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O ptical techniques developed 
for sensing purposes proved 
to be essential in many appli

cation fields, ranging from aerospace, 
industry, and process control, to secu
rity and medicine. The capabilities of 
these sensors are generally enhanced 
when a bulk-optical configuration is 
replaced by optical fiber technology. 
In the past few years, research and 
marketing of fiber sensors have be
come very active areas, due both to 
the growing interest in optoelectron
ics and the very satisfactory perfor
mance and reliability that optical fi
ber sensors are now able to provide. 
This article focuses on the advantages 
that fiber sensing offers to the bio
medical field and outlines the basic 
working principles of most fiber bio
sensors. 

Optical fiber sensors in clinical 
care 

In the medical field, the opportuni
ties offered by optical fibers have been 
advantageously exploited. In fact, the 
use of optical fibers in medicine goes 
back to the 1960s, when fiber bun
dles were successfully pioneered in 
endoscopy, both for illumination and 
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for imaging. Subsequently, cavita
tional laser surgery and therapy also 
benefited from fibers, which not only 
proved to be the most flexible, but is a 
low-attenuation delivery system in
side the ancillary channel of endo
scopes and inside the natural channels 
of the human body. More recently, 
and especially since 1980, a great deal 
of research in optical fibers has been 
dedicated to sensing. Again, the medi
cal field found good opportunities for 
developing very promising sensors. 

Two classes of clinical care proce
dures can be distinguished in which 
conventional methods present some 
drawbacks: 

• "In vitro" laboratory tests of blood 
or tissue samples, which means fre
quent sample-takings for continuous 
checking, thus placing the patient un
der stress. In addition, therapeutic in
tervention is delayed and errors can 
also occur due to sample handling 
and photodegradation. 
• "In vivo" measurements of physical 
parameters such as temperature, pres
sure, blood velocity, and flow, per-

formed by electrical devices (thermo
couples, C H E M F E T , semiconductor, 
or piezoelectric elements) that are 
fragile and expensive and expose the 
patient to electrical connections. 

Optical fiber bisoensors (OFBS) 
overcome some of these drawbacks 
because of the well-known inherent 
characteristics of optical fibers: 
• "Geometrical versatility," such as 
miniaturization, flexibility, and light
ness, which allow easy insertion in 
catheters and needles, and hence 
highly localized measurements inside 
blood and tissues. 
• "Suitable material" (glass or plas
tic), which is sturdy, non-toxic, bio
compatible, and can be used for con
tinuous measurements. 
• Intrinsic safety for the patient, en
sured by optical fiber dielectricity and 
by the low light power used for sens
ing purposes. 

Furthermore, optical fibers present 
low attenuation, so that long fiber 
links can be used if the electronics 
must be located far from the bedside. 
In such a case, fibers must be cabled 
to avoid handling problems. Another 
property is the absence of crosstalk 
between close fibers, which suggests 
housing different sensors in the same 
catheter. In some cases, a single elec
tro-optic unit can be used for all the 
sensors, with an appropriate illumi
nation, detection, and signal-process
ing scheme. 

As with conventional sensors, fiber 
sensors are also easy to use, since all 
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optical components and relative 
alignments are inside the electro-optic 
unit and only the fiber-link feeds the 
probe. In addition, cabled fibers and 
relative connectors can be easily han
dled by a medical staff not particular
ly skilled in optics. 

The basic working principle 

An optical fiber biosensor can be 
described as an electro-optic module 
connected to the sensing tip by means 
of a multimode fiber optic link. The 
working principle of most sensors is 
the light intensity modulation in
duced by the parameter being tested. 
There are also some OFBS based on 
wavelength or polarization modula
tion, but sensor output is again ob
tained as an intensity modulation by 
using suitable filters or polarizers. De
pending on the sensing tip, OFBS can 
be divided into three classes: 
• Spectrometric OFBS, which are in 
practice "in-situ" photometers work
ing at suitable wavelengths. By means 
of the fiber-link, the optical property 
of the tissue or blood sample is exam
ined directly " o n " the patient, with
out the necessity of actually taking a 
sample. Absorbance and fluorescence 
analyses need a specific measuring 
cell at the fiber end, so as to settle the 
optical path and to provide light 
backtransmission. Reflectance analy
sis, on the contrary, is performed by 
bare fiber, the numerical aperture of 
which determines the inspected view 
angle. 
• Transducer OFBS, in which a 
transducer fixed at the fiber end mod
ifies one of the optical properties of 
guided light (absorbance, reflectance, 
fluorescence), according to the physi
cal or chemical parameter being test
ed. Probe design involves miniaturiza
tion, biocompatibility, and sealing 
problems, as well as transducer hys
teresis and stability. In addition, be
cause of thrombogenic problems, 
probe surfaces must be smooth and 

