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Strain Sensing System

[0001] This application claims the Dbenefit of U.S.
provisional patent application serial number 60/394,607 filed
July 10, 2002 and entitled “Real Time Monitoring System For
Spinal Fusion”.

Field of the Invention

[0002] The present invention relates generally to a system
for sensing and remotely monitoring strain in an element. More
specifically, the present invention relates to a biomedical
implant that incorporates a strain sensor and a telemetry
circuit, and a remote reader, module for measuring and
monitoring strain in, for example, an orthopedic device located
within a human or animal subject such that the resultant strain
data can be analyzed to determine the progress of a healing
injury or monitor the long term effectiveness of an[implanted
device.

Background of the Invention

[0003] Many modern surgical techniques for the repair of
damaged skeletal structure utilize implanted orthopedic devices
affixed to the skeletal structure to lend support and rigidity
thereto until the normal healing process progresses
sufficiently that the structure is capable of its intended use.
For example, spinal fusion surgery often involves implantation
of a bio-compatible stainless steel or titanium spinal fusion
implant comprised of a plurality of rods affixed to the damaged
spine proximate the damaged area, usually by pedicle screws.
The implant is designed to stabilize and support the spine
until fusion occurs.

[0004] Presently there are several techniques available
to a physician to monitor the healing or fusion process in an
orthopedic implant. Common diagnostic tools include

radiography, computer tomography (CT) and magnetic resonance
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imaging (MRI) scans, and of course exploratory surgery.
Radiography, CT scans and MRI scans all are quite limited in
their ability and accuracy in monitoring fusion progress due to
the difficulty encountered in interpreting the scan results,
even by experienced medical practitioners. Exploratory surgery
is, of course, quite reliable for viewing fusion progress but
is highly undesirable because of the various risks associated
with an additional surgery. While some methods of measuring
the progress of fusion in a patient presently exist, no known
methods have the ability to monitor strain in an orthopedic
device or other element (and thus the progress of the fusion
taking place) under both static and dynamic loading conditions.
[0005] By carefully monitoring and quantifying the progress
of spinal fusion, patients are able to return to normal
activities sooner without risk of compromising the fusion
process. The result is a reduction in doctor visits, decreased
medical costs, and a reduction 1in lost work time and the
attendant cost savings resulting therefrom. The average time
for spinal fusion to occur is between 6 and 12 months. A real-
time monitoring system for spinal fusion will eliminate the
need for more costly procedures such as CT and MRI scans and
provide surgeons with valuable information during the treatment
process. Elimination of a single follow-up CT scan alone could
save over $1000 per patient. Furthermore, fusion failures can
be diagnosed more quickly and accurately thereby permitting the
orthopedic surgeon to take corrective measures immediately when
the fusion process is not progressing apace.

Summary of the Invention

[0006] The present invention provides a miniature sensor for
measuring strain in a loaded element with a radio frequency
telemetry circuit utilized to transmit data derived £rom the
output of the sensor to a remotely located reader. The

telemetry circuit and sensor may be powered wvia inductive
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coupling from the reader so that no power source is required to
be placed in vivo in implantation applications. Furthermore, a
bio-compatible housing may be used to encapsulate the sensor
and telemetry components and provide a convenient method for
mounting the system on orthopedic implant devices, as well as
provide some measure of strain amplification.

[0007] Commercially available orthopedic devices such as
spinal fixation rods can be equipped with the proposed
monitoring system and used to measure the strain in the device,
thereby providing the surgeon with a reliable and cost
effective method to determine the success of the orthopedic
implant in vivo. The monitoring system may also be used as a
warning system for implant failures since the rod strains will
necessarily decrease as healing progresses. Rod strain levels
that do not decrease over time, increase somewhat, or change
abruptly could be indicative of dimplant failure. The
monitoring system may also be used with orthopedic screws,
pins, plates, and joint implants.

