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Description

FIELD

[0001] The present invention pertains generally to sur-
gical electronics, and particularly devices for assessing
alignment and surgical implant parameters during spine
surgery and long-term implantation.

BACKGROUND

[0002] The spine is made up of many individual bones
called vertebrae, joined together by muscles and liga-
ments. Soft intervertebral discs separate and cushion
each vertebra from the next. Because the vertebrae are
separate, the spine is flexible and able to bend. The ver-
tebrae provide a conduit for the spinal cord neural bundle.
Together the vertebrae, discs, nerves, muscles, and lig-
aments make up the vertebral column or spine. The spine
varies in size and shape, with changes that can occur
due to environmental factors, health, and aging. The
healthy spine has front-to-back curves, but deformities
from normal cervical lordosis, thoracic kyphosis, and lum-
bar lordosis conditions can cause pain, discomfort, and
difficulty with movement. These conditions can be exac-
erbated by herniated discs, which can pinch nerves.
[0003] There are many different causes of abnormal
spinal curves and various treatment options from therapy
to surgery. The goal of the surgery is a usually a solid
fusion of two or more vertebrae in the curved part of the
spine. A fusion is achieved by operating on the spine and
adding bone graft. The vertebral bones and bone graft
heal together to form a solid mass of bone called a fusion.
Alternatively, a spinal cage is commonly used that in-
cludes bone graft for spacing and fusing vertebrae to-
gether. The bone graft may come from a bone bank or
the patient’s own hipbone or other autologous site. The
spine can be substantially straightened with metal rods
and hooks, wires or screws via instrumented tools and
techniques. The rods or sometimes a brace or cast hold
the spine in place until the fusion has a chance to heal.
[0004] US2010/249787A1 discloses a dynamic dis-
tractor for distracting bones of a muscular-skeletal sys-
tem. The dynamic distractor comprises at least one sen-
sor, a handle, a lift mechanism, and one or more align-
ment aids. The position and measurement sensors are
in communication with the processing unit to display,
process, and store measured data. The at least one sen-
sor can provide loading, loading differential, and position
information as well as other measured parameters. The
dynamic distractor can aid in the alignment of the skeletal
systems and to verify that alignment is correct.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Various features of the system are set forth with
particularity in the appended claims. The embodiments
herein, can be understood by reference to the following

description, taken in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates a spine measurement system in
accordance with an example embodiment;
FIG. 2 illustrates a spinal instrument in a non-limiting
example;
FIG. 3 illustrates a spinal instrument having integrat-
ed electronics in a non-limiting example;
FIG. 4 illustrates an insert instrument with vertebral
components in a non-limiting example;
FIG. 5 illustrates a lateral view of the spinal instru-
ment positioned between vertebrae of the spine for
sensing vertebral parameters in a non-limiting ex-
ample;
FIG. 6 illustrates a graphical user interface (GUI)
showing an axial view of the spinal instrument of FIG.
5 in accordance with an example embodiment;
FIG. 7 illustrates the spinal instrument positioned be-
tween vertebra of the spine for intervertebral position
and force sensing in accordance with an example
embodiment;
FIG. 8 illustrates a user interface showing the spinal
instrument of FIG. 7 in accordance with an example
embodiment;
FIG. 9 illustrates a lateral view of the spinal insert
instrument for placement of the spine cage in ac-
cordance with an example embodiment;
FIG. 10 illustrates the graphical user interface show-
ing the insert instrument of FIG. 9 in a non-limiting
example;
FIG. 11 is a block diagram of the components of the
spinal instrument in accordance with an example
embodiment;
FIG. 12 is a diagram of an exemplary communica-
tions system for short-range telemetry in accordance
with an example embodiment;
FIG. 13 illustrates a communication network for
measurement and reporting in accordance with an
example embodiment;
FIG. 14 illustrates an exemplary diagrammatic rep-
resentation of a machine in the form of a computer
system within which a set of instructions, when ex-
ecuted, may cause the machine to perform any one
or more of the methodologies disclosed herein;
FIG. 15 illustrates components of a spinal instrument
in accordance with an example embodiment;
FIG. 16 illustrates a spine measurement system for
providing intervertebral load and position of load data
in accordance with an example embodiment;
FIG. 17 illustrates a spine measurement system for
providing intervertebral load and position of load data
in accordance with an example embodiment;
FIG. 18 illustrates an exploded view of the module
and the handle in accordance with an example em-
bodiment;
FIG. 19 illustrates a shaft for receiving a removable
sensored head in accordance with an example em-
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bodiment;
FIG. 20 illustrates a cross-sectional view of a female
coupling of the sensored head in accordance with
an example embodiment;
FIG. 21 illustrates an exploded view of a spinal in-
strument in accordance with an example embodi-
ment;
FIG. 22 illustrates a cross-sectional view a shaft re-
gion of the spinal instrument of FIG. 21 in accordance
with an example embodiment;
FIG. 23 illustrates a cross-sectional view of a sen-
sored head region of the spinal instrument of FIG.
21 in accordance with an example embodiment;
FIG. 24 illustrates an exploded view of the sensored
head region of the spinal instrument of FIG. 21;
FIG. 25 illustrates a cross-sectional view of the sen-
sored head region of the spinal instrument of FIG.
21 in accordance with an example embodiment;
FIG. 26 illustrates a spinal instrument and a cradle
in accordance with an example embodiment;
FIG. 27 illustrates a knee insert and a cradle in ac-
cordance with an example embodiment;
FIG. 28 illustrates a block diagram of a system to
enable and disable a medical device in accordance
with an example embodiment; and
FIG. 29 illustrates a state diagram of a medical de-
vice enabling circuit in accordance with an example
embodiment.

DETAILED DESCRIPTION

[0006] While the specification concludes with claims
defining the features of the embodiments of the invention
that are regarded as novel, it is believed that the method,
system, and other embodiments will be better understood
from a consideration of the following description in con-
junction with the drawing figures, in which like reference
numerals are carried forward.
[0007] As required, detailed embodiments of the
present method and system are disclosed herein. How-
ever, it is to be understood that the disclosed embodi-
ments are merely exemplary, which can be embodied in
various forms. Therefore, specific structural and function-
al details disclosed herein are not to be interpreted as
limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the embodiments of the present inven-
tion in virtually any appropriately detailed structure. Fur-
ther, the terms and phrases used herein are not intended
to be limiting but rather to provide an understandable
description of the embodiment herein.
[0008] Broadly stated, embodiments of the invention
are directed to a system and method for vertebral load
and location sensing. A spine measurement system com-
prises a spinal instrument coupled to a remote display.
The spine measurement system can measure load, bal-
ance, and alignment to assess load forces on the verte-
bra. The spinal instrument can be an active device having

an electronic assembly and a sensorized head assembly
that can articulate within a vertebral space. The senso-
rized head can be inserted between vertebra and report
vertebral conditions such as force, pressure, orientation
and edge loading. The spine measurement system fur-
ther includes alignment circuitry. The alignment circuitry
provides positional information for identifying an orienta-
tion and location of the spinal instrument. A GUI of the
remote system can be used to show where the spine
instrument is positioned relative to vertebral bodies as
the instrument is placed in the inter-vertebral space dur-
ing the surgical procedure. The system can report optimal
prosthetic size and placement in view of the sensed load
and location parameters including optional orientation,
rotation and insertion angle along a determined insert
trajectory.
[0009] An insert instrument is also provided herein with
the load balance and alignment system for inserting a
vertebral component such as a spine cage or pedicle
screw. The system in view of previously captured param-
eter measurements can check and report if the instru-
ment is edge loading during an insertion. It shows track-
ing of the insert instrument with the vertebral component
and provides visual guidance and feedback based on
positional and load sensing parameters. The system
shows three-dimensional (3D) tracking of the insert in-
strument in relation to one or more vertebral bodies
whose orientation and position are also modeled in 3D.
[0010] FIG. 1 illustrates a spine measurement system
100 in a non-limiting example. The system 100 comprises
a spinal instrument 102 that can be communicatively cou-
pled to a remote system 105. The spine measurement
system 100 can further include alignment circuitry 103
to determine positional information of at least one of an
orientation, rotation, angle, and location. The positional
information can relate to a tool, device, equipment, pa-
tient, or region of the muscular-skeletal system. In the
example, alignment circuitry 103 can be part of spinal
instrument 102 or comprise external components. In one
embodiment, external components comprising align-
ment circuitry 103 can couple to spinal instrument 102
or to regions of the spine for determining positional infor-
mation. In one embodiment, location and position can be
determined via one or more accelerometers. Alternative-
ly, location and position can be determined via a time of
flight or differential time of flight of a signal. The positional
information can include orientation and translation data
used to assess an alignment of the spine 112. The posi-
tional information can be measured in real-time during
the procedure or provided to remote system 105.
[0011] In the example, spinal instrument 102 can be
used intra-operatively to measure a parameter of the spi-
nal region. Spinal instrument 102 includes at least one
sensor for measuring the parameter. Spinal instrument
102 can have more than one sensor for measuring dif-
ferent parameters and providing quantitative data to the
surgeon in real-time. In one embodiment, spinal instru-
ment 102 measures load, position of load, and alignment.
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Spinal instrument 102 is not limited to load and alignment
measurement example. Other sensor types for measur-
ing different parameters can be integrated into the de-
vice. The quantitative data generated by spinal instru-
ment 102 can be used to determine a location for placing
a prosthetic component such as a pedicle screw or a
spine cage in the spine. Spinal instrument 102 can be
used to distract the spinal region being measured. In gen-
eral, spinal instrument 102 and alignment circuitry 103
may be used within a sterile field 109 of an operating
room. The sterile field 109 can also be called a surgical
field where a patient operation is performed. Typically,
remote system 105 is outside the sterile field 109 of the
operating room. The remote system 105 can be a laptop,
mobile workstation, display or other device that presents
a Graphical User Interface (GUI) 107. In one embodi-
ment, GUI 107 contains a workflow that shows the spine
112 and reports spinal instrument quantitative measure-
ment data. For example, remote system can receive and
display load, load position, and alignment data from spi-
nal instrument 102 and alignment circuitry 103. Alterna-
tively, spinal instrument 102 can have an interface for
displaying or indicating the quantitative measurement
data. In the example, the spinal instrument 102 is a self-
contained device for generating measurement data.
[0012] The GUI 1 07 is presented by way of the remote
system 105 and spine measurement system 100. In the
example, the GUI 107 may have more than one window
to show the quantitative measurement data provided by
spinal instrument 102 and alignment circuitry 103. GUI
107 is shown on the display of remote system 105 for
providing real-time quantitative data from spinal instru-
ment 107 and alignment circuitry 103. In the example,
spinal instrument 102 is being directed to a spinal region.
More specifically, spinal instrument 102 is being directed
between vertebrae of the spine. Sensors can be placed
within a sensored head of spinal instrument 102. The
sensored head can be used to distract the vertebrae
thereby generating a gap between vertebrae that is the
height of the sensored head. Spinal instrument 102 can
be wired or wirelessly coupled to remote system 105. In
the example, spinal instrument 102 is wirelessly coupled
to remote system 105 for transmitting data. That trans-
mitted data can include load, location, and position data.
GUI 107 can display alignment data in real-time such as
shaft angle and a rotation component corresponding to
the direction of spinal instrument 102 in relation to the
vertebrae of interest. Furthermore, GUI 107 can provide
quantitative measurement data on the load and position
of load applied by the vertebrae to the sensored head of
spinal instrument 102 after insertion. Thus, measure-
ment system 100 allows the surgeon and medical staff
to visualize use of the spinal instrument 102 and the
sensed parameters.
[0013] The spine measurement system 100 can be
communicatively coupled to a database 123 system such
as a server 125 to provide three-dimensional (3D) imag-
ing (e.g., soft tissue) and 3D models (e.g., bone) captured

