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(57) ABSTRACT

A system and method for determining at least one physi-
ological parameter of a subject. The system comprises a
sensor for skin apposition. The sensor coniprises at least one
light source for illuminating of a thoracic bone or a septum,
and a detector for measuring of reflected and/or scattered
light from blood vessels related to the thoracic bone or
septum. The system further includes a control unit config-
ured to control operation of the sensor and an analysing unit
configured to analyse the measurement data for determining
the at least one physiological parameter.
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DEVICE AND SYSTEM FOR DETERMINING
PHYSIOLOGICAL PARAMETERS FROM
THE STERNUM BONE

FIELD OF THE INVENTION

[0001] This invention pertains in general to the field of
monitoring or determining physiological parameters from
apposite a thoracic bone site, non-invasively. More particu-
larly the invention relates to determining several respiratory
parameters and centrally related cardiac parameters.

BACKGROUND OF THE INVENTION

[0002] It is known that in photoplethysmography (PPG)
light from a light source, for example a light emitting diode
(LED, is directed toward the skin and the light is absorbed,
scattered and reflected in the tissue. A small amount of the
reflected light is received by a photodetector (PD) placed
adjacent to the LED (reflection mode) or at the opposite site
of the LED (transmission mode). Variations in the PD signal
are related to changes in blood flow and blood volume in the
underlying tissue. It is generally accepted that the PPG
signal can provide valuable information about the cardio-
vascular system. The PPG technique is used in a wide range
of commercially available medical devices for measuring
heart rate, oxygen saturation, blood pressure and peripheral
blood circulation despite that the exact origin of the PPG
signal is unknown.

[0003] Measuring on blood flow related deep tissue such
as muscle tissue or bones has been disclosed in WO2007/
097702. WO 2007/097702 discloses a method for the gen-
eration, detection and evaluation of a photoplethysmo-
graphic (PPG) signal to monitor blood characteristics in
blood vessels of limited flexibility, such as in vascular
compartments and vessels of deep tissues. Underlying the
disclosure are the effects that the orientation and axial
migration of red blood cells have on the absorption, scat-
tering and reflection of light (photons) of near infrared and
of blue-green wavelengths. In the disclosure, near-infrared
wavelength light source(s) and blue-green-wavelength light
source(s) are spaced at particular distances from a photode-
tector(s). This method allows continuous, non invasive
monitoring of blood characteristics and changes in these
characteristics over time. Data obtained by this method
include blood pressure, blood flow, pulsatile blood volume
and red blood cell velocity in blood vessels which are rigid
or which have a limited flexibility, such as the vascular
tissue of bone or in atherosclerotic or stiff vessels.

[0004] US 2013/0060098 discloses a monitoring device
suitable for attachment on a surface of a subject, such as on
top of the sternum. The device has a sensor for optical
measurements based on photoplethysmography (PPG). Due
to the optical geometry of the device it is only suitable to be
used for measuring on soft tissue. The same is true for the
device disclosed in “Blood Oxygen Level Measurement
with a chest-based Pulse Oximetry Prototype System”, C.
Schreiner et al., Computing in Cardiology 2010;37:537-540.
Again the optical geometry of the device makes it only
suitable to be used for measuring on soft tissue.

[0005] Inambulances and emergency clinics, a wide range
of peripheral/separate devices and systems are used to
measure vital physiological parameters related to heart func-
tion, respiratory function, blood pressure and temperature.
This is cumbersome, time-consuming and expensive. Hence,
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there is a need of a single method, apparatus and system
which may be used assessing, determining and/or monitor-
ing most of the vital parameters in a simple to use and
cost-effective way. Particularly using one sensor and without
disturbing the respiratory tract of the patient, as it has been
shown that many individuals, both healthy and patients may
develop an incorrect breathing pattern. This dysfunctional
respiration may be the start of a vicious circle in that way it
gradually reduces the ability to exert oneself.

SUMMARY OF THE DISCLOSURE

[0006] Accordingly, examples of the present disclosure
preferably seek to mitigate, alleviate or eliminate one or
more deficiencies, disadvantages or issues in the art, such as
the above-identified, singly or in any combination by pro-
viding a device, a system and a method, for optically
measuring physiological parameters from bone ftissue,
according to the appended patent claims.

