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Description

BACKGROUND

[0001] The present specification generally relates to
methods for characterizing operations of objects and,
more specifically, to methods for characterizing in vivo
operations of dental prosthesis.
[0002] Dental prosthesis such as, for example, den-
tures can be worn within the oral cavity of users to replace
missing teeth. The dentures can be supported within the
oral cavity by topography formed by soft and hard tissues
of the oral cavity. Due to geometrical differences between
users, expert care may be required to form the dentures
to match the oral cavity in order to promote support, sta-
bility, and retention. However, even with expert care, a
properly fitted denture still may experience periods of re-
duced support, stability, and retention during typical use
like chewing or talking. Denture adhesive can be utilized
to improve the support, stability, and retention of the den-
tures.
[0003] Measuring the efficacy of the dentures, the den-
ture adhesive, or both during typical use can be a difficult
task. Known measurement techniques can be complicat-
ed due to the intrusive nature of working with the oral
cavity of the users. Moreover, known measurement tech-
niques have relied upon external rigging that can create
inertial artifacts within the measurement data. Hasegawa
S. et al. (J Med Dent Sci 2003; 50: 239-247) for example
suggest to use optical infrared sensors which are located
outside the oral cavity on a 3D-metal jig. Alternative tech-
niques have relied upon detectors that fail to produce
data sufficient to characterize the dentures during typical
use. Moreover, the efficacy of anecdotal data from users
can be reduced due to the varied experience of each
user and the prevalence of improperly fitting dentures.
[0004] Accordingly, a need exists for alternative meth-
ods for characterizing in vivo operations of dental pros-
thesis.

SUMMARY

[0005] The invention is defined in independent claim
1. Preferred embodiments of the invention are defined in
the dependent claims 2 to 14. According to the invention,
the method for characterizing in vivo operation of a dental
prosthetic includes providing subject position data. The
subject position data is derived from subject position sig-
nals transmitted by three or more subject position sen-
sors attached to a measurement subject. The subject
position data is ordered according to a subject position
index. The method further includes providing prosthetic
position data.
The prosthetic position data is derived from prosthetic
tracking signals transmitted by three or more prosthetic
tracking sensors attached to the dental prosthetic located
within an oral cavity of the measurement subject. The
three or more prosthetic tracking sensors are non-line-

of-sight sensors. The prosthetic tracking signals and the
subject position signals are transmitted contemporane-
ously. The prosthetic position data is ordered according
to a prosthetic position index. The method further in-
cludes transforming the subject position data into a ref-
erence three-dimensional coordinate system. The refer-
ence three-dimensional coordinate system is ordered ac-
cording to a coordinate index. The coordinate index is
based at least in part upon the subject position index.
The method further includes comparing, automatically
with one or more processors, the prosthetic position data
and the reference three-dimensional coordinate system
according to a comparison order to characterize the den-
tal prosthetic. The comparison order is based at least in
part upon the prosthetic position index and the coordinate
index.
[0006] The three or more prosthetic tracking sensors
are reactive to an excitation field.
[0007] These and additional features provided by the
embodiments described herein will be more fully under-
stood in view of the following detailed description, in con-
junction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The embodiments set forth in the drawings are
illustrative and exemplary in nature and not intended to
limit the subject matter defined by the claims. The follow-
ing detailed description of the illustrative embodiments
can be understood when read in conjunction with the
following drawings, where like structure is indicated with
like reference numerals and in which:

FIG. 1 schematically depicts a system for character-
izing in vivo operations of dental prosthesis accord-
ing to one or more embodiments shown and de-
scribed herein;

FIGS. 2A and 2B schematically depict a head of a
measurement subject according to one or more em-
bodiments shown and described herein;

FIG. 3 schematically depicts a dental prosthetic ac-
cording to one or more embodiments shown and de-
scribed herein;

FIG. 4 schematically depicts data transformations
according to one or more embodiments shown and
described herein;

FIG. 5 schematically depicts a method for charac-
terizing in vivo operations of dental prosthesis ac-
cording to one or more embodiments shown and de-
scribed herein;

FIG. 6 schematically depicts a graphical summary
for characterizing in vivo operations of dental pros-
thesis according to one or more embodiments shown
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and described herein; and

FIGS. 7A and 7B schematically depict a home posi-
tion comparison for characterizing in vivo operations
of dental prosthesis according to one or more em-
bodiments shown and described herein.

DETAILED DESCRIPTION

[0009] Referring to FIG. 1, the embodiments described
herein relate to capturing and communicating in vivo da-
ta, i.e., data that is indicative of characteristics of objects
worn or placed within a measurement subject 100 under
typical use. Accordingly, the observed characteristics of
the objects can be illustrative of the interaction between
the measurement subject 100 and the objects such as,
for example, medical devices, wearable devices, or the
like. As is described in greater detail herein, the observed
characteristics can be utilized for design, development,
demonstration, evaluation, or the like. In some embodi-
ments, the interaction between the measurement subject
100 and a dental prosthetic 120 can be observed. Thus,
the measurement subject 100 can be human and, thus,
can comprise a head 102 and an oral cavity 104. It is
noted that the observed characteristics can be collected
by taking a significant number of samples of one or more
measurement subject 100.
[0010] The dental prosthetic 120 can be any type of
device that is wearable within the oral cavity 104 of the
measurement subject 100 such as, for example, den-
tures or false teeth. For example, the dental prosthetic
120 can be configured as a complete denture that can
be worn to replace missing teeth. It is noted that, while
the dental prosthetic 120 is depicted in FIG. 1 as a max-
illary denture, the dental prosthetic 120 can be configured
as a full or partial maxillary denture, a full or partial man-
dibular denture, or combinations thereof. The dental
prosthetic 120 can comprise one or more teeth 122 and
a retention surface 124 configured to attach the dental
prosthetic 120 to the oral mucosa of the oral cavity 104
of the measurement subject 100. Specifically, the reten-
tion surface 124 can be formed or molded to match the
topography of the oral cavity 104. Accordingly, the dental
prosthetic 120 can be attached to the oral cavity 104 with
the retention surface 124 via, for example, surface ten-
sion or denture adhesive. The dental prosthetic 120 can
be formed out of a substantially rigid material such as,
for example, a clear or colored acrylic, or any other mold-
able material.

Spatial Positioning System

[0011] The measurement subject 100 and the dental
prosthetic 120 can be observed with a spatial positioning
system 130. During such observation, the measurement
subject can perform various tasks consistent with typical
use, e.g., chewing, speaking, kissing, whistling, playing
instruments, or the like. The spatial positioning system

130 can comprise any type of motion capture system
suitable for capturing measurements of the interaction
between the measurement subject 100 and the dental
prosthetic 120. According to the invention, the spatial po-
sitioning system 130 comprises a non-line-of-sight mo-
tion capture system. Exemplary non-line-of-sight motion
capture systems include, but are not limited to, the Wave
system by Northern Digital Inc. of Waterloo, Ontario,
Canada and the Articulograph AG500 by Carstens
Medizinelektronik GmbH of Bovenden, Germany.
[0012] The spatial positioning system 130 comprises
three or more subject position sensors 132 that transform
characteristics of the measurement subject 100 into sub-
ject position signals 148 and three or more prosthetic
tracking sensors 140 that transform characteristics of the
dental prosthetic 120 into prosthetic tracking signals 150.
As used herein, the term "signal" can mean a waveform
(e.g., electrical, optical, magnetic, or electromagnetic),
such as DC, AC, sinusoidal-wave, triangular-wave,
square-wave, or the like, capable of propagating via a
medium. The subject position signals 148 and the pros-
thetic tracking signals 150 can provide positional data at
data rate that is high enough to capture motion of the
measurement subject 100 and the dental prosthetic 120
during tasks consistent with typical use. In some embod-
iments, the data rate can be greater than about 100
measurements per second.
[0013] The spatial positioning system 130 can com-
prise one or more spatial processors 152 for automati-
cally performing data processing functions. The data
processing functions comprise establishing a spatial co-
ordinate system 154. Specifically, the spatial coordinate
system 154 can establish a three-dimensional coordinate
system such as, for example, a cartesian coordinate sys-
tem, a polar coordinate system, or the like. The spatial
coordinate system 154 is utilized within the data process-
ing functions to link the subject position signals 148 and
the prosthetic tracking signals 150. Accordingly, the po-
sitional data of the subject position signals 148 and the
prosthetic tracking signals 150 are associated with and
are defined relative to the spatial coordinate system 154.
[0014] Referring still to FIG. 1, the spatial positioning
system 130 comprises a field generator 156 for generat-
ing fields that can be transformed by the three or more
subject position sensors 132 into subject position signals
148 and the three or more prosthetic tracking sensors
140 into prosthetic tracking signals 150. For example,
the field generator 156 can generate an excitation field
158 that can comprise one or more electromagnetic field,
electrical field, magnetic field or the like. In one embod-
iment, the excitation field 158 can comprise a sequence
or set of magnetic fields.
[0015] Accordingly, each of the three or more subject
position sensors 132 and the three or more prosthetic
tracking sensors 140 can be configured to be reactive to
the sequence or set of magnetic fields. Specifically, in
some embodiments, each of the three or more subject
position sensors 132 and the three or more prosthetic
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tracking sensors 140 can comprise a coil that is reactive
to the excitation field 158. In embodiments where the
field generator 156 generates an excitation field 158 com-
prising a plurality of different spatial magnetic field
shapes, or distributions, each of the three or more subject
position sensors 132 and the three or more prosthetic
tracking sensors 140 can produce signals dependent up-
on each of the different fields. Accordingly, the subject
position signals 148 are indicative of the pose of each of
the three or more subject position sensors 132. Similarly,
the prosthetic tracking signals 150 are indicative of the
pose of each of the three or more prosthetic tracking sen-
sors 140. For the purpose of defining and describing the
present disclosure, the term "pose," as used herein, can
mean the position, orientation, or both of an object. Fur-
thermore, it is noted that each of the three or more subject
position sensors 132 and the three or more prosthetic
tracking sensors 140 are non-line-of-sight motion sen-
sors, i.e., the sensors can be configured to operate with
visual obstructions blocking a direct path between the
sensors and a source of excitation or the sensors and an
object communicatively coupled with the sensors.
[0016] The data processing functions comprises trans-
forming the subject position signals 148 into subject po-
sition data 160 indicative of the pose of each of the three
or more subject position sensors 132 with respect to the
spatial coordinate system 154. Additionally, the data
processing functions comprises transforming the pros-
thetic tracking signals 150 into prosthetic position data
162 indicative of the pose of each of the three or more
prosthetic tracking sensors 140 with respect to the spatial
coordinate system 154.
[0017] According to the embodiments described here-
in, one or more comparison processors 164 can be pro-
vided for automatically executing comparison functions
with the subject position data 160 and the prosthetic po-
sition data 162. In some embodiments, the one or more
comparison processors 164 can be communicatively
coupled to comparison memory 166. In some embodi-
ments, the subject position data 160 and the prosthetic
position data 162 can be stored on the comparison mem-
ory 166 and accessed by the one or more comparison
processors while executing comparison functions. Alter-
natively or additionally, the one or more comparison proc-
essors 164 or the comparison memory 166 can be com-
municatively coupled to the one or more spatial proces-
sors 152 such that the subject position data 160 and the
prosthetic position data 162 is communicated from the
spatial positioning system 130 to the one or more com-
parison processors 164 or the comparison memory 166.
[0018] In some embodiments, a display 168 for emit-
ting optical signals to present output of the comparison
functions as images can be communicatively coupled to
the one or more comparison processors 164, the com-
parison memory 166, or both. The display 168 can com-
prise any medium capable of transmitting an optical out-
put such as, for example, a cathode ray tube, light emit-
ting diodes, liquid crystal displays, plasma displays, or

