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(57) ABSTRACT

The present invention relates to a device for measuring a
physiological parameter of a human limb such as peripheral
capillary oxygen saturation. The device comprises a body
comprising a first body part and a second body part, which
are movable relative to each other to define an opening with
an adjustable size for receiving the limb therein, and a
physiological sensor for interacting with the limb received in
the opening, the sensor being attached to the body, wherein
the first and second body parts are slidable or twistable
relative to each other while at least partially engaging or
intersecting each other, or wherein the first and second body
parts are configured to form a clip having an L-shaped end
section for at least partially enclosing the limb received in
the opening, in order to adjust the size of the opening.
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DEVICE AND METHOD FOR MEASURING A
PHYSIOLOGICAL PARAMETER OF A
HUMAN LIMB

FIELD OF THE INVENTION

[0001] The present invention relates to a device and a
method for measuring a physiological parameter of a human
limb. In particular, the present invention relates to measuring
the oxygen saturation in a non-invasive manner, especially
by pulse oximetry on a limb of the human body by use of a
pulse oximeter which illuminates the skin and measures
changes in light absorption.

BACKGROUND OF THE INVENTION

[0002] Pulse oximetry is a technique to assess the periph-
eral capillary oxygen saturation (SpO,) of blood in a non-
invasive manner using an emitted and detected light signal.
Typically, a red and infrared light signals are transmitted into
the subject’s finger by two light-emitting diodes (LEDs),
and the scattered light is detected by a photodiode at the
other side of the finger, where the blood oxygen saturation
is derived from the ratio of pulse amplitudes in the red and
infrared light intensity. Alternatively, the light can also be
brought to the probe via one or more fibers, for instance one
or more optical fibers. In this case, the light source is
preferably the end of the fiber. There also may exist pulse
oximeters using more than 2 wavelengths, in particular 3, 4,
5, 6, 7 or 8 wavelengths.

[0003] Although pulse oximetry is generally measured at
the fingertip, other locations on the body are suitable (e.g.
forehead, toe, ear lobe). Current probes suit adults’ limbs in
view of their size; infants, who have significantly smaller
limbs, require tailored size probes. Different probes charac-
terized by their sizes are currently on the market for infants
such as to ensure not only comfort of the probe, but also to
ensure the generation of a robust signal (e.g. measurement
signal) of adequate quality and stability.

[0004] For example, U.S. Pat. No. 5,035,243 discloses a
holder sleeve locking a detecting and measuring sensor into
position, especially a detecting and measuring sensor for
oximetric measurements, on the surface of a protruding part
of a human body. The sensor includes a light source and a
receiver which is sensitive to its radiation. The sleeve is
elastically expandable and completely surrounds the body
protruding part. Each of two diametrically opposite sections
of the sleeve has a recess opening to the sleeve inside surface
or is radiation-permeable to receive and hold the transmitter
or the receiver. Both portions of the sleeve lying between
these sections have pluralities of folds following one another
around the sleeve periphery, with each fold forming a spring.

[0005] The major drawback of known probes is the prob-
lem of the different sizes in the limbs of infants of different
age groups compared to the limbs of adults. The so-called
“cloth peg mechanism” (clip around the limb) or the afore-
mentioned sleeve are only suitable for a small range of
infants and may easily be misplaced by untrained personnel,
therefore leading to incorrect results. The sleeve-mechanism
in the aforementioned U.S. patent document would allow a
larger variety of limb sizes, but a major drawback of the
sleeve mechanism is that placement cannot be done using
one hand only. Another drawback of the sleeve mechanism
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is that the caregiver may be tempted to hold the limb while
measuring, which leads to motion artifacts in the signal and
inaccurate readings.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide a
device for measuring a physiological parameter of a human
limb that will be suitable for humans of different age groups,
in particular infants in the age range of 0-60 months, that
allows accurate placement after installation.

[0007] Inafirstaspect of the present invention a device for
measuring a physiological parameter of a human limb is
provided that comprises a body comprising a first body part
and a second body part, which are movable relative to each
other to define an opening with an adjustable size for
receiving the limb therein, and a receiving element for
receiving a physiological sensor for interacting with the limb
received in the opening, wherein, for the purpose of adjust-
ing the size of the opening, the first and second body parts
are slidable or twistable relative to each other while at least
partially engaging or intersecting each other, or the first and
second body parts are configured to form a clip having an
L-shaped end section for at least partially enclosing the limb
when received in the opening.

[0008] In a further aspect of the present invention, a
method for measuring a physiological parameter of a human
limb is provided that comprises the steps of providing a body
comprising a first body part and a second body part, which
are movable relative to each other to define an opening with
an adjustable size for receiving the limb therein, receiving a
sensor comprising a light source for generating a measure-
ment light signal and a light detector for detecting the
measurement light signal after its interaction with the limb
received in the opening, and adjusting the size of the
opening by sliding or twisting the first and second body parts
relative to each other while they at least partially engage or
intersect each other, or by configuring the first and second
body parts to form a clip having an L-shaped end section for
at least partially enclosing the limb when received in the
opening.

[0009] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the
dependent claims.

[0010] The present invention achieves an improved device
for measuring a physiological parameter, in particular SpO,
of blood, of a human limb which can be built with a plurality
of alternative designs. The present invention is not restricted
to measuring SpO,, but can be applied to measuring other
physiological parameters such as pulse rate, dyshaemoglo-
bin fractions (e.g. carboxy-hemoglobin and methemoglo-
bin), electrocardiogram, pulse arrival time and blood sugar.
The present invention may be integrated in a pulse oximeter.
[0011] The receiving element may comprise, be coupled
with or embed the physiological sensor, which preferably
comprises a light source for generating a measurement light
signal and a light detector for detecting the measurement
light signal after its interaction.

[0012] By using a body with two body parts which are
slidable relative to each other while at least partially engag-
ing each other, the size of the opening defined by the two
body parts can be adjusted by sliding one of the body parts
along a length of the other one of the body parts while they
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are arranged to engage each other. In the engaging arrange-
ment, one body part is at least partially within the other body
part.

[0013] By using a body with two body parts which are
twistable relative to each other while at least partially
engaging each other, the size of the opening defined by the
two body parts can be adjusted by twisting one of the body
parts over an angle relative to the other one of the body parts
while they are arranged 1o engage each other.

