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Description

FEDERALLY SPONSORED RESEARCH OR DEVEL-
OPMENT

[0001] The subject matter discussed in this patent ap-
plication was funded in part by United States Grant No.
R01-DC003311 from the National Institute of Health
(NIH). The government may have certain rights to the
subject matter discussed herein.

FIELD OF THE INVENTION

[0002] The invention relates generally to a software
system and processing devices or appliances incorpo-
rating the software system to assess the organization of
a non-nutritive suck (NNS) pattern of a patient and to
entrain an organized NNS pattern in the patient. More
specifically, the present invention relates to a software
system that receives data from an orofacial stimulation
appliance to assess the patient's natural NNS pattern
and generates a tactile stimulus via the orofacial stimu-
lation appliance to entrain an organized NNS pattern.

BACKGROUND OF THE INVENTION

[0003] Premature birth places infants atincreased risk
for learning disabilities, delayed development of speech,
language and motor skills, and mortality. The premature
infant often has difficulties with respiration and feeding
and therefore may remain in the hospital for prolonged
periods of time. The non-nutritive suck (NNS) is a motor
behavior which can be observed and used to make in-
ference about brain development and organization in this
young population.

[0004] Oral stimulation therapy is a common practice,
in which feeding therapists manually apply a stimulation
using their fingertip. Manually applying stimulation, how-
ever, has a number of drawbacks. One such drawback
includes the variance and limitation in the amount of mo-
tion (amplitude) and rhythm (frequency) from therapist
to therapist, or even by the same individual. As a result,
extensive and costly training and experience are required
for a therapist to be proficient at providing manual stim-
ulation and assessment.

[0005] In addition, manual stimulation is given essen-
tially blind, as patients can respond by producing a variety
of undesirable motor actions, including but not limited to
clenching the jaws, tongue compression, tongue thrust-
ing, or other reactions that may be confused with desir-
able NNS events. As such, it can be difficult to determine
if the manual stimulation is beneficial to the patient.
[0006] Therefore, a need exists for an automated sys-
tem and method to assess a patient’s natural NNS pattern
and to provide precise and beneficial tactile stimulus to
correct and organize the patients NNS pattern.

[0007] Poore M., Zimmerman E., Barlow S.M., Wang
J.and Gu F.. 2008. Patterned orocutaneous therapy im-
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proves sucking and oral feeding in preterm infants. Acta
Paediatrica 97: 920-927 relates to a study of patterned
orocutaneous therapy on preterm infants and studies
their non-nutritive suck and/or oral feeding success.
[0008] Finan D.S and Barlow S.M. 1996. The Actifier:
A Device for Neurophysiological Studies of Orofacial
Controlin Human Infants. Journal of Speech and Hearing
Research, Volume 39: 833-838 describes a device for
the stimulation of intraoral tissues in human neonates,
used to investigate the responsiveness of the sucking
central pattern generator in human infants to mechanical
perturbation.

SUMMARY OF THE INVENTION

[0009] The present invention relates to a system for
assessing and entraining a non-nutritive suck (NNS) pat-
tern in a patient. In one aspect, the system is executable
by a processor for stimulating a central pattern generator
and a trigeminal nerve in a human brain, where such
stimulation influences brain response or developmentin-
cluding repair, control of respiration, control of NNS, mas-
tication, and combinations thereof, in a human brain. The
system includes an assessment module to record a pres-
sure signal received from a pressure transducer in an
orofacial stimulator appliance and generate a display sig-
nal to display assessment data based on the received
pressure signal. The system also includes a feature ex-
traction module to identify one or more components of a
patient’s non-nutritive suck pattern in the pressure signal,
determine a symmetry of the patient’s non-nutritive suck
pattern, determine a repetition of the patient’s non-nutri-
tive suck pattern, and assign a spatiotemporal index val-
ue to the patient’s non-nutritive suck pattern, the spatio-
temporal index value indicating an overall rating of the
patient’s non-nutritive suck pattern.

[0010] The system further includes a therapy module
to generate a therapeutic pressure pulse signal compris-
ing a base frequency signal further comprising two or
more pressure pulses, wherein each pulse period con-
sists of a positive and negative displacement contacted
by the lip and the mouth of the patient. Pulses are ad-
ministered in a series of two or more pulses, and each
of the two or more pressure pulses has a damped har-
monic oscillating square wave profile and are separated
by an interval between 500 milliseconds and 650 milli-
seconds in duration. The therapy module also generates
a therapeutic pressure profile signal comprising at least
one of the therapeutic pressure pulse signals and trans-
mits the therapeutic pressure pulse profile signal to the
orofacial stimulator appliance.

[0011] In various aspects, the base frequency is be-
tween 1.5 Hz and 5 Hz and the two or more pressure
pulses causes surface motion of between about 260 mi-
crons and 300 microns, with a maximum transition inter-
val of 20 milliseconds to 50 milliseconds. The therapeutic
pressure profile may include at least 6 pressure pulses
in succession contacted with the patient for at least two
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minutes, at least twice a day. Further, each of the two or
more pressure pulse is composed of higher order har-
monics of the base frequency and each pressure pulse
has a square wave peak.

[0012] In other aspects, the amplitude of the higher
order harmonic decay is greatest at a beginning of each
pressure pulse and the higher order harmonic decay for
the two or more pressure pulses vary in amplitude and
afrequency. Further, in one aspect, the higher order har-
monic decay for the two or more pressure pulses are
identical in amplitude and a frequency. Each of the two
or more pressure pulses may have a first order damped
overshoot square wave profile, wherein the damped
overshoot square wave profile of the two or more pres-
sure pulses has a Q factor greater than or equal to Y.
The pressure transducer generates an analog pressure
signal in response to pressure applied to the orofacial
stimulator appliance.

[0013] Inone aspect, the display signal contains wave-
form data, wherein the waveform data indicates at least
one event in the pressure signal. Further, the signal may
contain at least one event. An event may be a pressure
peak, a non-nutritive suck event, a burst, a chew, orcom-
binations thereof. NNS values assigned to the waveform
data may be based upon a suck symmetry, a suck quan-
tity, a suck magnitude, and a burst timing of the patient’s
non-nutritive suck pattern. A spatiotemporal index value
may be calculated that relates to the regularity of repet-
itive suck burst. For example, the spatiotemporal index
value may measure the similarity in up to five repetitive
suck bursts detected within an assessment as a measure
of the reproducibility of the infant’s suck.

[0014] Inone aspect, the system furtherincludes a cal-
ibration module to calibrate the orofacial stimulator ap-
pliance. The orofacial stimulator appliance is calibrated
prior to receiving pressure signals at the assessment
module, generating the therapeutic pressure pulse sig-
nal, or both. Alternately, the orofacial stimulator appli-
ance may be calibrated after receiving pressure signals
at the assessment module, generating the therapeutic
pressure pulse signal, or both. Further, the orofacial stim-
ulator appliance may be calibrated prior to and after re-
ceiving pressure signals at the assessment module, gen-
erating the therapeutic pressure pulse signal, or both.
For example, the calibration module may verify the ex-
pansion characteristics of the pacifier. Verification is per-
formed by measuring the frequency and amplitude of
changes in the pacifier by a laser micrometer in commu-
nication with the system. The system may then digitize
and record the frequency and amplitude of changes in
the pacifier shape to verify that the desired therapy pulse
is applied. In various other aspects, the system further
includes a review module to review at least one of the
assessment data, the generated therapeutic pressure
profile, or both.