[0008] The present invention provides a physician with
the ability to monitor the spinal fusion process by measuring
gquantitatively the gpinal fixation rod strains. The in vivo
load transfer from the spinal fusion rod to the spine is
monitored in real time using a miniature strain sensor placed
either directly or indirectly on the surface of the rod. This
data is then transmitted outside the body using the internal
telemetry circuit and external reader, and evaluated
instantaneously by the surgeon. In a successful fusion
surgery, as the spine fuses the 1load on the spine is
transferred from the rod to the spine, thereby lowering the
monitored strain on the implant rod surface. The load transfer
for a normal spinal fusion should be gradual and any deviation
would indicate either non-fusion or possible failure of a rod

or pedicle screw used to secure the rod to the spine.
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'[0009] It is therefore one object of the instant
invention to provide a system for measuring and monitoring
strain in an element.

[0010] A further object of the invention is a system that
remotely monitors strain in a loaded element.

[0011] A further object of the invention is a system for
measuring in vivo strain on an orthopedic device.

[0012] A further object of the invention is a system for
measuring in vivo strain in an orthopedic device in real time.
[0013] A further object of the invention is an implantable,
bio-compatible sensor and telemetry system for measuring in
vivo strain.

[0014] Other uses, advantages, and features of the instant
invention will become apparent after reading the detailed
description of the preferred embodiments taken in conjunction

with the accompanying drawing figures.

Brief Description of the Drawing Figures

[0015] Fig. 1 is a block diagram of the strain measuring
system in accordance with the present invention.

[0016] Fig. 2 is a block diagram of a capacitance sensor in
accordance with the present invention. 4 |

[0017] Fig. 3 is a block diagram of the strain measuring
system in accordance with the present invention.

[0018] Fig. 4 is an isometric view of a sensor’housing in
accordance with the present invention.

[0019] Fig. 5 1g an isometric view of a sgensor housing in
accordance with the present invention.

[0020] Fig. 6 1s a diagram of a spinal fusion orthopedic
implant equipped with the present invention.

[0021] Fig. 7 1is a Dblock diagram of the system of the

present invention.
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Detailed Description of the Preferred Embodiments

[0022] Referring to Fig. 1 and in accordance with one
embodiment of the instant invention, a system 10 for measuring
and remotely monitoring strain in an element 1 subject thereto
includes a sensor 20 capable of measuring static and dynamic
strain in the element 1, a telemetry circuit 40 that transmits
sensor 20 data, and a remotely located reader module 60 for
receiving the transmitted sensor data. The sensor 20 can be a
miniaturized strain gauge, a MEMS (micro electrical mechanical
system) sensor, a surface acoustic wave (SAW) gensor, Oor a
capacitance-type sensor adapted to measure strain in an
element, or any other strain sensor capable of measuring both
static and dynamic strain in a loaded element 1. Each of the
aforementioned sensors 20 consume relatively little electrical
power and thus are advantageous for use in the instant system
20 when an in vivo application is necessary.

[0023] Referring to Fig. 2, a capacitance-type cantilevered
beam sensor 20 may be employed with the present invention,
wherein a capacitance beam 22 acting as a first parallel plate
depends from a pivot 24 secured to a slipcover 26 that permits
the sensor to be mounted on the strained element 1, or
alternatively on a housing encapsulating the sensor 20, in
addition to acting as the second parallel plate of the sensor
20. As the element 1 flexes, the distance between the beam 22
and slipcover 26 varies, thereby varying the capacitance of the
sensor.

[0024] Referring again to Fig. 1, a passive telemetry
circuit 40 is provided (requiring no battery) that includes an
inductor Ly and capacitor Cy forming a simple tank circuit. The
reader module 60 utilizes an antenna coil 62 that transmits at
a predetermined fregquency, for example 125 KHz, as is common in

radio frequency identification device (RFID) circuitry. The
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bower transmitted from the antenna 62 inductively couples the
telemetry circuit 40, thereby causing it to resonate at a
particular frequency depending upon the inductance and
capacitance values.

