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TITLE: SATURATED STEAM STERILIZATION DEVICE AND PROCESS
HAVING IMPROVED STERILIZATION RELIABILITY.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from
provisional patent application serial number 61/741,923
filed July 30, 2012 pursuant to one or more of 35 U.S.C. §
119, 220, 365. The entire contents of the cited provisional
patent application is included herein by reference for all

purposes.

BACKGROUND OF THE INVENTION

1. Field of Invention

[0002] This invention relates generally to the field of
methods and devices for sterilization, more particularly to
methods and devices for steam sterilization of medical,
dental and/or veterinarian devices, and most particularly to
saturated steam sterilization having improved sterilization

reliability.

2. Description of Prior Art

[0003] It is a clear imperative in modern medical,
dental and veterinarian practice that all instruments be
sterile prior to use whenever such instruments have at
least some chance to penetrate the skin of the patient

(including non-human patients) or otherwise to come into
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contact with internal bodily fluids of the patient. It is
also good practice in many cases to sterilize instruments
following use to help insure safe disposal even if such

instruments are not intended for re-use.

[0004] The same prudent sterilization procedures
should also be employed in fields such as manicure,
pedicure, tattooing, acupuncture, biopsy, among other
procedures in which contact with patient's body fluids is,

or may, occur.

[0005] Typical examples of instruments calling for
one or more sterilizations over their useful service life
include dental handpieces, scalpels and the full warehouse
of surgical instruments, endoscopes, proctoscopes,
laparoscopes, biopsy probes, acupuncture needles instruments
used by manicurists and pedicurists, tattoo artist's

needles, veterinary instruments, among many others.

[0006] Failure to use sterilized instruments may
expose the patient to a risk of infection which may impede
their recovery, produce serious additional medical
difficulties or, at worst, cause death. In order to avoid
the risk of infection, it is therefore of the utmost
importance that all those processes which are designed to
produce sterile instruments be carried out efficiently,
reproducibly and reliably. It is one object of the present
invention to describe devices and procedures for more

reliable, efficient and effective sterilization.
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[0007] To be concrete in our descriptions, we direct
primary attention to the sterilization of dental handpieces.
However, this is by way of illustration and not limitation
since a person having ordinary skill in the art will readily
appreciate how the devices and procedures described herein

are readily applicable to other sterilizations.

[0008] Although we are aware of no precise
epidemiological studies, it is generally accepted in the
field of dentistry that dental handpieces have the
potential to transmit disease from patient-to-patient or
from patient-to-dental office pefsonnel. During its use,
the various dental handpiece regions and components,
including the turbine, tubings and external surfaces, can
become repositories for blood, oral debris, soft tissue and
microbes. Some of these microbes can be pathologic.
Current methods of sterilization and cleaning may not
always and reliably produce a clean and sterile handpiece
for use on the next patient. The improved sterilization
devices and procedures described herein provide an improved
ability to clean and reliably sterilize the inside and
outside of the handpiece during the sterilization
procedure. Cleaning and sterilizing handpieces during the
sterilization procedure thus reliably provides a clean and

a sterile handpiece for each patient.

[0009] Current heat sterilization techniques and
devices typically suffer from disadvantages such as
inadequate control of the heating process, inconvenient
turn-around times, dangers to the operators of the device,

among other disadvantages. Reducing or eliminating at least
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one of these disadvantages is among the objectives of the

present invention. Typical examples of prior art devices

include US Patent 4,376,096 (" '096"), 7,018,592 (" '592")
and 5,520,892 (" '892").
[0010] Both overheating and underheating are

undesirable in a sterilization process. Overheating tends to
damage the dental handpiece (or temperature-sensitive
components of other devices undergoing sterilization), and
in particular tends to damage the turbine assembly located
in the head of the handpiece. This is primarily due to the
inability of typical present day sterilizers to control heat
precisely, tending to overheat the handpieces during the
sterilization cycle. The ability of the sterilization unit
to control temperature accurately throughout the
sterilization cycle is thus an important method to reduce
the possibility of damage to the handpiece and to its
turbine assembly. Improved temperature control is among the

objectives of the present invention.

[0011] Saturated steam provides perhaps the most
direct sterilization method for handpieces and other metal
or comparable instruments. Saturated steam sterilization
is recommended by the Food and Drug Administration (FDA),
the Center for Disease Control (CDC), and the American
Dental Association (ADA) because of its ability to reliably
kill microbes when used for the proper amount of time under
adequate conditions of pressure, humidity and temperature.
Other conventional steam/pressure/heat sterilizers,
including but not limited to autoclaves, typically generate

temperatures that are sufficiently elevated to damage the
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turbine assembly of dental handpieces. Accordingly, this
damage to the turbine assembly of dental handpieces results
in a higher cost to dentists, patients and insurers because
of the necessity of repairing or replacing damaged

handpieces, hence a higher cost of treatment.

[0012] Current practice calls for dental handpieces
to be sterilized anew for use on each patient. Thus,
another substantial disadvantage of many conventional
sterilizers arises, for example, their relatively long
turn-around-time. Some sterilizers take as long as 40
minutes or longer to accomplish the sterilization cycle.
Other disadvantages arise for those sterilizers that
require the use of bags to sterilize handpieces. In
addition to bags being a deterrent to sterilization and
storage, the bags prevent or impede the ability to flush
the dental handpieces with saturated steam. Flushing the
handpieces with saturated steam enables the internal
aspects of the handpieces to be more thoroughly sterilized

and cleaned.

[0013] Current sterilizers often overheat the dental
handpieces which can easily damage internal (often movable)
components, driving up costs to the dental or medical
professional, their employer and ultimately their patients
or insurers. Unless a steam sterilizer can reliably
reproduce the same physical conditions in every
sterilization cycle it cannot qualify as an effective and
safe saturated steam sterilizer. The production of
saturated steam at a substantially constant temperature and

pressure during the entire sterilization process provides
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the ability to reliably reproduce the physical conditions
within the sterilization chamber. However, since
temperature and pressure are dependently related for
saturated steam, they cannot be selected independently

while maintaining a saturated steam vapor.

[0014] Thus, there is a need in the art for
sterilization devices and procedures for medical, dental
and similar instruments that control the heating
-sufficiently accurately to cause reliable, reproducible
sterilization of the instruments without excessive
overheating and the corresponding risk of damage to the
instruments, and advantageously have reasonably short turn-

around times.

SUMMARY OF THE INVENTION

[0015] Accordingly and advantageously, the present
invention relates to devices and methods for sterilization
of medical, dental and similar instruments in a reliable
and reproducible manner under accurate control of heating

and cooling processes.

[0016] Accordingly and advantageously, it is an object
of the present invention to provide heat sterilization
devices and/or methods using saturated steam as would be
advantageous for the sterilization of dental handpieces and
other instruments or tools. Such devices and/or methods as
described herein have sufficiently accurate and reliable
heat control such that reliable and reproducible

sterilization occurs on all parts of the instrument or



WO 2014/021921 PCT/US2013/000176

tool, no damage to the instruments occurs, and which
requires a relatively short total sterilization cycle time
including cooling to a reusable or patient-ready condition,

typically not exceeding approximately 23 minutes.

[0017] It is another object of the present invention
to provide a heat sterilization unit using saturated steam
under steady state conditions recognizing thereby that
steady state conditions are one advantageous way to ensure
that the desired physical conditions are achieved

throughout the sterilizer.

[0018] It is yet another object of the present
invention to improve the reliability of the sterilization
process by, among other techniques, monitoring both
temperature and pressure. It is shown that separate
determination of temperature or pressure can lead to
deceptive indications of proper sterilization when, in

fact, sterilization may not have occurred.

[0019] Some embodiments include a novel heat control
system that produces temperatures in the sterilization
chamber so as to create saturated steam, and its resultant
pressure, and to do so in a time frame that sterilizes
typical dental handpieces without damaging the turbine
assembly. This heat control system enables accurate
temperature control at substantially any desired
temperature for substantially any length of time. Accurate
heat control is necessary to produce saturated steam
reliably and reproducibly, and saturated steam is the most

commonly employed method of sterilizing instruments. In
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some embodiments, mineral-free water in the form of liquid
water, steam and saturated steam is flushed through the
handpiece, tubings and turbine assembly during the
sterilization cycle, removing debris and ensuring the
thorough sterilization of the handpieces inside and out.
The sterilization system in some particular embodiments as
described herein, is capable of sterilizing one, two or
three handpieces simultaneously, thereby providing the
ability to sterilize up to about twelve sterilized
handpieces per hour (with three handpieces in each
cylindrical housing 50 using tubular insert 58 as described

below) .

[0020] A further object of some embodiments relates to
providing an improved sterilization unit in which both the
sterilization process and the cooling process are performed
in a single unit and in a relatively short time, so as to
allow sterilization of the handpieces between patients
without substantial delay, that is inter-patient
sterilization. In some embodiments, the unit is
sufficiently small as to be able to be placed into the
dental operatory itself if desired, thereby avoiding the

need for a separate sterilization area or alcove.

[0021] These and other features and advantages of
various embodiments of the present invention will be
understood upon consideration of the following detailed

description of the invention and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0022] To facilitate understanding, identical reference
numerals have been used, where possible, to designate

identical elements that are common to the figures.

[0023] The drawings herein are schematic, not necessarily
to scale and the relative dimensions of various elements in
the drawings are not to scale. The devices and techniques
of the present invention can readily be understood by
considering the following detailed description in

conjunction with the accompanying drawings, in which:

[0024] Fig. 1 is a perspective view of a typical
sterilizing unit constructed in accordance with concepts of
the present invention and which includes a heating section
and a cooling section into which an elongated cartridge
containing the handpiece or handpieces, or other surgical
instrument (s), to be sterilized is successively inserted
during the sterilization cycle. Fig. 1 has been taken from
Bowen, US 5,520,892 (" '892") Although the general
appearance is not substantially different from '892, the
internal workings are quite distinct, as described in

detail below.

[0025] Fig. 1A is a rear view of the unit of Fig. 1,
also from '892 and subject to the same limitations as

described in connection with Fig. 1.
[0026] Fig. 2 is a longitudinal sectional view taken

along the lines 2---2 of Fig. 1 and showing the heating

section of the sterilizing unit. Although Fig. 1 derives

10
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from '892, the inner components as depicted in Fig. 2 and

discussed below are distinct from '892.

[0027] Fig. 3 is a longitudinal sectional view taken
along the lines 3---3 of Fig. 1 and showing the cooling
section along with the temperature controller and solid
state relay switch of the sterilizing unit. Although Fig.
1 derives from '892, the inner components as depicted in

Fig. 3 and discussed below are distinct from '892.

[0028] Fig. 4 is an exploded perspective depiction of a
typical elongated cartridge for insertion into the heating
section and cooling section of the sterilizing unit
depicted in Fig. 1. Fig. 4 has been taken from '892.
Although the general appearance is not substantially
different from '892, the internal workings are quite

distinct, as described in detail below.

[0029] Fig. 5 is an exploded perspéctive view qf the
elongated cartridge, viewed from the opposite end of the
cartridge from the perspective depicted in Fig. 4. Fig. 5
has been taken from '892. Although the general appearance
is not substantially different from '892, the internal

workings are quite distinct, as described in detail below.