provide few opportunities for fibrin 
buildup. 
• All-fiber OFBS, in which the trans
ducer is the fiber itself, generally hav
ing a modified portion of core or of 
cladding. The core can be doped by a 
substance, which exhibits optical 
properties modified by the measur-
and. The cladding is stripped away 
and replaced by a suitable layer, so 
that the core/cladding interface acts as 
a probe. 

The electro-optic module of OFBS 
houses the source, the detector, the 
processing device, and the display 
(Fig. 1). Different light sources can be 
used: lasers, diode lasers, LEDs, and 
also broadband white light lamps. La
sers and lamps require suitable optics 
and holding devices for fiber illumi
nation and positioning. Lamps also 
need interferential or dichroic filters 
for proper wavelength selection. A 
higher degree of compactness is ob
tained by using diode lasers or LEDs, 
that are housed in other suitable com
ponents easily coupled to the fiber by 
connectors. 

The choice of the source depends 
on the working principle of the sens

ing tip. For example, sensors based on 
fluorescence need lasers (excimer, 
dye, or argon), while sensors based on 
absorbance or reflectance make use of 
LEDs or of lamps combined with fil
ters. The detectors are photodiodes or 
photomultipliers, equipped with fil
ters if a restricted spectral response is 
required. 

Fiber-link guides the light to the tip 
and brings the sensing signal back to 
the detector. Fibers with large core di
ameter (200÷600 µm) are used: all-
silica, as well as PCS or plastic type. 
Multi-fiber bundles are also used, 
with random or custom fiber distribu
tion. Two different arrangements are 
possible: a twin-branch fiber-link or a 
single-branch fiber-link. In the first 
case, one branch acts as the illuminat
ing channel, and the other as back-
transmission. 

Very often, bi/trifurcated multi-fi
ber bundles are used. In the single-
branch fiber-link, only one channel is 
used, which has a splitting device up
stream for separating the backtrans
mitted signal from the illumination. 
The single-branch arrangement is 
more compact and allows size reduc-

FIGURE 1. Fiber-optic biosensor. 
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tion of the probe; however, intrinsic 
crosstalk and loss of the splitter can 
mask the sensing signal or produce a 
further reduction of the signal-to-
noise ratio. 

Two approaches are possible for 
the architecture of the link: "al l fiber" 
or "hybrid." In the "al l fiber" ar
rangements, all the components con
nected to the fiber, such as star or Y-
couplers and W D M , are of the fiber-
optic type. Therefore, all the various 
components are easily coupled by 
commercially-available connectors 
and do not require custom holders. If 
availability or performance of the fi
ber-optic components is not satisfac
tory, the "hybrid" architecture is cho
sen, which makes use of conventional 
optics (lenses, cube beam-splitters 
with or without filters, polarizers) 
miniatured for fiber-optic applica
tion. 

In any case, the most suitable con
figuration of source/detector and fi
ber-link architecture results from a 
careful budgeting of the light power 
involved in the optical network. In 
fact, the light intensity returning from 

the probe is rather weak (a few 
microwatts or less), and the signal-to-
noise ratio is often poor. 

A relevant drawback common to 
these classes of OFBS is lead sensitiv
ity. In fact, since measurement infor
mation is due to the light intensity, 
every occasional intensity-modulation 
not related to the parameter being 
tested (source fluctuations, loose con
nectors, fiber bendings) means a 
wrong measurement. This drawback 
can be overcome by using a referenc
ing technique. Of course, system com
plexity and costs are increased. For 
example, source fluctuation insensi
tivity is achieved by using a tapping 
device to measure a light intensity 
proportional to the light intensity 
coupled into the fiber to normalize 
the sensing signal. Fiber-link acci
dents can be compensated by the 
dual-wavelength technique, which ra
tios the intensity of the light at two 
wavelengths, one modulated by the 
measurand and the other, insensitive. 