prior to, or during, surgery. The 3D imaging and models
can be used in conjunction with positional information
measured during the procedure to establish relative lo-
cation and orientation. The server 125 may be local in
near vicinity or remotely accessed over the Internet 121.
As one example, the server 125 provides 3D spine and
vertebra models. A CAT scanner (not shown) can be em-
ployed to produce a series of cross-sectional x-ray im-
ages of a selected part of the body. A computer operates
the scanner, and the resulting picture represents a slice
of the body. The server 125 produces a three-dimension-
al (3D) model from the slices. The server 125 can also
provide 3D models generated from Magnetic Resonance
Imaging (MRI) scanners (not shown). The server 125
may also support fluoroscopic imaging to provide real-
time moving images of the internal structures of a patient
with respect to the spine measurement system 100 de-
vices through the use of X-ray source (not shown) and
fluorescent screen.
[0014] In the example, the sensored head of spinal in-
strument 102 includes a sensor for measuring load. In
one embodiment, the sensored head includes more than
one sensor for measuring a location of an applied force,
pressure, or load to the surfaces of the sensored head.
Measuring the location of the applied force to surfaces
of the sensored head of spinal instrument 102 provides
information related to the spinal region and the distribu-
tion of the force. For example, an application may require
an even distribution of force applied over a large area of
the surfaces of the sensored head. Conversely, an ap-
plication may require a peak force applied over a small
area of the surface of the sensored head. In either ex-
ample, spinal instrument 102 can provide measurement
data related to force magnitude and location of the ap-
plied force whereby the surgeon uses the quantitative
data in conjunction with subjective information for as-
sessing the probed spinal region.
[0015] Many physical parameters of interest within
physical systems or bodies can be measured by evalu-
ating changes in the characteristics of energy waves or
pulses. As one example, changes in the transit time or
shape of an energy wave or pulse propagating through
a changing medium can be measured to determine the
forces acting on the medium and causing the changes.
The propagation velocity of the energy waves or pulses
in the medium can be affected by physical changes in of
the medium. The physical parameter or parameters of
interest can include, but are not limited to, measurement
of load, force, pressure, displacement, density, viscosity,
and localized temperature. These parameters can be
evaluated by measuring changes in the propagation time
of energy pulses or waves relative to orientation, align-
ment, direction, or position as well as movement, rotation,
or acceleration along an axis or combination of axes by
wireless sensing modules or devices positioned on or
within a body, instrument, equipment, or other mechan-
ical system. Alternatively, measurements of interest can
be taken using film sensors, mechanical sensors, poly-
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mer sensors, mems devices, strain gauge, piezo-resis-
tive structure, and capacitive structures to name but a
few.
[0016] FIG. 2 illustrates a spinal instrument 400 in a
non-limiting example. A side view and a top view are
presented. Spinal instrument 400 is a more detailed il-
lustration of a non-limiting example of spinal instrument
102 of FIG. 1. Spinal instrument 400 comprises a handle
409, a shaft 430, and a sensored head 407. The handle
409 is coupled at a proximal end of the shaft 430. Sen-
sored head 407 is coupled to a distal end of the shaft
430. A surgeon holds spinal instrument 400 by the handle
409 to direct shaft 430 and sensored head 407 to a spinal
region. In one embodiment, handle 409, shaft 430, and
sensored head 407 form a rigid structure that has little
flex. Alternatively, one or more of handle 409, shaft 430,
and sensored head 407 may have some flexibility. Spinal
instrument 400 includes an electronic assembly 401 op-
eratively coupled to one or more sensors. The sensors
can be coupled to surfaces 403/406 on moving compo-
nents 404/405 of sensored head 407. Electronic assem-
bly 401 can be located towards the proximal end of the
shaft 407 or in handle 409. As shown, the electronic as-
sembly 401 is a module that is coupled to shaft 409. Elec-
tronic assembly 401 comprises electronic circuitry that
includes logic circuitry, an accelerometer, and commu-
nication circuitry. The electronic circuitry controls sensor
measurement, receives measurement data, stores the
data, and can send the data to an external device.
[0017] In one embodiment, surfaces 403 and 406 of
sensored head 407 can have a convex shape. The con-
vex shape of surfaces 403 and 406 support placement
of sensored head 407 within the spinal region and more
specifically between the contours of vertebrae. In one
embodiment, sensored head 407 is height adjustable by
way of the top component 404 and the bottom component
405 through a jack 402 that evenly distracts and closes
according to handle 409 turning motion 411. Jack 402 is
coupled to interior surfaces of components 404 and 405
of sensored head 407. Shaft 430 includes one or more
lengthwise passages. For example, interconnect such
as a flexible wire interconnect can couple through one
lengthwise passage of shaft 430 such that electronic as-
sembly 401 is operatively coupled to one or more sensors
in sensored head 407. Similarly, a threaded rod can cou-
ple through a second passage of shaft 430 for coupling
handle 409 to jack 404 thereby allowing height adjust-
ment of sensored head 407 via rotation of handle 409.
[0018] Spine instrument 400 can also determine loca-
tion and orientation by way of one or more embedded
accelerometers. The sensored head 407 supports mul-
tiple functions that include the ability to determine a pa-
rameter of the procedure area (e.g., intervertebral space)
including pressure, tension, shear, load, torque, bone
density, and/or bearing weight. In one embodiment, more
than one load sensor can be included within sensored
head 407. The more than one load sensors can be cou-
pled to predetermined locations of surfaces 403 and 406.

Having more than one load sensor allows the sensored
head 407 to measure load magnitude and the position
of applied load to surfaces 403 and 406. The sensored
head 407 can be used to measure, adjust, and test a
vertebral joint prior to installing a vertebral component.
As will be seen ahead, measurement system 100 can
evaluate the optimal insertion angle and position of spinal
instrument 400 during intervertebral load sensing. The
measurement system 100 can replicate insertion angle
and position for instrument 400 or for another tool such
as an insertion instrument.
[0019] In the present invention these parameters can
be measured with an integrated wireless sensored head
407 or device comprising an i) encapsulating structure
that supports sensors and contacting surfaces and ii) an
electronic assemblage that integrates a power supply,
sensing elements, ultrasound resonator or resonators or
transducer or transducers and ultrasound waveguide or
waveguides, biasing spring or springs or other form of
elastic members, an accelerometer, antennas and elec-
tronic circuitry that processes measurement data as well
as controls all operations of energy conversion, propa-
gation, and detection and wireless communications.
Sensored head 407 or instrument 400 can be positioned
on or within, or engaged with, or attached or affixed to or
within, a wide range of physical systems including, but
not limited to instruments, appliances, vehicles, equip-
ments, or other physical systems as well as animal and
human bodies, for sensing and communicating parame-
ters of interest in real time.
[0020] Spinal instrument 400 can be used in the instal-
lation of a spinal cage as a non-limiting example. The
spinal cage is used to space vertebrae in replacement
of a disc. The spinal cage is typically hollow and can be
formed having external threads for fixation. Two or more
cages are often installed between the vertebrae to pro-
vide sufficient support and distribution of loading over the
range of motion. In one embodiment, the spinal cage may
be made of titanium for supporting spinal load and spac-
ing between vertebrae. A bone growth material can also
be placed in the cage to initiate and promote bone growth
thereby further strengthening the intervertebral area
long-term. Spinal instrument 400 can be used to provide
quantitative data such as load and position of load for a
region between vertebrae that may be a candidate for a
prosthetic component such as the spinal cage. Typically,
spinal instrument 400 is inserted in a gap selected by the
surgeon between vertebrae. Spinal instrument 400
measures load and position of load that can be viewed
on an interface on the device or to a remote system such
as that disclosed in FIG. 1. The position of load corre-
sponds to the vertebral area surfaces applying the load
on surfaces 403 or 406 of sensored head 407. The angle
and position of insertion of the sensored head 407 of
spinal instrument 400 can also be measured. The load
magnitude and position of load measurement are used
by the surgeon to determine an implant location between
the vertebrae and the size of the spinal cage for the im-
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plant location. Typically, the height and length of the se-
lected spinal cage is approximately the height and length
of sensored head 407. Moreover, the area chosen for
the spinal cage location may load the prosthetic compo-
nent within a predetermined load range as measured by
spinal instrument 400. Conversely, quantitative meas-
urements of vertebral loading outside the predetermined
range may be found unsuitable for prosthetic component
installation. The surgeon can modify the contact surfaces
of the vertebrae to fall within the predetermined range as
measured by spinal instrument 400. The surgeon can
also locate a different region between the vertebrae that
is more suitable based on quantitative data provided by
spinal instrument 400.
[0021] In the example, a spinal cage is inserted in the
measured region after removing the sensored head 407.
The spinal cage can be inserted in the same location
measured by sensored head 407 using quantitative
measurement data. The alignment data of spinal instru-
ment 400 is generated and recorded during an insertion
process and measurement of load and position of load.
The loading on the implanted spinal cage when inserted
in the same position and angle as sensored head 407 is
approximately equal to the measurements made by spi-
nal instrument 400. The recorded angle and position
measurements can be subsequently used to guide the
spinal cage into the same location and more specifically
by a similar insertion path as spinal instrument 400. In
one embodiment, spinal instrument 400 can be used to
place the prosthetic component into the identified region.
A separate instrument can also be used for insertion of
the prosthetic component.
[0022] FIG. 3 illustrates a spinal instrument 410 having
integrated electronics in a non-limiting example. Spinal
instrument 410 is a more detailed illustration of a non-
limiting example of spinal instrument 102 of FIG. 1 and
relates to spinal instrument 400. Electronic assembly 401
is placed within handle 415 of spinal instrument 410.
Placing electronic assembly 401 in handle 415 provides
the benefit of isolating the circuitry from the external en-
vironment. Handle 415 can further provide shock isola-
tion for the electronic assembly 401 for reliability. In one
embodiment, an external wireless energy source 414 can
be placed in proximity to a charging unit within electronic
assembly 401 to initiate a wireless power recharging op-
eration. The wireless energy source 414 can include a
power supply, a modulation circuit, and a data input. The
power supply in energy source 414 can be a battery, a
charging device, a capacitor, a power connection, or oth-
er energy source for generating wireless power signals
that can transfer power to spinal instrument 410. The
external wireless energy source 414 can transmit energy
in the form of, but not limited to, electromagnetic induc-
tion, or other electromagnetic or ultrasound emissions.
In at least one exemplary embodiment, the wireless en-
ergy source includes a coil to electromagnetically couple
and activate (e.g., power on) with an induction coil in
sensing device when placed in close proximity.

[0023] Electronic assembly 401 operatively couples to
sensors in sensored head 407 for measuring a parame-
ter. Electronic assembly 401 includes communication cir-
cuitry for transmitting measured parameter data to a re-
ceiver via data communications circuitry. The received
parameter data can be processed remotely to permit vis-
ualization of the level and distribution of the parameter
at various points on the sensored head. Information can
also be provided to electronic assembly 401 using exter-
nal wireless energy source 414. Data can be provided
through an interface or port to external wireless energy
source 414. The information or data can be input from
another data source, such as from a computer via a wired
or wireless connection (e.g., USB, IEEE802.16, etc.). In
one embodiment, external wireless energy source 414
includes a modulation circuitry that can modulate the in-
put information onto the power signals for sourcing en-
ergy to electronic assembly 401. In the example, elec-
tronic assembly 401 has demodulation circuitry coupled
for removing and providing the information for use by
spinal instrument 410 from the power signals.
[0024] FIG. 4 illustrates an insert instrument 420 with
vertebral components in a non-limiting example. Elec-
tronic assembly 401 as described herein supports the
generation of orientation and position data of insert in-
strument 420. In one embodiment, electronic assembly
401 includes an accelerometer for providing orientation
and position data. Referring to FIG. 11 briefly, electronic
assembly 401 of insert instrument 420 can have more or
less circuitry than that disclosed for spinal instruments
400 and 410. By way of measurement system 100, the
user can replicate the insertion angle, position and tra-
jectory (path) to achieve proper or pre-planned place-
ment of a vertebral component. Insert instrument 420
comprises a handle 432, a shaft 434, and a tip 451. An
attach/release mechanism 455 couples to the proximal
end of shaft 434 for controlling tip 451. Attach/release
mechanism 455 allows a surgeon to retain or release
vertebral components coupled to tip 451. Attach/release
mechanism 455 can mechanically couple through shaft
434 to control tip 451. Alternatively, attach/release mech-
anism 455 can be an electronic control. In the example,
handle 432 extends at an angle in proximity to a proximal
end of shaft 434. Positioning of handle 432 allows the
surgeon to accurately direct tip 451 in a spinal region
while allowing access to attach/release mechanism 455.
Electronic assembly can be housed in handle 432 or at-
tached to insert instrument 420. Referring to FIG. 12 brief-
ly, electronic assembly 401 includes communication cir-
cuitry to securely transmit and receive data from a remote
system. Insert instrument 420 is a tool of spine measure-
ment system 100. Quantitative measurement data such
as orientation and position data can be transmitted to
remote system 105 of FIG. 1 for real time and visualiza-
tion of an insertion process. Electronic assembly 401 can
also couple to one or more sensors of insert instrument
420. In a first example, tip 451 can be coupled to a pres-
sure sensor to determine a force, pressure, or load being