[0030] Fig. 6 (on the same drawing sheet with Fig. 1)
is a side view of the outside of the elongated cartridge 50
in assembled form and ready to be inserted into the heating
section 12 of the sterilizing unit of Fiq. 1. Fig. 6 is

also from '892 and subject to the same limitations as

described in connection with Fig. 1

11
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[0031] Fig. 7 is a side sectional view of the elongated
cartridge 50 of Fig. 6 containing a handpiece inserted
into the heating section of the sterilizing unit of Fig.

1. Fig. 7 is also from '892 and subjecf to the same

limitations as described in connection with Figs. 1 and 6.

[0032] Fig. 8 is a schematic circuit diagram depicting
a typical circuit pursuant to some embodiments of the
present invention for energizing heating elements in heat-
up mode in the heating section of the sterilizing unit of
Fig. 1, and for activating cool-down mode in the cooling

section.

[0033] Fig. 9 is a graphical depiction of the
relationship of temperature and timevin the heating séction
beginning when the unit is first electrically energized
(Time=0 min.) to when steady state sterilization
temperature is first achieved (at a typical Temp = 134 deg.

C).

[0034] Fig. 10 is a schematic circuit diagram of a
typical timing circuit which is included in the elongated

cartridge 50 of Fig. 4, 5, and 6.

[0035] Fig. 11 (on the same sheet as Fig. 9) is a
graphical depiction of the relationship between temperature
and time in the heating and cooling sections of the

sterilizing unit of Fig. 1.

12
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[0036] Fig. 12 is a graphical depiction of the
relationship between temperature, pressure and time for the
entire sterilization process in the heating section of the
sterilizing unit of Fig. 1. This figure illustrates the
temperature and pressure rise and maintenance at steady
state sterilization conditions for the duration of the
sterilization process and beyond. This illustrates the
ability of the device to maintain its pressure-temperature
relationship for an extended length of time (if so desired)
from the time at which the unit is first electrically

energized.

DETAILED DESCRIPTION

[0037] After considering the following description,
those skilled in the art will clearly realize that the
teachings of the invention can be readily utilized in the
sterilization of medical, dental and related handpieces and

similar instruments.

[0038] The sterilization units and methods described
herein are an improvement on the work of Bowen described in
US Patent 5,520,892, the entire contents of which is
incorporated herein by reference for all purposes. 1In
summary, the improvements described herein typically result
in more reliable, more thorough and/or more rapid
sterilization. Reliable and thorough sterilization are
critical factors in obtaining FDA approval to market such a
device. Rapid sterilization is a desirable feature
particularly in smaller medical and dental offices so

handpieces and instruments are promptly available for use

13
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and not expending unproductive time while devices await

sterilization.

[0039] To provide a concrete description, we focus our
discussion on dental handpieces or instruments. These
instruments are expected to provide an important practical
application for the technologies disclosed herein, but
permit clear modifications and generalizations for other
instruments as would be apparent to one with ordinary
skills in the art. For economy of language, we use the
term "handpiece(s)" and/or "instrument (s)" interchangeably,
understanding thereby that we are not limited to dental
handpieces and or instruments but intend any dental,
medical, surgical, cosmetic or other instrument for which
sterilization from possible biological contamination is

desired.

[0040] A description of the sterilization unit and its
operation can be given with reference to the drawings. A
sterilizing unit constructed in accordance with some
embodiments of the invention is shown in the frontal
perspective view of Fig. 1. The sterilizing unit is
designated 10. It has typically two apertures 12 and 14 in
its front face. The aperture 12 receives an elongated
cartridge 50 into the heating section of the sterilizing
unit of Fig. 1, and the aperture 14 receives the elongated
cartridge 50 into the cooling section. To perform the
sterilization operation, the elongated cartridge 50 is
first inserted into the heating section through aperture
12, and then after a predetermined period of time under

appropriate processing conditions, the cartridge 50 is

14
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withdrawn from the heating section and inserted through
aperture 14 into the cooling section for a second
predetermined time and cooling protocol. The cartridge 50
is then removed, opened, and the sterilized handpiece or
handpieces or other surgical instrument or instruments are

removed.

[0041] The heating section of the sterilizing unit 10 of
Fig. 1 is shown in the sectional view of Fig. 2, the
heating section of unit 10 designated as 16 located behind
aperture 12. As depicted, the heating section includes an
outer tubular case ("outer case") 18, typically aluminum or
tubular aluminum, but other materials can be used that have
suitable strength and thermal conductivity properties, and
an inner tubular case ("inner case") 20, typically
aluminum, tubular aluminum or materials similar to those
suitable for outer case 18. Inner case 20 is supported
coaxially within the outer case as depicted. The outer and
inner cases 18 and 20 are held in an assembled condition by
back end wall 22 and forward end wall 24, and the resulting
structure is mounted within the sterilizing unit 10
coaxially aligned with respect to the aperture 12. The
forward end wall 24 has an annular form so that the
elongated cartridge 50 may be inserted through the aperture
12 and into the inner tubular case 20 in coaxial
relationship therewith. The housing of unit 10 is
conveniently formed of molded urethane, or other heat
insulating material. The space between the wall of unit 10
and outer case 18 is filled with appropriate heat

insulating foam or other insulator.

15
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[0042] Electric heaters 28 and 29 are mounted within the
annular space between the inner case 20 and outer case 18.
A thermocouple 51 is mounted onto the outer wall of the
aluminum case and it is electrically connected to a
temperature controller ("controller") 49 which is in turn
connected to a relay switch (typically a solid state relay
switch) 48 which is connected to the power supply for

supplying power to the electric heaters 28 and 29.

[0043] A thermocouple or other temperature sensing
device is depicted as 51 in Fig. 8. Physically,
thermocouple 51 is typically located slightly off center so
would not be depicted in longitudinal cross-sectional Figs.
2, 3, 7. However, since Fig. 3 depicts the cooling unit,
ordinary there is no need for a temperature sensor in unit
3 so no thermocouple is generally present. In the
depictions of the heating unit 2, 7, the thermocouple
typically is located slightly off center (and not depicted
in the Figures) at the bottom distal one-third of the outer

case 18.

[0044] - One embodiment of this control system either
interrupts power to the heater or allows power to the
heater depending upon the temperature recognized or sensed
by the thermocouple. Other embodiments can allow for
gradations of current to be supplied to the heater, such as
with a rheostat, as would be apparent to one having

ordinary skills in the art of temperature control.

[0045] A thermal switch 32 is typically mounted in or on

the back end wall 22 adjacent the end of the annular space.

16
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The annular space between the inner and outer cases 20 and
18 is filled with a material functioning as thermal
ballast, 120, typically paraffin, which is sealed into the
annular space, the electric heaters 28, 29 being immersed
in the thermal ballast or paraffin wax. An induction coil
34 is also mounted in the sterilizing unit to surround the
aperture 12, as shown in Fig. 2. A steel magnetic core 33
surrounds the induction coil 34 which also acts as a

magnetic shield.

[0046] In the cooling section of the sterilizing unit
surrounding aperture 14, a similar steel magnetic core 35,
which also acts as a magnetic shield, surrounds the

induction coil 44, as depicted in Fig. 3.

[0047] It is an advantageous safety feature to provide
an indicator such as a light on cartridge 50 (or similar
warning conspicuous to the operator) to illuminate and
inform the operator that the cartridge is hot and should be
handled with care when an elevated temperature is present.
It is also advantageous that this light be battery powered
with on-board batteries on cartridge 50 so that a hot
cartridge does not lose its high temperature indicator when
it is removed from the electrical power of the heating unit
for transfer to the cooling unit. This may be done in some
embodiments of the present invention by using the magnetic
induction voltage induced by the current flow within the
heating unit to charge the on-board batteries of the
cartridge with every use, thus maintaining continuous high-
temperature warning without concern for dead on-board

batteries.

17
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[0048] The cooling section of the sterilizing unit 10 of
Fig. 1 is designated 40 in Fig. 3, and it includes a
finned tube 42 mounted within the unit 10 in essentially
coaxial relationship with the aperture 14. Tube 42 is
suspended on the front and back of unit 10. An induction
coil 44 surrounds the aperture 14, as shown, and it is
surrounded by a magnetic core (typically steel) which also
acts as a magnetic shield, 35. Advantageously, a fan 46 is
mounted in or on the floor of the unit 10 to set up a
cooling flow of air around the finned tube to cool the hot
cartridge 50 when it is inserted into the finned tube at a
rapid or less rapid rate depending on the rate of flow
induced by fan 46. Air is thought to be the most
convenient coolant for most cases but other coolants,
liquid or gas, can also be used within the scope of this

invention, typically circulated by a pump or fan.

[0049] A heat insulating panel (not shown) may be
mounted in unit 10 between the heating and cooling sections
to improve the thermal isolation of the heating and cooling
sections of unit 10. This panel may be formed, for
example, of pressed glass or other suitable heat insulating

material (s).

[0050] The external view of a loaded cartridge 50 as
shown in Fig. 6 is depicted internally by exploded views in
Figs. 4 and 5. The exploded views depict the components of
cartridge 50 as a loaded sterilization chamber containing
(for illustration, not limitation) a single handpiece. The

operator need only thread the cylindrical housing

18
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(“housing”) 52 onto cap 62 to assemble the sterilization
chamber prior to inserting it into the aperture 12 for
sterilization. The cylindrical housing 52 is open at one
end and closed at the other end. The cartridge 50 shown in
Fig. 6 is shown in exploded views in Figs. 4, 5 including a
cylindrical housing 52, open at one end and closed at the
other end. The housing 52 receives at least one handpiece
54, or other surgical instrument(s) or articles to be
sterilized. As described below, some embodiments permit
multiple handpieces to be contained in a single housing and
sterilized concurrently. However, for economy of language
we describe the detailed operation of the device as if only

a single handpiece were undergoing sterilization.

[0051] The handpiece is inserted into the cylindrical
housing 52 through its open end. A tubular adaptor
("adaptor") 56 is threaded or fitted to one end of the
handpiece 54, and it is received in a tubular insert
("insert") 58 in a press fit with a channel in the insert.
The insert 58 is advantageously constructed so that up to
‘three handpieces 54 may be supported for simultaneous
sterilization. Larger versions of this device, or smaller
handpieces to be sterilized, may allow for more than three
handpieces to undergo concurrent sterilization. Such
modifications would be apparent to those having ordinary
skills in the art and are included within the scope of the

present disclosure.

[0052] The insert 58 has a well, formed in the opposite
end from the end receiving the handpiece(s), which receives

a water ampoule 60. A cap 62 is fitted over the insert and

19
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threaded onto the end of the cylindrical housing 52. The
cap 62 includes electronic circuitry, as described below,
which performs a timing and control function. A cover 64
is fitted over the cap 62 and threaded onto the end of cap
62. A spring retainer is advantageously mounted in the end
of cylindrical housing 52 to hold insert 58 in place when
the cap 62 is threaded to the end of cylindrical housing 52
to complete the loaded cartridge (or the "sterilization

chamber") .

[0053] To be concrete in our description, we use two
heaters or heating elements. This is for illustration, not
limitation, since any convenient number of heaters can be

employed within the scope of this invention.