the like. As used herein, the phrase "communicatively
coupled" can mean that components are capable of ex-
changing data signals with one another such as, for ex-
ample, electrical signals via conductive medium, electro-
magnetic signals via air, optical signals via optical
waveguides, and the like.
[0019] For the purpose of defining and describing the
present disclosure, it is noted that the term "processor"
generally means a device that executes functions ac-
cording to machine readable instructions such as, for ex-
ample, an integrated circuit, a microchip, a computer, a
central processing unit, a graphics processing unit, field-
programmable gate array (FPGA), an application-specif-
ic integrated circuit (ASIC), or any other computation de-
vice. Additionally, it is noted that the term "memory," as
used herein, generally means one or more apparatus
capable of storing data or machine readable instructions
for later retrieval such as, but not limited to, RAM, ROM,
flash memory, hard drives, or combinations thereof.
[0020] It is furthermore noted that the machine reada-
ble instructions described herein may comprise logic or
algorithms written in any programming language of any
generation (e.g., 1GL, 2GL, 3GL, 4GL, or 5GL) such as,
e.g., machine language that may be directly executed by
the processor, or assembly language, object-oriented
programming (OOP), scripting languages, microcode,
etc., that may be compiled or assembled into machine
readable instructions and stored on a machine readable
medium. Alternatively, the logic or algorithm may be writ-
ten in a hardware description language (HDL), such as
implemented via either an FPGA configuration or an
ASIC, or their equivalents.

System

[0021] Referring collectively to FIGS. 1, 2A, 2B, and 3,
an example of a system 10 for characterizing in vivo op-
eration of the dental prosthetic 120 is schematically de-
picted. The system 10 comprises a spatial positioning
system 130 comprising the three or more subject position
sensors 132 attached to the head 102 of the measure-
ment subject 100 and the three or more prosthetic track-
ing sensors 140 attached to the dental prosthetic 120.
The three or more subject position sensors 132 comprise
a first subject position sensor 134, a second subject po-
sition sensor 136, and a third subject position sensor 138.
The first subject position sensor 134, the second subject
position sensor 136, and the third subject position sensor
138 can be arranged around the head 102 of the meas-
urement subject 100 in a substantially triangular pattern.
For example, each of the first subject position sensor
134, the second subject position sensor 136, and the
third subject position sensor 138 can define a vertex of
the substantially triangular pattern of the three or more
subject position sensors 132. The first subject position
sensor 134 can be attached to the bridge of the nose 106
of the head 102 of the measurement subject 100. The
second subject position sensor 136 can be attached to
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the left mastoid 108 of the head 102 of the measurement
subject 100. The third subject position sensor 138 can
be attached to the right mastoid 110 of the head 102 of
the measurement subject 100. In some embodiments,
each of the three or more subject position sensors 132
can be oriented to face substantially the same direction.
[0022] The applicants have discovered that the three
or more subject position sensors 132 can be reused when
the three or more subject position sensors 132 are at-
tached to the measurement subject 100 with a temporary
attachment 170. The temporary attachment 170 can
comprise a flexible material layer and an adhesive layer.
Suitable temporary attachments include an adhesive
bandage such as, for example, Tegaderm™ by 3M™ of
St. Paul, Minnesota, U.S.A., or the like. Accordingly, the
three or more subject position sensors 132 can be directly
attached to the head 102 of the measurement subject
100.
[0023] The three or more prosthetic tracking sensors
140 comprise a first prosthetic tracking sensor 142, a
second prosthetic tracking sensor 144, and a third pros-
thetic tracking sensor 146. The first prosthetic tracking
sensor 142, the second prosthetic tracking sensor 144,
and the third prosthetic tracking sensor 146 are arranged
around the dental prosthetic 120 in a substantially trian-
gular pattern. For example, each of the first prosthetic
tracking sensor 142, the second prosthetic tracking sen-
sor 144, and the third prosthetic tracking sensor 146 can
define a vertex of the substantially triangular pattern of
the three or more prosthetic tracking sensors 140. The
first prosthetic tracking sensor 142 can be attached to a
central incisor 126 of the dental prosthetic 120. The sec-
ond prosthetic tracking sensor 144 can be attached to
the dental prosthetic 120 at a medial of a left second pre-
molar 128. The third prosthetic tracking sensor 146 can
be attached to the dental prosthetic 120 at a medial of a
right second pre-molar 129. In some embodiments, the
substantially triangular pattern of the three or more pros-
thetic tracking sensors 140 can define a smaller perim-
eter than the substantially triangular pattern of the three
or more subject position sensors 132.
[0024] In some embodiments, the three or more pros-
thetic tracking sensors 140 can be embedded into the
dental prosthetic 120. Specifically, the dental prosthetic
120 can be drilled to form a hole for accepting each of
the three or more prosthetic tracking sensors 140, i.e.,
drilled to accommodate the outer dimensions of the sen-
sor. For example, each of the three or more prosthetic
tracking sensors 140 can comprise a substantially square
shaped cross-section, the holes can have a depth, a
width, and a height that is large enough to accept each
of the three or more prosthetic tracking sensors 140. The
holes can further comprise a channel to accept a portion
of a wire 174 of accept each of the three or more pros-
thetic tracking sensors 140. For example, the channel
can have a length from about 2 mm to about 10 mm.
Once placed in a hole with the wire 174 arranged within
the channel, acrylic or dental wax can be applied to cover