[0014] By using a body with two body parts which are
slidable relative to each other while at least partially inter-
secting each other, the size of the opening defined by the two
body parts can be adjusted by sliding one of the body parts
along a length of the other one of the body parts while they
are arranged to intersect each other. In the intersecting
arrangement, an overlapping region where both body parts
intersect or cross each other is within the respective body
part when viewed essentially in a perpendicular direction to
the cross-section of the opening along which the limb is to
be received.

[0015] By using a body with two body parts which are
twistable relative to each other while at least partially
intersecting each other, the size of the opening defined by the
two body parts can be adjusted by twisting one of the body
parts over an angle relative to the other one of the body parts
while they are arranged to intersect each other.

[0016] The above alternatives of the present invention is
advantageous over the devices known from the prior art,
especially from the aforementioned U.S. patent document.
In particular, the size of the opening for receiving the limb
is adjustable in an engaging or intersecting arrangement by
sliding or twisting one body part relative to the other body
part. In this way, the opening can be adjusted over a larger
size range, using one hand only, whereas the device in the
aforementioned U.S. patent document would require at least
two hands to enlarge the opening. Also a disadvantage of the
aforementioned U.S. patent document is that the opening
will not be circular when the top and bottom parts are moved
apart from each other, thereby complicating the insertion of
the cylindrical-shaped body part. Preferably, the size can be
adjusted from a minimum size where the two body parts are
slid or twisted to just close the opening, to a maximum size
where the two body parts are slid to just leave each other or
are twisted to a maximum twisting angle.

[0017] Incontrast, the device from the known device is not
configured to change the size of the opening by sliding or
twisting in an engaging or intersecting manner. In difference,
the sleeve disclosed in the aforementioned U.S. patent
document can be expanded between a minimum and a
maximum size, thereby without any sliding or twisting of the
two opposite sections in an engaging or intersecting manner.
[0018] Alternatively, by using a body with two body parts
forming a clip having an [.-shaped end section for at least
partially enclosing the limb received in the opening, the size
of the opening can be adjusted by moving the two body parts
apart from each other, preferably in a twisting motion. The
L-shaped end section, which can be arranged at either body
part, advantageously prevents the received limb from erro-
neously slipping from the device. This renders the present
invention more reliable compared to conventional devices
having a clip as device body.

[0019] Preferably, the clip has a first opening and a second
opening connected to and smaller than the first opening. The
limb can be safely received by first stretching into the larger
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first opening and subsequently moving into the smaller
second opening, thereby forcing the two body parts to move
apart from each other. Further preferably, the first opening
has a ring-shaped cross-section, which is advantageous for
receiving cylinder-shaped body parts.

[0020] All above alternatives of the present invention
achieve to enable accurate SpO2 measurements independent
on the size of the limb, in particular for infants. The present
invention therefore overcomes or at least reduces the draw-
backs caused by unsatisfactory positioning of the device
while attaching it to a patient, e.g. positioning the clip
designed for being attached to a finger or toes to a different
body part which is not optimal for SpO, measurements. The
positioning of the limb relative to the device after being
received in the opening is easier compared to known
devices. The present invention also improves the alignment
of the limb relative to the sensor optics resulting in more
reliable SpO, measurements.

[0021] It is beneficial in that it facilitates correct place-
ment of the device on both small and large limbs, thereby
allowing the invention to be applied to a large age range. It
is also beneficial in that it prevents misplacements on parts
of the human body for which it is not mean to be used (for
example a complete foot or an ear). Another benefit of the
invention is that it allows being placed/attached to the body
part that is to be measured with one hand only. A final benefit
of the invention is that the caregiver will not be tempted to
hold the limb while measuring, so that the measurement is
less disturbed and the results are more reliable.

[0022] Preferably, the device according to the present
invention is configured to form a circumventionally closed
entrance by the opening, so that the safe receiving of
cylinder-shaped body parts in the opening is improved. This
also reduces the chance of erroneously attaching the device
to receiving body parts with too large sizes or which are too
broad for the device, such as a complete foot, a complete
hand, a lip or an ear.

[0023] Preferably, the device further comprises a centering
element for aligning the limb in the opening of the body
relative to the receiving element. This enables to avoid
erroneous positioning of the limb relative to the sensor
optics, thereby leading to more reliable SpO, measurements.
[0024] Preferably, the centering element comprises a
V-shaped section, preferably a V-shaped bottom section,
formed in the first body part. This improves the contact
between the bottom section of the first body part and the
limb such as a finger, so that it can be safely positioned and
received by the body parts, thereby improving the alignment
of the received limb relative to the sensor optics.

[0025] Preferably, the centering element comprises a flex-
ible material for filling up at least a part of a space between
the limb received in the opening and a side of the opening.
This provides the benefit to ensure contact between the limb
and the device, in particular between the limb and a V- or
U-shaped bottom of the device body, independent of the size
of the limb, e.g. finger. This enables more reliable optical
connection between the light source and the limb.

[0026] Preferably, the flexible material is configured to
enclose at least a part of the sensor. Besides a more effective
utilization of space, this also increases the stability of the
relative position between the limb and the sensor optics, so
that the SpO, measurements are more accurate.

[0027] Preferably, the centering element is provided by a
connecting element arranged between the first and second
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body parts. This improves the alignment of the limb in the
opening after it has been received. The connecting element
may comprises an elastic sleeve, which further preferably
have a predetermined shape so that the sleeve returns to the
predetermined shape when no force is applied to the sleeve,
and/or have a loop-like cross-section with a fully closed
circumference.

[0028] Preferably, the centering element comprises a dia-
phragm, which is preferably attached to the first body part
being an inner body part engagingly slidable along a length
within the second body part being an outer body part. This
enables reliable alignment of the limb received in the
opening, leading to more accurate SpO, measurements.

