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Description
TECHNICAL FIELD

[0001] This invention relates to diagnostic medical in-
struments and procedures, and more particularly to im-
plantable devices and methods for monitoring physiolog-
ical parameters.

DESCRIPTION OF THE BACKGROUND ART

[0002] The procedure of replacing knee joints affected
by osteoarthritis and other disease originated in the early
1960’s. The success rate of this procedure improved tre-
mendously in the following decades. However, there are
an estimated 22,000 knee replacements revised yearly.
Revision in other joint replacement surgery is common
as well. There is still the need to improve the mechanical
aspects and wear characteristics of the knee prosthesis,
such that regardless of the age of the patient, any pros-
thesis will be expected to last a lifetime. The need also
exists to improve the tools with which physicians can per-
form diagnostics on implanted devices in the general pa-
tient.

[0003] Much of the problem in designing prosthesis for
the total knee arthroplasty (TKA) procedure lies in the
fact that there is almost no in vivo data on the load con-
ditions available. Much of the data that is available is
derived from mathematical models or cadaver studies.
A very limited amount of data is available using instru-
mented implants. There are concerns about the reliability
of modeling data due to the inability to verify the modeling
datawith actual data anditis difficult to produce the forces
and motions existing in a human using a cadaver. Most
of the systems that have been used to collect data on
living humans have been used on a small number of sub-
jects and therefore the applicability of this data to a large
population is questionable, and these systems have not
been designed for use in a large number of devices over
a long period of time, or to be manufactured on a com-
mercial basis.

[0004] Complications resulting from patellofemoral re-
surfacing have been attributed as many as half of all re-
vision total knee arthroplasties (TKA). Most complica-
tions are caused by errors in surgical technique, poor
prosthetic design, or excessive patellofemoral loads of
up to seven or eight times body weight during certain
activities such as squatting. In many cases, however,
poor knee kinematics and an inadequate understanding
of the forces exerted on the prosthetic components play
a key role in the wear, mal-alignment, or design flaws
associated with the complications described below.
[0005] Patellofemoral complications are a prominent
cause of failure in TKA. The most common TKA compli-
cation is patellofemoral subluxation (dislocation of the
patella to either the medial or lateral side of the knee),
which occurs in up to 29 percent of some series, resulting
in patellofemoral pain and crepitus, component wear, fail-
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ure, loosening and/or fracture. Other complications that
lead to patellar component failure are malposition of the
femoral, tibial or patellar components, poor implant de-
sign, patellar fracture, mal-alignment, inadequate patel-
lar resection, avascular necrosis, and revision TKA.
[0006] Such complications induce many surgeons to
avoid patellar resurfacing in patients with osteoarthritis
and good remaining articular cartilage. However, several
studies indicate increased patellofemoral problems with-
out resurfacing, and secondary resurfacing after primary
TKA with a failed nonresurfaced patella has proven infe-
rior to resurfacing at the time of primary TKA.

[0007] In a 2002 review of all (212) revisions at one
institution between 1997 and 2000, Sharkey et al. attrib-
uted early failures to infection (25.4%), loosening
(16.9%), instability (21.2%), extensor mechanism defi-
ciency (6.6%), avascular necrosis of the patella (4.2%),
and isolated patella resurfacing (0.9%). The prevalent
causes of overall failure were polyethylene wear (25%),
aseptic loosening (24.1%), instability (21.2%), infection
(17.5%), arthrofibrosis (14.6%), malalignment (11.8%),
extensor mechanism deficiency (6.6%), patella necrosis
(4.2%), periprosthetic fracture (2.8%), and the need to
resurface the patella (0.9%). Malalignment was present
in 11.8% of all implants requiring revision. Fehring, et al,
in a survey of 440 patients, found similar results. These
studies did not report patella-femoral complications indi-
vidually, however revision of the patella-femoral compo-
nent has been reported in as many as 50% of revisions.
[0008] Instrumentation of orthopedic implants has
been performed by a few researchers on a small number
of patients to measure the loads between the mating
components. Most of this research has been performed
on hip prosthesis instrumented with strain gages. G.
Bergman has published research on hip loading using
forces measured using strain gages. His instrumented
prosthesis is powered using an inductive coil, and the
measurements are sent to a personal computer using an
RF telemetry system. The power for this system is gen-
erated using an inductive coil worn around the patient’s
leg during testing. Bergman reported loads from two pa-
tients. His data showed that joint loads range from 2.8
times body weight (BW) to 4.8 BW depending on walking
speeds. These loads increased to 5.5 BW with jogging,
and stumbling caused hip loads to go as high as 7.2 BW.
[0009] Similar research on hip implants has been per-
formed by Davy and Kotzar. A similar hip prosthesis was
implanted in two patients. Davy and Kotzar measured
peak loads of 2.1-2.8 BW during gait and a maximum
value of 5.5 BW during periods of instability during single
leg stance.

[0010] KR Kaufman has reported on the design of an
instrumented tibial component of TKA knee prosthesis.
This device consists of a specially machined tibial tray.
The tibial tray is hollowed out in Kaufman’s research to
form a diaphragm which is instrumented with strain gag-
es. This device is used to determine the tibiofemoral
loads. No reference as to power source or data collection
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method is given. We are unaware of any data collected
or published using this device.

[0011] Taylor and Walker measured the forces in the
distal femur in two subjects with an instrumented distal
femoral replacement (DFR). The DFR was instrumented
with strain gages and as in other devices inductive cou-
pling was used to power the implant. The DFR is a large
prosthesis which replaces the majority of the femur. The
forces measured were as high as 3.6 BW for jogging.
This device was capable of measuring the axial torque
on the femur. Bending moments were greatest about the
antero-posterior axis (varus-valgus) at 9.8 BW-cm.
[0012] Post-operative infectionis a particularly serious
threat occurring in total joint replacement and organ
transplant procedures. In a survey of joint replacement
surgeries performed at the Mayo Clinic in the years
1969-1996, deep wound infection (DWI) occurred in 2%
of 16,035 primary total knee arthroplasty (TKA) and 1.3%
of 23,519 total hip arthroplasty (THA) patients. Patients
that develop DWI are at serious risk for loss of limb/organ
or mortality. The estimated cost of treating post-surgical
infections in orthopedic procedures alone is over
$340,000,000 per year (Hansen 1999).

[0013] Recent drug-discovery research has focused
on a new method of producing oligonucleotides called
aptamers. These short (15-30 base) single-stranded, ol-
igonucleotides are more stable than antibodies. Aptam-
ers have protein recognition and binding characteristics
similar to antibodies, and can be engineered to target
virtually any molecule. Drug discovery researchers have
examined using aptamers to aid the immune system in
recognizing foreign invaders in a method similar to anti-
bodies.