the sensor to embed the sensor within the dental pros-
thetic 120. Thus, the wires 174, when present, of the
three or more prosthetic tracking sensors 140 can be
configured to exit the oral cavity 104 via the corners of
the mouth 112 of the measurement subject 100. In some
embodiments, the acrylic or dental wax can be colored
to contrast with the color of the dental prosthetic 120.
Accordingly, should the one of the three or more pros-
thetic tracking sensors 140 malfunction, the contrasting
colored acrylic or dental wax can be removed to facilitate
removal and replacement.
[0025] Referring still to FIGS. 1, 2A, 2B, and 3, the
spatial positioning system 130 can comprise one or more
spatial processors 152 communicatively coupled to the
first subject position sensor 134, the second subject po-
sition sensor 136, the third subject position sensor 138,
the first prosthetic tracking sensor 142, the second pros-
thetic tracking sensor 144, and the third prosthetic track-
ing sensor 146. The measurement subject 100 is located
within range of the excitation field 158 of the field gener-
ator 156 of the spatial positioning system. Specifically,
the first subject position sensor 134, the second subject
position sensor 136, the third subject position sensor 138,
the first prosthetic tracking sensor 142, the second pros-
thetic tracking sensor 144, and the third prosthetic track-
ing sensor 146 are within range of the excitation field
158. Additionally, the one or more spatial processors 152
can receive the subject position signals 148 and the pros-
thetic tracking signals 150. For example, the wires 174
of the first subject position sensor 134, the second subject
position sensor 136, and the third subject position sensor
138 can transmit the subject position signals 148 to the
one or more spatial processors 152. Similarly, the wires
174 of the first prosthetic tracking sensor 142, the second
prosthetic tracking sensor 144, and the third prosthetic
tracking sensor 146 can transmit the prosthetic tracking
signals 150 to the one or more spatial processors 152.
[0026] The spatial positioning system 130 can com-
prise the field generator 156 communicatively coupled
to the one or more spatial processors 152. Accordingly,
the one or more spatial processors 152 can execute data
processing functions to control the operation of the field
generator 156. Additionally, the one or more spatial proc-
essors 152 can execute data processing functions to
transform the subject position signals 148 into the subject
position data 160. The one or more spatial processors
152 can execute data processing functions to transform
the prosthetic tracking signals 150 into the prosthetic po-
sition data 162.
[0027] The system 10 for characterizing in vivo oper-
ation of the dental prosthetic 120 can comprise one or
more comparison processors 164 communicatively cou-
pled to the spatial positioning system 130. The one or
more comparison processors 164 can be communica-
tively coupled to the comparison memory 166 and the
display 168. Accordingly, the subject position data 160
and the prosthetic position data 162 can be provided to
the one or more comparison processors 164 for execut-
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ing display functions. Alternatively or additionally, the
subject position data 160 and the prosthetic position data
162 can be provided after being stored in the comparison
memory 166.
[0028] In addition to the examples of the system 10
depicted in FIG. 1, the examples described herein com-
prise further embodiments for performing display func-
tions with the subject position data 160 and the prosthetic
position data 162. In some examples, the subject position
data 160 and the prosthetic position data 162 can be
stored to the comparison memory 166 without the one
or more comparison processors 164 being communica-
tively coupled to the spatial positioning system 130. For
example, the comparison memory 166 can comprise
portable memory (e.g., flash drive or disk) that can be
loaded with the subject position data 160 and the pros-
thetic position data 162. Additionally, it is noted that each
of the one or more comparison processors 164 and the
comparison memory 166 may be a discrete components
communicatively coupled with one another without de-
parting from the scope of the present disclosure. For ex-
ample, a server client relationship can be established to
distribute the subject position data 160 and the prosthetic
position data 162 from the spatial positioning system 130
to a variety of client devices each with processors, mem-
ory, and displays such that each client device can perform
the display functions. It is furthermore noted that, while
the one or more spatial processors 152 and the one or
more comparison processors 164 are depicted in FIG. 1
as separate entities, the one or more spatial processors
152 and the one or more comparison processors 164
can be integral. Moreover, it is noted that the one or more
spatial processors 152 can perform at least some of the
display functions and the one or more comparison proc-
essors 164 can perform at least some of the data
processing functions without departing from the scope
of the present disclosure.
[0029] Referring again to FIGS. 1, 2A, 2B, and 3, em-
bodiments of the present disclosure can be utilized to
characterize in vivo operation of the dental prosthetic
120. For example, the spatial positioning system 130 can
be utilized to collect a significant number of samples of
in vivo operation. One or more samples can be collected
using one or more test subjects. An exemplary method
for collecting samples from the measurement subject 100
is provided below. It is noted that, while system 10 is
depicted in FIG. 1 as having only the measurement sub-
ject 100, data may be collected from a large population
of people.

Test Setup

[0030] The measurement subject 100 can be an indi-
vidual having a full or partial set of dentures that have
been customized to fit accurately within the oral cavity
104 of the measurement subject 100. The dental pros-
thetic 120 can be formed to substantially duplicate the
dentures, i.e., the dental prosthetic 120 for use in testing

can replicate the dentures of the measurement subject
100. Once the dental prosthetic 120 has been created,
the three or more prosthetic tracking sensors 140 can be
attached to the dental prosthetic 120.
[0031] The dental prosthetic 120 can be sterilized and
prepared according to a typical use scenario. As is de-
scribed in greater detail herein, the dental prosthetic 120
can have a variety of different types of denture adhesive
applied to the retention surface 124. In some embodi-
ments, comparison evaluations between different types
of denture adhesive can be performed. Accordingly, it
may be desirable to apply a standard dosage of denture
adhesive during preparation for the typical use scenario.
Alternatively or additionally, the denture adhesives can
be applied according to manufacturers’ directives. In the
alternative, the dental prosthetic 120 can be prepared
according to a typical use scenario without applying den-
ture adhesive to the retention surface 124.
[0032] The measurement subject 100 may be pre-
pared for testing according to one or more protocols. In
some embodiments, the measurement subject 100 may
abstain from the use of denture adhesive for a predeter-
mined period of time prior to the measurement. After the
predetermined time period has expired, the dental pros-
thetic 120 can be introduced into the oral cavity 104 of
the measurement subject 100. Alternatively or addition-
ally, the oral cavity 104 of the measurement subject can
be inspected and cleaned to remove any undesired sub-
stances prior to attaching the dental prosthetic 120 to the
measurement subject 100.
[0033] In some embodiments, the three or more sub-
ject position sensors 132 can be attached to the head
102 of the measurement subject 100 after the dental
prosthetic 120 has been attached to the oral cavity 104.
As is noted above, the three or more subject position
sensors 132 can be attached using the temporary attach-
ment 170. The head 102 of the measurement subject
100 can be cleaned prior to attaching the three or more
subject position sensors 132. For example, prior to ap-
plying the temporary attachment 170, the skin of the
measurement subject can be cleaned with an alcohol
solution.

Collect Data

[0034] Referring again to FIG. 1, as is noted above,
the three or more subject position sensors 132 are at-
tached to the measurement subject 100 and the three or
more prosthetic tracking sensors 140 can be embedded
within the dental prosthetic 120 that is located within the
oral cavity 104 of the measurement subject 100. The
measurement subject 100 is oriented with respect to the
spatial positioning system 130 such that the three or more
subject position sensors 132 and the three or more pros-
thetic tracking sensors 140 are within the excitation field
158. The measurement subject 100 can maintain a rest
position for a predetermined resting time period while the
spatial positioning system 130 collects data. In some em-
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bodiments, the rest position can comprise maintaining a
substantially fixed position. Specifically, the three or more
subject position sensors 132 can interact with the exci-
tation field generated 158 of the field generator 156 to
generate the subject position signals 148 indicative of
the head 102 of the measurement subject 100 in the rest
position during the resting time period. Similarly, the three
or more prosthetic tracking sensors 140 can interact with
the excitation field 158 generated by the field generator
156 to generate the prosthetic tracking signals 150 indic-
ative of the dental prosthetic 120 within the oral cavity
104 of the measurement subject 100 in the rest position
during the resting time period. In some embodiments,
the subject position signals 148 indicative of the rest po-
sition and the prosthetic tracking signals 150 indicative
of the rest position can be transmitted to and received
by the one or more spatial processors 152 throughout
the resting time period.
[0035] Alternatively or additionally, the measurement
subject 100 can perform one or more tasks consistent
with typical use for a predetermined usage time period
while the spatial positioning system 130 collects data.
Specifically, the three or more subject position sensors
132 can interact with the excitation field generated 158
of the field generator 156 to generate the subject position
signals 148 indicative of movement of the head 102 of
the measurement subject 100 during the one or more
tasks consistent with typical use. Similarly, the three or
more prosthetic tracking sensors 140 can interact with
the excitation field 158 generated by the field generator
156 to generate the prosthetic tracking signals 150 indic-
ative of movement of the dental prosthetic 120 within the
oral cavity 104 of the measurement subject 100 during
the one or more tasks consistent with typical use. In some
embodiments, the subject position signals 148 indicative
of movement of the head 102 of the measurement subject
100 and the prosthetic tracking signals 150 indicative of
movement of the dental prosthetic 120 within the oral
cavity 104 of the measurement subject 100 can be trans-
mitted to and received by the one or more spatial proc-
essors 152 throughout the usage time period.
[0036] As is noted above, the measurement subject
100 can perform various tasks consistent with typical use
during the usage time period. In some embodiments, the
tasks consistent with typical use can comprise a gum
chewing activity. Specifically, the measurement subject
100 can chew gum as the subject position signals 148
are transmitted by the three or more subject position sen-
sors 132 and the prosthetic tracking signals 150 are
transmitted by the three or more prosthetic tracking sen-
sors 140. Alternatively or additionally, the tasks consist-
ent with typical use can comprise a reading aloud activity.
Specifically, the measurement subject 100 can read
aloud a predetermined passage as the subject position
signals 148 are transmitted by the three or more subject
position sensors 132 and the prosthetic tracking signals
150 are transmitted by the three or more prosthetic track-
ing sensors 140. Alternatively or additionally, the tasks

