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Description

[0001] The present invention relates to the measure-
ment of the concentration of substances, and particularly
but not exclusively to the measurement of the concen-
tration of substances such as oxygen, for example, in
human or animal tissue.
[0002] The survival of tissue cells relies on an ade-
quate supply of oxygen to the mitochondria within the
tissue cells. Over recent years, several technologies
have been developed for monitoring oxygenation at the
different stages of oxygen transport from the outside en-
vironment to tissue cells. Most importantly, the measure-
ment of oxygen partial pressure in tissue (ptiO2) has pro-
vided a measure of oxygen availability at the cellular lev-
el.
[0003] Polarographic (redox based) electrodes have
been widely used for monitoring tissue oxygen but a
number of disadvantages remain unresolved. The fun-
damental problem at low oxygen pressures is that the
electrodes consume a significant quantity of oxygen by
the electro-chemical reduction reaction. As a result, the
electrode tends to underestimate the level of tissue ox-
ygen - an effect which is most evident under conditions
of tissue hypoxia. Other reported problems concern long-
term stability and measurement drift. Routine calibration
is required to compensate for drift and the calibration
procedure itself is frequently a complex and time-con-
suming process.
[0004] Recently, tissue oxygen sensors based on new-
generation optical technology for continuous quantitative
monitoring of regional pO2 in tissue and fluids have been
developed. These oxygen sensors are based on the
property of certain chemical compounds (luminophores)
to produce an ’afterglow’ or ’luminescence’ when they
are illuminated and stimulated with a short burst of light.
The duration of this luminescence signal is related to the
amount of oxygen present in the vicinity of the luminophor
dye compound and typically lasts for only a few millionths
of a second but nevertheless is long enough to be able
to detect it reliably using modem optoelectronic devices.
[0005] Typically, short pulses of (e.g. green or blue)
light are transmitted along a fibre to excite a luminophor
situated at the fibre tip. The luminophor is usually immo-
bilised within a polymer matrix or solgel. Following exci-
tation, the resulting emission of the (longer wavelength)
luminescent light, quenched by the presence of oxygen
molecules, travels back up the fibre and is detected by
an appropriate instrument. The decay lifetime of the lu-
minescence (typically microseconds) is inversely propor-
tional to the concentration of dissolved oxygen, and is
electronically processed to provide an absolute value for
pO2 in mm Hg, kPa or Torr.
[0006] Luminescence lifetime is longest at low oxygen
partial pressures making such sensors very sensitive in
the physiological range 0-150 mmHg. This makes them
particularly suited to measuring regions of hypoxia in tis-
sue; in contrast to all other types of sensor. Since lumi-

nescence-based sensors do not show significant oxygen
consumption, these sensors can not only be used to gain
spatial pO2 information, but can be left in situ for moni-
toring the long-term, temporal evolution in tissue pO2.
Additionally, when such systems are based on lumines-
cence lifetime rather than luminescence intensity, they
are much less prone to artefacts (e.g. due to variation in
the intensity of the light source, ambient lighting, photo-
bleaching etc.).
[0007] A discussion of fibre optic chemical sensors
may be found in "Fibre-Optic Chemical Sensors and Bi-
osensors" by Otto S. Wolfbeis, Anal. Chem. 2004, 76,
3269 - 3284.
[0008] The difficulties of developing a practical fibre-
optic oxygen sensor for clinical application are consider-
able. Optical-fibre-only oxygen sensors based on a sim-
ple, bare, fibre-optic construction are largely unsuitable
for human in-vivo (e.g. clinical) application - because they
are fragile, difficult to insert and in a single-fault condition
may expose the patient to unacceptable risks. These in-
clude the risk of broken optical fibre (silica) entering the
blood stream as a result of breaking in situ and/or the
risk of the sensing tip becoming detached from the sensor
and itself entering the blood stream or implanting in tis-
sue.
[0009] One arrangement for measuring the concentra-
tion of oxygen is disclosed in US-B-6 531 097. A sensor
comprises an optical fibre. At one end of the fibre, the
buffer layer is stripped away to leave the fibre and its
cladding. The end of the fibre is coated with a body of
moulded polymer in which are disposed silica particles
containing a fluorescent dye such as tris4,7-diphenyl-
1,10-phenanthroline)Ru(II)Cl. That body and the remain-
der of the fibre and its cladding, up to the buffer layer,
are provided with a protective coating of the same poly-
mer, without the silica gel particles. In one embodiment,
a rigid needle of metal or ceramic is provided over the
fibre and its cladding back to the buffer layer, and is also
sealed to the buffer layer. This is said to improve robust-
ness. In the embodiment described and illustrated, the
end of the fibre and its dye containing body and protective
polymer coating are exposed. It is said that the end of
the fibre may be enclosed within the bore of the needle,
although no further details are given.
[0010] A potential problem associated with known fi-
bre-optic sensors, including that in US-B-6 531 097, is
that the measurement site is at the very tip (or distal end)
of the fibre, which is also in the region at which maximal
tissue trauma occurs (due to mechanical insertion) as
well as being the region at which the tissue is most oc-
cluded (due to mechanical compression). These effects
can combine to cause undesirable measurement arte-
facts. In addition, in most types of tissue, oxygen values
can vary markedly from one micro region to the next. As
a result the measurement can be very sensitive to the
precise positioning of the tip, and to movements which
may alter that positioning, including breathing, blood flow
and so forth. Readings may fluctuate even when a patient
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is kept as stationary as possible.
[0011] In EP 0336985 there is disclosed a sensor for
measuring the concentration of an assay substance, the
sensor comprising an optical fibre which extends longi-
tudinally into a cavity defined by a surrounding wall, the
optical fibre having an end portion within the cavity, the
end portion terminating in a tip which is provided with an
optically active substance which has optical properties
which depend on the concentration of the assay sub-
stance; wherein the cavity is filled with an encapsulating
material which is permeable to the assay substance and
which encapsulates the end portion of the optical fibre,
and the surrounding wall is provided with at least one
flow path for communicating the cavity with a region to
be sampled.
[0012] The present invention is characterised over the
disclosure of EP 0336985 in that the optical fibre passes
through a gas isolation collar and into the cavity, the gas
isolation collar being bonded to the optical fibre in sub-
stantially gas-tight fashion.
[0013] The purpose of the isolation collar is to effect a
gas seal at the distal (sensing) end of the fibre-optic and
in embodiments of the invention provides a mechanical
means of mounting extraneous components for the con-
struction of a sheath around the sensor. The isolation
collar substantially isolates gas transport from the back
of the collar to the sensing area forward of the collar. The
isolation collar may be a precision machined component
manufactured from a material impermeable to the gas or
ions in question. For example, an oxygen impermeable
seal can be fashioned from a metal, ceramic or other
oxygen impermeable material.
[0014] In use of a sensor in accordance with the inven-
tion, the region from which the assay substance is sam-
pled can be displaced from the end of the sensor, which
in the case of taking samples from patient tissue will nor-
mally be situated in a region of maximum tissue trauma.
Furthermore, the area from which the assay substance
can be sampled is not restricted to the end cross section
of the sensor. The total effective cross section of one or
more lateral flow paths through the wall of the cavity can
exceed the cross section of the sensor. However, even
if the effective cross-section is not increased the dis-
placement of the sensing region from the end of the sen-
sor has advantages, and the filling of the cavity with the
encapsulating material will avoid problems such as tissue
or other impurities entering the cavity and affecting read-
ings. The encapsulating material provides a controlled
environment within the cavity.
[0015] The cavity is preferably elongate.
[0016] In some preferred embodiments at least one
aperture is formed in an impermeable wall of the cavity
to provide the flow path. The aperture is preferably in the
form of an elongate slot, although a series of e.g. circular
or square cross section apertures could also be used.
Preferably, a number of apertures are provided, spaced
around the periphery of the wall of the chamber. In one
arrangement there are three aperture regions spaced

