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(7) ABSTRACT

A sensor insert is provided for measuring head dynamics and
kinematics. The sensor insert includes at least one sensor
embedded in the insert. The insert is configured to fit
relatively substantially immovably within a portion of a
user’s external auditory canal passing through the temporal
bone. A system including the sensor and insert further
includes an electronic data collection and processing unit
connected to the sensor. A method of measuring head
dynamics and kinematics involves use of the aforemen-
tioned system to detect and collect data measuring head
dynamics and kinematics of a user’s skull for analysis
thereof.
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SYSTEM FOR ACCURATE MEASUREMENT
OF DYNAMICS AND KINEMATICS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation in Part of Inter-
national Application Serial No. PCT/US2015/15636, filed
Feb. 12, 2015 designating the United States and entitled, “A
System for Accurate Measurement of Head Dynamics and
Kinematics”. The invention is also related to U.S. Provi-
sional Application Ser. No. 61/938,696 entitled, “A System
for Accurate Measurement of Head Dynamics and Kinemat-
ics” of the same inventors hereof, which was filed Feb. 12,
2014. The disclosures of International Application No. PCT
US/2015/15636 and U.S. Provisional Application Ser. No.
61/938,696 are specifically incorporated by reference herein
to the extent not inconsistent herewith, and Applicant claims
priority to the filing dates of said International Application
and said U.S. Provisional Application.

FIELD OF THE INVENTION

[0002] This invention relates to a sensor or multiple sen-
sors embedded within an insert (the sensor embedded within
an insert, and the multiple sensors embedded within an
insert, are each interchangeably referred to as a “sensor
insert” or an “insert”). The sensor insert is configured to be
received within the external auditory canal of a user. The
insert is sized and shaped to be received at a location in the
external auditory canal passing against the temporal bone of
a user’s skull, i.e.. the bony portion of the external auditory
canal. The shape and configuration of the insert is such that
the insert is in abutment with the temporal bone against the
wall of a user’s external auditory canal so as to be substan-
tially immovable within the canal. The invention also relates
to methods of measuring head dynamics and kinematics.

DISCUSSION OF EXISTING ART

[0003] Several existing types of head mounted technolo-
gies for measuring head movement involve sensors such as
accelerometers mounted on helmets or mouthpieces.
Another approach involves outer-ear based technologies for
measuring head kinematics and dynamics and relies on
coupling a measuring device either with the external audi-
tory meatus (EAM) or the skin on the head, which are both
movable relative to the skull bone.

[0004] The inventors have found that devices like these
are inaccurate, with a large variance between the head
kinematic or dynamic results reported or recorded by the
device when compared to a reference device that is rigidly
coupled to the skull. Recognition of this inaccuracy was not
known and is important in determining impact dynamics for
concussion and other applications of head dynamic and
kinematic measurements. It is also important when deter-
mining vibration dynamics for use in determining human
performance, or injury risk under vibration.

[0005] There have been other attempts to measure head
motion, but all of the prior solutions suffer from the same
defect. Each fails to adequately couple the measuring device
to the head or skull. Failure to adequately couple the
measuring device to the head or skull may be due to the
mode of coupling, location of coupling or user interaction
that reduces coupling.
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[0006] Another known technique is disclosed in U.S. Pat.
No. 8.554,495 which describes a system for analyzing head
impact data. The system includes a sensor configured to be
worn on the head of a user, for example, in a mouth guard
which has been inserted into the mouth of a user. A limitation
with such a system, as before, is that the sensor does not
truly indicate the dynamics and kinematics of skull motion
because the sensor can move within the mouth if not
properly fit to the upper dentition of the user, or as a result
of jaw or mouth motion associated with user behavior that
degrades the coupling of the mouth guard over time or
completely uncouples the mouth guard from the skull, to
provide signals which are not indicative of true skull motion.
U.S. Pat. No. 8,466,794 is similar to the aforementioned
patent and suffers from the same disadvantages.