9 10 



EP 2 757 947 B1

7

5

10

15

20

25

30

35

40

45

50

55

applied by the spinal region to a prosthetic component
coupled thereto. In a second example, tip 451 can be
removable such that a sensored head can be coupled to
insert instrument 420. In a third example, the prosthetic
component can include a sensor. The sensor of the pros-
thetic component includes an interface that couples to
electronic assembly 401 for providing quantitative meas-
urement data.
[0025] In the illustration, an example prosthetic com-
ponent is a spine cage 475. Spine cage 475 is a small
hollow device, usually made of titanium, with perforated
walls that can be inserted between the vertebrae of the
spine during a surgery. In general, a distraction process
spaces the vertebrae to a predetermined distance prior
insertion of spine cage 475. Spine cage 475 can increase
stability, decrease vertebral compression, and reduce
nerve impingement as a solution to improve patient com-
fort. Spine cage 475 can include surface threads that
allow the cage to be self-tapping and provide further sta-
bility. Spine cage 475 can be porous to include bone graft
material that supports bone growth between vertebral
bodies through cage 475. More than one spine cage can
be placed between vertebrae to alleviate discomfort.
Proper placement and positioning of spine cage 475 is
important for successful long-term implantation and pa-
tient outcome. As mentioned above, the orientation and
position of insert instrument 420 can be tracked in real-
time in relation to the spinal region of interest. In one
embodiment, the orientation and position being tracked
is a prosthetic component retained by insert instrument
420. In the example, the prosthetic component is spine
cage 475. Spine cage 475 can be tracked in 3D space
because the location of the prosthetic component is
known in relation to the spinal instrument 420 and the
one or more measurement accelerometers therein.
[0026] In the illustration a second prosthetic compo-
nent is a pedicle screw 478. The pedicle screw 478 is a
particular type of bone screw designed for implantation
into a vertebral pedicle. There are two pedicles per ver-
tebra that couple to other structures (e.g. lamina, verte-
bral arch). A polyaxial pedicle screw may be made of
titanium to resist corrosion and increase component
strength. The pedicle screw length ranges from 30mm
to 60mm. The diameter ranges from 5.0mm to 8.5mm. It
is not limited to these dimensions, which serve as dimen-
sional examples. Pedicle screw 478 can be used in in-
strumentation procedures to affix rods and plates to the
spine to correct deformity, and/or treat trauma. It can be
used to immobilize part of the spine to assist fusion by
holding bony structures together. By way of electronic
assembly 401 (which may be internally or externally in-
tegrated), the insert instrument 420 can determine depth
and angle for screw placement and guide the screw
therein. In the example, one or more accelerometers are
used to provide orientation, rotation, angle, or position
information of tip 451 during an insertion process.
[0027] In one arrangement, the screw 478 is embed-
ded with sensors. The sensors can transmit energy and

obtain a density reading and monitor the change in den-
sity over time. As one example, the measurement system
100 can monitor and report healing of a fracture site. The
sensors can detect the change in motion at the fracture
site as well as the motion between the screw and bone.
Such information aids in monitoring healing and gives
the healthcare provider an ability to monitor vertebral
weight bearing as indicated. The sensors can also be
activated externally to send energy waves to the fracture
itself to aid in healing.
[0028] FIG. 5 illustrates a lateral view of spinal instru-
ment 400 positioned between vertebrae of the spine for
sensing vertebral parameters in a non-limiting example.
The illustration can also apply to spinal instrument 410
and insert instrument 420. In general, a compressive
force is applied to surfaces 403 and 406 when sensored
head 407 is inserted into the spinal region. In one em-
bodiment, sensored head 407 includes two or more load
sensors that identify magnitude vectors of loading on sur-
face 403, surface 406, or both associated with inter-ver-
tebral force there between. In the example shown, the
spinal instrument 400 is positioned between vertebra (L5)
and the Sacrum (S1) such that a compressive force is
applied to surfaces 403 and 406. One approach for in-
serting the instrument 400 is from the posterior (back
side) through a minilaparotomy as an endoscopic ap-
proach may be difficult to visualize or provide good ex-
posure. Another approach is from the anterior (front side)
which allows the surgeon to work through the abdomen
to reach the spine. In this way spine muscles located in
the back are not damaged or cut; avoiding muscle weak-
ness and scarring. Spinal instrument 400 can be used
with either the anterior or posterior spine approach.
[0029] Aspects of the sensorized components of the
spine instrument 400 are disclosed in U.S. Patent Appli-
cation 12/825,638 entitled "System and Method for Or-
thopedic Load Sensing Insert Device" filed June 29,
2010, and U.S. Patent Application 12/825,724 entitled
"Wireless Sensing Module for Sensing a Parameter of
the Muscular-Skeletal System" filed June 29, 2010. Brief-
ly, the sensored head 407 can measure forces (Fx, Fy,
and Fz) with corresponding locations and torques (e.g.
Tx, Ty, and Tz) and edge loading of vertebrae. The elec-
tronic circuitry 401 (not shown) controls operation and
measurements of the sensors in sensored head 407. The
electronic circuitry 401 further includes communication
circuitry for short-range data transmission. It can then
transmit the measured data to the remote system to pro-
vide real-time visualization for assisting the surgeon in
identifying any adjustments needed to achieve optimal
joint balancing.
[0030] A method of installing a component in the mus-
cular-skeletal system is disclosed below. The steps of
the method can be performed in any order. An example
of placing a cage between vertebrae is used to demon-
strate the method but the method is applicable to other
muscular-skeletal regions such as the knee, hip, ankle,
spine, shoulder, hand, arm, and foot. In a first step, a
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sensored head of a predetermined width is placed in a
region of the muscular-skeletal system. In the example,
the insertion region is between vertebrae of the spine. A
hammer can be used to tap an end of the handle to pro-
vide sufficient force to insert the sensored head between
the vertebrae. The insertion process can also distract the
vertebrae thereby increasing a separation distance. In a
second step, the position of the load applied to the sen-
sored head is measured. Thus, the load magnitude and
the position of the loading on the surfaces of the sensored
head are available. How the load applied by the muscu-
lar-skeletal system is positioned on the surfaces of the
sensored head can aid in determining stability of the com-
ponent once inserted. An irregular loading applied to sen-
sored head can predict a scenario where the applied forc-
es thrust the component away from the inserted position.
In general, the sensored head is used to identify a suit-
able location for insertion of the component based on
quantitative data. In a third step, the load and position of
load data from the sensored head is displayed on a re-
mote system in real-time. Similarly, in a fourth step, the
at least one of orientation, rotation, angle, or position is
displayed on the remote system in real-time. Changes
made in positioning the sensored head are reflected in
data on the remote system display. In a fifth step, a lo-
cation between vertebrae having appropriate loading and
position is identified and the corresponding quantitative
measurement data is stored in memory.
[0031] In a sixth step, the sensored head is removed.
In a seventh step, the component is inserted in the mus-
cular-skeletal system. As an example, the stored quan-
titative measurement data is used to support the posi-
tioning of the component in the muscular-skeletal sys-
tem. In the example, the insertion instrument can be used
to direct the component into the muscular-skeletal sys-
tem. The insertion instrument is an active device provid-
ing orientation, rotation, angle, or position of the compo-
nent as it is being inserted. The previously measured
direction and location of the insertion of the sensored
head can be used to guide the insertion instrument. In
one embodiment, the remote system display can aid in
displaying relational alignment of the insertion instrument
and component to the previously inserted sensored
head. The insertion instrument in conjunction with the
system can provide visual, vocal, haptic or other feed-
back to further aid in directing the placement of the com-
ponent. In general, the component being inserted has
substantially equal height and length as the sensored
head. Ideally, the component is inserted identical in lo-
cation and position to the previously inserted sensored
head such that the loading and position of load on the
component is similar to the quantitative measurements.
In an eighth step, the component is positioned identically
to the previously inserted sensored head and released.
The insertion instrument can then be removed from the
muscular-skeletal system. In a ninth step, at least the
sensored head is disposed of.
[0032] Thus, the sensored head is used to identify a

suitable location for insertion of the component. The in-
sertion is supported by quantitative measurements that
include position and location. Furthermore, the approxi-
mate loading and position of loading on the component
is known after the procedure has been completed. In gen-
eral, knowing the load applied by the muscular-skeletal
system and the position on the surfaces of the component
can aid in determining stability of the component long-
term. An irregular loading applied on the component can
result in the applied forces thrusting the component away
from the inserted position.
[0033] FIG. 6 illustrates a graphical user interface
(GUI) 500 showing a axial (top) view of the sensorized
spinal instrument of FIG. 5 in a non-limiting example. The
graphical user interface 500 is presented by way of the
remote system 105 and spine measurement system 100
of FIG. 1. Reference is made to spinal instrument 400 of
FIG. 2 and measurement system 100 of FIG. 1. The GUI
500 illustrates an example of how data can be presented.
The GUI 500 includes a window 551 and a related window
557. The window 557 shows the spine instrument 400
and sensor head 407 in relation to vertebrae 522 under
evaluation. In this example, a axial (top) view of the ver-
tebra is shown. It indicates a shaft angle 523 and a rota-
tion component 524 which reveal the approach angle and
rotation of the spine instrument 400, for instance, as it is
moved forward into the incision. The window 557 and
corresponding GUI information is presented and updated
in real-time during the procedure. It permits the surgeon
to visualize use of spinal instrument 400 and the sensed
parameters. The window 551 shows a sensing surface
(403 or 406) of the sensored head 407. A cross hair 512
is superimposed on the sensor head image to identify
the maximal point of force and location. It can also length-
en to show vertebral edge loading. A window 555 reports
the load force, for example, 201bs across the sensor
head surface. This information is presented and updated
in real-time during the procedure.
[0034] As previously noted, spine measurement sys-
tem 100 can be used intra-operatively to aid in the im-
plantation of the prosthesis, instrumentation, and hard-
ware by way of parameter sensing (e.g., vertebral load,
edge loading, compression, etc.). The spinal instrument
400 can include a power source that can provide power
for only a single use or procedure. In one embodiment,
components such as spinal instrument 400 can be dis-
posed of after being used in a procedure. The remote
system 105 can be placed outside the surgical field for
use in different procedures and with different tools.
[0035] In the spine, the affects on the bony and soft
tissue elements are evaluated by the measurement sys-
tem 100, as well as the soft tissue (e.g., cartilage, tendon,
ligament) changes during surgery, including corrective
spine surgery. The sensors of a tool, device, or implant
used during the operation (and post-operatively) can sup-
port the evaluation and visualization of changes over time
and report dynamic changes. The sensors can be acti-
vated intra-operatively when surgical parameter read-
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ings are stored. Immediately post-operatively, the sensor
is activated and a baseline is known.
[0036] The measurement system 100 allows evalua-
tion of the spine and connective tissue regarding, but not
limited to bone density, fluid viscosity, temperature,
strain, pressure, angular deformity, vibration, load,
torque, distance, tilt, shape, elasticity, and motion. Be-
cause the sensors span a vertebral space, they can pre-
dict changes in the vertebral component function prior to
their insertion. As previously noted, the measurement
system 100 can be used to place spine instrument 400
in the inter-vertebral space, where it is shown positioned
relative to the vertebral body 522. Once it is placed and
visually confirmed in the vertebral center, the system 100
reports any edge loading on the instrument which in turn
is used to size a proper vertebral device and insertion
plan (e.g., approach angle, rotation, depth, path trajec-
tory). Examples of implant component function include
bearing wear, subsidence, bone integration, normal and
abnormal motion, heat, change in viscosity, particulate
matter, kinematics, to name a few.
[0037] FIG. 7 illustrates spinal instrument 400 posi-
tioned between vertebra of the spine for intervertebral
position and force sensing in accordance with an exam-
ple embodiment. Reference is made to spinal instrument
400 of FIG. 2 and measurement system 100 of FIG. 1.
The illustration can also apply to spinal instrument 410
of FIG. 3 and insert instrument 420 of FIG. 4. As shown,
sensored head 407 of spinal instrument 400 is placed
between vertebrae L3 and vertebrae L4. The spinal in-
strument 400 distracts the L3 and L4 vertebrae the height
of sensored head 407 and provides quantitative data on
load magnitude and position of load. As mentioned pre-
viously, the spine measurement system 100 can include
alignment circuitry 103. The alignment circuitry 103 can
comprise external devices such as a wand 510 and a
wand 520. Wands 510 and 520 can include accelerom-
eters or circuitry to generate signals for time of flight and
differential time of flight measurements. Wands 510 and
520 are coupled to different areas of the spinal region.
In one embodiment, spinal instrument 400 includes cir-
cuitry that communicates with wand 510 and a wand 520
to determine position and alignment. Wands 510 and 520
are coupled to different vertebra of the spine with spinal
instrument 400 positioned to be in line of sight with each
wand. A long shaft 514 is provided on each wand to permit
placement within vertebra of the spine and also line up
with other wands and an electronic assembly 401 of the
spine instrument 400. Wand 510 tracks an orientation
and position of vertebra L3, while wand 520 tracks an
orientation and position of vertebra L4. This permits the
spine measurement system 100 to track an orientation
and movement of the spine instrument 400 relative to
movement of the neighboring vertebra. Each wand can
also be sensorized similar to spinal instrument 400.
Wands 510 and wand 520 respectively includes a sensor
512 and a sensor 513. Sensors 512 and 513 can transmit
and receive positional information. In the example, elec-

