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(57) ABSTRACT

A temperature probe includes a handle and a shaft extending
from the handle. The shaft includes a distal end, a proximal
end, and a tip at the distal end. The temperature probe also
includes a capacitance sensor disposed on one of the handle
and the shaft, the capacitance sensor configured to measure
a change in capacitance when positioned proximate a con-
ductor. The temperature probe further includes a tempera-
ture sensor disposed on the shaft, the temperature sensor
configured to measure a body cavity temperature of a
patient.
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SYSTEMS AND METHODS FOR
DETERMINING PATIENT TEMPERATURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
U.S. patent application Ser. No. 13/423,785 entitled SYS-
TEMS AND METHODS FOR DETERMINING PATIENT
TEMPERATURE, filed Mar. 19, 2012, the entire disclosure
of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to systems and meth-
ods for temperature determination and, in particular, to
systems and methods for temperature measurement site
determination.

BACKGROUND OF THE INVENTION

[0003] Measuring patient temperature is a common first
step in diagnosing illnesses. Physicians commonly use a
variety of methods for determining patient temperature,
including, for example, obtaining temperature measure-
ments with a thermometer. While thermometers utilizing
mercury have been in existence for many years, modern
thermometers typically employ one or more electronic sen-
sors configured to measure patient temperature. Such sen-
sors may take one or more measurements over a relatively
short period of time. Based on these measurements, the
thermometer may generate a predicted internal and/or core
temperature of the patient. In generating this predicted
temperature, it is common practice to insert at least a portion
of the thermometer into a cover prior to taking temperature
measurements. Known thermometers may then sense the
ambient temperature of a body cavity of the patient, and may
use this sensed ambient temperature in determining a
patient’s core temperature.

[0004] However, determining a patient’s core temperature
as described above can produce inaccurate results. For
example, due to inherent variations in the manufacturing
process, the covers utilized with such thermometers often
have thicknesses that vary within a certain tolerance range.
Although the variations in probe cover thickness can be a
source of significant error in the core temperature determi-
nation, it can be difficult and expensive to manufacture
probe covers within a relatively narrow thickness tolerance
range. Thus, in an effort to minimize the effect of such error,
modern thermometers may utilize algorithms that make
predetermined estimates to compensate for these thickness
variations. Compensating for such variations in this way
may, however, introduce additional error into the core tem-
perature determination, thereby further reducing the accu-
racy of such determinations.

[0005] Such thermometers are typically not configured to
determine a variety of other conditions that contribute to the
accuracy of the temperature determination. For instance,
such thermometers are generally not configured to determine
whether a probe cover has been installed thereon, or, once a
probe cover has been installed, whether the installed probe
cover is of an appropriate type. Additionally, such thermom-
eters are not typically configured to determine a proximity to
the body cavity or other measurement site of the patient,
which measurement site is being utilized for the temperature
measurement, or an insertion depth of the thermometer at the
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measurement site. Since known thermometers are not con-
figured to determine such additional conditions, the algo-
rithms utilized in the core temperature determination are
limited in their sensitivity.

[0006] The exemplary embodiments of the present disclo-
sure are directed toward overcoming the deficiencies
described above.

SUMMARY

[0007] In an exemplary embodiment of the present dis-
closure, a temperature probe includes a handle and a shaft
extending from the handle. The shaft includes a distal end,
a proximal end, and a tip at the distal end. The temperature
probe also includes a capacitance sensor disposed on one of
the handle and the shaft, the capacitance sensor configured
to measure a change in capacitance when positioned proxi-
mate a conductor. The temperature probe further includes a
temperature sensor disposed on the shaft, the temperature
sensor configured to measure a body cavity temperature of
a patient.

[0008] In another exemplary embodiment of the present
disclosure, a method of determining a core temperature of a
patient includes determining a first capacitance with a
capacitance sensor of a temperature probe, determining a
difference between the first capacitance and a known capaci-
tance stored in a memory associated with the temperature
probe, and inserting a portion of the temperature probe into
a body cavity of the patient. The method also includes
measuring a body cavity temperature of the patient with the
temperature probe, and calculating the core temperature of
the patient based on the difference and the body cavity
temperature.

[0009] In a further exemplary embodiment of the present
disclosure, a temperature measurement system includes a
storage container having a front, a back, at least two sides,
atop, and a bottom wall disposed opposite the top. The front,
back, and at least two sides are disposed orthogonal to the
bottom wall, and the top includes an opening. The system
also includes a conductor disposed on the bottom wall, and
a plurality of probe covers disposed within the storage
container and accessible for removal through the opening. A
distal end of each probe cover of the plurality of probe
covers contacting the conductor on the bottom wall prior to
removal from the storage container.

[0010] In another exemplary embodiment of the present
disclosure, a temperature probe includes a shaft having a
distal end, a proximal end, and a tip at the distal end. The
temperature probe also includes a first sensor disposed on
the shaft. The first sensor is configured to generate a first
signal indicative of at least one of a proximity to a mea-
surement site of a patient and an identity of the measurement
site. The temperature probe further includes a second sensor
disposed on the shaft. The second sensor is configured to
generate a second signal indicative of a temperature asso-
ciated with the measurement site. The temperature probe
also includes a controller in communication with the first
and second sensors. The controller is configured to receive
the first and second signals, and to determine a core tem-
perature of the patient based on the first and second signals.
[0011] In an additional exemplary embodiment of the
present disclosure, a method of determining a core tempera-
ture of a patient includes determining, with a first sensor, a
parameter associated with a measurement site of the patient,
wherein the parameter includes at least one of a change in



US 2018/0055371 Al

capacitance and a change in an amount of radiation received
by the first sensor. The method also includes determining at
least one of a proximity to the measurement site and an
identity of the measurement site based on the parameter. The
method further includes determining, with a second sensor,
a temperature associated with the measurement site. The
method also includes determining the core temperature of
the patient based on the temperature associated with the
measurement site, and the at least one of the proximity to the
measurement site and the identity of the measurement site.
[0012] In yet another exemplary embodiment of the pres-
ent disclosure, a method of determining a core temperature
of a patient includes inserting a shaft of a temperature probe
into a probe cover disposed within a storage container,
measuring a first change in light received by a first sensor
disposed on the shaft resulting from the shaft being inserted
into the probe cover, and measuring a second change in light
received by the first sensor resulting from the shaft being
removed from the storage container with the probe cover
disposed on the shaft. The method also includes measuring
a third change in light received by the first sensor resulting
from the shaft and the probe cover being disposed proximate
a measurement site of the patient, and measuring a tempera-
ture associated with the measurement site with a second
sensor disposed on the shaft. The method further includes
determining the core temperature based on the temperature
associated with the measurement site, and a parameter
determined based on the third change in light received by the
first sensor. In such an exemplary embodiment, such a
parameter may include, for example, among other things, an
identity of the measurement site, a proximity to the mea-
surement site, the presence of the probe cover on the shaft,
a probe cover type, a depth of insertion of the probe at the
measurement site, and/or any other like parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a temperature probe of an exem-
plary temperature measurement system.

[0014] FIG. 2 illustrates a capacitance plot according to an
exemplary embodiment of the present disclosure.

[0015] FIG. 3 illustrates a storage container of an exem-
plary temperature measurement system.

[0016] FIG. 4 is a cutaway view of a portion of the storage
container shown in FIG. 3.

[0017] FIG. 5 illustrates a capacitance plot according to
another exemplary embodiment of the present disclosure.
[0018] FIG. 6 illustrates a user station of an exemplary
temperature measurement system.

[0019] FIG. 7 illustrates a cutaway view of a portion of the
user station shown in FIG. 6.

[0020] FIG. 8 illustrates a capacitance plot according to a
further exemplary embodiment of the present disclosure.
[0021] FIG. 9 illustrates a partial view of a temperature
probe according to another exemplary embodiment of the
present disclosure.

[0022] FIG. 10 illustrates a partial view of a mouth of a
patient according to an exemplary embodiment of the pres-
ent disclosure.

[0023] FIG. 11 illustrates a temperature probe of another
exemplary temperature measurement system.

[0024] FIG. 12 illustrates an exemplary capacitance plot
associated with the system shown in FIG. 11.

[0025] FIG. 13 illustrates a temperature probe of further
exemplary temperature measurement system.
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[0026] FIG. 14 illustrates an exemplary voltage plot asso-
ciated with the system shown in FIG. 13.

[0027] FIG. 15 illustrates another exemplary voltage plot
associated with the system shown in FIG. 13.

DETAILED DESCRIPTION

[0028] FIG. 1 illustrates an exemplary temperature probe
10 of the present disclosure. It is understood that the
implementation of the disclosed technology in a temperature
probe is merely exemplary. The disclosed technology may
be applicable to any other probes, speculums, endoscopes,
and/or other medical devices using a sheath and/or cover to
protect the device from contaminants present on a surface
and/or within a body cavity, where the characteristics of the
sheath/cover affect the accuracy of the gathered data. Addi-
tionally, wherever possible throughout the present disclo-
sure, like item numerals have been used to identify like
components.

[0029] The temperature probe 10 may include, for
example, a shaft 18 extending from a handle 20. A distal end
15 of the shaft 18 may define a distal end 12 of the
temperature probe 10, and the handle 20 may define a
proximal end 14 of the probe 10. The shaft 18 may also
define a tip 16 disposed at the distal end 15. The tip 16 may
be sufficiently rounded, atraumatic, and/or otherwise con-
figured so as not to cause injury to a patient upon contact
with a body surface and/or at least partial insertion of the
shaft 18 within one or more body cavities of the patient. As
used herein, the term “patient” may include any human
acting to measure his’her own temperature (such as by using
a temperature probe 10 without interaction from a healthcare
professional), or any human or animal whose temperature is
being measured. In an exemplary embodiment in which the
temperature probe 10 is utilized to sense, measure, calculate,
and/or otherwise determine a temperature of the patient, it is
understood that such body cavities may include the mouth,
rectum, axilla, ear drum, and/or other known measurement
sites from which a temperature may be sensed. The shaft 18
and/or the handle 20 may be made from any material and/or
combinations of materials commonly used in medical and/or
examination procedures. Such materials may include, for
example, plastics, polymers, composites, stainless steel,
and/or any other like materials. Such materials may be
suitable for repeated use and/or repeated sanitation. Accord-
ingly, in an exemplary embodiment of the present disclo-
sure, the temperature probe 10 and/or its components may be
substantially waterproof. One or more waterproof seals may
be included and/or otherwise utilized with components of
the temperature probe 10 to facilitate such repeated sanita-
tion and/or use.

[0030] The handle 20 may include one or more operator
interfaces 22. Such operator interfaces 22 may be configured
to assist in performing one or more functions of the tem-
perature probe 10. For example, the operator interfaces 22
may comprise any combination of switches, buttons, levers,
knobs, dials, keys, and/or other like components configured
to activate, deactivate, manipulate, and/or otherwise control
components of the temperature probe 10. Such operator
interfaces 22 may, for example, assist the user in toggling
through and/or selecting one or more modes of operation of
the temperature probe 10, enabling and/or disabling one or
more alarms or signals associated with operation of the
probe 10, initiating a single substantially instantaneous
temperature determination, initiating a substantially con-
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tinuous and/or repeating temperature determination, and/or
other like modes, functions, or operations.

[0031] In an exemplary embodiment, at least one of the
operator interfaces 22 may comprise an ejector mechanism
26 disposed at the proximal end 14 of the temperature probe
10. As will be described in greater detail below, at least a
portion of the temperature probe 10 may be inserted into a
probe cover 30 before and/or during use, and such an ejector
mechanism 26 may be configured to assist in removing the
probe cover 30 from the temperature probe 10. In an
exemplary embodiment, actuating the ejector mechanism 26
may extend the shaft 18, in the direction of arrow 50, a
desired distance from a base 24 formed at a proximal end 13
of the shaft 18. Extending the shaft 18 in this way may eject
and/or otherwise remove a probe cover 30 from the shaft 18.
In particular, extending the shaft 18 in the direction of arrow
50 may overcome a retention force provided by one or more
shoulders, rings, tabs, extensions, and/or other like station-
ary retention components 27 of the temperature probe 10.
Such stationary retention components 27 may be disposed,
for example, proximate the base 24.