[0015] In various other embodiments, the system may
be encoded on a non-transitory computer readable me-
dium that is further encoded with instructions for operat-
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ing a non-nutritive system for generating non-nutritive
stimulus for a patient. The instructions are executable by
a processor in communication with memory. Related ob-
jects and advantages of the present invention will be ap-
parent from the following description.

DESCRIPTION OF FIGURES

[0016]

FIG. 1 is a block diagram of a non-nutritive suck as-
sessment and entrainment system according to one
aspect.

FIG. 2 is a block diagram of computing environment
according to one aspect of the non-nutritive suck as-
sessment and entrainment system.

FIG. 3 is a block diagram of data source according
to one aspect of the non-nutritive suck assessment
and entrainment system.

FIG. 4 is a block diagram of a non-nutritive suck en-
trainment application according to one aspect of the
non-nutritive suck assessment and entrainment sys-
tem.

FIG. 5 is a block diagram of a system module ac-
cording to one aspect of the non-nutritive suck as-
sessment and entrainment system.

FIG. 6 is a block diagram of an assessment module
according to one aspect of the non-nutritive suck as-
sessment and entrainment system.

FIG. 7 is a block diagram of a therapy module ac-
cording to one aspect of the non-nutritive suck as-
sessment and entrainment system.

FIG. 8 is a block diagram of a therapeutic pulse gen-
eration system according to one aspect of the non-
nutritive suck assessment and entrainment system.
FIG. 9 is a block diagram of an orofacial stimulator
appliance according to one aspect of the non-nutri-
tive suck assessment and entrainment system.
FIG. 10 illustrates a method for assessing a non-
nutritive suck pattern according to one aspect of the
non-nutritive suck assessment and entrainment sys-
tem.

FIG. 11 illustrates a method for stimulating a patient
to entrain an organized non-nutritive suck pattern
according to one aspect of the non-nutritive suck as-
sessment and entrainment system.

FIGS. 12-31 are screenshots of various graphic user
interface displays according to aspects of the non-
nutritive suck assessment and entrainment system.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention relates to a processing
system for assessing and the neural entrainment of a
Non-Nutritive Suck (NNS) pattern in a patient as defined
in appended claim 1. Typically, the patient is a premature
infant; however, the system may also be used for patients
unable to properly suck or swallow to receive nourish-
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ment, including but not limited to full-term infants, tod-
dlers, adolescents, and adults. For example, the system
may be used to treat those that have been debilitated by
strokes, hemorrhages, or other conditions that correlate
with an impairment in neurological development or func-
tion.

[0018] The NNS pattern of a patient is generated by
the patient’s suck central pattern generator (sCPG). A
central pattern generator (CPGs) is a neural circuit or
combination of neural circuits located in the patient’s cer-
ebral cortex, brainstem, and/or spinal cord that drives
rhythmic motor behaviors such as sucking, breathing,
mastication, and locomotion. The patterns generated by
the CPGs can be modulated by a variety of external stim-
uli. As such, the most beneficial therapeutic results are
manifested when the therapy consistently mimics the in-
trinsic frequency of sCPG.

[0019] ltis often difficult for therapists to model the fine
temporal structure of an organized NNS burst pattern,
which involves a frequency-modulated (FM) burst struc-
ture, using manual stimulation. The FM burst structure
is characterized by a series of suck cycles that succes-
sively decrease in frequency from the first compression
cycle of the lips and mouth to the last compression cycle.
The FM burst structure typically modulates between 1.5
Hz and 3 Hz. The structure of the FM burst is very difficult
if not impossible to produce manually in a repeated pat-
tern by even the most experienced therapist.

[0020] The present invention relates to the identifica-
tion of particular characteristics of the FM burst structure
and provides criteria or descriptions of features of the
NNS pattern that may be used as diagnostic indicators
for gauging the development of oromotor control among
patients. Further, the identified characteristics are useful
in configuring a tactile stimulus that may be applied to
patients to modify or correct a deficient NNS pattern.
[0021] FIG. 1is ablock diagram of a non-nutritive suck
(NNS) assessment and entrainment system (NNS sys-
tem) 100 for assessing a patient’s natural NNS pattern
and for providing a tactile stimulus that will stimulate the
suck central pattern generator (sCPG) and trigeminal
nerve of a human brain to entrain a proper NNS pattern.
Further, the NNS system 100 may be used to assess and
entrain brain activity for controlling respiration, mastica-
tion, or combinations thereof. The NNS system 100 in-
cludes a computing device 102 to process data and ex-
ecute one or more applications, a data source 104 to
store data, a pulse generation system 106 to generate
pneumatic pulses in response to input signals, and an
orofacial stimulator appliance 108 to transfer the pneu-
matic pulses to a patient as a tactile stimulus.

[0022] According to one aspect, the computing device
102 includes memory 200 and at least one processor
202 to execute a NNS assessment and therapy applica-
tion (NNS application) 204, as shown in FIG. 2. The com-
puting device 102 also includes a display 206, such as
a computer monitor, for displaying data stored in the data
source 104, datareceived from the pulse generation sys-
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tem 106 or the orofacial stimulator appliance 108, and
data input by a user of the NNS system 100. The display
device 206 also displays one or more graphical user in-
terfaces (GUIs) input forms or displays, generated by the
NNS application 204, as shown in FIGS. 12-31. The GUI
input forms and displays enable a user ofthe NNS system
100 to input, view, and/or interact with the various mod-
ules of the system. The GUI input forms and displays
also allow a user to input, view, and/or interact with pa-
tient data, NNS assessment data, NNS therapy data,
and/or other data related to the assessment and thera-
peutic stimulation of the patient. Further, the GUI input
forms and displays permit a user to configure and interact
with the pulse generation system 106 and the orofacial
stimulator appliance 108.

[0023] The computing device 102 may also include an
input device 208, such as a keyboard or a pointing device
(e.g., a mouse, trackball, pen, or touch screen) to enter
data or configure a feature of the NNS system 100 using
the GUI input forms and displays. The computing device
102 may further include, or at least be in communication
with, the data source 104.

[0024] The data source 104 may be a database stored
on a local hard disk drive (HDD) incorporated into the
computing device 102. Alternately, the data source 104
may be a database or other data structure stored remote-
ly from the computing device 102. For example, the com-
puting device 102 may be in communication with the data
source 104 over a network, including but not limited to
the Internet. As shown in FIG. 7, the data source may
store a variety of data. For example, the data source 104
may store user data 700 that includes profiles and login
information, such as passwords, for users of the NNS
system 100. The data source 104 may also contain pa-
tient data 702 including patient charts and historical as-
sessmentand therapy session data 704 and 706, respec-
tively. The data source 104 also stores data for therapy
pulse profiles 708 that may be used to entrain a variety
of patients, as well as, other data 710 gathered from ex-
periments or research trials conducted using the NNS
system 100.

