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FBG Applications in Bioengireering
Electrically Assisted Ventilation
Biomechanics after dental implants

Orthodontic studies for corrective
appliances

Prosthesis biomechanics

LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors



y [0

Optical fibre
with grating

Ag=2nA

Fibre Bragg Gratings

Dejadding

ncore

optical domain

Stable, strong, re 1able,
spectrally encoded, low cost
device
Sensitivity to physical agents
— Bragg wavelength shift
— Temperature ( 10 pm/C)
— Strain ( 1 pm/C)
— Frequency encoded, self
calibrated sensor
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Bragg Gratings in Bioengineering

— Reduced size & weight
— Thin fibre (SMF) -

coupling - rrequencys

signal
— Low cost (sensor head) Expensive, cumbersome
— Excellent SNR spectral analysis
— Size of apparatus

— Self referenced L el it
— Sensible to temperature Spectral demodulation

or strain ( & others) with filters (FBG)

. , — Calibration and

— Multiplexing stability issues

— RF accessed
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FBG Applications in Biomedicine

Monitoring of respiratory spectrum and
electrically assisted ventilation tr

Orthopaedics studies
Orthodontics applications

— Control & surveillance of apnoea device

— Studies of orthodontics materials, devices and
procedures

Studies of prosthesis devices and procedures
— Better knowledge about integration

— Optimised design of devices
— Customized prosthesis
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Electrically Assisted Ventilation FBG
Trigger

= Burst of electrical pulses to \
stimulate respiratory nerves.

= Inspiration induction
(intrathorax negative pressure).

= Accidents cause respiratory
arrest, electrically assisted O ®
ventilation helps to resume
normal process.

= Electrical pulses applied on the
patient’s chest.

= Short pulses (10 us), 20-40 pps
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Aim of the Project

= Fibre Optic Sensor to monitor thg strain of
the thorax

v electromagnetic immunity

v potential reduction in volume and weight

= Monitoring the respiratory process.

= Trigger for electrically assisted ventilation
pulses.
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Sensor

Optical Circuit
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Function-Generator Oscilloscape Lock-In Amplifier
Schematics, fixed filter demodulation Sensor placement on patient’s chest
Can be used as an ‘holster’ type data
logger for respiratory monitoring
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Results
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EAV synchronization

Sensor output can be used to trigger the Electro-Assisted V
Device

AMPLITUDE (arbitrary)
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FBG Signal

EAV Burst
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Compliance of dental splint for
obstructive sleep apnoea

Complete or partial collapse of the ai passage, leading to
absence (reduction) of nasal air flow

— Snoring

— Excessive daytime sleepiness

— Nocturia several times at night

— Un-refreshing sleep, daytime fatigue, poor memory

road traffic accidents, increased risk of vascular sequelae, obesity

Pressure mask, dental splint, surgical treatment

— Dental splint requires verification of compliance
Patients did not worn or had not worn it properly
Monitoring of splint use necessary

Monitoring of temperature and force on splint

— Unobtrusive sensors

— Single, embedded fibre optic strand with multiplexed FBG sensors

for temperature and strain
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Compliance of Splint for Apnoea
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Stress build-up in Dental Cements

Repair, correction and replacement of teeth
— Aesthetical

— Close imitation of outperforming of natu

— Well being of patients and beauty of smiles

New dental porcelain materials (1980+)

— Precision fabricated, fully crystalline shell structure,
bonded by composite resin to a prepared tooth

— Progress 1n porcelain properties

— bonding with resin cement 1s a critical 1ssue

Polymerisation includes volume shrinkage > stresses > pain,
cold and heat-sensitivity, micro-cracks

Partial or total loss of all-ceramic facing
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Strain on dental resin cement

- Stress build-up during VIS induced curing of resin
sensors fully characterised

-Hydrostatic
-Transversal for
- 1':"' fiber - Laboratory essays (ASE®

e orientation, 470nm curing s

»Controller + Birr axes
ce)

Dentsl resin | &lass plate —> Eooth
cenent

- 40 s curing, after 600 s (typical dentist procedure) ° i1
- wavelength decrease and stabilises after ~1 hour o
- longitudinal shrinkage of 0.7% (0.3% - 0.9%) e
- polarization bands separation: 0.5nm > 2.2nm gm
-Transversal force of 270N i o
-Non negligible transversal strain et
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Recent Results

125 —

10.0

50 F

‘r FREEDOM

STRAIN (umim)

Initial expansion due to exothermal process
Shrinkage data for several resins

Dental gypsum also studied (different brands)
— New information about effective age of materials
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FBG studies with mandible
bone

Condoyle

Branch
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Load transfer from implants to bone
structure

— Bone response t
applied load on implant

— Several load positions

— Comparison with
model (FEM and
polymeric plaster)
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Comparison with standard strain
gauge

Good aSseement

| o . — Mandiblethas,been
L ¢ STRANGAUGE | ] previously measured
= 7 6 ' with resistive Strain
"E -1DD: ®
5 _15[':,-_ Py . 3 3 gauges
Z . ] FBG has smaller size
¢ .ospl ] ) )
= 9 s — Local strain with better
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LOAD (N) — Reduced cabling in
case of several sensors
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namic Studies

55cm

@ Strain ev@hution after impact

— Approxim or masticatory
process

— Difference be
and implant - bon
(damping buffer e

@ Permuts to develop b
implant designs

— New materials

— Mechanical design

— Fixing procedure

— Prosthesis attachment
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Dynamic response of mandible
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Model Mandible