[0029] Preferably, the centering element comprises two
flexible membranes arranged adjacent to each other to define
a slit within the opening. This enables a safe positioning of
the limb after being received in the opening, leading to
improved SpO, accuracy. Preferably, the first body part is an
inner body part engagingly slidable along a length within the
second body part being an outer body part. This enables to
more reliably adjust the size of the opening for receiving the
limb, since a sliding movement of the inner body part is easy
to perform without exerting a large amount of force. Alter-
natively or additionally, the second body part comprises a
blocking element for limiting the receivable depth of the
limb. This prevents the limb, e.g. a finger from going
completely through the opening of the device, thereby
reducing the risk of entrapment of the limb.

[0030] The inner body part may comprise an inner tweezer
part while the outer body part may comprise an outer
tweezer part. The outer body part may comprise two holes
on two opposite sides while the inner body part may
comprise a single hole. The device can be configured by
inserting an end of the inner body part into a recess provided
on a first end of the outer body part and by sliding the inner
body part towards a second end of the outer body part
opposite to the first end. The opening is thereby formed by
an overlap between the hole of the inner body part and the
holes of the outer body part, wherein the overlap increases
the further the inner body part is slid towards the second end
of the outer body part. This enables a reliable adjustment of
the size of the opening for receiving the limb, independent
on the age group of patient or size of the limb.

[0031] Further preferably, a press surface of the inner body
part for pressing the inner body part to slide within the outer
body part is made of plastics or comprises protrusions
spread over the surface to prevent slipping of the finger and
ensure effective sliding. Additionally or alternatively, the
surface may have a curved form with a bending towards the
second end of the outer body part, when the inner body part
is inserted into the recess of the outer body part, so that the
sliding is easier.

[0032] Preferably, the opening comprises a circumference,
wherein the first body part is arranged to intersect with the
second body part over at least a part of the circumference of
the opening. For instance, the two body parts may form a
U-shaped opening with an end part being the overlapping
region between the two body parts. Preferably, a loop-
shaped band is fixated between the two body parts within the
U-shaped opening. Another example is to configure the two
body parts so that they both intersect and engage each other.
In particular, the intersecting region and the engaging region
are arranged at two opposite sides of the opening, while one
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or more additional intersecting regions may be provided
between these two opposite sides.

[0033] Preferably, the second body part comprises two
sliding holes for slidingly guiding the first body part,
wherein two arms of the first body part are arranged to
penetrate the sliding holes. This enables a device which is
constructively easy and reliable in ensuring the correct
positioning of the limb in the opening of the body parts. The
second body part may have a flat form while the arms of the
first body part may be straight or curved or made of a
rigid/flexible/elastic material.

[0034] Preferably, the light source is connected to a sur-
face of one of the first and second body parts and the light
detector is connected to a surface of the other of the first and
second body parts. This enables SpO2 measurements in
transmission geometry where the light signal generated by
the light source interacts with the limb by transmitting
through it, or in a reflection geometry where the light signal
generated by the light source interacts with the limb by being
reflected on a surface of the latter. In the reflection geometry,
the light source and the light detector may be located at the
same side of the limb inside the opening. In particular, the
light source and the light detector are separated from each
other with a spacing of 2 to 10 mm, preferably of3 to 7 mm.
More preferably, the light reaching the light detector has
been scattered inside the limb such that the light is back-
scattered into the direction of the light detector.

[0035] Preferably, the device further comprises a resetting
element for charging the body parts with a resetting force in
order to cause the body parts to be in a reset position relative
to each other, and/or the sensor coupled to the body of the
device. The resetting element is for instance a spring, an
elastic sleeve or another elastic and/or form memory ele-
ment, so that the two body parts are forced towards the reset
position. Besides securely connecting the two body parts,
this enables a reset size of the opening formed by the two
body parts when these are in the reset position. Preferably,
the resetting element comprises a spring connecting the first
and second body parts, which is easy and cost-effective to
provide. Another preferred resetting element is a pre-shaped
piece of foam or silicone in contact with the stiff body parts.
Having the sensor as an integrated part of the device body
enables a compact device which can be used without being
connected to external sensor optics, thus facilitating easy
SpO, measurements.

[0036] Further preferably, the resetting element and the
centering element may be configured as a single combined
element fulfilling both functions of resetting and centering
as described above. This embodiment enables easy fabrica-
tion and lower cost since an additional resetting element
(e.g. a spring) is not necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter. In the following drawings
[0038] FIGS. 1A and 1B show a first embodiment of a
device according to the invention in two different views;
[0039] FIG. 2A shows the first embodiment wherein the
opening is adjusted to various sizes;

[0040] FIG. 2B shows the first body part and the second
body part of the first embodiment;

[0041] FIG. 3A shows the first embodiment with a first
centering element;
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[0042] FIG. 3B-1 shows a second centering element;
[0043] FIG. 3B-2 shows the first embodiment with the
second centering element shown in FIG. 3B-1;

[0044] FIG. 3C shows the first embodiment with a third
centering element;

[0045] FIG. 3D shows the first embodiment with a fourth
centering element;

[0046] FIGS. 4A and 4B show a second embodiment of a
device according to the invention;

[0047] FIGS. SA to SE show a third embodiment of a
device according to the invention;

[0048] FIGS. 6A-1 to 6A-5 and 6B-1 to 6B-2 show a
fourth embodiment of a device according to the invention;
[0049] FIGS. 7A to 7D show a fifth embodiment of a
device according to the invention;

[0050] FIGS. 8A and 8B show a sixth embodiment of a
device according to the invention;

[0051] FIGS. 9A and 9B show a seventh embodiment of a
device according to the invention;

[0052] FIGS. 10A and 10B show an eighth embodiment of
a device according to the invention;

[0053] FIGS. 11A and 11B show a ninth embodiment of a
device according to the invention; and

[0054] FIGS. 12A and 12B show a tenth embodiment of a
device according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0055] Pulse oximetry is the technique to assess the oxy-
gen saturation (SpO,) of blood in a non-invasive manner.
Since its introduction in the clinic in the 1980’s, it has
become a standard of care in various clinical settings. A
pulse oximeter probe is usually applied to a fingertip. Red
and infrared light is generated by a light source, for instance
by two light-emitting diodes (LEDs), and transmitted into
the tissue, and the scattered light is recorded by a light
detector, for instance by a photodiode at the other side of the
finger. The cardiac-induced pulsations in the blood volume
manifest themselves as pulsations in the detected light
intensity. The oxygen saturation is derived from the ratio of
pulse amplitudes in the red and infrared light intensity,
where the relationship results from a difference in color of
oxygen-bound and oxygen-unbound hemoglobin.