[0007] An alternative technology such as disclosed by
U.S. Patent Publication 2012/0150453 describes placing
sensors on an athlete, but does not specify the sensor
locations and does not recognize that there can be relative
movement of the sensor with respect to the skull as com-
pared to the actual movement of the skull, and therefore does
not account for these differences.

[0008] As an alternative approach to conventionally
mounted sensors, U.S. Patent Publication 2012/0147009
contemplates a sensor mounted in a number of different
locations and including as an implant secured to tissues of
the body such as bone. Unfortunately, such implanted
devices are not necessarily desirable because they require
surgical intervention. As well, effectiveness depends on the
location of placement. For example, in the case of a tooth
implant placed in the lower jaw bone, the relative movement
of the jaw would not necessarily result in signals indicative
of true skull motion.

[0009] Yet another approach involves a scalp mounted
sensor. However, as is readily apparent, a user’s scalp can
move relative to the skull introducing false signals to a
sensor mounted either directly on the scalp or indirectly
through a helmet, headband, or other device placed on the
head.

[0010] The problem with all of these previously discussed
methods and systems is that the sensor inserts are relatively
moveable in relationship to the skull, or suffer from inad-
equate coupling to the skull, introducing additional transla-
tional and other kinds of movements which affect readings,
introduce errors, and do not provide a true indication of
dynamics and kinematics of skull movement, thus providing
erroneous data for subsequent analysis such as, for example,
for determining head injury parameters, motion parameters
and vibration.

[0011] In accordance with the invention, the problems of
relative movement of a sensor or sensors with respect to the
skull with which they are associated to attempt to determine
accurate skull dynamics and kinematics are avoided by
providing a device and system in which a sensor or sensors
can be mounted in the external auditory canal in a region
where the auditory canal passes through the temporal bone
of a user’s skull (the bony portions of the canal) such that a
sensor or sensors can be mounted within an insert configured
to be in abutment with the temporal bone against a wall of
the user’s external auditory canal. This arrangement pro-
vides relative substantial immovability of the sensors rela-
tive to the skull.
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BRIEF SUMMARY

[0012] In one aspect, the invention relates to a sensor
insert for a user’s ear measuring head dynamics and kine-
matics. The sensor insert includes at least one sensor embed-
ded in the insert. The insert is shaped and sized to fit
relatively substantially immovably relative to the skull
within a portion of a user’s external auditory canal passing
through the temporal bone of a user’s skull, i.e., the bony
portion of the canal, and in abutment with the temporal bone
against a flesh wall of the user’s external auditory canal.
More specifically, the sensor insert is in contact against the
flesh wall of the auditory canal and indirectly through the
wall in abutment with the temporal bone. Further, by the
expression “substantially immovably” is meant that data
collected closely tracks to that collected from sensors fixedly
attached to a skull. In a more specific aspect, the insert can
be molded by taking an impression of the user’s external
auditory canal at the desired location using technology much
like is used in manufacturing hearing aids, such that an insert
can be manufactured which results in a relatively tight
custom fit within the bony portion of the external auditory
canal.

[0013] The sensor insert may comprise a plurality of
sensors adapted for connection to a data processing unit. In
one specific embodiment, the sensor insert comprises at least
one accelerometer but can alternatively comprise a plurality
of sensors which include at least one accelerometer, and at
least one of a gyroscope (interchangeably referred to as
“angular rate sensor”), a temperature sensor and a pulse
oximeter. A temperature sensor or pulse oximeter may serve,
for example, to collect data which may be indicative of
whether the insert has come partially or completely out of
the ear.

[0014] In an alternative aspect, there is provided a sensor
system which includes at least one sensor embedded in a
sensor insert. The insert is configured to fit relatively sub-
stantially immovably within a portion of a user’s external
auditory canal passing through the temporal bone of a user’s
skull and in abutment with the temporal bone against a flesh
wall of the user’s external auditory canal. An electronic data
collection and processing unit, which may include a power
supply, analog to digital converter, integrated circuit com-
munication, and/or data storage, is connected to the sensor
insert.