equally around the circumference of the wall, each ap-
erture region comprising a pair of aligned elongate slots
extending longitudinally. However, the precise number,
shape and arrangement of apertures can be chosen as
desired.
[0017] Alternatively, the flow path(s) communicating
the cavity with the regions to be sampled could be pro-
vided by one or more permeable regions of an imperme-
able wall of the cavity, or the entire wall could be perme-
able.
[0018] It is possible for the distal end of the chamber
to be open, thus additionally enabling sampling from a
region at the end of the sensor.
[0019] As noted above, the use of one or more flow
paths through the wall of the cavity can provide sampling
regions extending over an area which is substantially
greater than the cross sectional area of the end of the
sensor. The arrangement will effectively integrate or av-
erage readings from the various regions. Assay samples
from the various regions will pass into the permeable
encapsulating material in the cavity and move to the end
portion of the optical fibre. If the distal end of the cavity
is open, the use of samples received from other regions
where there is less tissue trauma will tend to reduce dis-
tortion of readings due to tissue trauma adjacent the end
of the sensor.
[0020] In general, the total area exposed to the regions
to be sampled will govern the total reading obtained using
the sensor, whilst the volume of the cavity will affect the
response time. In fact this will depend primarily on the
volume of permeable encapsulating material within the
cavity, i.e. the volume of the cavity less the volume of the
components within it, namely the end portion of the op-
tical fibre.
[0021] In any event, the provision of the permeable
encapsulating material within the cavity provides a pro-
tective and controlled environment for the fibre optic and
is useful even in arrangements in which there are no lat-
eral flow paths for sampling and the assay substance is
received only by the end of the sensor.
[0022] In one embodiment of the present invention the
optical fibre extends longitudinally into the cavity, which
has an open end remote from that through which the
optical fibre passes, the optical fibre having its end portion
with the tip spaced a substantial distance from the open
end.
[0023] Preferably, the portion of the optical fibre is
spaced from the surrounding wall of the cavity, so that
some of the encapsulating material which fills the cavity
and surrounds the end, is disposed between that end
portion of the optical fibre and the wall of the cavity.
[0024] It will be appreciated that in some arrangements
it may not be necessary for the encapsulating material
to fill the cavity entirely, although total filling of the cavity
is preferred.
[0025] To provide a controlled environment to ensure
accurate readings, it is important that the assay sub-
stance passes into the cavity through the designated
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points, i.e. lateral apertures and / or an end opening. Un-
wanted substances which may affect readings, including
the assay substance itself but obtained from an unwanted
region such as the ambient atmosphere or another area
of the tissue, must be excluded from the cavity. The cav-
ity, into which the end portion of the fibre optic passes,
must be sealed against such unwanted substances.
[0026] Typically, a fibre optic comprises a bare glass
fibre, a thin cladding layer of a material such as silica,
and a more substantial buffer layer. Substances may mi-
grate along the buffer and could thus enter the cavity
where sensing takes place. Thus, in a preferred arrange-
ment, the buffer layer is removed from the optical fibre,
so as to leave a terminating length of optical fibre. The
gas isolation collar is bonded to the terminating length of
optical fibre at a position remote from the remaining buffer
layer, so that permeation of substances from the buffer
layer, past the collar is substantially reduced or eliminat-
ed. In general, the collar will be bonded to the cladding
layer and/or to the glass fibre itself.
[0027] Thus, in an embodiment of the invention the
optical fibre comprises a glass fibre, a cladding layer
around the glass fibre and a buffer layer around the clad-
ding layer, wherein the buffer layer is removed over an
end region of the optical fibre, the gas isolation collar is
bonded in sealing fashion to the cladding and / or glass
fibre at a position remote from the remaining buffer layer,
the gas isolation collar terminating short of the end portion
of the optical fibre, and a tubular member is bonded to
the gas isolation collar, so that the end of the gas isolation
collar provides the end wall of the cavity through which
the end portion of the optical fibre passes in sealing fash-
ion, and the tubular member provides the surrounding
wall defining the cavity in which the end portion of the
optical fibre is enclosed.
[0028] In an embodiment of the invention, the optical
fibre has an end region which extends longitudinally
through a base wall into the cavity, which is defined by
a surrounding wall, the distal portion of the end region of
the optical fibre which is enclosed within the cavity in-
cluding the tip provided with the optically active sub-
stance whose optical properties are dependent on the
concentration of the assay substance, wherein the end
region of the optical fibre consists of material which is
impermeable, the gas isolation collar is bonded in sealing
fashion to a proximal portion of the end region, and a
tubular member is bonded to the gas isolation collar, so
that the end of the gas isolation collar provides the end
wall of the cavity through which the end region of the
optical fibre passes in sealing fashion, and the tubular
member provides the surrounding wall defining the cavity
in which the distal portion of the end region of the optical
fibre is enclosed.
[0029] The cavity is filled with the encapsulating ma-
terial which is permeable to the substance being as-
sayed. However, it should be noted that the encapsulat-
ing material may comprise permeable and impermeable
components, particularly if the cavity volume is large and