consistent with typical use can comprise a tongue twister
activity. Specifically, the measurement subject 100 can
utter tongue twisters, i.e., one or more phrase designed
to be difficult to articulate properly, as the subject position
signals 148 are transmitted by the three or more subject
position sensors 132 and the prosthetic tracking signals
150 are transmitted by the three or more prosthetic track-
ing sensors 140.
[0037] In some embodiments, the spatial positioning
system 130 can collect data indicative of the rest position
prior to collecting data indicative of the one or more tasks
consistent with typical use. Optionally, replicates of data
indicative of the rest position, data indicative of the one
or more tasks consistent with typical use, or both can be
collected with during a single testing instance. In one
embodiment, during the single test instance, the meas-
urement subject 100 can maintain the rest position, per-
form a first task consistent with typical use, maintain the
rest position, perform a second task consistent with typ-
ical use, maintain the rest position, perform a third task
consistent with typical use, and repeat for multiple repli-
cates. Specifically, the measurement subject 100 can
perform three of the tasks consistent with typical use
(e.g., gum chewing activity, reading aloud activity, tongue
twister activity), for about 30 seconds each, i.e., about
10 seconds of the rest position, which can yield about
1,000 measurements, and about 20 seconds of the task
consistent with typical use, which can yield about 2,000
measurements. Furthermore, it is noted that populations
of data can be generated by collecting data from multiple
measurement subjects performing the single test in-
stance or variations thereof.
[0038] The tasks consistent with typical use can be de-
signed to characterize the in vivo operation of the dental
prosthetic 120. Such characterization can comprise eval-
uating the efficacy of a denture adhesive. For example,
the performance of the dental prosthetic 120 with a den-
ture adhesive can be compared to the performance of
the dental prosthetic 120 without the denture adhesive.
The applicants have unexpectedly discovered that the
gum chewing activity proved capable of generating sta-
tistically significant results for the comparison between
the performance of the dental prosthetic 120 with the
denture adhesive and the performance of the dental pros-
thetic 120 without the denture adhesive. Alternatively or
additionally, the performance of the dental prosthetic 120
with a first denture adhesive can be compared to the
performance of the dental prosthetic 120 with a second
denture adhesive. The applicants have unexpectedly dis-
covered that the reading aloud activity proved capable
of generating statistically significant results for the com-
parison between the performance of the dental prosthetic
120 with the first denture adhesive and the performance
of the dental prosthetic 120 with the second denture ad-
hesive.
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Create Reference Coordinate System

[0039] Referring collectively to FIGS. 1 and 4, the spa-
tial positioning system 130 can derive the subject position
data 160 from the subject position signals 148 such that
the subject position data 160 is indicative of the position-
ing of the three or more subject position sensors 132 with
respect to the spatial coordinate system 154. According
to the invention, the subject position data 160 can com-
prises multiple instances of data 184 ordered according
to a subject position index 186. As used herein, the term
"index" can mean an attribute associated with data that
allows a processor to organize multiple instances of data.
As is noted above, the subject position signals 148 can
be collected over time, i.e., throughout the resting time
period and the usage time period. Accordingly, the sub-
ject position signals 148 can include a plurality of meas-
urements. Each of the measurements can be organized
in manner indicative of the point in time that the meas-
urement was created such as, for example, according to
time of transmission by the one or subject position sen-
sors 132, according to time of receipt by the one or more
spatial processors 152, according to order of transmis-
sion by the one or subject position sensors 132, accord-
ing to order of receipt by the one or more spatial proces-
sors 152, or the like. The subject position index 186 can
be encoded to link the multiple instances of data 184 of
the subject position data 160 with the measurements of
the subject position signals 148. Thus, the subject posi-
tion data 160 can be organized in a manner analogous
to the organization of the measurements of the subject
position signals 148.
[0040] Similarly, the spatial positioning system 130 de-
rives the prosthetic position data 162 from the prosthetic
tracking signals 150 such that the prosthetic position data
162 is indicative of the positioning of the three or more
prosthetic tracking sensors 140 with respect to the spatial
coordinate system 154. According to the invention, the
prosthetic position data 162 comprises multiple instanc-
es of data 188 ordered according to a prosthetic position
index 190. Like the subject position signals 148, the pros-
thetic tracking signals 150 can be collected over time,
i.e., throughout the resting time period and the usage
time period. Accordingly, the prosthetic tracking signals
150 can include a plurality of measurements indicative
of the position of the head 102 of the measurement sub-
ject 100. Each of the measurements can be organized
in a manner indicative of the point in time that the meas-
urement was created such as, for example, according to
time of transmission by the three or more prosthetic track-
ing sensors 140, according to time of receipt by the one
or more spatial processors 152, according to order of
transmission by the three or more prosthetic tracking sen-
sors 140, according to order of receipt by the one or more
spatial processors 152, or the like. The prosthetic position
index 190 can be encoded to link the multiple instances
of data 188 of the prosthetic position data 162 with the
measurements of the prosthetic tracking signals 150.

Thus, the prosthetic position data 162 can be organized
in a manner analogous to the organization of the meas-
urements of the prosthetic tracking signals 150.
[0041] Referring collectively to FIGS. 1 and 5, embod-
iments of a method 200 for characterizing in vivo opera-
tion of the dental prosthetic 120 is schematically depict-
ed. It is noted that, while the method 200 comprises enu-
merated processes, the processes may be performed in
any order without departing from the scope of the present
disclosure. Furthermore, it is noted that some of the proc-
esses of the method 200 can be omitted without departing
from the scope of the present invention, which is defined
by the appended claims. At process 202, the subject po-
sition data 160 and the prosthetic position data 162 can
be provided to the one or more comparison processors
164.
[0042] At process 204, the subject position data 160,
the prosthetic position data 162, or both can be condi-
tioned for further processing. Specifically, the one or
more comparison processors 164 can automatically ex-
ecute data processing functions such as, for example,
regression modeling, filtering, or the like. In some em-
bodiments, the subject position data 160 and the pros-
thetic position data 162 can have noise or undesired var-
iation. Accordingly, the data can be conditioned to re-
move the noise or undesired variation. In further embod-
iments, the subject position data 160 and the prosthetic
position data 162 can be "smoothed" by using a Local
Regression (LOESS) or Locally Weighted Scatterplot
Smoothings (LOWESS). Specifically, measurements
sampled at a rate of about 100 samples per second can
smoothed with LOESS using a bandwidth of about 40
consecutive measurements, which is about 1.3% of an
about 30 second testing instance. Data in the middle of
the bandwidth can be weighted more than the data on
the edges of the bandwidth during the smoothing proc-
ess.
[0043] Referring collectively to FIGS. 1, 4 and 5, at
process 206, the subject position data 160, the prosthetic
position data 162, or both can be subjected to coordinate
transformations. In some embodiments, the subject po-
sition data 160 can be transformed into a reference three-
dimensional coordinate system 180. As is explained in
greater detail below, the reference three-dimensional co-
ordinate system 180 can be utilized to characterize the
three-dimensional motion of the dental prosthetic 120 rel-
ative to the oral cavity 104 of the measurement subject
100. In some embodiments, the reference three-dimen-
sional coordinate system 180 can be utilized to remove
undesired motion and artifacts from the prosthetic posi-
tion data 162. As used herein, the phrase "reference
three-dimensional coordinate system" can mean a sys-
tem that maps elements to a topological space having at
least three-dimensions, such that the system is repre-
sentative of the subject position data 160 with motion of
the head 102 of the measurement subject 100 substan-
tially removed.
[0044] As is noted above, the reference three-dimen-
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sional coordinate system 180 is derived from the subject
position data 160. Accordingly, the coordinate index 194
is based at least in part upon the subject position index
186. The coordinate index 194 can be encoded to link
the multiple instances of data 192 of the reference three-
dimensional coordinate system 180 with the subject po-
sition data 160 and the measurements of the subject po-
sition signals 148. According to the invention, the refer-
ence three-dimensional coordinate system 180 compris-
es multiple instances of data 192 derived from the subject
position data 160 by applying one or more transformation
182 to the multiple instances of data 184 of the subject
position data 160. In some embodiments, the motion of
the head 102 of the measurement subject 100 can be
substantially removed via the reference three-dimen-
sional coordinate system 180 being substantially static.
Specifically, each of the multiple instances of data 184
of the subject position data 160 can be mapped to the
reference three-dimensional coordinate system 180 ac-
cording to the one or more transformation 182 that can
change according to the coordinate index 194 to accom-
modate variation in the subject position data 160 asso-
ciated with motion of the head 102 of the measurement
subject 100.
[0045] Referring collectively to FIGS. 1, 2A, 2B, 3, 4
and 5, to correct from apparent spinning around the plane
of the three or more subject position sensors 132, the
subject position data 160 can be rotated such that the
data is indicative of a fixed angle between the first subject
position sensor 134 and the second subject position sen-
sor 136 and a fixed angle between the first subject posi-
tion sensor 134 and the third subject position sensor 138.
In some embodiments, the subject position data 160 can
be rotated such that the reference three-dimensional co-
ordinate system 180 is indicative of the three or more
subject position sensors 132 forming a plane substan-
tially level and substantially parallel with the ground, e.g.,
a floor supporting the measurement subject 100.
[0046] According to the embodiments described here-
in, the prosthetic position data 162 can be transformed
according to one or more transformation 183 prior to com-
parison with the reference three-dimensional coordinate
system 180. In some embodiments, the one or more
transformation 183 can be substantially the same as the
transformation 182, which can be applied to derive the
reference three-dimensional coordinate system 180 from
subject position data 160. For example, the prosthetic
position data 162 can be transformed to correct for ap-
parent spinning, i.e., the transformation 182 utilized to fix
the angle between the first subject position sensor 134
and the second subject position sensor 136 and the angle
between the first subject position sensor 134 and the
third subject position sensor 138 can be applied to the
prosthetic position data 162. According to the invention,
the prosthetic position data 162 can be transformed such
that the prosthetic position data 162 is indicative of the
three or more prosthetic tracking sensors 140 forming a
plane substantially level and substantially parallel with

the ground.
[0047] In some embodiments, the one or more trans-
formation 182 can be determined first to substantially re-
move motion of the head 102 of the measurement subject
100 and then applied to the prosthetic position data 162
as at least a portion of the one or more transformation
183. Specifically, the coordinate index 194 of the refer-
ence three-dimensional coordinate system 180 and the
prosthetic position index 190 of the prosthetic position
data 162 can be utilized to link the one or more transfor-
mation 182 to the one or more transformation 183. It is
noted that the transformation of each of the subject po-
sition data 160 and the prosthetic position data 162 can
be applied after the conditioning of process 204. Alter-
natively, the transformation of each of the subject position
data 160 and the prosthetic position data 162 can be
applied before the conditioning of process 204.

