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(57) ABSTRACT

Systems and methods for detecting concussions in real-time
are provided. An exemplary system of detecting concussions
in real time includes an accelerometer to measure accelera-
tion event and generate an accelerometry signal. The system
includes a plurality of electrodes to detect an electroen-
cephalogram (EEG) and each of the electrodes can be
attached to a top region of the headgear through a flexible
shaft. The system further includes a signal processing circuit
to amplify, filter and broadcast an electroencephalogram
(EEG) signal to a local wireless receiving unit.
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SYSTEMS AND METHODS FOR REAL-TIME
CONCUSSION DIAGNOSIS BY
ELECTROENCEPHALOGRAM ACTIVITY
MONITORING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/347,184 filed Jun. 8, 2016, the contents
of which are hereby incorporated by reference in their
entireties.

BACKGROUND

[0002] The disclosed subject matter relates to techniques
and systems for real-time diagnosis of head concussions
using transmitted electroencephalogram activity monitoring.
[0003] Concussion is a form of traumatic brain injury. In
the field of sport-related concussion (SRC), certain empiric
guidelines for concussion recognition and play removal
decisions rely upon subjective player reporting symptoms or
an observer raising concern about a high impact injury with
potential for concussion. After the concussion occurs, the
concussion can be identified based on history and examina-
tion, as well as routine neuropsychological tests. Certain
laboratory techniques can also identify concussion using
quantitative electroencephalogram (qQEEG), eye movement
abnormalities, high field structural and functional MRI, and
elevated levels of certain proteins in the blood.

[0004] Certain devices can estimate the impact magnitude
of a concussion based on head accelerometry. However,
there is variability both within and between patients of
concussion risk thresholds, which can prevent such devices
from being able to identify concussion. Certain accelerom-
etry and similar warning systems cannot by themself diag-
nose concussion, but instead, recognize events posing risk
for concussion and thus only offer a decision point for
further assessment. Further assessments can be time con-
suming and imprecise, and often rely upon subjective player
report to initiate such assessments.

[0005] An electroencephalogram (EEG) can be used to
monitor brain activity and perform neurological tests in the
context of epilepsy diagnosis and management. Although
certain EEG monitoring and recording takes place for a brief
period in a monitored medical setting using wired connec-
tions, ambulatory EEG recording has become used in epi-
lepsy management involving a similar montage for study but
with the benefits of portability, and can include a wired
montage connected to a small monitoring box. Certain
techniques use devices that allow for portable recording as
well as real-time monitoring through local broadcasting
technologies (e.g., Bluetooth, Wi-Fi, etc.). Although such
ambulatory EEG can identify acute transient cortical dys-
functions in a patient experiencing symptomatic concussion
in a car accident, patients can experience amnestic symp-
toms for only 2-3 minutes, which can be too short a time
period to diagnose and record such symptoms using con-
ventional techniques. Accordingly, there remains a need to
identify concussions in an objective and precise manner.
There is also a need to assess real-time changes of measur-
able physiological brain functions.

SUMMARY

[0006] The disclosed subject matter provides systems and
methods for real-time concussion diagnosis by electroen-
cephalogram activity monitoring.
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[0007] 1In certain embodiments, an exemplary system for
detecting concussions in real-time includes an accelerometer
to generate an accelerometry signal, a plurality of electrodes
to detect an electroencephalogram (EEG) signal from a
wearer of a headgear, and a signal processing circuit to
amplify, filter and broadcast the EEG signal to a local
wireless receiving unit.

[0008] In certain embodiments, the plurality of electrodes
each can be attached to a top or side region of the headgear
through a flexible shaft. Each of the plurality of electrodes
can have a leaf spring or a telescoping shaft design. The each
of the plurality of electrodes can be in contact with the scalp
of the wearer of the headgear and can be connected to the
signal processing circuit with a wire. Each of the plurality of
electrodes can be at least partially covered with at least one
or more of wool felt, conductive rubber, and Ag/AgCl, and
each of the plurality of electrodes can be initially wet with
saline. Each of the plurality of electrodes can be a conical or
a cylindrical shape.