the response time would be excessive if filled totally with
the permeable component. The permeable component
could be a polymer and the impermeable component
could, for example, be silica, glass or a metal.
[0030] In a preferred arrangement, an elongate tubular
body has a first section which is bonded to the gas iso-
lation collar and a second section projecting beyond the
gas isolation collar which provides the surrounding wall
of the cavity. The tubular body may be in the form of a
needle tube and may have a solid end portion, e.g. bev-
elled, to provide a needle tip, or be open. A second elon-
gate tubular body may be bonded to the proximal end of
the elongate gas isolation collar, to provide additional
strength. The two tubular bodies may be bonded togeth-
er.
[0031] The choice of the permeable material to fill the
chamber depends on the nature of the assay substance.
Typically, for pO2 information the material may be a sili-
cone elastomer of a type used for encapsulation, such
as MED-6010 from NuSil Technology, Carpinteria, Cal-
ifornia 93013, United States of America. For ionic per-
meability measurement, a hydrogel may be appropriate.
[0032] In preferred embodiments, the invention pro-
vides a new type of probe that is both robust enough for
clinical application and allows for precise control over the
location and size of the active sensing area or volume.
The sensing area can for example be located away from
the point of maximal trauma as described above. In some
embodiments, the new probe makes it possible to ’inte-
grate’ or ’average’ large area/volume measurements via
fibre optic sensing. This is particularly desirable in the
case of clinical oxygen measurement, since in most types
of tissue oxygen values can vary markedly from one mi-
cro region to the next. In preferred embodiments, various
elements therefore combine to provide a new type of sen-
sor for clinical measurement which is practical, accurate
and safe to use with MRI scanners.
[0033] In preferred embodiments in accordance with
the invention, robustness and means for measurement
control are achieved by providing a well secured physical
volume around the normal sensing tip chemistry of the
optical fibre. This physical volume is characterised by a
mechanical/environmental barrier containing a polymer
based compound which is permeable to an ion or gas
being measured. The polymer based compound encap-
sulates the normal sensing tip chemistry located at the
distal end of the fibre optic.
[0034] The surrounding wall of the cavity provides a
mechanical barrier and is selected to be either permeable
or impermeable. By having a basically impermeable bar-
rier, apertures or permeable regions in that barrier can
be designed to locate the sensing area anywhere around
the surface area of the physical volume. Furthermore, by
selecting the area of aperture(s) or permeable region(s),
the probe will make integrated or averaged readings over
that exposed aperture area. In this way it is possible to
optimise the sensing area/volume of the sensing meas-
urement and overcome or at least alleviate the problems
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described above. In general, it is the effective area of a
flow path - such as an aperture or permeable region -
exposed to e.g. the tissue that governs the readings ob-
tained, rather than the internal configuration of the flow
path.
[0035] The ability to locate the sensing area(s) any-
where desired, makes it possible to have a sensor which
is directional about its axis. If sensing takes place only
over one angular segment, that can be placed against
tissue to be sampled, and there will be no sensing over
the remaining angular extent around the axis of the sen-
sor. If, for example, the sensor is inserted through a can-
nula, that could be oriented in a particular way and be
provided with a marking so that the sensor can be aligned
by means of a similar marking which indicates the posi-
tion of the sensing segment, or be profiled so that the
sensor can only be received in a particular angular ori-
entation. A sensor in accordance with the invention, in
which an optical fibre projects into a cavity filled with an
encapsulating material, increases the effective volume
of the tip geometry which allows for a number of addi-
tional, optional features. For example increasing the
number of sensing elements in one sensor can increase
the measured signal or facilitate the measurement of
more than one analyte. A number of fibre optic sensors
could be bundled together, detecting different analytes.
Alternatively or additionally, a fibre optic sensor of the
type described above could be combined with a different
type of sensor, e.g. temperature or pressure, in the same
sensing head. Additionally, the sensing tip geometry can
be changed to include optimal quantities or concentra-
tions of sensing chemistry. This chemistry could extend
into the physical volume of an encapsulating polymer for
example. If carefully formulated such that the dye has
sufficient mobility in the encapsulating matrix, then the
effects of photo bleaching may be reduced by the slow
migration of dye molecules changing their position with
respect to the illuminating light source.
[0036] The invention encompasses all fibre-optic
based sensors in which the sensing element comprises
optically active material at the distal-end of a fibre-optic.
The optically active material could be such that it is flu-
orescent / phosphorescent, and the measurements tak-
en are concerned with for example the rate of decay of
the fluorescent or phosphorescent effect, which varies in
accordance with the concentration of the assay sub-
stance. Alternatively, for example, the optically active
substance could be such that its light absorption charac-
teristics vary in dependence on the concentration of the
assay substance. In that case, a colorimetric type of
measurement is taken to establish the concentration of
the assay substance.
[0037] The measurement of oxygen is a typical appli-
cation using a fluorophor, but the invention described
could also be used with other types of sensing dyes for
the measurement of other analytes such as pH, ion sens-
ing, nitric oxide sensing etc. Furthermore, sensors of the
type described need not be only for clinical use since

advantages also exist for other measurement scenarios.
Environmental monitoring is one example where en-
hanced robustness and longevity of optical probes is very
desirable.
[0038] Viewed from another aspect, the invention pro-
vides a method of measuring the concentration of a sub-
stance using a sensor in accordance with any of the
above aspects. Viewed from a still further aspect the in-
vention provides a system comprising a sensor in ac-
cordance with any of the above aspects and apparatus
for supplying light to the optical fibre, measuring proper-
ties of light emission by the optically active substance,
and calculating the concentration of the substance being
analysed. Viewed from another aspect the invention pro-
vides a method of measuring the concentration of an as-
say substance, using such a system. The method may
be used for measuring oxygen concentration in tissue.
[0039] A sensor in accordance with the invention may
be manufactured by a method comprising the steps of
providing a length of optical fibre, applying to an end of
the optical fibre a layer of an optically active substance
whose optical properties are dependent on the concen-
tration of the assay substance, bonding a tubular gas
isolation collar to a region of the optical fibre adjacent the
end of the optical fibre, the optical fibre passing through
the collar in gas-tight fashion and there being an end
region, including the optically active layer, projecting be-
yond the collar, providing an elongate needle tube con-
nected to the gas isolation collar in gas-tight fashion, the
needle tube providing a surrounding wall which defines
a cavity in which the end region of the optical fibre is
situated, and filling the cavity with an encapsulating ma-
terial which surrounds the end region of the optical fibre.
[0040] In preferred embodiments of the invention the
gas isolation collar and the needle tube are separate
items bonded together during assembly, for ease of man-
ufacture and assembly. However, in some embodiments
the collar and tube could be integrally formed as a single
unit or could be bonded together before assembly of the
sensor.
[0041] Some embodiments of the invention will now
be described by way of example and with reference to
the accompanying drawings, in which.