[0007] The new system makes it possible for monitoring
from a new anatomical site, sternum or thoracic bone,
thereby making use of the special anatomical architecture
and blood flow regulation around the thorax and in the
sternum bone. This makes it possible to monitor respiratory
and cardiovasculatory parameters from only one optical
sensor without disturbing the respiratory tract and offering
centrally related cardiac measures such as heart rate, heart
rate variability and also arterial oxygen saturation, SaQ,.
[0008] According to another aspect of the disclosure, a
system for determining at least one physiological parameter
of a subject is disclosed. The system includes a sensor for
skin apposition; the sensor comprises at least one light
source for illuminating of a thoracic bone or a septum, and
a detector for measuring of reflected and/or scattered light
from blood vessels related to the thoracic bone or the
septum. The system further includes a control unit config-
ured to control operation of the sensor and an analysing unit
configured to analyse a vascular blood flow and/or volume
characteristics of the measurement data from said blood
vessels for determining the at least one physiological param-
eter.

[0009] The new instrumentation is an optical system
which may be used for determining at least 10 different
respiratory parameters and at least two cardiovasculatory
parameters from only one sensor applied close to bone
tissue, such as the sternum.

[0010] The disclosed system may especially be used to
monitor respiratory related multiparameters from thorax and
therefore provide a completely new tool for diagnosis,
treatment and follow up of patients with dysfunctional
respiration having COPD, asthma, fibro myalgia, sleep
apnea, pain in neck-shoulder region, lower back pain.
[0011] Other respiratory related disabilities/diseases that
may be monitored using the disclosed system are patients
with theumatic diseases such as rheumatid arthritis, spon-
dylitis, systemic lupus erythematosus, inflaimmatory muscle
discases etc. Other diseases or disabilities where dysfunc-
tional breathing often is a part are; furred animal allergy,
pollen/grass allergy, perfume oversensitivity, trauma, expec-
tation performance, children with ADHD, sleep apnea,
depression, anxiety attack etc.

[0012] The system may be used in emergency applications
for simultaneous recording of 3 vital signs; heart rate,
respiratory rate and oxygen saturation at the accident place,
in connection with heart lung resuscitation (HLR), during
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transport in ambulance, helicopter or boat or in the emer-
gency department. For example during shock and hypothet-
mia there are different phases of respiratory rate (both
tachypnea and bradypnea) as well as of heart rate (takycar-
dia and bradycardia).

[0013] The non-invasive and wireless system may
improve the quality of life for the individual by online
monitoring of multiparameters and by optimizing diagnosis,
treatment decisions and rehabilitation modalities.

[0014] Insome examples of the disclosed system, the light
source comprising at least one near-infra-red lights source
and/or at least one red light source and/or a green light
source. The different light sources may be used to measure
different parameters. The red light source may be used to
measure variation in oxyhemoglobin and/or deoxyhemoglo-
bin with reference to a near infrared light source in the range
800 nm to 810 nm.

[0015] Additionally and/or alternatively, a near infrared
light source with a wavelength in the range 900 nm to 950
nm may be used to measure variation in oxyhemoglobin
and/or deoxyhemoglobin with reference to a near infrared
light source in the range 800 nm to 810 nm.

[0016] Green light may be used to measuring the hemo-
globin content with reference to a near infrared light source
in the range 800 nm to 810 nm.

[0017] In some examples of the disclosed system, the
wavelength of the lights sources may be in the range of 400
nm to 1200 nm, such as the red light source may have a
wavelength between 640 nm to 680 nm, the near-infra-red
light source may have a wavelength between 800 nm to 810
nm and/or between 900 nm to 950 nm. The green light
source may have a wavelength between 540 nm to 590.
[0018] In some examples, the disclosed system further
comprises a memory unit configured to store measurement
data obtainable in operation of the sensor.

[0019] In some examples, the disclosed system also com-
prises a retention element adapted to hold the sensor at a skin
site adjacent the thoracic bone or septum of the subject.
[0020] In some examples, the disclosed system is wire-
lessly connected to transfer the recorded information to a
receiving unit.

[0021] In some examples, the receiving unit may be con-
nected to the control unit and/or the analysing unit

[0022] In some examples of the disclosed system, the
retention element is a skin adhesive meniber.

[0023] In some examples of the disclosed system, the
vascular blood flow and/or volume is arterial blood flow
and/or volume.

[0024] In some examples of the disclosed system, the at
least one lights source and the at least one detector is
arranged in a double lining configuration covering vessels
emerging from left and right internal thoracic arteries and its
corresponding collecting veins, and wherein the length of
said sensor correlates to the volume of blood covered during
a measurement.

[0025] This configuration is used to cover vessels emerg-
ing from left and right internal thoracic arteries and its
corresponding collecting veins. This configuration will
improve the signal to noise of the measured data.

[0026] In some examples of the disclosed system, the
analysing unit is configured to detect oxygen saturation
based on a quotient between the red light and the near
infrared light and/or between two near infrared lights with
different wavelengths. The analysing unit may also be
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configured to detect haemoglobin content based on a quo-
tient between the green light and the near infrared light
which is used as a reference.