[0014] Research using instrumented implants has
been fairly limited as shown in the preceding paragraphs.
The research that has been done has been performed
to gain an understanding of joint loading conditions has
consisted of on a statistically small population. The
number of patients and data gathered is given to illustrate
the variation in data and statistically small population.
The following paragraphs will discuss recent patents in
this field.

[0015] U.S. patent 6,706,005 to Roy et al., issued on
March 16, 2004, teaches a device for measuring only
loads incident on the device using microcantilevers. No
teaching of load derivation, temperature measurement,
or infection sensing is present.

[0016] U.S. patent number 5,470,354 with inventors
Hershberger; Troy W. (Warsaw, IN); Booth, Jr.; Robert
E. assigned to Biomet, Inc. describes a device and a
method for determining proper alignment and placement
of implant components during joint reconstruction sur-
gery. This patent is primarily aimed for use in the knee
joint. Provisional components are often used in joint re-
placement surgery to determine the proper sizes and re-
lationships of the final components used in joint arthro-
plasty. In this patent, provisional components are instru-
mented with force transducers. These transducers are
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used to determine the forces in the joint and to aid in
determining the proper size component and how to bal-
ance the forces in the joint. Force transducers are con-
nected to computers and provide readings of the location
and magnitude of the forces generated in the joint when
the joint is moved through its range of motion during sur-
gery. Therefore, this system is utilized for Intraoperative
assessment but is not of value in assessing in vivo,
weight-bearing loads after total knee implantation.
[0017] US patent numbers 5,360,016 and 5,197,488
invented by Nebojsa Kovacevic is assigned to NK Bio-
technical Engineering Company. This patent describes
a force transducer for a joint prosthesis. The transducer
in this patent is similar to the one described in the re-
search paper published by Kaufman and Kovacevic in
1996. The transducer in this paper is a highly modified
tibial tray TKA component. A series of cavities are ma-
chined on the superior side of the tibial tray such that
they become flexible members. Strain gages are at-
tached to each flexure member to provide a signal cor-
responding to the force applied to the flexure member.
No mention is made of supply power, signal conditioning,
or data collection.

[0018] US Patent number 5,425,775 issued to Ko-
vacevic; Nebojsa (Plymouth, MN) and assigned to NK
Biotechnical Engineering Company November 2, 1993
describes a method and apparatus for measuring the
forces acting on a patella includes a patella sensor com-
prising a sensor, a sensor cover, and multiple strain gag-
es. This sensor consists of a significantly modified patel-
lar insert, similar to patents 5,3150,016 and 5,197,488
by Kovacevic for a tibial tray force transducer. This sys-
tem consists of a large metal diaphragm (sensor cover)
or deformable member covering the entire diameter of
the patellar implant. The sensor cover is attached to the
sensor and has an outer surface that is in contact with a
femoral insert. The sensor cover transmits the forces act-
ing on its outer surface to the sensor. The sensor has a
plurality of strain gages mounted thereon to measure the
forces acting on the sensor cover. A requirement of this
sensor is a metal-backed patellar prosthesis which has
been shown in multiple studies in the orthopedic literature
to have inferior long term clinical results and relatively
high complication rates. It also seems a requirement that
a larger amount of material be resected from the patient’s
patella than would be with a traditional patellar insert. No
mention is made of how an entire measurement system
from signal conditioning to operating power is derived for
this sensor, No examples of use of this device or similar
devices were found in the research literature.

[0019] US Patent4,822,362 Walker; Peter S. (Weston,
MA); Ewald; Frederick C. (Weston) A prosthesis and a
surgical procedure (process) therefore are provided hav-
ing a relatively thin plate fitted to a resected portion of
the tibial plateau with the plate fitting uniformly around a
major portion of the calcareous bone of the cortical wall.
A pin on the under side of the plate aligned substantially
with the axis of the intramedullary canal of the tibia fixes
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the plate against transverse relative motion between the
plate and plateau, and blades or keels also on the under
side of the plate are aligned maximum density (strength)
of the cancellous bone of the plateau and fix the plate
against rotation relative to the plateau. The surgical pro-
cedure of the invention employs a template to assure
approximate positioning, and exact interrelationship be-
tween the plate and the fixing means.

[0020] US Patent 5,833,603 Kovacs et al, discloses a
biosensing transponder for implantation in an organism
and includes a biosensor for sensing one or more phys-
ical properties including optical, mechanical, chemical,
and electrochemical properties. In one embodiment a
strain sensor is included for remote sensing and retrieval
of information relating to the strain or force acting on an
implanted device, A strain sensitive layer is bonded to
an interior wall of a capsule.

[0021] References cited herein are:

1. Sharkey PF, Hozack WJ, Rothman RH, Shastri
S, Jacoby SM., "Why are total knee arthroplasties
failing today?", Clin Orthop 404: 7-13, 2002.

2. Fehring TK, Odum S, Griffin GL, Mason JB, Nad-
aud M., "Early Failures in Total Knee Orthoplasty",
Clin Orthop 382: 315-318, 2001.

3. Brick JF, Gutmann L., "The patellofemoral com-
ponent of total knee arthroplasty”, Clin Orthop 231:
163-178, 1988.

4.Bergmann G, Graichen F, Rohimann A., "Hip Joint
Loading During Walking and Running Measured in
Two Patients"”, Journal of Biomechanics 26 (8):
969-990, 1993.

5. Bergman G, Graichen F, Rohimann, A, Verdon-
schot N, van Lenthe GH, Frictional heating of total
hipimplants. Part 1. measurements in patients. Jour-
nal of Biomechanics 34:421-428,2001.

6. Kotzar GM, Davy DT, Goldberg VM, Heiple KG,
Gerilla J, Heiple KG Jr, Brown RH, Burstein AH. Te-
lemeterized In Vivo Hip Joint Force Data: A Report
on Two Patients After Total Hip Surgery. Journal of
Orthopaedic Research 9 (5): 621-633, 1989.
7.Davy DT, Kotzar GM, Brown RH, Heiple KG, Gold-
berg VM, Heiple KG Jr., Berilla J, Burstein AH. Tel-
emetric Force Measurements Across the Hip after
Total Arthroplasty. Journal of Bone and Joint Surgery
70-A (1): 45-50, 1988.

8. Kaufman KR, Kovacevic N, Irby SE, Colwell CW.
Instrumented Implant for Measuring Tibiofemoral
Forces. Journal of Biomechanics. 29 (5): 667-671,
1996.

9. Taylor SJG, Walker PS. Forces and Moments Te-
lemetered from Two Distal Femoral Replacements
During Various Activities. Journal of Biomechanics
34: 839-848, 2001.

10. US Patent Number 5,470,354. Force sensing ap-
paratus and method for orthopaedic joint reconstruc-
tion. Inventors: Hershberger; Troy W. (Warsaw, IN);
Booth, Jr.; Robert E. Assignee: Biomet, Inc.
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11. US Patent Number 5,360,016 Force transducer
for a joint prosthesis. Inventor: Nebojsa Kovacevic
Assignee: NK Biotechnical Engineering Company.
Nov. 1, 1994.