[0015] In yet other specific aspects, both with respect to
the sensor insert and with the sensor system, a passageway
may be provided through the insert to allow sound to pass
into the ear without impeding hearing in a substantial
manner.

[0016] In yet still another aspect there is provided a
method of measuring head dynamics and kinematics which
includes placing the aforementioned sensor or sensors
embedded within at least one insert within a portion of a
user’s external auditory canal at the temporal bone of the
user, and with the sensor or sensors being connected to an
electronic data collection and processing unit. Data are
detected, collected, and digitized. The data are indicative of
head dynamics and kinematics of the user’s skull resulting
therefrom and may be analyzed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Having briefly described the invention, the same
will become better understood when read with reference to
the appended drawings, wherein:
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[0018] FIG. 1 is a perspective view of a two-ear system,
including an ear-mounted data unit in accordance with the
invention;

[0019] FIG. 2 is a perspective view of an alternative
embodiment of the two-ear system of the invention showing
a power supply and data processing unit of the type which
is mountable on a helmet;

[0020] FIG. 3 is a side view of the embodiment of FIG. 1,
shown worn by a user;

[0021] FIG. 4 is a perspective view of the system of FIG.
2 shown worn by a user with the data processing unit and
power supply mounted on a helmet;

[0022] FIG. 5 is a perspective view of a one-ear embodi-
ment in accordance with the invention;

[0023] FIG. 6 is a schematic view showing a sensor insert
in accordance with the invention inserted and mounted
substantially immovably within the external auditory canal
at a location in close proximity with the temporal bone of a
user’s skull;

[0024] FIG. 7 is a schematic side view of a sensor insert
as shown in FIG. 6, having a passageway therethrough to
allow passage of sound;

[0025] FIG. 8 is a time history graph comparing the
performance of the ear-mounted substantially immovable
insert of the invention to a skull mounted sensor dropped
from a particular height, with the sensors attached fixedly to
a cadaver skull; and

[0026] FIG. 9 is a graph like that of FIG. 8, but showing
a second test conducted.

DETAILED DISCUSSION

[0027] In accordance with one embodiment of the inven-
tion, a system is provided which includes one or more
sensors to measure one or more physiologically relevant
parameters. The system includes, in one embodiment, a
micro-electronics data storage processing unit and power
supply. The system also includes the capability to transfer
data to another device from the micro-electronic data storage
and processing unit for further analysis. The sensors, data
storage units, power supply and data transfer capabilities are
combined in a manner known to those skilled in the relevant
art.

[0028] Preferably the sensor insert is located in the exter-
nal auditory canal (“EAC”) at a location such that the insert
is either fully within or well coupled to the bony portion of
the canal at a location adjacent to the temporal bone of the
skull of a user so as to be relatively substantially immovable
with respect to the skull, and thereby capable of providing
signals which are indicative of true skull motion.

[0029] More particularly, the system in accordance with
the invention provides more accurate data through enhanced
coupling to the skull of a user. The coupling ensures that
there is less variability in motion of the sensors used relative
to head motion.

[0030] In one embodiment, the sensor insert of the inven-
tion may be created from a casting of a mold taken of a
user’s external auditory canal. Thus, each sensor insert is
specific to only one external auditory canal, The sensor
inserts are not interchangeable between users nor inter-
changeable within the same user from left to the right
external auditory canal, and the insert includes sensors that
are embedded in the material making up the insert.

[0031] In another embodiment, sensor inserts are con-
structed in various sizes based on the variance of human ear
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canals. These various sizes serve to provide interchange-
ability between different external auditory canals while still
providing substantial coupling to the bony portion of the
canal at a location adjacent to the temporal bone of the skull
of a user so as to be relatively substantially immovable with
respect to the skull.