[0054] Electrical heating elements 28, 29 are shown in
the circuit diagram of Fig. 8. Heating elements 28 and 29
are typically positive temperature coefficient (PTC)
heating elements although other types of heating elements
are not excluded. The PTC heating element 28 is selected
to have a Curie point of about 150° Centigrade ("C"), and

the heating element 29 is selected to have a Curie point of

about 190° C. The circuit is intended to plug into the
usual 110 volt AC receptacle through plug 84, although it
can be easily adapted for use with other voltages. One
contact of plug 84 is connected through a manual power on-
off switch 86 and through a normally closed, manually
reset, thermal overload switch 32 to PTC heating elements
28, 29. Switch 32 is selected so as to open when the

thermal ballast (for example, paraffin wax) surrounding the
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heating section reaches a temperature of 146° C. This
temperature represents an overload temperature, and when
switch 32 opens, it de-energizes the system, and this
switch stays open until it is manually reset at the back
panel 11 as shown in Fig. 1A. Manual power switch 86 is
also located on the back panel 11 shown in Fig. 1A. The
other contact of plug 84 is directly connected to the other
side of the PTC heating elements 28 and 29 and feedback
loop which contains the solid state switch 48. The manual
power switch 86 is also connected through the normally
closed thermal switch 32 and through to one side of the PTC
heating elements 28, 29, via solid state relay switch 48,
the other side of which is returned to the other contact of

plug 84.

[0055] The feedback loop advantageously employed herein
is designed so that the thermocouple 51 relays the
temperature of the outer aluminum case 18 to the
temperature controller 49. When the temperature of the
outer aluminum case reaches a temperature indicating that a
temperature of 133°C has been obtained at the head of the
handpiece 54 located within the sterilization chamber
cartridge 50 (as determined by prior system calibration),
the temperature controller 49 sends a signal to the solid
state relay switch 48 to interrupt (or reduce) the power to
the heaters 28 and 29. This typically results in a slight
temperature overshoot and when the handpiece temperature
drops back to 133°C the solid state relay switch again

energizes the electric heaters. 1In so doing the

temperature is maintained at 134°C + 1°C at steady state
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within the cartridge 50 for the entire period of the
sterilization process. A power-on indicator lamp 102 may
be located on the front panel of the unit (Fig. 1) and
connected through switches 32 and 86 across the contacts of
plug 84. Induction coil 44 is located in the cooling
section 40, and this induction coil is connected across the
contacts of switch 84 through the on/off switch 86. The
induction coil 34 in the heating section is also connected
across the contacts of plug 84 through the manually
operated on/off switch 86.

[0056] The present system has been designed so as to
bring the temperature at the head of the handpiece(s) to
134 degrees C * 1 degree. It is calibrated to produce that
temperature by measuring the temperature at a point on the
outside of the wax containment housing which produces the
desired temperature at the head of the handpiece(s) and
steady state conditions in the sterilization chamber.
Maintaining the temperature at the wax containment housing
enables the temperature to be maintained in the
sterilization chamber due to the close proximity (of the
external sterilization cylinder and the internal wall of

the wax chamber 20, typically about 0.001 inch.

[0057] Table I attached hereto and made a part hereof is
an excerpt from an FDA 510(k) filing by the inventor in
connection with the devices disclosed herein. Table I
gives the test results of single, double and triple
handpiece loads. These results show that the head of the
handpiece is the "cold spot" of the sterilization chamber

and also provides calibration information for deriving the
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temperature at the cold spot from temperature readings

elsewhere in the sterilizer. &§&&

[0058] This is to be contrasted with '892 that does not
disclose a calibration step but rather only describes the
temperature inside the chamber. This omission can lead to
"cold spots," incomplete sterilization and potential

difficulties in obtaining FDA approval for the device.

[0059] When the sterilizing unit is first turned on by
closing the on/off switch 86, both PTC heating elements 28
and 29 are connected in parallel across the AC source, and
the heating section 16 of the unit rapidly heats up to
operating temperature. When the thermal ballast

temperature reaches a temperature which corresponds to a

temperature of 133°C within the cartridge 50, the feedback
loop goes into operation. The feedback loop maintains the

temperature within the cartridge 50 at a temperature of

134°C £ 1°C for the entire sterilization process. This
temperature is maintained by the feedback loop allowing or
interrupting electrical energy to the heating elements as
is necessary to maintain said temperature in the cartridge
50. The feedback loop in some embodiments advantageousiy
consists of a thermocouple 51 connected to a temperature
controller 49 which is connected to a solid state relay
switch 48 which is connected to the heating elements. It
is normal practice to keep the on/off switch 86 closed
during the course of the working day when frequent use of

the sterilizing unit is anticipated.
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[0060] When the cold cartridge 50 (that is,
substantially at room temperature) is inserted into the
heating section 16, it causes the temperature of the
thermal ballast to drop. This temperature drop causes the
thermocouple 51 to send a signal to temperature controller’
49 which closes the solid state relay switch 48 which
energizes heaters 28 and 29. This action enables the
ballast (typically wax) to be rapidly returned to its
operating temperature, heating the interior of the
cartridge 50 to a temperature of 134°C + 1°C. Whenever the
on/off switch 86 is closed, the indicator lamp 102 is

energized indicating that the unit is operational.

[0061] When the cooling section 40 is at room
temperature, the thermal switch 87 is open and the fan 46
is de-energized. However, when the hot cartridge 50 is
removed from the heating section 16 and inserted into the
cooling section 40, its heat causes the thermal switch 87
to close and operate the fan. The fan continues to operate
until the temperature of the cartridge 50 within the
cooling chamber is returned to room temperature, or until
the cartridge 50 has been removed and the interior of the

cooling section returns to room temperature.

[0062] As described in U.S. Patent 4,734,560 (" '560",
the entire contents of which is incorporated herein by
reference), the PTC heating element is well known. The PTC
heating element is typically composed of a semi-conductor
ceramic, such as an appropriately doped barium titanate.
This material has a positive thermal coefficient, and it

has a property that at a certain temperature, known as the
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Curie point, its internal resistance suddenly increases if

temperatures are raised above that point.

[0063] It is important to note that '560 depends on the
latent heat of fusion of the paraffin wax to establish a
precise sterilizing temperature. The embodiments of the
present invention employ other, more reliable and robust
structures and means of temperature control as described

elsewhere herein.

[0064] Accordingly, the PTC constitutes an advantageous
heating element because of its automatic temperature
control. The PTC heating element is independent of
voltage, and it can be used in connection with alternating
current. Regardless of voltage, the element will increase
in temperature until the Curie point is reached, and at
that point it will effectively cut off, serving inherently
as an automatic temperature controller. Moreover, the PTC
heating element does not require a protective relay in its
circuit, because it is incapable of burning out. The Curie
point of the PTC heating element can be set to any desired
temperature level by controlling the doping of the ceramic
material. 1In the case of the sterilizer unit of the
present invention, the temperature level is set to a
particular value, as will be described. The aforesaid
temperature controlling loop adds to the ability to control
temperature accurately. Although the PTC heating element
is advantageously used in some embodiments of the present
invention, other types of heating elements can also be used

effectively due to the precise temperature control enabled

25



WO 2014/021921 PCT/US2013/000176

by embodiments of the feedback loop system described

herein.

[0065] It is known that the Curie point in a PTC heating

element cannot be set precisely and variations of up to *
40% have been experienced from one PTC heating element to
another. However, in the sterilizing units described
herein pursuant to some embodiments of the present
invention, the PTC heating elements 28 and 29 are embedded
in (typically) a paraffin wax thermal ballast, as described
above, and the wax functions as a medium to carry the heat
from the heating elements to the interior of the heating
section of the unit. The paraffin wax is selected to have
a melting point which corresponds with a high degree of
accuracy to the desired temperature in the sterilizing
unit. The Curie point of the PTC heating element 28 is
then set to occur above the desired temperature, even
allowing for its widest variation. Although the heating
elements are advantageously chosen to be of the PTC type,
this is not a firm requirement as the feedback temperature
control system described herein functions satisfactorily

with other types of heating elements. Accordingly the
sterilizing temperature may be regulated to within about %+
1°C, and to have a temperature reproducibility of about *

1°C.

[0066] The sterilizing unit in some embodiments
described herein has an added feature of rapid heat-up of
the heating section. Accordingly, when the sterilizer unit

is first turned on from room temperature, both heating

26



WO 2014/021921 PCT/US2013/000176

elements 28 and 29 operate together to rapidly bring the

paraffin wax up to a temperature which corresponds to a

temperature of 133°C in the sterilization chamber. When
that temperature is reached, the feedback loop begins its
temperature control by switching on and off heating
elements 28 and 29 and the paraffin wax is maintained at an

operating temperature which corresponds to a cartridge

temperature of 134°C * 1°C. Accordingly, the temperature of
the heating section follows the curve of Fig. 9 after the

unit is first turned on, with the temperature being raised

rapidly from room temperature to 134°C * 1°C, at which time
the paraffin wax is maintained at a constant temperature by
PTC heater element 28 and 29 working in concert with the |
feedback loop. Switch 32 is an overload switch and it
stays closed throughout the sterilizing process, unless an
overload condition occurs. If an overload condition
arises, switch 32 opens and typically must be reset

manually.

[0067] To perform a sterilization procedure the elements
of the cartridge 50 shown in Figs. 4 and 5 are assembled
and placed into the cylindrical housing 52. Specifically,
the adapter 56 is screwed onto or press fit onto the end of
handpiece 54 and the combined handpiece and adapter are
manually press fit into a friction fit channel in the
insert 58. The insert 58 and attached handpiece 54 are
then inserted (suspended) into the cylindrical housing 52.
The water ampoule 60 is inserted into the other end of
insert 58, the well. The cap 62 is then placed over the

insert 58 and screwed onto the end of the cylindrical
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housing 52. When that occurs, a barb 100 located in the
well of insert 58 pierces the water ampoule 60 so that
water from the ampoule in the form of liquid, steam, and
saturated steam can travel down through the insert and
through the internal tubings of the handpiece 54

effectively flushing and sterilizing handpiece 54.

[0068] It is advantageous to use an insert 58 having the
proper number of openings (or wells) for the number of
handpieces to be sterilized. For example, an insert suited
for three handpieces should not be used to sterilize one or
two handpieces with the other méunting well (s) left empty.
This configuration leads to "dead-end" regions in the
insert at the bottom of the unoccupied wells which are
difficult to flush and sterilize. Advantageously, an
insert should be used in which all wells are occupied by a

handpiece.

[0069] The water-containing ampoule 60 is formed, for .
example, of polystyrene, and it becomes gradually flattened
by heat and pressure during the heating cycle so that water
in the ampoule is slowly dispensed to flush the handpiece
and then to be converted to steam and saturated steam. The
dispensing of the water from the ampoule continues until
the ampoule becomes completely flattened. When the
cartridge 50 is placed in the heating unit, the water from
the ampoule is converted to steam and saturated steam. The
geometry of the cartridge 50 assures a homogeneous and
isotropic mixture of air and saturated steam during the
steady state sterilization process. When the cartridge 50

is placed in the accurately temperature and pressure
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controlled heating section of the sterilizing unit, the
conversion of water to saturated steam produces a
temperature and pressure that are dependently related and
follow conventional saturated steam tables, such as that of
the American Society of Mechanical Engineers (ASME). Such
a relationship of temperature and saturated steam pressure
correlated to time at steady state conditions is generally
accepted in the field as a condition for using saturated
steam as a sterilant that produces sterilization

conditions, that is:

121°C at 15 psi for 20 minutes
128°C at 38 psi for 10 minutes

134°C at 45 psi for 3.5 minutes.