[0025] According to one aspect, as shown in FIG. 3,
the NNS assessment and therapy application 204 in-
cludes a number of instructions, applets, modules
300-308, and submodules to receive, process, and gen-
erate data and/or signals for the assessment of a NNS
pattern and the therapeutic stimulation of a patient’s
mouth and lips to entrain a proper NNS pattern. The mod-
ules of the NNS assessment and therapy application 204
include an NNS application system module 300, an as-
sessment module 302, a therapy module 304, a leak de-
tection module 306, and a research module 308.
[0026] The NNS application system module 300 in-
cludes various submodules 400-406 to provide access
to various features and functionality of the NNS assess-
ment and therapy application 204. For example, the NNS
application system module 300 includes a user login sub-
module 400 that allows a user of the NNS system 100 to
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login into the NNS application 204. In one aspect, the
NNS application system module 300 generates GUl input
forms 1200 and 1202, as shown in FIGS. 12-13, where
the user may select a user account and log in to the NNS
application 204 after entering a valid password for the
selected user.

[0027] The NNS application system module 300 in-
cludes a user configuration submodule 402 that allows
users of the NNS system 100 with sufficient privileges to
add, edit, or delete user accounts. By way of example
and not limitation, an administrator may input data into
GUl inputforms 1204 and 1206, as shown in FIGS. 14-15
to create, modify, or delete a user profile to grant or re-
strict access to the NNS application 204.

[0028] Similarly, the NNS application system module
300 includes a patient configuration submodule 404 that
allows users of the NNS system 100 with sufficient priv-
ileges to add, edit, or delete patients. By way of example
and not limitation, an administrator may input data into
input forms 1208 and 1210, as shown in FIGS. 16-17, to
create, modify, or delete a profile for a patient that may
receive an NNS assessment or therapy using the NNS
system 100. The NNS application system module 300
also includes a session selection submodule 406 that
allows users of the NNS system 100 to select whether
the NNS system will be used to assess a patient’s natu-
rally generated NNS pattern or to provide therapeutic
stimulus to the patient. As such, the session selection
submodule 406 sends requests to the assessment mod-
ule 302 and the therapy module 404 in response to type
of session selected by the user.

[0029] When an assessmentrequestis generated, the
NNS application system module 300 generates a main
assessment input form 1212 to allow the user to input
data and interact with the NNS application 204 during
the assessment session. By way of example, and not
limitation, an embodiment of the main assessment input
form 1212 is shown in FIG. 18. In one aspect, the main
assessmentinputform 1212 includes one or more control
buttons 1214 to access a list of all the patients actively
associated with the NNS application 204. When a patient
is selected, the main assessment input form 1212 dis-
plays a history 1216 of assessments for the selected pa-
tient, and is capable of displaying waveforms from the
previous assessments in a waveform frame 1218. In one
aspect, the prior waveforms and assessment histories
1216 may be stored as assessment session data 704 in
the data source 104.

[0030] The main assessment input form 1212 also in-
cludes a control button 1220 to permit a user to view a
patient’s medical chart 1294, an example of which is
shown in FIG. 31. In addition, the control button 1220
allows the user to add or edit patient data, while control
button 1222 allows the user to add notes to the patient
assessment data. In addition, the user may select control
button 1224 to start a new assessment session for the
selected patient or select control button 1226 to switch
directly to a therapy session for the selected patient.
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[0031] Inone aspect, an assessment session consists
of recording and displaying a signal received at the com-
puting device 102 from a pressure transducer 902 of the
orofacial stimulator appliance 108, as shown in FIG. 9.
The transducer 902 translates pressure changes caused
by sucking and mouthing movements of the patient into
an analog signal that tracks the pressure applied to a
pacifier 904 versus time. The analog pressure signal is
converted to a digital signal at an analog-to-digital con-
verter 802 of the pulse generation system 106. The an-
alog-to-digital converter 802 is incorporated into a real-
time controller 800, that receives and modifies received
and/or generated pressure signals in real-time. The dig-
ital pressure signal is then received, recorded, and dis-
played by the assessment module 302.

[0032] In one aspect, the assessment module 302 in-
cludes a number of submodules 500-508, including but
not limited to an assessment configuration submodule
500, an assessment calibration submodule 502, an as-
sessment capture module 504, a feature extraction sub-
module 506, and a post assessment review module 508.
The various submodules 500-58 generate and display
one or more GUI input forms as shown in FIGS. 19-26
that allow the user to configure, initiate, and review an
assessment session.

[0033] The assessment configuration submodule 500,
for example, generates an assessment configuration in-
put form 1228. The assessment configuration GUI input
form 1228 includes one or more controls 1230-1242 and
data fields 1244-1248 to input data related to a total as-
sessment time 1246, an intermediate assessment
prompt 1244, atype and configuration 1236 of the pacifier
904, and optionally, the patient's weight 1248. As the
behavior and mood of a patient is often unpredictable,
it's difficult for the user to know in advance how long the
assessment session may take. Therefore, the interme-
diate assessment prompt is selected as a 'best estimate’
for the actual time that it may take to capture enough
NNS pattern activity to assess the patient. As such, the
total assessment time permits the user to continue to
collect data, if desired, after intermediate assessment
prompt. In one aspect, the assessment collection sub-
module 504 halts the capture of assessment data at the
intermediate assessment prompt.

[0034] The assessment calibration submodule 502
generates an assessment calibration GUI input form
1250. In one aspect, the calibration input form 1250 al-
lows the user to communicate with and configure the
pulse generation system 106 and the orofacial stimulator
appliance 108 to verify the intended function and calibra-
tion for the components of the pulse generation system
and the orofacial stimulator appliance prior to the initia-
tion of an assessment session.

[0035] The assessment capture submodule 504 re-
ceives the digital pressure signal from the pulse gener-
ation system 106. In one aspect, the assessment capture
submodule 504 records and displays the patient’'s NNS
pattern activity as a waveform 1252. In other aspects,
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the assessment capture submodule 504 may receive and
store the digital pressure signal without displaying the
NNS pattern activity. In another aspect, the assessment
capture submodule 504 may display the NNS pattern ac-
tivity in another form, such as a chart, graph, or table.
[0036] The assessment capture submodule 504 may
further generate a number of displays during the assess-
ment capture session. For example, FIGS. 22-25 are
screen displays that show the progress of the assess-
ment session at the start of the session 1254, at the in-
termediate prompt interval 1256, at the user input dura-
tion time 1258, and at the conclusion of the assessment
session 1260. In otheraspects, fewer ora greaternumber
of displays 1254-1260 may be provided during the as-
sessment session.

[0037] In one aspect, the assessment data capture
session may be initiated by input received through a start
control button 1262 shown on the display 206. Alternate-
ly, the assessment data capture session may be initiated
by a switch on a handpiece 900 of the orofacial stimulator
appliance 108.

[0038] During or subsequent to an assessment ses-
sion, the feature extraction submodule 506 analyzes the
digital pressure signal received by the assessment cap-
ture submodule 504. In particular, the feature extraction
submodule 506 identifies various components of the pa-
tient’s generated NNS pattern. For example, in the wave-
form 1252 of FIG. 21, the feature extraction submodule
506 identifies pressure peaks 1264, individual suck
events 1266, as well as bursts 1268, which are defined
as two or more suck events in less than about 1.2 sec-
onds. In addition, the feature extraction submodule 506
also identifies a number of non-NNS events 1270, such
as chewing motions made by the patient. In one aspect,
the feature extraction submodule 506 may provide an-
notations, including color-coding, to identify the various
NNS events 1264-1268.