Figure 1 is a schematic side view in section, not to
scale, of a sensor in accordance with the present
invention;

Figure 2 is a top view of the sensor of Figure 1;

Figure 3 is an end view of part of the sensor of Figure
1;

Figure 4 is a section through part of a modification
of the embodiment of Figure 1;

Figure 5 is a section through part of a second mod-
ification of the embodiment of Figure 1;
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Figure 6 is a schematic side view in section, not to
scale, of a further embodiment of a sensor in accord-
ance with the present invention;

Figure 7 is a schematic side view in section, not to
scale, of a still further embodiment of a sensor in
accordance with the present invention;

Figure 8 is a view of a further embodiment, with two
types of sensor;

Figure 9 is a view of a modified component for use
in the embodiment of Figure 5; and

Figure 10 is a schematic view of two fibre optic sen-
sors bundled together.

[0042] As shown in Figure 1, the sensor 1 comprises
a fibre optic 2 which consists of a glass fibre 3, a cladding
layer 4 of silica, for example, and a protective buffer layer
5 which is provided to give strength and robustness. The
buffer layer 5 has been cut back to define a terminating
region 6 of the glass fibre 3 and cladding 4. This termi-
nates in an end portion 7 having a cleaved end providing
a tip 8. On this tip 8 is provided a layer 9 of a luminescent
sensor material. In this particular embodiment, this ma-
terial comprises a platinum complex based oxygen-sen-
sitive indicator dye (Platinum octaethylporphyrin -
PtOEP) with exponential decay life-times in the range of
approximately 0.5 - 95.0 PS (21% - 0% oxygen concen-
tration). Platinum-based dyes exhibit excellent stability
against light irradiation (i.e. low photo-bleaching), have
high quantum yields and relatively long luminescence
decay lifetimes compared to Ruthenium-based dyes.
The Platinum complex is incorporated in silicone, poly-
styrene or Teflon AF (Trade Mark) or other such oxygen
permeable polymer. Over the layer is 9 is an optical iso-
lation barrier 10 containing an optical reflecting com-
pound such as barium sulphate, titanium dioxide or other
such optical reflecting dye which is mixed within a highly
oxygen permeable polymer such as silicone, polystyrene
or Teflon AF or another suitable oxygen permeable pol-
ymer. The optical reflector within this coating serves to
increase the amount of luminescence derived signal re-
mitted back towards the instrument for detection and sub-
sequent signal processing. The optical isolation barrier
over the tip serves to reduce the potentially deleterious
effect of ambient light reaching the dye (which may cause
accelerated photo-bleaching) and also reaching the op-
tical detection system (which may cause unnecessary
signal interference). The luminescence intensity as well
as the luminescence decay-time increases with decreas-
ing oxygen content - making such sensors particularly
sensitive and suited to the relatively low oxygen content
environments typically found in physiological media such
as tissue.
[0043] A cylindrical gas isolation collar 11 is attached
to the terminating region 6 of the glass fibre cladding. In

practice, this is done before the layers 9 and 10 are ap-
plied to the tip 6 of the fibre. Typically for oxygen sensing,
the gas isolation collar 11 is a precision-machined, tight-
fitting collar manufactured from an oxygen impermeable
(and MRI safe) material such as a non-ferrous metal, or
a ceramic. The inside diameter of the collar 11 is such
that it has a sliding-fit over the cladding layer 4 of the
optical fibre. The buffer layer 5 terminates short of the
gas isolation collar 11.
[0044] In manufacture, the isolation collar 11 is slipped
over the fibre-optic 2 (which may be pre-cleaved or
cleaved subsequently) and glued into position using an
gas/oxygen impermeable adhesive, such as Permabond
(Registered Trade Mark) 4E96 adhesive or Loctite (Reg-
istered Trade Mark) 4061. The adhesive is applied to the
proximal end of the collar, allowing the adhesive to draw
under the collar, and also form a fillet of adhesive 12
around the proximal end. Care is taken not to use so
much adhesive that a fillet of adhesive also forms around
the distal end, and to ensure there is no adhesive spilt
to the outside of the collar. The glue joint must be such
as to eliminate the possibility of gas transport at the clad-
ding / collar interface.
[0045] After curing of adhesive 12, typically layers 9
and 10 are then applied to the distal end of the fibre-optic
pigtail/collar assembly using conventional coating and/or
dipping methods.
[0046] A cylindrical needle tube 13 of impermeable
material is bonded to the gas isolation collar 11. In this
embodiment, the needle tube 13 is provided with a solid,
bevelled needle end 14 which is received in the end of
the tube 13 and is bonded to it. A cylindrical cavity 15 is
defined within the wall of the needle tube 13 between the
end of the collar 11 and the needle end 14. This cavity
15 contains the end portion 7 of the fibre optic, and is
filled with a polymer encapsulating material 16 which
completely surrounds portion 7 and the sensor layers 9
and 10. A small bleed hole 17 in the side of the needle
tube helps with filling cavity 15.
[0047] The needle tube 13 provides a mechanical bar-
rier/sheath over the fragile optical fibre, providing rigidity,
strength and ease of insertion into tissue. By mechani-
cally confining the sensing tip, this construction substan-
tially reduces the risk of mechanical damage to the sens-
ing tip and in particular substantially reduces the risk of
the sensing tip detaching from the distal end of the fibre
when used in tissue.
[0048] Elongate lateral apertures 18 are provided in
the needle tube 13, communicating the interior of the
cavity 15, filled with encapsulating material 16, with the
exterior of the sensor. The apertures are arranged as
three groups of two longitudinally arranged apertures 18,
the groups being arranged at equal intervals around the
circumference of the needle tube 13. The apertures are
laser cut, for example, in the wall of the needle tube 13,
which is otherwise impermeable.
[0049] Typically, for oxygen sensing applications, the
needle tube 13 can be manufactured from oxygen im-
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permeable materials such as steel. Non ferrous metals
and ceramics would be used for MRI-safe applications.
A preferred material is titanium.
[0050] The construction sequence continues with fit-
ting the needle tube 13 over the gas isolation collar 11
(suitably dimensioned such that a sliding-fit is obtained)
and cementing in place over the isolation collar using an
adhesive (e.g. Permabond 4E96 or Loctite 4014) which
will substantially resist permeation of substances such
as oxygen. The needle tube 13 is pre-fitted with the solid
bevelled end 14, the bevel-ended geometry being such
as to facilitate insertion of the needle probe into tissue.
The cavity 15 is externally sealed with a section of suit-
able covering (e.g. heat-shrink tubing) in order to prevent
the encapsulant from draining-out during the filling and
curing processes. It is then filled with a suitable gas per-
meable polymer 16 via the side-window apertures 18.
Typically for oxygen sensing, this would be a highly per-
meable polymer (e.g. Nusil 6010 silicone or Teflon AF or
a fluorosilicone) type compound that has been thoroughly
de-gassed prior to application. The small bleed-hole 17
in the needle tube 13 enables entrapped air to be expelled
from the cavity 15 during the cavity filling process. Finally,
the covering is removed when the encapsulant has
cured.
[0051] The optical isolation barrier 10 also operates as
a chemical isolation barrier, and indeed in alternative em-
bodiments could perform only that function and not con-
tain a reflecting compound. The chemical barrier pre-
vents the migration of the encapsulant material into the
sensing tip 9, this being a particular problem when the
encapsulant is being cured and short lived contaminants
may be produced, and also prevents migration of the
sensing chemistry from the tip 9 into the encapsulant.
The chemical barrier is preferably of a silicone having
good barrier properties and could for example be a fluoro
silicone. Other substances could be a dried hydrogel,
ethyl cellulose, and the Teflon AF already mentioned.
The thickness of the isolation barrier 10 may be increased
over that required for optical isolation, to improve the ef-
fectiveness of chemical isolation.
[0052] In this embodiment, the cavity volume formed
from the position of the leading edge of the gas isolation
collar 11 to the start of the needle end 14, minus the
volume of the end portion 7 of the optical fibre in this
section, will determine the total volume of the encapsu-
lated polymer 16. This volume, combined with permea-
bility of the encapsulant will determine the overall re-
sponse time of the sensor to a change in partial pressure
of the analyte being measured. The area of the open tube
in contact with the tissue will determine the effective sam-
pling area of the sensor.
[0053] The bleed-hole 17 is an optional aspect of the
designs and is included as a way to ease probe construc-
tion.
[0054] The viscosity of the encapsulant should be cho-
sen to facilitate the manufacturing process.
[0055] In this embodiment, sensing takes place along