[0009] In certain embodiments, the signal processing cir-
cuit includes at least one amplifier. The amplifier can be a
high impedance input instrumentation amplifier or an opera-
tional amplifier. In certain embodiments, signal processing
circuit includes a high impedance input instrumentation
amplifier and an operational amplifier.

[0010] In certain embodiments, the signal processing cir-
cuit includes at least one filter. The filter can be a notch filter,
a low pass filter, or/and a high pass filter.

[0011] In certain embodiments, the signal processing cir-
cuit comprises at least one wireless transmitter. The wireless
transmitter can be a Bluetooth transmitter or a Wi-Fi trans-
mitter. In certain embodiments, the signal processing circuit
comprises a high impedance input instrumentation ampli-
fier; an operational amplifier; a notch filter; a low pass filter;
a high pass filter; and at least one wireless transmitter.
[0012] In certain embodiments, an exemplary method for
detecting concussions in real-time includes measuring an
acceleration event, generating an accelerommetry signal,
detecting an electroencephalogram (EEG) signal using the
plurality of electrodes, amplifying the EEG signal, filtering
noise from the EEG signal, and broadcasting the EEG signal
to a local wireless receiving unit. The EEG signal can be
detected in an earliest period of time after an acceleration
event has occurred. The earliest period of time can occur
when the accelerommetry signal can fall below a predeter-
mined threshold. In certain embodiments, a quantitative
electroencephalography (qQEEG) is performed on the EEG
signal during relatively quiescent periods. An exemplary
method for the gEEG analysis can include calculating a
power of the EEG signal in certain frequency components
and determining whether a concussion has occurred by
comparing the power of the EEG signal to an automated
baseline EEG signal acquired from the wearer during peri-
ods with no movement. The EEG signal and the gEEG
analysis data can be de-identified and encrypted. In certain
embodiments, the EEG signal and the qEEG analysis data
can be converted to Persyst format.

[0013] In certain embodiments, the local wireless receiv-
ing unit can analyze the EEG signal through a sideline
automated analysis or a cloud based technique. The local
wireless receiving unit can record the EEG signal received
from the signal processing circuit.

[0014] In certain embodiments, the system can have at
least one battery wherein the battery is capable to last a
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typical duration of a sport competition. The system can
identify dysfunctional electrodes through automatic intet-
mittent assessments. In certain embodiments, the system can
be applicable to other sports headgears including lacrosse
helmets, ice hockey helmets, cricket helmets, equestrian
helmets, racing helmets, and field hockey helmets, among
others, military helmets, construction helmets, mining hel-
mets, and spacesuit helmets.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Further features and advantages of the present
disclosure will become apparent from the following detailed
description taken in conjunction with the accompanying
figures showing illustrative embodiments of the present
disclosure, in which:

[0016] FIGS. 1a and 15 are illustrations of an exemplary
system for detecting concussions using an enhanced helmet
of the disclosed system in accordance with the present
disclosure.

[0017] FIGS. 2a, 25, 2¢, and 2d are diagrams illustrating
multiple views of each electrode lead used in the disclosed
system in accordance with the present disclosure.

[0018] FIGS. 34, 3b, 3¢, 3d, and 3e are diagrams illus-
trating different views of an example electrode mount in
accordance with the present disclosure.

[0019] FIGS. 4a, 4b, and 4c illustrate different aspects of
example signal processing circuitry of the disclosed system
in accordance with the present disclosure. FIG. 4q illustrates
a top layer layout of the signal processing circuit printed
circuit board. FIG. 44 illustrates a bottom layer layout of the
signal processing circuit printed circuit board. FIG. 4¢
illustrates an exemplary circuit diagram of the signal pro-
cessing circuit,

[0020] FIG. 5 is a diagram illustrating an exemplary
method for quantitative electroencephalography (qEEG)
analyses using the system in accordance with the present
disclosure.

[0021] FIG. 6 is a plot illustrating an exemplary spectro-
gram of a recording from a sweaty athlete.

[0022] FIG. 7 is a plot illustrating exemplary raw EEG
signals
[0023] FIG. 8 is a plot illustrating exemplary motion

artifacts and recovery of positive EEG signal.

