High-Velocity, Hot Air RH-Pro11 Sterilization Technology for Sterile
Processing of Dental and Medical Surgical Instruments

Abstract
Traditionally steam sterilization has been the primary mechanism by which to sterilize
dental and medical surgical instruments. However, advances in sterilization technologies
have provided another thermal sterilization technology that uses high-velocity hot air to
effectively sterilize instruments in significantly shorter time periods without the use of
water, thus eliminating instrument drying and instrument corrosion. With concurrent
advances in heat-resistant materials, most dental and medical surgical instruments are
compatible with the temperatures employed in this sterilization process. To meet the
present and future needs of the healthcare and dental practitioner, CPAC Equipment, Inc.
has expanded the capabilities of the Cox RapidHeat™ Transfer Sterilizer with the new
generation RapidHeat™-Pro11 Sterilizer. Based on the same High-Velocity, Hot Air
(HVHA) technology as its predecessor, the RH-Pro11 has over 7 times the capacity and
features four large trays for the sterilization of un-pouched and pouched instruments and
handpieces. The sterilization efficacy of the RH-Pro11 remains the same as its
predecessor achieving a 12 Log10 reduction bacterial spore kill (with Sterility Assurance
Level or SAL) within similar time parameters.
Introduction
The use of steam sterilization is the predominant method to sterilize dental and medical
surgical instruments having direct patient contact. The effectiveness of steam sterilization
is, however, predicated on the adherence to the critical factors that allow steam to have
direct contact with the instrument. Inattention to prescribed packing, packaging, or
operational conditions can lead to ineffective sterilization and put patient and practitioner
at risk. Other factors such as instrument turnaround time and instrument corrosion also
make steam sterilization less desirable for the dental and medical office where procedural
timing and delicate instrumentation are required for an efficient and successful practice.
Of the other chemical and thermal alternatives to steam sterilization, only dry heat
sterilization has gained wide acceptance. Each, including traditional dry heat sterilization,
has its limitations to scope of usefulness and logistical ease in the clinical setting. For the
chemical sterilization alternatives, sterilization time, the toxicity of the chemical, and
potential corrosiveness limit, if not exclude, chemical sterilization as a viable alternative.
Traditional static dry heat methodologies are limited by lengthy sterilization times (one
hour at 171°C or 340°F; one to two hours at 160°C or 320°F, dependent on device used),
but do not possess the problems of chemical toxicity or corrosion exhibited by chemical
sterilization technologies. However, the lack of uniform sterilizing heat distribution and
corresponding uneven temperature pattern in traditional dry heat sterilizers has combined
to make validation of the sterilization process difficult.

The resurgence of dry heat as a legitimate sterilization technology began in 1960 with
work conducted by the National Aeronautics and Space Administration (NASA) for
ensuring the sterility of lunar and planetary spacecraft. Conducted at the Army BioLabs
at Fort Detrick, Maryland under the direction of Dr. Charles R. Phillips, this work led to
the selection of dry heat as the only viable sterilization option for total sterilization of
planetary and interplanetary spacecraft. Evaluated and found unacceptable as a primary
means of sterilization were steam sterilization, gaseous and liquid chemical sterilants, and
radiation. Dry heat sterilization technology was first used on the Mars Viking I and II
Landers in the mid-1970’s and remains as “the only approved full-system microbial
reduction method that is effective on both surface and encapsulated bioburden.” 1,2,3
High-Velocity Hot Air (HVHA) Sterilization
Although the use of dry heat by NASA was limited to static dry heat (non-moving air),
data generated in these studies demonstrated that the rate of heated airflow over a
bacterial spore populated surface significantly increased spore destruction rate. This
observation was noted by Dr. Keith Cox, D.D.S. in the mid 1980’s and inspired his
development of the patented Cox RapidHeat™ Transfer Sterilizer. Differing from the
traditional dry heat sterilizer in which air remains static (air movement only by gravity
convection) or in which air is minimally re-circulated by mechanical convection to
enhance heat distribution, this novel approach employs directed, uniform high-velocity
hot air across the surface of the instruments. The result is a marked reduction in time
required for instrument sterilization from hours by traditional dry heat sterilization versus
six to twelve minutes at 190°C (375°F) in the Cox RapidHeat™ Transfer sterilizer. The
device was granted 510(k) status from the U. S. Food and Drug Administration (FDA) in
1987 and 1988 as a Class II (Performance Standards) device.