[0056] The most ideal location to obtain a pulse oximetry
signal is the fingertip or toe because the pulsatile optical
signal is very strong on these locations, and the body site is
easy to access. There are three types of mechanisms of
attachment of pulse oximetry probes for fingers and toes.
These probes operate preferably in a transmission geometry,
where the detector and the source are at opposite sides of the
finger.

[0057] For children, the size of the fingers and toes is
significantly smaller compared to those of adults, so that
special probes need to be designed to be suitable for these
smaller sizes. For these designs it has not yet been realized
to make a single clip that can fit on both large and small
fingers and toes.

[0058] The major advantage of the so-called “cloth peg
mechanism”, also known as “finger clip”, is that placement
is intuitive and fixation occurs automatically upon release of
the pulse oximeter. By compressing the handle, the clip
opens up, the probe then needs to be placed over the finger
or toe, and finally the handle only needs to be released for
correct positioning. However, a disadvantage of the cloth
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peg mechanism is that it can easily be placed at the wrong
body site. For example, one may try to position the finger
clip of an adult on a complete foot of a neonate with the risk
of wrong saturation values and wrong treatment of the
patient.

[0059] Problems arising when designing a cloth-peg type
of clip for fingers and toes for a larger age range of 0-60
months are mainly the possibility of positioning the clip on
the wrong body part which becomes more dominant,
because the fingers and toes are so small that the clinician
may try to put the clip on for example the ear, hand palm or
foot. Since the size of the finger/toe varies over a larger
range (because of the large age range of the infants), the
known clip design would be too large for the smallest finger
or toe sizes. The alignment of the finger relative to the optics
is prone to variation (i.e., incorrect placement) resulting in
incorrect SpO, values. It becomes harder to correctly posi-
tion the finger (or toe) between the light source and the light
detector of the pulse oximeter, because the finger and toes
can be very small, especially for premature infants.

[0060] The invention solves the above problems by pro-
viding a device with improved positioning of the limb in the
opening formed by the two body parts.

[0061] FIGS. 1A and 1B show a first embodiment of a
device 1 according to the invention in two different views.
The device 1 comprises a body 3 for receiving a limb 11,
such as a finger of a patient. The details of the device 1 are
shown in FIGS. 2A and 2B.

[0062] As shown in FIG. 1, the device 1 has the appear-
ance of a lace stopper, also known as “tanka”. As shown in
FIG. 2A, the body 3 of the device 1 consists of a first and a
second body part 3a, 35 which are movable with respect to
each other. In particular, the first body part 3a is an inner
body part which can be inserted into the second body part 35
being an outer body part, so that the inner body part 3a can
be slid along a length of the outer body part 3b.

[0063] Each body part 3@, 35 has one or two holes or
apertures for entrance of the limb 11 such as finger or toe.
The outer body part 35 has two apertures on opposite sides
of the body part 3a, while the inner body part 3@ has a single
aperture 7b which passes throughout the thickness of the
inner body part 3a (“all-through” aperture). The inner body
part 3a is connected to the outer body part 35 via a resetting
element 101. In the first embodiment, the resetting element
101 is a coil spring (FIG. 2B). The resetting element 101
charges the inner body part 3a with a resetting force, so that
the inner and the outer body parts 3a, 35 return to a reset
position relative to each other when no external force is
applied to the body. In particular, the inner body part 3a is
only partially inserted in the outer body part 35 when the
body parts 3a, 35 are in the reset position.

[0064] The device 1 can be configured by inserting an end
of the inner body part 3a into a recess provided on a first end
of the outer body part 35 and by sliding the inner body part
3a towards a second end of the outer body part 35 opposite
to the first end. The opening 7 for receiving the limb 11 is
thereby formed by an overlap between the aperture of the
inner body part 3a with the apertures of the outer body part
3b. The body 3 of the device 1 can be compressed by the
operator, which effectively increases the overlap the further
the inner body part 3a is slid towards the second end of the
outer body part 35.

[0065] In the left-most example shown in FIG. 2A, the
inner body part 3a is slid into the outer body part 35 to its
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maximum insertion length, so that the size of the resulting
opening 7 is maximum. The limb 11 can be placed into the
opening 7. When the size of the limb 11 is smaller than the
size of the opening 7, the inner body part 3a can be pushed
towards the exterior of the outer body part 36 (in FIG. 2A
upwards) until the limb 11 reaches simultaneously the top of
the apertures of the outer body part 35 and the bottom of the
aperture of the inner body part 3a. After releasing the
compression force, the resetting element 101 pushes the
inner body part 3@ upwards so that the limb 11 becomes
fixed and centered inside the device 1. In this way, the size
of the opening 7 is adjusted to suit the limb 11.

[0066] In the left half of FIG. 2A, the limb 11 is exem-
plarily shown as a smaller finger. A similar adjustment can
be performed to suit a larger finger 11', such as shown in the
right half of FIG. 2A.

[0067] Preferably, a press surface of the inner body part 3a
for pressing the inner body part to slide within the outer
body part has a curved form with a bending towards the
interior of the outer body part 35 as shown in FIG. 1B,
thereby enabling easier application of compression force so
that the insertion of the inner body part 3¢ into the outer
body part 35 is easier.

[0068] A sensor 4a, 45 for the pulse oximetry measure-
ment, which in the first embodiment is not a part of the
device body 3, is coupled to the body 3 by a receiving
element, e.g. a plug or an interface for data communication.
The sensor can be oriented in transmission geometry or in
reflection geometry. In transmission geometry shown in
FIG. 2B, alight source 4a (e. g. LEDs) is located in the inner
body part 3a, and a light detector 45 is integrated at the top
side of the apertures in the outer body part 35. In this way,
the light source 4a and the light detector 45 are always
aligned on opposing sides of the inserted limb 11. Further-
more, a cable 102 connecting the light detector 45 and the
light source 4a as well as a cable 104 to a monitoring device
(not shown in the figures) can be housed or embedded in the
body 3 of the device 1, thus making the device 1 waterproof,
and easy to clean. The cable 10a can further be guided inside
the resetting element 101. Further, the cables 10a, 105 are
preferably enclosed in an outer sheath 10 for improved
protection and handling. The inner body part 3a comprises
a V-shaped bottom section 100 for easily receiving the limb
11 and improved centering, i.e. aligning the limb 11 relative
to the sensor optics, in particular the light source 4a and the
light detector 4b. In reflection geometry, the sensor (4, 34,
44) also contains a light source (4a, 34a) and a light detector
(4b, 34b), but the light source and the light detector are
located at the same side of the limb inside the opening.
Typically the light source and the light detector are separated
from each other in between 2 and 10 mm, preferably 3-7
millimeters. The light that reached the light detector has
been scattered inside the limb such the light is backscattered
into the direction of the light detector.