[0025] As the capacitance of the strain sensor Cp varies
with the strain as measured in element 1, the resonant
frequency of the telemetry circuit 40 changes responsive to the
strain. The reader 60 then detects the corresponding resonant
frequency signal produced by the telemetry circuit 40 that is
indicative of strain in the element 1.

[0026] In one embodiment of the invention, a simple power
circuit 44 is included to provide rectified dc power derived
from the power transmitted from the reader antenna 62 to the
telemetry circuit 40 to be wutilized to power additional
circuitry such as signal processing (not shown) for the sensor
20 signal.

[0027] Referring to Fig. 3, an alternative telemetry circuit
40 is shown, whereby a miniature power supply 46, for example a
lithium battery, is wused to actively power the telemetry
circuit 40. A real time clock 48 is used as a switch to
energize and de-energize the entire circuit 40 at predetermined
intervals in order to preserve battery 46 power. In this
empbodiment of the invention a transceiver integrated circuit
(IC) 50 is used to accept the sensor 20 input 22 and transmit
the input to the remote reader 60. This embodiment of the
present invention permits the use of a conventional strain
gauge as a sensor 20, since sufficient dc power is readily
available from the battery 46, as well as an on-board micro-
controller for processing and storing the data from the sensor
20. The sensor 20 data is then transmitted via radio frequency
communication through an antenna 52. This embodiment of the
present invention also permits the use of a wvariety of

commercially available IC packages as a transceiver 50 for use
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in storing and transmitting the sensor 20 data.

[0028] Figs. 4 and 5 depict two housings 80 that may be used
to encapsulate the sensor 20 and telemetry circuit, and are
advantageous for wuse in inter-vivo applications. These
housings 80 are suitable for use where the sensor 20 is used to
measure strain in a rod or similar device, for example as a
component of an orthopedic implant. As one example of
orthopedic use, Fig. 6 shows a spinal fusion implant 90
comprising a plurality of rods 92 affixed by a plurality of
pedicle screws 94 both above and below a pair of vertebrae
being fused. This orthopedic implant 90 is used to stabilize
and support the surgically fused vertebrae until the healing
process fuses the vertebrae sufficiently to bear the 1load
required of the spine. Over time as the fused vertebrae heal,
there is an in vivo load transfer from the implant 90 to the
spine. Thus by monitoring the strain in the implant rods 92
over time, a physician can determine the progression of the
spinal fusion.

[0029] The housings 80 may be made of any bio-compatible
material such as polyethylene or a similar non-reactive polymer
to permit the sensor 20 and telemetry circuit 40 encapsulated
therein to be implanted in a living organism. As best seen in
Figs. 6 and 7 the substantially annular housings 80 can be
placed around the circumference of an implant rod 92 such that
the sensor 20 is disposed on the rod 92 surface. Furthermore,
the housings 80 may comprise two interlocking halves to
facilitate the placement of the telemetry circuit 40 and sensor
20 within the housing, and permit ease of installation of the
entire assembly onto an implant rod. This feature of the
invention permits a sensor 20 and concomitant telemetry circuit
40 to be affixed to the implant rod or rods 92 in advance of
the surgery, thereby reducing operating time. While the

specific housing embodiments shown in Figs. 4 and 5 are adapted
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to be used with cylindrical rods, it will be appreciated by one
of ordinary skill that a variety of implant shapes can be
accommodated by modification of the interior surface of the
housing 80.

[0030] Additionally, the sensor 20 may be placed so that it
does not directly contact the surface of the implant rod 90,
but instead is 1in contact with an interior surface of the
housing 80. As the rod 90 is strained, the housing 80 is also
strained, thereby imparting strain to the sensor 20, and even
amplifying the strain in the rod 90 to some extent.