[0070] Accurate control of the temperature within the
cartridge 50 is necessary to prevent rupture of the
cartridge 50 and to prevent damage to the instruments being

sterilized in the sterilization cycle.

[0071] Accordingly, the water ampoule 60 is placed in
the enclosed cartridge 50 in such a manner as to force
water, steam and saturated steam through the tubing and
channels of the handpiece to flush debris and biological
contaminants from the instrument. The flushing process
also ensures that all parts of the handpiece are contacted
by steam and saturated steam to sterilize the internal and

external parts of the handpiece.
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[0072] The water in the water ampoule 60 is
advantageously ultrapure water, typically as previously
processed by ion exchange, distillation or reverse osmosis
and filtration or a combination of these water purification
methods. Such water also performs a de-scaling operation
of the instruments being sterilized. Advantageously, such
water has a specific resistance greater than about
5,000,000 ohm-cm. Attached to the top of the ampoule may
be a color-change chemical indicator-integrator which
serves to indicate to the operator whether or not the
sterilization process has been completed and sterilization
conditions have been met. When sufficient time has elapsed
with the proper temperature, pressure, and saturated steam
conditions to ensure that the conditions for sterilization
have been met the chemical integrator-indicator will change
color. At the end of the sterilization cycle, and when the
cartridge 50 is disassembled, the chemical indicator on the
flattened ampoule will indicate by a change in color
whether or not the instrument has been exposed to
sterilization conditions. The chemical indicator-
integrator may be of the type commercially manufactured and
marketed, for example, by Albert Browne Ltd. of Leicester,
United Kingdom or the Steris Corporation or other
manufacturer. The color indicator comes in the form of a
dot that has a particular color at the beginning of the
process, and it assumes a selected color only when the
sterilization process hés been completed and the necessary
time, temperature, pressure and saturated steam criteria

have been achieved.

30



WO 2014/021921 PCT/US2013/000176

[0073] Other liquids may be contained in the ampoule,
such as, a lubricant which additionally serves to lubricate
the handpiece; or disinfecting chemicals, such as alcohol,
formaldehyde, or peroxide and the like, which may permit
reductions in the sterilization times and temperatures.
Dyes may be added to reveal the quality or quantity of

flushing that occurred.

[0074] The circuitry in the cap 62 assures that the
sterilization process in the heating section of the unit
will have a proper time duration, this being achieved by a
pressure switch 90 which measures the pressure in the
cartridge 50 to control the process time, this being a more
accurate basis for sﬁerilization than measuring temperature
in the cartridge 50. Advantageously, in some embodiments
temperature can also be measured along with pressure by
adding a temperature gauge to the embodiments described
herein. Such concurrent monitoring of both temperature and
pressure produces a more reliable indication whenever a

sterilization process has failed.

[0075] That is, for saturated steam, temperature and
pressure are related so that knowing either implies a value
for the other. But if some problem has occurred in the
sterilization process so that non-saturated steam is
present, this would not be detected by knowing either
temperature or pressure (but not both). Therefore,
éoncurrent knowledge of both pressure and temperature
provides an important check on the presence (or not) of

saturated steam. Table II provides the results of tests
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submitted to the US FDA concerning temperature-pressure

tests for some embodiments of the present invention.

[0076] The pressure switch 90 has an additional function
in some embodiments of the present invention. The pressure
switch is selected to coordinate with the temperature at
which the prdduction of saturated steam steady state
conditions occurs in the cartridge 50. In this manner the
beginning of the timing function of the timing circuitry
corresponds to the time at which the sterilization process
begins. 1In some embodiments of the present device, then,
the timing initiated by the activation of the pressure
switch corresponds to the beginning of the sterilization
process and the total time for the sterilization process is

selected by the proper selection of the timing circuitry.

[0077] The timing-logic control module 80, as shown in
Fig. 7, is contained in cap 62. The module includes a
printed circuit board 82 on which the electrical elements
of Fig. 10 are mounted. The printed circuit board also
mounts an indicator lamp 84, which, when energized
illuminates a lens 86 in cover 64 (Fig. 4). The printed
circuit board 82 also mounts circuitry connected to a
thermal switch 88. The pressure switch 90 is also
connected to the circuit in module 80, as are one or more
batteries 92. As noted elsewhere, these batteries are
advantageously chosen to be rechargeable while the
cartridge is undergoing sterilization, but this is not an
inherent limitation. Conventional disposable batteries may
also be used or a direct connection with the unit's AC

power source, although direct connection is contraindicated
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since the absence of an on-board power source causes the
high temperature indicator to switch off when the unit
loses its connection with AC power, typically when removed

from the sterilization unit.

[0078] An induction coil 94 is mounted on cartridge 50
around the module 80, and this coil is inductively coupled
to induction coil 34 when the cartridge 50 is inserted into
the heating section 16 (Fig. 2), and to induction coil 44
(Fig. 3) when the cartridge 50 is inserted into the

cooling section.

[0079] As shown in Fig. 8, induction coil 94 is
connected to a charger for (rechargeable) battery 92.
Accordingly, the charger is energized whenever the
cartridge 50 is inserted into the heating section, and the
charger is also energized whenever the cartridge 50 is
inserted into the cooling section. This assures that the
batteries are maintained in a charged condition as the
sterilizing unit is used. As mentioned above, fan 46 (Fig.
8) is also energized whenever the hot cartridge 50 is

inserted into the cooling section.

[0080] The electrical circuitry for the timing logic
control module 80 of Fig. 7 is shown in Fig. 10. The
electrical circuitry of Fig. 10 includes two integrated
circuits IC10 and IC12. Each of the integrated circuits is
advantageously chosen to be of the type designated 7242.
The Q2 output terminal of integrated circuit IC12 is
connected to a buffer amplifier 100 which may comprise two

NPN transistors Q1 and Q2 of the type designated 2N3904,

33



WO 2014/021921 PCT/US2013/000176

and a PNP transistor Q3 of the type designated PN2907. The
collector of the transistor Q3 is connected to one terminal
of the indicator lamp 84 of Fig. 7, the other terminal of
the indicator lamp is grounded. The temperature switch 88
of Fig. 7 is connected to a common lead 102 and to the
positive terminal of battery 92, the negative terminal of

the battery is grounded.

[0081] When the cartridge 50 of Fig. 6 is inserted into
the heating section 12 (Fig. 2), the cartridge 50 begins
to heat up. When a particular predetermined temperature is
reached, within the cap 62 of the cartridge 50 the
temperature switch 88 closes. The circuit of Fig. 10 is
now energized and indicator lamp 84 is illuminated and is
visible through the lens in cover 64 of the cartridge 50.
It will be appreciated that the circuit of Fig. 10 will
not be energizea until not only the internal temperature of
the cartridge 50 reaches a predetermined temperature but
the temperature of all handpieces, or other instruments,
which may be supported within the cartridge 50, also

reaches a predetermined temperature.

[0082] Integrated circuit IC10 is connected as a timer.
However, the timing interval of the timer is not initiated
until the pressure within the cartridge 50 reaches a
predetermined pressure of, for example 48.5 psi. From the
known and tabulated properties of saturated steam, this
pressure corresponds to the actual sterilizing temperature
of the instruments within the cartridge 50, and is an

extremely accurate measurement of the sterilization
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temperature as temperature and pressure are dependently

related in the steady state sterilization process.

[0083] Accordingly, the circuit of Fig. 10 is activated
to begin timing only after all the instruments within the
cartridge 50 reach a predetermined sterilizing temperature.
At that time, the pressure switch 90 closes, and the
integrated circuit IC10 begins its timing function. In
some embodiments, the time interval is set to ten minutes.
Until the end of the timing interval is reached, the

indicator lamp 84 is continuously energized.

[0084] When the end of the timing interval is reached,
the output Q128 of the timer integrated circuit IC10
changes state and triggers the integrated circuit IC12 so
that the indicator lamp 84 is caused to flash. At that
time, the timer integrated circuit IC10 resets itself to be
ready for the next operation. As mentioned above, the
buffer amplifier 100 provides sufficient energy to energize

the indicator lamp 84 in its continuous or flashing state.

[0085] As is also shown in Fig. 10 rechargeable battery
92 is connected through a diode 101 to induction coil 94.
As shown in Fig. 8, when the cartridge 50 is inserted into
the heating or cooling section of the unit 10, alternating
current in induction coil 34 or 44 induces a charging
current in induction coil 94 to provide a charging current
for battery 92 and an instantaneous energizing potential
for the electronic circuitry of Figure 10 in the event that
battery 92 has not attained its fully charged condition.
Accordingly, battery 92 is maintained in a fully charged
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condition when the cartridge 50 is in either the heating

section or the cooling section of the sterilizing unit.

[0086] In brief, when the cartridge 50 is inserted, for
example, in the heating section 16 of the sterilizing unit,
it is heated to the selected operating temperature. When
the cartridge 50 reaches a prescribed temperature,
temperature switch 88 closes and indicator lamp 84 is
illuminated. This illuminated indicator lamp 84 serves to
alert the operator of the sterilizing unit that the
cartridge 50 is hot and thus serves as a safety monitor for
the operator. The heating of the interior of the cartridge
50 continues until the internal pressure reaches 48.5 psi,
this being an accurate designation that the interior of the
cartridge 50 and the instruments contained therein has now
reached sterilizing temperature. When that pressure is
reached, pressure switch 90 closes and the integrated
circuit IC1l0 begins its timing function. After ten
minutes, the timer formed by integrated circuit IC10, times
out and causes integrated circuit ICl2 to send a flashing
signal to the indicator lamp 84. The operator then removes
the cartridge 50 from the heating section 16 and places it
in the cooling section 40. The heating section of the
sterilization unit 10 is now ready to receive another
cartridge 50 if so desired. The indicator lamp 84
continues to flash until the pressure within the cartridge
50 contained in the cooling section, drops, for example, to
41 psi. Then pressure switch 90 opens, and the timer
integrated circuit IC10 resets itself and the indicator
lamp 84 returns to its continuously energized condition.

The cartridge 50 is left in the cooling section 40 until
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the internal temperature returns to room temperature, at
which time temperature switch 88 opens, and the indicator
lamp 84 is extinguished, so that the cartridge 50 may now
be removed from the cooling section. It should be noted
that if during any operation, pressure within the cartridge
50 in the heating section is lost, the pressure switch 90
will immediately open and discontinue the operation. 1In
this event indicator lamp 84 will not flash. This action
provides a fail-safe system for the sterilization process

in the sterilization unit.