High-velocity hot air sterilization has since been recognized and validated for use in
healthcare applications including medical and dental offices, laboratories, ambulatory
care clinics, and hospitals by the Centers for Disease Control and Prevention in their
publications “Guidelines for Infection Control in Dental Health-Care Settings-2003” and
“Guideline for Disinfection and Sterilization in Healthcare Facilities, 2008.” 4.5 Standards
for use and process validation have been issued under the auspices of the American
National Standards Institute and the Association for the Advancement of Medical
Instrumentation in standards ANSI/AAMI ST40:2004(R)2010 and ANSI/AAMI
ST50:2004(R)2018. 6.7
As stipulated by FDA, high-velocity hot air sterilizers operate at 190°C (375°F) under
varying time exposures, dependent on whether the instrument is unwrapped, wrapped, or
as unwrapped hand pieces and medical drills. Dry heat functions to sterilize by the
transfer of heat to the microorganism, causing DNA damage which results in the
organism’s inability to reproduce. Time-temperature profiles have been established for
wrapped instruments, unwrapped instruments, and handpieces/surgical drills to deliver 6
Log10 inactivation plus an additional Sterility Assurance Level (SAL) of 6 Log10 to
represent a total 12 Log10 microbial inactivation level for Bacillus atrophaeus spores as
required by FDA and ANSI/AAMI standards.
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Method of Dry Heat Microbial Inactivation
Initial investigations into the mechanism of bacterial endospore inactivation showed a
relationship between the amount of atmospheric water (relative humidity) and its
measurement of thermal resistance to heat (D-value) at a given temperature.1 In the
studies reported (circa 1966-1972) it was seen that thermal resistance to dry heat (a range
of 90°C to 135°C) decreased continuously as the relative humidity decreased.
Concurrently, it was noted by other investigators that high mutation rates resulted in
Bacillus spore survivors from dry heat exposure. As such, it had been speculated that dry
heat induced cellar damage through dehydration, which directly affected the genetic
system or metabolic systems required for reproduction.
Kempf et al. (Biotechnology and Planetary Protection Group with the Jet Propulsion
Laboratory, 2008) further investigated the relationship between humidity and temperature
in the inactivation of bacterial endospores, expanding dry heat temperature ranges.
Although low humidity (25%) decreased thermal resistance at 115°C and 125°C, these
results showed no detectable effect at 135°C with a potentially counterproductive effect
at 150°C and above when measured against those same temperatures at ambient relative
humidity (36% to 66%). 8 This study indicates that a mechanism other than dehydration
accounts for bacterial endospore inactivation upon dry heat exposure and has resulted in
NASA no longer requiring humidity control as a sterilization parameter.
Attention has since shifted to the role of α/β-type small, acid-soluble spore proteins
(SASP) and their role in protecting the spore’s DNA from the damaging effects of heat,
desiccation, oxidizing agents, and ultraviolet irradiation. SASPs accumulate during
sporulation and to levels high enough to saturate the DNA. The spore’s low water content
enable these proteins to bind to the spore’s DNA in a non-specific manner, tightly
encapsulating the DNA, thus excluding water which minimizes the formation of
oxidizing radicals; altering DNA’s photochemical properties, minimizes UV-generation
of thymine dimers; and keeps the DNA rigid to allow for enhanced repair of doublestranded breaks. 9
Bacterial spore inactivation by dry heat occurs primarily from DNA damage, unlike wet
heat, which kills spores by a combination of other mechanisms as demonstrated by
SASPs’ tight binding to spore DNA, providing essentially complete DNA protection
under wet heat conditions.10 Examination of the mutational events that occur after dry
heat exposure has shown that spore DNA has been physically damaged by singlestranded breaks. Further examination has suggested that the process of depurination is the
major mechanism by which dry heat causes damage in bacterial spores. The thermalchemical reaction of deoxyadenosine and deoxyguanosine which results in the
hydrolytically cleavage of β-N-glycosidic bond and releases adenine or guanine,
respectively can lead directly to single-stranded DNA breaks. Data suggests that SASPs
are less effective at the higher dry heat temperatures, causing depurination and ultimately
DNA strand cleavage which lead to lethal mutational events. 11
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HVHA Performance of the RapidHeat™-Pro11
The RH-Pro11 is based on the technology patented and
found in the Cox RapidHeat™ Transfer Sterilizer. The Cox
sterilizer has been the mainstay of HVHA technology since
the late 1980’s. The longtime need for a larger, highercapacity unit has been met in the RH-Pro11with it ability to
process 160 pouched dental instruments from door closedto-door open in 20 minutes without a drying cycle required
of steam sterilizers.