[0027] In some further aspects of the disclosure, a method
for non-invasively determining at least one physiological
parameter based on a vascular blood flow and/or volume
characteristics related to a thoracic bone or a sternum of a
subject is disclosed. The method comprising, providing a
sensor including at least one light source and/or at least one
detector adapted to be arranged at a skin site of the thoracic
bone or the septum of the subject. The method may further
include transmitting light from the at least one light source
to the thoracic bone or septum and detecting at least part of
the transmitted light being reflected and/or scattered by
blood vessels related to the thoracic bone or septum. The
method may also include analysing and evaluating the
reflected and/or scattered light detected by the at least one
detector for determining the at least one physiological
parameter.

[0028] In some examples, the disclosed method includes
assessing blood flow in rigid vessels or in vessels of limited
flexibility.

[0029] In some examples of the disclosed system, the
analysing and evaluation is assessed from the blood flow
supply anatomy of the sternum, wherein the blood flow to
sternum varies synchronously with the blood flow supply to
other parts of sternum.

[0030] In some examples of the disclosed system, the at
least one physiological parameters are any of Respiratory
Rate, Inspiration time, Expiration time, respiratory effi-
ciency during normal effort, respiratory efficiency during
maximal effort, Inspiratory reserve, Expiratory reserve,
Inspiration coefficient, Expiration coeflicient, heart rate
(beats/min), Respiratory curve or pattern, oxygen saturation
Sa02(%), hemoglobin content or temperature.

[0031] In some examples of the disclosed system, the
parameters are monitored in real-time.

[0032] In some examples of the disclosed system, the
vascular blood flow and/or volume is an arterial blood flow
and/or volume.

[0033] It should be emphasized that the term “comprises/
comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or
components but does not preclude the presence or addition
of one or more other features, integers, steps, components or
groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and other aspects, features and advantages of
which examples of the disclosure are capable of will be
apparent and elucidated from the following description of
examples of the present disclosure, reference being made to
the accompanying drawings, in which

[0035] FIG. 1isillustrating a schematic overview of blood
flow to thoracic bone and sternum.

[0036] FIG. 2 is illustrating a schematic illustration of an
example of a sensor system in accordance with the disclo-
sure;

[0037] FIG. 3 is illustrating examples of devices in accor-
dance with the disclosure and positions at a skin site
apposition to a thoracic bone or sternum;

[0038] FIG. 4 is illustrating an example of sensor configu-
ration with leads;
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[0039] FIG. 5 is illustrating schematic overview of an
exemplary method in accordance with the disclosure;
[0040] FIG. 6 is illustrating an arbitrary exemplary respi-
ratory power curve recording from sternum of a healthy
subject for illustrating purpose;

[0041] FIG. 7 is illustrating respiratory Power curve
recording from sternum on a healthy subject compared with
simultaneous spirometry recording in the airway;

[0042] FIG. 8 is illustrating respiratory Power curve
recording from sternum on a healthy subject compared with
a simultaneous capnography recording in the airway;
[0043] FIG. 9 is illustrating respiratory Power curve
recording from sternum on a chronic obstructive pulmonary
disease (COPD) patient during a walking test:

[0044] FIG. 10 is illustrating respiratory capacity and
respiratory pattern of a patient with cystic fibrosis before and
after exercise;

[0045] FIG. 11 is illustrating quotient during voluntary
breath holding; and

[0046] FIG. 12 is illustrating examples of devices in
accordance with the disclosure and positions at an animal
apposition to a thoracic bone or sternum.

DESCRIPTION OF EXAMPLES

[0047] Specific examples of the disclosure now will be
described with reference to the accompanying drawings.
This disclosure may, however, be embodied in many differ-
ent forms and should not be construed as limited to the
examples set forth herein; rather, these examples are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the disclosure to those
skilled in the art. The terminology used in the detailed
description of the examples illustrated in the accompanying
drawings is not intended to be limiting of the disclosure. In
the drawings, like numbers refer to like elements.

[0048] The following description focuses on an example
of the present disclosure applicable to a device and method
for determining physiological parameters from measured or
monitored blood flow characteristic related to thoracic bone
and in particular to a location apposition to sternum. How-
ever, it will be appreciated that the disclosure is not limited
to this application but may be applied to many other loca-
tions viable for assessing, monitoring and/or measuring
blood flow characteristics in rigid vessels or in vessels of
limited flexibility.