In regard to the management of the 
electro-optic module, a computer-
based system is advisable, especially 

TABLE 1. Spectrometric-type Optical Fiber Biosensors: Working Principle 
and Applications 

Blood analytes 

Blood oxygen content 

Blood flow velocity 

Doxorubicin drug 

H P D 

Entero-gastric and 
esophageal refluxes 

—remote absorbance, 
fluorescence and reflec
tance measurements by 
bare fiber or bulk cell 

—reflectance measure
ments by bare fiber 

—bare fiber L D V 

—fluorescence measure
ments by micro-cuvette 
fiber-tip 

—bare fiber fluorescence/ 
reflectance measurements 

—absorption measurements by 
micro-cuvette fiber-tip 

—Conventional 
diagnostic 

—Cardiology 
—Neonatal therapy 

—Cardiology 
—Angioplasty 

—Drug dosimetry 
—Cancer therapy 

—Cancer therapy 

—Gastroenterology 

when sensor output is derived from 
more than one signal. Thus, a signal 
processing unit connected to detec
tors is very compact, consisting of an 
A/D interface and a suitably pro
grammed microprocessor. 

Spectrometric sensors 

Many fiber optic spectrometers 
have been obtained by modifying the 
optical part of conventional spectro
meters. Multi-fiber bundles, connect
ed to the illuminating and detecting 
unit by a suitable optics, allow remote 
operation by bulk cells or by bare fi
bers for general purpose applications. 
For the analysis of specific physiologi
cal parameters, appropriate devices 
have been designed to fit custom re
quirements. They are summarized in 
Table 1, along with their application 
field. 

In vivo blood oximetry has been 
performed since the 1960s by using 
bare fibers for dual-wavelength reflec
tance spectrometry on hemoglobin, 
the oxygen vector. Long-term and 
continuous monitoring of blood oxy
genation is important in cardiac sur
gery and in neonatal therapy. For 
these stressed patients, the possibility 
of continuous measurements without 
the necessity of sample-taking is par
ticularly safe. Oxyhemoglobin con
centration in the range 6 0 ÷ 9 0 % 
H b O 2 is derived with good accuracy 
(2%), making use of bifurcated fiber 
bundles and of sources as lamps with 
filters or LEDs. Some oximetry de
vices have also been modified for 
measuring cardiac output by a dye di
lution technique. 

Another analysis concerning blood, 
widely performed by bare-fiber spec
trometry, is the laser-Doppler veloci
metry (LDV) of blood f low. This 
technique is of interest in cardiovas
cular clinic physiopathology, as well 
as in transluminar coronary angio
plasty. Miniaturization and flexibility 
of optical fibers are essential, especial
ly when measurements in small ves-
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So far, optrodes have 
proved particularly 

interesting as disposable 
probes, since they offer 

significant cost advantages 
over electrodes. 

sels are required. A single-branch fi
ber-link is used for blood illumination 
and for bringing back the scattered 
light by the moving red cells (erythro
cytes, diameter =7 µm). A spectrum 
analyzer is used for the analysis of the 
backscattered signal, which presents a 
Doppler-shifted frequency, f rom 
which blood velocity is derived. Typi
cal performances are: 4 ÷ 100 cm/sec 
velocity range, 0.5% accuracy, 100 
µm spatial resolution, and 8 msec 
temporal resolution. 

More recently proposed spectro
metric fiber sensors involve the do
simetry of anti-tumor drugs in tissues 
and body fluids. Doxorubic in has 
been investigated by fluorescence 
spectrometry using a microcuvette at 
the fiber end. Extremely small vol
umes (=200 nL) of interstitial soft tis
sues, which cannot be sampled in suf
ficient amount for conventional in-vi
tro diagnostics, can be analyzed. 
Hematoporphyrin derivative (HPD) 
dosimetry is also based on fluores
cence spectrometry by bare fibers. 
Fluorescence of drug components is 
measured, along with Raman scatter
ing by water molecules, which is used 
for signal normalization and lead in
sensitive response. 