RH-Pro11

Microbial kill efficacy defines performance of any sterilizer. The sterilizer must
demonstrate it can achieve a 6 Log10 kill of Bacillus atrophaeus spores plus an additional
6 Log10 kill to demonstrate the required Sterility Assurance Level (SAL). The sterilizer
must also deliver the sterilized product in a dry condition so as not to allow the capillary
transfer of environmental contaminants to the sterilized product. Additionally,
sterilization cycles receiving FDA clearance should not be subject to operator revision.
All cycles should be pre-set and attained to assure the delivery of sterilized product. The
RH-Pro11 meets all these conditions by having pre-set cycles that cannot be altered, to
achieve the required microbial kill without the use of water and therefore necessitating no
drying cycle.
To demonstrate the efficacy of the RH-Pro11, a determination of the rate of Bacillus
atrophaeus spore kill is required. The rate is expressed in the time it takes to kill one
Log10 (or 90%) of spores per a unit of time. From this rate simple multiplication is
required to find the time necessary to kill 12 Logs. For the dry heat process, a
determination of the time necessary to initiate spore kill required. The time it takes to
heat the instrument to meet the spore kill initiation threshold is referred to as instrument
“pre-heat.” This time is added to the time required for a 12 Log10 kill for complete
sterilization process time.
Materials and Methods:
All spore inactivation investigations were conducted with the RH-Pro11 using Bacillus
atrophaeus spores (acquired from Crosstex/SPS Medical) in solution at 2.1 x 107/0.01ml.
Liquid spore suspensions were applied at a volume of 10µl by automatic pipette to
stainless steel carriers (coupons) to obtain a >106 Log sample. Coupons were dried
aseptically and attached to instruments by Kapton tape (polyimide with silicone
adhesive). Spores were aseptically retrieved from the coupons by immersing each coupon
into 5 mls of distilled water within a test tube containing 4 glass beads and vortexed at
moderate speed for 30 minutes. The resultant spore suspension was then assayed by serial
dilution and plated on Trypicase Soy agar plates and incubated at 35°C for 24-48 hours
for spore quantification. For the handpiece studies, a liquid spore suspension was applied
at a volume of 10µl by automatic pipette directly to the water or airline orifice within the
handpiece and allowed to dry overnight before being immersed into Trypicase Soy broth
for qualitative analysis (growth or no growth after seven days at 35°C).
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For the quantitative analysis studies, temperatures were monitored via a LabJack T7-Pro
using T-type thermocouples from Omega Engineering. Thermocouples were attached
directly to instruments using Kapton tape (polyimide with silicone adhesive) and
subsequently wrapped with two layers of nylon tape. Instruments were trialed as pouched
(SteriDent 2” x 10” nylon pouches; CPAC Equipment) or un-pouched on 4, fully loaded
instrument trays (provided with the sterilizer; 9”W x 15”H x 1”H). Each tray consisted of
800g of instruments or 3.2kg per load. Instruments so wired were run adjacent to the
instrument affixed with spore sample. Trays containing instruments were placed into the
sterilizer chamber and door closed, sealing the thermocouple wire between the door and
the chamber gasket. Each trial was dedicated to one fixed time point as monitored by
stopwatch from the time the door was shut until that specific time period was completed.
Previous studies had indicated the consistency between trials was exceptional and would
allow comparison of various time points in this manner. Once the desired time was
completed, the sterilizer cycle was canceled, door unlocked, and trays removed. Spore
samples were aseptically removed and analyzed as denote above.