[0032] In further exemplary embodiment, the ejector
mechanism 26 may be operably connected to one or more
moveable components disposed at or on the base 24. In such
exemplary embodiments, actuating the ejector mechanism
26 may move one or more such components in the direction
of arrow 50 to assist in removing the probe cover 30 from
the shaft 18. For example, such moveable components may
comprise one or more fingers, hooks, shoulders, arms, tabs,
rings, and/or other like moveable components configured to
assist in ejecting the probe cover 30 from the base 24 of the
shaft 18 after use. Such components may be movable with
respect to, for example, the base 24 and/or the shaft 18, and
such components may be movable in, for example, a direc-
tion substantially parallel to the shaft 18. In additional
exemplary embodiments, such coniponents may be movable
in an arcuate path relative to the shaft 18. Movement of such
components may assist in bending, flexing, and/or otherwise
deforming at least a portion of the probe cover 30. For
example, such components may be movable along one or
more surfaces of the probe cover 30, and such movement
may assist in flexing at least a portion of the probe cover 30.
Such flexing may ultimately overcome a retention force
provided by one or more of the retention components 27
described above, thereby releasing the probe cover 30 from
the temperature probe 10.

[0033] In additional exemplary embodiments, one or more
operator interfaces 22 may be configured to assist in con-
trolling one or more corresponding sensors associated with
the temperature probe 10. For example, the operator inter-
faces 22 may be operably connected to one or more sensors
32, 34, 35 disposed on the handle 20 and/or the shaft 18. For
example, in the embodiment shown in FIG. 1, the operator
interfaces 22 may be operably connected to first and second
sensors 32, 34. Likewise, as shown in the exemplary
embodiment of FIG. 11, the operator interfaces 22 may be
operably connected to first sensor 32 and each of the second
sensors 34. Additionally, as shown in the exemplary embodi-
ment of FIG. 13, the operator interfaces 22 may be operably
connected to first sensor 32 and each of the third sensors 35.
It is understood that additional exemplary embodiments of
the temperature probe 10 described herein may include any
desired number and/or combination of sensors 32, 34, 35,
and that one or more operator interfaces 22 may be operably
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connected to such sensors 32, 34, 35. In any of the exem-
plary embodiments described herein, the temperature probe
10 may include greater than or less than three sensors 32, 34,
35 as desired.

[0034] In exemplary embodiments, the first, second, and/
or third sensors 32, 34, 35 may be embedded within and/or
otherwise formed integrally with the shaft 18. In such
exemplary embodiments, the sensors 32, 34, 35 may be
positioned just beneath an outer surface of the shaft 18 such
that the shaft 18 may retain a substantially smooth, substan-
tially cylindrical shape. In such exemplary embodiments, it
is understood that the sensors 32, 34, 35 may be electrically,
operably, and/or otherwise connected to the operator inter-
faces 22 and/or other components of the temperature probe
10 via wireless or electrical connections embedded within
and/or running along a length of the shaft 18 beneath the
outer surface of the shaft 18.

[0035] In an exemplary embodiment, one or more of the
sensors 32, 34, 35 may comprise any type of temperature,
capacitance, optical, radiation, proximity, and/or other like
sensor known in the art. For example, the sensors 32, 34, 35
may be the same type of sensor. Alternatively, the sensors
32, 34, 35 may comprise different types of sensors config-
ured to sense one or more different characteristics of a
patient. In an exemplary embodiment, at least one of the
first, second, and/or third sensors 32, 34, 35 may comprise
a thermocouple and/or a thermistor configured to sense a
temperature associated with such a patient. For example,
such a sensor may be configured to measure a temperature
of the body cavity and/or other like measurement site into
which the temperature probe 10 has been inserted. For
example, in embodiments in which the shaft 18 of the
temperature probe 10 is inserted into the mouth of the
patient, such a sensor may be utilized to measure a tem-
perature of a mouth surface. Such a sensor may also be
configured to measure a temperature of the measurement site
proximate to which the temperature probe 10, or a compo-
nent thereof, has been disposed.

[0036] At least one of the sensors 32, 34, 35 may also
comprise an infrared temperature sensor, such as, for
example, a thermopile and/or other like infrared-based tem-
perature-sensing components. Such a sensor may be con-
figured to convert thermal energy into electrical energy, and
may comprise two or more thermocouples connected in
series or in parallel. Such components may be configured to
generate an output voltage proportional to a local tempera-
ture difference and/or temperature gradient. In an exemplary
embodiment in which the one or more of the sensors 32, 34,
35 comprise a thermopile, the temperature probe 10 may
comprise, for example, an infrared temperature probe and/or
other like infrared thermometer.

[0037] In such embodiments, an exemplary infrared tem-
perature probe 10 may utilize at least a portion of the thermal
radiation emitted by the patient, the body cavity, and/or the
measurement site of the patient, into which the temperature
probe 10 has been inserted, or proximate to which the
temperature probe 10 has been disposed, in order to esti-
mate, infer, calculate, and/or otherwise determine a core
temperature of a patient temperature. Such an exemplary
temperature probe 10 may utilize signals received by at least
one of the sensors 32, 34, 35 to determine an amount of
infrared radiation emitted by the patient. Using a known
transmissivity and/or other characteristic of the patient, such
infrared temperature probes 10 may be capable of determin-
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ing a temperature of the patient, including a body cavity
temperature of the patient and/or a core temperature of the
patient.

[0038] In a further exemplary embodiment, at least one of
the sensors 32, 34, 35 may comprise a capacitance sensor
configured to measure a capacitance and/or a change in
capacitance. For example, in an embodiment in which the
first sensor 32 comprises a temperature sensor, the second
sensor 34 may comprise a capacitance sensor configured to
measure a capacitance and/or a change in capacitance when
the sensor 34 is positioned proximate a conductor. As shown
in FIG. 1, in exemplary embodiments, the probe 10 may
include a capacitance sensor 34 disposed proximate the
distal end 15 of the shaft 18, such as, proximate the tip 16.
Alternatively, as shown in FIG. 11, the probe 10 may include
one or more capacitance sensors 34 disposed at various
locations on and/or along the shaft 18. In the exemplary
embodiment of FIG. 11, a first capacitance sensor 34 may be
disposed on the shaft 18 proximate the tip 16, and at least
one additional capacitance sensor 34 may be disposed on the
shaft 18 proximal to the first capacitance sensor 34. In such
embodiments, for example, the first capacitance sensor 34
disposed proximate the tip 16 may be configured to deter-
mine a first depth of insertion of the shaft 18 at the
measurement site of the patient. Likewise, each additional
capacitance sensor 34 disposed proximal to the first capaci-
tance sensor 34 may be configured to determine respective
depths of insertion greater than the first depth of insertion
determined by the first capacitance sensor 34. It is under-
stood that such respective depths of insertion may be deter-
mined by the capacitance and/or the change in capacitance
determined by the one or more capacitance sensors 34. The
graduated capacitance sensors 34 shown in FIG. 11 may also
provide a user of the probe 10 with visual indicia of insertion
depth. In the exemplary embodiment of FIG. 11, at least one
of the capacitance sensors 34 may be substantially ring-
shaped, and may extend around substantially an entire outer
surface and/or circumference of the shaft 18. Alternatively,
in additional exemplary embodiments, one or more of the
capacitance sensors 34 described herein may be substan-
tially linear. In such embodiments (not shown), the capaci-
tance sensors 34 may extend substantially longitudinally
along a length of the shaft 18. For example, such sensors 34
may extend along an outer surface of the shaft in the
direction of arrow 50. Such substantially linear capacitance
sensors 34 may be located at staggered and/or graduated
locations along the length of the shaft 18 to provide a user
of the probe 10 with visual indicia of insertion depth.
Capacitance sensors 34 disposed at such graduated locations
may be configured to determine respective depths of probe
insertion as described above. Alternatively, such substan-
tially linear capacitance sensors 34 may have different
respective lengths. For example, a first substantially linear
capacitance sensor 34 may have a first length, a second
substantially linear capacitance sensor 34 disposed adjacent
to the first linear capacitance sensor 34 may have a second
length greater than the first length, and a third substantially
linear capacitance sensor 34 disposed adjacent to the second
linear capacitance sensor 34 may have a third length greater
than the second length. In such embodiments, the different
lengths of the respective linear capacitance sensors 34 may
assist in determining different respective depths of probe
insertion and may also provide a user with visual indicia of
insertion depth. In each of the above embodiments, such
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substantially linear capacitance sensors 34 may also be
employed to assist in determining the identity of the mea-
surement site through any of the methods described herein.
[0039] The various capacitance sensors 34 described
herein may comprise any type of sensor configured to detect
a conductive substance or other substance having a dielectric
constant different than that of air. For example, such a
capacitance sensor 34 may include a first conductive layer
made from copper, indium tin oxide, silver, carbon, printed
ink, and/or any other known conductive material. During
use, a voltage may be applied to the conductive layer,
resulting in the formation of an electric field extending from
the conductive layer. When a conductor is disposed within
the electric field, a capacitor is formed, and the capacitance
sensor 34 may measure a change in capacitance resulting
from the presence of the conductor within the electric field.
For example, the capacitance may change as the distance
between the conductive layer of the capacitance sensor 34
and the conductor changes. The capacitance sensor 34 may
be configured to generate one or more signals indicative of
such a capacitance and/or such a change in capacitance, and
the change in capacitance may be based on the distance
between the capacitance sensor 34 and the conductor.
[0040] A variety of converters and/or other known elec-
trical components may be used with the capacitance sensors
34 of the present disclosure to condition and/or interpret the
signal generated by the capacitance sensor 34. For example,
the sensors 32, 34, 35 may be operably, controllably, elec-
trically, and/or otherwise connected to a controller 52, and
such a converter may be a software and/or hardware com-
ponent of the controller 52. In such an exemplary embodi-
ment, the controller 52 may be configured to assist in
calculating and/or otherwise determining a core temperature
of a patient based on the temperature measurements, capaci-
tance measurements, voltages, radiation measurements,
light measurements, and/or other measurements made by the
first, second, and/or third sensors 32, 34, 35. In exemplary
embodiments, such converters may convert the capacitive
input signals generated by the capacitance sensor 34 into
digital values or “counts” representative of the measured
capacitance.

[0041] As will be described in greater detail below, FIGS.
2, 5, 8, and 12 illustrate various capacitance plots of the
present disclosure in which exemplary count values are
shown for purposes of discussion. As exemplified by FIGS.
2, 5, 8, and 12, count value (i.e., measured capacitance)
changes are based on the proximity of the capacitance sensor
34 to the conductor. For example, the measured capacitance
may have its highest value (for example, 700 counts) when
the capacitance sensor 34 is placed in direct contact with the
conductor and no probe cover 30 is disposed on the shaft 18.
Such a capacitance value may be stored within a memory of
the controller 52 and may be utilized as a known reference
value for determining, for example, the presence and/or
absence of a probe cover 30 disposed on the shaft 18. Such
a capacitance value may also be used to determine the
thickness, type, and/or other characteristics of one or more
probe covers 30 disposed on the shaft 18.