[0039] Inone aspect, the feature extraction submodule
506 quantifies the overall performance of the patient’s
generated NNS pattern by assigning a Spatiotemporal
Index (STI) value to the pattern. For example, the STI
value may be derived by calculating the similarity of up
to five individual suck bursts. The STI value measures
the symmetrical and repetition of the patient’s generated
NNS burst pattern by integrating the symmetry and quan-
tity of selected NNS events 1264-1268 in the patient’s
NNS pattern.

[0040] In another aspect, the feature extraction sub-
module 506 automatically determines a number of pa-
rameters that are desirable for evaluating the patient’s
generated NNS pattern and determining the best course
oftherapytotreatthe patient. For example, the evaluation
parameters may include the STl value for the waveform,
the number of bursts per minute, the number of events
per burst, the number of NNS events per minute, an av-
erage peak pressure, as well as the total number of
events per minute. In other examples, a fewer or greater
number of parameters as well as different parameters
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may be considered when evaluating the patient’s gener-
ated NNS pattern.

[0041] The evaluation parameters may be determined
using a portion or subset of the collected assessment
data. For example, a "most active" two-minute window
having the most number of NNS events is identified by
the feature extraction submodule 506. The most-active
window is generally indicated by a bar 1272 on the dis-
played waveform 1252. When calculating the six evalu-
ation parameters, the feature extraction submodule 506
may ignore any NNS activity outside of the most-active
window.

[0042] After capturing the patient's generated NNS
pattern and determining the evaluation parameters, the
post assessment review module 508 generates a post-
session GUI input form 1274 where the user may confirm
the identify of the patient that underwent the assessment
session and input notes regarding the assessment ses-
sion. By way of example and not limitation, the user may
indicate the state of alertness for the patient, by inputting
terms such as alert, crying, drowsy, sleepy, or any other
term that identifies the patient’s level of alertness during
the assessment session. The user may further quantify
the patient’s state of alertness as active or quiet, as the
patient’s STI value may fluctuate between assessment
sessions due to the patient drifting off to sleep during the
capture period.

[0043] Once a patient has been diagnosed or charac-
terized as having a disorganized NNS pattern, it is often
desirable for the patient to undergo a therapy session to
entrain the patient’'s sCPG to produce an organized NNS
pattern. Typically, a therapy session consists of applying
an external stimulus to or near the lips and mouth of the
patient in order to modify the NNS pattern generated by
the sCPG. The orofacial stimulator appliance 108 con-
tacts the patient on or near the lips and mouth to deliver
therapeutic stimulation, provided by the pacifier’s motion
as caused by the pressure pulses, to the patient’s orofa-
cial nerves via regulated changes in the surface diameter
of the pacifier 904. The pressure pulses conveyed by the
orofacial stimulator appliance 108 are actuated at the
pulse generator 104 system in response to a therapy
pulse profile generated by the therapy module 304.
[0044] When a therapy session is to be performed, the
NNS application system module 300 generates a main
therapy GUI input form 1276, as shown in FIG. 27. The
main therapy GUI input form 1276 includes a control but-
ton 1278 to allow a user to start new therapy session.
The main therapy GUI input form 1276 also includes a
control button to display previous therapy session data
706 stored in the data source 104, the therapy sessions
data 706 includes summaries and detailed information
for previous therapy sessions.

[0045] Inone aspect, the therapy module 304 includes
a number of submodules 600-606, including but not lim-
ited to a therapy configuration submodule 600, a therapy
calibration submodule 602, a therapy execution submod-
ule 604, and a post-therapy review submodule 606. The
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various submodules 600-606 generate one or more GUI
input forms for display that allow the user to configure,
execute, and review a therapy session.

[0046] The therapy configuration submodule 600, for
example, generates a therapy configuration input form
1280. The assessment configuration GUlinput form 1280
includes a number controls 1282-1286 related to the ther-
apy session and the pacifier 904 of the orofacial stimu-
lator appliance 108. The assessment configuration GUI
input form 1280 also includes a control button 1288 that
allows the user to select or modify one or more therapy
pulse profiles.

[0047] A therapy pulse profile consists of one or more
therapeutic waveforms that result in variable but control-
led radial displacements of the outer surface of the pac-
ifier 904. The surface displacements of the pacifier 904
provide a tactile stimulus to or near the lips and mouth
(e.g., intraoral tissues, anterior tongue blade, anterior
tongue dorsum) of the patient to entrain the patient’s
sCPG to naturally produce an NNS pattern that mimics
the generated therapy waveforms.

[0048] Preferably, the therapy waveform consists of
one or more salient therapeutic bursts and each burst
contains two or more square wave pulses. Typically, the
bursts are separated by a configurable and variable delay
interval.

[0049] According to one aspect, the nominal number
of pulses in a desired therapeutic burst is six, while the
actual number is configurable by users of the NNS sys-
tem 100. Preferably, each pulse in a therapeutic burst is
a square wave pulse having the same configurable am-
plitude. Further, the period of each pulse increases se-
quentially thereby, causing the waveform frequency to
slow down from the start of the therapeutic burst to the
end of the therapeutic burst. A desirable decelerating se-
quence pulse sequence has periods of approximately
510 = 3ms, 526 = 3 ms, 551 = 3 ms, 580 = 3 ms, and
626 = 3 ms between therapeutic bursts. When more than
five pulses are used in the therapeutic burst, the sixth
and all subsequent pulses have an periodic interval of
approximately 626 ms.

[0050] Preferably, each square wave pulse period is
shaped to minimize the positive and negative rise/fall
times. For example, the transition intervals of each
pulse’s leading or trailing edges between each pulse may
be tuned to create harmonics of 1.7 = 0.5 Hz, 5.5 = 0.5
Hz, 9.0 + 0.5 Hz, 12.5 = 0.5 Hz, and 16.5 = 0.5 Hz. It
is desired that the therapy waveform have minimal ring-
ing or flutter at the square wave peaks, in order to be
perceived as a "clean" square waves. As the therapy
pulse profiles may be modified in the amplitude and fre-
quency domains, a power spectrum analysis shows that
the preferred therapy waveform generates displacement
of the pacifier 904 at a fundamental frequency of approx-
imately 1.7 Hz and higher orders. This fundamental fre-
quency is preferred to entrain the patient's nervous sys-
tem through cutaneous signal detection. Further, the pre-
ferred therapy waveform has a Q factor greater than or
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equal to 1/2. As such, the relative high frequency of the
rising and falling edges of the therapy pulse helps to
achieve stimulus salience in the patient.