the side of the needle tube 13 at a point or points distant
from the distal end of the needle, using a closed-end
needle construction. This type of design has the advan-
tage of providing a means of sensing at a known distance
away from the site of maximal tissue trauma. This type
of construction also provides a mechanical barrier /
sheath over the (typically fragile) optical fibre, offering
rigidity, strength and ease of insertion into tissue. By me-
chanically confining the entire sensing tip, this construc-
tion substantially reduces the risk of mechanical damage
to the sensing tip and in particular substantially reduces
the risk of the sensing tip detaching from the distal end
of the fibre when used in tissue.
[0056] In this embodiment, the cavity volume formed
from the position of the leading edge of the gas isolation
collar with respect to internal trailing edge of the solid
bevel needle end, minus the volume of the optical fibre
in this section, will determine the total volume of the pol-
ymer encapsulated cavity. This volume, combined with
permeability of the encapsulant will determine the overall
response time of the sensor to a change in partial pres-
sure of the analyte being measured. The total area of the
side-window aperture(s) in contact with the tissue will
determine the effective overall sampling area of the sen-
sor.
[0057] Figure 4 shows a modified arrangement which
otherwise is generally similar to the arrangement of Fig-
ures 1 to 3. In this embodiment, a modified impermeable
needle tube 19 is bonded to the gas isolation collar 11,
the needle tube having a bevelled open-tube end 20 and
three equi-angularly spaced lateral apertures 21. The
bevel-ended geometry is such as to facilitate insertion of
the needle probe into tissue. The construction sequence
is analogous to that of the embodiment of Figures 1 to
3. In this embodiment sensing takes place through the
lateral apertures 21 and the open end 20. The area of
the (e.g. oval) shape formed at the open bevelled end 20
in contact with the tissue, and the combined area of the
lateral apertures 21 will determine the effective sampling
area of the sensor.
[0058] Figure 5 shows a further modified arrangement,
which otherwise is generally similar to the arrangement
of Figures 1 to 3. In this embodiment, a modified needle
tube 22 is bonded to the gas isolation collar 11, the needle
tube having a straight cut open-tube 23. The construction
sequence is analogous to that of the embodiment of Fig-
ures 1 to 3. In this embodiment sensing takes place only
through the open end 23 and the circular area of the open
end 23 in contact with the tissue will determine the effec-
tive sampling area of the sensor. The needle tube 22 is
impermeable.
[0059] In a further modification of the embodiment of
Figure 5, the needle tube 22 may be made of permeable
material, so that sampling can take place over the entire
circumference of the wall bounding the cavity 15. In this
embodiment, an integrating type sensor is constructed
such that the sensing, or measurement, takes place
across the entire area of a gas permeable tube that is in
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contact with the tissue. This type of design has the ad-
vantage of providing a means of determining and increas-
ing the effective sampling area of the sensor without mas-
sively increasing the overall fibre diameter, which is un-
desirable because of increased tissue trauma. By obtain-
ing sensing activity substantially from an area formed by
a tubular section of suitable gas permeable material,
most of the sensing takes place at distances away from
the distal end of the probe i.e. away from the site of max-
imal tissue trauma. The gas permeable tube also pro-
vides a mechanical barrier/sheath over (the typically frag-
ile) optical fibre based sensor offering increased strength
and rigidity. By mechanically confining the entire sensing
tip, this construction substantially reduces the risk of me-
chanical damage to the sensing tip and in particular sub-
stantially reduces the risk of the sensing tip detaching
from the distal end of the fibre when used in tissue.
[0060] For oxygen sensing, the gas permeable tube
22 can be formed from a highly oxygen permeable tubu-
lar-formed polymer or membrane material such as Te-
flon® AF or silicone rubber. Less oxygen permeable ma-
terials/membranes could also be deployed that have, as
part of their function, dense matrices of small holes pro-
viding a means for oxygen transport through the material.
[0061] It will be appreciated that the permeable tube
22 could be provided with a closed end.
[0062] In the embodiments of Figures 4 and 5, the cav-
ity volume 15 formed from the position of the leading
edge of the gas isolation collar 11 to the open end of the
needle tube 19 or 22, minus the volume of the optical
fibre end portion 7, determines the total volume of the
polymer encapsulated cavity. This volume, combined
with permeability of the encapsulant, will determine the
overall response time of the sensor to a change in partial
pressure of the analyte being measured.
[0063] Figure 6 is a modification of the embodiment of
Figures 1 to 3, using a modified gas isolation collar 24
which is similar to collar 11 but includes an integral radi-
ally directed shoulder 25. This arrangement can be used
with the embodiments of Figures 4 and 5 also, and may
be of particular use with the permeable tube variant of
Figure 5. The modified gas isolation collar provides a
further isolation barrier. Typically, for oxygen sensing ap-
plications, the modified gas isolation collar isolates eve-
rything forward of the shoulder such that apertured or
gas permeable needle tube is prevented from contacting
any other tubing or sheathing materials that may also be
permeable to oxygen and which could otherwise provide
an artefactual source of oxygen that would adversely af-
fect the integrity of the oxygen measurement. The mod-
ified gas isolation collar 24 is a precision machined com-
ponent manufactured from a suitable oxygen imperme-
able (and MRI safe) material such as a non ferrous metal
or ceramic.
[0064] In this embodiment, fibre-optic cable sheathing
26 is positioned over the modified gas isolation collar 24
and cemented in place using conventional bonding tech-
niques. Such sheathing may also be used with the other