Un-Pouched Instrument Data Analysis:
As seen in Figure 1, the time-temperature profile comparisons of the six time points are
consistent in their composite profiles. Time points were selected at 30-second intervals
beginning 5.0 minutes, running to 7.5 minutes. The end of each time point is indicated by
the temperature decrease of the instrument. For each time point, a spore sample was taken
to determine the amount of kill that had taken place during that time period. At six
minutes, no discernable decrease in spore number was seen (6 Log10 spores remain).
However by 6.5 minutes heat exposure, only 4.7 Log10 spores remain and by 7.5 minutes,
3.18 Log10 spores remain. Plotting Log10 viable spores versus time (minutes) show that
this decrease of spore number is linear once the spore kill initiation temperature is
reached, resulting in a 6-Log10 kill at 9.0 minutes from the start of the sterile processing
cycle and with all of that kill from 6.0 minutes onward (See Figure 3 “Un-pouched”).
These initial 6.0 minutes are defined as the “Pre-Warm” period with the 6.0-minute mark
defining the initiation of spore kill. Calculating Log10 kill/ (sec) gives a one-Log10 /32
seconds. Calculating the time required for a full 12 Log10 kill adds and additional 3.2
minutes and results in a 6.4 minute plus 6 minute “pre-warm” gives a 13 minute total
cycle time (time rounded-up) for un-pouched instruments. It should be noted that
although the temperature continues to rise from one time point to the next, once the spore
kill initiation temperature point is reached the rate of spore kill remains the same.
Pouched Instrument Data Analysis:
As seen in Figure 2, the time-temperature profile comparisons again demonstrate the
consistency of the four points shown. As seen, no discernable kill is noted until after 10
minutes has passed, but at 11.0 minutes only 4 Log10 spores remain and by 12.0 minutes
only 1.7 Log10 spores remain. Again plotting Log10 viable spores versus time (minutes)
show that this decrease of spore number is linear once the spore kill initiation temperature
is reached at 10 minutes, resulting in a 6-Log10 kill at 13.0 minutes from the start of the
sterile processing cycle and with all of that kill from 10.0 minutes onward (See Figure 3
“Pouched”). Calculating Log10 kill/ (sec) gives a one-Log10 /32 seconds. Calculating the
time required for a full 12 Log10 kill adds and additional 3.2 minutes and results in a 6.4
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minute plus 10 minute “pre-warm” gives a 17 minute total cycle time (time rounded-up)
for pouched instruments.
It should again be noted that although the temperature
continues to rise from one time point to the next, once the spore kill initiation temperature
point is reached the rate of spore kill remains the same.
Handpiece Data Analysis:
Handpieces were qualitatively analyzed for spore kill efficacy by inoculating 2 x 106
spores (10µl) into air and water tubes of 4-hole high-speed air turbine handpieces and let
dry overnight. The handpieces were then subjected to run times indicative of times
required to achieve a 6 Log10 kill for un-pouched or pouched half-cycles. These times
were previously established for pouched instruments (Figure 3) and un-pouched
handpiece data by Cox in his submittal FDA 510(k) clearance.12 The handpieces upon
half-cycle processing were aseptically removed and immersed in Trypicase Soy Broth
(TSB) at 35°C for seven days to ascertain growth or no growth. Results are summarized
below for un-pouched and pouched handpieces.
Trial
#
1
2
3
4

Time of
Half-Cycle
10 Min.
10 Min.
14 Min.
14 Min.

Handpieces
Un-Pouched/Pouched
Un-Pouched
Un-Pouched
Pouched
Pouched

After 7 Days
Incubation
No Growth
No Growth
No Growth
No Growth

As seen “No Growth” is demonstrated after the half-cycle processing of un-pouched and
pouched handpieces. Un-pouched handpieces were processed at a 10-minute half-cycle,
which represents a 6 Log10 kill. Expanding to a 12 Log10 kill adds another 4 minutes to
the sterile processing time or total time of 14 minutes (time rounded-up) for un-pouched
handpieces. This is represented as the “Handpiece” cycle in the RH-Pro11. For pouched
handpieces “No Growth” was also seen during the time parameters set for pouched
instruments. Total time for pouched handpieces would be 17 minutes (time rounded up).