[0042] The measured capacitance may decrease as the
conductor is spaced and/or separated from the capacitance
sensor 34, such as by a probe cover 30. Thus, in further
embodiments, such measured capacitance values may be
used to determine a proximity of the temperature probe 10
(i.e., a proximity of the capacitance sensor 34) to a mea-



US 2018/0055371 Al

surement site of the patient. Such proximity to the measure-
ment site may be determined, for example, prior to contact
between the shaft 18 (with or without a probe cover 30
disposed thereon) and the measurement site. For example,
such a proximity to the measurement site may be determined
while a probe cover 30 is disposed on the shaft 18 and prior
to insertion of the shaft, or portions thereof, within a body
cavity of the patient. As shown in FIGS. 2, 5, 8, and 12, the
measured capacitance may vary based on the thickness of
the probe cover 30 being used. and the use of a thicker probe
cover 30 may result in a lower capacitance value than the use
of a relatively thinner probe cover 30. Thus, such measured
and known capacitance values may be used by the controller
52 to determine an unknown thickness of a probe cover 30
being used.

[0043] In still further exemplary embodiments, the capaci-
tance sensors 34 illustrated in FIGS. 1 and 11 may be
configured to determine a capacitance value and/or a change
in capacitance associated with the measurement site, and the
controller 52 may be configured to determine an identity of
the measurement site based on one or more such values. For
example, as will be described in greater detail below with
respect to FIG. 12, the controller 52 may be configured to
determine the identity of the measurement site (i.e., whether
the measurement site comprises the mouth, the axilla, the
rectum, ear drum, and/or any other like measurement site of
the patient) based on a correlation between a change in
capacitance measured by the one or more capacitance sen-
sors 34 and a known change in capacitance and/or a known
capacitance value associated with each respective measure-
ment site. Such known capacitance values or change in
capacitance values may be stored in, for example, a memory
of the controller 52. In further exemplary embodiments, the
controller 52 may be configured to determine the identity of
the measurement site by, among other things, determining
differences between a capacitance value, determined by one
or more of the capacitance sensors 34, associated with the
measurement site, and a plurality of such known capacitance
values. Once such differences have been determined, the
controller 52 may select one of the respective potential
measurement sites of the patient corresponding to the small-
est determined difference.

[0044] The conductors described above may comprise any
conductive material and/or structure known in the art. In
some embodiments, the body cavity and/or other measure-
ment site of the patient from which a body cavity tempera-
ture is determined may be a conductor affecting the capaci-
tance measured by the sensor 34. For example, in
embodiments in which a body cavity temperature is mea-
sured by inserting the shaft 18 into the patient’s mouth, the
conductor may comprise the patient’s tongue and/or other
parts of the patient’s mouth. As shown in FIGS. 4 and 7, in
further exemplary embodiments, a conductor 74 may com-
prise a metallic sheet, film, plate, layer, coating, and/or other
like structure. As will be described in greater detail below
with respect to FIGS. 3 and 4, such a conductor 74 may be
disposed within a storage container 58 housing one or more
probe covers 30.

[0045] Alternatively, in exemplary embodiments in which
the storage container 58 is disposed within a receptacle 84
of a user station 78 (FIG. 6), such a conductor 74 may be
disposed on a base 86 (FIG. 7) of the receptacle 84, and
external to the storage container 58. Such a user station 78
may include one or more operator interfaces 80 configured
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for communication with the temperature probe 10 and/or the
controller 52. Such a user station 78 may also include one or
more additional receptacles 82 for storing the temperature
probe 10 and/or the controller 52.

[0046] FIG. 7 illustrates a cutaway view of a portion of an
exemplary receptacle 84 having a storage container 58
disposed therein. The receptacle 84 may include one or more
walls extending orthogonal from the base 86, and the base
86 may include an inner surface 88 and an outer surface 90.
Although FIG. 7 illustrates the conductor 74 being disposed
on the inner surface 88, in further exemplary embodiments,
the conductor 74 may be disposed on the outer surface 90
and/or on one or more of the walls extending from the base
86. In still further exemplary embodiments, the conductor 74
may be formed integrally with the base 86, and in such
exemplary embodiments, the base 86 may be formed from
one or more metallic and/or other conductive materials to
provide the functionality of the conductors 74 described
herein. Likewise, although FIG. 4 illustrates the conductor
74 being disposed on a bottom wall 64 of the storage
container 58, in additional exemplary embodiments, the
conductor 74 may be formed integrally with the bottom wall
64 and/or other components of the storage container 58. In
such exemplary embodiments, the bottom wall 64 and/or
other components of the storage container 58 may be formed
from one or more metallic and/or other conductive materials
to provide the functionality of the conductors 74 described
herein.

[0047] In still further exemplary embodiments, the con-
ductor 74 may comprise a metallic and/or otherwise con-
ductive ring disposed proximate the capacitance sensor 34.
For example, as shown in FIG. 9, the capacitance sensor 34
may be disposed proximate the proximal end 13 of the shaft
18, and the ring-shaped conductor 74 may encircle at least
a portion of the proximal end 13. In such exemplary embodi-
ments, the conductor 74 may be connected to the tempera-
ture probe 10 in any known way, and the conductor 74 may
be spaced from the outer surface of the shaft 18 such that a
probe cover 30 may be disposed on the shaft 18 and/or
removably connected to the shaft 18 without interference
from the conductor 74. For example, such an exemplary
ring-shaped conductor 74 may be connected to the handle 20
and/or the shaft 18 by one or more conductive or non-
conductive mounts 76 extending from the temperature probe
10. The mount 76 may assist in spacing the conductor 74
from the outer surface of the shaft 18 such that the probe
cover 30 may be disposed on the shaft 18 between the
conductor 74 and a portion of the capacitance sensor 34. In
such exemplary embodiments, the conductor 74 may over-
lay the portion of the capacitance sensor 34, and may be
disposed within an electric field generated by the capaci-
tance sensor 34 during use. Thus, disposing the probe cover
30 between the capacitance sensor 34 and the ring-shaped
conductor 74 may change the capacitance value measured
by the capacitance sensor 34. For example, disposing a
thicker probe cover 30 on the shaft 18 between the capaci-
tance sensor 34 and the ring-shaped conductor 74 may result
in a lower measured capacitance value than the use of a
relatively thinner probe cover 30.

[0048] Thus, as described above, the signal generated by
the capacitance sensor 34 may be indicative of the thickness
of the probe cover 30 disposed on the shaft 18 and, in
particular, may be indicative of the change in capacitance
sensed by the capacitance sensor 34. This change in capaci-
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tance may be based on the distance between the capacitance
sensor 34 and the conductor 74. As shown in FIG. 4, this
change in capacitance may result from the capacitance
sensor 34 being spaced from the conductor 74 by a probe
cover 30 in contact with both the distal end 15 of the shaft
18 and the conductor 74. As shown in FIG. 7, such a change
in capacitance may also result from the capacitance sensor
34 being spaced from the conductor 74 by both a probe
cover 30 and the bottom wall 64 of the storage container 58.
Moreover, as shown in FIG. 9, such a change in capacitance
may also result from the probe cover 30 being disposed
between the conductor 74 and the capacitance sensor 34.
Because the probe cover 30 may have a different dielectric
constant than air, the probe cover 30 may attenuate the
corresponding measured capacitance value.

[0049] In still further exemplary embodiments, at least one
of the sensors 32, 34, 35 may comprise an optical sensor
configured to determine an amount of radiation received
thereby and/or a change in an amount of radiation received.
For example, in an embodiment in which the first sensor 32
comprises a temperature sensor, the third sensor 35 may
comprise an optical sensor configured to measure a change
in an amount of radiation received by the optical sensor 35
as the sensor 35 approaches and/or is positioned proximate
a measurement site of the patient. Such an optical sensor 35
may comprise, for example, a photodiode and/or any other
type of like sensor configured to detect, measure, sense,
and/or otherwise determine an amount of radiation received
and/or a change in the amount of radiation received. It is
understood that such radiation may comprise visible light
and/or other radiation, such as x-ray, infrared, and/or other
radiation outside of the optical band. The optical sensor 35
may be configured to generate a signal indicative of the
amount of radiation received and/or the change in the
amount of radiation received, and may be configured to
direct such signals to the controller 52 described above. As
will be described in greater detail below with respect to
FIGS. 14 and 15, such signals may comprise a voltage value
and/or other like value indicative of the amount of radiation
received by the sensor 35.

[0050] Upon receiving one or more signals from the
sensor 35, the controller 52 may be configured to determine
at least one of a proximity to the measurement site and an
identity of the measurement site. Additionally, the controller
52 may be configured to determine the presence of a probe
cover 30 disposed on the shaft 18, and/or a probe cover type
associated with the probe cover 30, based on the one or more
signals. As described above, the controller 52 may be
configured to assist in calculating and/or otherwise deter-
mining a core temperature of a patient based on temperature
measurements made by first sensor 32 and radiation mea-
surements made by third sensor 35. In exemplary embodi-
ments, the controller 52 may convert the radiation input
signals generated by the optical sensor 35 into voltage
values representative of the amount of radiation received by
the optical sensor 35 and/or the change in radiation received
thereby.

[0051] As will be described in greater detail below, FIGS.
14 and 15 illustrate various voltage plots of the present
disclosure in which exemplary voltages are shown for
purposes of discussion. As exemplified by FIGS. 14 and 15,
controller 52 may convert the signals received from the
optical sensor 35 into corresponding voltage values indica-
tive of the amount of radiation received by the sensor 35 at
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the measurement site, and changes in the amount of radia-
tion received by the sensor 35 may correspond to changes in
such voltage values. For example, the measured radiation
may correspond to a relatively high voltage value (for
example, 1.0 volt) when the optical sensor 35 is exposed to
ambient light away from the measurement site and no probe
cover 30 is disposed on the shaft 18. Such a voltage value
may be stored within a memory of the controller 52 and may
be utilized as a known reference value for determining, for
example, the presence, type, and/or other characteristics of
one or more probe covers 30 disposed on the shaft 18. Such
a voltage value may also be utilized as a known reference
value for determining a proximity of the probe 10 (i.e., a
proximity of the optical sensor 35) to the measurement site
and/or an identity of the measurement site.

[0052] At least one of the sensors 32, 34, 35 may addi-
tionally include at least one window, lens, and/or other like
optical component 36 positioned proximate thereto. For
example, such an optical component 36 may be disposed
substantially flush and/or coplanar with the outer surface of
the shaft 18. In an exemplary embodiment in which the shaft
18 is substantially cylindrical, such an optical component 36
may be substantially curved so as to match the radius of
curvature of the shaft 18. Such optical components 36 may
assist in, for example, focusing and/or transmitting infrared
radiation between the thermopile and the body cavity of the
patient. Such optical components 36 may also assist in
protecting the thermopile, thermocouple, thermistor, capaci-
tance sensor, optical sensor, photodiode, and/or other sensor
components during use of the temperature probe 10, and
may assist in forming a substantially fluid tight compartment
within the shaft 18 so as to protect sensor components from
contact with bodily fluids, cleaning solutions, and/or other
liquids. It is understood that such optical components 36
may be substantially transparent to assist in the transmission
of infrared radiation. Such optical components 36 may also
be highly electrically and/or optically transmissive, and may
have a negligible effect on, for example, an electric field
generated by one or more of the sensors 32, 34, 35. Like-
wise, such optical components 36 may assist in transmitting
visible and/or other like radiation to one or more of the
sensors 32, 34, 35.