[0087] It is important to appreciate that the present
device typically monitors both the pressure and the
temperature independently. For example, if the pressure
seal is not properly seated, it is possible for the
temperature within the chamber to be correct, but the
pressure is too low. With an improper pressﬁre seal, the
proper pressure is not obtained and saturated steam is not
obtained even though the temperature readings will not
detect a problem. If the temperature is too low, the
pressure switch will not be activated. Therefore, by
controlling the system via pressure, the optimum steam
quality of saturated steam is assured. The absence of
saturated steam causes a substandard, inadequate
sterilization process and such handpieces must be re-
sterilized whenever this occurs. The independent
temperature and pressure monitoring described herein
ensures that only properly sterilized handpieces complete
the sterilization process correctly without a warning to

the operator.
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[0088] The sterilization units described herein respond
to an internal pressure of the cartridge 50 of, for
eXample, 48.5 psi, which correlates to a precise
measurement of the actual temperature of the instruments
being sterilized. The timing cycle begins only after all
instruments have reached the predetermined sterilizing
temperature, at which time the internal pressure is 48.5
psi, and the timing cycle begins. Accordingly, the present
units are not only precise in its measurement of the
sterilizing temperature through pressure, but also adjust
automatically to load conditions, that is, to the size of
the instruments, and to the number of the instruments
within the cartridge 50. All the instruments within the
cartridge 50 must reach sterilizing temperature, before the

pressure will reach 48.5 psi to start the timing cycle.

[0089] Therefore, embodiments of the present invention
provide a relatively inexpensive unit for sterilizing
dental handpieces, and the like, which are simple to
operate, which require minimum sterilization times, and
which will.not harm or dull the instruments being
sterilized. A lubricant may be added to the liquid in the
ampoule to lubricate the instruments, and/or disinfectants
may be added. The entire process takes place in a sealed
cartridge 50 and the instruments are not removed until the
sterilization cycle has been completed. There is no
venting to the atmosphere of any contaminating gases and
the instruments in the cartridge 50, after sterilization,

cool down without contamination.
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[0090] The accuracy of the feedback loop described and
used herein enables temperature control within the
sterilization chamber during the sterilization process to
be accurate to about plus or minus 1 degree C. This is in
contrast to prior art (including the '892 patent) that
depends largely upon the latent heat of fusion of the
paraffin wax for temperature control. Typical PTC heaters
are not accurate enough on their own to maintain
temperature control to the accuracy and reliability needed
to assure the physical conditions necessary to reliably
sterilize the contents of the sterilization chamber. Also,
the typical prior art reliance for control of the process
on the latent heat of fusion may work for the first
sterilization of the day but after that the wax is melted,
accurate temperature control is lost. Once accurate
temperature control is lost, so too is lost the control of

physical conditions within the sterilization chamber.

[0091] Pressure and temperature in saturated steam are
dependently related so it is not absolutely necessary to
measure temperature if one measures the pressure. In fact,
it is more accurate to measure pressure than temperature if
only one is to be measured. If there is a leak in the
system (gasket failure, improper seating, etc.) the
temperature may still be maintained and appear correct if
measured, but the steam quality will be compromised as the
necessary pressure to guarantee saturated steam conditions
according to ASME for saturated steam will be lost and so
will be the guarantee of physical conditions necessary for

adequate sterilization.
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[0092] The timing logic module used herein typically
does not begin its count until predetermined steady state
saturated steam physical conditions have been achieved in
the sterilization chamber (pressure, temperature, humidity,
saturated steam). It is triggered at about 48.5 psi. 1In
contrast, the '892 patent has a temperature overshoot built
in as the pressure switch that activated the timing logic
module was set at 26 psi and yet the temperature went to
134 degrees C. (Note that at 133 degrees C the pressure is
48.5 psi). Therefore between the temperature attained at 26
psi and the temperature of 134 degrees C the conditions
within the sterilization chamber were not at steady state.
One therefore could not guarantee the conditions in the
sterilization chamber and therefore cannot guarantee
reproducibility and therefore cannot reach the standard
required to satisfy the FDA, and prudent best-practices
requirements for sterilizers. Even if microbiological
testing showed lethality in all tests, reproducibility

cannot be assured.

[0093] Various embodiments of the current system are
designed to prevent temperature overshoot, and the
sterilization process is not triggered until saturated

steam steady state conditions exist.

[0094] The temperature controller herein is adjustable
so each sterilizer (device) can be adjusted for accuracy at
the time of manufacture as a component of manufacturing

quality control.
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[0095] Graphs of pressure/temperature vs. time (Figure
12) are asymptotic to 135 degrees C (50 psi) for the dental
handpiece sterilizer application. The asymptotes begin at
the initiation of the sterilization process. The timing
count is initiated when the pressure at the pressure switch
is 48.5 psi and the temperature at the head of the
handpiece is 133 degrees C. Cold spot mapping and
pressure-temperature tests confirm this. These tests are
submitted as part of a 510(k) FDA submission and included
herein as Table I. The entire FDA 510(k) submission is

incorporated herein by reference for all purposes.

[0096] Some prior art including the '892 patent use PTC
heaters to control temperature. But PTC's cannot be set
within an accuracy of plus or minus 40% according to the
'892 patent. Therefore temperature specific wax is used

which has inherent drawbacks as described above.

[0097] Bagging of instruments is not necessary as
required or recommended in some prior art devices. Bagging
represents a break in the sterilization cycle and, thus,
can lead to incomplete sterilization and problems obtaining
FDA approval. The sterilization chamber herein is
removable and the instruments can be carried to the
operating theater in the sterilization chamber, thereby not
risking contamination by ambient air. Also if so desired a
dummy threaded plastic cap can be used to replace the
sterilization cap for sterilization chamber transfer
without risking contamination to the instruments as there
is an insert and a collapsed ampoule between the ambient

air and the sterilized instruments thereby making the
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purchase of several sterilization caps unnecessary.
Instruments in a sterile condition can be stored safely in

this fashion.

[0098] A pressure relief valve can be placed in the
bottom of the cylinder if so desired to enable drying of
the contents. The relief valve can be opened while the
chamber is still hot to allow the hot steam to escape

thereby drying the contents.

[0099] An escape vent hqle can be placed in the dummy
cap and a separate warmer can be used to warm the capped
cylinder to drive off the water as steam into the ambient
air. Alternatively, the capped cylinder can be placed in
the heating section 16 to drive off the water, thereby

producing dry handpieces (or other contents).

[00100] Since the temperature controller herein can be
set at any desired temperature, it enables the.unit to be
standardized for the saturated steam sterilization
conditions for any manufacturer's device to be sterilized.
It enables the sterilization, for instance, of instruments
that cannot withstand high temperatures to be sterilized.
A lower temperature can be used for an extended period of
time. (Recall that sterilization is a time-temperature-

pressure-saturated steam condition phenomenon.)

[00101] Easy monitoring of the system by the operator is
possible for the devices described herein. The light in the
sterilization cap illuminates to constant lit mode when the

temperature in the chamber reaches 104 degrees C. This
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tells the operator that the chamber is hot. This light
begins flashing after the sterilization process is
complete, which tells the operator that the sterilization
process is complete and the sterilization chamber can be
moved to the cooling section. The light goes to constant
lit mode again once it has been cooled to a pressure of 41
psi-- and the light extinguishes once the temperature
reaches 74 degrees Fahrenheit, This tells the operator
that the sterilization chamber can be safely removed and
unscrewed and the sterilized contents can be safely removed
ready for use. The condensed sterile liquid water can then
be decanted into a sink or other receptacle for safe
disposal according to the particular contaminants it

contains.

[00102] The chemical indicator that changes color as a
result of the sterilization process can be peeled from the
spent sterilization water ampoule and pasted into a log
book to signify that the handpieces in that load have been
sterilized and provide a written record of sterilizations.
This requires that the operator chart the serial numbers of
the handpieces in the logbook before placing them into the
sterilizer for sterilization. Other appropriate chemical

indicators can be used.

[00103] Collapsible ampoules may be used to facilitate
release of water to be converted to saturated steam as the

sterilant.

[00104] A pressure gradient is established between the

insert where the ampoule is placed and the cylinder in
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which the handpiece resides. Since the water that is to be
converted to steam is in one section (the insert) and the
cylinder where the handpiece is located has no water to
begin with, heating the ampoule with the water in it
converts the water to steam and the steam then travels
through the handpiece to establish an equilibrium between
the two areas thereby sterilizing cleaning and flushing the

handpiece.

[00105] Following cold spot mapping of the chamber
(required for FDA approval as well as prudent sterilization
practice) the pressure switch which initiates the
sterilization process timing is coordinated with the
temperature desired at the cold spot in the sterilization
chamber (the head of the handpiece in this case of a dental
handpiece) so that the desired conditions can be assured
throughout the sterilization chamber. Furthermore,
compatibility with the manufacturer's temperature
requirements for the instruments to be sterilized can be
controlled, thereby not causing damage to the instruments.
This temperature and pressure control is illustrated by the
graph in Figure 12. This temperature control can be
accomplished with instruments more delicate than dental
handpieces--for example proctoscopes which may be able to
withstand only lower temperatures. The flexibility of the
temperature controller allows us to control the temperature

at whatever temperature we desire.

[00106] If there are instruments that cannot be subjected
to water or steam because, for example, they may rust but

can withstand high heat, the present system can be used as
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a dry heat sterilization system. Instruments can be
sterilized using dry heat. The difference is that using
dry heat requires a temperature of about 191 degrees C.
Attaining this higher temperature can easily be
accomplished with the devices described herein as it is
easily within the limits of the temperature controllers

described.

[00107] The loaded sterilization chamber as described
herein is so constructed as to suspend the handpieces
within the sterilization chamber. In this fashion, the
heads of the handpieces, indeed the entirety of the
handpieces, encounter only saturated steam as the
sterilant. Thus, the entire handpiece is sterilized with
saturated steam. Any liquid water within the sterilization
chamber is located in the bottom of the sterilization
chamber, not in contact with the handpiece. Since
saturated water does not have the sterilizing capacity of
saturated steam, it needs to be located away from the

handpieces.

[00108] The sterilization unit described herein is so
~designed and constructed so that when the loaded
sterilization chamber is placed in the heating section, it
is oriented at a downward angle from front to back. The
heating chamber is purposely oriented in this manner so
that any saturated water will run to the downhill side of
the chamber away from the instruments to be sterilized.
This orientation is also a safety factor for the operator

since, once placed into the sterilizer, the sterilization
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chamber cannot slide out and must be removed by the

operator.

[00109] The units described herein self-adjust for any
thermal load size and for any external barometric pressure
(typically a concern at high altitude locations). It self-
adjusts because the pressure switch doesn't begin the
sterilization process timing count until all the contents
within the sterilization chamber have come up to

temperature and pressure.

[00110] It will be appreciated that while particular
embodiments of the sterilization system of the present
invention has been shown and described, modifications may
be made apparent to those having ordinary skills in the art

and within the scope of the present invention.

[00111] Various other modifications and alterations in
the structure and method of operation of this invention
will be apparent to those skilled in the art without
departing from the scope and spirit of the invention.
Although the invention has been described in connection
with specific embodiments, it should be understood that the
invention should not be unduly limited to such specific

embodiments.