tronic assembly 401 in conjunction with wands 510 and
520 dually serves to resolve an orientation and position
of spinal instrument 400 during the procedure. Thus,
spine measurement system 100 can simultaneously pro-
vide quantitative measurement data such as load and
position of load, position and alignment of spinal instru-
ment 400, and position and alignment of one or more
regions of the spine.
[0038] FIG. 8 illustrates user interface 600 showing the
spinal instrument 400 of FIG. 7 in accordance with an
example embodiment. Reference is made to spinal in-
strument 400 of FIG. 2 and measurement system 100 of
FIG. 1. The illustration can also apply to spinal instrument
410 of FIG. 3 and insert instrument 420 of FIG. 4. User
interface 600 is presented by way of the remote system
105 and spine measurement system 100 (see FIG. 1).
The GUI 600 includes a window 610 and a related window
620. The window 620 shows spinal instrument 400 and
sensored head 407 in relation to a vertebral component
622 under evaluation. In this example, a sagital view of
the spine column is shown. It indicates a shaft angle 623
and a rotation component 624 which reveal the approach
angle and rotation of spinal instrument 400 and sensored
head 407. The window 620 and corresponding GUI in-
formation is presented and updated in real-time during
the procedure. It permits the surgeon to visualize sen-
sored head 407 of the spinal instrument 400 and the
sensed load force parameters. The window 610 shows
sensing surfaces of the sensor head 407. A cross hair
612 is superimposed on the image of sensored head 407
to identify the maximal point of force and location. It can
also adjust in width and length to show vertebral edge
loading. Another GUI window 613 reports the load force
across the sensored head 407 surface. The GUI 600 is
presented and updated in real-time during the procedure.
[0039] FIG. 9 illustrates a lateral view of spinal insert
instrument 420 for placement of spine cage 475 in ac-
cordance with an example embodiment. The illustration
can also apply to spinal instrument 400 of FIG. 2 and
spinal instrument 410 of FIG. 3 when adapted to retain
components for insert installation. Insert instrument 420
provides a surgical means for implanting vertebral com-
ponent 475 (e.g. spine cage, pedicle screw, sensor) be-
tween the L3 and L4 vertebrae in the illustration. Mechan-
ical assembly tip 451 at the distal end of shaft 434 permits
attaching and releasing of the vertebral component by
way of attach/release mechanism 455. The vertebral
component 475 can be placed in the back of the spine
through a midline incision in the back, for example, via
posterior lumbar interbody fusion (PLIF) as shown. The
insert instrument 420 can similarly be used in anterior
lumbar interbody fusion (ALIF) procedures.
[0040] In one method herein contemplated, the posi-
tion of spine cage 475 prior to insertion is optimally de-
fined for example, via 3D imaging or via ultrasonic nav-
igation as described with alignment circuitry 103 of FIG.
1 with spinal instrument 400 shown in FIGS. 6 and 7. The
load sensor 407 (see FIG. 7) is positioned between the
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vertebra to assess loading forces as described above
where an optimal insertion path and trajectory is therein
defined. The load forces and path of instrument insertion
are recorded. Thereafter as shown in FIG. 9, insert in-
strument 420 inserts the final spinal cage 475 according
to the recorded path of spinal instrument 400 and as
based on the load forces. During the insertion, the GUI
as shown in FIG. 10 navigates the spinal instrument 420
to the recorded insertion point. Spinal insert instrument
420 can be equipped with one or more load sensors serv-
ing as a placeholder to a final spinal cage. After place-
ment of spinal cage 475 between the vertebra, release
of the spine cage from insert instrument 420, and removal
of the insert instrument 420, the open space occupied
around the spinal cage is then closed down via rods and
pedicle screws on the neighboring vertebra. This com-
presses the surrounding vertebra onto the spinal cage,
and provides stability for verterbral fusion. During this
procedure, the GUI 700 of FIG. 10 reports change in spi-
nal anatomy, for example, Lordosis and Kyphosis, due
to adjustment of the rods and tightening of the pedicle
screws. Notably, the GUI 700 also provides visual feed-
back indicating which the amount and directions to
achieve the planned spinal alignment by way of instru-
mented adjustments to the rods and screws.
[0041] FIG. 10 illustrates graphical user interface (GUI)
700 showing a lateral view of the insert instrument 420
of FIG. 9 in a non-limiting example. GUI 700 can be pre-
sented by way of the remote system 105 and measure-
ment system 100 of FIG. 1. GUI 700 includes a window
710 and a related window 720. The window 720 shows
insert instrument 420 and vertebral component 475 in
relation to the L4 and L5 vertebrae under evaluation. In
this example, a sagital (side) view of the spine column is
shown. It indicates a shaft angle 723 and a rotation com-
ponent 724 which reveal the approach angle and rotation
of insert instrument 420 and vertebral component 475.
Window 720 and corresponding GUI information can be
presented and updated in real-time during the procedure.
The real-time display permits the surgeon to visualize
the vertebral component 475 of the insert instrument 420
according to the previously sensed load force parame-
ters.
[0042] Window 710 shows a target sensored head ori-
entation 722 and a current instrument head orientation
767. The target orientation 722 shows the approach an-
gle, rotation and trajectory path previously determined
when the spine instrument 400 was used for evaluating
loading parameters. The current instrument head orien-
tation 767 shows tracking of the insert instrument 420
currently used to insert the spine cage 475. GUI 700
presents the target orientation model 722 in view of the
current instrument head orientation 767 to provide visu-
alization of the previously determined surgical plan.
[0043] Referring to FIGs 1, 5, 6, 7, and 8, spinal instru-
ment 400 is used to assess procedural parameters (e.g.,
angle, rotation, path) in view of determined sensing pa-
rameters (e.g., load, force, edge). Referring back to FIG.

10, once these procedural parameters were determined,
measurement system 100 by way of GUI 700 now guides
the surgeon with insert instrument 420 to insert the ver-
tebral components 475 (e.g., spine cage, pedicle screw).
In one arrangement, measurement system 100 provides
haptic feedback to guide insert instrument 420 during the
insertion procedure. For example, insert instrument 420
can vibrate when the current approach angle 713 devi-
ates from the target approach angle, provides a visual
cue (red/green indication), or when the orientation 767
is not aligned with the target trajectory path 722. The
amount of feedback (e.g. haptic or visual) can correspond
to the amount of deviation. Alternatively, vocal feedback
can be provided by system 100 to supplement the visual
and haptic information being provided. The GUI 700 ef-
fectively recreates the position and target path of insert
instrument 420 through visual and haptic feedback based
on the previous instrumenting. It is contemplated herein
that spinal instrument 420 can also be adapted for both
load measurement and an insertion process.
[0044] The loading, balance, and position can be ad-
justed during surgery within predetermined quantitatively
measured ranges through surgical techniques and ad-
justments using data from sensorized devices disclosed
herein for alignment and parameter through measure-
ment system 100. Both the trial and final inserts (e.g.,
spine cage, pedicle screw, sensors, etc.) can include the
sensing module to provide measured data to the remote
system for display. A final insert can also be used to mon-
itor the vertebral joint long term. The data can be used
by the patient and health care providers to ensure that
the vertebral joint or fused vertebrae is functioning prop-
erly during rehabilitation and as the patient returns to an
active normal lifestyle. Conversely, the patient or health
care provider can be notified when the measured param-
eters are out of specification. This provides early detec-
tion of a spine problem that can be resolved with minimal
stress to the patient. The data from final insert can be
displayed on a screen in real time using data from the
embedded sensing module. In one embodiment, a hand-
held device is used to receive data from final insert. The
handheld device can be held in proximity to the spine
allowing a strong signal to be obtained for reception of
the data.
[0045] A method is disclosed for inserting a prosthetic
component in a spinal region in a non-limiting example.
The method can be practiced with more or less than the
number of steps shown and is not limited to the order
shown. To describe the method, reference will be made
to FIGs 1, 7, and 9 although it is understood that the
method can be implemented in any other manner using
other suitable components. In a first step, the spinal re-
gion is distracted to create a gap or spacing. The distrac-
tion process produces a suitable spacing for receiving a
prosthetic component. As disclosed herein, the distrac-
tion process can also generate quantitative data such as
load and position of load measurements applied by the
spinal region to a measurement device of similar size to
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the prosthetic component. In a second step, the pros-
thetic component is directed to the spinal region. In the
example, an insert instrument is used by a surgeon to
direct the prosthetic component held by the tool at a tip
of the device. In a third step, the insert instrument meas-
ures at least one of orientation, rotation, angle, or position
of the prosthetic component. The insert instrument can
track a trajectory of the insert instrument and prosthetic
component in real-time during the insertion process. In
a fourth step, the insert instrument transmits data related
to one of orientation, rotation, angle, or position of the
prosthetic component and insert instrument. In the ex-
ample, the data is transmitted wirelessly local to the pro-
cedure.
[0046] In a fifth step, the transmitted data from the in-
sert instrument is displayed on a remote system. In the
example, the remote system can be in the operating room
where the procedure is being performed in view of the
surgeon. The at least one of orientation, rotation, angle,
or position measurement data can be displayed in a man-
ner that allows visualization of the trajectory of the pros-
thetic component to the spinal region. The visualization
allows the surgeon to better direct the prosthetic compo-
nent where visibility to the region is limited. Furthermore,
the visualization provides the benefit of placing the pros-
thetic component in a previously identified area and at a
similar trajectory of the spinal region using quantitative
measurement data. In a sixth step, the trajectory of the
insert instrument and prosthetic component being
tracked can be compared with a trajectory previously
measured. The compared trajectories can be displayed
and visualized on the display of the remote system.
[0047] In a seventh step, the prosthetic component is
inserted into the spinal region. In the example, the pros-
thetic component is placed in the gap or spacing from
the prior distraction process. The prosthetic component
can be placed in approximately the same location and
alignment of a prior device such as the spinal instrument
disclosed herein. In an eighth step, the prosthetic com-
ponent is released in the spinal region. The surgeon can
view the placement of the prosthetic component on the
remote display. The location and alignment of the pros-
thetic component is supported by the measurement data
provided by the insert instrument. The attach/release
mechanism is used to release the prosthetic component
from the insert instrument. In a ninth step, the insert in-
strument is removed from the spinal region. In a tenth
step, the insert instrument can be disposed of after the
procedure is completed. Alternatively, the insert instru-
ment can be sterilized for use in another procedure.
[0048] FIG. 11 is a block diagram of the components
of spinal instrument 400 in accordance with an example
embodiment. The block diagram can also apply to spinal
instrument 410 of FIG. 3 and insert instrument 420 of
FIG. 4. It should be noted that spinal instrument 400 could
comprise more or less than the number of components
shown. Spinal instrument 400 is a self-contained tool that
can measure a parameter of the muscular-skeletal sys-

tem. In the example, the spinal instrument 400 measures
load and position of load when inserted in a spinal region.
The active components of spinal instrument 400 include
one or more sensors 1602, a load plate 1606, a power
source 1608, electronic circuitry 1610, a transceiver
1612, and an accelerometer 1614. In a non-limiting ex-
ample, an applied compressive force is applied to sen-
sors 1602 by the spinal region and measured by the spi-
nal instrument 400.
[0049] The sensors 1602 can be positioned, engaged,
attached, or affixed to the surfaces 403 and 406 of spinal
instrument 400. In general, a compressive force is ap-
plied by the spinal region to surfaces 403 and 406 when
inserted therein. The surfaces 403 and 406 couple to
sensors 1602 such that a compressive force is applied
to each sensor. In one embodiment, the position of ap-
plied load to surfaces 403 and 406 can be measured. In
the example, three load sensors are used in the sensored
head to identify position of applied load. Each load sensor
is coupled to a predetermined position on the load plate
1606. The load plate 1606 couples to surface 403 to dis-
tribute a compressive force applied to the sensored head
of spinal instrument 400 to each sensor. The load plate
1606 can be rigid and does not flex when distributing the
force, pressure, or load to sensors 1602. The force or
load magnitude measured by each sensor can be corre-
lated back to a location of applied load on the surface 403.
[0050] In the example of intervertebral measurement,
the sensored head having surfaces 403 and 406 can be
positioned between the vertebrae of the spine. Surface
403 of the sensored head couples to a first vertebral sur-
face and similarly the surface 406 couples to a second
vertebral surface. Accelerometer 1614 or an external
alignment system can be used to measure position and
orientation of the sensored head as it is directed into the
spinal region. The sensors 1602 couple to the electronic
circuitry 1610. The electronic circuitry 1610 comprises
logic circuitry, input/output circuitry, clock circuitry, D/A,
and A/D circuitry. In one embodiment, the electronic cir-
cuitry 1610 comprises an application specific integrated
circuit that reduces form factor, lowers power, and in-
creases performance. In general, the electronic circuitry
1610 controls a measurement process, receives the
measurement signals, converts the measurement sig-
nals to a digital form, supports display on an interface,
and initiates data transfer of measurement data. Elec-
tronic circuitry 1610 measures physical changes in the
sensors 1602 to determine parameters of interest, for
example a level, distribution and direction of forces acting
on the surfaces 403 and 406. The insert sensing device
400 can be powered by an internal power source 1608.
Thus, all the components required to measure parame-
ters of the muscular-skeletal system reside in the spinal
instrument 400.
[0051] As one example, sensors 1602 can comprise
an elastic or compressible propagation structure be-
tween a first transducer and a second transducer. The
transducers can be an ultrasound (or ultrasonic) resona-
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tor, and the elastic or compressible propagation structure
can be an ultrasound waveguide. The electronic circuitry
1610 is electrically coupled to the transducers to translate
changes in the length (or compression or extension) of
the compressible propagation structure to parameters of
interest, such as force. The system measures a change
in the length of the compressible propagation structure
(e.g., waveguide) responsive to an applied force and con-
verts this change into electrical signals, which can be
transmitted via the transceiver 1612 to convey a level
and a direction of the applied force. For example, the
compressible propagation structure has known and re-
peatable characteristics of the applied force versus the
length of the waveguide. Precise measurement of the
length of the waveguide using ultrasonic signals can be
converted to a force using the known characteristics.
[0052] Sensors 1602 are not limited to waveguide
measurements of force, pressure, or load sensing. In yet
other arrangements, sensors 1602 can include piezo-
resistive, compressible polymers, capacitive, optical,
mems, strain gauge, chemical, temperature, pH, and me-
chanical sensors for measuring parameters of the mus-
cular-skeletal system. In an alternate embodiment, a pi-
ezo-resistive film sensor can be used for sensing load.
The piezo-resistive film has a low profile thereby reducing
the form factor required for the implementation. The pi-
ezo-resistive film changes resistance with applied pres-
sure. A voltage or current can be applied to the piezo-
resistive film to monitor changes in resistance. Electronic
circuitry 1610 can be coupled to apply the voltage or cur-
rent. Similarly, electronic circuitry 1610 can be coupled
to measure the voltage and current corresponding to a
resistance of the piezo-resistive film. The relation of pi-
ezo-resistive film resistance to an applied force, pres-
sure, or load is known. Electronic circuitry 1610 can con-
vert the measured voltage or current to a force, pressure,
or load applied to the sensored head. Furthermore, elec-
tronic circuitry 1610 can convert the measurement to a
digital format for display or transfer for real-time use or
for being stored. Electronic circuitry 1610 can include
converters, inputs, outputs, and input/outputs that allow
serial and parallel data transfer whereby measurements
and transmission of data can occur simultaneously. In
one embodiment, an ASIC is included in electronic cir-
cuitry 1610 that incorporates digital control logic to man-
age control functions and the measurement process of
spinal instrument 400 as directed by the user.
[0053] The accelerometer 1614 can measure acceler-
ation and static gravitational pull. Accelerometer 1614
can be single-axis and multi-axis accelerometer struc-
tures that detect magnitude and direction of the acceler-
ation as a vector quantity. Accelerometer 1614 can also
be used to sense orientation, vibration, impact and shock.
The electronic circuitry 1610 in conjunction with the ac-
celerometer 1614 and sensors 1602 can measure pa-
rameters of interest (e.g., distributions of load, force,
pressure, displacement, movement, rotation, torque, lo-
cation, and acceleration) relative to orientations of spinal