[0069] For the first embodiment shown in FIGS. 1A-2B,
there exist various methods to accomplish proper centering
of the inserted limb 11. Centering is of vital importance to
ensure the correct alignment of the limb 11 with respect to
the light source 4@ and the light detector 45. By way of the
centering, values of the oxygen saturation in the respective
limb 11 can be collected in a very precise and especially in
a repeatable way. The precision of the values is of outstand-
ing importance to allow correct treatment and medication of

Aug. 8,2019

the patient. Centering is accomplished by a centering ele-
ment 6 as described in the following.

[0070] FIG. 3A shows the first embodiment with a first
centering element comprising a V-shaped bottom section
formed in the inner body part 3a. The aperture in the inner
body part 3a is at least partially U- or V-shaped, preferably
in a symmetric manner. Centering of the limb 11 is accom-
plished in an easy way by positioning the respective limb 11,
11' in the opening 7 and releasing the inner body part 3a.
Due to the force of the resetting element 101, the inner body
part 3a is moved outwards with respect to the outer body
part 3b, thus diminishing the size of the resulting opening 7.
The limb 11 is guided into the knee (i.e. the lowest point) of
the U- or V-shaped bottom section of the inner body part 3a
and thus centered with respect to the light source 4a which
is preferably arranged in the knee of the inner body part 3a.
[0071] Optionally, as shown in FIG. 3A, a flexible or
compressible material 6a can be added to fill up part of the
V-shaped bottom section. This material 6a provides the
benefit to ensure contact with the limb 11, 11', such as finger
or toe, in the bottom section of the inner body part 3a,
independently of the size of the finger or toe. This contact is
needed for a reliable optical connection between the light
source 4a and the limb 11, 11". In the left first two examples
of FIG. 3A, a very schematic view of an infant’s finger 11'
and of an adult’s finger 11 is shown. The finger 11, 11' is
inserted in the apertures and the inner body part 3a is
released, thus reliably centering the limb. Preferably, the
flexible material 6a is configured to enclose at least a part of
the sensor 4. Besides a more effective utilization of space,
this also increases the stability of the relative position
between the limb 11, 11' and the sensor optics, so that the
SpO, measurements are more accurate.

[0072] FIG. 3A explains in detail the benefit of the flexible
material 6a. Especially in the case of a large finger 11', it is
not likely for it to reach the lowest part of the inner body part
3a. The flexible material 6a will fill up the space between the
finger 11, 11' and the bottom side of the inner body part 3a
so as to ensure a sufficient contact between the finger 11,11'
and the sensor 4. Combining the V-shaped bottom section
100 of the inner body part 3a with the flexible material 6a
allows the finger 11, 11' to sink deeply into the bottom
section 100, thereby providing optimal centering.

[0073] Alternatively, the centering of the limb 11 can be
achieved by using a connecting element, which may com-
prise an elastic sleeve 6b as shown in FIG. 3B-1. Preferably,
the elastic sleeve has a predetermined shape to which the
sleeve 64 returns after being deformed when no external
force is applied to the sleeve 6b. Further preferably, the
sleeve 6b has a loop-like cross-section with a fully closed
circumference defining the opening 7 for receiving the limb
11.

[0074] FIG. 3B-2 shows how the elastic sleeve 6b, pref-
erably a pre-shaped semi-flexible band, can be incorporated
in the lace-stopper design. In particular, the two body parts
3a, 34 are connected via two sides of the flexible sleeve 6.
The top side of the sleeve 65 is connected to the top side of
the outer body part 35 while bottom side of the sleeve 65 is
connected to the bottom side of the inner body part 3. The
flexible sleeve 654 is pre-shaped such that in the uncon-
strained form, the sidewalls of the sleeve 65 bend inwardly.
Such an elastic sleeve 65 is suitable for use when receiving
a small finger 11 (left example of FIG. 3B-2) and a large
finger 11' (right example of FIG. 3B-2).
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[0075] FIG. 3C shows the first embodiment with a third
centering element. Preferably, the centering element com-
prises a diaphragm 6¢, which is preferably attached to the
inner body part 3a. This enables reliable alignment of the
limb 11, 11' received in the opening 7, leading to more
accurate SpO, measurements.

[0076] FIG. 3D shows the first embodiment with a fourth
centering element. Preferably, the centering element com-
prises two flexible membranes 6d arranged adjacent to each
other to define a slit within the opening 7. Further preferably,
the slit is oriented along the direction in which the limb 11,
11' is to be received. This enables a safe positioning of the
limb after being received in the opening 7, leading to
improved SpO, accuracy. Further preferably, a first person
such as caregiver is able to hold the device body 3a, 35 while
the device can be placed onto a limb such as a finger of a
patient by guiding the finger into the slit of the flexible
membranes 6d.

[0077] FIG. 4A, 4B shows a second embodiment of a
device 21, 21" according to the invention.

[0078] The two body parts are exemplarily configured as
tweezer elements 23a, 235 or 23a', 234" of a clip whose
handle sides are connected by a spring 25, wherein the first
and second tweezer elements 23a, 235 or 234!, 235' move
with respect to each other via a sliding mechanism. The
spring 25 exerts a force which pushes the handle sides of the
tweezer elements 23a,23b or 234',235' apart such that the
tweezer sides of the tweezer elements 234,235 or 234', 235,
which are opposite to the handle sides, tend to move closer
to each other, thereby providing a natural clamping force.