[0053] The handle 20 may also include one or more
displays 54 operably connected to the controller 52. The
display 54 may comprise, for example, a liquid crystal
display (LCD) screen, a light emitting diode (LED) display,
a digital read-out, and/or any other like components config-
ured to communicate information to the user of the tem-
perature probe 10. Such displays 54 may be configured to
indicate, for example, one or more temperatures measured
by the sensors 32, 34; 35, one or more capacitance values
and/or changes in capacitance measured by the sensors 32,
34; 35, one or more values indicative of an amount of
radiation received by the sensors 32, 34, 35, one or more
values indicative of a change in the amount of radiation
received by the sensors 32, 34, 35, one or more temperatures
determined based on signals received from the one or more
sensors 32, 34, 35, and/or any other information that may be
useful during operation of the temperature probe 10. Such
other information may include, for example, the proximity
of the probe 10, and/or components thereof, to the measure-
ment site, the depth of insertion of the shaft 18 within the
measurement site, and the identity of the measurement site.
The display 54 may be configured to communicate such
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information substantially instantaneously and/or substan-
tially continuously, depending on the mode of operation of
the temperature probe 10. Such a display 54 may also
indicate whether or not the temperature probe 10 is turned on
and whether a probe cover 30 has been connected to the
temperature probe 10. The display 54 may also be config-
ured to indicate the mode of operation of the temperature
probe 10 (for example, continuous or instantaneous modes
of temperature calculation), as well as whether one or more
threshold temperatures, threshold temperature change rates,
and/or other sensed metric thresholds have been met or
exceeded. The display 54 may be, for example, a substan-
tially numerical digital display, and may also be configured
to display any other typical operating information, such as,
for example, a temperature versus time trend line or other
graphical depictions. Such graphical depictions may also
include one or more capacitance plots of the type illustrated
in FIGS. 2, 5, 8, and 12.

[0054] The temperature probe 10 may also include one or
more signal devices (not shown) operably connected to the
controller 52. Such signal devices may include, for example,
one or more lights, LEDs, speakers, and/or other like devices
configured to emit an audible and/or optical alarm or signal
in response to a command or signal from the controller 52.
Such an alarm or other signal may be initiated by, for
example, the controller 52 when the calculated temperature
meets or exceeds a threshold temperature. Such an alarm
and/or other signal may also be initiated by the controller 52
based on a determined proximity to the measurement site, a
depth of insertion, an identity of the measurement site,
and/or other determinations made by the controller 52. For
example, such alarms or other signals may be initiated in
response to meeting or exceeding one or more predeter-
mined thresholds associated with such determinations. In
additional exemplary embodiments, such an alarm or signal
may be initiated during a substantially continuous tempera-
ture calculation operation where the rate of patient tempera-
ture change meets or exceeds a predetermined temperature
change rate threshold. In additional exemplary embodi-
ments, such signal/devices may be disposed on and/or
otherwise associated with the controller 52.

[0055] The controller 52 may be operably connected to the
operator interfaces 22, display 54, sensors 32, 34, 35, and/or
other components of the temperature probe 10, and the
controller 52 may be configured to control the operation of
such compornents. In an exemplary embodiment, the con-
troller 52 may be configured to receive signals, information,
measurements, and/or other data from the sensors 32, 34, 35
of the temperature probe 10, and to estimate, calculate,
and/or otherwise determine a core temperature of the patient
based on the information received. The controller 52 may
also be configured to execute one or more commands and/or
control programs. For example, the controller 52 may be
programmed to initiate one or more alarms in response to
calculating a core temperature that is greater than or equal to
a predetermined threshold temperature. In an exemplary
embodiment, such a threshold temperature may be approxi-
mately 100° F. In addition, the controller 52 may be con-
figured to initiate such an alarm during a substantially
continuous temperature calculation operation if the calcu-
lated temperature increases and/or decreases at a rate that is
greater than or equal to a predetermined threshold tempera-
ture change rate. The controller 52 may comprise a proces-
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sor, memory, and/or other known controller components to
facilitate the functionality described herein.

[0056] In an exemplary embodiment, the controller 52
may be disposed within, for example, the handle 20 of the
temperature probe 10. In such an embodiment, the controller
52 may be formed substantially integral with the tempera-
ture probe 10. For example, the handle 20 may form one or
more substantially watertight and/or substantially hermeti-
cally sealed compartments for storing the various compo-
nents of the controller 52. Alternatively, as shown in FIGS.
1, 11, and 12, the controller 52 may be formed separately
from the temperature probe 10. In such exemplary embodi-
ments, the controller 52 may comprise a housing that is
formed separate from the handle 20. To facilitate commu-
nication between the temperature probe 10 and the controller
52 in such embodiments, the controller 52 may be operably
connected to the temperature probe 10 via one or more
wires, cables, USB connection, Bluetooth, WiF1i, radio,
and/or other known hard-wired and/or wireless communi-
cation protocols. The controller 52 and/or the temperature
probe 10 may further include any number of ports, connec-
tors, transponders, receivers, antennae, and/or other known
components to facilitate such connectivity and/or commu-
nication. As shown in FIG. 1, in an exemplary embodiment
in which the controller 52 is formed separate from the
temperature probe 10, the controller 52 may comprise a
display 54 and one or more operator interfaces 56. The
display 54 and operator interfaces 56 of the controller 52
may be structurally and/or functionally similar to the display
54 and operator interfaces 22 of the handle 20 described
herein.

[0057] The probe cover 30 may be substantially cylindri-
cal, and may have similar dimensions to that of the shaft 18.
For example, the probe cover 30 may be incrementally
longer than the shaft 18 so as to fit over substantially the
entire shaft 18. The probe cover 30 may define an orifice 46
at a proximal end 42 thereof. Similar to the shaft 18, the
probe cover 30 may also define a substantially atraumatic tip
38 at a distal end 40 thereof. The probe cover 30 may be
formed from any medically approved material known in the
art. Such materials may include, for example, plastics,
polymers, and/or any of the other materials discussed above
with regard to the temperature probe 10. Using such mate-
rials may enable, for example, the probe cover 30 to be
repeatedly used and/or sanitized. Alternatively, in additional
exemplary embodiments, the probe cover 30 may be con-
figured for one-time usage. In exemplary embodiments, the
probe cover 30 and/or portions thereof may function as an
optical filter. In such embodiments, portions of the probe
cover 30 may be tinted, textured, shaped, dimensioned,
and/or otherwise configured to modify light and/or other
radiation passing through the probe cover 30. In such
embodiments, the portions of the probe cover 30 functioning
as an optical filter may assist in collimating, focusing, and/or
otherwise directing radiation passing through the probe
cover 30. For example, such portions of the probe cover 30
may be configured to assist in maximizing the amount of
radiation passing through the probe cover 30, and on to the
one or more sensors 32, 34, 35. In this way, such portions of
the probe cover 30 may improve the functionality of such
sensors sensors 32, 34, 35.

[0058] In additional exemplary embodiments, the probe
cover 30 may include one or more additional structures to
facilitate usage with, insertion on, and/or removal from the
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temperature probe 10. For example, while the orifice 46 may
be shaped, sized, and/or otherwise configured to accept the
shaft 18 and to mate with one or more retention components
27 of the temperature probe 10, in further exemplary
embodiments, at least a portion of the proximal end 42 of the
probe cover 30 may include additional notches, cutouts,
tabs, ribs, rings, flanges, and/or other retention components
(not shown) configured to assist in connecting the probe
cover 30 to and/or disconnecting the probe cover 30 from the
temperature probe 10. For example, such retention compo-
nents of the probe cover 30 may mate with the retention
components 27 of the temperature probe 10 to facilitate
retention of the probe cover 30 on the shaft 18 and/or
ejection of the probe cover 30 from the shaft 18.

[0059] As shown in FIGS. 11 and 13, exemplary embodi-
ments of the probe cover 30 may also include one or more
features 37 shaped, sized, located, and/or otherwise config-
ured to facilitate operation of the one or more sensors 32, 34,
35. For example, such features 37 may comprise windows,
lenses, and/or other like structures configured to facilitate
passage of radiation to a respective optical sensor 35,
emission of an electrical field by a respective capacitance
sensor 34, and/or transmission of thermal energy to a
temperature sensor 32. In each of the exemplary embodi-
ments described herein, one or more of the features 37 may
comprise a groove, channel, trough, notch, cut-out, and/or
other like structure. In exemplary embodiments in which the
temperature sensor 32 comprises an infrared temperature
sensor, such features 37 may be configured to facilitate
passage of infrared radiation to and from such a temperature
sensor 32. In additional exemplary embodiments, the fea-
tures 37 may comprise a portion of the probe cover 30 that
has been removed by laser etching, cutting, and/or other like
methods. In still further embodiments, the features 37 may
comprise a portion of the probe cover 30 having a wall
thickness that is less than surrounding portions and/or a
remainder of the probe cover 30. In such embodiments, the
features 37 may be formed during the probe cover molding,
extrusion, and/or other manufacturing process. For example,
the features 37 may be formed into one or more of the molds
used to manufacture the probe cover 30.

[0060] As shown in FIGS. 11 and 13, the location of each
feature 37 on the probe cover 30 may correspond to the
location of a respective one of the sensors 32, 34, 35 on the
shaft 18, such that when the probe cover 30 is disposed on
the shaft 18, each feature 37 may be disposed proximate
and/or substantially over a respective one of the sensors 32,
34, 35. In each of the exemplary embodiments described
herein, one or more of the features 37 may comprise a
groove, channel, trough, notch, cut-out, and/or other like
structure.

[0061] In further exemplary embodiments, at least one of
the features 37 may be configured to modify radiation
passing to a respective optical sensor 35, an electrical field
emitted by a respective capacitance sensor 34, and/or ther-
mal energy transmitted to a temperature sensor 32. For
example, in embodiments in which a feature 37 is disposed
proximate and/or substantially over a capacitance sensor 34,
the feature 37 may be configured to intensify, focus, direct,
and/or otherwise affect the electrical field emitted by the
capacitance sensor 34. Such a feature 37 may also be
configured to enhance a sensitivity of the sensor 34, thereby
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improving the capability of the sensor 34 to determine a
capacitance and/or a change in capacitance at the measure-
ment site.

[0062] In additional exemplary embodiments, at least one
of the features 37 may be sized, shaped, located, and/or
otherwise configured to assist in determining the identity of
the measurement site. For example, one or more of the
features 37 may be dimensioned such that portions of the
patient’s anatomy found at a first measurement site may
interact with the feature 37 differently than portions of the
patient’s anatomy found at a second measurement site. Such
interaction may have a unique effect on the signals sent by
a respective sensor 32, 34, 35 disposed beneath such a
feature, and the controller 52 may be configured to deter-
mine the identity of the measurement site based at least in
part on such an effect. For example, at least one of the
features 37 may comprise one or more longitudinal, radial,
and/or other like grooves. In such an embodiment, a
patient’s tongue may be compliant enough to at least par-
tially conform to and/or otherwise fill such grooves, while
portions of the axilla and/or rectum may not be as compliant.
Accordingly, the interaction between the patient’s tongue
and such a feature 37 may affect the capacitance and/or
change in capacitance determined by a respective capaci-
tance sensor 34 disposed beneath such a feature 37. For
instance, such interaction may augment the capacitance
and/or change in capacitance determined by the capacitance
sensor 34 disposed beneath such a feature 37 by a known
amount and/or in any other known way. Accordingly, the
controller 52 may be configured to determine, among other
things, the identity of the measurement site (i.e., that the
capacitance sensor 34 and/or the shaft 18 of the temperature
probe 10 is disposed at or in the patient’s mouth) based on
signals received while using a probe cover 30 having such
features 37. Although such measurement site identity deter-
minations have been described above with respect to a
capacitance sensor 34, in further exemplary embodiments,
similar proximity and/or measurement site identity determi-
nations may be made using such features 37 in conjunction
with one or more of the temperature sensors 32, optical
sensors 35, and/or other sensors described herein. In each of
the exemplary embodiments described herein, such features
37 may be shaped, sized, located, and/or otherwise config-
ured such that epidermal and/or other tissue of the patient
may fit within at least a portion of one or more such features
37 to aid in determining the identity of the measurement site,
the proximity to the measurement site, the temperature of the
measurement site, and/or any of the other measurement site
characteristics described herein.