A very recent spectrometric sensor 
deals with the measurement of en
tero-gastric and non-acid esophageal 
refluxes constituted by bile secreted 
by the liver. Conventional techniques 
are mainly based on the detection of 
p H variations caused by the refluxes, 

but they are not satisfactory due to 
different p H conditions not necessari
ly related to the refluxes. The sensor 
proposed is a twin-branch fiber-link 
with a microcuvette at the tip for dif
ferential absorption measurements on 
biliburin, the main biliary pigment. In 
vivo measurements have been per
formed over a period of several hours, 
giving satisfactory results. 

Transducer sensors 

Many transducer-based OFBS have 
been proposed since it is relatively 
easy to find substances that change 
their own optical properties, accord
ing to the physical or chemical pa
rameter being tested. 

Physical parameters most often in
vestigated by transducer sensors are 
temperature, pressure, and peristaltic 
motion of the upper gastrointestinal 
tract. 

Chemical sensors involve p H , p O 2 , 
p C O 2 , and glucose. The fiber tip of 
chemical sensors is commonly called 
"optrode," from a combination of 
"optical" and "electrode". The sens
ing mechanism is based on a chemical 
reaction inside the optrode, induced 
by the measurand. The main draw
backs of optrodes compared to con
ventional electrodes are their limited 
dynamic range, increased response 
time, hysterisis, and long-term stabil
ity of the reagent. So far, optrodes 
have proved particularly interesting 
as disposable probes, since they offer 
significant cost advantages over elec
trodes. 

Two different types of optrodes are 
defined: extrinsic and intrinsic op
trodes, respectively. Extr insic op
trodes make use of a reagent, liquid 
or immobilized on a polymeric sup
port. The sensor tip is generally en
closed in a membrane, which acts as 
both a selective and protective coat
ing. Intrinsic optrodes are, in practice, 
all-fiber sensors, since they make use 
of a chemically-modified fiber tip, en
trapping the reagent. If the membrane 

is not necessary, reduced probe di
mensions and reduced response time 
result. Intrinsic optrodes will be re
viewed below in the section on all-fi
ber sensors. 

Physical and chemical fiber-optic 
transducer-sensors and their applica
tion in medicine are summarized in 
Table 2. 
Physical sensors 

Fiber-optic thermometers are used 
in medicine when electrical isolation 
and E.M.I. immunity are required. 
The most relevant application is tis
sue heating control during cancer 
treatment by microwave or RF hyper
thermia. Conventional thermometers, 
such as thermistors or thermocouples, 
can perturb the incident field and pro
duce localized hot spots. Other appli
cations of optical fiber thermometry 
are mappings of thermal distribution 
in cancer phototherapy and cardiac 
output measurements by the thermo
dilution technique. The main mea
surement requirements are: 0.1°C res
olution over the restricted range 35° 

÷ 50°C. The possibility of simulta
neous monitoring with arrays of mul
tiple sensors is also advisable. 

The sensor based on liquid crystal 
reflectance had adequate sensitivity, 
presented little hysteresis and aging, 
and could be configured as a dispos
able probe. It was also housed in a 
catheter with a fiber-optic oximeter 
for combined measurements in the 
coronary sinus. The thermometer 
based on the fluorescence decay time 
of phosphors presents the advantage 
of being intrinsically lead-insensitive. 
It is commercially available with eight 
channels managed by a single electro-
optic unit. Also, a thermometer based 
on differential absorption of a ther
mochromic solution has been devel
oped for multipoint measurements, 
using an electromechanical optical 
scanner to address each sensor. 

Another well-estabil ished tech
nique is based on semiconductor pho
toluminescence. Lead insensitivity is 
achieved by ratioing the outputs of 
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two photodiodes, with close spectral 
response, so as to convert wavelength 
modulation into an intensity modula
tion. 

Another thermometric technique is 
based on the shift compensation of 
the output of a fiber Fabry-Perot 
(FFP) resonator by means of a suit
able wavelength change. The same 
technique has also been used as a 
strain gauge for the detection of con
tractions and bending motions of the 
upper gastrointestinal tract. The rela
tive working principle is the FFP out

put modulation, induced by peristal
tic motility. Excursions in the 0.01 ÷ 
10 mm range are detected, indepen
dently of non-peristaltic motion, such 
as respiration. 