[0049] FIG. 1isillustrating a schematic overview of blood
flow around the thorax and in the sternum bone 1. Research
has shown that thoracic bone, and in particular sternum
bone, has a special function related to the vessel architecture
and physiology around the thorax. The internal thoracic
artery 11, which branches off from the subclavian artery 10,
and the corresponding collecting veins has branches to both
the intercostal muscles 12 and to the sternum 13. The
intercostal muscles 12 assist in respiration. In addition, there
are arteries from the lower part of the body 14 that both
branches to the abdominal muscles and join the internal
thoracic artery and corresponding veins in terms of collat-
erals. The branches to the abdominal muscles assist in
respiration. This means that the blood flow to the sternum
may easily be modulated by; a) the pressure changes in the
thoracic cavity synchronously with respiration and b) blood
circulation related to the activity of the thoracal and abdomi-
nal muscle compartments, especially during forced respira-
tory activity.
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[0050] Additionally, blood flow in the sternum is also
modulated by the steady and pulsatile blood flow synchro-
nous with the beating heart activity. As the sternum bone is
the place for blood cell production (in the red bone marrow)
it is highly perfused with blood but without any special
nutrional or metabolic demand for blood.

[0051] The inventors have found that measurement of
blood flow in the highly perfused sternum bone using a
sensor 15 positioned apposition thoracic bone or sternum 1
enable monitoring of both respiratory and cardiac activity of
several features and vital parameters.

[0052] The placement of a sensor 15 directly on the
sternum also makes it possible to follow the overall respi-
ratory pattern without disturbing the respiratory tract (as for
a spirometer which introduces a respiratory resistance being
inappropriate for patients with COPD, asthma etc.).

[0053] The placement of a sensor 15 directly on the
sternum also means that the measured blood flow variations
corresponding to the heart activity is of more central origin
due to the relatively short distance between the heart and the
position of the sensor.

[0054] FIG. 1 illustrates one example of the position of a
sensor 15 on the sternum using only one unit including both
a control unit and the sensor. Other positions of the sensor
15 on the ribs and a thoracic bone may also be plausible.
[0055] FIG. 2 is illustrating a schematic example of a
sensor system 2 in accordance with the disclosure. The
sensor system 2 is a medical system for determining at least
one physiological parameter based on a blood flow, such as
vascular blood flow, and/or volume characteristics related to
a thoracic bone or around the thorax and in the sternum bone
of a subject. The sensor system 2 comprises a sensor 22 for
skin apposition. The sensor 22 comprises at least one light
source 21 for illuminating of the thoracic bone or septum
and at least one detector 23 for detecting and recording
reflected and/or scattered light from vessels in or around the
thoracic bone, or in the septum. The light sources 21 may
preferably be at least one near-infra-red light source and/or
at least one red light source and/or at least one light source
between violent to green. An example of a light source that
is due to its small size is suitable to be used in the sensor 22
is LEDs, such as near-infra-red LEDs or Red LEDs or
violent to green LEDs.

[0056] Wavelengths in the range of 400 nm to 1200 nm,
such as wavelengths in the range 540 nm to 950 nm, may be
used to measure blood flow variations in the sternum bone.
The wavelength used depends on the parameters to be
measure. For example, a light source with a wavelength
around 800 nm to 810 nm may be used as a reference, since
variation in oxygen level in the blood may not be detected
using this wavelength range. To detect oxygen saturation,
light sources using either a wavelength in the range of 640
nm to 680 nm for oxyhemoglobin and/or deoxyhemoglobin,
such as around 660 nm, and/or a wavelength between 900
nm to 950 nm for oxyhemoglobin and/or deoxyhemoglobin,
such as around 940 nm, may be used. By measure light
reflection and/or scattered using these ranges the blood
oxygen saturation SaO, (%)in the sternum bone may be
detected. The detection is based on an algorithm that differs
from the ones used in commercially available pulse oxime-
ters. The oxygen content may be determined by a quotient
between total (DC) light reflection and/or scattered of two
wavelengths, for example near infrared in the range 800 nm
to 810 nm and red light in the range 640 nm to 680 nm.
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Additionally and/or alternatively, for some examples, the
oxygen content may be determined by a quotient between
total(DC) light reflection and/or scattered of two wave-
lengths in the range 900 nm to 950 nm and 800 nm to 810
nm. These quotients have empirically been found to corre-
spond to oxygen saturation in blood samples whereas oxy-
gen saturation was measured at a chemical lab using stan-
dard lab methods. Due to total light reflection and/or
scattering and the highly perfused sternum bone with steady
metabolic need the determined oxygen saturation is assumed
to be of arterial origin, which is denoted as SaO,.

[0057] To determine the content of hemoglobin it has been
discovered that using a light source having a wavelength in
the violent to green range, such as between 400 nm to 590
nm, such as a green light source with a wavelength between
540 nm to 590 nm, such as about 560 nm, it is possible to
detect a light reflection and/or scattering signal from the
vessels in the sternum bone. Normally. no reflected and/or
scattered light will be detected from tissue in this wave-
length range as the absorption is very high. The hemoglobin
content may be determined by a quotient between total(DC)
light reflection and/or scattered of two wavelengths, for
example near infrared in the range 800 nm to 810 nm and
green light in the range 540 nm to 590 nm.