[0024] Throughout the figures, the same reference numer-
als and characters, unless otherwise stated, are used to
denote like features, elements, components or portions of the
illustrated embodiments. Moreover, while the present dis-
closure will now be described in detail with reference to the
figures, it is done so in connection with the illustrative
embodiments.

DETAILED DESCRIPTION

[0025] The systems and methods described herein provide
for diagnosing concussion in real-time, and as it happens.
The systems and methods can perform such a real-time
concussion diagnosis without baseline and repeat testing and
can identify head injuries resulting from diagnosed concus-
sions. For example, the disclosed subject matter can be
integrated into a sports helmet to diagnose concussions
suffered by the athlete (e.g., football athlete) wearing the
helmet. For the purpose of illustration and not limitation,
FIGS. 1a and 15 provide exemplary systems for detecting
concussions. In certain embodiments, the disclosed system
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100 can include an accelerometry unit (or accelerometer)
within the same helmet, which can also broadcast a wireless
signal that associates the measured magnitude of impact to
a physiological response on an individual basis (e.g., the
measured impact magnitude can be normalized based on the
physiological response of the individual by comparing
against previous impact data). The accelerometer can be
coupled to the helmet and can be placed between or beneath
pads in the helmet.

[0026] With further reference to FIGS. 1a and 15, the
disclosed system 100 can include a plurality of electrodes
102 to detect an electroencephalogram (EEG) signal. For
example, and not limitation, EEG signal can be detected by
at least one of the plurality of electrodes in an earliest period
of time after an acceleration event has occurred. The earliest
period of time occurs when the accelerometry signal fall
below a predetermined threshold. For example and not
limitation, the predetermined threshold can be 5 g after an
impact greater than 10 g, at which time the person is most
likely uninvolved in significant physical activity which
would disturb or degrade the signal by motion artifact. The
electrodes can connect to a battery powered signal process-
ing circuit of the disclosed system as described in greater
detail below with connection to FIG. 4 through a wire 103.
[0027] As shown in FIGS. 1a and 15, EEG electrodes 102
can be installed within a hard-shell football helmet that
meets design specifications to mitigate risk of skull fracture
and facial injury. The EEG electrodes 102 can be low profile
dry EEG electrodes. The electrodes 102 can provide a
connection between the scalp of the wearer of the enhanced
helmet and circuitry (e.g., signal processing circuits) of the
disclosed system. In some embodiments, additional elec-
trodes that are composed of conductive felt immersed in a
conductive saline solution (e.g., athlete’s sweat) can be
installed within and around the padding within the hard-shell
football helmet in an EEG montage (including occipital,
parietal, and vertex leads) to assess quantitative EEG. These
electrodes can be used to identify EEG signals through scalp
and hair. Unlike certain clinical EEG systems, the disclosed
system, as shown in FIGS. 1a and 15, can utilize a reduced
montage with three to six electrodes to compute quantitative
EEG measures.

[0028] As embodied herein, the system 100 can further
include a signal processing circuit. For example, the low-
profile signal processing circuit can be placed between
and/or beneath pads 101 within the helmet to avoid adverse
risks of scalp and/or skull injury by its mere placement
alone. The signal processing circuit can filter, amplify, and
broadcast detected BEG signals to a local wireless network
receiver that is able to record and monitor the EEG signals
received from the signal processing circuit. In some embodi-
ments, each broadcasting device (e.g., disclosed enhanced
helmet) can transmit signals without negatively impacting
and/or interfering with signals from other units in order to
monitor multiple athletes simultaneously (e.g., a football
team during a football game). Additionally, each disclosed
system (e.g., disclosed enhanced helmet) can have the
battery capacity to last a typical duration of a football or
other competition.

[0029] FIGS. 2a, 25, 2¢, and 2d, illustrate multiple views
of each electrode lead 200 in the disclosed system. In certain
embodiments, the electrode 203 can attach to a top region of
the headgear through a flexible shaft 202. As shown in FIG.
2a, the electrode 203 is connected to the system’s circuitry
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through the wire 201. FIG. 2b shows a photograph of the
disclosed flexible shaft 202. A side view of the electrode 203
is shown in FIG. 2¢. A top view of the electrode 203 is
shown in FIG. 2d. An electrode mount, as shown in the
example of FIG. 2a, can maintain contact between the
electrode 203 and the scalp while being arranged within the
helmet in a manner that comfortably fits within the helmet
to be worn throughout a game and/or practice. Two electrode
mounting systems which are compatible with any electrode
design can be designed.