[00112] Although various embodiments which incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still

incorporate these teachings.
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CLAIMS

What is claimed is:

1. A sterilization device comprising:

a) an elongate cartridge suited for containing at
least one device to be sterilized; and,

b) a housing including a heating section and a cooling
section thermally insulated from each other, wherein said
heating section has a first aperture therein and said
cooling section has a second aperture therein, wherein said
first and second apertures are suited for receiving said
elongate cartridge sequentially into said heating section
and said cooling section; and,

c) wherein said heating section includes an inner case
and at least one inner elongate tubular case in a
substantially coaxial configuration; wherein said inner
case forms a heat chamber containing said at least one
inner elongate tubular case; and,

c-1) further comprising, thermally conductive
ballast material within said inner case and substantially
filling the spaces surrounding said at least one inner
elongate tubular case; and,

c-2) further comprising, at least one heater in
said inner case substantially submerged in said thermally
conductive ballast material; and,

c-3) further comprising, at least one
temperature sensor within said inner case coupled to said
at least one heater through a feedback temperature
controller wherein said feedback temperature controller is
capable of controlling the temperature at said device to be

sterilized to within plus or minus one degree Celsius; and,
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d) wherein said cooling section includes a tubular
cooling tube capable of receiving said elongate cartridge
following processing in said heating section; and,

d-1). further comprising a pump or fan suitable

for circulating coolant around said elongate cartridge.

2. A sterilization device as in claim 1 further comprising
at least one pressure sensor suitable for deterring the
pressure within said at least one inner elongate tubular
case as said pressure is delivered to said device to be

sterilized.

3. A sterilization device as in claim 1 wherein said
thermally conductive ballast material melts at the
temperature desired to be delivefed to said at least one

inner elongate tubular case.

4. A sterilization device as in claim 3 wherein said

thermally conductive ballast material is paraffin wax.

5. A sterilization unit as in claim 1 wherein said tubular

cooling tube includes cooling fins.

6. A sterilization device as in claim 1 wherein said
feedback temperature controller includes a timer that
begins a timing cycle when the temperature reaches a

predetermined value and provides a signal following a

predetermined time at said temperature.

7. A sterilization unit as in claim 1 further comprising:
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c-4) a container within said inner elongate
tubular case wherein said container contains a sterilizing
medium that is released and delivered to the device to be

sterilized during the sterilization process..

8. A sterilization device as in claim 7 wherein said
sterilizing medium is saturated steam created within said
inner elongate tubular case following the release of water

from said container.

9. A sterilization device as in claim 8 wherein said water
has a specific resistance greater than about 5,000,000 ohm-

cm.

10. A sterilization device as in claim 7 wherein said
container includes, in addition to said sterilization
medium, one or more of a lubricant, a disinfectant or a

cleaning agent.
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Table I

- Excerpt from submission to the U.S. Food and
Drug Administration under 510(k) for the
devices described herein under conditions of

single, double and triple handpiece loadings.
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B. Cold Spot Mapping

Purpose:

Cold spot mapping was performed on the SteriSafe HP Sterilizer in order to determine the cold spot
within the loaded sterilization chamber. It is necessary to determine the cold spot within the chamber
during the sterilization cycle so as to direct the microbiological testing to the cold spot. It is also
necessary to determine the cold spot to perform the F,, analysis calculations.

Method:

A test sterilization chamber was constructed. A machinist drilled a hole in the bottom of a sterilization
cylinder. The machinist made a threaded steel tube to fit the hole.

The tube was secured and sealed to the bottom of the cylinder with nuts, washers and high heat resistant
epoxy on both the inside and outside of the cylinder. Thermocouples were inserted through the tube and
fixed in place using epoxy. The thermocouples were attached to FLUKE 54 II Thermometers. The
thermocouples used were T-Type Copper-Constantan, .010 diameter, Teflon insulated (U.S. Patent
#4,735,661). The wired ends of the thermocouples were fitted with plug adapters that plugged directly
into the FLUKE 54 II Thermometers. The thermocouples were inserted through the tube and placed

inside the test cylinder as indicated on diagram A, B, and C. The temperature measurements were then
read and recorded.

Results: -

The test results indicated a temperature difference of 0.7 degrees centigrade from the coldest area of the
chamber to the hottest area of the chamber in the single handpiece load at steady state conditions. In the
double handpiece load there was a temperature difference of 0.7 degrees centigrade at steady state
conditions. In the triple handpiece load there was a temperature difference of 0.9 degrees centigrade at
steady state conditions. In each handpiece load the coldest spot in the sterilization chamber was at the
head of the handpiece.

Conclusion:

The head of the handpiece is the coldest spot in the sterilization chamber in all loads for the intended use
of the SteriSafe HP Sterilizer. Therefore, the temperaturc at the head of the handpiece is the temperature
used for Fo analysis calculations and the head of the handpiece is the proper area of placement of the test
organism inoculum for microbiological testing.
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1. Thermocouple Lead Configurations

Single Handpiece Configaration

Cold Spot Mapping
Thetmocouple Lead Configuration

| ®
o A [0 o

Thanmmocouple Lead (1): Tirbint arem of handpicrs: A ™
Ihmwplel.ed@):ﬁudy«fhﬂpn‘k"
Thermocoupie Lead (3): Umder back garket of haidpicoe “A
Thtsoaccoaple Lesd (4); 18 buch off of cylinder botiomn
Thermoeocpie: Lead (S): LA ichi off of cyfinder side wal)
Thermocouple Load (6) 178 imoh off of cytinder siic wal]
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Double Handpiece Configuration

!WI&();WNM“A"
‘I mexmoconple |ead (2% Tarbine area of bessipicce “B
Thermcooupie Lead (3} Body of handpioo: “A™
Theemotouplc Load (4): Under tack gasket of hatidjmece A
‘Thermocoupie Load (5): 1/8 bach off of cytinder xide wall
Thetnoooaple Lead (6): 178 inch off of cytindar side weall
Thennocouple Load (7): 1/8 inch off of cytisder botton
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Triple Handpiece Configuration
Cold Spot Mapping
Thermocouple Lead Configuration
. 4

Toerocoupic: Lead (1); Turbine Asca of hendpicee “A'
Thermocouple Lesd (2): Tarbine Arca of handpicce “B™
Theanocouple Lesd (3): Body of bandpicce “A™
Thexrmooouple Lead (8) Under back gaakrt of beodpioce “A™
Tharmocoaple Lead (3): 143 inch off of cylinder side wall -
Therenocoupic Lead (G): 1/8 inch off of cylinder side wal}
Theamocoupie Lead (7): 178 inch off of cytinder bottom. -
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2. Single Handpiece - Data

Table 1
Cold Spot Mapplng Data for Single Handpiece Load

See Configuration TC=Thermocouple
Timein | Temp Temp Temp Temp Temp Temp
Minutes :Centigrade Centigrade Centigrade Centigrade Centigrade Centigrade

ic1 TC 2 TC 3 TC4 | TC5 TC6
243 244 24.4 244 242 243

T 244 245 245 T 247 249 248

249 25.2 25.1 29.6 30.3 29.7

3 260 260 262 3547 33 T e

4 33.8 33.9 34.0 40.8 417 412

TR T 404 a6 egn - — a2
6
7

47.2, 47.4 47.5 56.3 50.9 57.2
- 58.0° 583 586 669" 7is 68.3
67.4 67.9 68.2 76.6.

733 736 735 7826 928 - 899
78.1 78.7 78.9 90.2:  100.5 98.3
TOTEA T g4 s ae e 83
12 903 90.4 90.4 103.3 117.0 115.2
13 9547 956 956 1078 1223 1207
141 999 100.1 100.0 112.3 126.4 124.4

83.9 81.0

15 103.6 1038 1039 1180 12947 9285
16! 109.0 109.3 109.5 122.9: 131.0 130.6
1777711397777 1141 1143 1258 1322 1314
18 119.5 119.8 120.0 127.7° 132.9 132.0
197 1251 1254 1257 7 1301 71335 T 71326
20: 130.0 130.2 130.3 131.9 133.7 132.9
21, 1322771324 1325 1335 T 13497 4337
22 132.8; 133.0 133.1 134.2 134.5 134.3
230 1336, 1338 7 1339 7 13447 1346 134.5
24, 134.1 134.4 134.4 134.6: 134.8 134.8
T35 T Taaa T 13447 146 1aas ey
26 134.3. 134.4 134.4 134.6 134.8 134.8

C 2T 1338377 135 TTi346 0 1347 T 1348 134.8
28, 134.3 134.6 134.6 134.7 134.9 134.8
29 1342 1346 7 1347 1348 1349 1349
30; 134.2; 134.6 134.7 134.8 134.9 1349
310 134277 1346 1346 1348 1349 1349
32 134.2. 134.5 134.6 134.8. 1348 1349
33! 13420 713457 1346 7 13487 7 1348 T 1349
34. 134.2. 134.4 134.4 134.8. 134.8 134.8

35 13817 1342 i344 13487 1348 T 1348
36. 134.1 134.4 134.4 1348 1349  134.8
37 13417 13447 13447 1348, 71349 1340
38. 134.1 134.3 134.4 134.9 1349 1349
S 39 43447 1343 {344 1348 T 1349 1349

40: 134.0. 134.3 134.4 134.8 134.9 134.9
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59!

134.0,

13401

134.0:

- 134.0.

134.0;

13407

134.0

134.1:

13417

134.1:

1341

134.1

1366

134.0

1339

133.9
133.9:
134.0

134.3

134.3
134.3
134.2

13427

134.2

133"

134.2

1343

134.3
134.3
134.3

1343

134.3
7134.2
134.1
134.1
134.1

1349

134.4
134.3
134.3

134.3
134.3

134.3

1343
134.4
134.4
134.3

134.3

1343

1343

134.3
134.3
134.2

1348
2

134.8

1347

134.7

1347

1347

1346

134.6

N
1346
1346

134.8

1346
134.6.