Presentation

[0048] Referring collectively to FIGS. 1, 4 and 5, at
process 208, the prosthetic position data 162 is com-
pared, automatically with one or more comparison proc-
essors 164, to the reference three-dimensional coordi-
nate system 180. The comparison can occur according
to a comparison order that is configured to link the pros-
thetic position data 162 to the reference three-dimension-
al coordinate system 180. Thus, if desired, the compar-
ison order can be utilized to substantially synchronize
the prosthetic position data 162 to the reference three-
dimensional coordinate system 180. Specifically, in
some embodiments, each of the multiple instances of
data 192 of the reference three-dimensional coordinate
system 180 can correspond to one of the multiple instanc-
es of data 184 of the subject position data 160. As is
noted above, the multiple instances of data 192 of the
reference three-dimensional coordinate system 180 can
be organized according to the coordinate index 194,
which can be indicative of measurements taken during
movement of the head 102 of the measurement subject
100. For example, if the coordinate index 194 were time
indexed, the multiple instances of data 192 of the refer-
ence three-dimensional coordinate system 180 could be
organized over time corresponding to movement of the
head 102 of the measurement subject 100 over time.
Similarly, the prosthetic position index 190 could be time
indexed with the multiple instances of data 188 of the
prosthetic position data 162 changing over time corre-
sponding to movement of the dental prosthetic 120 over
time.
[0049] When the comparison order is substantially
synchronized, each of the multiple instances of data 188
of the prosthetic position data 162 can be compared to
one of the multiple instances of data 192 of the reference
three-dimensional coordinate system 180 that corre-
sponds to a contemporaneous measurement according
to the prosthetic position index 190 and the coordinate
index 194. Specifically, the reference three-dimensional
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coordinate system 180 can correspond to a measure-
ment of the subject position signal 148 that occurred sub-
stantially simultaneously with a measurement of the pros-
thetic tracking signal 150 corresponding to the prosthetic
position data 162. In some embodiments, the comparison
can generate relative prosthetic position data 196 indic-
ative of relative motion of the dental prosthetic 120 with
respect to the oral cavity 104 of the measurement subject
100. The relative prosthetic position data 196 can com-
prise multiple instances of data 198 ordered according
to a relative prosthetic position index 199. The relative
prosthetic position index 199 can be encoded to link the
multiple instances of data 198 of the relative prosthetic
position data 196 with the subject position data 160, the
prosthetic position data 162, and the reference three-
dimensional coordinate system 180.
[0050] Without being bound to theory, it is believed that
the prosthetic position data 162 can be indicative of
movement of both the head 102 of the measurement sub-
ject 100 and movement of the dental prosthetic 120 with
respect to the oral cavity 104 of the measurement subject
100. Additionally, it is believed that the subject position
data 160 can be indicative of the movement of the head
102 of the measurement subject 100. Accordingly, in
some embodiments, the relative motion of the dental
prosthetic 120 with respect to the oral cavity 104 of the
measurement subject 100 can be isolated by considering
the motion of prosthetic position data 162 with respect
to the reference three-dimensional coordinate system
180.
[0051] Referring collectively to FIGS. 1, 4 and 6, the
reference three-dimensional coordinate system 180 and
the relative prosthetic position data 196 can be presented
automatically upon the display 168. For example, the one
or more comparison processors 164 can execute display
functions to present, upon the display 168, the reference
three-dimensional coordinate system 180 and the rela-
tive prosthetic position data 196 with a graphical sum-
mary 210. In some embodiments, the graphical summary
210 can utilized to present comparisons between data
sets such as, for example, replicates, different measure-
ment subjects, different tasks consistent with typical use,
different test conditions, or the like. In the embodiment
depicted in FIG. 6, data collected from one or more meas-
urement subject 100 wearing the dental prosthetic 120
without denture adhesive can be compared to data col-
lected from one or more measurement subject 100 wear-
ing the dental prosthetic 120 with denture adhesive.
[0052] Specifically, the graphical summary 210 can
comprise a first section 212 for presenting data collected
from one or more measurement subject 100 wearing the
dental prosthetic 120 without denture adhesive and a
second section 214 for presenting data collected from
one or more measurement subject 100 wearing the den-
tal prosthetic 120 with denture adhesive. The first section
212 and the second section 214 can each comprise a
side view 216 and a frontal view 218 that are configured
to present three-dimensional data. Each of the side view

216 and the frontal view 218 can comprise an ordinate
axis 220 and an abscissa axis 222. In some embodi-
ments, the ordinate axis 220 of the side view 216 can be
indicative of the vertical direction of the head 102 of the
measurements subject and the abscissa axis 222 can be
indicative of the side of the head 102 of the measurement
subject 100. The ordinate axis 220 of the frontal view 218
can be indicative of the vertical direction of the head 102
of the measurement subject 100 and the abscissa axis
222 can be indicative of the front of the head 102 of the
measurement subject 100.
[0053] One or more of the multiple instances of data
192 of the reference three-dimensional coordinate sys-
tem 180 derived from data collected without adhesive
can be plotted on the side view 216 and the frontal view
218 of the first section 212. Additionally, one or more of
the multiple instances of data 192 of the reference three-
dimensional coordinate system 180 of the reference
three-dimensional coordinate system 180 derived from
data collected with adhesive can be plotted on the side
view 216 and the frontal view 218 of the second section
214. Similarly, one or more of the multiple instances of
data 198 of the relative prosthetic position data 196 de-
rived from data collected without adhesive can be plotted
on the side view 216 and the frontal view 218 of the first
section 212. One or more of the multiple instances of
data 198 of the relative prosthetic position data 196 de-
rived from data collected with adhesive can be plotted
on the side view 216 and the frontal view 218 of the sec-
ond section 214. In embodiments where the first section
212 and the second section 214 are presented contem-
poraneously, the data collected without denture adhesive
can be compared side-to-side with data collected with
denture adhesive.
[0054] In some embodiments, the graphical summary
210 can comprise a derived data section 230 for present-
ing prosthetic function data 232 that is calculated based
upon the relative prosthetic position data 196. The pros-
thetic function data 232 can be utilized to present physical
information of the dental prosthetic 120 by using the rel-
ative prosthetic position data 196 as input to a mathe-
matical function such as, for example, a first derivative
of the relative prosthetic position data 196 can generate
velocity information, a second derivative of the relative
prosthetic position data 196 can generate acceleration
information, statistical functions of the relative prosthetic
position data 196 can generate summary information,
etc.
[0055] The derived data section 230 can comprise an
ordinate axis 220 indicative of the magnitude of the pros-
thetic function data 232 and an abscissa axis 222 indic-
ative of the relative prosthetic position index 199. In some
embodiments, the prosthetic function data 232 can com-
prise a velocity trace 234 derived from the relative pros-
thetic position data 196 of data collected without adhe-
sive and a velocity trace 236 derived from the relative
prosthetic position data 196 of data collected with adhe-
sive. Each of the velocity trace 234 and the velocity trace
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236 can vary with respect to the abscissa axis 222 of the
derived data section 230. The velocity trace 234 and the
velocity trace 236 can each be indicative of the velocity
of the dental prosthetic 120. For example, the dental pros-
thetic 120 can be modeled as a solid body and the velocity
of a centroid of the solid body can be calculated from the
relative prosthetic position data 196.
[0056] The graphical summary 210 can present data
statically. Alternatively or additionally, the graphical sum-
mary 210 can be configured to present data dynamically.
For example, the first section 212, the second section
214, the derived data section 230, or a combination there-
of can be animated. In some embodiments, animation of
the first section 212, the second section 214, and the
derived data section 230 can be synchronized according
to the relative prosthetic position index 199. For example,
the graphical summary 210 can comprise an index indi-
cator 238 that is located within the derived data section
230. During animation, the index indicator 238 can move
along the velocity trace 234, the velocity trace 236, and
the abscissa axis 222 of the derived data section 230 to
indicate the position of the animation with respect to the
relative prosthetic position index 199. Additionally, the
multiple instances of data 198 of the relative prosthetic
position data 196 can update within the first section 212
and the second section 214 in accord with the position
of the index indicator 238 with respect to the abscissa
axis 222 of the derived data section 230. Furthermore,
the coordinate index 194 can be synchronized to the rel-
ative prosthetic position index 199 such that the multiple
instances of data 192 of the reference three-dimensional
coordinate system 180 can update within the first section
212 and the second section 214 in accord with the posi-
tion of the index indicator 238 with respect to the abscissa
axis 222 of the derived data section 230.