[0030] In an embodiment, the electrode mount can be
designed in a ‘telescoping shaft’ type design. For example,
FIG. 3a shows a side profile view of the telescoping elec-
trode mount. As shown in FIG. 3a, the telescoping shaft type
electrode 303 is connected to the system’s circuitry through
the wire 301. The wire 301 from the amplifier circuit of the
system circuitry can be guided by and/or at least partially
connected to the flexible shaft 302 and can terminate in the
electrode 303 as shown in FIG. 3a. A side view of the
electrode 303 is shown in FIG. 3b. A top view of the leaf
spring electrode 303 is shown in FIG. 3c.

[0031] Inanother embodiment, the electrode mount can be
designed in a ‘leaf spring’ type design, as those skilled in the
art will appreciate. For example, FIG. 3e shows a photo-
graph of the disclosed leaf spring electrode mount 303. The
leaf spring electrode mount design can sustain long travel
with relatively low force to accommodate different head
sizes and shapes. The leaf spring electrode mount design,
which can provide a low profile when the electrode mount
is compressed, can prevent injury to the scalp during an
impact. The leaf spring electrode design can avoid binding
and/or lock-up when it is subjected to eccentric loads (e.g.,
loads subjected to the electrode mount when donning or
doffing the helmet and/or loads experienced during an
impact, etc). In the telescoping shaft type design, the elec-
trode mount can apply more force than the leaf spring type
electrode mount to better maintain contact with the scalp.
However, the telescoping shaft type electrode mount cannot
withstand as much travel as the leaf spring electrode mount
and can be more susceptible to off-axis loads than a leaf
spring design.

[0032] Insome embodiments, the electrodes in the helmet
can interface between the system’s circuitry and the scalp
and can reduce the impedance at the scalp-circuitry inter-
face. The electrodes can be designed to be comfortable,
non-irritating, and durable. For example, the electrodes for
contacting the scalp can be composed of and/or covered at
least partially with wool felt, conductive rubber, conductive
foam, conductive fabric, and/or sintered Ag/AgCl. When
such an enhanced helmet is worn by an athlete during active
gameplay, the saline in the sweat produced by the athlete can
facilitate conduction between the scalp and the electrodes.
Using wool felt allows the electrodes to be comfortable,
non-irritating, and durable. The wool felt electrodes can be
formed into different shapes with different stiffness levels to
penetrate layers of hair. The wool felt electrodes can be
conformable to the scalp, resulting in a suitable low imped-
ance interface. The size of the electrodes can be sufficient to
reduce the impedance below the mega-Ohm range (e.g., 100
Ohms-10 kOhms based on American Clinical Neurophysi-
ology Society guidelines). In some exemplary implementa-
tion, the material used for the electrodes (wool felt, conduc-
tive rubber, conductive foam, conductive fabric, Ag/AgCl,
etc.) can be designed in conical and/or cylindrical shapes to
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be able to penetrate through hair and contact the scalp of the
wearer. FIGS. 4a, 4b, and 4c illustrate different aspects of
the signal processing circuitry of the disclosed system. In
some embodiments, EEG potentials recorded on the surface
of the scalp can be less than 100 uV, and require an adapted
circuit to amplify the meaningful signal while rejecting
unwanted noise. Such a circuit, which is illustrated in FIGS.
da, 4b, and 4c, can be installed in the helmet to reduce
coupling of electrical noise in long wires. The signal pro-
cessing circuit can be arranged into at least two layers of
layout. FIG. 4a illustrates a top layer layout of the signal
processing circuit printed circuit board. F1G. 45 illustrates a
bottom layer layout of the signal processing circuit printed
circuit board. FIG. 4c illustrates an exemplary circuit dia-
gram of the signal processing circuit.