134.9

1349

134.9

134.8

- 13438

1346

134.6°
134.6

134.6
13486
1345
134.5

134.8

1348

134.8

1348

134.9

1349

1348

1347

134.7

1348

134.7

134.7"

134.7

134.9

1348

1348
1348
134.8

71348

134.8

1348

134.8

- 134.8

134.9
134.9
134.9
134.8
134.8
134.8
134.7

T 1347

1347
134.7
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3. Single Handpiece - Graphs

Graph of Table 1; Col t Mapping of Single Handpiece .oad
Graph begins at minute 0 of data collection and shows constant temperature in Sterilization
Chamber at Steady State. See configuration. “TC” = Thermocouple.
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Graph of Table 1: Cold Spot Mapping of Single Handpiece Load
Graph begins at minute 22 of data collection and identifies cold spot in Sterilization Chamber

at Steady State to be TC1. See configuration. “TC” = Thermocouple.
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4. Double Handpiece - Data

Table 2
Cold Spot Mapping Data for Double Handpiece Load

See Configuration TC = Thermocouple '
Time in Temp Temp Temp Temp Temp Temp Temp
Minutes  Centigrade Centigrade Centigrade - Centigrade Centigrade Centigrade Centigrade
TC 1 TC2 TC3 TC 4 TC S 7C6 C7
20.2 204 . 204 20.4 20.4 20.2 20.3
209 207 206 212 7 248 24877 245
25 21.8 22.0 22.7 30.2 29.7 28.8
249 248 251 259 358 40.7 357
323 321 324 35.0 40.3 48.6 39.6
396 397 399 405 494 584 483
46.5 46.3 46.8 47.8 - 5786 67.3 56.8
571 569 574 589 667 | 734 680
66.8 66.9 67.2 67.8 75.9 84.1 74.7
720 722 7 738 735 823 937 816
10 77.9 78.0 78.3 79.1 90.7 101.2 88.7
12 89.1 89.2 89.8 90.0 104.6 119.6 103.9
T8 e T 9557 T esd 1000 1256 1076
14 99.3 99.4 100.2 99.8 114.3 129.3 112.9
15 1032 1035777 1041 104.1 19.7 1324 1181
16 108.7 108.6 109.3 109.1 123.5 133.4 122.3
17 1136 137 1146 1140 1280 1339 7 1266
18 119.2 19.4 120.1 122.1 130.2 1341 129.0
19 1249 1252 77 1258 1217 1331 134.3 1325
20 129.8 130.0 130.4 131.6 133.8 134.5 133.2
7211320 1321 1327 771323 T T 1341 1346 1336
22 132.6 132.8 133.2 133.0 134.4 134.7 133.9
23 1335 1336 1341 1338 1346 1347 1343
24 134.0 134.1 134.3 134.2 1347 1349 134.6
25 1342 1342 1344 1344 1348 1349 1346
26 134.2 134.3 134.4 134.4 134.9 134.9 134.6
27 13427 1343 7 1344 1344 1349 0 {348 7 1346
28 1341 134.2 134.4 134.4 134.9 134.8 134.6
367 1342 13427 13447 iaaa T faas  Uisie U1 348
30 134.2 134.2 134.4 134.4 134.9 134.9 134.6
31 1341 1342 771343 1344 1349 1349 7 1348
32 134.1 134.2 134.3 134.4 134.9 134.9 134.6
33 13441 1342 1343 1343 1348 71349 1346
34 134.0 134.1 134.3 134.3 1348 134.9 134.5
©35 1340 1341 {343 1343 1348 1349 1346
36 134.0 134.1 134.3 134.3 134.8 134.9 134.6
37 1340 1341777774343 7 1343777 1348 7 9350 1348
38 134.0 134.1 134.3 134.3 134.8 135.0 134.6
39 1330 1341 71343 71343 1348 13507 1346
40 134.0 134.0 134.3 134.3 134.8 134.9 134.6

©®~N®O; b WN 2O




WO 2014/021921 PCT/US2013/000176
21/42

41 134.0 134.0 134.4 134.3 134.8 135.0 1346
42 134.0 134.1 134.4 134.3 134.8 134.9 134.6
43 1340 1341 1334 71343 348 1349 134.6
44 1340 1341 134.4 134.3 134.8 134.9 1346
45 1339 13417 71343 1343 1348 1349 1346
46 133.9 134.1 134.3 134.3 134.8 134.9 134.7
47 1339 1344 1343 1343 134.8 1349~ 13456
48 133.9 134.2 134.3 134.3 134.8 134.9 134.6
49 1339 1342 1344 1343 1348 1349 134.6
50 133.9 134.2 134.4 134.4 134.8 134.9 134.6
51~ 1339 1342 1344 1344 1348 1349 1348
52 133.9 134.2 134.4 134.4 134.8 134.9 134.6
53 1339 1342 1343 1344 1348 1349 T 1346
54 133.9 134.2 134.3 134.4 134.8 134.9 134.6
-8 1340 1342 1343 1344 1348 71349 134.6

56 134.0 134.2 134.3 134.4 134.8 134.9 134.6
57 1340 1342 T 1343 ' 1344 1348 1349 1346

58 134.0 134.2 134.3 134.4 134.8 134.9 134.6

59 1340 1342 1343771343 7 1348 1349 7 1345
60 133.9 134.2 134.3 1343 134.8 1349 134.6
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5. Double Handpiece - Graphs

Graph of Table 2: Cold Spot Mapping of Double Handpiece I.oad

Graph begins at minute 0 of data collection and shows constant temperature in Sterilization
Chamber at Steady State. See configuration. “TC” = Thermocouple.
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Graph of Table 2: Cold Spot Mapping of Double Handpiece Load
Graph begins at minute 22 of data collection and identifies cold spot in Sterilization Chamber

at Steady State to be TC1 & TC2. See configuration. “TC” = Thermocouple.
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6. Triple Handpiece - Data

Table 3
Cold Spot Mapping for Triple Handpiece Load
See Configuration. TC = Thermocouple

Time in Temp Temp Temp Temp Temp Temp Temp
Minutes  Centigrade Centigrade Centigrade Centigrade Centigrade Centigrade Centigrade

TC1 TC 2 TC 3 TC4 TCS TC6 TC7

0 20.7 20.7 20.6 20.6 204 206 204
1 21.2 211 21.0 21.2 216 23.0 22.9
2 227 226 225 227 259 276 275
3 26.1 25.8 25.8 259 31.8 35.0 34.8
4 349 347 34.7 35.0 38.6 42.0 417
5 40.6 40.1 40.2 405 48.1 50.7 50.7
6 47.7 47.3 475 47.8 55.9 59.0 59.2
7 58.6 58.3 58.6 58.9 58.6 60.6 62.0
8 67.6 67.5 67.6 67.8 70.3 72.8 729
9 73.2 72.9 72.9 735 75.4 77.2 77.2
10 78.8 78.6 78.9 79.1 81.8 83.0 82.6
11 84.0 83.9 84.1 84.2 86.3 87.4 87.4
12 89.8 89.7 89.9 90.0 89.8 927 92.8
13 95.2 95.3 95.6 95.4 97.5 99.1 98.9
14 99.5 99.6 100.0 99.8 102.6 103.9 103.6
15 103.9 103.7 104.0 ~ 104.1 107.0 108.1 107.6
16 108.8 108.6 108.9 109.1 110.8 111.8 1M11.2
17 113.7 113.6 113.9 114.0 115.9 116.2 116.0
18 119.1 119.0 119.4 122.1 121.9 1221 121.8
19 124.7 124.6 125.1 126.3 127.5 127.9 127.2
20 129.6 129.7 130.2 130.1 131.2 131.4 131.0
21 131.1 131.3 131.9 131.7 132.9 132.6 132.5
22 132.5 132.6 132.8 132.7 1344 134.1 133.9
23 133.4 133.3 133.5 133.5 134.7 134.6 134.3
24 133.6 1335 133.9 133.7 134.8 134.8 134.4
25 133.7 133.8 134.0 133.9 134.8 134.8 134.5
26 133.9 133.7 134.2 134.1 134.8 134.8 134.5
27 134.0 133.8 134.3 134.1 134.7 134.8 134.5
28 133.9 133.7 134.3 134.2 134.7 134.7 134.5
29 133.9 133.8 134.3 134.3 134.7 134.7 134.4
30 133.8 133.6 134.3 134.2 134.7 134.7 134.4
31 133.7 133.6 134.3 134.2 134.7 134.6 134 4
32 133.8 133.5 134.2 134.2 134.7 134.7 134.4
33 133.7 133.5 134.0 134.1 134.7 134.7 134.4
34 133.8 133.5 133.9 134.0 134.7 134.7 1344
35 133.6 133.5 133.9 134.0 134.6 1347 134.4
36 133.6 133.5 133.8 134.0 134.6 134.6 134.4
37 133.6 133.5 133.8 133.9 134.6 134.6 134.4
38 133.6 133.6 133.9 133.9 134.6 134.6 134.4
39 133.7 133.6 133.9 133.9 134.6 134.6 134.4

40 133.7 133.6 133.9 134.0 134.6 134.6 134.4




WO 2014/021921

41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60

133.7
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134.0
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134.0
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133.9
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133.9
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133.9
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134.0
134.0
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134.0
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133.9
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133.9
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134.5
134.5
134.5
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134.5
134.5
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134.5
134.6
134.6
134.6
134.6
134.6
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134.6 134.3
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134.5 134.3
134.5 134.3
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134.5 134.3
1345 134.3
134.5 134.3
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134.5 1343
134.5 134.3
134.5 1343
134.5 1343
134.5 134.3
134.5 134.3
134.5 134.3
134.5 134.3
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7. Triple Handpiece - Graphs

Graph of Table 3: Cold Spot Mapping of Triple Handpiece Load

Graph begins at minute 0 of data collection and shows constant temperature in Sterilization
Chamber at Steady State. Sce configuration. “TC” = Thermocouple.
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Graph of Table 3: Cold Spot Mapping of Triple Handpiece Load

Graph begins at minute 22 of data collection and identifies cold spot in Sterilization Chamber
at Steady State to be TC1 & TC2. See configuration. “TC” = Thermocouple.
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Table II

Excerpt from submission to the U.S. Food and
Drug Administration under 510 (k) for the

devices described herein.
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C. Temperature-Pressure Tests

Purpose:

The purpose of the temperature-pressure tests was to simultaneously read and record measured
pressures and temperatures within the loaded sterilization chamber during the sterilization
process.

Method:

A test sterilization chamber was constructed. Two holes were drilled in the bottom of a
sterilization cylinder by a machinist. The machinist made threaded steel tubes to fit the holes.

Both holes received a threaded tube. A thermocouple was run through one tube. It was attached
to the head of the handpiece on one end and attached to a FLUKE 54 II Thermometer on the
other end. The FLUKE 54 II Thermometer was used as the temperature measuring device. The
thermocouple was a T-Type Copper-Constantan, .010 diameter, Teflon insulated (U.S. Patent
#4,735,661) thermocouple. The wired end of the thermocouple was fitted with a plug adapter
that plugged directly into the FLUKE 54 II Thermometer.

- The other hole received a threaded tube that was affixed to a calibrated WIKA pressure gauge
with a four inch face dial that offered a maximum pressure of 60 psi with calibrations every 0.2

psi. The WIKA pressure gauge was used as the pressure measuring device.

The tubes were secured and sealed to the bottom of the cylinder with nuts, washers and high heat
resistant epoxy on both the inside and outside of the cylinder to create a seal. (See Figure 7)

The SteriSafe HP Sterilizer was then switched on.
Temperature and pressure readings were recorded simultaneously. The tests were carried forth
well beyond the normal sterilization process time period in order to demonstrate the ability or

lack of ability of the SteriSafe HP Sterilizer to hold steady state temperature and pressure.

Temperatures were measured at the head of the handpiece and pressures were recorded at the
location of the pressure switch.

Simultaneous temperature and pressure readings were recorded with respect to time using the
single handpiece load and the triple handpiece load.

Considerations:

The SteriSafe HP Sterilizer does not eliminate air from the sterilization chamber during the
sterilization cycle.
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It is important to note that the pressure gauge measures the total pressure (partial pressure of air
plus the partial pressure of saturated steam) at steady state. To determine whether or not the
SteriSafe HP Sterilizer produces saturated steam at steady state the partial pressure of air must be
subtracted from the total pressure. After the partial pressure of air is subtracted from the total
pressure, if the remaining pressure agrees with the saturated steam table of ASME at the
temperature measured in the tests, then, by definition, the SteriSafe HP Sterilizer uses saturated
steam as its sterilant during the steady state sterilization process. The air pressure fraction of the
total pressure within the sterilization chamber is calculated using the ideal gas law. The pressure
from the saturated steam fraction is provided by the ASME saturated steam table.