[0058] Alternatively, in some examples, the sensor 21 may
be a photoplethysmography (PPG) type of sensor.

[0059] The sensor system 2 further comprises a control
unit 20 connected to the sensor 22 and configured to control
operation of the sensor system 2. The sensor 22 and the
control unit may be connected by wire or wireless using, for
example Bluetooth.

[0060] The control unit 20 either includes an analysing
unit 25 or is connected to an analysing unit 25. The analy-
sing unit 25 is configured to analyse measured data from the
detected and recorded light to obtain at least one physiologi-
cal parameter.

[0061] It is not needed for the analysis to be performed at
the site of the subject carrying the sensor. Neither is it
needed for the analysis to be performed simultaneously as
the measurements. The analysis may, for example, be per-
formed later when needed.

[0062] On the other hand, in some example, the analysis
may be done simultaneously, i.e. in real-time, as the mea-
surements are performed.

[0063] Insome examples, the sensory system is wirelessly
connectable to transfer the recorded information to a receiv-
ing unit. The receiving unit is connected to either the control
unit and/or said analysing unit. The

[0064] Additionally, in some examples the control unit 20
includes or is connected to a memory unit 24 configured to
store measured data from the detected and recorded light
obtainable from the sensor 22 when operating the sensor
system 2.

[0065] Additionally, in some examples sensor system 2
further comprises a unit for plotting a respiratory power
curve based on the measured reflected and/or scattered light.
[0066] The sensor 22 may, in some examples, be attached
to the skin using a special interface set-up/connection
between the sensor 22 and the skin. This interface may be
double adhesive tape, adhesive spray, skin glue, jelly, soft
material engorging the sensor 22 and/or negative pressure.
[0067] Alternatively, in some examples, the sensor 22 may
also be attached to the skin as being part of a textile wearable
material, such as bra, T-shirt, shirt, undershirt etc.
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[0068] Additionally, in some examples, the system may be
combined with a second system developed to measure the
blood pressure from soft tissue. The second system may
provide the blood pressure measurement from the ankle of
the arm wrist. One example of such a sensor system for
measuring systolic blood pressure is disclosed in WO 2006/
049571. The disclosed method and means for measuring the
systolic blood pressure is hereby incorporated in its entirety.
The incorporated disclosure relates to the disclosed flexible
pad for measuring systolic ankle blood pressure. The pad
comprises two or more pairs of light emitting diodes and
photo detectors. The pairs being disposed in parallel and the
detectors being adapted for detecting light emitted by the
respective diode into tissue and reflected and/or scattered
from there. The pad further includes conductor means for
providing power to the light emitting diodes from a power
source and means selected from conducting means and
wireless means for putting the detectors in communication
with electronic equipment for detector signal analysis.
[0069] The pads may be included in a system, wherein the
system comprises an inflatable cuff, pump means for inflat-
ing and deflating the cuff. The system may further include
gauge means for recording the pressure in the cuff as well as
electronic means for amplification of photodetector signals.
[0070] The incorporated part of the disclosure also relates
to the method for measuring systolic blood pressure of a
subject. The method comprising providing an assembly
including an inflatable cuff, a flexible measuring pad com-
prising two pairs or more of light emitting diodes and photo
detectors, and an electronic control unit in communication
with the pad. Positioning the pad or a combination of pad
and cuff, in contact with the skin of an ankle or wrist region
of the subject so as to dispose one pair in proximity of the
anterior tibial artery and substantially parallel with it and the
other pair in proximity of the posterior tibial artery and
substantially parallel with it. The method den includes,
inflating the cuff to a pressure sufficient for stopping blood
flow through the anterior and posterior tibial arteries. After
inflating the cuff the following steps are performed:

[0071] deflating the cuff while making the diodes emit
light;
[0072] recording the light reflected and/or scattered from

the tissue by the photo detectors during deflation;

[0073] recording the cuff pressure during deflation;
[0074] analysing the recorded light signal to identify the
cuff pressure at which of blood flow in the anterior and/or
posterior tibial arteries is resumed.

[0075] FIG. 3 illustrates two examples of the sensor sys-
tem positioned at thoracic bone or sternum. In the illustrated
examples the sensor system is positioned at the sternum.
[0076] In these examples the sensor systems comprise a
control unit and a sensor configured to use wireless tech-
nology to communicate with a receiving unit for transferring
of recorded data to and/or from the control unit. The
receiving unit may be a computer, reading plate, mobile
phone, or other communication platforms for transferring
information of the subject to a hospital, a medical practitio-
ner or to a nurse.

