60 to 150 minutes, Table
1) and the high temperatures required (300-340˚F) are not suitable for many
patient-care items and devices.The rapid heat-transfer sterilizer, also known as the
forced-air type, circulates heated air throughout the chamber at a high velocity,
permitting more rapid transfer of energy from the air to the instruments, thereby
reducing the time needed for sterilization (Table 1). While more expensive than
the static dry heat models; the 12 minute cycle allows for very fast and efficient
instrument sterilization. Scorching and burning of packaging and wrapping may
occur. Clinicians should consult the manufacturer for the best material in which to

package instruments whenever using dry heat sterilization.1-3

Figure 2: This chemical indicator confirms that sterilization parameters were met for this instrument package.
Courtesy of Mr. Charles Hughes, SPS Medical, Rush, NY 14543

Figure 3: An internal chemical indicator should be placed in every sterilization package to ensure the sterilization
agent has penetrated the packaging material and actually reached the instruments inside and an external
indicator should be used when the internal indicator cannot be seen from outside the package. Courtesy of Mr.
Charles Hughes, SPS Medical, Rush, NY 14543

Duplicated with permission from OSAP Infection Control in Practice Vol.2, No. 6 August 2003

Table 1:

Examples of Sterilization Time and temperatures for Packaged Items*

Method† Time§ Temperature Biological Monitoring
(min.) (˚C / ˚F) (spore)

Steam autoclave
Gravity displacement 30 min. 121˚C / 250˚F
Pre-vacuum sterilzer 4 min. 132˚C / 270˚F

Dry Heat
Static air 60 min. 170˚C / 340˚F

120 min. 160˚C / 320˚F
150 min 150˚C / 300˚F

Forced air 12 min. 190˚C / 375˚F

Unsaturated chemical vapor 20 min. 132˚C / 27˚F

• Times do not include warm-up times. Parameters may vary slightly by manufacturer.
† All sterilization equipment should be cleared by the FDA.
§ Does not include warm-up, cooling, and drying time. To avoid contamination, packages should be allowed to dry in the sterilizer before they are handled.

for breaching a standard of care (use of an FDA approved device). Although
steam under pressure, dry heat, and unsaturated chemical vapor all accomplish
the same end point (sterility) each of the processes differs in the sterilization
times, temperatures, and other operating parameters (Table 1).1-3 Therefore, it is
necessary to thoroughly read the manual provided by the manufacturer of the
sterilizer equipment used and strictly adhere to the specific recommendations.
This includes electrical hook up, maintenance, cleaning, instructions for correct
use of containers/ cassettes/wraps, and chemical or biological indicators. All
staff members should be thoroughly trained in the operation of the sterilization
equipment and should be instructed to immediately report any sign of malfunction.

Items to be sterilized must be thoroughly cleaned and packaged before
being placed in the sterilizer. Staff should be trained to arrange each
package/cassette to permit free circulation of the steam, chemical vapor, or dry
heat) and load the chamber according to each manufacturer's
recommendation. All instrument packs should be allowed to dry inside the
sterilizer chamber before removing and handling. Furthermore, hot instrument
packages/bags absorb moisture and any bacteria from the hands. Therefore,
they should not be touched until they are cool and dry.1-3

Sterilization Monitoring

Despite everyone’s best efforts sterilization failures can result from a variety of
causes including operator error, improper packaging, timing and temperature
(Table 2). Therefore, it is necessary to monitor the effectiveness of sterilization
procedures on a consistent basis. Monitoring should evaluate both the
sterilizing conditions and the procedure's effectiveness.

This is best accomplished by means of a combination of techniques:

1. mechanical,
2. chemical, and 

3. biological

➔

➔

Geobacillus stearothermophilus
(formerly know as Bacillus stearothermophilus)

Bacillus atropaeus
(formerly known as Bacillus subtilis)

Geobacillus stearothermophilus
(formerly know as Bacillus stearothermophilus)

➔➔
Table 2:

Common Factors Influencing the Effectiveness of Sterilization

Modified from Miller CH and Palenik CJ (1998).
http://www.cdc.gov/oralhealth/infectioncontrol/faq/sterilization_monitoring.htm

Causes

Improper cleaning of instruments

Improper packaging

Wrong packaging material for the method of sterilization

Excessive packaging material

Improper loading of the sterilizer

Overloading

No separation between packages or cassettes even without
overloading

Improper timing and temperature

Incorrect operation of the sterilizer

Potential Problem

Protein and salt debris may insulate organisms from direct
contact with the sterilizing agent and interfere with the
efficacy of the sterilization agent.