This calculation is necessary to determine whether or not saturated steam exists in the
sterilization chamber at steady state conditions as the calculated pressure and the measured
pressure should agree allowing for some experimental error.

Results:

The test results show the pressure and temperature at steady state are in agreement with the
ASME saturated steam tables when the pressure from the air fraction is taken into consideration.

The results of the temperature and pressure tests point out that temperature and pressure are
dependently related in the SteriSafe HP Sterilizer’s sterilization process.

Conclusions:

The agreement of the collected data from the temperature and pressure tests during the steady
state sterilization process with the data from the ASME saturated steam tables validates that the
sterilant in the SteriSafe HP Sterilizer is saturated steam during the steady state sterilization
process. This agreement of temperature and pressure concurs with the definition of saturated
steam as defined by AAMI. ‘
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1. Single Handpiece - Data
Table4
Pressure-Temperature Measurement
SteriSafe HP Sterilizer
Test Run 1 Test Run 2 Test Run 3

Single Handpiece Load

Single Handpiece Load

Single Handpiece Load

Time in

Temp PSIG PSIG Temp PSIG PSIG Temp PSIG PSIG
Minutes [°Centigrade (meas) (calc)  °Centigrade | (meas) (calc) |°Centigrade ' (meas) (calc)

0 22.1 0 0 22.3 0 0 21.8 0 0
1] 232 0 0 229 0 0 220 0 0

2 28.7 0 0 280 0. 0 286! 0 0
3 354 1 R 341 1 R 1338 1 1

4 443 2 2 431 2 2 425 1 2

5 - 55.2° 34 529/ 3 3 489 3 3

6 67.7 6 6 60.3 4 4 50.6: 4 4
7 73.3. 7 A " 64.9 s S5 65.3' 5 6
8 78.8 8 ) 735 7 7 733 7 7

9 - 83.3 10 1" 77.9 9 9 77.5; 9 9

10 87.3 11 12 83.2 10 11 821 10 10
1 S 919 14 14 879 12 1207 7 813! 12 12
12 96.6 16 17 947 15 16 93.2, 15 15
13, 1009 18] 19 100.8 19 19 98.0: 17 17
14 103.6 21 21 103.9 21 21 102.3 19 20
15 1074 23 237 108.3] 24 T 24 T 106.4 22 22
16 112.9 27 27, 113.6 28 28 110.6 25 25
17 1184 320 32 1183 32 320 1154 29 29
18 1233 37 37 1242 38 38 121.0! 34 35
19 1287 43 743 1279 42 42 1268 41 41
20 130.6 45 45 130.2 45 45 129.7 44 44
21 1320 47 47 131.8 47 47 131.2. 46 46
22 132.7 48 48 132.5 48 48 132.4, 47 48
T 23 1336 49 49 133.7, 49 49 1335 49 49
24 1342 50 50 134.1 50 50 134.0 50 50
" 25 1343 50/ 50 1342 50 500 1344 50 50
26 134.3 50 50 134.4 50 50 134.6, 50 50
27 1343 50 50 134.5 50 50 1346 50 50
28 134.3 50 50" 1345 50 50 134.6 50 50

T 29 1343 50 50 1346 - 50 50 134.6! 50 50
30 134.2 50 50 1345 50 50 134.6 50 50
31 134.2 50 50 1345 50 50 134.6 50 50
32 134.3 50 50 1345 50 50 1345 50 50
33 1343 T 50| T 50 134.4 50 50| 134.5, 50 50
34 134.2 50 50 134.4 50 50 134.5 50 50
35 134.2 50| 50 134.4 50 50 134.5; 50 50
36 1342 50 50 134.3 50 50 134.5. 50 50
37 1342 50 50 134.3 50 50 134.5: 50 50
38 1341 50 50 134.3 50 50 1344 50 50
39 1341 50 50 134.3 50 50 134.4 50 50
40 134.1 50 50 1343 50 50 134.4 50 50
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41 134.1 50 50 134.2 50 50 1344 50 50
42 134.2 50 50 1342 50 50 134.4 50 50
43 134.2 50 50 134.2 50 50 1345 50 50
44 134.2 50 50 134.2 50 50 1345 50 50
45 134.2 50 50 134.2 50 50 134.5, 50 50
46 134.2 50 50 134.3 50 50 1345 50 50
47 134.2 50 50 134.3 50 50 1345 50 50
48 134.1 50 50 134.3 50 50 134.5 50 50
49 134.1 50 50 134.3 50 50 134.4 50 50
50 134.1 - 50 50 134.3 50 50 134.4 50 50
51 134.1 50 50 134.3 50 50 134.4 50 50
52 134.1 50 50 1343 50 50 134.4; 50 50
53 134.1 50 50 134.3 50 50 134.4 50 50
54 1341 50 50 1343 50 50 134.3, 50 50
55 134.1 50 50 134.3 50 50 134.3; 50 50
56 134.1 50 50 134.3 50 50 134.3 50 50
57 134.1 50 50 134.3 50 50 134.3| 50 50
58 134.1 50 50" 134.3 50 50 134.3] 50 50
59 134.1 50 50 134.3 50 50 134.4 50 50
60 134.1 50 50 134.3 50 50 134.4 50 50
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2. Single Handpiece - Graphs

Measurements
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Graph of Test Run 1 from Table 4:

Graph of temperature-pressure data for single handpiece load. Measurements on Y-axis
represent both temperature in degrees centigrade and pressure in psi. Graph identifies ability to
hold temperature at 134°C + 1°C at steady state. Graph identifies that temperature and pressure
are dependently related at steady state.

© Temperature (C) © Pressure (PSI)
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Graph of Run 2:
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Graph of Test Run 2 from Table 4:

Graph of temperature-pressure data for single handpiece load. Measurements on Y-axis
represent both temperature in degrees centigrade and pressure in psi. Graph identifies ability to
hold temperature at 134°C + 1°C at steady state. Graph identifies that temperature and pressure
are dependently related at steady state.

o Temperature (C) © Pressure (PSI)

012345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
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Graph of Run 3:

150

135

120

105

©
o

75

60

45,

30

15

Graph of Test Run 3 from Table 4:

Graph of temperature-pressure data for single handpiece load. Measurements on Y-axis
represent both temperature in degrees centigrade and pressure in psi. Graph identifies ability to
hold temperature at 134°C + 1°C at steady state. Graph identifies that temperature and pressure
are dependently related at steady state.

© Temperature (C) © Pressure (PSI)

",
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3. Triple Handpiece - Data
Table 5
Pressure-Temperature Measurement
SteriSafe HP Sterilizer
' Test Run 1 Test Run 2 Test Run 3
Triple Handpiece Load Triple Handpiece Load Triple Handpiece Load
Time in Temp PSIG PSIG Temp PSIG PSIG Temp PSIG PSIG
Minutes  °Centigrade __(meas)  (calc) °Centigrade (meas) (calc) “°Centigrade (meas) (calc)
1 26.1 0 0 26.0 0 0 259 0
2 26.9 0 0 26.7 0 0 26.5 0
3 30.6 0 0 29.3 0 0 30.1 0
4 393 1 1 347 1 1 39.0 1
5 456 2 2 41.2 1 1 452 2
6 51.4 3 3 49.8 2 3 499 3
7 594 4 4 58.4 4 4 58.2 4
8 67.9 6 6 66.0 5 5 65.9 5
9 73.6 7 7 .72.3 7 7 72.5 7
10 79.2 9 9 77.7 8 9 78.0 8
1 84.5 10 11 82.7 10 10 829 10
12 90.3 13 13 875 12 12 88.1 12
13 95.8 15 16 92.6 14 14 93.2 15
14 100.2 18 18 97.6 17 17 98.5 17
15 104.3 21 21 101.8 19 19 102.9 20
16 108.9 24 24 105.8 22 22 107.2 23
17 114.0 28 28 110.3 25 25 112.2 26
18 119.4 32 33 115.7 29 29 117.8 31
19 1251 38 39 121.2 34 35 123.6 37
20 129.8 44 44 126.9 40 41 128.7 42
21 131.9 47 47 130.5 45 45 131.6 46
22 132.9 48 48 132.4 47 47 132.7 48
23 133.7 49 49 133.4 49 49 133.8 49
24 134.0 49 49 134.0 49 49 134.2 50
25 134.3 49 50 134.3 50 50 134.5 50
26 134.3 50 50 134.5 50 50 134.6 50
27 134.3 50 50 134.5 50 50 134.7 50
28 134.2 50 50 134.6 50 50 134.7 50
29 1341 50 50 134.5 50 50 134.7 50
30 134.0 50 49 1344 50 50 134.6 50
31 134.0 49 49 134.4 50 50 134.6 50
32 134.0 49 49 134.4 50 50 134.6 50
33 134.0 49 49 134.3 50 50 134.6 50
34 134.0 49 49 134.3 50 50 134.6 50
35 133.9 49 49 134.3 50 50 134.6 50
36 133.9 49 49 134.3 50 50 134.6 50
37 133.8 49 49 134.3 50 50 134.5 50
38 133.8 49 49 134.3 50 50 134.5 50
39 133.8 49 49 134.3 50 50 134.5 50
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4. Triple Handpiece - Graphs
Graph of Run 1:
Graph of Test Run 1 from Table 5:
Measurements on Y-axis represent both temperature in (°C) and pressure in (PSI). Graph
identifies ability to hold temperature at 134°C + 1°C at steady state. Graph identifies that
temperature and pressure are dependently related at steady state.
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Graph of Run 2:

Graph of Test Run 2 from Table S:

Measurements on Y-axis represent both temperature in (°C) and pressure in (PSI). Graph
identifies ability to hold temperature at 134°C + 1°C at steady state. Graph identifies that
temperature and pressure are dependently related at steady state.

o Temperature (C) o Pressure (PSI)
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Graph of Run 3:
Graph of Test Run 3 from Table S:
Measurements on Y-axis represent both temperature in (°C) and pressure in (PSI). Graph
identifies ability to hold temperature at 134°C + 1°C at steady state. Graph identifies that
temperature and pressure are dependently related at steady state. -
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5. Pressure Measurement Tests at 133°C

Table 6
Pressure Measure{nent Tests when the.temperature at the head of the handpiece is 133°C

Single Handpiece Load Double Handpiece Load Triple Handpiece Load

Temp  Pressure Temp Pressure Temp  Pressure

°C PSI °C PSI °C PSi

Test 1 133 48.5 133 48.5 133 48.4
Test 2 133 48.5 133 48.5 133 48.5
Test 3 133 48 .4 133 48.5 133 48.4

Purpose

To determine the pressure at the pressure switch when the temperature at the head of the
handpiece is 133°C

Result

The pressure at the pressure switch is 48.5 psi when the temperature at the head of the handpieée
is 133°C.

Conclusion

The pressure switch to be used in the SteriSafe HP Sterilizer to activate the timing,logic module's
10 minute count for the sterilization process is to close at 48.5 psi.
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