[0033] As shown in FIG. 4aq, the signal processing circuit
can include several stages. For example, the signal process-
ing circuit can include a 60 Hz notch filter to remove noise
from the alternating current (AC) mains before the signal
can be amplified. The signal can be amplified with a high
impedance input instrumentation amplifier with a high com-
mon mode rejection. The impedance of the instrumentation
amplifier can be matched to the impedance of the electrode-
scalp interface. The instrumentation amplifier can be fol-
lowed by and/or connected to an operational amplifier
configured to further amplify the signal. Upon amplification
by the operational amplifier, the signal can be filtered to
remove unwanted frequency components outside the fre-
quencies sensitive to alterations in brain state.

[0034] Accordingly, as shown in the exemplary embodi-
ment of FIG. 4¢, the operational amplifier can be connected
to a low pass filter, which can be connected to a high pass
filter. The passband frequencies of the bandpass filter can be
more limited than frequencies associated with standard scalp
EEG recordings to avoid the high and low frequency ranges
that typically contain significant sweat, movement and
muscle artifact, while including the frequency bands most
likely to be impacted by a diffuse, subtle brain injury. By
way of example, and not limitation, the low pass filter can
have a cut off frequency of 5-15 Hz and the high pass filter
can have a cut off frequency of 0.1-5 Hz. As embodied
herein, for example and not limitation, the passband fre-
quencies of the bandpass filter can be in range of 1-40 Hz.
The signal can then be wirelessly transmitted to a receiving
unit through a transmitter circuit.

[0035] In some embodiments, the disclosed system can
provide means for addressing impact and minimize move-
ment artifact. For example, the disclosed system can con-
tinuously and/or periodically assess the signal to noise ratio
(SNR) of the detected EEG signal. Such SNR analyses can
cease when the SNR falls below a predetermined threshold
(e.g., such as during a substantial impact and/or running).
The purpose of such SNR assessment can be to limit battery
consumption during low yield recording periods. A hit
and/or impact exceeding the acceleration threshold can
trigger EEG recording during the earliest quiescent period
after the impact. Quiescent periods can be defined as periods
in which the accelerometry signal can fall below the prede-
termined threshold, 5 g after an impact of more than 10 g In
this manner, the disclosed system can determine that the
enhanced helmet is being worn (e.g., and is not being held
in storage) and can activate itself.

[0036] The disclosed system can also provide quality
assurance. For example, the system can identify any dys-
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functional electrodes through intermittent assessments of
electrodes. Those electrodes that are not otherwise triggered
by the above described mechanism can be identified as
dysfunctional and a user can be notified of the problem.
Using an accelerometer, the EEG information can be cap-
tured after an acceleration event (e.g., potential injury) has
occurred, rather than during such an event, to avoid distor-
tions cause by impact.

[0037] Insome embodiments, the disclosed system can be
used to identify neural injury. For example, the disclosed
system can automatically assess quantitative electroen-
cephalography (qQEEG) during relatively quiescent periods
such as between plays (e.g., huddle, while walking/standing
in the course of normal play, etc.). qEEG can be a procedure
that processes the recorded EEG activity from a multi-
electrode recording using processing circuitry.

[0038] For the purpose of illustration and not limitation,
FIG. 5 provides an exemplary method 500 for gEEG analy-
ses. As illustrated in FIG. 5, the method 500 can include
calculating the power of the EEG signal in certain frequency
components (e.g. in delta and theta range up to 8 Hz) 501.
For example, the EEG signal power can be indicative (e.g.,
highly sensitive for concussion) and not otherwise identified
in normal awake individuals.