Prevents penetration of the sterilizing agent; packaging
material may melt.

Retards penetration of the sterilizing agent.

Increases heat-up time and will retard penetration of the
sterilizing agent to the center of the sterilizer load.

May prevent or retard thorough contact of the sterilizing
agent with all items in the chamber.

Insufficient time at proper temperature to kill organisms.

Figure 4: Inspect all instrument packs and do not use if they are opened or damaged. Courtesy of Mr. Charles
Hughes, SPS Medical, Rush, NY 14543
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Almost all dental instruments, inclusive of dental handpieces, are heat
tolerant and should be heat sterilized. However, some heat-sensitive critical and
semicritical instruments and devices do exist. In these instances sterilization
may be accomplished by immersion in liquid chemical germicides registered by
FDA as sterilants.1-7 This methodology has a number of drawbacks. First,
sterilization can require as much as 10-12 hours of complete immersion, making
instruments unavailable for a protracted period of time. These powerful,
sporicidal chemicals (glutaraldehyde, peracetic acid, and hydrogen peroxide)
are highly toxic and manufacturer instructions regarding dilution, immersion
time, temperature and safety precautions for using chemical sterilants/high-
level disinfectants must be followed precisely. Read the material safety data
sheet and be familiar with the agent, its properties and the recommended
precautions for safe handling of the product. Finally, due to their toxicity, all
patient care items must be:

1. thoroughly rinsed with sterile water after removal to remove toxic or
irritating residues;

2. handled using sterile gloves and dried with sterile towels; and 

3. delivered to the point of use in an aseptic manner.1-7

As more and more patient care items are autoclavable, there is less demand
for chemical sterilants in day to day practice. However, for the few heat sensitive
items or in extreme circumstances, such as long-term power failure or areas
totally without electrical power, these agents are effective when properly used
and handled.

Regulations and Operation

Any device used for sterilization is regulated by the Food and Drug
Administration (FDA). It is essential that all sterilization is performed by means
of medical sterilization equipment approved by FDA. Use of non-approved
devices can result in inadequate sterilization, regulatory sanction and liability

Mechanical Monitoring 
Sterilizers are manufactured with an assortment of gauges or displays that

allows for immediate monitoring of various conditions of a sterilization cycle.This
mechanical monitoring assesses the cycle time, temperature, and pressure of
sterilization equipment by direct observation of the sterilizer. When mechanical
monitoring is recording correct readings, according to manufacturer’s
recommendation, the device is probably working properly. However, this does
not ensure that actual sterilization has occurred, but incorrect readings might
indicate that a problem has occurred with the sterilization cycle. Any instruments
within a load where any mechanical monitoring parameter is outside of
recommended range should be not be used for patient care until they have been
reprocessed and that sterilization cycle records readings within the
recommended range. Multiple abnormal mechanical indicators warrant
immediate evaluation and possibly repair of that sterilizer.

Chemicals Indicators

Chemicals indicators can be inserted into packets either internally or
externally and are used to assess physical conditions such as temperature
during the sterilization process. One of the most familiar chemical indicators is
heat sensitive tape which will change color rapidly when a given parameter,
time and temperature, is reached.

Some indicators are for a single parameter such as steam (Figure 2) or
temperature, but others may measure multiple parameters. Obviously, the more
parameters monitored, the higher the degree of sensitivity. Failure of the chemical
indicator to change color indicates that proper pressure and/or temperature were
not achieved and sterilization may have been compromised. Optimally,an internal
chemical indicator should be placed in every sterilization package to ensure the
sterilization agent has penetrated the packaging material and actually reached
the instruments inside and an external indicator should be used when the internal
indicator cannot be seen from outside the package  (Figures 2 and 3). Chemical
indicator test results are shown immediately after the sterilization cycle is
complete and could provide an early indication of a problem and where the

problem occurred in the process. If the internal or external indicator suggests
inadequate processing, the item that has been processed should not be used.
Recurrent failure warrants evaluation and possibly repair of the sterilizer. Chemical
indicators do not prove sterilization has been achieved, therefore, they are not a
replacement for biological indicators (spore test).