Pressure measurement is important 
in medicine for describing the func
tions of the body apparatus, mainly 
cardiovascular and urological ones. 
Conventional devices are based on 
electric micro-tip transducers, gener
ally capacitive or piezoresistive. Rela
tive drawbacks are long-term drift 
and electrical shock hazard. In addi

tion, these devices are very fragile and 
must be carefully packaged, since 
they can be damaged by body fluids; 
hence, they are expensive and not 
suitable for disposable probes. 

A fiber-optic pressure sensor is of
ten a good choice, especially if it 
matches the dimensions of conven
tional catheter-tip transducers. Ma in 
measurement requirements are a 
working range up to 300 mmHg, a 
sensitivity of about 0.1 mmHg, and 
accuracy of at least 1%. 

First proposals were based on me
chanical working principles, making 
use of mirrors, which were moved by 
pressure in front of a twin-branch fi
ber link, thus giving a pressure-in
duced light intensity modulation. 
Thin metal membranes or cantilever 
mirrors, coupled at the common end 
of a bifurcated fiber bundle and posi
tioned at the catheter tip, have been 
used successfully. In some cases, the 
catheter housed another fiber bundle 
for blood oximetry measurements. 

Pressure-induced diaphragm curva
ture has also been tested by using 
three concentric circles of fibers. Pres
sure measurement is obtained by the 
ratio between the intensity of the light 
collected by the outside and inside fi
bers. Another pressure sensor for in
travascular pressure and intracardiac 
sounds and murmurs monitoring is 
based on the stress-induced birefrin
gence of a photoelastic material. The 
probe has an original folded-path de
sign, also housing micro-optic com
ponents such as GRIN-rods and po
larizers. 

Chemical sensors 
Among the chemicals detected by 

fiber-optic technique, blood p H is the 
most investigated parameter. It is gen
erally measured by extrinsic optrodes, 
based on differential absorption or on 
fluorescence of different reagents, and 
also by intrinsic optrodes. Blood p H 
measurements are important for met
abolic and respiratory problems. The 
main requirements are: 7.0 ÷ 7.6 p H 
units working range and 0.01 p H unit 

TABLE 2. Physical and Chemical Transducers for Optical Fiber Biosensors: 
Working Principle and Applications 

Temperature —reflectance of liquid 
crystal mixtures 

—fluorescence decay time 
of phosphors 

—photoluminescence of 
semiconductor crystals 

—differential absorption 
of thermochromic solutions 

—fiber-Fabry-Perot resonator 

—Tissue hyperthemia 
—Thermal mapping 
—Cardiology (cardiac 

output by thermodi
lution technique) 

Peristaltic motility 
of upper gastroin
testinal tract 

—fiber-Fabry-Perot strain 
gauge 

—Gastroenterology 

Pressure —displacement of reflective 
membrane 

—displacement of cantilever 
mirror 

—curvature of membrane 
—polyurethane photoelasticity 

—Cardiology 
—Urology 

p H —differential absorption of 
dyes hosted in polymeric 
matrixes 

—reagent fluorescence 

—Metabolic and 
respiratory study 

pCO2 — p H detection of isolated 
bicardonate buffer by 
reagent fluorescence 

p O 2 —reagent fluorescence 

Glucose —related to oxygen concen
tration, detected by 
reagent fluorescence 

—affinity sensor 

—Diabetics care 
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Among the chemicals 
detected by fiber-optic 

technique, blood pH is the 
most investigated 

parameter. 

resolution. 
Optrodes based on dye colorimetry 

have been proposed, mainly using 
phenol red and bromothymole blue 
dyes, immobilized on polymeric ma
trixes and covered by suitable mem
branes. Hydrophil ic gels have also 
been tested for hosting purposes. 