[0039] With further reference to FIG. 5, the method 500
can include determining whether a concussion has occurred
by comparing the power of the EEG signal to an automated
baseline EEG signal acquired from the wearer during peti-
ods with no movement 502. The automated baseline acqui-
sition for comparison during periods with no movement can
be repeated periodically during the game. An example of
study time can be when the helmet is donned prior to first
competitive play of a game. In some embodiments, the
disclosed system can monitor and analyze EEG signals
while adjusting for resistance as the subject is wearing the
helmet and competing in a game. The disclosed system can
anticipate a low signal amplitude. For example and not
limitation, the low amplitude can indicate a significant
change in signal amplitude in the frequency band of interest.
The low amplitude signal can have a mean value that is more
than two standard deviations less than the mean from the
baseline recording, normative dataset, active peers, a sig-
nificant difference between right and left sides and/or ante-
rior to posterior EEG fields. Additionally and/or alterna-
tively, the disclosed system can anticipate a potentially
slowly variable EEG signal measured from a sweating scalp
of the subject wearing such an enhanced helmet during
competitive play. Given that a fully active player’s amount
of head sweat does not typically change in short time
durations, quantitative EEG cannot be anticipated to be
affected by such artifact. For the purpose of illustration and
not limitation, FIG. 6 provides an exemplary spectrogram of
a wireless recording from an actual sweaty football athlete
transmitted to a receiving unit. As shown in FIG. 6, the
disclosed system can assess EEG signals of the sweaty
athlete between plays such as huddle, running, walking
and/or standing still without being affected by the sweat.
Each component of the disclosed system can withstand
substantial acceleration-deceleration movements including
linear, rotational, and translational forces as expected to be
encountered in the course of football competition and/or
practice.

[0040] In some embodiments, the presently disclosed sys-
tem can measure each EEG signal from multiple channels.
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For the purpose of illustration and not limitation, FIG. 7
provides an exemplary plot of raw EEG signals from four
different channels, transmitted wirelessly to a receiving unit.
The presently disclosed system can recover EEG signals
from motion artifacts. For the purpose of example and not
limitation, the spectrogram of FIG. 8 illustrates that artifact
EEG signals caused by motions such as head movements
can be recovered in 3 seconds in the disclosed system.
[0041] In some embodiments, the saline in sweat in the
helmet can result in salt-bridging artifacts. A limited mon-
tage of electrodes, widely spaced throughout the helmet,
along with qEEG analyses, can mitigate negative impacts of
salt-bridging artifact(s). An automated algorithm can iden-
tify such artifacts due to salt bridges.

[0042] The data measured and analyzed by the disclosed
system can be transmitted to the receiving unit. Concussion
data, which can be triggered by a suspected injury, can be
broadcast and/or streamed to the sidelines using wireless
technologies maximizing efficiency in power consumption.
Such data can be analyzed by sideline automated analyses
and cloud based techniques. In resource intense and/or
available environments in which large coaching and/or
sideline staff is present, sideline automated analyses can be
used. In resource poor and/or limited environments such
environments with a small coaching and/or sideline staff,
cloud-based monitoring can be used in which the helmet
data, which can include ongoing live or more in-depth
automated monitoring/feedback, can be broadcast.

[0043] In some embodiments. the functional ability and
broadcast range can be maximized and power consumption
can be minimized. For example, the Bluetooth Class 1
transmitters can be used to budget for medium range link
(e.g. a range of 100 m which can suffice for anticipated
maximum distances from mid-field of 75 m). Triggered
and/or intermittent monitoring can be performed as dis-
cussed above. Bluetooth 4.0 software, which can eliminate
a significant amount of the handshaking associated with
other systems (e.g., Wi-Fi), can be used. Other generations
of such software with similar or additional functionality can
also be employed. Additionally and/or alternatively, the
disclosed system can support persistent connections with
microwatt-level low power sleep modes to avoid the need
for link re-establishment, which typically consumes com-
putation power and radio use time.

[0044] In some embodiments, neurological results of mul-
tiple athletes can be transmitted to a receiving computer
(e.g., tablet, computer, etc. that is used by the coach, medic,
etc.). An algorithm can be configured to interpret the data
measured by the disclosed system (e.g., enhanced helmet)
and classify different neurological states of the subject (e.g,,
athlete wearing the enhanced helmet) with different colors.
For example, normal activity can be indicated by green,
questionable injury requiring several seconds of repeat study
by yellow, and player out of game and further evaluation
triggered and/or required by red. Such a concussion detec-
tion algorithm can execute on a mobile application and/or
program on the receiving unit’s computing circuitry.
[0045] In some embodiments, the data measured and/or
analyzed by the disclosed system can be saved for subse-
quent analyses. In some exemplary embodiments, for more
detailed EEG examination, the data can be converted to
Persyst format and read with Insight and/or other standard
EEG “universal translator” review tools. In other embodi-
ments, customized software can be used to process and/or
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analyze the data measured and/or analyzed by the disclosed
system. The data can be stored for analysis of long-term
effects of play, repetitive impacts, and baseline changes over
longer periods.