[0051] Inall aspects, the number of square wave puls-
es per therapeutic burst, the number of therapeutic bursts
per therapy session, and the amplitude of the square
wave pulses are configurable by the user to account for
variability in the patients. For example, the age, endur-
ance, and/or aptitude of the patients may vary, thereby
requiring the user to select or modify a therapy pulse
profile via the therapy configuration submodule 600.
[0052] The therapy calibration submodule 604 func-
tions similar to the assessment calibration submodule
502 and generates a therapy calibration GUI input form
similar to the assessment calibration GUI input form
1250. In one aspect, the calibration GUI input form allows
the user to communicate with and configure the pulse
generation system 106 and the orofacial stimulator ap-
pliance 108 to verify the intended function and calibration
of the instruments prior to the start of the therapy session.
[0053] Inone aspect, the expansion characteristics of
the therapy pulses as delivered by expansion of the pac-
ifier are verified using a laser micrometer (not shown) in
communication with the therapy calibration submodule
604. The data from the laser micrometer regarding the
frequency and amplitude components of the therapy
pulse at the pacifier 904 may be digitized, recorded, and
analyzed by the NNS application 204.

[0054] The therapy execution submodule 604 captures
and displays the patient's NNS pattern activity during a
therapy session. The therapy execution submodule 604
may generate a display 1290, as shown in FIG. 29, that
shows progress of the therapy session at the start of the
session, during the therapy session, at a rest interval,
and at the conclusion of the therapy session, respective-
ly. In other aspects, fewer or a greater number of displays
may be provided during the therapy session.

[0055] Similar to an assessment session, the therapy
session may be initiated by input received through the
start control button 1278 of the GUI input form 1276. Al-
ternately, the therapy session may be initiated by a switch
on a handpiece 900 of the orofacial stimulator appliance
108.

[0056] Afteratherapy session, the post-therapy review
submodule 606 generates a post-session GUI input form
similar to the assessment post session GUI input form
1274 where the user inputs notes regarding the therapy
session. The user may indicate the state of alertness for
the patient, such as alert, crying, drowsy, or sleepy.
[0057] The NNS application 204 further includes a leak
detection module 306. The leak detection module 306
continuously monitors the performance of pneumatic
subsystems within the pulse generator system 104 and
the pneumatic lines and connections of the orofacial stim-
ulator appliance 108 to detect air leaks.

[0058] In one aspect, the leak detection module 306
determines that there may be an air leak by identifying
reduced pulse amplitudes, increased pulse roll-offs,
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and/or the need for a greater stroke length in an air pump
or pneumatic pulse generator 804 to generate the re-
quested pressure. Further, the leak detection module 306
can identify air leaks caused by disconnected air lines,
and poorly seated receiver tubes or pacifiers. The module
306 will display a warning 1292, as shown in FIG. 30,
requiring the user to address the leak. The leak detection
module 306 may monitor the NNS system 100 automat-
ically and continuously during both assessmentand ther-
apy sessions.

[0059] The NNS application 204 also includes the re-
search module 308 that allows a user of NNS system
100 to conduct various research experiments and proto-
cols. In particular, the research module 308 receives and
transmits data to an input/output (I/O) port of the com-
puting device 102 or the real-time controller 800 of the
pulse generation system 106. The I/O port, in turn, may
be in communication with any of a variety of external
instruments for conducting research.

[0060] In various other aspects, the NNS assessment
and therapy application 204 may include additional mod-
ules for other functions, including those typically associ-
ated with medical or rehabilitation facilities. By way of
example and not limitation, the NNS application 204 may
also include a billing module to interface with an existing
billing system or a printing module for printing various
data, charts, or reports.

[0061] FIG. 10 illustrates a method for performing an
assessment session to capture and analyze a patient’s
NNS pattern in accordance with an aspect of the NNS
system 100. At step 1000, a user of the NNS system 100
selects a patient from a displayed list of patients. The
user then selects a control button to enterthe assessment
mode of the NNS application 204 at step 1002 and selects
the "start new assessment" control button 1224 at step
1004. The assessment session is configured as desired
atstep 1006 based upon the patient’s age, injury, or other
patient data 702 and optionally, data 704 regarding the
patient’'s assessment history. The orofacial stimulator ap-
pliance 108 is calibrated at step 1008, while the patient
is positioned to encourage a rooting response to the oro-
facial stimulator appliance at step 1010. At step 1012,
the assessment session is started, while the orofacial
stimulator appliance is contacted with the patient’s lips
and mouth at step 1014. In other aspects, the orofacial
stimulator appliance 108 is inserted into the patient’'s
mouth at step 1014. Similarly, in other aspects, the steps
1012 and 1014 may be reversed.

[0062] Oncethe assessmentsessioniscompleted, the
orofacial stimulator appliance 108 is removed from the
patient at step 1016. After the feature extraction submod-
ule 406 analyzes the collected assessment data, using
the input form 1274 generated by the post-assessment
review module 508. After the assessment session, the
user may initiate another assessment session for the
same patient or a different patient. Alternatively, the user
may instead exit the NNS application 204.

[0063] FIG. 11 illustrates a method for performing a

10

15

20

25

30

35

40

45

50

55

therapy session to entrain a patient’'s sCPG to generate
an organized NNS pattern in accordance with an aspect
of the NNS system 100. At step 1110, a user of the NNS
system 100 selects a patient from a list of patients. The
user then selects a control button to enter the therapy
mode of the NNS application 204 at step 1102 and the
selects a "start new therapy" control button 1278 at step
1104. The therapy pulse profile to be generated during
the therapy session is selected from the therapy pulse
profile data 708 at step 1106 and atstep 1108, the therapy
pulse profile is configured as desired based upon the
patient’s age, injury, or other patient data 702 and any
of the patients NNS assessment data 704. The orofacial
stimulator appliance 108 is calibrated at step 1110, while
the patient is positioned to encourage a rooting response
to the orofacial stimulator appliance at step 1112. At step
1114, the therapy session is started, while the orofacial
stimulator appliance is contacted with the patient’s lips
and mouth at step 1116. In other aspects, the orofacial
stimulator appliance 108 is inserted into the patient’s
mouth at step 1116. Similarly, in other aspects, the steps
1114 and 1116 may be reversed. During the therapy ses-
sion, the user may attempt to hold the patient as still as
possible.

[0064] Once the therapy sessionis completed, the oro-
facial stimulator appliance 108 is removed from the pa-
tient at step 1118. The user may provide summary re-
marks regarding the therapy session at step 1120 using
the GUI input form 1274 generated by the post-therapy
review module 606. After the therapy session, the user
may initiate another therapy session for the same patient
or a different patient. Alternatively, the user may instead
exit the NNS application 204.

[0065] It will be appreciated that the device of the
present invention is capable of being incorporated in the
form of a variety of embodiments, only a few of which
have been illustrated and described above.