Biological Indicators

While mechanical monitoring and chemical indicators are useful in
confirming the conditions that can achieve sterilization have been met,
biological indicators (BIs) directly determine whether the most resistant viable
microorganisms (the bacterial endospores of Geobacillus (formerly Bacillus)
stearothermophilis or Bacillus atropaeus) have been killed (Table 1). These living
bacterial spores have been selected as the most resistant type of microbes to
inactivation and are themselves, non-pathologic and safe to handle on a routine
basis. Inactivation of the spores contained in the BIs are more resistant and
present in greater numbers than the common microbial contaminants found on
patient-care equipment, an inactivated BI indicates other potential pathogens in
the load have been killed (Figure 1).1-3,8,9

Both the CDC and the ADA recommend that correct functioning of sterilization
cycles should be verified for each sterilizer by the periodic use (at least weekly) of
biological indicators (spore strip testing).1-3,8,9 However, individual state dental
boards may require more frequent biological monitoring and clinicians should
consult their local board for the exact requirement. In offices where the
instrument demand is high (more than several loads/day), daily use of BIs may
be indicated. More frequent utilization of BIs facilitates earlier discovery of
equipment malfunctions or procedural errors. There is some variation in
recommended placement of the BI and manufacturer’s directions should
determine the placement and location of BI in the sterilizer. In addition to the BI
that is placed in the sterilizer, a control BI, from the same lot as the test indicator
and not processed through the sterilizer, should be incubated with the test BI.
This control BI should be positive for bacterial growth, confirming viability of the
lot of the BI, and validation the biological monitoring process.1-3,8,9

documented from failure to sterilize patient use items. Therefore, it is the medical,
legal and ethical responsibility of all oral health providers to follow CDC and ADA
recommendations to insure that all instruments/patient care items and devices have
been sterilized. Additionally, to minimize the potential for disease transmission to
the dental staff, Standard Precautions must be followed whenever handling
contaminated patient care items. All dental practitioners must insure that all
critical and non-critical dental instruments and/or devices are routinely sterilized
between use unless it is designed for a single use and then discarded
(disposable).1-3 Disposable items should not be reused.

Heat Sterilization 

The most consistent and effective method to sterilize patient care items is heat
sterilization and all heat-tolerant items should undergo this process. Heat
sterilization can be accomplished by means of:

1. steam under pressure (autoclaving),
2. unsaturated chemical vapor or 
3. dry heat.

Each of the above is effective when used properly and each has advantages
and disadvantages.1-3

Steam Sterilization

Steam under pressure sterilization (autoclave) has been proven to be both
dependable and economical, and is the most common form of sterilization used
in dentistry. In the autoclave, microorganisms are killed by direct exposure to
steam at a required temperature and pressure for a specified time (Table 1). Most
tabletop sterilizers used in a dental practice are classified as gravity displacement
sterilizers because when steam is introduced into the chamber, unsaturated air is
forced out of the chamber through a vent in the chamber wall by means of
gravity displacement. Air may be trapped in the chamber and must be heated to
critical temperature, resulting in a longer cycle to achieve sterilization, and
possibly cool air pockets and items not being sterilized. A newer technology,
known as the  prevacuum sterilizers, are fitted with a pump to create a vacuum in
the chamber and more rapid and efficient removal of air from the sterilizing
chamber before the chamber is pressurized with steam. This results in faster and
more positive steam penetration throughout the entire load (Table 1). Although
more costly than the gravity displacement sterilizers, the increased expense may
be offset by more rapid turnaround of patient care items and need for fewer
instruments in the office inventory.1-3

Unsaturated Chemical-Vapor

Unsaturated chemical-vapor sterilization involves heating a chemical solution,
primarily alcohol with 0.23% formaldehyde, in a closed pressurized chamber.The
major advantage of this device is sterilization of carbon steel instruments (e.g.,
dental burs) causes less corrosion than steam sterilization because of the low
level of water present during the cycle. Disadvantages are that instruments
should be dry before sterilizing and following hazardous waste disposal
requirements for the sterilizing solution.1-3