instrument 400. In such an arrangement, spatial distri-
butions of the measured parameters relative to a chosen
frame of reference can be computed and presented for
real-time display.
[0054] The transceiver 1612 comprises a transmitter
1622 and an antenna 1620 to permit wireless operation
and telemetry functions. In various embodiments, the an-
tenna 1620 can be configured by design as an integrated
loop antenna. The integrated loop antenna is configured
at various layers and locations on a printed circuit board
having other electrical components mounted thereto. For
example, electronic circuitry 1610, power source 1608,
transceiver 1612, and accelerometer 1614 can be mount-
ed on a circuit board that is located on or in spinal instru-
ment 400. Once initiated the transceiver 1612 can broad-
cast the parameters of interest in real-time. The telemetry
data can be received and decoded with various receivers,
or with a custom receiver. The wireless operation can
eliminate distortion of, or limitations on, measurements
caused by the potential for physical interference by, or
limitations imposed by, wiring and cables coupling the
sensing module with a power source or with associated
data collection, storage, display equipment, and data
processing equipment.
[0055] The transceiver 1612 receives power from the
power source 1608 and can operate at low power over
various radio frequencies by way of efficient power man-
agement schemes, for example, incorporated within the
electronic circuitry 1610 or the application specific inte-
grated circuit. As one example, the transceiver 1612 can
transmit data at selected frequencies in a chosen mode
of emission by way of the antenna 1620. The selected
frequencies can include, but are not limited to, ISM bands
recognized in International Telecommunication Union re-
gions 1, 2 and 3. A chosen mode of emission can be, but
is not limited to, Gaussian Frequency Shift Keying,
(GFSK), Amplitude Shift Keying (ASK), Phase Shift Key-
ing (PSK), Minimum Shift Keying (MSK), Frequency
Modulation (FM), Amplitude Modulation (AM), or other
versions of frequency or amplitude modulation (e.g., bi-
nary, coherent, quadrature, etc.).
[0056] The antenna 1620 can be integrated with com-
ponents of the sensing module to provide the radio fre-
quency transmission. The antenna 1620 and electronic
circuitry 1610 are mounted and coupled to form a circuit
using wire traces on a printed circuit board. The antenna
1620 can further include a matching network for efficient
transfer of the signal. This level of integration of the an-
tenna and electronics enables reductions in the size and
cost of wireless equipment. Potential applications may
include, but are not limited to any type of short-range
handheld, wearable, or other portable communication
equipment where compact antennas are commonly
used. This includes disposable modules or devices as
well as reusable modules or devices and modules or de-
vices for long-term use.
[0057] The power source 1608 provides power to elec-
tronic components of the spinal instrument 400. In one
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embodiment, power source 1608 can be charged by
wired energy transfer, short-distance wireless energy
transfer or a combination thereof. External power sourc-
es for providing wireless energy to power source 1608
can include, but are not limited to, a battery or batteries,
an alternating current power supply, a radio frequency
receiver, an electromagnetic induction coil, a photoelec-
tric cell or cells, a thermocouple or thermocouples, or an
ultrasound transducer or transducers. By way of power
source 1608, spinal instrument 400 can be operated with
a single charge until the internal energy is drained. It can
be recharged periodically to enable continuous opera-
tion. The power source 1608 can further utilize power
management techniques for efficiently supplying and
providing energy to the components of spinal instrument
400 to facilitate measurement and wireless operation.
Power management circuitry can be incorporated on the
ASIC to manage both the ASIC power consumption as
well as other components of the system.
[0058] The power source 1608 minimizes additional
sources of energy radiation required to power the sensing
module during measurement operations. In one embod-
iment, as illustrated, the energy storage 1608 can include
a capacitive energy storage device 1624 and an induction
coil 1626. The external source of charging power can be
coupled wirelessly to the capacitive energy storage de-
vice 1624 through the electromagnetic induction coil or
coils 1626 by way of inductive charging. The charging
operation can be controlled by a power management sys-
tem designed into, or with, the electronic circuitry 1610.
For example, during operation of electronic circuitry
1610, power can be transferred from capacitive energy
storage device 1624 by way of efficient step-up and step-
down voltage conversion circuitry. This conserves oper-
ating power of circuit blocks at a minimum voltage level
to support the required level of performance. Alternative-
ly, power source 1608 can comprise one or more batter-
ies that are housed within spinal instrument 400. The
batteries can power a single use of the spinal instrument
400 whereby the device is disposed after it has been
used in a surgery.
[0059] In one configuration, the external power source
can further serve to communicate downlink data to the
transceiver 1612 during a recharging operation. For in-
stance, downlink control data can be modulated onto the
wireless energy source signal and thereafter demodulat-
ed from the induction coil 1626 by way of electronic cir-
cuitry 1610. This can serve as a more efficient way for
receiving downlink data instead of configuring the trans-
ceiver 1612 for both uplink and downlink operation. As
one example, downlink data can include updated control
parameters that the spinal instrument 400 uses when
making a measurement, such as external positional in-
formation, or for recalibration purposes. It can also be
used to download a serial number or other identification
data.
[0060] The electronic circuitry 1610 manages and con-
trols various operations of the components of the sensing

module, such as sensing, power management, teleme-
try, and acceleration sensing. It can include analog cir-
cuits, digital circuits, integrated circuits, discrete compo-
nents, or any combination thereof. In one arrangement,
it can be partitioned among integrated circuits and dis-
crete components to minimize power consumption with-
out compromising performance. Partitioning functions
between digital and analog circuit enhances design flex-
ibility and facilitates minimizing power consumption with-
out sacrificing functionality or performance. Accordingly,
the electronic circuitry 1610 can comprise one or more
integrated circuits or ASICs, for example, specific to a
core signal-processing algorithm.
[0061] In another arrangement, the electronic circuitry
1610 can comprise a controller such as a programmable
processor, a Digital Signal Processor (DSP), a microcon-
troller, or a microprocessor, with associated storage
memory and logic. The controller can utilize computing
technologies with associated storage memory such a
Flash, ROM, RAM, SRAM, DRAM or other like technol-
ogies for controlling operations of the aforementioned
components of the sensing module. In one arrangement,
the storage memory may store one or more sets of in-
structions (e.g., software) embodying any one or more
of the methodologies or functions described herein. The
instructions may also reside, completely or at least par-
tially, within other memory, and/or a processor during
execution thereof by another processor or computer sys-
tem.
[0062] The electronics assemblage also supports test-
ability and calibration features that assure the quality,
accuracy, and reliability of the completed wireless sens-
ing module or device. A temporary bi-directional coupling
can be used to assure a high level of electrical observa-
bility and controllability of the electronics. The test inter-
connect also provides a high level of electrical observa-
bility of the sensing subsystem, including the transduc-
ers, waveguides, and mechanical spring or elastic as-
sembly. Carriers or fixtures emulate the final enclosure
of the completed wireless sensing module or device dur-
ing manufacturing processing thus enabling capture of
accurate calibration data for the calibrated parameters
of the finished wireless sensing module or device. These
calibration parameters are stored within the on-board
memory integrated into the electronics assemblage.
[0063] Applications for the electronic assembly com-
prising the sensors 1602 and electronic circuitry 1610
may include, but are not limited to, disposable modules
or devices as well as reusable modules or devices and
modules or devices for long-term use. In addition to non-
medical applications, examples of a wide range of po-
tential medical applications may include, but are not lim-
ited to, implantable devices, modules within implantable
devices, intra-operative implants or modules within intra-
operative implants or trial inserts, modules within inserted
or ingested devices, modules within wearable devices,
modules within handheld devices, modules within instru-
ments, appliances, equipment, or accessories of all of
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these, or disposables within implants, trial inserts, insert-
ed or ingested devices, wearable devices, handheld de-
vices, instruments, appliances, equipment, or accesso-
ries to these devices, instruments, appliances, or equip-
ment.
[0064] FIG. 12 is a diagram of an exemplary commu-
nications system 1700 for short-range telemetry in ac-
cordance with an exemplary embodiment. The illustra-
tion applies to spinal instrument 400 of FIG. 2, spinal
instrument 410 of FIG. 3, insert instrument 420 of FIG.
4, and spine measurement system 100 of FIG. 1. It should
be noted that communication system 1700 may comprise
more or less than the number of components shown. As
illustrated, the communications system 1700 comprises
medical device communications components 1710 in a
spinal instrument and receiving system communications
in a processor based remote system. In one embodiment,
the receiving remote system communications are in or
coupled to a computer or laptop computer that can be
viewed by the surgical team during a procedure. The re-
mote system can be external to the sterile field of the
operating room but within viewing range to assess meas-
ured quantitative data in real time. The medical device
communications components 1710 are operatively cou-
pled to include, but not limited to, the antenna 1712, a
matching network 1714, a telemetry transceiver 1716, a
CRC circuit 1718, a data packetizer 1722, a data input
1724, a power source 1726, and an application specific
integrated circuit (ASIC) 1720. The medical device com-
munications components 1710 may include more or less
than the number of components shown and are not lim-
ited to those shown or the order of the components.
[0065] The receiving station communications compo-
nents 1750 comprise an antenna 1752, a matching net-
work 1754, a telemetry receiver 1756, the CRC circuit
1758, the data packetizer 1760, and optionally a USB
interface 1762. Notably, other interface systems can be
directly coupled to the data packetizer 1760 for process-
ing and rendering sensor data.
[0066] Referring to FIG. 11, the electronic circuitry
1610 is operatively coupled to one or more sensors 602
of the spinal instrument 400. In one embodiment, the
data generated by the one or more sensors 602 can com-
prise a voltage, current, frequency, or count from a mems
structure, piezo-resistive sensor, strain gauge, mechan-
ical sensor, pulsed, continuous wave, or other sensor
type that can be converted to the parameter being meas-
ured of the muscular-skeletal system. Referring back to
FIG. 12, the data packetizer 1722 assembles the sensor
data into packets; this includes sensor information re-
ceived or processed by ASIC 1720. The ASIC 1720 can
comprise specific modules for efficiently performing core
signal processing functions of the medical device com-
munications components 1710. A benefit of ASIC 1720
is in reducing a form factor of the tool.
[0067] The CRC circuit 1718 applies error code detec-
tion on the packet data. The cyclic redundancy check is
based on an algorithm that computes a checksum for a