[0063] In a similar manner, interaction between such fea-
tures 37 and respective sensors 32, 34, 35 may assist the
controller 52 in determining the type of probe cover 30 being
used. For instance, such interaction may have a unique effect
on the signals sent by a respective sensor 32, 34, 35 disposed
beneath such a feature, and the controller 52 may be
configured to determine the probe cover type and/or the
probe cover manufacturer based at least in part on such an
effect. In exemplary embodiments, one or more such fea-
tures 37 may be shaped, sized, located, and/or otherwise
configured to be indicative of the particular type and/or
manufacturer of the probe cover 30. In such embodiments,
the controller 52 may be configured to determine whether
the probe cover 30 being used is, for example, of an
approved probe cover type and/or from an approved probe
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cover manufacturer based on signals received from respec-
tive sensors 32, 34, 35 indicative of the characteristics of
such features 37. The controller 52 may also be configured
to take further action based on such determinations. In
exemplary embodiments, the controller 52 may be config-
ured to permit activation and/or use of one or more of the
sensors 32, 34, 35 in response to determining that the probe
cover 30 is of an approved type and is from an approved
probe cover manufacturer. On the other hand, the controller
52 may be configured to disable one or more components of
the temperature probe 10 in response to determining that
either the probe cover 30 is not of an approved type or that
the probe cover 30 is not from an approved probe cover
manufacturer.

[0064] In still further exemplary embodiments, one or
more additional sensors 28 may be disposed on the tem-
perature probe 10 at a location useful for detecting the
presence of the probe cover 30. For example, such sensors
28 may be disposed proximate the base 24 of the shaft 18
and configured to detect the proximal end 42 of the probe
cover 30 once the shaft 18 has been inserted into the probe
cover 30. In still further exemplary embodiments, such
sensors 28 may be disposed proximate the tip 16 and
configured to detect the distal end 40 of the probe cover 30
once the shaft 18 has been inserted into the probe cover 30.
In such exemplary embodiments, the one or more sensors 28
may comprise, for example, a proximity sensor and/or any
other like sensing device, and sensing the first temperature
indicative of a temperature of the probe cover 30 may be
performed in response to detecting the presence of the probe
cover 30 on the shaft 18. As shown in the exemplary
embodiment of FIG. 13, in additional exemplary embodi-
ments, such an additional sensor may comprise an optical
sensor 35 disposed on the temperature probe 10 such that the
optical sensor 35 is exposed to ambient light and/or other
ambient conditions outside of the probe cover 30 when the
probe cover 30 is disposed on the shaft 18. Such an optical
sensor 35 may be disposed on and/or proximate to, for
example, the base 24 of the shaft 18.

[0065] The exemplary temperature measurement systems
100, 200, 300 of the present disclosure, shown in FIGS. 1,
11, and 13, respectively, may include any of the temperature
probes 10, controllers 52, and/or probe covers 30 described
herein, as well as the various components thereof. In addi-
tion, exemplary temperature measurement systems 100, 200,
300 of the present disclosure may further include a storage
container 58 (FIGS. 3, 4, 6, and 7), and as mentioned above,
one or more probe covers 30 may be disposed within the
storage container 58. The storage container 58 may have any
shape, size, and/or other configuration convenient for storing
a plurality of probe covers 30 therein. For example, the
storage container 58 may be substantially box shaped, and
may have a substantially rectangular, substantially square,
and/or substantially hexagonal cross-sectional shape.

[0066] At least a portion of the storage container 58 may
define one or more openings 60. Such exemplary openings
60 may be shaped, sized, located, and/or otherwise config-
ured to assist in the removal of one or more probe covers 30
from the storage container 58. For example, such an opening
60 may be shaped and/or sized to permit passage of a probe
cover 30 for removal from the storage container 58. Such an
opening 60 may also be shaped and/or sized to permit
removal of only a single probe cover 30 from the storage
container 58 at one time. In such an exemplary embodiment,
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the opening 60 may assist in retaining the remaining probe
covers 30 within the storage container 58 while, at the same
time, facilitating removal of a single probe cover 30 for use
with the temperature probe 10.

[0067] As shown in FIG. 3, the storage container 58 may
include, for example, a front 66, a back 68, and at least two
sides 70, 72. In additional exemplary embodiments, it is
understood that the storage container 58 may include addi-
tional sides and/or other structures, depending upon, for
example, the configuration of the probe covers 30 and/or
storage requirements related to the probe covers 30. As
shown in FIG. 3, an exemplary storage container 58 may
also include a top 62 and a bottom wall 64 disposed opposite
the top 62. The front 66, back 68, and at least two sides 70,
72 may be disposed orthogonal to the bottom wall 64. In an
exemplary embodiment, the top 62 may define at least a
portion of the opening 60. In additional exemplary embodi-
ments, at least a portion of the top 62 may be removed to
expose the opening 60, and in further exemplary embodi-
ments, substantially the entire top 62 may be removed from
the storage container 58. In such exemplary embodiments,
substantially all of the probe covers 30 disposed within the
storage container 58 may be exposed for removal.

[0068] As can be seen via the opening 60 illustrated in
FIG. 3, two or more probe covers 30 may be positioned
adjacently within the storage container 58. For example, two
or more such probe covers 30 may be substantially aligned
along respective lengths thereof within the storage container
58. In such exemplary embodiments, a plurality of probe
covers 30 may be supported by, for example, the bottom wall
64 of the storage container 58, and may be arranged to stand
within the storage container 58 on the respective distal ends
40 thereof.

[0069] As shown in FIG. 4, the conductor 74 described
above may be disposed on the bottom wall 64 of the storage
container 58, and the distal end 40 of each respective probe
cover 30 disposed within the storage container 58 may be in
contact with the conductor 74. In exemplary embodiments,
the conductor 74 may extend along the bottom wall 64 from
the front 66 to the back 68 of the storage container 58. The
conductor 74 may also extend from the first side 70 to the
second side 72 such that the conductor 74 covers substan-
tially the entire bottom wall 64. Although FIG. 4 illustrates
the conductor 74 being disposed on an inner surface of the
bottom wall 64, in additional exemplary embodiments, the
conductor 74 may be disposed on an outer surface of the
bottom wall 64. As discussed above, in still further exem-
plary embodiments, the conductor 74 may be formed inte-
grally with the bottom wall 64.

[0070] As shown in at least FIG. 4, when the shaft 18 is
disposed within the probe cover 30 such that a capacitance
sensor 34 is disposed adjacent to and/or in contact with the
tip 38 of the probe cover 30, the capacitance sensor 34 may
be configured to measure a change in capacitance resulting
from the capacitance sensor 34 being separated from the
conductor 74 by the probe cover 30. For instance, the
capacitance measured by the capacitance sensor 34 when
disposed as shown in FIG. 4 may be different than a
capacitance measured if the capacitance sensor 34 of FIG. 4
was disposed in direct contact with the conductor 74 on the
bottom wall 64. Although not described in greater detail
herein, in further exemplary embodiments the capacitance
sensor 34 may be configured to measure a change in
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capacitance caused by relative movement between the
capacitance sensor 34 and the conductor 74.

[0071] The temperature probes 10, probe covers 30, and
storage containers 58 described herein may be utilized by
physicians, nurses, and/or other healthcare professionals in
avariety of different environments. For example, the devices
and/or the temperature measurement systems 100, 200, 300
described herein may be employed in any of a number of
examination facilities to determine one or more tempera-
tures associated with a patient, such as, for example, a core
temperature of the patient. Such a temperature determination
may be utilized by the healthcare professional to assist in
treating the patient, and may have a variety of uses that are
well known in the medical field.

[0072] For example, the user may insert at least a portion
of the temperature probe 10, such as the shaft 18, into the
probe cover 30 via the orifice 46. In an exemplary embodi-
ment, the probe cover 30 may be disposed within a storage
container 58 while the shaft 18 of the temperature probe 10
is inserted into the probe cover 30. In such an exemplary
embodiment, the probe cover 30 may be accessed through
the opening 60 of the storage container 58 for insertion of
the shaft 18. In such an exemplary embodiment, the tem-
perature probe 10 may be moved in the direction of arrow 50
(FIG. 1) relative to the probe cover 30 for insertion. Alter-
natively, in exemplary embodiments in which the probe
cover 30 has been removed from the storage container 58
before connection with the temperature probe 10, the probe
cover 30 may be moved in the direction of arrow 48 (FIG.
1) relative to the temperature probe 10 to facilitate a con-
nection with the temperature probe 10.

[0073] As one or more of the retention components 27 of
the temperature probe 10 come into contact with the probe
cover 30, such retention components 27 may hook, clip,
and/or otherwise mate with the proximal end 42 of the probe
cover 30 to assist in retaining the probe cover 30 on the shaft
18. In exemplary embodiments in which the proximal end 42
of the probe cover 30 defines one or more of the notches,
cutouts, and/or other retention components described above,
the retention components of the probe cover 30 may com-
municate with the retention components 27 of the tempera-
ture probe 10 to assist in retaining the probe cover 30
thereon.

[0074] For example, the user may dispose the shaft 18
within the probe cover 30 such that a capacitance sensor 34
disposed proximate the distal end 15 of the shaft 18 is
positioned proximate the distal end 40 of the probe cover 30.
The shaft 18, along with the probe cover 30, may then be
disposed within a body cavity and/or proximate to any other
like measurement site of the patient, and the capacitance
sensor 34 may be activated to measure and/or otherwise
determine a first capacitance and/or a first change in capaci-
tance associated with the body cavity and/or other measure-
ment site. In such an exemplary embodiment, the body
cavity and/or measurement site may constitute a conductor
74, and a virtual capacitor may be formed by the capacitance
sensor 34 and the body cavity and/or measurement site.
[0075] For example, FIG. 2 illustrates an exemplary
capacitance plot corresponding to an embodiment of the
temperature measurement system 100, 200 in which a
capacitance sensor 34 is disposed proximate the distal end
15 of the shaft 18, and the conductor 74 comprises a body
cavity and/or other like measurement site of the patient. An
exemplary embodiment in which the conductor 74 com-
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prises a body cavity and/or other measurement site of the
patient, such as, for example, a mouth 96 of the patient is
illustrated in FIG. 10. In the exemplary embodiment shown
in FIG. 10, the probe cover 30 may be disposed in contact
with, for example, the tongue 92, and/or an internal mouth
surface 94 of the patient. In such exemplary embodiments,
the tongue 92 and/or the mouth surface 94 may comprise the
conductor 74.

[0076] As shown in FIG. 2, one or more known and/or
reference capacitance values may be stored in the memory
of the controller 52. Such values may correspond to, for
example, a capacitance sensed without a probe cover 30
being disposed on the shaft 18 and the capacitance sensor 34
being in direct contact with the conductor 74 (e.g., 700
counts), a capacitance sensed with a reference probe cover
30 having a thickness of 0.010 inches disposed on the shaft
18 (e.g., 400 counts), and a capacitance sensed with a
reference probe cover 30 having a thickness of 0.015 inches
disposed on the shaft 18 (e.g., 380 counts). It is understood
that the reference capacitance values corresponding to the
0.010-inch and 0.015-inch probe covers 30 may vary
depending on, for example, the type of conductor 74, the
location of the capacitance sensor 34 relative to the probe
cover 30, the location of the capacitance sensor 34 relative
to the conductor 74, and/or other factors related to the
particular configuration of the temperature measurement
system 100.

[0077] In the exemplary core temperature determination
described above with respect to FIG. 2, if the first capaci-
tance determined by the capacitance sensor 34 corresponds
to a capacitance value of 387 counts, the controller 52 may
determine a difference between the first capacitance and one
of the stored reference capacitance values to determine an
unknown thickness of the probe cover 30. For example, the
controller 52 may extrapolate between the two reference
capacitance values discussed above to determine the thick-
ness of the probe cover 30 used during measurement of the
first capacitance. In alternative exemplary embodiments, the
controller 52 may use any other known mathematical and/or
functional relationships to determine the thickness of the
probe cover 30, and in further exemplary embodiments, the
controller 52 may use one or more stored look-up tables to
determine such a thickness. This determined thickness may
be used by the controller 52 as an input to a core temperature
determination algorithm. For example, the controller 52 may
determine the core temperature of the patient based on the
determined thickness of the probe cover 30 being used as
well as a temperature of the body cavity as measured by the
temperature sensor 32.