12. US Patent Number 5,197,488 Knee joint load
measuring instrument and joint prosthesis Inventor:
Nebojsa Kovacevic Assignee: NK Biotechnical En-
gineering Company. March 30, 1993.

13. US Patent number 5,425,775. Method for meas-
uring patellofemoral forces. Inventor: Nebojsa Ko-
vacevic Assignee: NK Biotechnical Engineering
Company. March 30, 1993.

14. US Patent 4,822,362 Process and apparatus for
tibial plateau component Inventors: Walker; Peter S.
(Weston, MA) and Ewald; Frederick C. (Weston,
MA).

15. US Patent 6,706,005 Apparatus and method for
assessing loads on adjacent bones; issued March
16, 2004 to Roy et al.

16. US Patent 5,833,603 Implantable Biosensing
Transponder issued November 10, 1998 to Kovacs
etal.

SUMMARY OF THE INVENTION

[0022] This invention is a sensor system for use in or-
thopedic devices. The sensor suite allows the external
monitoring of the forces between the orthopedic or other
medical devices and the patient, the force or pressure
between a joint replacement component and the under-
lying bone, the forces internal to the medical device, the
amount of wear of the orthopedic device, the vibrational
characteristics of the medical device, frictional heating,
and internal infection. Examples of medical devices with
which this invention can be used consist of, but are not
limited to the following: the tibial, femoral, or patellar com-
ponents used in total knee replacement, the femoral or
acetabular components used in total hip implants, the
scapular or humeral components in shoulder replace-
ment, the tibia and talus in ankle replacement, and be-
tween the vertebral bodies in the lumbar and cervical
spine disk replacements. Monitoring the forces in the joint
will allow the manufacturers of implants to better under-
stand the kinematics of the joint and develop more reli-
able implants. Data from in vivo sensing elements will
provide accurate boundary conditions for mathematical
models the affected joint. Also, this invention will allow
the clinician to perform in vivo monitoring and diagnostics
of orthopedic and other implants for the general patient
in order to understand the effects of load magnitude, load
imbalance, wear, and the presence of infection.

[0023] The invention consists of a series of a micro-
scopic sensing element or elements fabricated using
semiconductor or MEMS (microelectromechanical sys-
tems) fabrication technology. One embodiment of these
sensorsis anarray of microcantilevers sensing elements.
The sensor is self-powered using piezoelectric elements
or externally powered by either electromagnetic induc-
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tion, radio frequency (RF) induction or batteries. The sen-
sor uses RF technology or other means to remotely trans-
mit data. A passive version exists in which RFID tech-
nology is used to passively power the device and transmit
the data. In the most robust embodiment of this sensor,
the sensor package also incorporates a vibration sensing
element, a temperature sensing element, a chemical
sensing element, and an ultrasonic transmitter-receiver
in the electronics package. These elements allow for the
determination of the presence of infection and the deter-
mination of the thickness of the bearing surface of the
implant. Other embodiments of the sensor elements are
available for sensing different loads including piezoelec-
tric sensing elements and double supported microbeam
technology.

[0024] In particular, the present invention provides a
device for providing in vivo diagnostics of loads, wear,
and infection in orthopaedic implants as recited in the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Fig. 1is aforce diagram showing the three force
system acting on the patella.

[0026] Fig. 2is anillustration of a curved embodiment
of the micro load cell using encapsulant stiffness for tun-

ing.

[0027] Fig. 3 is an illustration of a non-curved embod-
iment of the micro load cell using packaging stiffness for
tuning.

[0028] Fig. 4 is a schematic diagram of an externally

powered load cell.

[0029] Fig. 5 is a schematic diagram of a self-powered
load cell.

[0030] Fig. 6 is an illustration of an ultrasonic device
in patellar prosthesis.

[0031] Fig. 7 is an illustration of an ultrasonic device
in a tibial prosthesis.

[0032] Fig. 8 is an illustration of a self-powered diag-
nostic device in a tibial prosthesis.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0033] This invention measures the forces and pres-
sures existing between the human body or limb and pros-
thetic implants. A further advantage is to measure the
patellofemoral bearing surface forces including forces in
the coronal and saggital planes of the limb. Another ad-
vantage of this invention is to measure the wear in ortho-
pedic prosthesis. A further advantage of this invention is
to measure indicators of infection in orthopedic implants.
Yet another advantage of this invention is to measure
the vibration characteristics of orthopedic implants. An-
other advantage of this invention is to measure frictional
heating in orthopedic implants. The advantages of this
invention are accomplished by the novel application of
micromachined cantilever or "simply-supported" beams.
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These beams have been shown to provide response to
each of the previously mentioned advantages. Microcan-
tilever beams are uniquely applicable to these measure-
ment scenarios due to their small size, ease of determin-
ing measured quantity, and low power consumption. The
patellar resurfacing prosthesis is used to illustrate this
invention, however the concepts set forth in the patellar
prosthesis are easily utilized in a hip, shoulder, tibial or
femoral components of the TKA prosthesis, or other or-
thopedic devices and prosthesis.

[0034] Inthe manner in which this sensor is applied to
the patellar prosthesis, not only will the forces between
the prosthesis and the underlying patellar bone be meas-
ured, but tibiofemoral forces can be deduced as well as
the muscle forces from the quadriceps and the force in
the patellar tendon will be determined as well. This is
because the patella has a system of three forces acting
on it. These forces are the force supplied by the quadri-
ceps, the reaction force supplied by the patellar tendon,
and the bearing surface interaction force between the
patella and the femur. Measurement of one of these forc-
es allows solution of the other two forces. The ability to
measure muscle forces in the human body has eluded
the researcher for centuries. The three force system of
forces in the patella and the equations for solving those
forces are illustrated in Figure 1.

[0035] The equations for solving the forces are:

Fpr = Fysin(a) + F, sin(B)
F, cos(a) = F, cos(f3)

F,.:
e~ sin(a) + cos(f) tan()

F = F PF
L sin(B)+cos(a)tan(B)

where Fq represents the quadriceps force, F|_represents
the patellar ligament force, and Fpg represents the pa-
tellofemoral contact force. Frames A, B, and C are ref-
erence frames commonly used in dynamical modeling.
The A frame represents the orientation of the tibia, the B
frame represents the orientation of the patella, and the
C frame represents the orientation of the femur. o rep-
resents the angle between the B, axis and the quadriceps
tendon and specifies the direction of the quadriceps



9 EP 1 800 097 B1 10

force. B represents the angle between the patellar liga-
ment and the B, axis and specifies the direction of the
force between the tibia and the patella. The patellofem-
oral joint reaction force is assumed to be along the B,
axis.