[0031] In a further embodiment of the invention a compact
battery-powered reader 100 and an associated flash card memory
102 may be employed as a belt or pocket unit, similar to a
conventional pager, that may be located on a belt or other
location proximate to an implanted orthopedic device
instrumented with the invention. The compact reader 100
provides sufficient power to the sensor 20 and telemetry
circuit 40 to &receive sensor 20 data at pre-determined
intervals throughout the day whereupon it is stored in the
memory 102. The flash memory card 102 may be removed from the
reader 100 periodically, and the data stored thereon may be
downloaded to a conventional computer (not shown) for use by a
physician. This feature of the invention permits the physician
to monitor in near real-time the progress of the fusion
process, or other strain data indicative of the progress of
orthopedic implant surgery. Furthermore, since the flash
memory card 102 can be readily used to transmit the stored
strain data to a conventional personal computer, the physician
can have near real-time access to the data in event of an
emergency or related concern from a recovering patient.

[0032] Additionally, a conventional microcomputer control
module 110 may be employed in communication with the reader 60

to store and process the sensor 20 data and may be used to
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construct graphical representations of the strain data, or

transmit the data to others.
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WE CLAIM:

1. A system for measuring and remotely monitoring strain
in an element comprising:

a sensor for measuring strain in said element
producing an electrical signal representative
thereof;

a telemetry circuit electrically coupled to said
sensor for encoding and transmitting the signal
representative of strain; and

a reader module remotely located from said sensor and
said telemetry circuit for receiving the signal
representative of strain.

2. A system for measuring and remotely monitoring strain
in an element as claimed in claim 1 further comprising;

a housing for encapsulating said sensor and said
telemetry circuit.

3. A system for measuring and remotely monitoring strain
in an element as claimed in claim 2 wherein said housing is
comprised of bio-compatible material capable of implantation in
a living organism.

4. A system for measuring and remotely monitoring strain
in an element as claimed in claim 1 wherein said sensor for
measuring strain is a capacitive sensor.

5. The system for measuring and remotely monitoring
gstrain in an element as claimed in claim 1 wherein said sensor
for measuring strain is a cantilever beam type capacitive
sensor.

6. The system for measuring and remotely monitoring
gtrain in an element as claimed in claim 1 wherein said sensor
for measuring strain is a surface acoustic wave sensor.

7. The system for measuring and remotely monitoring
gstrain in an element as claimed in claim 1 wherein said sensor

for measuring strain is a miniaturized strain gauge.

10
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8. The system for measuring and remotely monitoring
strain in an element as claimed in claim 3 wherein said housing
is substantially annular for placement around an orthopedic
implant rod.

9. The system for measuring and remotely monitoring
strain in an element as claimed in claim 1 wherein said reader
module further comprises a concomitant removable memory card
for storing sensor data.

10. The system for measuring and remotely monitoring
strain in an element as claimed in claim 9 wherein said reader
module is battery powered.

11. A system for measuring and remotely monitoring strain
in an element comprising:

a sensor for measuring static and dynamic strain in
said\element producing an electrical signal
representative thereof;

a telemetry circuit electrically coupled to said
sensor for encoding and transmitting the signal
representative of strain;

a reader module remotely located from said sensor and
said telemetry circuit for receiving the signal
representative of strain and for transmitting
power to said telemetry circuit; and

a control module in communication with said reader
module for storing and processing the signal
representative of strain.

12. The system for measuring and remotely monitoring
strain in an element as claimed in claim 11 wherein said sensor
for measuring strain is a capacitance sensor.

13. The system for measuring and remotely monitoring
strain in an element as claimed in claim 11 wherein said sensor
for measuring strain is a cantilever beam type capacitive

sensor.

11
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14. The system for measuring and remotely monitoring
Strain in an element as claimed in claim 11 further comprising:

a bio-compatible housing for encapsulating said sensor and
said telemetry circuit.

15. The system for measuring and remotely monitoring
strain in an element as claimed in claim 14 wherein said
housing is substantially annular for placement around an
orthopedic implant rod.

16. The system for measuring and remotely monitoring
gtrain in an element as claimed in claim 14 wherein said sensor
ig secured to said housing and wherein the strain in said
element 1s transmitted to said sensor through said housing.

17. The system for measuring and remotely monitoring
strain in an element as claimed in claim 15 wherein said sensor
is secured to said housing and wherein the strain in said

element is transmitted to said sensor through said housing.

12
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