[0078] While the capacitance plot shown in FIG. 2 is
illustrative of an exemplary embodiment, such as the
embodiment shown in FIG. 10, in which the body cavity of
the patient comprises the conductor 74, in further exemplary
core temperature determination methods, a conductor 74
disposed on the bottom wall 64 of the storage container 58
or on the base 86 of a receptacle 84 may be used to measure
a change in capacitance. For example, the capacitance plot
shown in FIG. 5 is illustrative of the exemplary embodiment
of FIG. 4 in which the capacitance sensor 34 is disposed at
the tip 16 of the shaft 18, the tip 16 is disposed adjacent to
the tip 38 of the probe cover 30, and the distal end 40 of the
probe cover 30 is in contact with a conductor 74 disposed on
the bottom wall 64 of the storage container 58. In such an
exemplary embodiment, the capacitance sensor 34 may be
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separated from the conductor 74 by the relatively thin probe
cover 30, and the capacitance sensor 34 may measure a
change in capacitance resulting from the capacitance sensor
34 being separated from the conductor 74 by the distal end
40 of the probe cover 30. As shown in FIG. 5, in such an
exemplary embodiment, an exemplary reference capaci-
tance value corresponding to a 0.010-inch probe cover 30
may be 690 counts and an exemplary reference capacitance
value corresponding to a 0.015-inch probe cover 30 may be
680 counts. Such reference capacitance values may be
higher than, for example, the values discussed above with
respect to FIG. 2 due to the type of conductor 74 shown in
FIG. 4, and the proximity of the capacitance sensor 34
shown in FIG. 4 to the conductor 74. In the exemplary
embodiment of FIGS. 4 and 5, if the first capacitance
determined by the capacitance sensor 34 corresponds to a
capacitance value of 687 counts, the controller 52 may
determine a difference between the first capacitance and one
of the stored reference capacitance values to determine an
unknown thickness of the probe cover 30. This process may
be similar to the methods described above with regard to
FIG. 2. Additionally, as described above with respect to FIG.
2, the controller 52 may determine the core temperature of
the patient based on the determined thickness of the probe
cover 30 as well as a temperature of the body cavity as
measured by the temperature sensor 32.

[0079] The capacitance plot shown in FIG. 8 is illustrative
of the exemplary embodiment of FIG. 7 in which the
capacitance sensor 34 is disposed at the tip 16 of the shaft
18, the tip 16 is disposed adjacent to the tip 38 of the probe
cover 30, and the distal end 40 of the probe cover 30 is in
contact with the bottom wall 64 of the storage container 58.
The bottom wall 64 is disposed on the base 86 of the
receptacle 84, and the conductor is disposed on the inner
surface 88 ofthe base 86. In this exemplary embodiment, the
capacitance sensor 34 is separated from the conductor 74 by
the probe cover 30 and the bottom wall 64, and the capaci-
tance sensor 34 may measure a change in capacitance
resulting from the capacitance sensor 34 being separated
from the conductor 74 by the distal end 40 of the probe cover
30 and the bottom wall 64. As shown in FIG. 8, in such an
exemplary embodiment, an exemplary reference capaci-
tance value corresponding to a 0.010-inch probe cover 30
may be 650 counts and an exemplary reference capacitance
value corresponding to a 0.015-inch probe cover 30 may be
640 counts. While such reference capacitance values may be
higher than, for example, the values discussed above with
respect to FIG. 2, such values may be slightly lower than the
values discussed above with respect to FIG. 5 due to the
proximity of the capacitance sensor 34 shown in FIG. 7 to
the conductor 74. In the exemplary embodiment of FIGS. 7
and 8, if the first capacitance determined by the capacitance
sensor 34 corresponds to a capacitance value of 647 counts,
the controller 52 may determine a difference between the
first capacitance and one of the stored reference capacitance
values to determine an unknown thickness of the probe
cover 30. This process may be similar to the methods
described above with regard to FIG. 2. Additionally, as
described above with respect to FIG. 2, the controller 52
may determine the core temperature of the patient based on
the determined thickness of the probe cover 30 as well as a
temperature of the body cavity as measured by the tempera-
ture sensor 32.
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[0080] In additional exemplary core temperature determi-
nation methods, a conductor 74 disposed at a proximal end
of the shaft 18 may be used to measure a change in
capacitance. For example, the capacitance plot shown in
FIG. 5 may also be illustrative of the exemplary embodiment
of FIG. 9 in which the capacitance sensor 34 is disposed
proximate the proximal end 13 of the shaft 18, such as on the
base 24 of the shaft 18. Additionally, the conductor 74 may
be a metallic ring encircling a portion of the proximal end
13. The conductor 74 may overlay a portion of the capaci-
tance sensor 34, and the probe cover 30 may be disposed on
the shaft 18 between the capacitance sensor 34 and the
conductor. In such an exemplary embodiment, the capaci-
tance sensor 34 may be separated from the conductor 74 by
the relatively thin probe cover 30 and an additional gap or
clearance provided between the conductor 74 and the probe
cover 30 for connection and/or disconnection of the probe
cover 30. The capacitance sensor 34 may measure a change
in capacitance resulting from the probe cover 30 being
disposed between the capacitance sensor 34 and the ring-
shaped conductor 74. This process may be similar to the
methods described above with regard to FIG. 2. Addition-
ally, as described above with respect to FIG. 2, the controller
52 may determine the core temperature of the patient based
on the determined thickness of the probe cover 30 as well as
a temperature of the body cavity as measured by the tem-
perature sensor 32.

[0081] FIG. 12 illustrates another exemplary capacitance
plot corresponding to an embodiment of the temperature
measurement system 200 in which a capacitance sensor 34
1s disposed proximate the distal end 15 of the shaft 18. One
or more additional capacitance sensors 34 may be disposed
on the shaft 18 proximal to the capacitance sensor 34
disposed proximate the distal end 15, and such an exemplary
temperature measurement system 200 is shown in FIG. 11.
Such capacitance sensors 34 may be configured to generate
one or more signals indicative of at least one of a proximity
to the patient measurement site and an identity of the
measurement site. For example, as illustrated by the capaci-
tance plot of FIG. 12, such sensors 34 may be configured to
sense a plurality of capacitance values (i.e., values A-J
shown in FIG. 12) and/or a plurality of changes in capaci-
tance values, and the signals generated by the capacitance
sensors 34 may be indicative of such values. The tempera-
ture measurement system 200 of FIG. 12 may be configured
to determine a core temperature of the patient based on the
one or more such signals generated by sensors 34 as well as
signals generated by the temperature sensor 32 indicative of
a temperature associated with the measurement site. As
described above with respect to FIG. 2, in such embodi-
ments, the measurement site (not shown in FIGS. 11 and 12)
may comprise the conductor 74.

[0082] As shown in FIG. 12, one or more known and/or
reference capacitance values may be stored in the memory
of the controller 52. Such values may correspond to, for
example, a capacitance sensed without a probe cover 30
being disposed on the shaft 18 and the capacitance sensor 34
being in direct contact with the conductor 74 (e.g., 700
counts). The capacitance sensor 34 may also sense one or
more capacitance values (e.g., values A-C) indicative of a
change in capacitance once a probe cover 30 has been
disposed on the shaft 18. Values A-C may be representative
of capacitance values (e.g., 650 counts, 645 counts, and 640
counts, respectively) corresponding to probe covers 30 hav-
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ing various thicknesses. For example, a first capacitance
value A may be sensed relative to a conductor 74 while a
probe cover 30 having a corresponding first thickness is
disposed on the shaft 18. This first value A may be greater
than, for example, a second capacitance value B sensed
relative to the same conductor 74 while a probe cover 30
having a corresponding second thickness less than the first
thickness is disposed on the shaft 18. Accordingly, the
controller 52 may be configured to determine whether a
probe cover 30 is present on the shaft 18 based on a
difference between the capacitance value sensed without a
probe cover 30 being disposed on the shaft (e.g., 700 counts)
and one of the capacitance values A-C. The controller 52
may also be configured to determine a thickness, configu-
ration, manufacturer, and/or type of probe cover 30 disposed
on the shaft 18 based on the variations in capacitance values
A-C sensed while the probe cover 30 is on the shaft 18.

[0083] With continued reference to FIG. 12, once the
probe cover 30 has been disposed on the shaft 18, the one or
more capacitance sensors 34 may be configured to determine
the proximity to the measurement site as the temperature
probe 10 (i.e., the capacitance sensor 34) is moved toward
and/or otherwise approaches the measurement site. For
example, the capacitance sensor 34 may sense one or more
capacitance values (e.g., values D-F) indicative of a change
in capacitance as the temperature probe 10 is moved closer
to the measurement site and/or any other like conductor 74.
Values D-F may be representative of capacitance values
(e.g., 600 counts, 595 counts, and 590 counts, respectively)
corresponding to decreasing respective distances between
the sensor 34 and the measurement site. For example, a first
capacitance value D may be sensed relative to the measure-
ment site while the sensor 34 is disposed at a first distance
from the measurement site. This first value D may be greater
than, for example, a second capacitance value E sensed
relative 1o the same measurement site while the sensor 34 is
disposed at a second distance from the measurement site less
than the first distance. Accordingly, the controller 52 may be
configured to determine a proximity of the temperature
probe 10 (i.e., the capacitance sensor 34) to the measurement
site based on one or more such values D-F, and such
proximity determinations may be made prior to contact
between, for example, the shaft 18 and the measurement site.

[0084] In exemplary embodiments, the controller 52 may
be configured to determine the proximity to the measure-
ment site based on one or more differences between the
respective capacitance values D-F and a known capacitance
value indicative of the shaft 18, the capacitance sensor 34,
and/or the temperature probe 10 being disposed substantially
at the measurement site. For example, one or more known
capacitance values (e.g., values H-J) indicative of the tem-
perature probe 10 being disposed in contact with different
respective measurement sites may be stored in a memory of
the controller 52. Values H-J may be representative of
known capacitance values (e.g., 445 counts, 440 counts, and
435 counts, respectively) associated with the capacitance
sensor 34 being substantially in contact with different mea-
surement sites (e.g., the mouth, the axilla, and the rectum,
respectively). In such embodiments, the controller 52 may
determine a difference A, between the value D-E measured
as the temperature probe 10 approaches the measurement
site and one of the respective known values H-J. The
controller 52 may be configured to determine a proximity to
the respective measurement site based on such a difference.

Mar. 1, 2018

In such exemplary embodiments, the controller 52 may
determine the difference A| between the value D-E measured
as the temperature probe 10 approaches the measurement
site and an average of the respective known values H-J.

[0085] Once the temperature probe 10 has been disposed
substantially at the measurement site, the shaft 18 may be
placed into contact with the measurement site. In exemplary
embodiments in which the measurement site comprised, for
example, the rectum or other like body cavities, a portion of
the shaft 18 may be inserted into the measurement site to
facilitate temperature determination. In such embodiments,
it is understood that a first capacitance sensor 34 disposed on
the shaft 18 proximate the tip 16 may determine a first
capacitance value indicative of a first depth of insertion of
the shaft 18 at the measurement site. A second capacitance
sensor 34 disposed on the shaft 18 proximal to the first
capacitance sensor 34 may determine a second capacitance
value indicative of a second depth of insertion of the shaft
18 at the measurement site. Such sensors 34 may send
respective signals indicative of these capacitance values to
the controller 52, and the controller 52 may determine a
depth of insertion of the shaft 18 based on such signals
and/or capacitance values. For example, the controller 52
may determine the depth of insertion based on a difference
between such first and second capacitance values. Alterna-
tively, the controller 52 may interpolate between such
capacitance values and/or utilize such capacitance values as
inputs to one or more insertion depth algorithms in deter-
mining the depth of insertion. In further exemplary embodi-
ments, the controller 52 may use one or more stored look-up
tables and/or any other known mathematical and/or func-
tional relationships to determine the depth of insertion. It is
also understood that similar methods of determining the
depth of insertion may be employed in embodiments in
which such sensors 34 comprise substantially linear capaci-
tance sensors 34.