Claims

1. A processing system (100) encoded with an appli-
cation for stimulating a CPG and a trigeminal nerve
in a human brain, such stimulation influencing brain
response or development including repair, control of
respiration, control of NNS, mastication, and combi-
nations thereof, in a human brain, the system com-
prising:

a processor (202); memory (200) and, the applica-
tion, executable by the processor (202) further com-
prising instructions to:

record a pressure signal received from a pres-
sure transducer (902) in an orofacial stimulator
(108);

generate a display signal to display assessment
data based on the received pressure signal;
identify one or more components of a patient’s
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non-nutritive suck pattern in the pressure signal;
determine a symmetry of the patient’s non-nu-
tritive suck pattern;

determine a repetition of the patient’'s non-nutri-
tive suck pattern;

assign a spatiotemporal index value to the pa-
tient’s non-nutritive suck pattern, the spatiotem-
poral index value indicating an overall rating of
the patient’s non-nutritive suck pattern;
generate a therapeutic pressure pulse signal
comprising a base frequency signal further com-
prising two or more pressure pulses, wherein a
first pressure pulse causes a positive displace-
ment of a pacifier surface contacted by a lip and
a mouth of the patient and a second pressure
pulse causes a negative displacement of the
pacifier surface contacted by the lip and the
mouth of the patient, wherein each of the two or
more pressure pulses has a damped square
wave profile and are separated by an interval
between 500 milliseconds and 650 milliseconds
in duration;

generate a variable therapeutic pressure profile
signal based on the pressure signal and the spa-
tiotemporalindex value, the variable therapeutic
pressure profile signal comprising at least one
of the therapeutic pressure pulse signals; and,
transmit the therapeutic pressure pulse profile
signal to the orofacial stimulator (108).

2. The system according to claim 1, wherein the appli-

cation further comprises:
an assessment module (302) to:

record the pressure signal received fromthe
pressure transducer in the orofacial stimu-
lator; and,

generate the display signal to display as-
sessment data based on the received pres-
sure signal;

a feature extraction module (506) to:

identify one or more components of the pa-
tient’s non-nutritive suck pattern in the pres-
sure signal;

determine the symmetry of the patient’s
non-nutritive suck pattern;

determine the repetition of the patient’'s non-
nutritive suck pattern; and,

assign the spatiotemporal index value to the
patient’s non-nutritive suck pattern, the spa-
tiotemporal index value indicating an overall
rating of the patient’s non-nutritive suck pat-
tern; and,

a therapy module (304) to:
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10.

1.

12.

generate the variable therapeutic pressure
pulse signal based on the pressure signal
and spatiotemporal index value comprising
the base frequency signal further compris-
ing two or more pressure pulses, wherein
each pressure pulse causes the displace-
ment of a pacifier surface contacted by the
lip and the mouth of the patient, wherein
each of the two or more pressure pulses
has the square wave profile and are sepa-
rated by the interval between 500 millisec-
onds and 650 milliseconds in duration;
generate the therapeutic pressure profile
signal comprising at least one of the thera-
peutic pressure pulse signals; and,
transmit the therapeutic pressure pulse pro-
file signal to the orofacial stimulator.

The system of claim 1 or 2, wherein the base fre-
quency is between 1.5 Hz and 5 Hz.

The system of claim 2 or 3, wherein the two or more
pressure pulses causes surface motion of between
about 260 microns and 300 microns, with changes
in the motion occurring at an interval between 20
milliseconds and 50 milliseconds.

The system of claim 3 or 4, wherein the therapeutic
pressure profile comprises at least six pressure puls-
es in succession contacted with the patient for at
least two minutes, at least twice a day.

The system of claim 2 or 3, wherein each of the two
or more pressure pulses is a higher order harmonic
decay of the base frequency.

The system of claim 5 or 6, wherein the higher order
harmonic for the two or more pressure pulses varies
in an amplitude and a frequency.

The system of claim 5 or 6, wherein the higher order
harmonic for the two or more pressure pulses is iden-
tical in an amplitude and a frequency.

The system of claim 2 or 3, wherein each of the two
or more pressure pulses has an under damped
square wave profile.

The system of claim 8 or 9, wherein the under
damped square wave profile of the two or more pres-
sure pulses has a Q factor greater than or equal to 2.

The system of claim 20, wherein the pressure trans-
ducer (902) is configured to generate the pressure
signal in response to pressure applied to the orofa-
cial stimulator.

The system of claim 1 or 2, wherein the display signal
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contains waveform data, wherein the waveform data
indicates at least one event in the pressure signal.

The system of claim 11 or 12, wherein the at least
one event is identified as a pressure peak, a non-
nutritive suck event, a burst, a chew, or combinations
thereof.

The system of claim 1 or 2, wherein the spatiotem-
poral index value is based upon a suck symmetry, a
suck quantity, and a burst timing of the patient’s non-
nutritive suck pattern.

The system of claim 1 or 2, wherein the system fur-
ther comprises a calibration module (502) to cali-
brate the orofacial stimulator.

The system of claim 15, wherein the calibration mod-
ule is adapted to calibrate the orofacial stimulator
appliance prior to: receiving pressure signals at the
assessment module, generating the therapeutic
pressure pulse signal, or both.

The system of claim 15, wherein the calibration mod-
ule is adapted to calibrate the orofacial stimulator
appliance after: receiving pressure signals at the as-
sessment module, generating the therapeutic pres-
sure pulse signal, or both.

The system of claim 15, wherein the calibration mod-
ule is adapted to calibrate the orofacial stimulator
appliance prior to and after: receiving pressure sig-
nals at the assessment module, generating the ther-
apeutic pressure pulse signal, or both.

The system of claim 1 or 2, further comprising a re-
view module (508) to generate a display comprising
atleast one of the assessment data or the generated
therapeutic pressure profile for review, or both.

The system of claim 1 or 2, further comprising a pres-
sure transducer (902) adapted to receive the trans-
mitted therapeutic pressure pulse profile signal.

Patentanspriiche

1.

Verarbeitungssystem (100), codiert mit einer An-
wendung zur Stimulation eines CPG und eines Tri-
geminus in einem menschlichen Gehirn, wobei die
Stimulation eine Gehirn-Antwort oder -Entwicklung,
einschlief3lich Reparatur, Atmungssteuerung, Steu-
erung des NNS, Mastikation und Kombinationen
derselben, im menschlichen Gehirn einschlief3t, wo-
bei das System umfasst:

einen Prozessor (202),
einen Speicher (200), und
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wobei die von dem Prozessor (202) ausfiihrbare
Anwendung weiter Befehle umfasst, um:

ein von einem Druckfihler (902) in einem
orofazialen Stimulator (108) empfangenes
Drucksignal aufzuzeichnen,

ein Anzeigesignal zu erzeugen, um Aus-
wertungsdaten, basierend auf dem emp-
fangenen Drucksignal, anzuzeigen,

eine oder mehrere Komponenten eines
nicht-nutriven Saugmusters eines Patien-
ten in dem Drucksignal zu identifizieren,
eine Symmetrie des nicht-nutriven Saug-
musters des Patienten zu bestimmen,
eine Wiederholung des nicht-nutriven
Saugmusters des Patienten zu bestimmen,
einen Raum-Zeit-Index-Wert fir das nicht-
nutrive Saugmuster des Patienten zu ver-
geben, wobei der Raum-Zeit-Index-Wert ei-
ne Gesamtbewertung des nicht-nutriven
Saugmusters des Patienten anzeigt,

ein therapeutisches Druckpulssignal zu er-
zeugen, das ein Basisfrequenzsignal um-
fasst, weiter zwei oder mehr Druckpulse
aufweisend, wobei ein erster Druckpuls ei-
ne positive Verlagerung einer Beruhigungs-
saugeroberflache bewirkt, die von einer Lip-
pe und einem Mund des Patienten kontak-
tiert wird, und ein zweiter Druckpuls eine
negative Verlagerung der Beruhigungssau-
geroberflache bewirkt, die von der Lippe
und dem Mund des Patienten kontaktiert
wird, wobei jeder der zwei oder mehr Druck-
pulse ein gedampftes Rechteckwellen-Pro-
fil aufweist und sie durch ein Intervall von
500 ms bis 600 ms Dauer voneinander ge-
trennt sind,

ein variables therapeutisches Druckprofilsi-
gnal, basierend auf dem Drucksignal und
dem Raum-Zeit-Index-Wert, zu erzeugen,
wobei das variable therapeutische Druck-
profilsignal wenigstens eines der therapeu-
tischen Druckpulssignale umfasst, und
das therapeutische Druckpulsprofilsignal
anden orofazialen Stimulator (108) zu Giber-
mitteln.