[0077] Inexample A of FIG. 3, the sensor 31 is positioned
at a position on the thoracic bone, preferably at sternum. The
control unit 30 may be positioned in a breast-pocket of a
shirt, T-shirt or other clothes or at a trousers belt or at a skin
surface close to the subject. The sensor 31 is separately
attached to the skin. The sensor used may be in some
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examples be a photoplethysmography (PPG) type of sensor.
In the illustrated example, the sensor 31 and the control unit
30 may be connected using a wire. Alternatively the sensor
31 and the control unit may be connected using wireless
technology.

[0078] In example B of FIG. 3, the sensor and the control
unit are integrated into one device 32.

[0079] Additionally, in some examples of configurations,
both the sensor system of example A and example B may be
equipped with a display on the control unit. The display may
be configured to present data, such as vital parameters,
directly on the control unit.

[0080] FIG. 4 illustrates an example of a sensor configu-
ration 4 as a printed circuit card. The illustrated example
comprises connecting leads and a double lining of LEDs
41a-b, 42a-b and photodetectors 40a-d. In this example of a
sensor configuration 4 illustrated in FIG. 4, the LEDS may
be Near-infra-Red LEDs, 41a-b and Red LEDs 424-b.
[0081] The optical geometry of the lights-sources and
detectors are arranged so that the light can penetrated and
reach the vessels in and/or around the thoracic bone, or in the
septum bone.

[0082] The double lining configuration is preferred to
cover vessels emerging from left and right internal thoracic
arteries (see FIG. 1) and its corresponding collecting veins.
The length of the sensor may correlate to the volume of
blood covered during measurement. Both these factors may
enable a big blood volume to be recorded which enhances
the strength of the PPG signal and therefore signal to noise
ratio (SNR).

[0083] In more general term, the arrangement of the lights
sources and the photodetectors of the sensor should prefer-
ably cover the length and from left to right of the thoracic
bone or septum, thereby provide a large measure area
covering as many of the blood vessels, in and around the
thoracic bone or septum as possible.

[0084] Alternatively, other configurations of the LEDs and
photodetectors are possible, such as a configuration includ-
ing at least one near-infra-red LED, such as a LED having
a wavelength between 800 nm to 810 nm, in combination
with at least one red LED, such as a LED having a
wavelength between 640 to 680 nm.

[0085] Alternatively and/or additionally, in some
examples, the configuration may include at least two near
infrared light LEDs, such as at least one having a wave-
length between 800 nm to 810 nm and at least one having a
wavelength of between 900 nm and 950 nm.

[0086] Alternatively and/or additionally, in some
examples, the configuration may include at least one LED
having a wavelength between 400 nm to 590 nm, such as
550 to 590 nm.

[0087] The configuration mainly depends on the anatomy
of the location of the thoracic bone and the vital parameters
to be measured.

[0088] Additionally, in some examples, the printed card of
the sensor 4 is casted in hard or partly flexible silicone,
acrylic or other material moulded with a special geometry to
be adapted to the anatomical appearance over the sternum,
such as the anatomical appearance of both males and
females.

[0089] FIG. 5 is illustrating schematic overview of an
exemplary method 5. The method is for non-invasively
determining at least one physiological parameter based on a
blood flow, such as vascular blood flow, and/or volume
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characteristics from measuring on a thoracic bone or around
the thorax and in the sternum bone of a subject. The method
comprising providing 50 adapted to be arranged at a skin site
of the thoracic bone or septum of a subject. The sensor
includes at least one light source and at least one detector.
One example of a suitable sensor is a sensor in accordance
with the present disclosure. The method further comprises
transmitting 21 light from the at least one light source to the
thoracic bone or septum. Detecting 52 part of the light
reflected and/or scattered back from the vessels in the bone
using the detector. Recording 53 measured data related to the
detected light and analyzing 54 the measured data from the
detected and recorded light to obtain at least one physiologi-
cal parameter.

[0090] FIG. 6 is illustrating an arbitrary exemplary respi-
ratory power curve 6 for illustrating purpose. The Respira-
tory Power (RP) curve 6 is obtained by a photoplethysmo-
graphic recording from the sternum on a healthy subject.
Upward deflection indicates inspiration and downward
deflection indicates expiration.

[0091] From the RP curve 6 in FIG. 6 several respiratory
related parameters may be extracted:

68. Respiratory Rate (breaths/min) by count of peaks in the
RP curve (preferable after LP filtering).

63. Inspiration time (s).

64. Expiration time (s).

60. Amplitude (V) during normal respiration describes the
respiratory efficiency during normal breathing. Similarity
with tidal volume (TV) or respiratory depth.

65. Maximal amplitude (V) during slow (not forced) maxi-
mal inspiration followed by slow maximal expiration
describes the respiratory efficiency during maximal effort.
Normalized by division with amplitude Similarity with vital
capacity (VC).