[0079] The opening 27 for the limb 11 is provided by
either a flexible loop-shaped band 264 that is fixated
between the tweezer elements 23a, 235 (FIG. 4A), or by
shaping the tweezer elements 234',235' such that they grab
into each other in at least one region 29 (FIG. 4B). Prefer-
ably, the first tweezer element 23¢' is configured to enclose
the second tweezer element 232" in the region 29.

[0080] Preferably, the first tweezer element 23a, 234" is
arranged to intersect with the second tweezer element 235,
234" while overlapping in a region 22 of the circumference
of the opening 27. For instance, the two tweezer elements
may form a U-shaped opening with an end part being the
overlapping region 22 between the two body parts, as shown
in FIG. 4. Preferably, the loop-shaped band 265 is fixated
between the two tweezer elements 23a, 235 within the
U-shaped opening.

[0081] Another example is to configure the two tweezer
elements 234', 235" so that they both intersect and engage
each other, as shown in FIG. 4B. In particular, the intersect-
ing region 22 and the engaging region 29 are arranged at two
opposite sides of the opening, while one or more additional
intersecting regions may be provided between these two
opposite sides. Centering of the finger is achieved by a
V-shaped bottom section of one or both of the body parts
(FIG. 4) or the loop-shaped band (FIG. 5).

[0082] In FIG. 4, the two tweezer elements 234,235 or
234',23%' are slidable relative to each other while engaging
and/or intersecting each other, in order to adjust the size of
the opening 27 for receiving the limb 11. Alternatively or
additionally, the two tweezer elements may be twistable
relative to each other while engaging and/or intersecting
each other, in order to adjust the size of the opening. In
particular, the tweezer elements may move with respect to
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one another via a hinge, thus making an angular displace-
ment with respect to one another.

[0083] Another method of creating an opening for receiv-
ing the limb is by molding the clip-shaped device 21 into a
flexible silicone jacket that has such morphology that an
opening exists between the two tweezer elements. This
silicone jacket would protect the interior from collecting dirt
like sand, body fluids, or dust. This protection increases the
life-time of the sliding mechanism, and it also facilitates
cleaning of the device. One can easily hold the device under
tap water and no fluid would enter the interior of the clip.
[0084] FIG. 5A shows a third embodiment of a device 31
according to the invention.

[0085] Preferably, the second body part 335 comprises
two sliding holes for slidingly guiding the first body part
33a. The first body part 33a comprises two arms fixated to
amain body of the first body part 334, wherein the two arms
are arranged to penetrate the sliding holes. This enables a
device which is constructively easy and reliable in ensuring
the carrect positioning of the limb 11 in the opening 37 of
the body parts 334, 335 (FIG. 5E). The second body part 335
may have a flat or slightly pre-shaped form as shown in FIG.
5A while the arms of the first body part 334 may be made
of a flexible or elastic band.

[0086] A resetting element, for example a spring 35 as
seen in FIG. 5B, is placed in between the first and the second
body part 33a, 33b. Preferably, the spring 35 is arranged
between a lower side of the main body of the first body part
33a and an upper side of the flat form of the second body
part 334, The light source 34a is arranged at the bottom of
the flexible band facing the light detector 345 arranged at a
lower side of the flat form of the second body part 334.
Alternatively, also the light source 344 is located at the top
part next to the light detector 344, such that the measurement
is performed in reflection geometry.

[0087] In the reset position of the body parts 33a, 335 as
shown in FIG. 5C, the two body parts 33q, 335 are pulled
apart by the force of the spring 37. The opening 37 created
in between the first and the second body part 334, 335 can
be enlarged by compressing the spring 35 (indicated by the
arrows in FIGS. 5C-D), such that the first body part 33a
slides through the second body part 336 In this way, the
opening 37 can accommodate both smaller and larger fingers
and toes.

[0088] FIGS. 6A-1 to 6A-5 and 6B-1 to 6B-2 show a
fourth embodiment of a device 41 according to the inven-
tion.

[0089] The body 43 of the device 41 is formed as a clip
where the two body parts 43a, 435 are integrated as one
single part. An L-shaped end section 43d is provided at the
body 43, here at the second body part 435, for at least
partially enclosing the limb 11 received in the opening 47.
The size of the opening 47 can be adjusted by moving the
two body parts 43a, 43b apart from each other, preferably in
a twisting motion around an axis at the top of a ring section
43¢ of the body 43. The L-shaped end section 43d, which
can be arranged at either body part 43a, 435, advantageously
prevents the received limb 11 from erroneously slipping
from the device 41. This renders the present invention more
reliable compared to conventional devices having a clip as
device body.

[0090] Preferably, the clip has a first opening 49 and a
second opening 47 connected to and smaller than the first
opening 49. The limb 11 can be safely received by first
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stretching into the larger first opening 49 and subsequently
moving into the smaller second opening 47, thereby forcing
the two body parts 434, 435 to move apart from each other.
This last (downward) movement is indicated by the arrow
shown in the second example from the left in FIG. 6A.
Further preferably, the first opening 49 has a ring-shaped
cross-section, which is advantageous for receiving cylinder-
shaped body parts.

[0091] As shown in the FIG. 6A-3, if the lever (shown as
shaded area under the arrow) is pulled or pushed down as
indicated by the arrow, the finger 11 is preferably positioned
in the space between the arms 43a and 43b. This is also the
case in the situation shown in FIG. 6A-4.

[0092] Further preferably, the device 41 comprises an
“omega-shaped” body 43 formed by a semi-flexible loop
(shown in FIGS. 6B-1 and 6B-2) where the sensor optics 44,
e.g. for the SpO, and/or photoplethysmography (PPG) mea-
surement, 1s embedded in between the two body parts 434,
435 of the omega-shaped body 43 formed as arms.

[0093] Preferably, the device 41 enables the patient being
investigated to place his finger 11 so that the tip of the finger
11 is stretched out straightly, as shown in FIG. 6A-5.
[0094] When attaching the device 41 to the limb 11 such
as finger or toe, the finger 11 is first placed inside the first
opening 49 of the omega-shaped body 43 and subsequently
pushed downwards in between the arms 43a, 435 of the
omega-shaped body 43. One of the arms 434, 435 comprises
the L-shaped end section 43d to prevent the finger or toe
from escaping through the bottom of the omega-shaped
body 43.