2. Systemnach Anspruch 1, worin die Anwendung wei-

ter umfasst:
ein Auswertungsmodul (302), um:

das von dem Druckfuhler in dem orofazialen Sti-
mulator empfangene Drucksignal aufzuzeich-
nen und

das Anzeigesignal zu erzeugen, um Auswer-
tungsdaten, basierend auf dem empfangenen
Drucksignal, anzuzeigen,

ein Merkmalsextraktionsmodul (506), um:
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ein oder mehrere Komponenten des nicht-
nutriven Saugmusters des Patienten in dem
Drucksignal zu identifizieren,

die Symmetrie des nicht-nutriven Saug-
musters des Patienten zu bestimmen,

die Wiederholung des nicht-nutriven Saug-
musters des Patienten zu bestimmen, und
dem nicht-nutriven Saugmuster des Patien-
ten den Raum-Zeit-Index-Wert zuzuwei-
sen, wobei der Raum-Zeit-Index-Wert eine
Gesamtbewertung des  nicht-nutriven
Saugmusters des Patienten anzeigt, und
ein Therapiemodul (304), um:

basierend auf dem Drucksignal und
dem Raum-Zeit-Index-Wert, das vari-
able therapeutische Druckpulssignal
zu erzeugen, das das Basisfrequenzsi-
gnal umfasst, weiter zwei oder mehr
Druckpulse aufweisend, wobei jeder
Druckpuls die Verlagerung einer Beru-
higungssaugeroberflache bewirkt, die
von der Lippe und dem Mund des Pa-
tienten kontaktiert wird, wobei jeder der
zwei oder mehr Druckpulse das Recht-
eckwellen-Profil aufweist und sie durch
das Intervall von 500 ms bis 600 ms
Dauer voneinander getrennt sind,

das wenigstens eines der therapeuti-
schen Druckpulssignale umfassende
therapeutische Druckprofilsignal zu er-
zeugen, und

das therapeutische Druckpulsprofilsig-
nal an den orofazialen Stimulator zu
Ubermitteln.

System nach Anspruch 1 oder 2, worin die Basisfre-
quenz zwischen 1,5 Hz und 5 Hz betragt.

System nach Anspruch 2 oder 3, worin die zwei oder
mehr Druckpulse eine Oberflachenbewegung von
zwischen etwa 260 pm und 300 pwm verursachen,
wobei die Bewegungsanderungen mit einem Inter-
vall von 20 ms bis 50 ms stattfinden.

System nach Anspruch 3 oder 4, worin das thera-
peutische Druckprofil wenigstens sechs Druckpulse
in Folge in Kontakt mit dem Patienten fiir wenigstens
zwei Minuten, wenigstens zweimal am Tag, umfasst.

System nach Anspruch 2 oder 3, worin jeder der zwei
oder mehr Druckpulse ein harmonisches Abklingen
héherer Ordnung der Basisfrequenz ist.

System nach Anspruch 5 oder 6, worin die harmo-
nische Schwingung hdherer Ordnung fir die zwei
oder mehr Druckpulse in einer Amplitude oder einer
Frequenz variiert.
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System nach Anspruch 5 oder 6, worin die harmo-
nische Schwingung hdherer Ordnung firr die zwei
oder mehr Druckpulse in einer Amplitude oder einer
Frequenz identisch ist.

System nach Anspruch 2 oder 3, worin jeder der zwei
oder mehr Druckpulse ein unterdampftes Rechteck-
wellen-Profil aufweist.

System nach Anspruch 8 oder 9, worin das unter-
dampfte Rechteckwellenprofil der zwei oder mehr
Druckpulse einen Q-Faktor von gréf3er oder gleich
1/2 aufweist.

System nach Anspruch 20, worin der Druckfihler
(902) ausgebildet ist, das Drucksignal in Antwort auf
an den orofazialen Stimulator angelegten Druck zu
erzeugen.

System nach Anspruch 1 oder 2, worin das Anzei-
gesignal Wellenformdaten enthalt, wobei die Wel-
lenformdaten wenigstens ein Ereignis im Drucksig-
nal anzeigen.

System nach Anspruch 11 oder 12, worin das we-
nigstens eine Ereignis als Druckpeak, nicht-nutrives
Saugereignis, eine Saugepisode, ein Kauen oder
Kombinationen derselben identifiziert ist.

System nach Anspruch 1 oder 2, worin der Raum-
Zeit-Index-Wert auf einer Saugsymmetrie, einer
Saugmenge und einem Saugepisoden-Timing des
nicht-nutriven Saugmusters des Patienten basiert
ist.

System nach Anspruch 1 oder 2, worin das System
weiter ein Kalibrierungsmodul (502) umfasst, um
den orofazialen Stimulator zu kalibrieren.

System nach Anspruch 15, worin das Kalibrierungs-
modul ausgebildetist, das Orofazialstimulator-Gerat
vor dem Empfang von Drucksignalen am Auswer-
tungsmodul, dem Erzeugen des therapeutischen
Druckpulssignals oder beidem zu kalibrieren.

System nach Anspruch 15, worin das Kalibrierungs-
modul ausgebildetist, das Orofazialstimulator-Gerat
nach dem Empfang von Drucksignalen am Auswer-
tungsmodul, dem Erzeugen des therapeutischen
Druckpulssignals oder beidem zu kalibrieren.

System nach Anspruch 15, worin das Kalibrierungs-
modul ausgebildetist, das Orofazialstimulator-Gerat
vor und nach dem Empfang von Drucksignalen am
Auswertungsmodul, dem Erzeugen des therapeuti-
schen Druckpulssignals oder beidem zu kalibrieren.

System nach Anspruch 1 oder 2, weiter umfassend
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ein Uberpriifungsmodul (508), um eine Anzeige zu
erzeugen, die wenigstens eines der Auswertungs-
daten oder des erzeugten therapeutischen Druck-
profils zur Uberpriifung oder beides umfasst.

System nach Anspruch 1 oder 2, weiter umfassend
einen Druckfihler (902), ausgebildet, ein Gibermittel-
tes therapeutisches Druckpulsprofilsignal zu emp-
fangen.