61. Inspiratory reserve (V) during maximal inspiration.
Normalized by division with amplitude.

62. Expiratory reserve (V) during maximal expiration. Nor-
malized by division with amplitude.

66. Inspiration coeflicient=(ARP/At); describes during inspi-
ration a) the respiratory resistance due to obstruction and/or
b) the extent of respiratory activity/ability.

67. Expiration coeflicient=(ARP/At); describes during expi-
ration a) the respiratory resistance due to obstruction and/or
b) the extent of respiratory activity/ability.

69. Additionally, the heart rate (beats/min) may be deter-
mined by count of heart synchronous peaks (after high pass
filtering of the RP curve in FIG. 6).

[0092] Additionally the Respiratory curve or pattern may
be observed.
[0093] Additionally, oxygen saturation SaQ, (%) may be

determined according to the technique described above. The
oxygen content is determined by a quotient between total
(DC) light reflection and/or scattering of two wavelengths,
for example 804 and 660 nm and/or 940 nm and 804 nm.
This quotient has empirically been found to correspond to
oxygen saturation in blood samples whereas oxygen satu-
ration was measured at a chemical lab using standard lab
methods. Due to total light reflection and/or scattering and
the highly perfused sternum bone with steady metabolic
need the determined oxygen saturation is assumed to be of
arterial origin, which is denoted as Sa0O,.

[0094] More respiratory parameters may be extracted
from the RP curve when the subject/patient performs e.g.
forced inspiration and expiration during 1s, FEV,.
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[0095] 1t has earlier has been possible to monitor the
Respiratory Rate (breaths/min) and Respiratory curve or
pattern using PPG on soft tissue. However, the respiratory
curve is much more evident and of higher signal strength
when recorded on thoracic bone or sternum compared to
recordings on soft tissue. Hence, the calculation of the
respiratory frequency is highly facilitated technically when
extracted from recordings on the sternum.

[0096] Apart from the Respiratory Rate (breaths/min) and
Respiratory curve or pattern it has not been possible until
now to monitor any of the other parameters using PPG on
soft tissue because it is only on the thoracic bone or sternum
bone that the respiratory signal is evident with enough high
S/N (signal to noise ratio) due to the special anatomical
vessel architecture, vessel branching and high blood deliv-
ery to the thorax compartments. This is partly due to the
production of cells in the red bone marrow in the sternum
and also the need of blood to the intercostal and abdominal
muscles engaged in the respiratory activity and the vicinity
to the heart and bigger vessels. Further parameters are the
curve shape of the heart beat which is visible in the mea-
sured curves due to the short distance between the heart and
the sternum.

[0097] From the measured physiological parameters it
may be possible to indirectly determine if a patient has
hyperthermia or hypothermia and the grades thereof.
[0098] FIG. 7 illustrates simultaneous recordings using the
herein disclosed system and method 110 (lower curve) and
a spirometer 100 (reflects air volumes) in a healthy subject
during rest, maximal inspiration (upward deflection) and
expiration (downward reflection) and during breath holding.
The Respiratory Power Curve 110 follows the spirometry
curve 100 at all phases and the respiratory rates also coin-
cide.

[0099] FIG. 8 illustrates simultaneous recordings using the
herein disclosed system and method 120 (upper curve) and
a capnograph 130 (lower curve) on a healthy subject in rest
and during hyperventilation (increased respiratory rate). The
Respiratory Power Curve 120 is obtained by recordings
from the sternum on a healthy subject. The recording of the
capnograph 130 is obtained from the airways and reflects
variations in CO, concentration during inspiration and expi-
ration and as seen there is a high resemblance in respiratory
rate comparing the methods.

[0100] FIG. 9 illustrates a Respiratory Power Curve 140
recording using the herein disclosed system and method on
a female patient with COPD during a 6 minutes walking test.
The Respiratory Power Curve shows deep sighs in order to
be able to perform the walking procedure. This particularly
demonstrates the possibility to follow and reflect the respi-
ratory pattern on patients with different dysfunctional
breathing when utilizing the herein disclosed system and
method.

[0101] FIG. 10 illustrates recordings using the herein
disclosed system and method on a patient with cystic
fibrosis. The patient performed respiratory physical exercise,
expiratory resistance breathing and inhalation of drugs in
order to evacuate phlegm and mucus during 45 min. FIG. 10
illustrates the respiratory capacity and respiratory pattern
before (145) and after the exercise (146). As can be seen the
peak-to-peak value (corresponding to respiratory volume)
measured by RespiHeart(V) increased 10 fold after the
exercise, from a peak-to-peak value of 300 before (145) to
a peak-to-peak value of 3000 after (146) exercise. There was
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also a change in respiratory pattern indicating the ease to
inspire more air (according to patient’s statement) after the
exercise.