data stream or packet of any length. These checksums
can be used to detect interference or accidental alteration
of data during transmission. Cyclic redundancy checks
are especially good at detecting errors caused by elec-
trical noise and therefore enable robust protection
against improper processing of corrupted data in envi-
ronments having high levels of electromagnetic activity.
The telemetry transmitter 1716 then transmits the CRC
encoded data packet through the matching network 1714
by way of the antenna 1712. The matching networks 1714
and 1754 provide an impedance match for achieving op-
timal communication power efficiency.
[0068] The receiving system communications compo-
nents 1750 receive transmissions sent by spinal instru-
ment communications components 1710. In one embod-
iment, telemetry transmitter 1716 is operated in conjunc-
tion with a dedicated telemetry receiver 1756 that is con-
strained to receive a data stream broadcast on the spec-
ified frequencies in the specified mode of emission. The
telemetry receiver 1756 by way of the receiving station
antenna 1752 detects incoming transmissions at the
specified frequencies. The antenna 1752 can be a direc-
tional antenna that is directed to a directional antenna of
components 1710. Using at least one directional antenna
can reduce data corruption while increasing data security
by further limiting the data is radiation pattern. A matching
network 1754 couples to antenna 1752 to provide an im-
pedance match that efficiently transfers the signal from
antenna 1752 to telemetry receiver 1756. Telemetry re-
ceiver 1756 can reduce a carrier frequency in one or more
steps and strip off the information or data sent by com-
ponents 1710. Telemetry receiver 1756 couples to CRC
circuit 1758. CRC circuit 1758 verifies the cyclic redun-
dancy checksum for individual packets of data. CRC cir-
cuit 1758 is coupled to data packetizer 1760. Data pack-
etizer 1760 processes the individual packets of data. In
general, the data that is verified by the CRC circuit 1758
is decoded (e.g., unpacked) and forwarded to an external
data processing device, such as an external computer,
for subsequent processing, display, or storage or some
combination of these.
[0069] The telemetry receiver 1756 is designed and
constructed to operate on very low power such as, but
not limited to, the power available from the powered USB
port 1762, or a battery. In another embodiment, the te-
lemetry receiver 1756 is designed for use with a minimum
of controllable functions to limit opportunities for inad-
vertent corruption or malicious tampering with received
data. The telemetry receiver 1756 can be designed and
constructed to be compact, inexpensive, and easily man-
ufactured with standard manufacturing processes while
assuring consistently high levels of quality and reliability.
[0070] In one configuration, the communication sys-
tem 1700 operates in a transmit-only operation with a
broadcasting range on the order of a few meters to pro-
vide high security and protection against any form of un-
authorized or accidental query. The transmission range
can be controlled by the transmitted signal strength, an-
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tenna selection, or a combination of both. A high repeti-
tion rate of transmission can be used in conjunction with
the Cyclic Redundancy Check (CRC) bits embedded in
the transmitted packets of data during data capture op-
erations thereby enabling the receiving system to discard
corrupted data without materially affecting display of data
or integrity of visual representation of data, including but
not limited to measurements of load, force, pressure, dis-
placement, flexion, attitude, and position within operating
or static physical systems.
[0071] By limiting the operating range to distances on
the order of a few meters the telemetry transmitter 1716
can be operated at very low power in the appropriate
emission mode or modes for the chosen operating fre-
quencies without compromising the repetition rate of the
transmission of data. This mode of operation also sup-
ports operation with compact antennas, such as an inte-
grated loop antenna. The combination of low power and
compact antennas enables the construction of, but is not
limited to, highly compact telemetry transmitters that can
be used for a wide range of non-medical and medical
applications.
[0072] The transmitter security as well as integrity of
the transmitted data is assured by operating the telemetry
system within predetermined conditions. The security of
the transmitter cannot be compromised because it is op-
erated in a transmit-only mode and there is no pathway
to hack into medical device communications compo-
nents. The integrity of the data is assured with the use
of the CRC algorithm and the repetition rate of the meas-
urements. Limiting the broadcast range of the device min-
imizes the risk of unauthorized reception of data. Even
if unauthorized reception of the data packets should oc-
cur there are counter measures in place that further mit-
igate data access. A first measure is that the transmitted
data packets contain only binary bits from a counter along
with the CRC bits. A second measure is that no data is
available or required to interpret the significance of the
binary value broadcast at any time. A third measure that
can be implemented is that no patient or device identifi-
cation data is broadcast at any time.
[0073] The telemetry transmitter 1716 can also oper-
ate in accordance with some FCC regulations. According
to section 18.301 of the FCC regulations the ISM bands
within the USA include 6.78, 13.56, 27.12, 30.68, 915,
2450, and 5800 MHz as well as 24.125, 61.25, 122.50,
and 245 GHz. Globally other ISM bands, including 433
MHz, are defined by the International Telecommunica-
tions Union in some geographic locations. The list of pro-
hibited frequency bands defined in 18.303 are "the fol-
lowing safety, search and rescue frequency bands is pro-
hibited: 490-510 kHz, 2170-2194 kHz, 8354-8374 kHz,
121.4-121.6 MHz, 156.7-156.9 MHz, and 242.8- 243.2
MHz.
[0074] Section 18.305 stipulates the field strength and
emission levels ISM equipment must not exceed when
operated outside defined ISM bands. In summary, it may
be concluded that ISM equipment may be operated

worldwide within ISM bands as well as within most other
frequency bands above 9 KHz given that the limits on
field strengths and emission levels specified in section
18.305 are maintained by design or by active control. As
an alternative, commercially available ISM transceivers,
including commercially available integrated circuit ISM
transceivers, may be designed to fulfill these field
strengths and emission level requirements when used
properly.
[0075] In one configuration, the telemetry transmitter
1716 can also operate in unlicensed ISM bands or in
unlicensed operation of low power equipment, wherein
the ISM equipment (e.g., telemetry transmitter 1716) may
be operated on ANY frequency above 9 kHz except as
indicated in Section 18.303 of the FCC code.
[0076] Wireless operation eliminates distortion of, or
limitations on, measurements caused by the potential for
physical interference by, or limitations imposed by, wiring
and cables coupling the wireless sensing module or de-
vice with a power source or with data collection, storage,
or display equipment. Power for the sensing components
and electronic circuits is maintained within the wireless
sensing module or device on an internal energy storage
device. This energy storage device is charged with ex-
ternal power sources including, but not limited to, a bat-
tery or batteries, super capacitors, capacitors, an alter-
nating current power supply, a radio frequency receiver,
an electromagnetic induction coil, a photoelectric cell or
cells, a thermocouple or thermocouples, or an ultrasound
transducer or transducers. The wireless sensing module
may be operated with a single charge until the internal
energy source is drained or the energy source may be
recharged periodically to enable continuous operation.
The embedded power supply minimizes additional sourc-
es of energy radiation required to power the wireless
sensing module or device during measurement opera-
tions. Telemetry functions are also integrated within the
wireless sensing module or device. Once initiated the
telemetry transmitter continuously broadcasts measure-
ment data in real time. Telemetry data may be received
and decoded with commercial receivers or with a simple,
low cost custom receiver.
[0077] FIG. 13 illustrates a communication network
1800 for measurement and reporting in accordance with
an example embodiment. Briefly, the communication net-
work 1800 expands communication for spine measure-
ment system 100 of FIG. 1, spinal instrument 400 of FIG.
2, spinal instrument 410 of FIG. 3, and insert instrument
420 to provide broad data connectivity to other devices
or services. As illustrated, spinal alignment system 100,
spinal instrument 400, and insert instrument 420 can be
communicatively coupled to the communications net-
work 1800 and any associated systems or services. It
should be noted that communication network 1800 can
comprise more or less than the number of communication
networks and systems shown.
[0078] As one example, measurement system 100,
spinal instrument 400, spinal instrument 410, and insert
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instrument 420 can share its parameters of interest (e.g.,
distributions of load, force, pressure, displacement,
movement, rotation, torque and acceleration) with re-
mote services or providers, for instance, to analyze or
report on surgical status or outcome. In the case that a
sensor system is permanently implanted, the data from
the sensor can be shared for example with a service pro-
vider to monitor progress or with plan administrators for
surgical planning purposes or efficacy studies. The com-
munication network 1800 can further be tied to an Elec-
tronic Medical Records (EMR) system to implement
health information technology practices. In other embod-
iments, the communication network 1800 can be com-
municatively coupled to HIS Hospital Information Sys-
tem, HIT Hospital Information Technology and HIM Hos-
pital Information Management, EHR Electronic Health
Record, CPOE Computerized Physician Order Entry,
and CDSS Computerized Decision Support Systems.
This provides the ability of different information technol-
ogy systems and software applications to communicate,
to exchange data accurately, effectively, and consistent-
ly, and to use the exchanged data.
[0079] The communications network 1800 can provide
wired or wireless connectivity over a Local Area Network
(LAN) 1801, a Wireless Local Area Network (WLAN)
1805, a Cellular Network 1814, and/or other radio fre-
quency (RF) system. The LAN 1801 and WLAN 1805
can be communicatively coupled to the Internet 1820, for
example, through a central office. The central office can
house common network switching equipment for distrib-
uting telecommunication services. Telecommunication
services can include traditional POTS (Plain Old Tele-
phone Service) and broadband services such as cable,
HDTV, DSL, VoIP (Voice over Internet Protocol), IPTV
(Internet Protocol Television), Internet services, and so
on.
[0080] The communication network 1800 can utilize
common computing and communications technologies
to support circuit-switched and/or packet-switched com-
munications. Each of the standards for Internet 1820 and
other packet switched network transmission (e.g.,
TCP/IP, UDP/IP, HTML, HTTP, RTP, MMS, SMS) rep-
resent examples of the state of the art. Such standards
are periodically superseded by faster or more efficient
equivalents having essentially the same functions. Ac-
cordingly, replacement standards and protocols having
the same functions are considered equivalent.
[0081] The cellular network 1814 can support voice
and data services over a number of access technologies
such as GSM-GPRS, EDGE, CDMA, UMTS, WiMAX,
2G, 3G, WAP, software defined radio (SDR), and other
known technologies. The cellular network 1814 can be
coupled to base receiver 1810 under a frequency-reuse
plan for communicating with mobile devices 1802.
[0082] The base receiver 1810, in turn, can connect
the mobile device 1802 to the Internet 1820 over a packet
switched link. Internet 1820 can support application serv-
ices and service layers for distributing data from spinal

alignment system 100, spinal instrument 400, and insert
instrument 420 to the mobile device 502. The mobile de-
vice 1802 can also connect to other communication de-
vices through the Internet 1820 using a wireless commu-
nication channel.
[0083] The mobile device 1802 can also connect to the
Internet 1820 over the WLAN 1805. Wireless Local Ac-
cess Networks (WLANs) provide wireless access within
a local geographical area. WLANs are typically com-
posed of a cluster of Access Points (APs) 1804 also
known as base stations. Spinal alignment system 100,
spinal instrument 400, and insert instrument 420 can
communicate with other WLAN stations such as laptop
1803 within the base station area. In typical WLAN im-
plementations, the physical layer uses a variety of tech-
nologies such as 802.11b or 802.11g WLAN technolo-
gies. The physical layer may use infrared, frequency hop-
ping spread spectrum in the 2.4 GHz Band, direct se-
quence spread spectrum in the 2.4 GHz Band, or other
access technologies, for example, in the 5.8 GHz ISM
band or higher ISM bands (e.g., 24 GHz, etc.).
[0084] By way of the communication network 1800,
spinal alignment system 100, spinal instrument 400, and
insert instrument 420 can establish connections with a
remote server 1830 on the network and with other mobile
devices for exchanging data. The remote server 1830
can have access to a database 1840 that is stored locally
or remotely and which can contain application specific
data. The remote server 1830 can also host application
services directly, or over the internet 1820.
[0085] FIG. 14 depicts an exemplary diagrammatic
representation of a machine in the form of a computer
system 1900 within which a set of instructions, when ex-
ecuted, may cause the machine to perform any one or
more of the methodologies discussed above. In some
embodiments, the machine operates as a standalone de-
vice. In some embodiments, the machine may be con-
nected (e.g., using a network) to other machines. In a
networked deployment, the machine may operate in the
capacity of a server or a client user machine in server-
client user network environment, or as a peer machine
in a peer-to-peer (or distributed) network environment.
[0086] The machine may comprise a server computer,
a client user computer, a personal computer (PC), a tablet
PC, a laptop computer, a desktop computer, a control
system, a network router, switch or bridge, or any ma-
chine capable of executing a set of instructions (sequen-
tial or otherwise) that specify actions to be taken by that
machine. It will be understood that a device of the present
disclosure includes broadly any electronic device that
provides voice, video or data communication. Further,
while a single machine is illustrated, the term "machine"
shall also be taken to include any collection of machines
that individually or jointly execute a set (or multiple sets)
of instructions to perform any one or more of the meth-
odologies discussed herein.
[0087] The computer system 1900 may include a proc-
essor 1902 (e.g., a central processing unit (CPU), a
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graphics processing unit (GPU, or both), a main memory
1904 and a static memory 1906, which communicate with
each other via a bus 1908. The computer system 1900
may further include a video display unit 1910 (e.g., a liquid
crystal display (LCD), a flat panel, a solid-state display,
or a cathode ray tube (CRT)). The computer system 1900
may include an input device 1912 (e.g., a keyboard), a
cursor control device 1914 (e.g., a mouse), a disk drive
unit 1916, a signal generation device 1918 (e.g., a speak-
er or remote control) and a network interface device 1920.
[0088] The disk drive unit 1916 may include a machine-
readable medium 1922 on which is stored one or more
sets of instructions (e.g., software 1924) embodying any
one or more of the methodologies or functions described
herein, including those methods illustrated above. The
instructions 1924 may also reside, completely or at least
partially, within the main memory 1904, the static memory
1906, and/or within the processor 1902 during execution
thereof by the computer system 1900. The main memory
1904 and the processor 1902 also may constitute ma-
chine-readable media.
[0089] Dedicated hardware implementations includ-
ing, but not limited to, application specific integrated cir-
cuits, programmable logic arrays and other hardware de-
vices can likewise be constructed to implement the meth-
ods described herein. Applications that may include the
apparatus and systems of various embodiments broadly
include a variety of electronic and computer systems.
Some embodiments implement functions in two or more
specific interconnected hardware modules or devices
with related control and data signals communicated be-
tween and through the modules, or as portions of an ap-
plication-specific integrated circuit. Thus, the example
system is applicable to software, firmware, and hardware
implementations.
[0090] In accordance with various embodiments of the
present disclosure, the methods described herein are in-
tended for operation as software programs running on a
processor, digital signal processor, or logic circuitry. Fur-
thermore, software implementations can include, but not
limited to, distributed processing or component/object
distributed processing, parallel processing, or virtual ma-
chine processing can also be constructed to implement
the methods described herein.
[0091] The present disclosure contemplates a ma-
chine readable medium containing instructions 1924, or
that which receives and executes instructions 1924 from
a propagated signal so that a device connected to a net-
work environment 1926 can send or receive voice, video
or data, and to communicate over the network 1926 using
the instructions 1924. The instructions 1924 may further
be transmitted or received over a network 1926 via the
network interface device 1920.
[0092] While the machine-readable medium 1922 is
shown in an example embodiment to be a single medium,
the term "machine-readable medium" should be taken to
include a single medium or multiple media (e.g., a cen-
tralized or distributed database, and/or associated cach-