[0046] In some embodiments, the data measured and
analyzed by the disclosed system can be secured. For
example, the signal sent from each athlete’s enhanced hel-
met to the receiving unit can be de-identified and encrypted
to meet standards related to protected health information.
For example, HIPAA safeguards can be implemented for
data security of such data and on devices of those analyzing
and/or viewing the data.

[0047] As described above, the disclosed subject matter
can provide the unique advantage of diagnosing transient
brain dysfunction pathognomonic symptoms for concussion
without having to rely upon athlete reports and/or secondary
observation. The disclosed system can allow its users (e.g.,
coaches, medics, and other health personnel) to quickly and
objectively remove an athlete suffering a concussion from
the game, regardless of the perceived mechanism and/or
magnitude of injury which are not necessarily accurate
indicators of the concussion suffered by the athlete. The
disclosed system can permit electrodes to contact hair cov-
ered portions of the head, rather than the forehead.

[0048] Although the disclosed subject matter is discussed
within the context of a football helmet in the exemplary
embodiments of the present disclosure, the disclosed system
can be applicable to any other sports helmets including
lacrosse helmets, ice hockey helmets, cricket helmets,
equestrian helmets, racing helmets, and field hockey hel-
mets, among others, military helmets, construction helmets,
mining helmets, spacesuit helmets, and any other types of
helmets. Furthermore, the disclosed system 1s not limited to
helmets and can be applicable to any form of headwear (e.g.,
caps, head-mounted displays, medical headwear, etc.).
[0049] Additionally, while the disclosed subject matter
focuses on EEG signal changes associated with transient
cortical dysfunction in concussions, a significant proportion
of head injuries in football can be associated with fencing
tonic response which has been suggested, without physi-
ologic basis, as being non-convulsive activity. However,
these movements can be truly convulsive events given their
indistinguishable signs relative to fencing posture seizures
known to arise from the supplemental motor area and related
anterior neocortex. The disclosed systems and methods can
diagnose unrecognized seizures in the context of such con-
cussions.

[0050] In some embodiments, additionally or alterna-
tively, the presently disclosed system can be integrated into
a non-permanent inner padding system of a headgear. For
example, a plurality of electrodes with telescoping shaft or
leaf spring mounts can be coupled to a pad 101 or an inner
bonnet of a headgear to form a wired padding system. The
padding system can include the accelerometer to generate an
accelerometry signal, a plurality of electrodes to detect EEG
signals, and the signal processing circuit to amplify, filter
and broadcast the EEG signal to a local wireless receiving
unit. In some embodiments, the padding system can be
removably attached to a headgear and be interchangeable
with a plurality of headgears. The disclosed system can
include one or more restraints, straps, buckles, elastic bands,
tape, velcro, or any other suitable securing features. For
example and not a limitation, the padding system can be
coupled to a football helmet through the securing features.
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The padding system then can be detachable from the football
helmet and can be coupled to other headgears. The padding
system can be integrated with the disclosed sports helmet
comprising additional electrodes.

[0051] It will be understood that the foregoing is only
illustrative of the principles of the present disclosure, and
that various modifications can be made by those skilled in
the art without departing from the scope and spirit of the
present disclosure.

What is claimed is:

1. A system for use with protective headgear worn by a
user for detecting concussions in real-time, comprising:

an accelerometer, adapted to be coupled to the headgear,

and configured to measure an acceleration event and
generate an accelerometry signal;

a plurality of electrodes, each adapted for attachment to

the headgear; and

a signal processing circuit, adapted to be coupled to the

headgear, and configured to:

amplify an electroencephalogram (EEG) signal
detected by at least one of the plurality of electrodes
indicating a concussion suffered by a wearer of the
headgear;

filter noise from the EEG signal; and

broadcast the EEG signal to a local wireless receiving
unit.

2. The system of claim 1, wherein each of the plurality of
electrodes is adapted for attachment to the headgear through
a flexible shaft.

3. The system of claim 1, wherein each of the plurality of
electrodes further comprises at least a partially covering of
one or more of wool felt, conductive rubber, conductive
foam, conductive fabric, and Ag/AgCl.