[0086] With continued reference to FIG. 12, the controller
52 may also be configured to determine the identity of the
measurement site based on a correlation between a measured
change in capacitance and a known change in capacitance
associated with the measurement site of interest. For
example, the capacitance sensor 34 may measure a change
in capacitance when the temperature probe 10 (i.e., the
sensor 34) is disposed substantially at the measurement site.
The controller 52 may compare this measured change in
capacitance with one or more known changes in capacitance
stored in a memory thereof, wherein each known change in
capacitance is indicative of a different respective measure-
ment site. The controller 52 may determine the identity of
the measurement site in question by finding a strongest
correlation (e.g., a smallest difference) between the mea-
sured change in capacitance and the known changes in
capacitance.

[0087] As shown in FIG. 12, in such embodiments the
capacitance sensor 34 may be configured to determine a
capacitance value G associated with the measurement site in
question. The controller 52 may be configured to determine
a difference between such a value G and a plurality of known
capacitance values, such as values H-J representative of
known capacitance values associated with the capacitance
sensor 34 being substantially in contact with different mea-
surement sites. In such embodiments, the controller 52 may
determine a difference A, between the value G measured
while the temperature probe 10 is disposed substantially at
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the measurement site and one of the respective known
values H-J associated with the respective potential measure-
ment site of the patient. The controller 52 may be configured
to determine the identity of the respective measurement site
based on such a difference. For example, the controller may
select one of the respective potential measurement sites
corresponding to a smallest determined difference A,
between the value G and each of the known values H-I.
Alternatively, the controller 52 may interpolate between
such capacitance values and/or utilize such capacitance
values as inputs to one or more measurement site identity
algorithms in determining the identity of the measurement
site. In further exemplary embodiments, the controller 52
may use one or more stored look-up tables and/or any other
known mathematical and/or functional relationships to
determine the identity of the measurement site. In further
exemplary embodiments, the controller 52 may be config-
ured to determine whether the temperature probe 10 is
properly positioned at the measurement site. For example,
before or after determining the identity of the measurement
site, the controller 52 may be configured to evaluate the
value G, measured while the temperature probe 10 is dis-
posed substantially at the measurement site, to determine
whether the proximity between the measurement site and the
shaft 18 and/or the capacitance sensor 34 is sufficient for
accurate temperature measurements. In such embodiments,
the controller 52 may evaluate the value G to determine
whether the proximity between the measurement site and the
shaft 18 and/or the capacitance sensor 34 is sufficient for
accurate temperature measurements. If the controller 52
determines that the temperature probe 10 is not properly
positioned at the measurement site, the controller 52 may
inform the user of such a determination via the display 54.

[0088] In still further exemplary embodiments, the con-
troller 52 may be configured to automatically select one or
more temperature determination algorithms, modes of
operation, and/or other like temperature probe control pro-
grams for use in determining the core temperature of the
patient, and this automatic selection may be based on the
measurement site determination. For example, in any of the
embodiments described herein, upon determining the iden-
tity of the measurement site, the controller 52 may select
and/or activate one or more stored algorithms associated
with the determined measurement site. Such algorithms may
be tuned and/or otherwise particularly tailored for use when
the temperature probe 10 is disposed at the associated
measurement site. Thus, selecting and/or using such tailored
algorithms in response to determining the identity of the
measurement site may increase the accuracy of the core
temperature determination.

[0089] FIGS. 14 and 15 illustrate exemplary voltage plots
corresponding to a further embodiment of the temperature
measurement system 300 in which an optical sensor 35 is
disposed proximate the distal end 15 of the shaft 18. One or
more additional optical sensors 35 may be disposed on the
shaft 18 proximal to the optical sensor 35 disposed proxi-
mate the distal end 15, and such an exemplary temperature
measurement system 300 is shown in FIG. 13. Such optical
sensors 35 may be configured to generate one or more
signals indicative of at least one of a proximity to the patient
measurement site and an identity of the measurement site.
For example, such sensors 35 may be configured to sense a
plurality of values indicative of an amount of radiation
received by the sensor 35, and/or a plurality of values
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indicative of a change in the amount of radiation received
thereby, and the signals generated by the optical sensors 35
may be indicative of such values. Each such value may
correspond to a unique respective voltage, and such exem-
plary voltages L-U are illustrated in the voltage plot of FIG.
14. The temperature measurement system 300 of FIG. 13
may be configured to determine a core temperature of the
patient based on the one or more such signals generated by
sensors 35 as well as signals generated by the temperature
sensor 32 indicative of a temperature associated with the
measurement site. In practice, the operation of system 300
shown in FIG. 13 may be substantially similar to the
operation of system 200 described above with respect to
FIGS. 11 and 12. Accordingly, a summary of the operation
of system 300 shall be described below with reference to the
voltage plots of FIGS. 14 and 15.

[0090] As shown in FIG. 14, one or more known and/or
reference voltages may be stored in the memory of the
controller 52. Such voltages may correspond to, for
example, an amount of radiation, such as visible light,
sensed and/or received by the respective optical sensor 35
without a probe cover 30 being disposed on the shaft 18 and
the optical sensor 35 being exposed to ambient conditions
(e.g., 1.0 volt). The optical sensor 35 may also sense an
amount of radiation and/or a change in the amount of
radiation received by the sensor 35 once a probe cover 30
has been disposed on the shaft 18. Voltages [-N may be
representative of and/or may otherwise correspond to such
amounts of radiation and/or changes in the amount of
radiation received by the sensor 35. Each voltage L-N may
correspond to a respective probe cover 30 having a unique
thickness, opacity, and/or other like identifiable character-
istic. For example, a first amount of radiation corresponding
to a voltage L may be sensed while a probe cover 30 having
a corresponding first thickness, opacity, and/or other like
identifiable characteristic is disposed on the shaft 18. This
first voltage L may be greater than, for example, a second
voltage M corresponding to an amount of radiation received
by the sensor 35 while a probe cover 30 having a corre-
sponding second thickness, opacity, and/or other like char-
acteristic less than the first characteristic is disposed on the
shaft 18. Accordingly, the controller 52 may be configured
to determine whether a probe cover 30 is present on the shaft
18 based on a difference between a voltage corresponding to
the amount of radiation sensed without a probe cover 30
being disposed on the shaft (e.g., 1.0 volt) and one of the
voltages L-N. In exemplary embodiments, while determin-
ing whether a probe cover 30 is present on the shaft 18, at
least one of the optical sensors 35 may be disposed beneath
the probe cover 30 when the probe cover 30 is disposed on
the shaft 18, and at least one sensor 35 may be exposed to
ambient conditions outside of the probe cover 30 when the
probe cover 30 is disposed on the shaft 18. The controller 52
may also be configured to determine a thickness, configu-
ration, manufacturer, and/or type of probe cover 30 disposed
on the shaft 18 based on the particular voltage L-N sensed
while the probe cover 30 is on the shaft 18.

[0091] With continued reference to FIG. 14, once the
probe cover 30 has been disposed on the shaft 18, the one or
more optical sensors 35 may be configured to determine the
proximity to the measurement site as the temperature probe
10 (i.e., the optical sensor 35) is moved toward and/or
otherwise approaches the measurement site. For example,
the optical sensor 35 may sense values indicative of an
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amount of radiation received and/or a change in the amount
of radiation received as the temperature probe 10 approaches
the measurement site. The exemplary voltages O-Q shown
in FIG. 14 correspond to amounts of light and/or changes in
the amount of light received by the sensor 35 as the distance
between the sensor 35 and the measurement site decreases.
For example, a first voltage O may be indicative of an
amount of radiation sensed while the sensor 35 is disposed
at a first distance from the measurement site. This first
voltage O may be greater than, for example, a second
voltage P sensed while the sensor 35 is disposed at a second
distance from the measurement site less than the first dis-
tance. Accordingly, the controller 52 may be configured to
determine a proximity of the temperature probe 10 (i.e., the
optical sensor 35) to the measurement site based on one or
more such values O-Q, and such proximity determinations
may be made prior to contact between, for example, the shaft
18 and the measurement site.

[0092] In exemplary embodiments, the controller 52 may
be configured to determine the proximity to the measure-
ment site based on one or more differences between the
respective voltages O-Q and a known voltage indicative of
the shaft 18, the optical sensor 35, and/or the temperature
probe 10 being disposed substantially at the measurement
site. For example, one or more known voltages (e.g., S-U)
indicative of an amount of radiation and/or a change in an
amount of radiation received by the sensor 35 when the
temperature probe 10 is disposed in contact with different
respective measurement sites may be stored in a memory of
the controller 52. Voltages S-U may be associated with the
optical sensor 35 being substantially in contact with different
respective measurement sites (e.g., the mouth, the axilla, and
the rectum, respectively). In such embodiments, the control-
ler 52 may determine a difference A; between the voltage
0O-Q and one of the respective known voltages S-U. The
controller 52 may be configured to determine a proximity to
the respective measurement site based on such a difference.
In such exemplary embodiments, the controller 52 may
determine the difference A; between the voltage O-Q asso-
ciated with the temperature probe 10 approaching the mea-
surement site and an average of the respective known
voltages S-U.

[0093] Once the temperature probe 10 has been disposed
substantially at the measurement site, a portion of the shaft
18 may be inserted into the measurement site to facilitate
temperature determination. In such embodiments, a first
optical sensor 35 disposed on the shaft 18 proximate the tip
16 may sense a first amount of radiation indicative of a first
depth of insertion of the shaft 18 at the measurement site. A
second optical sensor 35 disposed on the shaft 18 proximal
to the first optical sensor 35 may sense a second amount of
radiation indicative of a second depth of insertion of the
shaft 18 at the measurement site. Such sensors 35 may send
respective signals indicative of these radiation amounts to
the controller 52, and the controller 52 may determine a
depth of insertion of the shaft 18 based on such signals
and/or voltages corresponding to values indicative of the
sensed amounts of radiation. Any similar depth algorithms,
look-up tables, and/or other known mathematical and/or
functional relationships described above with respect to
FIG. 12 may be used to determine the depth of insertion.

[0094] With continued reference to FIG. 14, the controller
52 may also be configured to determine the identity of the
measurement site based on a correlation between a measured
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amount of radiation and/or change in the amount of radiation
received by the optical sensor 35 and a known amount
and/or change in the amount of radiation associated with the
particular measurement site of interest. For example, the
optical sensor 35 may be configured to determine a value
indicative of an amount of light and/or other radiation
received when the optical sensor 35 is disposed at the
measurement site. The exemplary voltage R shown in FIG.
14 may correspond to such a value. The controller 52 may
be configured to determine a difference between such a value
and a plurality of known values associated with a respective
potential measurement site of the patient. Such known
values may be represented by the voltages S-U described
above, and such voltages S-U may be representative of
known voltages associated with the optical sensor 35 being
substantially in contact with different measurement sites. In
such embodiments, the controller 52 may determine a dif-
ference A, between, for example, the value indicative of the
amount of radiation received when the optical sensor 35 is
disposed at the measurement site and one of the respective
known values associated with the respective potential mea-
surement site of the patient. For example, the controller 52
may determine the difference A, between the voltage R and
one of the voltages S-U. The controller 52 may be config-
ured to determine the identity of the respective measurement
site based on such a difference. For example, the controller
52 may select one of the respective potential measurement
sites corresponding to a smallest determined difference A,.
Alternatively, the controller 52 may utilize a measurement
site identity algorithm, look-up table, and/or any other
mathematical and/or functional relationship similar to that
described above with respect to FIG. 12 to determine the
identity of the measurement site. It is also understood that
the controller 52 may utilize the voltage R, and/or its
corresponding value indicative of an amount of light and/or
other radiation received, to assist in determining whether the
temperature probe 10 is properly positioned at the measure-
ment site. For example, similar to the process described
above with respect to FIG. 12, before or after determining
the identity of the measurement site, the controller 52 may
be configured to evaluate the value R, measured while the
temperature probe 10 is disposed substantially at the mea-
surement site, to determine whether the proximity between
the measurement site and the shaft 18 and/or the optical
sensor 35 is sufficient for accurate measurements. If, based
on this analysis, the controller 52 determines that the tem-
perature probe 10 is not properly positioned at the measure-
ment site, the controller 52 may inform the user of such a
determination via the display 54.