[0095] A handle 454, 5 may be provided at the body 43
that, if operated by the caregiver, pushes the finger or toe
downwards into the space in between the two arms 43a, 435
of the omega-shaped body 43. The handle 454, b preferably
slides through body part 43¢, which has a front face and a
rear face in between which the handle can slide. The handle
45a, b may also be connected to body part 43¢ via a hinge.
In both cases the handle needs to be operated by the
caregiver, who needs to push the handle down to position the
limp in between 43a and 435.

[0096] FIGS. 7A-D show a fifth embodiment of a device
51 according to the invention.

[0097] The body 53 of the device 51 shown in FIG. 7B is
similar to the device 31 shown in FIG. 5, with a difference
that the first body part 53a in FIG. 7B is not formed as a flat
main body with a flexible band, but a rigid part having a
curved section and two arms 102 for penetrating two holes
of the second body part 535 (see also FIG. 7A). The sheath
10 enclosing the cables 10a, 104 (analog to FIG. 2B) are
formed as an extension of the second body part 53b.
[0098] In FIG. 7B, the device 51 is placed over the limb
11 being a finger (indicated by the artow). The two body
parts 53a, 53h can move with respect to one another such
that the spacing between them and thus the size of the
opening 57 for receiving the limb 11 can be varied. After the
device 51 is placed over the limb 11, the fixation of the limb
11 within the opening 57 can be improved by pushing the
two body parts 53a, 535 closer to each other (indicated by
the arrows in FIGS. 7B-C). In particular, the two arms 102
of the first body part 53a can be pushed horizontally towards
each other to strengthen the fixation of the finger 11 in the
opening 57.

[0099] The contact areas between the two body parts 53a,
535 are configured so that some degree of friction exists at
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the contact interfaces. For instance, a plurality of rims may
be provided at the interfaces so that the two body parts 53a,
53b cannot easily be pushed apart from each other by the
finger or toe leading to higher safety of positioning and
centering.

[0100] FIG. 8 shows a sixth embodiment of the device 61
according to the present invention. The device comprises a
body having a first body part 63a being an inner body part
and a second body part 635 being an outer body part, such
that the inner body part is slidable within the outer body part
while the two body parts engage each other. FIG. 8A shows
a front view of the device 61 where a hole is arranged on a
front surface of the outer body part 635 and the inner body
part 63a, respectively. In the engaged state shown in FIG.
8A, an opening 67 for receiving a limb (e.g. a finger) is
formed as overlap between the two holes of the body parts
63a, b.

[0101] A piece of elastic foam 66 is provided as an
element to fill partially the space between the inner and the
outer body parts 63a, b. Due to the elasticity of the foam 66,
it also serves as a resetting element. In this way, the elastic
foam 66 is able to exert an elastic force to the inner body part
63a so that it stretches out of the outer body part 635. By
pressing down the inner body part 63a towards the interior
of the outer body part 635, the opening 66 can be enlarged
and adjusted in its size. Alternatively, a piece of flexible
silicon may be used instead of or in addition to the foam 66.
In a preferable embodiment, the foam 66 serves as resetting
element but not as centering element.

[0102] FIG. 8B shows a rear view of the device 61, where
a hole is arranged on the back surface of the outer body part
63b. The hole defines a sliding path for sliding the inner
body part 63a. The inner body part 63a also comprises a hole
on its back surface, wherein the hole is divided by a blocking
element 68. The blocking element 68 serves to prevent the
limb to enter the hole too far with the risk of becoming
entrapped, in particular for preventing finger entrapment.
[0103] FIG. 9A-B shows a seventh embodiment of the
device 71 according to the present invention. Analogously to
the device 61 shown in FIG. 8, the device 71 in FIG. 9
comprises a body having a first body part 73a being an inner
body part and a second body part 735 being an outer body
part, such that the inner body part is slidable along a sliding
path of the outer body part formed by a back hole while the
two body parts engage each other. In the engaged state
shown in FIG. 9A, an opening 77 is formed as overlap
between the two holes of the body parts 63a, &.

[0104] The inner body part 73a comprises a press element
75 on its top end for pressing the inner body part 73a and an
end plate 72 on its bottom end opposite to the press element
75. At the bottom of the outer body part 735, a bottom plate
74 is arranged for defining a volume for receiving a resetting
element and/or a centering element. Preferably, a piece of
elastic foam and/or flexible silicon may be used to function
as both a resetting element and a centering element, analo-
gously to the embodiment in FIG. 8.

[0105] FIG. 10A-B shows an eighth embodiment of the
device 81 according to the present invention. FIG. 10A
shows a front view and FIG. 10B a side view of the device
81. The device 81 comprises a body having a first body part
83a being an inner body part and a second body part 83b
being an outer body part, such that the inner body part is
slidable within the outer body part while the two body parts
engage each other, analogously to the embodiment shown in
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FIG. 8. The inner body part 83a comprises an end plate 82
for defining a space for receiving a piece of elastic foam 86.
[0106] By pressing the inner body part 83a from top
towards the bottom side of the device, the opening 87 for
receiving a limb (e.g. a finger) can be adjusted in its size.
The opening for receiving the limb is in between 82 and the
foam arch slightly above it. As can be seen in FIG. 10, the
flexible foam 86 is arranged so that it is surrounded by the
device body, in particular within the body.

[0107] FIG. 11 shows a ninth embodiment of the device 91
where the flexible foam 96 is arranged so that it at least
partially, preferably fully surrounds the device body. In
particular, the flexible foam 96 comprises a plurality of holes
for receiving the press element 95 of the inner body part 93a
and two side elements 99 of the outer body part 934. In a
preferable embodiment, the holes are configured so that they
are not visible from outside but just a single piece of foam
is visible.

[0108] An end element 92 is arranged at the bottom of the
inner body part 93a which is connected with a curved stripe
98 of the flexible foam 96 defining the opening 97 from the
bottom side. The curved stripe 98 can thus be pulled up and
down while sliding the inner body part 93a along the sliding
path of the outer body part 93b. In FIG. 11A, the inner body
part 93¢ is pulled substantially out of the outer body part
935, so that the opening 97 for receiving a limb has a
relatively small size. In FIG. 11B, the inner body part 93a is
pressed tightly towards the interior of the outer body part
935 so that the opening 97 has a relative large size.
[0109] Preferably, the device 71 shown in FIG. 9 serves as
the inside of the device 81, 91 shown in FIGS. 10 and 11.
Further preferably, the limb-receiving opening is formed by
the resetting element (foam or silicon) as shown in FIGS. 10
and 11.