Sterilization Cycle Control
Critical to the design of the RH-Pro11 is the uniformity of air temperature in the
sterilization chamber. Minimizing temperature variations within the supply air pathway
has been achieved with the proper design, placement, and control of the heater elements.
Orientation of a heater element to the airflow is critically important, as well as
maximizing the amount of air exposed to the heating element in order to minimize air
temperature extremes produced as a result of heated and unheated or minimally heated
air. Employing a heater element of low thermal mass enables more rapid response from a
thermocouple sensor and its controller by minimizing temperature overshoot and
undershoot, generating heated air with less temperature extremes. Thermocouple
placement is critical in obtaining downstream air temperature data necessary in
modulating the heating element for constant temperature maintenance and further
minimizes temperature extremes. Placement of thermocouples downstream within the air
supply plenum in contrast to the sterilization chamber allows for better representation of
air temperature homogenization and enables faster responses to a temperature controller.
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The controller receives the thermocouple input and compares the actual temperature with
the required control temperature and relays the data to activate or deactivate the heater
element. The use of a proportional-integral-derivative controller further optimizes
sterilization chamber warm-up; more precisely maintained plenum temperatures;
minimization of temperature overshoot and undershoot; and quicker heater element
response.
A third temperature sensor located within the sterilization chamber at the air exhaust port
is critical in monitoring sterilization chamber temperatures during the sterilization warmup, instrument heating, and sterilization cycle. Air pre-heated to 375°F travels
horizontally through the sterilization chamber and across the instruments before entering
the exhaust portal for re-heating and recirculation. Heated air passing across the
instruments is cooled as the heat from the air is transmitted to the instruments. As the
sterilization process proceeds during instrument heating, the temperature measured at the
exhaust portal increases as the temperature differential between the instruments and
heated flowing air decreases. Initiation of microbial inactivation begins once the
sterilization threshold temperature is reached on the instruments. The time required to
reach the sterilization temperature threshold varies according to the mass of the
instrument load. The temperature sensor located at the exhaust portal provides a
quantitative measure indicating when the instruments in the sterilization chamber have
achieved this minimum sterilization threshold temperature. Once the critical exhaust
portal temperature has been achieved that data is relayed to activate the sterilization
cycle. Since instrument mass may vary from load to load, this quantitative measure is
critical to assuring that required instrument temperature thresholds are achieved and
maintained for a pre-requisite time to assure the level of microbial inactivation required.
Summary
The high-velocity hot air technology used in the RH-Pro11 has been demonstrated to
meet bacterial spore inactivation efficacy standards for un-pouched, pouched, and dental
handpieces. Utilizing the concepts ingrained in the Cox RapidHeat™ Transfer sterilizer,
the RH-Pro11 provides the increased size and instrument capacity required for today’s
dental and healthcare practitioner. Log10 bacterial spore inactivation rates are similar to
those found in the Cox sterilizer (32 seconds per Log10 kill for the RH-Pro11 as
compared to 38 seconds per Log10 kill for the Cox unit). As such, the same sterilization
cycle times required to obtain 12 Log10 kill for un-pouched instruments, pouched
instruments, and handpieces are similar once the spore kill initiation temperature has
been achieved on the instruments. Assurance that the time-temperature conditions are met
for each instrument load is provided through the use of a controller thermocouple
positioned strategically to monitor sterilizer chamber air temperature as it is exhausted for
re-heating and re-circulation. Once a pre-established temperature has been achieved and
maintained for a prescribed time interval, this data is relayed to initiate each pre-set
sterilization cycle. Having uniform air temperature supplied to the sterilization chamber
provides temperature homogeneity by which this can be accomplished.
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Figure 1
Un-Pouched Instruments: Time-Temperature
Profiles and Associated Bacterial Spore
Reduction
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Figure 2
Pouched Instruments: Time-Temperature
Profiles and Associated Bacterial Spore
Reduction
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Figure 3
Un-Pouched and Pouched Instruments:
Spore Inactivation Vs. Time
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