[0102] FIG. 11 illustrates the quotient 150 between total
(DC) light reflection and/or scattering of two wavelengths at
804 and 660 nm determined from a recording with the herein
disclosed system and method and plotted against oxygen
saturation measured by a pulse oximeter (Allen J 2007
Photoplethysmography and its application in clinical physi-
ological measurement. Physiol. Meas. 28:R1-R39) during
breath holding on one free diver (lying position). The
example demonstrates the ability of the disclosed system
and method to follow variations in oxygen saturation.
[0103] FIG. 12 is illustrating examples of systems 201 in
accordance with the disclosure and positions at an animal
200 apposition to a thoracic bone or sternum 203. In this
example the system 201 is fastened means 202. The fasten-
ing means 202 could be as straps, such as ratchet straps or
elastic straps. The sensor of the system may be positioned in
the fur or the animal 200 may be locally shaved to obtain a
spot where the sensor of the system 201 may be positioned
directly on to the skin of the animal 200.

[0104] The present disclosure has been described above
with reference to specific examples. However, other
examples than the above described are equally possible
within the scope of the disclosure. Different method steps
than those described above, performing the method by
hardware or software, may be provided within the scope of
the disclosure. The different features and steps of the dis-
closure may be combined in other combinations than those
described. The scope of the disclosure is only limited by the
appended patent claims.

1-14. (canceled)

15. A method for non-invasively determining at least one
physiological parameter based on a vascular blood flow
and/or volume in a thoracic bone or a sternum of a subject,
said method comprising:

providing a sensor comprising at least one light source

and/or at least one detector adapted to be arranged at a
skin site of said thoracic bone or said sternum of said
subject;

transmitting light from said at least one light source to

said thoracic bone or sternum,;

detecting at least a part of said transmitted light being

reflected and/or scattered by blood vessels in said
thoracic bone or said sternum;

analysing and evaluating said reflected and/or scattered

light detected by said at least one detector for deter-
mining said at least one physiological parameter.

16. The method according to claim 15, comprising assess-
ing blood flow in rigid vessels or in vessels of limited
flexibility.

17. The method according claim 15, wherein said analy-
sing and evaluation is assessed from the blood flow supply
anatomy of the sternum, wherein said blood flow to sternum
varies synchronously with said blood flow supply to other
parts of sternum.

18. The method according to claim 15, wherein the said
at least one physiological parameters are any of Respiratory
Rate, Inspiration time, Expiration time, respiratory effi-
ciency during normal effort, respiratory efficiency during
maximal effort, Inspiratory reserve, Expiratory reserve,
Inspiration coefficient, Expiration coeflicient, heart rate
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(beats/min), Respiratory curve or pattern, oxygen saturation
Sa02 (%), hemoglobin content or temperature.

19. (canceled)

20. The method according to claim 15, comprising moni-
toring said parameter in real-time.

21. (canceled)

22. The method according to claim 15, wherein said light
source comprises at least one near-infra-red light source
and/or at least one red light source and/or at least one green
light source.

23. The method according to claim 15, wherein the
wavelength of said at least one light source is in the range
of 400 nm to 1200 nm

24. The method according to claim 22, wherein said red
light source has a wavelength between 640 nm to 680 nm,
said near-infra-red light source has a wavelength between
800 nm to 810 nm and/or between 900 nm to 950 nm, and
said green light source has as a wavelength between 540 nm
to 590.

25. The method according to claim 22, wherein oxygen
saturation is determined by a quotient between a total of
reflected and/or scattered light of said red light and a total of
reflected and/or scattered light of said near infrared light.
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26. The method according to claim 22, wherein oxygen
saturation is determined by a quotient between a total of
reflected and/or scattered light of two near infrared lights
with different wavelengths.

27. The method according to claim 22, wherein a hae-
moglobin content is determined by a quotient between a
total of reflected and/or scattered light of said green light and
atotal of reflected and/or scattered light of said near infrared
light.

28. The method according to claim 22, wherein said near
infrared light source wavelength in the range of 800 nm to
810 nm is used as a reference.

29. The method according to claim 15, wherein the step
of analysing and evaluating said reflected and/or scattered
light detected by said at least one detector for determining
said at least one physiological parameter comprises record-
ing a respiratory power (RP) curve for a subject during
inspiration/expiration for a period of time (t).

30. The method according to claim 29, wherein the
physiological parameter is an inspiration coefficient which is
calculated from the formula ARP/At during a period of
inspiration.

31. The method according to claim 29, wherein the
physiological parameter is an expiration coefficient which is
calculated from the formula ARP/At during a period of
expiration.
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