embodiments.
[0065] Figure 7 illustrates a modification of the embod-
iment of Figure 1. In this arrangement the needle tube
comprises a base, or proximal, part 27 and a distal part
28. These are both bonded to the gas isolation collar 11,
and adhesive 29 also bonds the parts 27 and 28 to each
other and to the collar 11. The construction sequence
begins with fitting the base needle tube part 27 over the
gas isolation collar 11 (suitably dimensioned such that a
sliding-fit is obtained) and cementing it in place over the
isolation collar using an oxygen impermeable adhesive
(e.g. Permabond 4E96 or Loctite 4014). For additional
strength and adhesion, the base needle tube part 27
could be back-filled with a suitable structural gap-filling
adhesive. The section of distal needle tube 28, complete
with side-window aperture(s) and pre-fitted with a solid
bevelled end, is then cemented to the other half of the
gas isolation collar 11 in a similar fashion, and to proximal
part 27. The distal needle section is then filled with a
suitable gas permeable polymer via the side-window ap-
erture(s). Typically for oxygen sensing, this would be a
highly permeable polymer (e.g. Nusil 6010 silicone or
Teflon AF) type compound that has been thoroughly de-
gassed prior to application.
[0066] Figure 8 shows an alternative type of sensor
29. This has a modified gas isolation collar 30 and needle
tube 31. The needle tube has a lateral aperture 32, com-
municating with a cavity 15 containing encapsulant 16 in
which is embedded the sensing tip 9 of a fibre optic 2
whose construction is as described previously. The cavity
is closed off by an end plug 33 bonded to the surrounding
wall defined by the tube 31. The tube 31 extends beyond
the end plug 33 to a needle tip 34 whose inner end is
spaced from plug 33 to define a chamber 35. A lead 36
passes through collar 30 in sealing fashion, through en-
capsulant 16, and through end plug 33 in sealing fashion
to chamber 35, where it is connected to a sensor 37 which
may for example measure temperature or pressure. Ap-
erture 38 is provided, communicating chamber 35 with
the outside of the sensor. The size and design of this
aperture 38 will depend on the type of sensor 37, and for
example would be larger for a pressure sensor. Although
in this case the chamber 35 is distal with respect to cavity
15, in an alternative arrangement it could be proximal.
[0067] Figure 9 shows a component 39 in which the
gas isolation collar 11 and the needle tube 22 are com-
bined as an integral unit. This can be used instead of the
separate components in the embodiment of Figure 5, and
a corresponding modification can be made to the other
embodiments.
[0068] Figure 10 shows how instead of a single fibre
optic 2, there can be a bundle 40 of two or more fibre
optics 2, each having a sensing tip 9 whose sensing
chemistry is selected for a different analyte, or for exam-
ple the same analyte using different ways.
[0069] In use of a sensor as described above, in ac-
cordance with any of the embodiments, the sensor is
positioned to measure the concentration of oxygen in a
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portion of tissue. An appropriate light source, such as an
LED driven as required, applies light to the fibre optic to
activate the fluorophor, and a detector detects light emit-
ted by the fluorophor and generates a corresponding sig-
nal. The signal is analysed and the concentration of ox-
ygen is calculated. In one arrangement, the detector may
detect transient changes in light simultaneously with the
pumping light source operating to apply light to the optical
fibre.
[0070] Significant features of probe sensors in accord-
ance with the various embodiments of the invention in-
clude:

Producing an integrated or averaged measurement
over an optimised sensing area or volume.

[0071] Controlling and optimising the sensing area/vol-
ume of the sensing measurement.
[0072] Providing a protective mechanical barrier/
sheath over an optical fibre based sensor, which also
provides a protective environmental barrier/sheath,
against ambient light, ionic contamination and so forth.
[0073] Providing a gas isolation collar.
[0074] Providing a sensor for external or surface meas-
urements, which seals around the sensing area such that
ambient interference is eliminated or minimised.
[0075] Providing a probe for insertion that locates
sensing at a significant distance away from the site of
maximal tissue trauma.
[0076] Providing control over the measurement rate
and response times of sensors by the inclusion of inert
impermeable fillers in the permeable tip construction.
[0077] Providing a probe where the sensing element
is formed by the whole polymer volume in the probe, al-
lowing for additional luminophor to be included, thereby
minimising photo-bleaching and/or prolonging probe life-
time.
[0078] Providing means to isolate the sensing element
from other sources of analytes, which might otherwise
produce interference or artefacts.
[0079] Providing means for protecting the sensing el-
ement from transient temperature fluctuations.
[0080] Providing a means of sensor construction that
is MRI safe.
[0081] Providing a sensor construction that provides
for ease of assembly.
[0082] Providing a probe with multiple fibres, e.g. for
different sensing purposes, terminating in the sensing
volume within the cavity.
[0083] Providing a probe with multiple sensing ele-
ments/dyes in the termination housing.
[0084] Providing for additional active ingredients other
than the primary luminophor.
[0085] Providing a platinum complex based lumines-
cent dye for sensing oxygen.
[0086] Providing means for immobilising a platinum
complex dye on the distal-end of a fibre-optic.
[0087] Providing an optical reflection layer and optical

isolation barrier around a luminescent dye sensor.
[0088] Embodiments of the invention use these fea-
tures in various workable combinations.