Dry Heat

Dry heat is used to sterilize materials that might be damaged by moist heat,
such as carbide burs and some orthodontic instruments, by means of hot air rising
inside the chamber through natural convection (static dry heat). While
noncorrosive and economical, it is a prolonged process (60 to 150 minutes, Table
1) and the high temperatures required (300-340˚F) are not suitable for many
patient-care items and devices.The rapid heat-transfer sterilizer, also known as the
forced-air type, circulates heated air throughout the chamber at a high velocity,
permitting more rapid transfer of energy from the air to the instruments, thereby
reducing the time needed for sterilization (Table 1). While more expensive than
the static dry heat models; the 12 minute cycle allows for very fast and efficient
instrument sterilization. Scorching and burning of packaging and wrapping may
occur. Clinicians should consult the manufacturer for the best material in which to

package instruments whenever using dry heat sterilization.1-3

Figure 2: This chemical indicator confirms that sterilization parameters were met for this instrument package.
Courtesy of Mr. Charles Hughes, SPS Medical, Rush, NY 14543

Figure 3: An internal chemical indicator should be placed in every sterilization package to ensure the sterilization
agent has penetrated the packaging material and actually reached the instruments inside and an external
indicator should be used when the internal indicator cannot be seen from outside the package. Courtesy of Mr.
Charles Hughes, SPS Medical, Rush, NY 14543

Duplicated with permission from OSAP Infection Control in Practice Vol.2, No. 6 August 2003

Table 1:

Examples of Sterilization Time and temperatures for Packaged Items*

Method† Time§ Temperature Biological Monitoring
(min.) (˚C / ˚F) (spore)

Steam autoclave
Gravity displacement 30 min. 121˚C / 250˚F
Pre-vacuum sterilzer 4 min. 132˚C / 270˚F

Dry Heat
Static air 60 min. 170˚C / 340˚F

120 min. 160˚C / 320˚F
150 min 150˚C / 300˚F

Forced air 12 min. 190˚C / 375˚F

Unsaturated chemical vapor 20 min. 132˚C / 27˚F

• Times do not include warm-up times. Parameters may vary slightly by manufacturer.
† All sterilization equipment should be cleared by the FDA.
§ Does not include warm-up, cooling, and drying time. To avoid contamination, packages should be allowed to dry in the sterilizer before they are handled.

for breaching a standard of care (use of an FDA approved device). Although
steam under pressure, dry heat, and unsaturated chemical vapor all accomplish
the same end point (sterility) each of the processes differs in the sterilization
times, temperatures, and other operating parameters (Table 1).1-3 Therefore, it is
necessary to thoroughly read the manual provided by the manufacturer of the
sterilizer equipment used and strictly adhere to the specific recommendations.
This includes electrical hook up, maintenance, cleaning, instructions for correct
use of containers/ cassettes/wraps, and chemical or biological indicators. All
staff members should be thoroughly trained in the operation of the sterilization
equipment and should be instructed to immediately report any sign of malfunction.

Items to be sterilized must be thoroughly cleaned and packaged before
being placed in the sterilizer. Staff should be trained to arrange each
package/cassette to permit free circulation of the steam, chemical vapor, or dry
heat) and load the chamber according to each manufacturer's
recommendation. All instrument packs should be allowed to dry inside the
sterilizer chamber before removing and handling. Furthermore, hot instrument
packages/bags absorb moisture and any bacteria from the hands. Therefore,
they should not be touched until they are cool and dry.1-3

Sterilization Monitoring

Despite everyone’s best efforts sterilization failures can result from a variety of
causes including operator error, improper packaging, timing and temperature
(Table 2). Therefore, it is necessary to monitor the effectiveness of sterilization
procedures on a consistent basis. Monitoring should evaluate both the
sterilizing conditions and the procedure's effectiveness.

This is best accomplished by means of a combination of techniques:

1. mechanical,
2. chemical, and 

3. biological
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Geobacillus stearothermophilus
(formerly know as Bacillus stearothermophilus)

Bacillus atropaeus
(formerly known as Bacillus subtilis)

Geobacillus stearothermophilus
(formerly know as Bacillus stearothermophilus)
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Table 2:

Common Factors Influencing the Effectiveness of Sterilization

Modified from Miller CH and Palenik CJ (1998).
http://www.cdc.gov/oralhealth/infectioncontrol/faq/sterilization_monitoring.htm

Causes

Improper cleaning of instruments

Improper packaging

Wrong packaging material for the method of sterilization

Excessive packaging material

Improper loading of the sterilizer

Overloading

No separation between packages or cassettes even without
overloading

Improper timing and temperature

Incorrect operation of the sterilizer

Potential Problem

Protein and salt debris may insulate organisms from direct
contact with the sterilizing agent and interfere with the
efficacy of the sterilization agent.

Prevents penetration of the sterilizing agent; packaging
material may melt.