es and servers) that store the one or more sets of instruc-
tions. The term "machine-readable medium" shall also
be taken to include any medium that is capable of storing,
encoding or carrying a set of instructions for execution
by the machine and that cause the machine to perform
any one or more of the methodologies of the present
disclosure.
[0093] The term "machine-readable medium" shall ac-
cordingly be taken to include, but not be limited to: solid-
state memories such as a memory card or other package
that houses one or more read-only (non-volatile) mem-
ories, random access memories, or other re-writable (vol-
atile) memories; magneto-optical or optical medium such
as a disk or tape; and carrier wave signals such as a
signal embodying computer instructions in a transmis-
sion medium; and/or a digital file attachment to e-mail or
other self-contained information archive or set of archives
is considered a distribution medium equivalent to a tan-
gible storage medium. Accordingly, the disclosure is con-
sidered to include any one or more of a machine-readable
medium or a distribution medium, as listed herein and
including art-recognized equivalents and successor me-
dia, in which the software implementations herein are
stored.
[0094] Although the present specification describes
components and functions implemented in the embodi-
ments with reference to particular standards and proto-
cols, the disclosure is not limited to such standards and
protocols. Each of the standards for Internet and other
packet switched network transmission (e.g., TCP/IP,
UDP/IP, HTML, HTTP) represent examples of the state
of the art. Such standards are periodically superseded
by faster or more efficient equivalents having essentially
the same functions. Accordingly, replacement standards
and protocols having the same functions are considered
equivalents.
[0095] The illustrations of embodiments described
herein are intended to provide a general understanding
of the structure of various embodiments, and they are
not intended to serve as a complete description of all the
elements and features of apparatus and systems that
might make use of the structures described herein. Many
other embodiments will be apparent to those of skill in
the art upon reviewing the above description. Other em-
bodiments may be utilized and derived therefrom, such
that structural and logical substitutions and changes may
be made without departing from the scope of this disclo-
sure. Figures are also merely representational and may
not be drawn to scale. Certain proportions thereof may
be exaggerated, while others may be minimized. Accord-
ingly, the specification and drawings are to be regarded
in an illustrative rather than a restrictive sense.
[0096] FIG. 15 illustrates components of a spinal in-
strument 2000 in accordance with an example embodi-
ment. Spinal instrument 2000 is a more detailed illustra-
tion of a non-limiting example of spinal instrument 102
of FIG. 1, spinal instrument 400 of FIG. 2, and spinal
instrument 410 of FIG. 3. Spinal instrument 2000 is a
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measurement device having a sensored head 2002 that
incorporates at least one sensor for measuring a param-
eter of the spine. Spinal instrument 2000 comprises sen-
sored head 2002, sensors 2008, shaft 2010, electronic
assembly 2024, interconnect 2028, and handle 2030. In
one embodiment, handle 2030 is formed by coupling
structures 2020 and 2022 together. A proximal end 2018
of shaft 2010 couples to a distal end of handle 2030. A
proximal end of sensored head 2002 couples to a distal
end 2014 of shaft 2010. Handle 2030 can be held by a
surgeon to guide the instrument into the spine region of
a patient to take one or more quantitative measurements.
Sensored head 2002 can be inserted into the spine region
such that the sensors 2008 can measure the parameters
of interest. Electronic assembly 2024 operatively couples
to sensors 2008 to receive, process, and provide quan-
titative measurement data. In general, spinal instrument
2000 can provide quantitative measurement data of a
probed region by sensors 2008 mounted on or in sen-
sored head 2002. The quantitative data can also support
the installation of a component into the muscular-skeletal
region. Quantitative data or information related to the pro-
cedure can be displayed on an interface 2038 that may
be included in spinal instrument 2000. Alternatively, spi-
nal instrument 2000 can provide quantitative data in sup-
port of a procedure through a remote system as disclosed
herein. The remote system can be wired or wirelessly
coupled to spinal instrument 2000. The quantitative data
can be provided in real-time with visualization of the pro-
cedure.
[0097] In the example, sensored head 2002 comprises
a support structure 2004 and a support structure 2006.
Support structures 2004 and 2006 can move in relation
to one another. For example, a compressive force can
be applied to external surfaces of support structures 2004
and 2006. Structures 2004 and 2006 can move under
the compressive force resulting in a change of height of
sensored head 2002. In general, the external surfaces
of support structures 2004 and 2006 would move closer
together as the applied force or pressure increases. In
one embodiment, the movement or change in distance
between the external surfaces of support structures 2004
and 2006 is small in relation to the height of sensored
head 2002 when no compressive force is applied.
[0098] Sensors 2008 are shown disassembled from
sensored head 2002. Sensors 2008 are placed within
sensored head 2002 when assembled. Sensors 2008
couple between interior surfaces of support structures
2004 and 2006. A compressive force, pressure, or load
applied to exterior surfaces of support structures 2004
and 2006 couples to sensors 2008. A measurable pa-
rameter of a sensor may directly or indirectly correspond
to the force, pressure, or load applied thereto. In one
embodiment sensors 2008 are film sensors having a low
profile. An example of a film sensor is a piezo-resistive
sensor or a polymer sensor. Piezo-resistive film sensors
change resistance with an applied force, pressure, or
load. Other sensor types can be used as disclosed here-

in. In general, each sensor is located at a predetermined
position within sensored head 2002. The predetermined
position can couple to a predetermined location on the
external surfaces of support structures 2004 and 2006.
Locating each sensor at a known predetermined position
supports the determination of the location of applied load
to exterior surfaces of support structures 2004 and 2006.
As shown, four sensors are placed within sensored head
2002. Typically more than one sensor is used to deter-
mine location of applied load. The load measurements
of sensors 2008 are assessed in relation with the corre-
sponding location of each sensor. For example, the sen-
sor nearest to the applied load will measure the highest
load magnitude. Conversely, the sensor farthest from the
applied load will measure the lowest load magnitude.
Each sensor measurement can be used in the determi-
nation of the location where the load is applied to the
exterior surfaces of support structures 2004 and 2006
and the magnitude of the applied load at the identified
location.
[0099] The resistance of a piezo-resistive film sensor
corresponds to the thickness of the film. An applied pres-
sure to piezo-resistive film sensor reduces the thickness
thereby lowering the resistance. The surface area of each
piezo-resistive sensor is selected to fit within sensored
head 2002 and relate to a predetermined location on the
external surfaces of support structures 2004 and 2006
for location identification. The surface area of sensors
2008 corresponds to the range of resistance being meas-
ured over the measurable load range of spinal instrument
2000. Typically, the magnitude and change in magnitude
of the measurable parameter of sensors 2008 over the
specified load range is known or measured.
[0100] A voltage or current is typically provided by elec-
tronic assembly 2024 to piezo-resistive film sensors. For
example, providing a known current to the piezo-resistive
film sensor generates a voltage that corresponds to the
resistance. The voltage can be measured by electronic
assembly 2024 and translated to a load measurement.
Similarly, a known voltage can be applied to the piezo-
resistive film sensor. The current conducted by the piezo-
resistive film sensor corresponds to the resistance of the
device. The current can be measured by electronic as-
sembly 2024 and translated to the load measurement.
Accuracy of the measurement can be improved by cali-
bration of each sensor and providing the calibration data
to electronic assembly 2024 for providing correction to
the measured data. The calibration can compare sensor
measurements to known loads applied to sensored head
2002. Calibration can occur over different operating con-
ditions such as temperature. In one embodiment, sen-
sors 2008 may be calibrated as part of a final test of spinal
instrument 2000.
[0101] As mentioned previously, sensors 2008 com-
prise four sensors that support the measurement of the
position of loading applied to at least one of the external
surfaces of support structures 2004 and 2006. In one
embodiment, support structures 2004 and 2006 have
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convex shaped external surfaces that aid in the insertion
of sensored head 2002 into the spinal region such as
between vertebrae. The height of sensored head 2002
is a distance between the external surfaces of the support
structures 2004 and 2006. Sensored head can be used
to distract and generate a gap between vertebrae. For
example, the surgeon selects a sensored head of a pre-
determined height to produce a gap approximately equal
to the sensored head height.
[0102] Shaft 2010 provides a separation distance be-
tween handle 2030 and sensored head 2002. The shaft
2010 allows the surgeon to view and direct sensored
head 2002 of spinal instrument 2000 into an exposed
area of the spine. A distal end 2014 of the shaft 2010 fits
into and fastens to a proximal end 2016 of sensored head
2002. In one embodiment, shaft 2010 is cylindrical in
shape and includes at least one lengthwise passage
2012. Proximal end 2016 of sensored head 2002 can
include an opening for receiving distal end 2014 of shaft
2010. The shaft 2010 can be secured in the opening of
sensored head 2002 by mechanical, adhesive, welding,
bonding or other attaching method. In one embodiment,
the attaching process permanently affixes sensored
head 2002 to shaft 2010. The lengthwise passage 2012
of shaft 2010 may be used to couple a component from
handle 2030 to sensored head 2002. For example, an
interconnect 2028 can couple through the lengthwise
passage 2012. The interconnect 2028 extends out of the
lengthwise passage 2012 on both distal end 2014 and
proximal end 2018 of shaft 2010. Interconnect 2028 cou-
ples sensors 2008 to electronic assembly 2024. Similarly,
a second lengthwise passage in shaft 2010 can support
a threaded rod that couples to a scissor jack within sensor
head 2002 for raising and lowering support structures
2004 and 2006 as disclosed herein. Although a cylindrical
shape is disclosed, shaft 2010 can be formed having oth-
er shapes. In the example, shaft 2010 is rigid and does
not bend or flex when used to insert sensored head 2002
into the spine region. In one embodiment, handle 2030,
shaft 2010, support structure 2004, and 2006 are formed
of a polymer material such as polycarbonate. Alterna-
tively, spinal instrument can comprise metal components
or a combination of polymer and metal to form the struc-
ture. The metal components can comprise stainless
steel.
[0103] Handle 2030 comprises a structure 2020 and a
structure 2022. The structures 2020 and 2022 can be
formed to include one or more cavities, slots, or openings.
A cavity 2026 is shaped to receive electronic assembly
2024 that is housed in handle 2030. The cavity 2026 can
include one or more features to support and retain elec-
tronic assembly 2024. A slot 2032 can be used to guide
and retain interconnect 2028 to electronic assembly 2024
for coupling. Structures 2020 and 2022 couple together
to form handle 2030. An opening 2034 on the distal end
of handle 2030 receives proximal end 2018 of shaft 2010.
In one embodiment, structures 2020 and 2022 can be
formed of a polymer or metal. In the example, sensored