Claims

1. A sensor (1) for measuring the concentration of an
assay substance, the sensor comprising an optical
fibre (2) which extends longitudinally into a cavity
(15) defined by a surrounding wall (13; 19; 28; 31),
the optical fibre having an end portion (7) within the
cavity, the end portion terminating in a tip (8) which
is provided with an optically active substance (9)
which has optical properties which depend on the
concentration of the assay substance; wherein the
cavity (15) is filled with an encapsulating material
(16) which is permeable to the assay substance and
which encapsulates the end portion (7) of the optical
fibre (2), and the surrounding wall is provided with
at least one flow path (18; 21; 32) for communicating
the cavity with a region to be sampled; character-
ised in that the optical fibre (2) passes through a
gas isolation collar (11; 24; 30) and into the cavity
(15), the gas isolation collar being bonded to the op-
tical fibre in substantially gas-tight fashion.

2. A sensor as claimed in claim 1, characterised in
that the portion of the optical fibre (2) which passes
through the gas isolation collar (11; 24; 30) is devoid
of gas permeable components.

3. A sensor as claimed in claim 2, characterised in
that the optical fibre (2) comprises a glass fibre (3),
a cladding layer (4) and a buffer layer (5), and the
buffer layer terminates short of the portion of the op-
tical fibre (2) that passes through the gas isolation
collar (11; 24; 30).

4. A sensor as claimed in claim 1, 2 or 3, characterised
in that the wall surrounding the cavity (15) is defined
by a tube (13; 29; 27, 28; 31) which is connected to
the gas isolation collar (11; 24; 30) in substantially
gas-tight fashion.

5. A sensors as claimed in claim 4, characterised in
that the tube comprises separate proximal (27) and
distal (28) portions which are bonded to the gas iso-
lation collar (11) and to each other in substantially
gas-tight fashion.

6. A sensor as claimed in any preceding claim, char-
acterised in that the gas isolation collar (11; 24; 30)
is elongate.

7. A sensor as claimed in any preceding claim, char-
acterised in that the gas isolation collar (24) is pro-
vided with a radially outwardly projecting shoulder
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(25).

8. A sensor as claimed in any preceding claim, char-
acterised in that a fibre optic cable sheath (26) is
provided over the optical fibre (2) and engages the
gas isolation collar (24).

9. A sensor as claimed any preceding claim, charac-
terised in that the surrounding wall (13; 19; 28; 31)
of the cavity (15) is substantially impermeable and
the or each flow path is provided by a laterally direct-
ed aperture (18; 21; 32) in the surrounding wall.

10. A sensor as claimed in claim 9, characterised in
that the aperture (18; 21; 32) is in the form of an
elongate slot.

11. A sensor as claimed in any preceding claim, char-
acterised in that the encapsulating material (16) is
a gas permeable polymer.

12. A sensor as claimed in claim 9 or 10, characterised
in that the distal end (14) of the cavity (15) is closed.

13. A sensor as claimed in any of claims 1 to 11, char-
acterised in that the distal end (20) of the cavity
(15) is open.

14. A sensor as claimed in any preceding claim, char-
acterised in that the cavity (15) is substantially filled
to capacity with the encapsulating material (16).

15. A system comprising a sensor as claimed in any pre-
ceding claim and apparatus for supplying light to the
optical fibre (2), measuring properties of light emitted
by the optically active substance (9), and calculating
the concentration of the assay substance being an-
alysed.

16. A method of measuring the concentration of an as-
say substance, using the system of claim 15.

17. A method as claimed in claim 16, used for measuring
oxygen concentration in tissue.

Patentansprüche

1. Fühler bzw. Sensor (1) zum Messen der Konzentra-
tion einer Prüfsubstanz, wobei der Sensor eine Licht-
leitfaser (2) umfasst, die sich longitudinal in einen
Hohlraum (15) ausdehnt, der durch eine umgebende
Wand (13; 19; 28; 31) definiert ist, wobei die Licht-
leitfaser einen Endabschnitt (7) innerhalb des Hohl-
raums aufweist und der Endabschnitt in einer Spitze
(8) endet, die mit einer optisch aktiven Substanz (9)
versehen ist, die optische Eigenschaften aufweist,
die von der Konzentration der Prüfsubstanz abhän-

gen; wobei der Hohlraum (15) mit einem Kapselma-
terial (16) gefüllt ist, das für die Prüfsubstanz durch-
lässig ist und das den Endabschnitt (7) der Lichtleit-
faser (2) einkapselt, und die umgebende Wand mit
wenigstens einem Durchflussweg (18; 21; 32) ver-
sehen ist, um die Verbindung zwischen dem Hohl-
raum und dem Bereich, von dem einem Probe ge-
nommen werden soll, herzustellen; dadurch ge-
kennzeichnet, dass die Lichtleitfaser (2) durch eine
Gasisolationsmanschette (11; 24; 30) und in den
Hohlraum (15) verläuft, wobei die Gasisolations-
manschette mit der Lichtleitfaser auf eine im We-
sentlichen gasdichte Weise verbunden ist.

2. Fühler nach Anspruch 1, dadurch gekennzeich-
net, dass der Abschnitt der Lichtleitfaser (2), der
durch die Gasisolationsmanschette (11; 24; 30) ver-
läuft, keine gasdurchlässige Komponenten aufweist.

3. Fühler nach Anspruch 2, dadurch gekennzeich-
net, dass die Lichtleitfaser (2) eine Glasfaser (3),
eine Mantelschicht (4) und eine Pufferschicht (5) um-
fasst, wobei die Pufferschicht kurz vor dem Abschnitt
der Lichtleitfaser endet, der durch die Gasisolations-
manschette (11; 24; 30) verläuft.

4. Fühler nach Anspruch 1, 2 oder 3, dadurch gekenn-
zeichnet, dass die Wand, die den Hohlraum (15)
umgibt, durch eine Röhre (13; 29; 27; 28; 31) definiert
ist, die mit der Gasisolationsmanschette (11; 24; 30)
auf eine im Wesentlichen gasdichte Weise verbun-
den ist.

5. Fühler nach Anspruch 4, dadurch gekennzeich-
net, dass die Röhre getrennte proximale (27) und
distale (28) Abschnitte aufweist, die mit der Gasiso-
lationsmanschette (11) und miteinander auf eine im
Wesentlichen gasdichte Weise verbunden sind.

6. Fühler nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass die Gasisolations-
manschette (11; 24; 30) gestreckt ist.

7. Fühler nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass die Gasisolations-
manschette (24) mit einer radial auswärts vorstehen-
den Schulter (25) ausgestattet ist.

8. Fühler nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass eine Lichtleitfaser-
kabelummantelung (26) über der Lichtleitfaser (2)
vorgesehen ist und mit der Gasisolationsmanschette
(24) in Eingriff ist.