[0036] The load measuring device in this invention is
configured not only to measure the normal patello-fem-
oral bearing surface loads, i.e. the normal pressure in-
ternal to the implant, but also measures the transverse
load (or pressure) which in the case of the patella is in-
dicative of muscle imbalance, malalignment, and poten-
tial subluxation. This invention feature is distinct from pri-
or load measuring devices that incorporate only a single
sensor capable of measuring the forces in a single direc-
tion. In the case of an instrumented tibial tray, the varia-
tion of the load over the sensor is indicative of the align-
ment, muscle/ligament imbalance, improper mechanics,
etc. Even in the spine, it is beneficial to measure the load
in multiple directions or locations.

[0037] Several methods are available for detecting the
motion of the microcantilever beam. Common methods
of measuring this motion are based on the application of
specific coatings to the surface of the cantilever beams.
These can be piezoresistive coatings whose resistance
changes as a function of bending or piezoelectric coat-
ings which emit charge when the beam undergoes a dy-
namic load. Another common method of determining the
beam bending is to use the cantilever beam itself as one
of the plates in a parallel plate capacitor and correlating
the change in capacitance with deflection. Other methods
are available for measuring this deflection, such as opti-
cal methods, but the previously mentioned methods are
the most suited to this application at this time.

[0038] For measuring the forces in the patella, the
beams may be encapsulated in an intermediate package,
or otherwise attached to the surface of the prosthesis. In
the preferred embodiment, the beams are encapsulated
in a polymer or elastomeric material. This intermediate
material can be used to "tune" the response of the device
such that the optimum response range of the microcan-
tilever device corresponds to the load range expected in
the experimental conditions. The polymer material has a
slight convex side and a slight concave side to improve
the transmittal of forces through the package. This pack-
age is mounted between the surface of the prosthesis
and the naturally occurring bone. Figure 2 shows a dia-
gram of this embodiment. A load 1 imposed on the con-
cave surface 2 of a load cell is sensed by a microcanti-
lever sensor 3 disposed in an encapsulant 4. The load
cell also has a concave surface 5. The load cell uses at
least one microcantilever sensor in the sensor suite. A
single array or multiple arrays of sensors can also be
used.

[0039] Another embodiment shown in Figure 3 illus-
trates a micro load cell package using no convex or con-
cave surfaces, but relies on the use of a stiffer packaging
material 7 to support the cantilevers around the outside,
such that there is a differential strain towards the center

10

15

20

25

30

35

40

45

50

55

ofthe device. Aload 1imposed on the packaging material
7 disposed around a microcantilever sensor 8 is sensed
by the load cell. The Young's modulus (stiffness) E of the
packaging material 7 is used to tune the response of the
micro load cell and is greater than the stiffness E of the
internal components. This packaging scheme would pos-
sibly be preferred in environments where the package
itself might be surrounded with cement or other adhesive
in an uncontrolled manner, thereby negating the effects
of the concave and convex surfaces. This package is on
the order of three millimeters in diameter and a millimeter
or less in height, and amounts to the equivalent of a micro
load cell.

[0040] Another advantage of this invention is to meas-
ure the wear existing in orthopedic implants. This inven-
tion performs this task by incorporating an ultrasonic
transmitter and receiver in its signal processing chip as
shown in Figures 6 and 7. The ultrasonic transmitter/re-
ceiver is in the form of a piezoelectric material incorpo-
rated in the ultrasonic transceiver element 10. A burst of
ultrasonic energy 11 is emitted and received allowing the
thickness of the wear surface to be measured by meas-
uring the time for the energy to reflect off of the back
surface or surfaces of the material. In the preferred em-
bodiment a single element is utilized as the transmitter
and the receiver, another embodiment is to use different
elements. Also in the preferred embodiment, the trans-
ducer/receiver is fabricated from piezoelectric material
using surface micromachining techniques, and an alter-
native embodiment is to use surface micromachined ca-
pacitive structures as resonant cavities to produce and
receive the ultrasonic energy. The principles of ultrasonic
thickness measurement rely on knowing the speed of
sound in a material. Equation 1 shows the relationship
between the thickness of the material of interest, d, the
bulk modulus of the material of interest, B, the density of
the material, po, and the time between the emission and
reception of the pulse of acoustic energy.

[0041] This aspect of the invention is illustrated in a
tibial TKA component and a patellar prosthesis compo-
nent as shown in Figures 6 and 7 respectively. In the
application of the tibial tray, the preferred embodiment
places the sensor package underneath the tibial tray,
such that it does not interfere with the polyethylene insert
of mobile bearing prosthesis. The sensor package could
easily be located underneath the bearing surface in fixed
bearing components, or molded into the polyethylene
component as well.

[0042] Microcantilevers have been used to measure
very precise changes in temperature. Often these canti-
levers are coated with a material, such as gold, which
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causes the microcantilever to undergo bimaterial bend-
ing. A temperature sensing cantilever will be included in
the prosthesis diagnostic sensor suite. Measurement of
temperature of the prosthesis will give indication of the
presence of conditions such as infection or noninfectious
inflammatory syndromes causing joint synovitis such as
rheumatoid arthritis, soft tissue impingement or friction
syndromes, etc. if the patient is not currently in an active
mode. The measurement of temperature can also be
used to measure frictional heating of the prosthesis com-
ponent. Frictional heating is another indication of wear
and has been suggested as a cause in prosthesis failure.
[0043] Infectionisone ofthe mostclinically devastating
complications of any major surgical procedure. Post-op-
erative infection, clinically referred to as deep wound in-
fection (DWI), is a particularly serious threat occurring in
procedures such as total joint replacement, organ trans-
plant, and other surgical procedures in which a foreign
material is implanted into the body. The presence of the
foreign material allows bacterial proliferation which is
more difficult to eradicate with traditional antibiotic treat-
ment regimens than in infections in which foreign mate-
rials are not present. Subsequently, an infected total joint
replacement requires implant removal in order to eradi-
cate the infection in a substantial percentage of cases.
One of the keys of infection eradication without implant
removal is early recognition of the infection. While certain
bacteria grow rapidly, creating clinical signs of infection
early after inoculation, others create less clinical signs
making early diagnosis difficult. Any sensing device
which would provide an early signal to the physician of
the presence of infection would result in higher infection
cure rates and less patient morbidity. Cellular signaling
responses to infection are represented by changes in
electrical charge caused by increases in calcium and oth-
er ions and increases in concentrations of chemical and
biological attractants of macrophages, T-lymphocytes,
and neutrophils. These attractants include: c-reactive
proteins, activated factor XII, serotonin, and epinephrine.
During the immune response to infection, macrophages
produce cytokines which in turn signal the production of
proteins that participate in inflammation and immune re-
sponse. Four families of cytokines produced early in the
immune response are tumor necrosis factor-a, inter-
leukin-1, interleukin-6, and interferon. Other families of
cytokines are also present in the immune response.