Polymeric model with known
charactetistics close to those
of bone

Several FB
‘neutral’ line a
inferior limit of B¢
— Incisive (FBGI1)%
— Canine (FBG2)
— Mandible angle
(FBG3)
— Along mandible’s branch
(FBG4)
Load applied in condition
similar to that of muscles

— Masseter {Coronoid process ti
(9.81 N){ 5 P}

— Temporal {Branch} (4.96 N)

ors close to
he
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STRAIM (wmim)

800 |
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400 |-
200 |
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Bone response to load position

| FBG1 |

Load postti
support tip

FBG coding:
— 1 :1incisive
— 2 :canine
— 3 :molar
— 4 : condoyle

Results clarify strain caused in

bone due to masticatory action
over different teeth

At canine region, strain changes

given by external

\\\\

INCISORS MOLAR CANINE Slgn Wlth load pOSltlon
SUPPORT POSITION . .
Strain at the mandible angle
region (branch) is always of
opposite sign
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Comparison FBG x FEM

Comparison between obtained strain at several positions

o Experimental
Load 1

@ Simulated

600 -

400 4

200

o

Strain (um/m)
o

-200 -

-400 -

-600 -

Sensor Position

*Strain on model mandible simulated by FEM versus
strain measured by FBG at four different positions
*Excellent agreement of simulation to experimental data
*Permits to validate simulation results for real
applications (bone information from densitometry and
TAC)
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Studies with Macromodels

s of dental implants

Screwed on real fresh cancelous

ALL METAL PLASTIC-METAL  ALL PLASTIC bovine bone

r|, - *:’-'- *x: :
) A

LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors 26

: Static load experiments
13- comparison to FEM modelling

Dynamic load experiments
effects of loading before

osseointegration
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Dynamic Studies
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Dynamic Studies

Time evolution of strain at several bone positions after insertion of implant, before

osseointegration (“immediate loading”)

LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors

29



Bracket d | : .

Channel

y [0

Orthodontic appliances

Wire arch

— Dental wax 1d teeth
replica N
— Thermal heating\
consistency

Tweed-Merrifield
Technique

Study of teeth
displacement with
transversal forces

— Magnitude

— Angle of application (arm)

LAMP Seminar 2007 inter College on Fibre Optics, Fibre Lasers and Sensors
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Measurements
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Load Results
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2
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Force (black) and displacement (pink) against load

Strain relatively constant up to a load threshold

Linear increase of strain
— Up to 2000 pm/m (0.02% relative deformation)
Longitudinal (along wire arch) component
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Better Model (rev. 3)

All polymer made (bone
structure)

— Known mechanical
properties
Based on the plaster
(original)
FBG instrumented

— Internal: 3 FBGs x 3 teeth +
bone positions

— External: along strain line
on surface

LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors
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Force Measurements using Polymer
PCF

10

I].?':
] A
Sensor mounted on maxilla 5 00 .4?§'Ti
model (polymer) + appliance _g ™ e
— (previoully callibrated) g8 041 ] { ;
. c c = 0.3+
Load applied by weights to the g2 ] 1$%
wire arch of appliance (extra- g ] '
Oral) (i 01 ._ i Frzloading
0.0 =—— = ——————— ,
Loss determines the normal ° o P8
component of the force on the Load, N (extra-oral appliance)
teeth

Fig: 3. Set up with the artificial maxilla and the Bracke| sznsor with the polyimer photonic erystal optical fibre. HelNe light lights
up the fibre.
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Studies on Femural Prosthesis

Aspects

Aging of population leads to increase in lateral terior posterior
femur linked fractures -> prosthesis
(~0.5 Million in US by 2020 !)

Most of them are cemented to the bone
(after drilling )

Failure usually associated to the
interfaces, bone-cement or prosthesis-
cement

strain on lateral-proximal position and
excessive compressive strain on medial-
posterior position

Cement failure due to excessive traction #

Necessity for pre-clinical testing in order

1

to evaluate prosthesis adequacy. /- \ _

proximal medial distal
N Zones
) LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors 35



Multisensor System (WDM)

Instrumentegd Cr-Co phrosthesis
for femur heat

Strain measuring FBGs (4 lines / aspects x 3
FBG each /zones )

I. Abe et al., 2. ENBiomec (PT), Evora 8-9 Feb 2007 Cement mantle 2 mm thick
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Curing Sensor
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Temperature evolution after insertion of cement

Extra FBG sensor used to monitor the temperature during the cure process of the cement
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Static Load Testing
N\

Universal Test Machine
(UTM) for load application

Static and dynamic load
testing

Simulation for the weight of
patient, walking stress,
sports, ...

% LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors

38



Strain measu ents under load
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Correlation with FEM model

Exp (um)

F230 200 =150 =100 =50 2|0 a0 100
» #5007

=100

-1509

s v =1.0869x -200 7

R’ =0.9626 250

Validation of numerical model can lead to customized design of phrosthesis &
cement mantle
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Results

Good correlation between expefi
numerical modelling (FEM OK )™

Local temperature during curing of cement
1s high, might induce residual strain

Information obtained about the strain on the
cement mantle between prostheis and bone
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FOS (particularly FBGS) suita
and measurements in biomedical *®
applications

Extensive range of applications, from
physioterapy to prosthesis design

Open field for newcomers

LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors 42



y [0

Acknowledgements

Colleagues and students invol
project

— Federal University of Technology — Parana
(Brazil)

— University of Aveiro (Portugal)
Funding Agencies

— CNPq, CAPES, FAA, FINEP (Brazil)
— FCT, GRICES (Portugal)

LAMP Seminar 2007 Winter College on Fibre Optics, Fibre Lasers and Sensors 43