9. Fühler nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass die umgebende
Wand (13; 19; 28; 31) des Hohlraums (15) im We-
sentlichen undurchlässig ist und der oder jeder
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Durchflussweg durch eine lateral gerichtete Öffnung
((18; 21; 32) in der umgebenden Wand geschaffen
ist.

10. Fühler nach Anspruch 9, dadurch gekennzeich-
net, dass diese Öffnung (18; 21; 32) die Form eines
Langschlitzes aufweist.

11. Fühler nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass das Kapselmate-
rial (16) ein gasdurchlässiges Polymer ist.

12. Fühler nach Anspruch 9 oder 10, dadurch gekenn-
zeichnet, dass das distale Ende (14) des Hohl-
raums (15) geschlossen ist.

13. Fühler nach einem der Ansprüche 1 bis 11, dadurch
gekennzeichnet, dass das distale Ende (20) des
Hohlraums (15) offen ist.

14. Fühler nach einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet, dass der Hohlraum (15)
im Wesentlichen vollständig mit dem Kapselmaterial
(16) gefüllt ist.

15. System, das einen Fühler bzw. Sensor nach einem
der vorhergehenden Ansprüche und eine Vorrich-
tung zum Versorgen der Lichtleitfaser (2) mit Licht
umfasst, das die Eigenschaften des Lichts, das von
der optisch aktiven Substanz (9) emittiert wird, misst
und die Konzentration der Prüfsubstanz, die analy-
siert wird, berechnet.

16. Verfahren zum Messen der Konzentration einer
Prüfsubstanz, das das System nach Anspruch 15
verwendet.

17. Verfahren nach Anspruch 16, das zum Messen der
Sauerstoffkonzentration in Gewebe verwendet wird.

Revendications

1. Capteur (1) destiné à mesurer la concentration d’une
substance de dosage, le capteur comportant une fi-
bre optique (2) qui s’étend longitudinalement dans
une cavité (15) définie par une paroi périphérique
(13 ; 19 ; 28 ; 31), la fibre optique ayant une partie
d’extrémité (7) à l’intérieur de la cavité, la partie d’ex-
trémité se terminant dans un embout (8) qui est muni
d’une substance optiquement active (9) qui possède
des propriétés optiques qui dépendent de la concen-
tration de la substance de dosage ; dans lequel la
cavité (15) est remplie d’un matériau d’encapsula-
tion (16) qui est perméable à la substance de dosage
et qui encapsule la partie d’extrémité (7) de la fibre
optique (2), et la paroi périphérique est munie d’au
moins un trajet d’écoulement (18 ; 21 ; 32) pour faire

communiquer la cavité avec une région à
échantillonner ; caractérisé en ce que la fibre op-
tique (2) passe à travers un manchon d’isolation aux
gaz (11 ; 24 ; 30) et dans la cavité (15), le manchon
d’isolation aux gaz étant relié à la fibre optique de
manière sensiblement étanche aux gaz.

2. Capteur tel que revendiqué dans la revendication 1,
caractérisé en ce que la partie de la fibre optique
(2) qui passe à travers le manchon d’isolation aux
gaz (11 ; 24 ; 30) est dépourvue de composants per-
méables aux gaz.

3. Capteur tel que revendiqué dans la revendication 2,
caractérisé en ce que la fibre optique (2) comporte
une fibre de verre (3), une couche de gainage (4) et
une couche tampon (5), et la couche tampon se ter-
mine sans la partie de la fibre optique (2) qui passe
à travers le manchon d’isolation aux gaz (11 ; 24 ;
30).

4. Capteur tel que revendiqué dans la revendication 1,
2 ou 3, caractérisé en ce que la paroi entourant la
cavité (15) est définie par un tube (13 ; 29 ; 27, 28 ;
31) qui est relié au manchon d’isolation aux gaz (11 ;
24 ; 30) de manière sensiblement étanche aux gaz.

5. Capteur tel que revendiqué dans la revendication 4,
caractérisé en ce que le tube comporte des parties
proximale (27) et distale (28) séparées qui sont re-
liées au manchon d’isolation aux gaz (11) et l’une à
l’autre de manière sensiblement étanche aux gaz.

6. Capteur tel que revendiqué dans l’une quelconque
des revendications précédentes, caractérisé en ce
que le manchon d’isolation aux gaz (11 ; 24 ; 30) est
allongé.

7. Capteur tel que revendiqué dans l’une quelconque
des revendications précédentes, caractérisé en ce
que le manchon d’isolation aux gaz (24) est muni
d’un épaulement faisant radialement saillie vers l’ex-
térieur (25).

8. Capteur tel que revendiqué dans l’une quelconque
des revendications précédentes, caractérisé en ce
qu’une gaine de câble à fibre optique (26) est agen-
cée sur la fibre optique (2) et vient en contact avec
le manchon d’isolation aux gaz (24).

9. Capteur tel que revendiqué dans l’une quelconque
des revendications précédentes, caractérisé en ce
que la paroi périphérique (13 ; 19 ; 28 ; 31) de la
cavité (15) est sensiblement imperméable et le ou
chaque trajet d’écoulement est créé par une ouver-
ture dirigée latéralement (18 ; 21 ; 32) dans la paroi
périphérique.
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10. Capteur tel que revendiqué dans la revendication 9,
caractérisé en ce que l’ouverture (18 ; 21 ; 32) a la
forme d’une fente allongée.

11. Capteur tel que revendiqué dans l’une quelconque
des revendications précédentes, caractérisé en ce
que le matériau d’encapsulation (16) est un polymè-
re perméable aux gaz.

12. Capteur tel que revendiqué dans la revendication 9
ou 10, caractérisé en ce que l’extrémité distale (14)
de la cavité (15) est fermée.

13. Capteur tel que revendiqué dans l’une quelconque
des revendications 1 à 11, caractérisé en ce que
l’extrémité distale (20) de la cavité (15) est ouverte.

14. Capteur tel que revendiqué dans l’une quelconque
des revendications précédentes, caractérisé en ce
que la cavité (15) est remplie pratiquement entière-
ment du matériau d’encapsulation (16).

15. Système comportant un capteur tel que revendiqué
dans l’une quelconque des revendications précé-
dentes et appareil pour fournir de la lumière à la fibre
optique (2), mesurer des propriétés de la lumière
émise par la substance optiquement active (9), et
calculer la concentration de la substance de dosage
en cours d’analyse.

16. Procédé de mesure de la concentration d’une subs-
tance de dosage, en utilisant le système de la reven-
dication 15.

17. Procédé tel que revendiqué dans la revendication
16, utilisé pour mesurer la concentration d’oxygène
dans un tissu.
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