[0044] Cellular signaling is determined by incorporat-
ing microcantilevers coated with antibodies specific to
biological attractant molecules and microcantilevers
coated with aptameric receptors (synthetic RNA mole-
cules or single-stranded DNA molecules) specific to cy-
tokines (cellular signaling proteins) in tissue culture or a
representative sample in which endothelial, mast, neu-
trofil, macrophage, and osteoblast cells are stressed by
infectious agents. This invention advances the state of
the art in biological sensing on several fronts through
detection of multiple mechanisms of cellular signaling,
increasing in the understanding of the response to infec-
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tion, and the incorporation of microcantilever technology
for in vivo sensing applications.

[0045] One embodiment of the invention positions the
infection sensor to monitor for infection markers in the
drainage tube effluent from implants and other surgical
procedures. This embodiment will detect specific bacte-
ria indicative of infection.

[0046] This invention is also beneficial in the detection
of sepsis and septic shock, the leading cause of death
in intensive care units. The early detection of infection
and the identification of the infectious process will lead
to more effective treatment of infectious processes.
[0047] Figure 8 is an embodiment schematic of a self-
powered instrumented tibia wherein a tray sensor pack-
age 81 for loads, vibrations, temperature, and infections
is disposed underneath the tibial tray. A signal processor
82is disposed in the post of the device with an intramedu-
lary sensor package 83 disposed on the tip of the anten-
nae 84. The intramedulary package 83 comprises sen-
sors for infection, temperature, and vibrations. A piezo-
electric layer 85 is used to power the device.

[0048] Figure 4 is a patellar sensor package embodi-
ment having microcantilever sensors 41 in communica-
tion with a signal processor 42 that is powered from an
induction coil 43. Patellar studs 44 are used for mounting.
The power source could be external electromagnetic in-
duction (not shown), external radio frequency induction
(not shown) or rechargeable batteries (not shown).
[0049] Figure 5is a patellar self-powered sensor pack-
age embodiment having microcantilever sensors 51 in
communication with a signal processor 52 that is pow-
ered from an induction coil 53. The power source could
be piezoelectric stacks 54, external electromagnetic in-
duction (not shown), external radio frequency induction
(not shown) or rechargeable batteries (not shown).
[0050] The infection sensing portion of the invention
represents a significant advancement in the understand-
ing of cellular signaling processes, and the maturation of
technology for investigation of interactions between mi-
cro-electromechanical devices and organic tissue. Drug-
discovery experiments have been performed using
aptamers and fluorescent labeling to detect cancer cells,
HIV, and indicators of other diseases, and aptamers have
been suggested for the investigation of other inflamma-
tory diseases such as rheumatoid arthritis and osteoar-
thritis. This invention has general application to the in-
vestigation of drug delivery and the general treatment of
disease.

[0051] In orderto detect the presence of infection, this
invention detects the body’s earliest response mecha-
nisms to infection rather than attempting to detect specific
bacterial or viral elements. An array of sensing elements
determines the presence of several indicators of infection
in order to have redundancy in the detection scheme.
The cytokine response spectrum, or other inflammatory
chemicals typically associated with infection, is meas-
ured and used to determine information about the type
of infection present. The primary method of detection is
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using microcantilevers functionalized with aptamers or
antibodies specific to several cytokine proteins or other
inflammatory chemicals. These elements will detect
changes in the in vivo environment, and the presence of
proteins used in cellular communications. Part of this ap-
proach is based on microcantilever sensing technologies
and use microcantilever arrays coated with cytokine re-
ceptors to detect the concentration of cytokines.

[0052] This invention uses aptamer nucleotides and
antibodies with affinities to cytokines. In the case of
aptamers, functional groups may be added to these
aptamers to promote binding to microcantilever sub-
strates, and a series of nucleotides combined with linking
elements are used. C-reactive protein antibodies may
also be used as a general indicator of pro-inflammatory
cytokines. An array of microcantilevers is functionalized
with the c-reactive protein antibodies and DNA aptamer
materials. The response of these arrays is characterized
and calibrated using known quantities of cytokine pro-
teins.

[0053] These arrays of microcantilevers are utilized for
in vitro tissue culture experiments in which endothelial,
mast, neutrofil, macrophage, osteoblast, and osteoclast
cells are stressed by common bacterial and viral infec-
tious agents (Staphylococcus epidermidis, Staphyloco-
ccus aureus, Peptostreptococcus sp., Proteus sp., Es-
cherechia coli, Enerococcus, Hepatitis B and C virus,
etc.). The cytokine response of the various cellular sig-
naling agents is determined under the controlled in vitro
conditions. This invention also provides information on
the compatibility of the sensors with biological materials.
[0054] Effective packaging and communication of bi-
ological information to processing elements is neces-
sary; however these requirements are not as strict as
they would be for longer term implantation. The packag-
ing contains the sensing elements, provides physical pro-
tection, controls the diffusion of analytes, and protects
the sensing elements from attack by the immune system.
For this latter task, a suitable membrane is used to reduce
the degradation of sensor performance by contaminants
(e.g.,immunoglobins) over short periods of time. Further-
more, the entire package is biocompatible.

[0055] Transmitting biosensorinformation to a suitable
processing element is another requisite for in vivo sens-
ing. Telemetry is a preferred mechanism for data trans-
mission. It can be miniaturized to greatly increase user
convenience. Percutaneous wires are another method
for transmitting of cellular signaling information, and
would be adequate for short-term testing.

[0056] A set of uncoated cantilevers is included in the
sensor suite to measure vibrational forces and dynamic
accelerations. The measurement of internal vibrations is
used to determine if joint loosening has occurred. Early
diagnosis of implant loosening is often difficult to deter-
mine from use of routine radiographs. The longer the
delay in diagnosis of implant loosening, the greater the
bone loss created from frictional abrasion of bone from
motion of the loose components. Therefore, any sensing
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device which would signal early prosthetic loosening
would resultin bone preservation, and theoretically, high-
er success rates of revision total joint arthroplasty be-
cause more bone is available for revision implant fixation.
The impacting of the joint components will cause large
jumps in the vibration frequencies measured by this sys-
tem. If the natural frequency of the prosthesis is similar
to the frequencies encountered during ordinary activities,
this can cause loosening of the prosthetic joint, excessive
wear of the prosthetic joint and eventual failure of the
prosthesis.

[0057] Several methods are available to power the
sensor remotely. Remote power can be used to power
the system for operation in a totally passive mode (the
system only operates when a remote power source is
available), or remote power coupling can be used to re-
charge internal batteries. In the preferred embodiment,
the sensor is powered remotely using magnetic or RF
induction. The analog data from the sensor will be con-
verted to frequency and will be transmitted using a low-
power RF transmitter.