[0032] In one embodiment, a wire travels between at least
one sensor within the insert and a data storage and process-
ing unit, which also includes a power supply. More specifi-
cally, the power supply may be one of a number of types of
power supplies, most simply a battery. Alternatively, wire-
less technologies may be used such that sensors within the
insert connect wirelessly to a data storage and processing
unit. The specific nature of wired or wireless connections are
conventional and well known to those of ordinary skill in the
art.

[0033] In one embodiment the sensor may be made of a
material such as poly (methyl methacrylate) (“PMMA™).
Alternatively, other materials may be used which are differ-
ent and which may have a Young’s modulus that is similar
to PMMA, greater than PMMA, or less than PMMA, and
selected for a particular user to ensure that the insert is
received within the bony portion of the external auditory
canal in a manner in which it is substantially immovable
relative to the skull of a user.

[0034] As may be appreciated, PMMA is a transparent
thermoplastic material often used as a lightweight or shatter-
resistant alternative to glass. It is made from an acrylic acid
and is a strong and lightweight material having a density of
about 1.17-1.20 g/ecm®. It has good impact resistance. As
may be appreciated by those of ordinary skill, while PMMA
has been specified, it is not the only material that can be used
to make the insert and other materials providing similar
functionality in terms of creating a sensor insert that can be
substantially immovably fitted within the ear can be
employed as a substitute therefor.

[0035] In one specific implementation, the insert can be
made using hearing aid technology for making hearing aids
for a user’s ear. In order to make a custom insert, an
impression is taken of a user’s external auditory canal. This
impression is then used to make a mold or the impression is
electronically scanned. The mold or scan is then used to
produce a custom shell. Sensors appropriate for the appli-
cations are inserted into the shell and the shell is filled with
a material to provide rigidity, for example, PMMA.

[0036] In another implementation, the insert can be made
by directly embedding the sensor in a material shaped to the
user’s external auditory canal.

[0037] As may be appreciated, as an alternative, instead of
using the impression or a scan thereof to produce a custom
shell, a direct 3-dimensional scan of the auditory canal can
be made without having to make a physical impression. The
shell can then be made using the 3-dimensional scan. In
either manner a sensor insert can be made which is shaped
and sized to fit relatively substantially immovably relative to
the skull within a portion of the user’s auditory canal passing
through the temporal bone.

[0038] Having generally provided a description of the
invention previously, the same will be better understood
with reference to the Figures.

[0039] FIG. 1 is a perspective view of an embodiment of
the system 11 of the invention for use with two ears and
having an ear-mounted data collection and processing unit
with a power supply 13. Two wires 14 are connected to the
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data collection and processing unit having a power supply
13, and lead to two sensor inserts 15 and 17, each configured
for a specific user’s right and left external auditory canals.
As may be appreciated, in this embodiment, each of the
sensor inserts 15 and 17 must be used with the respective
corresponding external auditory canal for which it was
molded, and cannot be interchanged. In one specific embodi-
ment where PMMA is used, which is clear in nature, a dye
can be added or other form of coloration to distinguish and
to provide a different color for one insert when compared to
the other, to ensure that when used the insert is placed in the
correct external auditory canal.

[0040] FIG. 2 illustrates an alternative embodiment of a
system 19 to that of FIG. 1 where the sensor inserts 21 and
23, also connected through wires 14, are connected to a data
collection and processing unit and power supply 25 which
may be mounted on a helmet, or optionally on a headband,
belt, or other portion of the user’s clothing, accessories such
as jewelry or watch, or body.

[0041] FIG. 3 shows the embodiment of FIG. 1 mounted
on a user’s head, and FIG. 4 shows the embodiment of FIG.
2 mounted on a helmet 16 of a user.