Revendications

Systeme de traitement (100) codé avec une appli-
cation pour stimuler un CPG et un nerf trijumeau
dans un cerveau humain, ladite stimulation influen-
cant la réponse ou le développement du cerveau, y
compris la réparation, le contrble de la respiration,
le contréle du NNS, la mastication, et des combinai-
sons de ceux-ci, dans un cerveau humain, le systé-
me comprenant :

un processeur (202) ;

une mémoire (200) et,

I'application, exécutable parle processeur (202)
comprenant en outre des instructions pour :

enregistrer un signal de pression regu d’'un
transducteur de pression (902) dans un sti-
mulateur orofacial (108) ;

générer un signal d’affichage pour afficher
les données d’évaluation basées sur le si-
gnal de pression regu ;

identifier au moins un composant du sché-
ma de succion non nutritive d’'un patient
dans le signal de pression ;

déterminer une symétrie du schémade suc-
cion non nutritive du patient ;

déterminer une répétition du schéma de
succion non nutritive du patient ;

attribuer une valeur d’indice spatiotemporel
au schéma de succion non nutritive du pa-
tient, la valeur d’indice spatiotemporel indi-
quant une évaluation globale du schéma de
succion non nutritive du patient ;

générer un signal d’'impulsion de pression
thérapeutique comprenant un signal de fré-
quence de base comprenant en outre au
moins deux impulsions de pression, une
premiére impulsion de pression provoquant
un déplacement positif d’'une surface de té-
tine en contact avec une lévre et une bou-
che du patient et une seconde impulsion de
pression provoquant un déplacement néga-
tif de la surface de tétine en contact avec la
levre et la bouche du patient, chacune des
au moins deux impulsions de pression
ayant un profil d'onde carrée amortie et
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étant séparée par un intervalle d’'une durée
comprise entre 500 millisecondes et 650
millisecondes ;

générer un signal de profil de pression thé-
rapeutique variable basé sur le signal de
pression et la valeur d’'indice spatiotempo-
rel, le signal de profil de pression thérapeu-
tique variable comprenant au moins un des
signaux d’impulsion de pression
thérapeutique ; et,

transmettre le signal de profil de pression
thérapeutique au stimulateur orofacial
(108).

2. Systeme selon larevendication 1, I'application com-

prenant en outre :
un module d’évaluation (302) pour :

enregistrer le signal de pression regu du
transducteur de pression dans le stimula-
teur orofacial ; et,

générer le signal d’affichage pour afficher
les données d’évaluation basées sur le si-
gnal de pression regu ;

un module d’extraction de caractéristique (506)
pour :

identifier au moins un composant du sché-
ma de succion non nutritive du patient dans
le signal de pression ;

déterminer la symétrie du schéma de suc-
cion non nutritive du patient ;

déterminer la répétition du schéma de suc-
cion non nutritive du patient ; et,

attribuer la valeur d’indice spatiotemporel
au schéma de succion non nutritive du pa-
tient, la valeur d’indice spatiotemporel indi-
quant une évaluation globale du schémade
succion non nutritive du patient ; et,

un module de thérapie (304) pour :

générer le signal d'impulsion de pression
thérapeutique variable sur la base du signal
de pression et de la valeur d’indice spatio-
temporel comprenant le signal de fréquen-
ce de base comprenant en outre au moins
deux impulsions de pression, chaque im-
pulsion de pression provoquant le déplace-
ment d'une surface de tétine en contact
avec la levre et la bouche du patient, cha-
cune des au moins deux impulsions de
pression ayant le profil d’'onde carrée et
étant séparée par un intervalle d’'une durée
comprise entre 500 millisecondes et 650
millisecondes ;
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générer le signal de profil de pression thé-
rapeutique comprenant au moins un des si-
gnaux d’impulsion de pression
thérapeutique ; et,

transmettre le signal de profil de pression
thérapeutique au stimulateur orofacial.

Systeme selon la revendication 1 ou 2, la fréquence
de base étant comprise entre 1,5 Hz et 5 Hz.

Systeme selon la revendication 2 ou 3, les au moins
deux impulsions de pression provoquant un mouve-
ment de surface compris entre environ 260 microns
et 300 microns, des changements de mouvement
se produisant a un intervalle compris entre 20 milli-
secondes et 50 millisecondes.

Systeme selon la revendication 3 ou 4, le profil de
pression thérapeutique comprenant au moins sixim-
pulsions de pression successives en contact avec
le patient pendant au moins deux minutes, au moins
deux fois par jour.

Systeme selon la revendication 2 ou 3, chacune des
au moins deux impulsions de pression étant une dé-
croissance harmonique d’ordre supérieur de la fré-
quence de base.

Systeme selon la revendication 5 ou 6, 'harmonique
d’ordre supérieur pour les au moins deux impulsions
de pression variant en amplitude et en fréquence.

Systeme selon la revendication 5 ou 6, 'harmonique
d’ordre supérieur pour les au moins deux impulsions
de pression étant identique en amplitude et en fré-
quence.

Systeme selon la revendication 2 ou 3, chacune des
aumoins deuximpulsions de pression ayant un profil
d’onde carré sous-amorti.

Systeme selon la revendication 8 ou 9, le profil d’on-
de carré sous-amorti des au moins deux impulsions
de pression ayantun facteur Q supérieurou égal a .

Systeme selon la revendication 20, le transducteur
de pression (902) étant congu pour générer le signal
de pression en réponse a la pression appliquée au
stimulateur orofacial.

Systeme selon la revendication 1 ou 2, le signal d’af-
fichage contenant des données de forme d’onde, les
données de forme d’onde indiquantau moins un évé-
nement dans le signal de pression.

Systeme selon la revendication 11 ou 12, I'au moins
un événement étant identifi€ comme un pic de pres-
sion, un événement de succion non nutritive, un écla-
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tement, une mastication, ou des combinaisons de
CEeUX-Ci.

Systéme selon larevendication 1 ou 2, la valeur d’in-
dice spatiotemporel étant basée sur une symétrie de
succion, une quantité de succion et une synchroni-
sation d’éclatement du schéma de succion non nu-
tritive du patient.

Systéme selon la revendication 1 ou 2, le systéme
comprenant en outre un module d’étalonnage (502)
pour étalonner le stimulateur orofacial.

Systéme selon la revendication 15, le module d’éta-
lonnage étant congu pour étalonner I'appareil de sti-
mulation orofaciale avant : la réception des signaux
de pression au niveau du module d’évaluation, la
génération du signal d’'impulsion de pression théra-
peutique, ou les deux.

Systéme selon la revendication 15, le module d’éta-
lonnage étant congu pour étalonner I'appareil de sti-
mulation orofaciale aprés : la réception des signaux
de pression au niveau du module d’évaluation, la
génération du signal d’'impulsion de pression théra-
peutique, ou les deux.

Systéme selon la revendication 15, le module d’éta-
lonnage étant congu pour étalonner I'appareil de sti-
mulation orofaciale avant et aprés : la réception des
signaux de pression au niveau du module d’évalua-
tion, la génération du signal d'impulsion de pression
thérapeutique, ou les deux.

Systéme selon la revendication 1 ou 2, comprenant
en outre un module d’examen (508) pour générer un
affichage comprenant au moins une des données
d’évaluation ou le profil de pression thérapeutique
génére pour I'examen, ou les deux.

Systéme selon la revendication 1 ou 2, comprenant
en outre un transducteur de pression (902) congu
pour recevoir le signal de profil de pression théra-
peutique transmis.
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