[0058] Aself-powered version ofthis system, as shown
in Figures 5, uses a self-power generating system com-
prising substituting stacks 54 of piezoelectric material for
the mounting studs of the patella. Layers of piezoelectric
materials can also be incorporated in other orthopedic
devices for self-powered applications, such as incorpo-
rating thin layers of piezoelectric material underneath the
polyethylene portion of the tibial tray, as shown in Figure
8, orin the mounting locations of the femoral component.
The forces from everyday activities are sufficient to
charge a small battery or a capacitive storage system.
[0059] While there has been shown and described
what are at present considered the preferred embodi-
ments of the invention, it will be obvious to those skilled
in the art that various changes and modifications can be
made therein without departing from the scope.

Claims

1. A device for providing in vivo diagnostics of loads,
wear, and infection in orthopaedic implants, said de-
vice comprising:

an implanted orthopaedic structure;

at least one microelectromechanical load sen-
sor associated with said implant,;

at least one microelectromechanical tempera-
ture sensor associated with said implant, said
at least one temperature sensor for generating
an output signal in response to and indicative of
a temperature proximate said implant;

at least one microelectromechanical vibration
sensor associated with said implant, said atleast
one vibration sensor for generating an output
signalin response to and indicative of a vibration
proximate said implant; and
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at least one signal processing device (42; 52;
82) operatively coupled with said at least one
load, temperature, and vibration sensor, said at
least one signal processing device being oper-
able to receive said output signal from said at
least one load, temperature, and vibration sen-
sor and to transmit a signal corresponding with
said output signal; characterised in that:

said at least one microelectromechanical
load sensor comprises three microcantilev-
er beam sensors (41; 51) oriented to detect
three forces being applied to the implant for
generating an output signal in response to
and indicative of normal and transverse
loads being applied to said implant.

2. The device of Claim 1, and further comprising:

at least one microelectromechanical ultrasonic
device associated with said implant, said atleast
one ultrasonic device for generating an output
signal in response to and indicative of wear be-
ing imposed on said implant; wherein

said at least one signal processing device (42;
52; 82) is operatively coupled with said at least
one ultrasonic device, said at least one signal
processing device being operable to receive
said output signal from said at least one ultra-
sonic device and to transmit a signal corre-
sponding with said output device.

3. The device of Claim 2, and further comprising:

at least one microelectromechanical chemical
sensorassociated with saidimplant, said atleast
one chemical sensor for generating an output
signal in response to and indicative of infection
proximate said implant; wherein

said at least one signal processing device (42;
52; 82) is operatively coupled with said at least
one chemical sensor said at least one signal
processing device being operable to receive
said output signal from said at least one chem-
ical sensor and to transmit a signal correspond-
ing with said output device.

The device of Claim 1 or 2 wherein said micro elec-
tromechanical system further comprises at least one
element selected from the group consisting of pie-
zoelectric material, double supported microbeam, pi-
ezoresistive coating, piezoelectric coating, and par-
allel plate capacitor.

The device of Claim 3 wherein said microelectrome-
chanical system further comprises at least one ele-
ment selected from the group consisting of piezoe-
lectric material, double supported microbeam, pie-
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zoresistive coating, piezoelectric coating, parallel
plate capacitor, antibody coating, and aptameric re-
ceptor coating.

The device of Claim 5 wherein said antibody coating
is specific to at least one attractant selected from the
group consisting of c-reactive proteins, activated fac-
tor XllI, serotonin, and epinephrine.

The device of Claim 5 wherein said aptameric recep-
tor coatingis specific to at least one cytokine selected
from the group consisting of tumor necrosis factor-
o, interleukin-1, interleukin-6, and interferon.

The device of Claim 1, 2 or 3 wherein said device is
powered by a power supply comprising at least one
device selected from the group consisting of piezo-
electric elements (85), piezoelectric stacks (54),
electromagnetic induction (43; 53), radio frequency
induction and rechargeable batteries.

The device of Claim 1 wherein said at least one load,
temperature and vibration sensor further comprises
at least one encapsulant (4) selected from the group
consisting of polymer and elastomeric material.

The device of Claim 2 wherein said at least one load
sensor, temperature sensor, vibration sensor, and
ultrasonic device further comprises at least one en-
capsulant (4) selected from the group consisting of
polymer and elastomeric material.

The device of Claim 3 wherein said at least one load
sensor, temperature sensor, vibration sensor, ultra-
sonic device and chemical sensor further comprises
at least one encapsulant (4) selected from the group
consisting of polymer and elastomeric material.

The device of Claim 9, 10 or 11 wherein said encap-
sulant (4) further comprises a convex surface (2) and
a concave surface (5).

The device of Claim 1 or 2 wherein said device is
disposed in at least one orthopaedic structure se-
lected from the group consisting of tibia, fibia, fem-
ora, patella, acetabula, scapula, humera, talus, and
intervertebral space.

The device of Claim 3 wherein said device is dis-
posed in at least one orthopaedic structure selected
from the group consisting of tibia, fibia, femora, pa-
tella, acetabula, scapula, humera, talus, interverte-
bral space, and tissue.

The device of Claim 1, 2 or 3 wherein said signal
processing device (42; 52; 82) further comprises at
least one transmission device selected from the
group consisting of wireless telemetry and percuta-
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neous wiring.

The device of Claim 3 wherein said chemical micro-
electromechanical sensor further comprises at least
one bacteria sensor disposed in a drainage tube el-
ement.

Patentanspriiche

1.

2.

Vorrichtung zur Bereitstellung von In-vivo-Diagno-
sen von Belastungen, Verschleil und Infektionen in
orthopéadischen Implantaten, wobei die Vorrichtung
umfasst:

eine implantierte orthopadische Struktur;
zumindest einen mit dem Implantat verbunde-
nen bzw. zu diesem gehdérigen mikroelektrome-
chanischen Belastungssensor;

zumindest einen zu dem Implantat gehdrigen
mikroelektromechanischen Temperatursensor,
wobei der zumindest eine Temperatursensor
zum Erzeugen eines Ausgangssignals anspre-
chend auf eine Temperatur in unmittelbarer Na-
he des Implantats dient und diese anzeigt;
zumindest einen zu dem Implantat gehdrigen
mikroelektromechanischen Vibrations- bzw.
Schwingungssensor, wobei der zumindest eine
Schwingungssensor zum Erzeugen eines Aus-
gangssignals ansprechend auf eine Schwin-
gung in unmittelbarer Nahe des Implantats dient
und diese anzeigt; und

zumindest eine Signalverarbeitungsvorrichtung
(42; 52; 82), die betriebsfahig mit dem zumin-
dest einen Belastungs-, Temperatur- und
Schwingungssensor gekoppeltist, wobei die zu-
mindest eine Signalverarbeitungsvorrichtung
betreibbar ist, um das Ausgangssignal von dem
zumindest einen Belastungs-, Temperatur- und
Schwingungssensor zu empfangen, und ein Si-
gnal zu Ubertragen, das dem Ausgangssignal
entspricht; dadurch gekennzeichnet, dass:

der zumindest eine mikroelektromechani-
sche Belastungssensor drei Mikrocantile-
ver- bzw. Auslegerbaikensensoren (41; 51)
umfasst, die ausgerichtet sind, umdrei Kraf-
te zu erfassen, die an das Implantat ange-
legt werden, um ansprechend auf normale
und transversale Belastungen, die auf das
Implantat angewendet werden, ein Aus-
gangssignal zu erzeugen, das diese an-
zeigt.