[0042] FIG. 5 shows an alternative embodiment of the
system 27 of the invention used for a single ear, and having
a data collection and processing unit with a power supply 29
connected through a wire 14 to a sensor insert 31.

[0043] FIG. 6 is a schematic diagram illustrating how the
sensor insert of the invention fits within the bony portion of
the external auditory canal at the bony portion thereof to be
coupled in a substantially “press fit” arrangement with the
temporal bone 37 of the skull through the flesh wall of the
external auditory canal. The sensor insert 35 is shown in
proximity to the temporal bone 37 with a wire 14 connected
to an ear-mounted data acquisition and processing unit
having a power supply 33. In an alternative embodiment as
shown in FIG. 7, the sensor insert 35 can include a passage-
way 36 there through to allow for the passage of sound. In
a specific aspect, if the passageway 36 is made of sufficient
size, less than, for example, 3 dB of sound amplitude is
attenuated as was achieved with one embodiment with a
specific user. Further, alternative technologies will not nec-
essarily require the passageway as the selection of the
materials for the sensor insert 35 can be such as to allow for
a material which allows the passage of sound therethrough
without the requirement for a passageway 36.

[0044] To verify the accuracy of measurements, tests were
conducted with a sensor using three accelerometers and
three gyroscopes mounted on a cadaver skull attached to the
skull in a fixed manner to be immovable, and compared to
an external auditory canal-mounted system of the invention.
In FIG. 8 the test results are shown when a helmet was used
on the specimen which was dropped from a fixed height onto
aplate. FIG. 8 shows that the sensor detection achieved with
the two devices tracked very closely to provide an accurate
measurement of skull movement. FIG. 9 illustrates the
results of a similar test for a similar test done without use of
a helmet.

[0045] In terms of the sensors that can be used with the
invention, as previously noted, an accelerometer may be
used or a combination of various kinds of accelerometers
with other types of sensors.

[0046] With respect to the data collection processing unit
having a power supply, the power supply can be a battery
such as a small lithium ion battery. The battery may power
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the data acquisition unit generally used to acquire, process,
and store the data. The data acquisition unit may include a
central processor, a digitizing unit, and integrated circuit
communication. In one embodiment and in general terms the
central processor can be conceived as a general purpose
processor. The digitizing unit of the system is conventional
and well known to those of ordinary skill in the art and takes
an analog signal and converts it to digital form and samples
it at various times. The times can be fairly fast as well known
to those of ordinary skill in the art. The data is sampled and
stored on nonvolatile or volatile memory. The memory can
be a standard unit such as a standard SD card which is like
memory for a home computer. Because memory is inexpen-
sive and small, a large number of memory devices can be
placed on the processing unit and at a later time, the data can
be downloaded to a computer and further analyzed.

[0047] For definition purposes, by further analysis is
meant analysis of the type of data acquired such as for
characterizing head injuries or other types of activities
affecting the head.

[0048] As may be also appreciated, the data acquisition
and processing unit can be hung off of a user’s ear, a helmet
or sometimes clothing or a belt.

[0049] In terms of the sensors used, any number of com-
binations can be employed. For example, one or two accel-
erometers can be used, one in each ear or some combination
of accelerometers in the ears in combination with gyro-
scopes. The accelerometers used in the inserts can be
triaxial, but could also be four-axis or more with distributed
small accelerometers within the ear canal. More specifically,
there can be as many axes as may be specific to the
application. In one current embodiment, a six-axis package
is employed in a single ear implementation consisting of
three linear accelerometers and three gyroscopes. More
particularly, in order to capture data about an object that is
simultaneously translating and rotating, such as a head, more
than just three accelerometers are typically required, and
frequently more than six.

[0050] While reference has been made to accelerometers,
other types of sensors can be used in the system of the
invention and include angular accelerometers, gyroscopes,
temperature sensors and pulse oximeters. In the case of a
temperature sensor, temperature can be monitored to deter-
mine whether the sensor insert has moved from its desired
location within the bony portion of the external auditory
canal.