The main drawbacks to these ab
sorbance-based sensors are the low 
signal-to-noise ratio and long-time 
stability. In addition, response time, 
related to the mass tranfer between 
reagent and analyte, is limited (one 
minute or more). Fiber sensors based 
on pH-modulated reagent-fluores
cence overcome these drawbacks, al
though other problems arise, such as 
the absorption of both excitation and 
emitted radiation caused by the poly
mer host of the fluorophore, difficulty 
in identifying the analyte-specific 
fluorophore, and sensitivity to other 
parameters. 

A very interesting example of 
chemical OFBS based on fluorimetry 
has been developed for intravascular 
blood gas monitor ing p H , p O 2 , 
p C O 2 . The probe is made of three in
dividual fluorescence-based sensors, 
each fabricated on a single fiber-optic 
tip and integrated within a polymeric 
structure. Each dye mixture is suit
ably chosen to provide two different 
types of emission behavior and to ob
tain lead-insensitive measurements. 
The p H sensitive dye is hydroxy-py
rene trisulphonic acid (HOPSA), co
valently bonded to a cellulose matrix. 
The pCO2 sensor uses the same p H 
sensitive dye to measure p H varia

tion, induced by C O 2 tension alter
ation, in an isolated bicarbonate buff
er. A hydrophobic gas-permeable sili
con-matrix encapsulates the buffer, 
the concentration of which is chosen 
to give sufficient p H variation for ob
taining good pCO2 sensitivity in the 
physiological range 10 ÷ 100 mmHg. 
The pO2 sensor uses a dye having 
quenched emission by O 2 tension in 
the physiological range 20 ÷ 300 
mmHg, mixed with an oxygen-unaf
fected dye hosted in a solid polymer. 
A coat of opaque cellulose overcoat is 
applied to each sensor for optical iso
lation of the sensor chemistry from 
environmental influences. 

Electro-optic instrumentation is di
vided into three parts: an analyzer, a 
patient module-interface, and the 
probe. The analyzer includes the illu
mination unit (lamp, filters, bulk op
tics), the microprocessor for system 
management, and the display. The 
patient module interface connects the 
fibers to a bulk optical multiplexer, 
which separates and detects the exci
tation and the fluorescence signals for 
each channel, also providing signal 
amplification and digital conversion. 
The disposable probe is connected to 
the multiplexer and inserted in a radi
al artery catheter. The instrumenta
tion has a compact design and can be 
placed in proximity to the patient, 
with the module interface clamped to 
the bedside. 

The measurement of fluorescence 
quenching induced by oxygen can 
also be used to detect other chemicals 
that give rise to reactions with oxygen 
production or consumption. For ex
ample, glucose sensing has been dem
onstrated by using both a fluorphor 
and a glucose oxidase enzyme en
trapped within a hydrophilic poly
meric matrix. Glucose spreading into 
the matrix lowers oxygen concentra
tion within the polymer and causes 
increased fluorescence intensity, thus 
obtaining a glucose-modified oxygen 
signal. Glucose continuous monitor
ing is very promising in the care of di

abetics for the development of a 
closed-loop insulin delivery system. 

Another fluorescence-based glu
cose optrode is an affinity sensor, in 
which a protein with specific binding 
properties for glucose (Concavlin A) 
is immobilized inside a hollow dialy
sis fiber, sealed at one end and fixed 
to the fiber-optic tip. Before sealing, 
the small cavity is filled with fluores
cein labelled dextran (FITC dextran), 
the molecular weight of which is 
compatible with the membrane po
rosity, so as to prevent its exit from 
the membrane. In the absence of glu
cose, a fraction of FITC dextran binds 
to the immobil ized Con .A on the 
membrane surface. By immersing the 
optrode in a glucose solution, glucose 
spreading occurs inside the optrode 
through the membrane. Competition 
of glucose for Con.A binding sites dis
places FITC dextran from the dialysis 
fiber walls to the center probe, thus 
increasing the concentration of free 
FITC, and modulating the fluores
cence intensity. Linear response is ob
tained in the 50÷400 mg% glucose 
range, with a 7-minute response time. 

All-fiber sensors 

Modified fiber tips for OFBS make 
use of a sensitive cladding and have 
been developed for temperature and 
p H measurements, as well as for im
munological assay (Table 3). 