[0110] FIG. 12 shows a tenth embodiment of the device
101 according to the present invention. The device 101
comprises a body having a first body part 103a being an
inner body part and a second body part 1035 being an outer
body part. The inner body part 103« is, analogously to the
first embodiment shown in FIG. 1, slidable along a sliding
path within the outer body part 1035. The difference
between both embodiments is that the device 101 in FIG. 12
comprises a blocking element 108 on a rear side (FIG. 12A)
of the outer body part 1035. The blocking element 108
serves as a limitation to the movement of the limb (e.g. a
finger) while being receiving by the opening 107 from a side
opposite to the rear side shown in FIG. 12A. This prevents
the limb, in particular a finger, from penetrating completely
through the opening 107, thereby reducing the risk of finger
entrapment.

[0111] As shown in FIG. 12A-B, the blocking element 108
has exemplarily a curved form, wherein the curvature is
preferably convex (i.e. the middle part goes towards the
exterior of the outer body part 1035). The depth of the finger
that can be received beyond the opening 107 on the front
side 1s determined by the curvature of the blocking element
108. Other forms (e.g. rectangular) may be used by the
blocking element 108. Also, the blocking element 108
shown in FIG. 12A-B is made of the same material as the
rest of the outer body part 1035 This is, however, not
limiting for the present invention since the blocking element
108 may be made of a different material as the rest of the
outer body part 1035 (e.g. a flexible material such as rubber
or silicon).

Aug. 8,2019

[0112] In an alternative embodiment, the body may com-
prise a flexible part combining the function of the resetting
element and the adjustable opening. This central flexible part
can be made of silicone, and it connectable by two rigid (for
instance plastic) parts at two opposite side of the body. By
compressing these two rigid parts on the body, the body
parts of the body move relative to each other such that an
opening is defined, thereby allowing the limb, such as a
finger, to be received. By releasing the compression force on
the body, the body parts move relative to each other in the
opposite direction than following compression thereby
enclosing the limb. Once enclosed, the physiological param-
eter measurement, such as measurement (when the body
comprises a physiological sensor), can take place. In addi-
tion advantages herein mentioned, this embodiment has the
additional advantage that the wear and tear of the body, and
the body parts is reduced, thereby improved robustness.
[0113] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims.

[0114] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or
other unit may fulfill the functions of several items recited
in the claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0115] Any reference signs in the claims should not be
construed as limiting the scope.

1. A device for measuring a physiological parameter of a

human limb, comprising:

a body comprising a first body part and a second body
part, which are movable relative to each other to define
an opening with an adjustable size for receiving the
limb therein, and

a receiving element for receiving a physiological sensor
for interacting with the limb received in the opening,

wherein, for the purpose of adjusting the size of the
opening;

the first and second body parts are slidable or twistable
relative to each other while at least partially engaging
or intersecting each other, or;

the first and second body parts are configured to form a
clip having an L-shaped end section for at least par-
tially enclosing the limb when received in the opening;
and

wherein the device further comprises a centering element
for aligning the limb in the opening of the body relative
to the receiving element, wherein the centering element
is provided by a connecting element arranged for
connecting between the first and second body parts;

wherein the connecting element comprises an elastic
sleeve for connecting the first body part with the second
body part.

2. The device according to claim 1, wherein the centering

element:
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comprises a V-shaped section formed in the first body

patt, or

comprises a flexible material for filling up at least a part

of a space between the limb received in the opening and
a side of the opening.

3. The device according to claim 2, wherein the flexible
material is configured to enclose at least a part of the sensor
and/or the flexible material comprises foam or silicon.

4. (canceled)

5. The device according to claim 1, wherein the centering
element:

comprises a diaphragm, which is preferably attached to

the first body part being an inner body part engagingly
slidable along a length within the second body part
being an outer body part; or

comprises two flexible membranes arranged adjacent to

each other to define a slit within the opening.

6. The device according to claim 1. wherein the first body
part is an inner body part engagingly slidable along a length
within the second body part being an outer body part, and/or
the second body part comprises a blocking element for
limiting the receivable depth of the limb.

7. The device according to claim 1, wherein the opening
defines a circumference, and the first body part is arranged
to intersect with the second body part over at least a part of
the circumference of the opening.

8. The device according to claim 1, wherein the second
body part comprises two sliding holes for slidingly guiding
the first body part, when two arms of the first body part are
arranged to penetrate the sliding holes.

9. The device according to claim 1, further comprising a
resetting element for charging the body parts with a resetting
force in order to cause the body parts to be in a reset position
relative to each other, and/or the sensor coupled to the body.
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10. The device of claim 1, wherein the receiving element
comprises the physiological sensor.

11. The device of claim 10, wherein the sensor comprising
a light source for generating a measurement light signal and
a light detector for detecting the measurement light signal
after its interaction.

12. The device according to claim 11, wherein the light
source is connected to a surface of one of the first and second
body parts and the light detector is connected to a surface of
the other of the first and second body parts.

13. A method for manufacturing a device for measuring
physiological parameter of a human limb, comprising the
steps of:

providing a body comprising a first body part and a

second body part, which are movable relative to each
other to define an opening with an adjustable size for
receiving the limb therein,

receiving a physiological sensor for interacting with the

limb received in the opening, and
adjusting the size of the opening by sliding or twisting the
first and second body parts relative to each other while
they at least partially engage or intersect each other, or
by configuring the first and second body parts to form
a clip having an L-shaped end section for at least
partially enclosing the limb when received in the open-
ing, and
wherein the method further comprises aligning, using a
centering element, the limb in the opening of the body
relative to the receiving element, wherein the centering
element is provided by a connecting element arranged
for connecting between the first and second body parts;

wherein the method further comprises connecting, using
an elastic sleeve of the connecting element, the first
body part with the second body part.
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