[0051] Advantages of using a system such as described
herein is that head impact data, including rotational and
translational accelerations and velocities, can be reported as
a magnitude and direction in all three spatial planes using
accelerometers. Consistent results may be achieved without
recalibrating the system. As a result of using the materials in
accordance with the invention, the sensor insert can be
cleaned after repeated use and the acrylic material or other
material offer adequate protection for the sensors as the
sensor insert is cleaned between use.

[0052] With the invention there is provided a portable
device that can capture head kinematics and dynamics data
throughout the day across a variety of occupational, recre-
ational, sporting, military, or leisure activities, or even
during sleep. By providing a wearable device, which may
also be water resistant and/or hardened, the invention allows
for continuous ambulatory measurement of head accelera-
tion and/or movement under a multitude of conditions.
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[0053] As already noted, the invention can be constructed
with or without an opening in the sensor insert to allow
hearing while worn. Potential applications include assess-
ment of impact in sports or occupational settings where the
wearer must also use hearing protection. Depending on
sensors used. the invention could measure vibration expo-
sure in occupational scenarios such as vibrating machinery.
[0054] Data from the system of the invention may be
filtered using standard electronic or sofiware-based tech-
niques depending on the specific application. For example,
a low pass filter can be applied to emphasize physiologically
relevant frequencies for diagnosing and/or monitoring of
neurologic disorders that typically occur under 50 Hz.
[0055] In one specific embodiment for making the insert,
a radiographic image of the user’s external auditory canal
can be used to shape the sensor insert. Other techniques may
involve photographs, laser scanning or alternative imaging
techniques.

[0056] In a specific implementation, the sensor insert
material is made of material having a Young’s modulus
greater than 100 GPa. The sensor insert may be coated with
a different material to prevent the sensor material from direct
contact with the skin of the external auditory canal within
the temporal bone.

[0057] As already noted, while a wired implementation is
shown, the sensors in the inserts can be designed to com-
municate wirelessly and the sensor insert can either fully
occlude the auditory canal to provide hearing protection or
not fully occlude the auditory canal to allow hearing. In
another implementation, the device may include a micro-
phone or speaker. In this manner, traffic or other kinds of
sounds can be perceived by the user. Similarly, music can be
transmitted into the ear from a source like a digital music
player.

[0058] In an alternative embodiment, the sensor insert
may be created from a material that can conform to the
user’s external auditory canal at the bony portion without
custom molding fitting or modifications while still providing
substantial coupling to the bony portion of the canal at a
location adjacent to the temporal bone of the skull of a user
so as to be relatively substantially immovable with respect
to the skull

[0059] In accordance with alternative uses of the system,
an automated calibration for the sensors of the inserts can be
provided since the sensor insert, after insertion, is unique to
a specific auditory canal such that the location of the sensors
and the sensor insert are directly mapped to the three spatial
axes of the head.

[0060] The sensor insert may be made of a single material
that surrounds the sensors in the sensor insert. Alternatively,
it can be made of two or more materials that surround the
sensors in the sensor insert. Yet still further, the sensor
materials can be made as a structural construction of various
materials in various configurations for a specific purpose.
[0061] While several different arrangements have been
described herein, it will be appreciated by those of ordinary
skill that a number of yet still different and alternative
arrangements can be implemented to achieve the sensor
insert, system and methods described in the preceding.
[0062] The foregoing details are exemplary only. Other
modifications that might be contemplated by those of ordi-
nary skill in the art are within the scope of this invention, and
the invention is not limited by the examples illustrated
herein.
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What is claimed is:

1. A sensor insert for measuring head dynamics and
kinematics, comprising:

at least one sensor embedded in an insert; and

said insert configured to fit substantially immovably

within a portion of a user’s external auditory canal
passing through the temporal bone of a user’s skull, and
in abutment with the temporal bone against at least one
wall of the user’s external auditory canal.