Vorrichtung nach Anspruch 1, die ferner umfasst:

zumindest eine zu dem Implantat gehoérige mi-
kroelektromechanische Ultraschallvorrichtung,

10

15

20

25

30

35

40

45

50

55

10

wobei die zumindest eine Ultraschalivorrichtung
zum Erzeugen eines Ausgangssignals anspre-
chend auf dem Implantat auferlegten Verschleill
dient und diesen anzeigt; wobei

die zumindest eine Signalverarbeitungsvorrich-
tung (42; 52; 82) betriebsfahig mit der zumindest
einen Ultraschallvorrichtung gekoppelt ist, wo-
bei die zumindest eine Signalverarbeitungsvor-
richtung betreibbar ist, um das Ausgangssignal
von der wenigstens einen Ultraschallvorrich-
tung zu empfangen und ein der Ausgabevorrich-
tung entsprechendes Signal zu senden.

3. Vorrichtung nach Anspruch 2, die ferner umfasst:

zumindest einen zu dem Implantat gehdrigen
mikroelektromechanischen chemischen Sen-
sor, wobei der zumindest eine chemische Sen-
sor zum Erzeugen eines Ausgangssignals an-
sprechend auf Infektionen unmittelbarer Nahe
des Implantats dient und auf diese hinweist; wo-
bei

die zumindest eine Verarbeitungsvorrichtung
(42; 52; 82) betriebsfahig mit dem zumindest ei-
nen chemischen Sensor gekoppelt ist, wobei die
zumindest eine Signalverarbeitungsvorrichtung
betreibbar ist, um das Ausgangssignal von dem
wenigstens einen chemischen Sensor zu emp-
fangen und ein der Ausgabevorrichtung ent-
sprechendes Signal zu senden,

Vorrichtung nach Anspruch 1 oder 2, wobei das mi-
kroelektromechanische System ferner zumindest
ein Element umfasst, das aus der Gruppe ausge-
wahlt ist, die aus piezoelektrischem Material, einem
zweifach gelagerten Mikrobalken, einer piezoresisti-
ven Beschichtung und einem parallelen Plattenkon-
densator besteht.

Vorrichtung nach Anspruch 3, wobei das mikroelek-
tromechanische System ferner zumindest ein Ele-
ment umfasst, das aus der Gruppe ausgewahlt ist,
die aus piezoelektrischem Material, einem zweifach
gelagerten Mikrobalken, einer piezoresistiven Be-
schichtung, einer piezoelektrischen Beschichtung,
einem parallelen Plattenkondensator, einer Antikor-
perbeschichtung und einer aptameren Rezeptorbe-
schichtung besteht.

Vorrichtung nach Anspruch 5, wobei die Antikdrper-
beschichtung spezifisch fir zumindest einen Lock-
stoff ist, der aus der Gruppe ausgewahlt ist, die aus
C-reaktiven Proteinen, aktivierter Faktor XII, Sero-
tonin und Epinephrin besteht.

Vorrichtung nach Anspruch 5, wobei die aptamere
Rezeptorbeschichtung fiir zumindest ein Zytokin ist,
das aus der Gruppe ausgewahlt ist, die aus dem
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Tumor-Nekrose-Faktor-a, Interleukin-1, Interleukin-
6 und Interferon besteht.

Vorrichtung nach Anspruch 1, 2 oder 3, wobei die
Vorrichtung von einer Stromversorgung versorgt
wird, die zumindest eine Vorrichtung umfasst, die
aus der Gruppe ausgewahlt ist, die aus piezoelek-
trischen Elementen (85), piezoelektrischen Stapeln
(54), elektromagnetischer Induktion (43; 53), Funk-
frequenzinduktion und wiederaufladbaren Batterien
besteht.

Vorrichtung nach Anspruch 1, wobei der zumindest
eine Belastungs-, Temperatur- und Schwingungs-
sensor ferner zumindest eine Einkapselung (4) um-
fasst, die aus der Gruppe ausgewahlt ist, die aus
Polymer- und Elastomermaterial besteht.

Vorrichtung nach Anspruch 2, wobei der zumindest
eine Belastungssensor, Temperatursensor, Schwin-
gungssensor und die Ultraschallvorrichtung ferner
zumindest eine Einkapselung (4) umfassen, die aus
der Gruppe ausgewahlt ist, die aus Polymer- und
Elastomermaterial besteht.

Vorrichtung nach Anspruch 3, wobei der zumindest
eine Belastungssensor, Temperatursensor, Schwin-
gungssensor, die Ultraschallvorrichtung und der
chemische Sensor ferner zumindest eine Einkapse-
lung (4) umfassen, die aus der Gruppe ausgewahlt
ist, die aus Polymer- und Elastomermaterial besteht.

Vorrichtung nach Anspruch 9, 10 oder 11, wobei die
Einkapselung (4) ferner eine konvexe Oberflache (2)
und eine konkave Oberflache (5) umfasst.

Vorrichtung nach Anspruch 1 oder 2, wobei die Vor-
richtung in zumindest einer orthopadischen Struktur
angeordnet ist, die aus der Gruppe ausgewahlt ist,
die aus Tibia, Fibia, Femora, Patella, Acetabula,
Scapula, Humera, Talus und intervertebralem Raum
besteht.

Vorrichtung nach Anspruch 3, wobei die Vorrichtung
in zumindest einer orthopadischen Struktur ange-
ordnet ist, die aus der Gruppe ausgewahlt ist, die
aus Tibia, Fibia, Femora, Patella, Acetabula, Sca-
pula, Humera, Talus, intervertebralem Raum und
Gewebe besteht.

Vorrichtung nach Anspruch 1, 2 oder 3, wobei die
Signalverarbeitungsvorrichtung (42; 52; 82) ferner
zumindest eine Ubertragungsvorrichtung umfasst,
die aus der Gruppe ausgewahlt ist, die aus drahtlo-
ser Telemetrie und perkutaner Verdrahtung besteht.

Vorrichtung nach Anspruch 3, wobei der chemische
mikroelektromechanische Sensor ferner zumindest
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einen Bakteriensensor umfasst, der in einem Drai-
nagerohrelement angeordnet ist.