Retards penetration of the sterilizing agent.

Increases heat-up time and will retard penetration of the
sterilizing agent to the center of the sterilizer load.

May prevent or retard thorough contact of the sterilizing
agent with all items in the chamber.

Insufficient time at proper temperature to kill organisms.

Figure 4: Inspect all instrument packs and do not use if they are opened or damaged. Courtesy of Mr. Charles
Hughes, SPS Medical, Rush, NY 14543
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FDA as sterilants.1-7 This methodology has a number of drawbacks. First,
sterilization can require as much as 10-12 hours of complete immersion, making
instruments unavailable for a protracted period of time. These powerful,
sporicidal chemicals (glutaraldehyde, peracetic acid, and hydrogen peroxide)
are highly toxic and manufacturer instructions regarding dilution, immersion
time, temperature and safety precautions for using chemical sterilants/high-
level disinfectants must be followed precisely. Read the material safety data
sheet and be familiar with the agent, its properties and the recommended
precautions for safe handling of the product. Finally, due to their toxicity, all
patient care items must be:

1. thoroughly rinsed with sterile water after removal to remove toxic or
irritating residues;

2. handled using sterile gloves and dried with sterile towels; and 

3. delivered to the point of use in an aseptic manner.1-7

As more and more patient care items are autoclavable, there is less demand
for chemical sterilants in day to day practice. However, for the few heat sensitive
items or in extreme circumstances, such as long-term power failure or areas
totally without electrical power, these agents are effective when properly used
and handled.

Regulations and Operation

Any device used for sterilization is regulated by the Food and Drug
Administration (FDA). It is essential that all sterilization is performed by means
of medical sterilization equipment approved by FDA. Use of non-approved
devices can result in inadequate sterilization, regulatory sanction and liability

Mechanical Monitoring 
Sterilizers are manufactured with an assortment of gauges or displays that

allows for immediate monitoring of various conditions of a sterilization cycle.This
mechanical monitoring assesses the cycle time, temperature, and pressure of
sterilization equipment by direct observation of the sterilizer. When mechanical
monitoring is recording correct readings, according to manufacturer’s
recommendation, the device is probably working properly. However, this does
not ensure that actual sterilization has occurred, but incorrect readings might
indicate that a problem has occurred with the sterilization cycle. Any instruments
within a load where any mechanical monitoring parameter is outside of
recommended range should be not be used for patient care until they have been
reprocessed and that sterilization cycle records readings within the
recommended range. Multiple abnormal mechanical indicators warrant
immediate evaluation and possibly repair of that sterilizer.

Chemicals Indicators

Chemicals indicators can be inserted into packets either internally or
externally and are used to assess physical conditions such as temperature
during the sterilization process. One of the most familiar chemical indicators is
heat sensitive tape which will change color rapidly when a given parameter,
time and temperature, is reached.

Some indicators are for a single parameter such as steam (Figure 2) or
temperature, but others may measure multiple parameters. Obviously, the more
parameters monitored, the higher the degree of sensitivity. Failure of the chemical
indicator to change color indicates that proper pressure and/or temperature were
not achieved and sterilization may have been compromised. Optimally,an internal
chemical indicator should be placed in every sterilization package to ensure the
sterilization agent has penetrated the packaging material and actually reached
the instruments inside and an external indicator should be used when the internal
indicator cannot be seen from outside the package  (Figures 2 and 3). Chemical
indicator test results are shown immediately after the sterilization cycle is
complete and could provide an early indication of a problem and where the

problem occurred in the process. If the internal or external indicator suggests
inadequate processing, the item that has been processed should not be used.
Recurrent failure warrants evaluation and possibly repair of the sterilizer. Chemical
indicators do not prove sterilization has been achieved, therefore, they are not a
replacement for biological indicators (spore test).