Comparison Information

[0057] Referring collectively to FIGS. 1, 4, 7A and 7B,
a home position can be derived from the relative pros-
thetic position data 196. The home position can be uti-
lized as a basis for determining comparison information.
Accordingly, the home position can comprise coordi-
nates indicative of a neutral or ideal location of the dental
prosthetic 120 with respect to the oral cavity 104 of the
measurement subject 100. In some embodiments, the
home position can be derived from the relative prosthetic
position data 196 that corresponds to rest position data.
For example, the home position can be calculated using
a statistic of the rest position data such as, for example,
the mean, the median, or the like. Specifically, in one
embodiment, the home position can be determined by
taking the median of all of the rest position data collected
from the measurement subject 100 during a single testing
instance.
[0058] Once the home position is determined, compar-
ison information can be calculated from the relative pros-
thetic position data 196 corresponding to data collected

while the measurement subject 100 performed the one
or more tasks consistent with typical use. The compari-
son information can comprise a distance from home or
a statistic derived from the distance from home. In some
embodiments, the distance from home can be a meas-
urement of the distance between one of the multiple in-
stances of data 198 of the relative prosthetic position
data 196 and the home position such as, for example,
Euclidean distance or the like. Accordingly, the distance
from home can be calculated for the multiple instances
of data 198 of the relative prosthetic position data 196 to
generate a plurality of distance from home instances. The
distance from home instances can be segregated based
upon any of the identifiers noted herein such as, for ex-
ample, task consistent with typical use, denture adhesive
type, no denture adhesive, measurement subject, or the
like. Furthermore, the segregated or non-segregated plu-
rality of distance from home instances can be summa-
rized using statistics such as, for example, mean distance
from home, median distance from home, proportion of
distance from home instances above or below a prede-
termined length (e.g., 1 millimeters in one embodiment,
1.5 millimeters in another embodiment, or 2 millimeters
in another embodiment), total distance from home, min-
imum distance from home, maximum distance from
home, or the like. Moreover, when the relative prosthetic
position data 196 can be associated with time, the sta-
tistics can include, mean time from home, proportion of
moments of time from home above or below a predeter-
mined length (e.g., 1 millimeters in one embodiment, 1.5
millimeters in another embodiment, or 2 millimeters in
another embodiment), total time from home, or the like
Accordingly, the distance from home can provide an ob-
jective measurement for characterizing and comparing
the in vivo operation of the dental prosthetic 120.
[0059] In some embodiments, a home position com-
parison 240 can be presented automatically upon the
display 168. The home position comparison 240 can be
configured to present information indicative of movement
of the dental prosthetic 120 within the oral cavity 104 of
the measurement subject 100. The home position com-
parison 240 can comprise a home position object 242
indicative of the home position of the dental prosthetic
120 and a dental prosthetic object 250 indicative of the
dimensions of the dental prosthetic 120. Specifically, the
dental prosthetic object 250 can be a model of the dental
prosthetic 120 that is scaled to the home position object
242. As is noted above, the dental prosthetic 120 can be
formed to match the topography of the oral cavity 104.
Accordingly, the retention surface 124 of the dental pros-
thetic 120 can serve as an analog to the topography of
the oral cavity 104 of the measurement subject.
[0060] In some embodiments, the home position object
242 can be shaped to match the retention surface 124
of the dental prosthetic 120, when the dental prosthetic
120 is positioned in the home position. Accordingly, the
home position object 242 can be indicative of the topog-
raphy of the oral cavity 104 when the dental prosthetic
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120 is in the home position. The home position object
242 can operate as a boundary between an oral cavity
side 244 of the home position comparison 240 and a
compression side 246 of the home position comparison
240. The oral cavity side 244 can be indicative of the
volume contained by the oral cavity 104, i.e., when an
object is on the oral cavity side 244 of the home position
object 242, the home position comparison 240 is indica-
tive of the object being within the volume contained by
the oral cavity 104. The compression side 246 can be
indicative of the topography of the oral cavity 104, i.e.,
when an object is on the compression side 246 of the
home position object 242, the home position comparison
240 is indicative of the object being exerting a compres-
sive force upon the topography of the oral cavity 104
(e.g., a deflection).
[0061] Referring collectively to FIGS. 1, 4, 7A and 7B,
the home position comparison 240 can be utilized to show
the relative prosthetic position data 196 with respect to
the home position. Specifically, the dental prosthetic ob-
ject 250 can be placed within the home position compar-
ison 240 at a position that corresponds to one of the mul-
tiple instances of data 198 of the relative prosthetic po-
sition data 196. In some embodiments, the relative pros-
thetic position data 196 can indicate that the dental pros-
thetic 120 is pressing upon the topography of the oral
cavity 104. Specifically, the dental prosthetic object 250
can comprise one or more deflecting portions 252 that
extend beyond the home position object 242 and into the
compression side 246 of the home position comparison
240. Accordingly, the one or more deflecting portions 252
of the dental prosthetic object 250 can correspond to the
portions of the dental prosthetic 120 that compress or
exert pressure upon the topography of the oral cavity
104. The home position comparison 240 can statically
present the dental prosthetic object 250 with respect to
the home position object 242, i.e., a single position that
corresponds to one of the multiple instances of data 198
of the relative prosthetic position data 196. Alternatively
or additionally, the home position comparison 240 can
dynamically present the dental prosthetic object 250 with
respect to the home position object 242, i.e., animation
of a sequence of positions that correspond to the multiple
instances of data 198 of the relative prosthetic position
data 196.
[0062] It should now be understood that the embodi-
ments described herein can be utilized to characterize
the in vivo operation of dental prosthesis. Accordingly,
the position, movement, and relative movement of dental
prosthesis can be characterized into objective data. The
objective data can be correlated with the properties of
denture adhesive to evaluate the functionality and effi-
cacy of the denture adhesive. For example, the denture
adhesive can be characterized according to adhesion,
which can characterize the ability of the denture adhesive
to hold dentures to an oral cavity, and cohesion, which
can characterize the ability of the denture adhesive to
hold together. Thus, the embodiments described herein

can be utilized to provide additional feedback that can
be used to screen improved product formulations.
[0063] Moreover, the embodiments described herein
can be utilized to communicate the objective measure-
ments of in vivo operation of dental prosthesis as com-
pelling demonstrations and full-motion models for con-
sumers and dental professionals. Accordingly, the objec-
tive measures can be communicated to consumers to
demonstrate the relative benefits of different types of
denture adhesive, dental prosthesis, of combinations
thereof. Dental professionals can also make use of such
models to add additional feedback to promote improve-
ments to the fit of the dental prosthesis.
[0064] It is noted that the terms "substantially" and
"about" may be utilized herein to represent the inherent
degree of uncertainty that may be attributed to any quan-
titative comparison, value, measurement, or other rep-
resentation. These terms are also utilized herein to rep-
resent the degree by which a quantitative representation
may vary from a stated reference without resulting in a
change in the basic function of the subject matter at issue.
[0065] While particular embodiments have been illus-
trated and described herein, it should be understood that
various other changes and modifications may be made
without departing from the scope of the claimed subject
matter. Moreover, although various aspects of the
claimed subject matter have been described herein, such
aspects need not be utilized in combination. It is therefore
intended that the appended claims cover all such chang-
es and modifications that are within the scope of the
claimed subject matter.

Claims

1. A method for characterizing in vivo operation of a
dental prosthetic, the method comprising:

- providing subject position data derived from
subject position signals transmitted by three or
more subject position sensors attached to a
measurement subject, wherein the subject po-
sition data comprises multiple instances of data
ordered according to a subject position index
and wherein the three or more subject position
sensors are reactive to an excitation field, pref-
erably are non-line-of sight sensors;
- providing prosthetic position data derived from
prosthetic tracking signals transmitted by three
or more prosthetic tracking sensors attached to
the dental prosthetic around the dental prosthet-
ic in a substantially triangular pattern located
within an oral cavity of the measurement subject,
wherein the three or more prosthetic tracking
sensors are reactive to an excitation field and
are non-line-of-sight sensors, and wherein the
prosthetic tracking signals and the subject posi-
tion signals are transmitted contemporaneous-
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ly, and wherein the prosthetic position data com-
prises multiple instances of data ordered ac-
cording to a prosthetic position index;
- transforming the subject position data into a
reference three-dimensional coordinate sys-
tem, wherein the reference three-dimensional
coordinate system comprises multiple instances
of data ordered according to a coordinate index,
wherein the coordinate index is based at least
in part upon the subject position index, and
wherein the reference three-dimensional coor-
dinate system is indicative of the three or more
subject position sensors forming a level plane;
and
- comparing, automatically with one or more
processors, the prosthetic position data and the
reference three-dimensional coordinate system
according to a comparison order to characterize
the dental prosthetic, wherein the comparison
order is based at least in part upon the prosthetic
position index and the coordinate index.

2. The method of claim 1, further comprising: trans-
forming the prosthetic position data whereby the
prosthetic position data is indicative of the three or
more prosthetic tracking sensors forming a level
plane.

3. The method of claims 1 or 2, further comprising: gen-
erating relative prosthetic position data indicative of
relative motion of the dental prosthetic with respect
to the oral cavity of the measurement subject from
a comparison between the prosthetic position data
and the reference three-dimensional coordinate sys-
tem.

4. The method of claim 3, further comprising: deriving
a home position from the relative prosthetic position
data, wherein the home position is indicative of a
neutral position of the dental prosthetic and wherein
the home position is derived from relative prosthetic
position data corresponding to prosthetic tracking
signals collected while the measurement subject is
in a rest position.

5. The method of claim 4, further comprising: calculat-
ing a distance from home indicative of a distance
from one or more instance of the relative prosthetic
position data and the home position, wherein the
prosthetic tracking signals are collected while the
measurement subject performs one or more tasks
consistent with typical use, and wherein the one or
more instance of the relative prosthetic position data
corresponds to the prosthetic tracking signals col-
lected while the measurement subject is performing
the one or more tasks consistent with typical use.