Revendications

Dispositif pour réaliser des diagnostics in vivo de
charges, d’usure et d’infection dans des implants or-
thopédiques, ledit dispositif comprenant :

une structure orthopédique implantée ;

au moins un capteur de charge microélectromé-
canique associé audit implant ;

au moins un capteur de température microélec-
tromécanique associé audit implant, ledit au
moins un capteur de température servant a gé-
nérer un signal de sortie en fonction d’une tem-
pérature a proximité dudit implant et indicatif de
cette température ;

au moins un capteur de vibrations microélectro-
mécanique associé auditimplant, ledit au moins
un capteur de vibrations servant a générer un
signal de sortie en fonction d’une vibration a
proximité dudit implant et indicatif de cette
vibration ; et

au moins un dispositif (42 ; 52 ; 82) de traitement
de signaux couplé de maniere fonctionnelle
auxdits au moins un capteur de charge, de tem-
pérature et de vibrations, ledit au moins un dis-
positif de traitement de signaux fonctionnant de
fagon a recevoir ledit signal de sortie des au
moins un capteur respectif de charge, de tem-
pérature et de vibrations, et a transmettre un
signal correspondant audit signal de sortie ; ca-
ractérisé en ce que :

ledit au moins un capteur de charge micro-
électromécanique comprend trois capteurs
(41 ; 51)de type micro-poutre en porte-a-
faux orientés de fagon a détecter trois forces
appliquées sur l'implant, pour générer un
signal de sortie en fonction de charges nor-
males et transversales appliquées sur ledit
implant et indicatif de ces charges.

2. Dispositif selon la revendication 1, et comprenant,

en outre :

au moins un dispositif microélectromécanique a
ultrasons associé audit implant, ledit au moins
un dispositif a ultrasons servant a générer un
signal de sortie en fonction d’une usure subie
par leditimplant et indicatif de cette usure ; dans
lequel

ledit au moins un dispositif (42 ; 52 ; 82) de trai-
tement de signaux est couplé de maniére fonc-
tionnelle audit au moins un dispositif a ultrasons,
ledit au moins un dispositif de traitement de si-
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gnaux fonctionnant de fagon a recevoir ledit si-
gnal de sortie dudit au moins un dispositif a ul-
trasons et a transmettre un signal correspon-
dant audit dispositif de sortie.

3. Dispositif selon la revendication 2, et comprenant,

en outre :

au moins un capteur microélectromécanique
chimique associé audit implant, ledit au moins
un capteur chimique servant a générer un signal
de sortie en fonction d’une infection a proximité
dudit implant et indicatif de cette infection ; dans
lequel

ledit au moins un dispositif (42 ; 52 ; 82) de trai-
tement de signaux est couplé de maniére fonc-
tionnelle audit au moins un capteur chimique,
ledit au moins un dispositif de traitement de si-
gnaux fonctionnant de fagon a recevoir ledit si-
gnal de sortie dudit au moins un capteur chimi-
que et a transmettre un signal correspondant
audit dispositif de sortie.

Dispositif selon la revendication 1 ou 2, dans lequel
ledit systéme microélectromécanique comprend, en
outre, au moins un élément choisi dans le groupe
consistant en un matériau piézoélectrique, une dou-
ble micropoutre supportée, un revétement piézoré-
sistif, un revétement piézoélectrique, et un conden-
sateur plan paralléle.

Dispositif selon la revendication 3, dans lequel ledit
systéme microélectromécanique comprend, en
outre, au moins un élément choisi dans le groupe
comprenant un matériau piézoélectrique, une dou-
ble micropoutre supportée, un revétement piézoré-
sistif, un revétement piézoélectrique, un condensa-
teur plan paralléle, un revétement d’anticorps, et un
revétement de récepteurs aptameéres.

Dispositif selon la revendication 5, dans lequel ledit
revétement d’anticorps est spécifique d’au moins un
agent d’attraction choisi dans le groupe consistant
en protéines c-réactives, facteur XII activé, séroto-
nine et épinéphrine.

Dispositif selon la revendication 5, dans lequel ledit
revétement de récepteurs aptameres est spécifique
d’au moins une cytokine choisie dans le groupe con-
sistant en facteur o. de nécrose tumorale, interleuki-
ne-1, interleukine-6 et interféron.

Dispositif selon la revendication 1, 2 ou 3, dans le-
quel ledit dispositif est alimenté par une source d’ali-
mentation comprenant au moins un dispositif choisi
dans le groupe consistant en des éléments piézoé-
lectriques (85), des empilements piézoélectriques
(54), une induction électromagnétique (43 ; 53), une
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induction par radiofréquences et des batteries re-
chargeables.

Dispositif selon la revendication 1, dans lequel ledit
au moins un capteur de charge, de température et
de vibrations comprend, en outre, au moins un agent
d’encapsulation (4) choisi dans le groupe consistant
en un matériau polymeére et un matériau élastomere.

Dispositif selon la revendication 2, dans lequel ledit
au moins un capteur de charge, capteur de tempé-
rature, capteur de vibrations, et dispositif a ultrasons,
comprend, en outre, au moins un agent d’encapsu-
lation (4) choisi dans le groupe consistant en un ma-
tériau polymeére et un matériau élastomere.

Dispositif selon la revendication 3, dans lequel ledit
au moins un capteur de charge, capteur de tempé-
rature, capteur de vibrations, dispositif a ultrasons
et capteur chimiques, comprend, en outre, au moins
un agent d’encapsulation (4) choisi dans le groupe
consistant en un matériau polymére et un matériau
élastomere.

Dispositif selon la revendication 9, 10 ou 11, dans
lequel ledit agent d’encapsulation (4) comprend, en
outre, une surface convexe (2) et une surface con-
cave (5).

Dispositif selon la revendication 1 ou 2, dans lequel
ledit dispositif est disposé dans au moins une struc-
ture orthopédique choisie dans le groupe consistant
entibia, péroné, fémur, rotule, cavité cotyloide, omo-
plate, humérus, astragale et espace intervertébral.

Dispositif selon la revendication 3, dans lequel ledit
dispositif est disposé dans au moins une structure
orthopédique choisie dans le groupe consistant en
tibia, péroné, fémur, rotule, cavité cotyloide, omo-
plate, humérus, astragale, espace intervertébral et
les tissus.

Dispositif selon la revendication 1, 2 ou 3, dans le-
quel ledit dispositif (42 ; 52 ; 82) de traitement de
sighaux comprend, en outre, au moins un dispositif
de transmission choisi dans le groupe consistant en
une télémétrie sans fil et un cerclage percutané.

Dispositif selon la revendication 3, dans lequel ledit
capteur microélectromécanique chimique com-
prend, en outre, au moins un capteur de bactéries
disposé dans un élément tubulaire de drain.
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