[0095] Further, the voltage plot of FIG. 15 illustrates a
plurality of voltages and changes in voltages corresponding
to amounts of radiation received by the optical sensor 35
during use. In particular, as the shaft 18 is inserted into a
probe cover 30 disposed within a storage container 58 of the
present disclosure, the sensor 35 may determine a first
change in the amount of radiation received by the sensor 35.
This first change in radiation received, represented by A
shown in FIG. 15, may result from, for example, the shaft 18
being inserted into the probe cover 30 while the probe cover
30 is disposed within the storage container 58. Accordingly,
the first change in radiation received A; may result from a
change in operating conditions where the sensor 35 transi-
tions from receiving unobstructed ambient light with no
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cover disposed on the shaft 18 to receiving minimal amounts
of light within the storage container 58.

[0096] Once the shaft 18 is removed from the storage
container 58 with the probe cover 30 disposed on the shaft
18, the sensor 35 may measure a second change in radiation
received Ag. This second change in radiation received Ag
may correspond to an increase in the amount of radiation
received by the sensor 35. In particular, the second change
in radiation received Ay may result from a change in oper-
ating conditions in which the sensor 35 transitions from
receiving minimal amounts of light within the storage con-
tainer 58 to receiving ambient light through the probe cover
30 outside of the storage container 58.

[0097] As the sensor 35 is disposed at the measurement
site, the sensor 35 may measure a third change in radiation
received A,. This third change in radiation received A, may
correspond to a decrease in the amount of radiation received
by the sensor 35. In particular, the third change in radiation
received A, may result from a change in operating condi-
tions in which the sensor 35 transitions from receiving
minimal amounts of light within the storage container 58 to
receiving relatively high amounts of ambient light through
the probe cover 30 outside of the storage container 58 to
receiving reduced amounts of ambient light at the measure-
ment site. For example, in embodiments in which a portion
of the shaft 18 is disposed within the mouth, axilla, rectum,
and/or other like body cavity, the amount of ambient light
received by the sensor 35 may be greatly reduced. In
exemplary embodiments, the controller 52 may determine a
core temperature of the patient based on a temperature
associated with the measurement site, measured by the
temperature sensor 32, and at least one of the first, second,
and third changes in radiation A,, A,, A, described above.
Further, it is understood that the core temperature determi-
nation methods described herein with respect to FIG. 15 may
be combined, in whole or in part, with one or more of the
processes described above with respect to FIGS. 12 and 14,
[0098] In the exemplary core temperature determination
methods described herein, the sensor 32 may be activated to
sense a temperature of the body cavity while the shaft 18 is
disposed within the body cavity and/or at any other like
measurement site of the patient. For example, in an embodi-
ment in which the first sensor 32 comprises a thermocouple
and/or a thermistor, the first sensor 32 may be utilized to
measure the temperature of the body cavity. Further, in any
of the exemplary embodiments described herein, sensing the
body cavity temperature may be sensed by activating one or
more infrared temperature sensors of the temperature probe
10, such as one or more of the thermopiles described above.
[0099] Signals indicative of the measured change in
capacitance, the measured change in the amount of radiation
received, and/or the measured body cavity temperature may
be sent to the controller 52 by the various sensors 32, 34, 35
described herein, and the controller 52 may assist in deter-
mining the core temperature based on such parameters. For
example, determining the thickness of the probe cover 30
based on the sensed capacitance change may assist in
accurately determining such a core temperature. In exem-
plary embodiments, such capacitance and a corresponding
thickness of the probe cover 30 may be utilized in the core
temperature calculation to reduce error. In further exemplary
embodiments, the determined proximity to the measurement
site, identity of the measurement site, and/or probe cover
type may also be utilized in the core temperature determi-
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nation to further reduce error. Such error is commonly
caused by using an inaccurate estimate of probe cover
thickness and a corresponding inaccurate effect of such
thickness on the measured body cavity temperature. It is
understood that even small discrepancies between the actual
and estimated probe cover thickness may have a dramatic
effect on the resulting core temperature determined by the
controller 52. It is also understood that incorporating infor-
mation associated with the determined proximity to the
measurement site, identity of the measurement site, and/or
probe cover type may enhance the accuracy and reliability of
the core temperature determination, and may further reduce
such error.
[0100] Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the specification and examples be con-
sidered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.
1-30. (canceled)
31. A temperature probe, comprising:
a shaft having a distal end and a proximal end;
a first sensor disposed on the shaft, the first sensor
configured to:
determine a change in an amount of radiation received
by the first sensor as the first sensor approaches a
measurement site, and

generate a first signal indicative of the change in the
amount of radiation;
a second sensor disposed on the shaft, the second sensor
configured to generate a second signal indicative of a
temperature associated with the measurement site; and
a controller in communication with the first sensor and the
second sensor, the controller configured to:
receive the first signal,
receive the second signal,
determine an identity of the measurement site based at
least in part on the change in the amount of radiation,
and

estimate a core temperature of a patient based on the
identity of the measurement site and the second
signal.

32. The temperature probe of claim 31, wherein the
identity of the measurement site is selected from a group
consisting of a mouth, an axilla, a rectum, and an ear drum.

33. The temperature probe of claim 31, wherein

the first sensor comprises an optical sensor in communi-
cation with the controller, and

determining the identity of the measurement site includes
converting, with the controller, the first signal into at
least one voltage value representative of the change in
the amount of radiation.

34. The temperature probe of claim 31, wherein the first
sensor comprises a photodiode configured to determine a
change in an amount of light received by the photodiode,

the first signal being indicative of the change in the
amount of light.

35. The temperature probe of claim 31, wherein the first
sensor comprises a first photodiode disposed proximate the
distal end of the shaft, and a second photodiode disposed
proximal to the first photodiode,

the controller being configured to determine the presence
of a probe cover at least partly disposed on the shaft
based on a difference between a first amount of light
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received by the first photodiode and a second amount of
light received by the second photodiode.
36. The temperature probe of claim 35, wherein the first
photodiode is disposed beneath the probe cover when the
probe cover is at least partly disposed on the shaft, and the
second photodiode is exposed to ambient conditions outside
of the probe cover when the probe cover is at least partly
disposed on the shaft.
37. The temperature probe of claim 31, wherein the
controller is configured to determine a probe cover type
associated with a probe cover at least partly disposed on the
shaft based on the change in the amount of radiation.
38. The temperature probe of claim 31, wherein deter-
mining the identity of the measurement site comprises
determining a value indicative of an amount of light
received by the first sensor at the measurement site,

determining differences between the value indicative of
the amount of light received by the first sensor at the
measurement site and a plurality of known values, each
value of the plurality of known values being associated
with a respective potential measurement site of the
patient, and

selecting one of the respective potential measurement

sites of the patient corresponding to a smallest deter-
mined difference.

39. The temperature probe of claim 31, wherein the
controller is configured to determine a proximity to the
measurement site based on a difference between a value
indicative of an amount of light received by the first sensor
and a known value indicative of the shaft being disposed
substantially at the measurement site.

40. The temperature probe of claim 31, wherein the first
sensor comprises a first sensing device disposed on the shaft,
and a second sensing device disposed on the shaft proximal
to the first sensing device,

the first sensing device being configured to determine a

first depth of insertion of the shaft at the measurement
site, and the second sensing device being configured to
determine a second depth of insertion of the shaft at the
measurement site greater than the first depth.

41. A method of manufacturing a temperature probe,
comprising:

providing a shaft having a distal end and a proximal end;

connecting a first sensor to the shaft, the first sensor

configured to:

determine a change in an amount of radiation received
by the first sensor as the first sensor approaches a
measurement site, and

generate a first signal indicative of the change in the
amount of radiation;

connecting a second sensor to the shaft, the second sensor

configured to generate a second signal indicative of a

temperature associated with the measurement site; and

operably connecting the first sensor and the second sensor

to a controller, the controller configured to:

receive the first signal,

receive the second signal,

determine an identity of the measurement site based at
least in part on the change in the amount of radiation,
and

estimate a core temperature of a patient based on the
identity of the measurement site and the second
signal.
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42. The method of claim 41, wherein the first sensor
comprises a photodiode configured to determine a change in
an amount of light received by the photodiode,

the first signal being indicative of the change in the
amount of light.

43. The method of claim 41, wherein the first sensor
comprises a first photodiode disposed proximate the distal
end of the shaft, and a second photodiode disposed proximal
to the first photodiode,

the controller being configured to determine the presence
of a probe cover at least partly disposed on the shaft
based on a difference between a first amount of light
received by the first photodiode and a second amount of
light received by the second photodiode.

44. The method of claim 41, wherein determining the

identity of the measurement site comprises
determining a value indicative of an amount of light
received by the first sensor at the measurement site,
determining differences between the value indicative of
the amount of light received by the first sensor at the
measurement site and a plurality of known values, each
value of the plurality of known values being associated
with a respective potential measurement site of the
patient, and
selecting one of the respective potential measurement
sites of the patient corresponding to a smallest deter-
mined difference.
45. The method of claim 41, wherein the first sensor
comprises a first sensing device connected to the shaft, and
a second sensing device connected the shaft proximal to the
first sensing device,
the first sensing device being configured to determine a
first depth of insertion of the shaft at the measurement
site, and the second sensing device being configured to
determine a second depth of insertion of the shaft at the
measurement site greater than the first depth.
46. A temperature probe, comprising:
a shaft having a distal end and a proximal end;
a first sensor disposed on the shaft, the first sensor
configured to:
determine a change in an amount of radiation received
by the first sensor caused by a probe cover being at
least partly disposed on the shaft, and

generate a first signal indicative of the change in the
amount of radiation;

a second sensor disposed on the shaft, the second sensor
configured to generate a second signal indicative of a
temperature associated with the measurement site; and

a controller in communication with the first sensor and the
second sensor, the controller configured to:
receive the first signal,
receive the second signal,
determine a thickness of the probe cover based at least

in part on the change in the amount of radiation, and
estimate a core temperature of a patient based on the
thickness of the probe cover and the second signal.

47. The temperature probe of claim 46, wherein estimat-
ing the core temperature includes using the thickness of the
probe cover as in input to a core temperature determination
algorithm.

48. The temperature probe of claim 46, wherein deter-
mining the thickness of the probe cover includes determin-
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ing a probe cover type associated with the probe cover and
based at least in part on the change in the amount of
radiation.

49. The temperature probe of claim 46, wherein the
controller is configured to determine the thickness of the
probe cover based on a difference between

a first value indicating a first amount of light received by

the first sensor while the first sensor is exposed to
ambient conditions, and

a second value indicating a second amount of light

received by the first sensor while the probe cover is at
least partly disposed on the shaft.

50. The temperature probe of claim 49, wherein the
difference comprises a third value, and the controller is
configured to determine the thickness of the probe cover
based on a difference between the third value and at least one
stored reference value corresponding to a particular probe
cover having a known thickness.
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