6. The method of claim 5, further comprising deriving

a statistic from the distance from home, wherein the
statistic comprises a mean, a median, a proportion
of the distance from home above or below a prede-
termined length, a total distance, a minimum, or a
maximum and/or a time from home, a proportion of
moments of time the distance from home is above
or below a predetermined length, or a total time from
home

7. The method of anyone of claims 4 to 6, further com-
prising:
presenting a home position comparison upon a dis-
play, wherein the home position comparison com-
prises a home position object indicative of the home
position which is preferably shaped to match a re-
tention surface of the dental prosthetic and a dental
prosthetic object indicative of dimensions of the den-
tal prosthetic, and wherein dental prosthetic object
is placed in a position with respect to the home po-
sition object that corresponds to one or more in-
stance of the relative prosthetic position data.

8. The method of anyone of claims 3 to 7, further com-
prising:
presenting a graphical summary upon a display,
wherein the graphical summary comprises the rela-
tive prosthetic position data and the reference three-
dimensional coordinate system.

9. The method of anyone of claims 3 to 8, further com-
prising: presenting prosthetic function data upon a
display, wherein the prosthetic function data is cal-
culated based upon the relative prosthetic position
data comprising velocity information and/or acceler-
ation information.

10. The method of anyone of the preceding claims,
wherein the three or more subject position sensors
are attached directly to a head, preferably to a bridge
of a nose and/or at a left mastoid or a right mastoid
of the measurement subject.

11. The method of anyone of the preceding claims,
wherein the three or more prosthetic tracking sen-
sors are embedded within the dental prosthetic.

12. The method of anyone of the preceding claims,
wherein:

the three or more subject position sensors com-
prise three subject position sensors that define
a first triangular pattern;
the three or more prosthetic tracking sensors
comprise three prosthetic tracking sensors that
define a second triangular pattern; and wherein
the first triangular pattern has a larger perimeter
than the second triangular pattern.
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13. The method of anyone of the preceding claims, fur-
ther comprising:

transmitting an excitation field with a field gen-
erator, wherein the three or more subject posi-
tion sensors and the three or more prosthetic
tracking sensors are within range of the excita-
tion field;
transforming the excitation field, with the three
or more subject position sensors, into the sub-
ject position signals; and
transforming the excitation field, with the three
or more prosthetic tracking sensors, into the
prosthetic tracking signals,
wherein the excitation field preferably comprises
a magnetic field.

14. The method according to anyone of the preceding
claims, wherein the subject position data provided
were derived from a subject maintaining a rest posi-
tion and/or performing one or more tasks consistent
with typical use, preferably chewing gum or speak-
ing.

Patentansprüche

1. Verfahren zur Charakterisierung von in-vivo-Betäti-
gungen einer Dentalprothese, wobei das Verfahren
Folgendes umfasst:

- Bereitstellen von Subjekt-Positionsdaten, die
aus Subjekt-Positionssignalen abgeleitet wer-
den, die von drei oder mehreren an einem Mess-
subjekt angebrachten Subjekt-Positionssenso-
ren übertragen werden, wobei die Subjekt-Po-
sitionsdaten mehrere Dateninstanzen umfas-
sen, die gemäß einem Subjekt-Positionsindex
geordnet sind, und wobei die drei oder mehreren
Subjekt-Positionssensoren auf ein Anregungs-
feld reagieren, vorzugsweise Nicht-Sichtlinien-
Sensoren sind;
- Bereitstellen von Prothesen-Positionsdaten,
die aus Prothesen-Verfolgungssignalen abge-
leitet sind, die von drei oder mehreren Prothe-
sen-Verfolgungssensoren übertragen werden,
die an der Dentalprothese um die Dentalprothe-
se in einer im Wesentlichen dreieckigen Form
innerhalb einer Mundhöhle des Messsubjekts
befestigt sind, wobei die drei oder mehreren Pro-
thesen-Verfolgungssensoren auf ein Anre-
gungsfeld reagieren und Nicht-Sichtlinien-Sen-
soren sind, und wobei die Prothesen-Verfol-
gungssignale und die Subjekt-Positionssignale
gleichzeitig übertragen werden, und wobei die
Prothesen-Positionsdaten mehrere Datenin-
stanzen umfassen, die gemäß einem Prothe-
sen-Positionsindex geordnet sind;

- Transformieren der Subjekt-Positionsdaten in
ein dreidimensionales Referenzkoordinaten-
system, wobei das dreidimensionale Referenz-
koordinatensystem mehrere Dateninstanzen
umfasst, die gemäß einem Koordinatenindex
geordnet sind, wobei der Koordinatenindex we-
nigstens teilweise auf dem Subjekt-Positionsin-
dex basiert; und wobei das dreidimensionale
Referenzkoordinatensystem die drei oder mehr
Subjekt-Positionssensoren anzeigt, die eine ge-
rade Ebene bilden; und
- automatisches Vergleichen der Prothesen-Po-
sitionsdaten und des dreidimensionalen Refe-
renzkoordinatensystems mit einem oder meh-
reren Prozessoren gemäß einer Vergleichsrei-
henfolge zur Charakterisierung der Dentalpro-
these, wobei die Vergleichsreihenfolge wenigs-
tens teilweise auf dem Prothesen-Positionsin-
dex und dem Koordinatenindex basiert.

2. Verfahren nach Anspruch 1, das ferner Folgendes
umfasst: Transformieren der Prothesen-Positions-
daten, wobei die Prothesen-Positionsdaten die drei
oder mehr Prothesen-Verfolgungssensoren anzei-
gen, die eine gerade Ebene bilden.

3. Verfahren nach Anspruch 1 oder 2, das ferner Fol-
gendes umfasst: Erzeugen relativer Prothesen-Po-
sitionsdaten, die eine relative Bewegung der Den-
talprothese in Bezug auf die Mundhöhle des Mess-
subjekts anzeigen, aus einem Vergleich zwischen
den Prothesen-Positionsdaten und dem dreidimen-
sionalen Referenzkoordinatensystem.

4. Verfahren nach Anspruch 3, das ferner Folgendes
umfasst: Ableiten einer Ausgangsposition aus den
relativen Prothesen-Positionsdaten, wobei die Aus-
gangsposition eine neutrale Position der Dentalpro-
these anzeigt, und wobei die Ausgangsposition von
relativen Prothesen-Positionsdaten abgeleitet ist,
die den während einer Ruheposition des Messsub-
jekts gesammelten Prothesen-Verfolgungssignalen
entsprechen.

5. Verfahren nach Anspruch 4, das ferner Folgendes
umfasst: Berechnen eines Abstands vom Ausgangs-
punkt, die einen Abstand von einer oder mehreren
Instanzen der relativen Prothesen-Positionsdaten
und der Ausgangsposition anzeigt, wobei die Pro-
thesen-Verfolgungssignale gesammelt werden,
während das Messsubjekt eine oder mehrere Auf-
gaben ausführt, die der typischen Verwendung ent-
sprechen, und wobei die eine oder mehreren Instan-
zen der relativen Prothesen-Positionsdaten den Pro-
thesen-Verfolgungssignalen entsprechen, die ge-
sammelt werden, während das Messsubjekt eine
oder mehrere Aufgaben ausführt, die der typischen
Verwendung entsprechen.
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6. Verfahren nach Anspruch 5, das ferner das Ableiten
einer Statistik von dem Abstand vom Ausgangs-
punkt umfasst, wobei die Statistik einen Mittelwert,
einen Medianwert, einen Anteil des Abstands vom
Ausgangspunkt oberhalb oder unterhalb einer vor-
bestimmten Länge, einen Gesamtabstand, eine mi-
nimale oder eine maximale und/oder eine Zeit vom
Ausgangspunkt, einen Anteil von Zeitpunkten, zu
denen der Abstand vom Ausgangspunkt oberhalb
oder unterhalb einer vorbestimmten Länge liegt,
oder eine Gesamtzeit vom Ausgangspunkt umfasst

7. Verfahren nach Anspruch 4 bis 6, das ferner Folgen-
des umfasst:
Darstellen eines Ausgangspositionsvergleichs auf
einem Display, wobei der Ausgangspositionsver-
gleich ein Ausgangspositionsobjekt umfasst, das die
Ausgangsposition anzeigt, die vorzugsweise pas-
send zu einer Rückhaltefläche der Dentalprothese
ist, und ein Dentalprotheseobjekt, das die Abmes-
sungen der Dentalprothese anzeigt, und wobei das
Dentalprotheseobjekt in einer Position in Bezug auf
das Ausgangspositionsobjekt platziert wird, die einer
oder mehreren Instanzen der relativen Prothesen-
positionsdaten entspricht.

8. Verfahren nach einem der Ansprüche 3 bis 7, das
ferner Folgendes umfasst:
Darstellen einer graphischen Zusammenfassung
auf einem Display, wobei die graphische Zusam-
menfassung die relativen Prothesenpositionsdaten
und das dreidimensionale Referenzkoordinatensys-
tem umfasst.

9. Verfahren nach einem der Ansprüche 3 bis 8, das
ferner Folgendes umfasst:
Darstellen von Prothesenfunktionsdaten auf einem
Display, wobei die Prothesenfunktionsdaten basie-
rend auf den relativen Prothesenpositionsdaten, die
Geschwindigkeitsinformationen und/oder Beschleu-
nigungsinformationen umfassen, berechnet wer-
den.