Biological Indicators

While mechanical monitoring and chemical indicators are useful in
confirming the conditions that can achieve sterilization have been met,
biological indicators (BIs) directly determine whether the most resistant viable
microorganisms (the bacterial endospores of Geobacillus (formerly Bacillus)
stearothermophilis or Bacillus atropaeus) have been killed (Table 1). These living
bacterial spores have been selected as the most resistant type of microbes to
inactivation and are themselves, non-pathologic and safe to handle on a routine
basis. Inactivation of the spores contained in the BIs are more resistant and
present in greater numbers than the common microbial contaminants found on
patient-care equipment, an inactivated BI indicates other potential pathogens in
the load have been killed (Figure 1).1-3,8,9

Both the CDC and the ADA recommend that correct functioning of sterilization
cycles should be verified for each sterilizer by the periodic use (at least weekly) of
biological indicators (spore strip testing).1-3,8,9 However, individual state dental
boards may require more frequent biological monitoring and clinicians should
consult their local board for the exact requirement. In offices where the
instrument demand is high (more than several loads/day), daily use of BIs may
be indicated. More frequent utilization of BIs facilitates earlier discovery of
equipment malfunctions or procedural errors. There is some variation in
recommended placement of the BI and manufacturer’s directions should
determine the placement and location of BI in the sterilizer. In addition to the BI
that is placed in the sterilizer, a control BI, from the same lot as the test indicator
and not processed through the sterilizer, should be incubated with the test BI.
This control BI should be positive for bacterial growth, confirming viability of the
lot of the BI, and validation the biological monitoring process.1-3,8,9

documented from failure to sterilize patient use items. Therefore, it is the medical,
legal and ethical responsibility of all oral health providers to follow CDC and ADA
recommendations to insure that all instruments/patient care items and devices have
been sterilized. Additionally, to minimize the potential for disease transmission to
the dental staff, Standard Precautions must be followed whenever handling
contaminated patient care items. All dental practitioners must insure that all
critical and non-critical dental instruments and/or devices are routinely sterilized
between use unless it is designed for a single use and then discarded
(disposable).1-3 Disposable items should not be reused.

Heat Sterilization 

The most consistent and effective method to sterilize patient care items is heat
sterilization and all heat-tolerant items should undergo this process. Heat
sterilization can be accomplished by means of:

1. steam under pressure (autoclaving),
2. unsaturated chemical vapor or 
3. dry heat.

Each of the above is effective when used properly and each has advantages
and disadvantages.1-3

Steam Sterilization

Steam under pressure sterilization (autoclave) has been proven to be both
dependable and economical, and is the most common form of sterilization used
in dentistry. In the autoclave, microorganisms are killed by direct exposure to
steam at a required temperature and pressure for a specified time (Table 1). Most
tabletop sterilizers used in a dental practice are classified as gravity displacement
sterilizers because when steam is introduced into the chamber, unsaturated air is
forced out of the chamber through a vent in the chamber wall by means of
gravity displacement. Air may be trapped in the chamber and must be heated to
critical temperature, resulting in a longer cycle to achieve sterilization, and
possibly cool air pockets and items not being sterilized. A newer technology,
known as the  prevacuum sterilizers, are fitted with a pump to create a vacuum in
the chamber and more rapid and efficient removal of air from the sterilizing
chamber before the chamber is pressurized with steam. This results in faster and
more positive steam penetration throughout the entire load (Table 1). Although
more costly than the gravity displacement sterilizers, the increased expense may
be offset by more rapid turnaround of patient care items and need for fewer
instruments in the office inventory.1-3

Unsaturated Chemical-Vapor

Unsaturated chemical-vapor sterilization involves heating a chemical solution,
primarily alcohol with 0.23% formaldehyde, in a closed pressurized chamber.The
major advantage of this device is sterilization of carbon steel instruments (e.g.,
dental burs) causes less corrosion than steam sterilization because of the low
level of water present during the cycle. Disadvantages are that instruments
should be dry before sterilizing and following hazardous waste disposal
requirements for the sterilizing solution.1-3

Dry Heat

Dry heat is used to sterilize materials that might be damaged by moist heat,
such as carbide burs and some orthodontic instruments, by means of hot air rising
inside the chamber through natural convection (static dry heat). While
noncorrosive and economical, it is a prolonged process (60 to 150 minutes, Table
1) and the high temperatures required (300-340˚F) are not suitable for many
patient-care items and devices.The rapid heat-transfer sterilizer, also known as the
forced-air type, circulates heated air throughout the chamber at a high velocity,
permitting more rapid transfer of energy from the air to the instruments, thereby
reducing the time needed for sterilization (Table 1). While more expensive than
the static dry heat models; the 12 minute cycle allows for very fast and efficient
instrument sterilization. Scorching and burning of packaging and wrapping may
occur. Clinicians should consult the manufacturer for the best material in which to

package instruments whenever using dry heat sterilization.1-3

Figure 2: This chemical indicator confirms that sterilization parameters were met for this instrument package.
Courtesy of Mr. Charles Hughes, SPS Medical, Rush, NY 14543