Temperature has been measured by 
using a liquid cladding with thermo
sensitive refractive index, so that the 
numerical aperture of the fiber tip is 
temperature-modulated. A single-
branch fiber-link is used and the fiber 
end is mirrored for providing light 
backtransmission. Two different en
closures of liquid cladding have been 
tested: a conically-shaped glass mi
crocapillary that also entraps an air 
bubble for liquid expansion compen
sation, and a platinum or gold micro-
capillary that allows very fast re
sponse time (=300 msec). 

Very recently, several p H sensors 
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with an intrinsic optrode have been 
proposed. These use a chemically-
modified fiber tip with fluorescent 
species attached. These sensors 
present a faster response time, com
pared to the extrinsic optrodes previ
ously reviewed. A silanized fiber in
corporating fluoresceinamine has 
been developed, exhibiting good sen
sitivity in the 4.0 ÷ 8.0 p H units 
range with a response time of less 
than 10 secs. 

A very updated and original p H all-
fiber sensor uses both a dye and a 
fluorophore, but limits the disadvan
tages of similar absorbance and fluo
rescence-based sensors. The pH- in
sensitive eosin fluorophore is co-im
mobil ized wi th the pH-sensit ive 
phenol red dye on the silanized fiber 
tip. The phenol red absorbance spec
trum, modulated by p H , is in the 
same region of eosin emission spec
trum, so that a non-radiative energy 
transfer modulated by p H occurs 
from eosin to phenol red. In practice, 
the fluorescence signal is modulated 
by p H through the absorber dye. Rel
ative response time is = 4 secs. 

Immunoassay by fiber-clad modifi
cation is a very promising technique 
for measuring very low concentra
tions of chemicals in complex solu
tions. Immunoassay is important 
both in clinical procedures and in bio
technology. Conventional techniques 

Probe technology remains 
a problem to be solved, 

because manufacturing is 
rarely automatized and 
needs skilled personnel. 

are based on multi-step analysis, and 
are thus expensive and time-consum
ing, requiring specialized personnel. 

The fiber-optic technique is based 
on internal reflection or fluorescence 
spectroscopy of a thin layer of suit
able fiber-clad, which is able to trap 
specific chemicals in a complex solu
tion. Fiber-cladding is constituted by 
proteins with specific binding proper
ties, called antibodies, which are able 
to capture the correspondent antigens 
so that the evanscent-wave compo
nent of the light guided by the fiber is 
modified by the antibody-antigen 
binders. 

The main problems of this futuris
tic technique are the choice of suitable 
antibodies, their immobilization on 
the silica substrate, stability, and re
versibility. In spite of the many prob
lems still open, fiber-optic immunoas
say does not have competitors and it 

is of interest not only for immunolog
ical chemicals, but also for measuring 
concentrations of molecular species 
inside multicomponent media. 

Future applications 
Many optical fiber biosensors have 

been proposed and also entered in 
clinical practice, although some prob
lems still remain for "large scale" de
velopment. Some fiber sensors, for 
example, compete very well with con
ventional devices in regard to sensing 
performances, but not yet in regard to 
costs. Fiber sensors are still expensive, 
even if their price is destined to de
crease very rapidly, due to growth in 
the optoelectronic market. So far, fi
ber-optic components and probe 
manufacturing heavily influence sen
sor costs, while sources, detectors, 
and electronics have already exhibit
ed reduced prices. Price reduction of 
fiber components is expected, since 
these components are now available 
not only as by-products of telecom
munication components or custom 
made, but also mass-produced for 
sensors. 

Probe technology remains a prob
lem to be solved, because manufac
turing is rarely automated and needs 
skilled personnel. Numerous efforts 
are focused on chemical technology 
improvements, since many other ana
lytes are interesting in the biomedical 
field (urea, lactate, drugs, metallic 
ions, immunological parameters) for 
which conventional sensors are not 
satisfactory. 
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TABLE 3. All-Fiber Biosensors: Working Principle 

Temperature —fiber-clad with thermosen
sitive refractive index 

p H —fluorescence of silanized 
core with reagent 

—dye absorption as reagent 
fluorescence controller, both 
fixed on silanized fiber-core 

Immunological assay —internal reflection or 
fluorescence spectroscopy 
of antibody-antigen fiber-clad 
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