10. Verfahren nach einem der vorstehenden Ansprüche,
wobei die drei oder mehr Subjekt-Positionssensoren
direkt an einem Kopf, vorzugsweise an einem Na-
senbein, und/oder an einem linken Mastoid oder ei-
nem rechten Mastoid des Messsubjekts befestigt
sind.

11. Verfahren nach einem der vorstehenden Ansprüche,
wobei die drei oder mehr Prothesen-Verfolgungs-
sensoren innerhalb der Dentalprothese eingebettet
sind.

12. Verfahren nach einem der vorstehenden Ansprüche,
wobei:

die drei oder mehr Subjekt-Positionssensoren
drei Subjekt-Positionssensoren umfassen, die
ein erstes dreieckiges Muster definieren;
die drei oder mehr Prothesen-Verfolgungssen-
soren drei Prothesen-Verfolgungssensoren um-
fassen, die ein zweites dreieckiges Muster de-
finieren; und wobei
das erste dreieckige Muster einen größeren
Umfang als das zweite dreieckige Muster auf-
weist.

13. Verfahren nach einem der vorstehenden Ansprüche,
das ferner Folgendes umfasst:

Übertragen eines Anregungsfeldes mit einem
Feldgenerator, wobei sich die drei oder mehr
Subjekt-Positionssensoren und die drei oder
mehr Prothesen-Verfolgungssensoren inner-
halb des Bereichs des Anregungsfeldes befin-
den;
Transformieren des Anregungsfeldes mit den
drei oder mehreren Subjekt-Positionssensoren
in die Subjekt-Positionssignale; und
Transformieren des Anregungsfeldes mit den
drei oder mehr Prothesen-Verfolgungssenso-
ren in die Prothesen-Verfolgungssignale,
wobei das Anregungsfeld vorzugsweise ein Ma-
gnetfeld umfasst.

14. Verfahren nach einem der vorstehenden Ansprüche,
wobei die bereitgestellten Subjekt-Positionsdaten
von einem Subjekt abgeleitet sind, das eine Ruhe-
position hält und/oder ein oder mehrere Aufgaben
ausführt, die der typischen Verwendung entspre-
chen, vorzugsweise Kaugummikauen oder Spre-
chen.

Revendications

1. Procédé de caractérisation in vivo du comportement
d’une prothèse dentaire, le procédé comprenant :

- la fourniture de données de position de sujet
dérivées de signaux de position de sujet trans-
mis par trois capteurs de position de sujet, ou
plus, fixés à un sujet de mesure, dans lequel les
données de position de sujet comprennent plu-
sieurs instances de données ordonnées selon
un indice de position de sujet et dans lequel les
trois capteurs de position de sujet ou plus sont
réactifs à un champ d’excitation, de préférence
sont des capteurs hors de portée visuelle ;
- la fourniture de données de position de prothè-
se dérivées de signaux de suivi de prothèse
transmis par trois capteurs de suivi de prothèse
ou plus fixés à la prothèse dentaire autour de la
prothèse dentaire dans un motif essentiellement
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triangulaire situé au sein d’une cavité buccale
du sujet de mesure, dans lequel les trois cap-
teurs de suivi de prothèse ou plus sont réactifs
à un champ d’excitation et sont des capteurs
hors de portée visuelle, et dans lequel les si-
gnaux de suivi de prothèse et les signaux de
position de sujet sont transmis en même temps,
et dans lequel les données de position de pro-
thèse comprennent plusieurs instances de don-
nées ordonnées selon un indice de position de
prothèse ;
- la transformation des données de position de
sujet en un système de coordonnées tridimen-
sionnel de référence, dans lequel le système de
coordonnées tridimensionnel de référence com-
prend plusieurs instances de données ordon-
nées selon un indice de coordonnée, dans le-
quel l’indice de coordonnée est basé au moins
en partie sur l’indice de position de sujet ; et dans
lequel le système de coordonnées tridimension-
nel de référence est indicatif des trois capteurs
de position de sujet ou plus formant un plan
horizontal ; et
- la comparaison, automatiquement avec un ou
plusieurs processeurs, des données de position
de prothèse et du système de coordonnées tri-
dimensionnel de référence selon un ordre de
comparaison pour caractériser la prothèse den-
taire, dans lequel l’ordre de comparaison est ba-
sé au moins en partie sur l’indice de position de
prothèse et l’indice de coordonnée.

2. Procédé selon la revendication 1, comprenant en
outre : la transformation des données de position de
prothèse de telle manière que les données de posi-
tion de prothèse sont indicatives des trois capteurs
de suivi de prothèse ou plus formant un plan hori-
zontal.

3. Procédé selon la revendication 1 ou 2, comprenant
en outre : la génération de données de position re-
lative de prothèse, indicatives d’un mouvement re-
latif de la prothèse dentaire par rapport à la cavité
buccale du sujet de mesure, à partir d’une compa-
raison entre les données de position de prothèse et
du système de coordonnées tridimensionnel de ré-
férence.

4. Procédé selon la revendication 3, comprenant en
outre : la dérivation d’une position de départ à partir
des données de position relative de prothèse, dans
lequel la position d’origine est indicative d’une posi-
tion neutre de la prothèse dentaire et dans lequel la
position d’origine est dérivée de données de position
relative de prothèse correspondant à des signaux
de suivi de prothèse recueillis alors que le sujet de
mesure est dans une position de repos.

5. Procédé selon la revendication 4, comprenant en
outre : le calcul d’une distance par rapport à l’origine,
indicative d’une distance par rapport à une ou plu-
sieurs instances des données de position relative de
prothèse et de la position d’origine, dans lequel les
signaux de suivi de prothèse sont recueillis alors que
le sujet de mesure effectue une ou plusieurs tâches
compatibles avec une utilisation typique, et dans le-
quel la ou les instances des données de position
relative de prothèse correspondent aux signaux de
suivi de prothèse recueillis alors que le sujet de me-
sure effectue la ou les tâches compatibles avec une
utilisation typique.

6. Procédé selon la revendication 5, comprenant en
outre la dérivation d’une statistique à partir de la dis-
tance par rapport à l’origine, dans lequel la statisti-
que comprend une moyenne, une médiane, une pro-
portion de la distance par rapport à l’origine au-des-
sus ou en dessous d’une longueur prédéterminée,
une distance totale, un minimum, ou un maximum
et/ou un temps par rapport à l’origine, une proportion
de moments de temps où la distance par rapport à
l’origine est au-dessus ou en dessous d’une lon-
gueur prédéterminée, ou un temps total par rapport
à l’origine

7. Procédé selon l’une quelconque des revendications
4 à 6, comprenant en outre :
la présentation d’une comparaison de position d’ori-
gine sur un affichage, dans lequel la comparaison
de position d’origine comprend un objet de position
d’origine indicatif de la position d’origine, qui est de
préférence profilé pour correspondre à une surface
de rétention de la prothèse dentaire et un objet de
prothèse dentaire indicatif de dimensions de la pro-
thèse dentaire, et dans lequel l’objet de prothèse
dentaire est placé dans une position par rapport à
l’objet de position d’origine qui correspond à une ou
plusieurs instances des données de position relative
de prothèse.

8. Procédé selon l’une quelconque des revendications
3 à 7, comprenant en outre :
la présentation d’un résumé graphique sur un affi-
chage, dans lequel le résumé graphique comprend
les données de position relative de prothèse et le
système de coordonnées tridimensionnel de réfé-
rence.

9. Procédé selon l’une quelconque des revendications
3 à 8, comprenant en outre :
la présentation de données de fonction de prothèse
sur un affichage, dans lequel les données de fonction
de prothèse sont calculées sur la base des données
de position relative de prothèse comprenant des in-
formations de vitesse et/ou des informations d’accé-
lération.
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10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les trois capteurs de posi-
tion de sujet ou plus sont fixés directement à une
tête, de préférence à une arcade d’un nez et/ou au
niveau d’une mastoïde gauche ou d’une mastoïde
droite du sujet de mesure.

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les trois capteurs de suivi
de prothèse ou plus sont intégrés dans la prothèse
dentaire.

12. Procédé selon l’une quelconque des revendications
précédentes, dans lequel :
les trois capteurs de position de sujet ou plus com-
prennent trois capteurs de position de sujet qui dé-
finissent un premier motif triangulaire ; les trois cap-
teurs de suivi de prothèse ou plus comprennent trois
capteurs de suivi de prothèse qui définissent un
deuxième motif triangulaire ; et dans lequel le pre-
mier motif triangulaire a un plus grand périmètre que
le deuxième motif triangulaire.

13. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre :

la transmission d’un champ d’excitation avec un
générateur de champ, dans lequel les trois cap-
teurs de position de sujet ou plus et les trois
capteurs de suivi de prothèse ou plus sont dans
la plage du champ d’excitation ;
la transformation du champ d’excitation, avec
les trois capteurs de position de sujet ou plus,
en les signaux de position de sujet ; et
la transformation du champ d’excitation, avec
les trois capteurs de suivi de prothèse ou plus,
en les signaux de suivi de prothèse,
dans lequel le champ d’excitation comprend de
préférence un champ magnétique.

14. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les données de position
de sujet fournies ont été dérivées d’un sujet mainte-
nant une position de repos et/ou effectuant une ou
plusieurs tâches compatibles avec une utilisation ty-
pique, de préférence mâcher une gomme ou parler.
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