Figure 3: An internal chemical indicator should be placed in every sterilization package to ensure the sterilization
agent has penetrated the packaging material and actually reached the instruments inside and an external
indicator should be used when the internal indicator cannot be seen from outside the package. Courtesy of Mr.
Charles Hughes, SPS Medical, Rush, NY 14543

Duplicated with permission from OSAP Infection Control in Practice Vol.2, No. 6 August 2003

Table 1:

Examples of Sterilization Time and temperatures for Packaged Items*

Method† Time§ Temperature Biological Monitoring
(min.) (˚C / ˚F) (spore)

Steam autoclave
Gravity displacement 30 min. 121˚C / 250˚F
Pre-vacuum sterilzer 4 min. 132˚C / 270˚F

Dry Heat
Static air 60 min. 170˚C / 340˚F

120 min. 160˚C / 320˚F
150 min 150˚C / 300˚F

Forced air 12 min. 190˚C / 375˚F

Unsaturated chemical vapor 20 min. 132˚C / 27˚F

• Times do not include warm-up times. Parameters may vary slightly by manufacturer.
† All sterilization equipment should be cleared by the FDA.
§ Does not include warm-up, cooling, and drying time. To avoid contamination, packages should be allowed to dry in the sterilizer before they are handled.

for breaching a standard of care (use of an FDA approved device). Although
steam under pressure, dry heat, and unsaturated chemical vapor all accomplish
the same end point (sterility) each of the processes differs in the sterilization
times, temperatures, and other operating parameters (Table 1).1-3 Therefore, it is
necessary to thoroughly read the manual provided by the manufacturer of the
sterilizer equipment used and strictly adhere to the specific recommendations.
This includes electrical hook up, maintenance, cleaning, instructions for correct
use of containers/ cassettes/wraps, and chemical or biological indicators. All
staff members should be thoroughly trained in the operation of the sterilization
equipment and should be instructed to immediately report any sign of malfunction.

Items to be sterilized must be thoroughly cleaned and packaged before
being placed in the sterilizer. Staff should be trained to arrange each
package/cassette to permit free circulation of the steam, chemical vapor, or dry
heat) and load the chamber according to each manufacturer's
recommendation. All instrument packs should be allowed to dry inside the
sterilizer chamber before removing and handling. Furthermore, hot instrument
packages/bags absorb moisture and any bacteria from the hands. Therefore,
they should not be touched until they are cool and dry.1-3

Sterilization Monitoring

Despite everyone’s best efforts sterilization failures can result from a variety of
causes including operator error, improper packaging, timing and temperature
(Table 2). Therefore, it is necessary to monitor the effectiveness of sterilization
procedures on a consistent basis. Monitoring should evaluate both the
sterilizing conditions and the procedure's effectiveness.

This is best accomplished by means of a combination of techniques:

1. mechanical,
2. chemical, and 

3. biological

➔
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Geobacillus stearothermophilus
(formerly know as Bacillus stearothermophilus)

Bacillus atropaeus
(formerly known as Bacillus subtilis)

Geobacillus stearothermophilus
(formerly know as Bacillus stearothermophilus)

➔➔

Table 2:

Common Factors Influencing the Effectiveness of Sterilization

Modified from Miller CH and Palenik CJ (1998).
http://www.cdc.gov/oralhealth/infectioncontrol/faq/sterilization_monitoring.htm

Causes

Improper cleaning of instruments

Improper packaging

Wrong packaging material for the method of sterilization

Excessive packaging material

Improper loading of the sterilizer

Overloading

No separation between packages or cassettes even without
overloading

Improper timing and temperature

Incorrect operation of the sterilizer

Potential Problem

Protein and salt debris may insulate organisms from direct
contact with the sterilizing agent and interfere with the
efficacy of the sterilization agent.

Prevents penetration of the sterilizing agent; packaging
material may melt.

Retards penetration of the sterilizing agent.

Increases heat-up time and will retard penetration of the
sterilizing agent to the center of the sterilizer load.

May prevent or retard thorough contact of the sterilizing
agent with all items in the chamber.

Insufficient time at proper temperature to kill organisms.

Figure 4: Inspect all instrument packs and do not use if they are opened or damaged. Courtesy of Mr. Charles
Hughes, SPS Medical, Rush, NY 14543
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