2. The sensor insert of claim 1, wherein said insert
comprises a substantial reproduction of the shape of a user’s
external auditory canal, at a location within the auditory
canal which passes at least in part through the temporal bone
of the user’s skull.

3. The sensor insert of claim 2. wherein said insert is made
of a material having a Young’s modulus and configuration
effective to wedge the insert against tissue making up a wall
of the external auditory canal, against the temporal bone of
auser’s skull in a manner to maintain the insert substantially
immovable in relation to the user’s skull.

4. The sensor insert of claim 1, wherein said at least one
sensor comprises a plurality of sensors adapted for connec-
tion to a data processing unit.

5. The sensor insert of claim 1, wherein said at least one
sensor comprises at least one accelerometer.

6. The sensor insert of claim 1, wherein said at least one
sensor comprises a plurality of sensors which comprise, at
least one accelerometer, and at least one of an angular
accelerometer, gyroscope, a temperature sensor, or a pulse
oximeter.

7. The sensor insert of claim 1, wherein said insert further
comprises a passageway therethrough for allowing sound to
be transmitted through the user’s external auditory canal to
allow a user to hear.

8. The sensor insert of claim 3, wherein the sensor insert
is made of poly (methyl methacrylate) (“PMMA”).

9. A sensor system, comprising:

at least one sensor embedded in an insert, and;

said insert configured to fit substantially immovably

within a portion of a user’s external auditory canal
passing through the temporal bone of a user’s skull, and
in abutment with the temporal bone against at least one
wall of the user’s at least one external auditory canal;
and

an electronic data collection and processing unit con-

nected to said sensor.

10. The sensor system of claim 9, wherein said insert was
created from an impression taken of a user’s external audi-
tory canal at a location within the auditory canal which
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passes at least in part through at least a portion of the
temporal bone of the user’s skull.
11. The sensor system of claim 10, wherein said insert is
made of a material having a Young’s modulus and configu-
ration effective to wedge the insert against tissue making up
a wall of the external auditory canal, against the temporal
bone of a user’s skull in a manner to maintain the insert
substantially immovable in relation to the user’s skull.
12. The sensor system of claim 9, further comprising two
sensor inserts, each uniquely configured to fit substantially
immovably in corresponding external auditory canals of a
user.
13. The sensor system of claim 9, wherein said at least one
sensor comprises at least one accelerometer.
14. The sensor system of claim 13, wherein said at least
one sensor comprises a plurality of sensors which comprise,
in addition to said at least one accelerometet, at least one of
an angular accelerometer, a gyroscope, a teniperature sensor
and a pulse oximeter.
15. The sensor system of claim 9, wherein said insert
further comprises a passageway therethrough for allowing
sound to be transmitted through the user’s external auditory
canal to allow a user to hear.
16. The sensor system of claim 11, wherein the sensor
insert is made of poly (methyl methacrylate) (“PMMA™).
17. A method of measuring head dynamics and kinemat-
ics, comprising:
placing at least one sensor embedded in an insert within
a portion of a user’s external auditory canal passing
through the temporal bone of the user’s skull, the insert
configured to fit relatively substantially immovably
within said portion of the canal and in abutment with
the temporal bone against a wall of the user’s external
auditory canal, and said sensor being connected to an
electronic data collection and processing unit; and

detecting and collecting data measuring head dynamics
and kinematics of the user’s skull resulting from move-
ment of the skull with said electronic data collection
and processing unit for analysis thereof.

18. The method of claim 17, further comprising placing a
respective sensor embedded in said insert in corresponding
external auditory canals of the user.

19. The method of claim 17, wherein said at least one
sensor comprises a plurality of sensors including at least one
accelerometer.

20. The method of claim 19, wherein said at least one
sensor comprises at least one temperature sensor or at least
one pulse oximeter for detecting whether the sensor insert is
outside or inside of the ear canal.
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