4. The system of claim 1, wherein each of the plurality of
electrodes comprises a conical or a cylindrical shape.

5. The system of claim 1, wherein each of the plurality of
electrodes is selected from the group consisting of a leaf
spring electrode and a telescoping shaft electrode.

6. The system of claim 1, wherein the signal processing
circuit comprises at least one amplifier selected from the
group consisting of a high impedance input instrumentation
amplifier and an operational amplifier.

7. The system of claim 1, wherein the signal processing
circuit comprises at least one filter selected from the group
consisting of a notch filter, a low pass filter, and a high pass
filter.

8. The system of claim 1, wherein the signal processing
circuit comprises at least one wireless transmitter selected
from the group consisting of a Bluetooth transmitter and a
Wi-Fi transmitter.

9. The system of claim 1, wherein the signal processing
circuit comprises a high impedance input instrumentation
amplifier; an operational amplifier; a notch filter; a low pass
filter; a high pass filter; and at least one wireless transmitter.

10. The system of claim 1, wherein the EEG signal is
detected in an earliest period of time after an acceleration
event has occurred, wherein the earliest period of time
occurs when the accelerometry signal can fall below a
predetermined threshold.

11. A method for detecting concussions in real-time,
comprising:

measuring an acceleration event;

generating an accelerometry signal;
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detecting an electroencephalogram (EEG) signal using

the plurality of electrodes;

amplifying the EEG signal,

filtering noise from the EEG signal; and

broadcasting the EEG signal to a local wireless receiving

unit.

12. The method of claim 11, wherein a quantitative
electroencephalography (qEEG) is performed on the EEG
signal during relatively quiescent periods, including:

calculating a power of the EEG signal in certain fre-

quency components; and

determining whether a concussion has occurred by com-

paring the power of the EEG signal to an automated
baseline EEG signal acquired from the wearer during
periods with no movement.

13. The method of claim 12, wherein the EEG signal and
the qEEG analysis data are de-identified and encrypted.

14. The method of claim 12, wherein the EEG signal and
the qEEG analysis data are converted to Persyst format.

15. The method of claim 11, wherein the broadcasting
comprises analyzing the EEG signal through a sideline
automated analysis or a cloud based technique.

16. The method of claim 11, further comprising recording
the EEG signal.

17. A padding system for detecting concussions in real-
time, comprising:

an accelerometer, adapted to be coupled to a pad, and

configured to measure an acceleration event and gen-
erate an accelerometry signal;

aplurality of electrodes, each adapted to be coupled to the

pad; and

a signal processing circuit, adapted to be coupled to the

pad, and configured to:

amplify an electroencephalogram (EEG) signal
detected by at least one of the plurality of electrodes
indicating a concussion suffered by a wearer of the
headgear;

filter noise from the EEG signal; and
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broadcast the EEG signal to a local wireless receiving
unit.

18. The padding system of claim 17, wherein the padding
system is removably attached to a headgear and configured
to be interchangeable.

19. The padding system of claim 17, wherein each of the
plurality of electrodes further comprises at least a partially
covering of one or more of wool felt, conductive rubber,
conductive foam, conductive fabric, and Ag/AgCl.

20. The padding system of claim 17, wherein each of the
plurality of electrodes comprises a conical or a cylindrical
shape.

21. The padding system of claim 17, wherein each of the
plurality of electrodes is selected from the group consisting
of a leaf spring electrode and a telescoping shaft electrode.

22. The padding system of claim 17, wherein the signal
processing circuit comprises at least one amplifier selected
from the group consisting of a high impedance input instru-
mentation amplifier, and an operational amplifier.

23. The padding system of claim 17, wherein the signal
processing circuit comprises at least one filter selected from
the group consisting of a notch filter, a low pass filter, and
a high pass filter.

24. The padding system of claim 17, wherein the signal
processing circuit comprises at least one wireless transmitter
selected from the group consisting a Bluetooth transmitter,
a Wi-Fi transmitter, and combinations thereof.

25. The padding system of claim 17, wherein the signal
processing circuit comprises a high impedance input instru-
mentation amplifier; an operational amplifier; a notch filter;
a low pass filter; a high pass filter; and at least one wireless
transmitter.
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