head 2002, shaft 2010, and structures 2020 and 2022
can be formed by a molding process using a polymer
material such as polycarbonate. The structures 2020 and
2022 can be fastened together by mechanical, adhesive,
welding, bonding or other attaching method. Similarly,
proximal end 2018 of shaft 2010 can be coupled to open-
ing 2034 on the distal end of handle 2030 by mechanical,
adhesive, welding, bonding, or other attaching method.
In general, the active circuitry within spinal instrument
2000 is isolated from the external environment and a rigid
device is formed when sensored head 2002, shaft 2010,
and handle 2030 are coupled together. In one embodi-
ment, the sealing process is permanent and spinal in-
strument 2000 cannot be disassembled to replace com-
ponents such as the power source (e.g. batteries) that
can be included in electronic assembly 2024. The handle
2030 can be formed having a shape that is ergonomic
for positioning spinal instrument 2000. The handle 2030
can include weights placed in interior cavities that im-
prove the feel and balance of the device for the surgical
procedure. Reinforcement structures can be added to
stiffen spinal instrument 2000 thereby reducing device
flex. The proximal end of handle 2030 includes a flange
2036 for being tapped by a hammer to aid in the insertion
of sensored head 2002 into the spinal region. The flange
is sized to accept a standard slap-hammer to aid in the
removal of the sensor head from the spinal region. Flange
2036 and the proximal end of handle 2030 are reinforced
to withstand hammer taps by the surgeon.
[0104] Electronic assembly 2024 controls a measure-
ment process of spinal instrument 2000. In the example,
the components of the system are mounted to a printed
circuit board. The printed circuit board can have multiple
layers of interconnect. Components can be mounted on
both sides of the printed circuit board. In one embodi-
ment, the printed circuit board includes a connector 2040
for receiving and retaining interconnect 2028. In the ex-
ample, interconnect 2028 can be a flexible planar inter-
connect having copper traces thereon comprising five
interconnects for coupling to sensors 2008. A power
source such as a battery can be mounted to the printed
circuit board for powering electronic assembly 2024.
Communication circuitry of electronic assembly 2024 can
wirelessly transmit measurement data to a remote sys-
tem for viewing in real-time. Spinal instrument 2000 can
also receive information or data through a wired or wire-
less connection. Spinal instrument 2000 can include dis-
play 2038 with a GUI to locally provide data to the sur-
geon. Spinal instrument 2000 can also be operatively
coupled via a remote sensor system to allow control or
feedback through vocal, visual, haptic, gestures, or other
communicative means to simplify a workflow or reduce
staff required for the procedure.
[0105] FIG. 16 illustrates a spine measurement system
2100 for providing intervertebral load and position of load
data in accordance with an example embodiment. Spine
measurement system 2100 is a more detailed illustration
of a non-limiting example of spine measurement system
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100 of FIG. 1. System 2100 can also include an insert
instrument and external alignment devices. The system
2100 comprises spinal instruments 2102A-F (2102A,
2102B, 2102C, 2102D, 2102E, and 2102F) that include
active circuitry for measuring a parameter of the muscu-
lar-skeletal system. Spinal instruments 2102A-F are a
non-limiting example of spinal instrument 400 of FIG. 2,
spinal instrument 410 of FIG. 3, and spinal instrument
2000. In the example, spinal instruments 2102A-F each
include one or more sensors to measure load and posi-
tion of load.
[0106] The system 2100 comprises a set of spinal in-
struments 2102A-F where each tool has a different dis-
traction height. Spinal instruments can also be provided
having sensored heads of different lengths. As shown,
the set of spinal instruments 2102A-F have a sensored
head length 2120. An example of sensored heads having
different head lengths is disclosed below and can be
adapted to system 2100. Each spinal instrument 2102A,
2102B, 2102C, 2102D, 2102E, and 2102F respectively
has sensored heads 2104A, 2104B, 2104C, 2104D,
2104E, and 2104F. The surgeon selects the spinal in-
strument for an appropriate sensored head height that
distracts a spinal region appropriate for a patient physi-
ology. As shown, the six sensored heads 2104A, 2104B,
2104C, 2104D, 2104E, and 2104F respectively have
heights A, B, C, D, E, and F. The six different heights A-
F of sensored heads 2104A-F are an example of what
might be provided in a typical system. An example of a
distraction height range for a set of sensored heads can
be from 6 millimeters to 14 millimeters. An example range
of the length of a sensored head can be from 22 millim-
eters to 36 millimeters. In general, the different height
and lengths of sensored heads 2104A-F of system 2100
are chosen to cover a statistically significant portion a
patient population a surgeon is likely to see. The actual
number of sensored heads having different height and
lengths can vary depending on the application. In one
embodiment, sensored head height and lengths that are
out of the norm can be inventoried in the operating room
but may not be part of the set provided initially during the
procedure. The inventoried sensored heads can be made
available to the surgeon in the event that the set does
not provide a suitable sensored head height and length
for the patient.
[0107] In general, spine measurement system 2100
measures a parameter of the spinal region. In the exam-
ple, load and position of load are measured. Spinal in-
struments 2102A-F can also measure the location and
position in 3D space with one or more internal acceler-
ometers within each tool. In one embodiment, an accel-
erometer identifies the trajectory, location and position
of the sensored head in real-time. The accelerometer
can be located in the handle of spinal instruments 2102A-
F with the electronic assembly. The one or more param-
eter measurements output by system 2100 provide quan-
titative data to support the procedure. For example, the
surgeon exposes the spinal region and views the area

of interest. The spinal instruments 2102A-F is made
available such that the surgeon can select and use at
least one of the tools. Remote system 105 is typically
placed outside the sterile field of the operating room. In
one embodiment, each spinal instrument 2102A-F may
be stored in individual sterilized packaging that is not
opened until the surgeon views the spinal region being
repaired. The selection of a spinal instrument is patient
specific due to variations in spine gap and patient phys-
iology. In the example, the surgeon first determines the
appropriate gap height and then opens a sterile package
having the spinal instrument with the sensored head of
the selected height. In one embodiment, the selected spi-
nal instrument can be placed by a device that can initiate
a power up sequence. The enabling process couples an
internal power source of the tool to the electronic circuitry
and sensors therein. Once powered up, the selected spi-
nal instrument can be coupled to remote system 105.
Remote system 105 receives and displays data from the
selected spinal instrument. Remote system 105 includes
a GUI 107 for controlling user interaction and providing
data on a display. The GUI 107 can provide different
screens or windows at different steps of the procedure
as a workflow that provides quantitative data to the sur-
geon in one or more formats such that the data supports
the surgical outcome.
[0108] The surgeon holds the selected spinal instru-
ment by the handle and directs the sensored head be-
tween the vertebrae. The enabled spinal instrument
sends load, position of load, instrument position, and lo-
cation data to the remote system 105 where it is displayed
in real-time. As mentioned herein, the exterior surfaces
of the sensored head are convex in shape such that the
tip is narrowed allowing penetration between a separated
space between vertebrae prior to distraction. The amount
of force required to distract vertebrae can vary. A con-
trolled force applied to the selected spinal instrument may
be required to increase the opening between vertebrae.
For example, a hammer can be used to tap the flange at
the end of the handle of the selected spinal instrument
to insert the sensored head between the vertebrae.
[0109] In the example, the final position of the sensored
head corresponds to the location where a component
such as a spinal cage can be placed in a subsequent
step. The spinal cage would have a height and length
substantially equal to the height and length of the sen-
sored head of the selected spinal instrument. System
2100 measures and displays quantitative data from the
selected spinal instrument such as trajectory, position,
location, loading, and position of loading of the sensored
head. The data supports the placement of the component
in the location. More specifically, the loading and position
of load on the component placed between the vertebrae
can be substantial equal to the quantitative measure-
ments from the selected spinal instrument when the com-
ponent is placed and located in the final position of the
sensored head when distracting the vertebrae.
[0110] The surgeon may find that the selected spinal
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instrument has a sensored head height that is larger or
smaller than needed. The surgeon uses as many spinal
instruments as required to distract the vertebrae to an
appropriate height. This similarly applies to the selection
of spinal instruments of different lengths. In one embod-
iment, the power source within each spinal instruments
2102A-F can power the tool for only a single procedure.
Moreover, spinal instruments 2102A-F may not be capa-
ble of being sterilized for reuse without compromising the
integrity of the device. The spinal instruments that have
been removed from sterilized packaging can be disposed
of after the surgical procedure is performed. The spinal
instruments that remain in sterile packaging can be used
in another procedure. The spinal instruments that are
disposed of after being used can be replaced to complete
the set.
[0111] An alternate approach can use a passive set of
spinal instruments to do the initial distraction. The pas-
sive spinal instruments have no measurement capability.
The surgeon identifies an appropriate distraction height
between vertebrae with the passive spinal instruments.
The set of passive spinal instruments have heads with
equal heights as spinal instruments 2102A-F. A spinal
instrument is then selected from spinal instruments
2102A-F having a height equal to the identified distraction
height made by the passive spinal instrument. The se-
lected spinal instrument is then inserted between the ver-
tebrae. Quantitative data measurements are then taken
by the selected spinal instrument in preparation for im-
planting a component between the vertebrae. The pas-
sive spinal instruments can also be low cost disposable
or tools that can be sterilized after use. The alternate
approach provides the benefit of minimizing the number
of spinal instruments 2102A-F used in the procedure.
[0112] A method of providing spinal instruments to an
operating room is disclosed below. The steps of the meth-
od can be performed in any order. The example compris-
es a system that includes more than one spinal instru-
ments having active circuitry for measurement of a spinal
region. The non-limiting example is used to demonstrate
a method that is applicable to other muscular-skeletal
regions such as the knee, hip, ankle, spine, shoulder,
hand, arm, and foot. In a first step, more than one spinal
instrument is provided within the operating room. The
spinal instruments are in individually sterilized packag-
ing. In one embodiment, the spinal instruments each
have a different distraction height and length. The sur-
geon exposes the spinal region and assesses the patient
physiology. In a second step, one of the spinal instru-
ments is selected. In the example, the spinal instrument
is selected having an appropriate distraction height for
the patient. The spinal instrument is used to measure a
parameter of the spinal region such as load and position
of load. In a third step, the selected spinal instrument is
removed from the sterilized packaging. In a fourth step,
the selected spinal instrument is enabled. In the example,
the enabling process couples an internal power source
to the circuitry in the selected spinal instrument thereby

powering up the device for generating quantitative meas-
urement data.
[0113] Powering up the selected spinal instrument en-
ables communication circuitry within the device. In a fifth
step, the selected spinal instrument couples to a remote
system. In the example, the remote system is in the op-
erating room within viewing range of the surgeon. The
remote system includes a display for presenting the
quantitative measured data from the selected spinal in-
strument. The remote system can indicate that the se-
lected spinal instrument is enabled by audio, visual, or
haptic feedback.
[0114] The distraction height can be determined using
passive spinal distraction instruments prior to selecting
the active spinal instrument. The surgeon selects a pas-
sive spinal instrument after the spine region is assessed
or exposed. In a sixth step, the spinal region is distracted
using the selected passive spinal instrument. The pas-
sive spinal instruments have no active circuitry for meas-
urement. In the example, a set of passive spinal instru-
ments has identical heights and lengths as the set of
active spinal instruments. In a seventh step, the passive
spinal instrument is removed from the spinal region after
distraction with the selected passive spinal instrument.
In an eighth step, the selected spinal instrument is insert-
ed in the spinal region previously distracted by the se-
lected passive spinal instrument. In the example, the se-
lected spinal instrument has the same height and length
as the selected passive spinal instrument. In a ninth step,
the selected spinal instrument takes parameter meas-
urements. The data can be wirelessly transmitted to a
remote system for display or visualization of the proce-
dure.
[0115] One or more of the active spinal instruments
can be used during the procedure. In a tenth step, the
active spinal instruments that were used to take meas-
urements of the spinal region are disposed of after the
procedure. In one embodiment, the passive spinal instru-
ments can go through a sterilization process and are not
disposed. Alternatively, the used passive spinal instru-
ments can be disposed similar to the active spinal instru-
ments. In an eleventh step, the spinal instruments that
were used and disposed of are replaced. The replace-
ments re-complete the set for a subsequent procedure.
The remaining active spinal instruments that were not
used are sterile as their sterilized packaging was not
opened during the procedure and thus can be reused.
[0116] FIG. 17 illustrates a spine measurement system
2200 for providing intervertebral load and position of load
data in accordance with an example embodiment. Spine
measurement system 2200 is a more detailed illustration
of a non-limiting example of spine measurement system
100 of FIG. 1. The system 2200 comprises a remote sys-
tem 105 and a modular spinal instrument. System 2200
can also include an insert instrument and external align-
ment devices. The modular spinal instrument comprises
a handle 2206, a shaft 2208, a plurality of removable
sensored heads 2204A-F, and a module 2210. In gen-
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eral, the spinal instrument is a modular active device hav-
ing components that can be coupled to handle 2206 and
shaft 2208. Three sets of removable sensored heads
2204A-F (2204A, 2204B, 2204C, 2204D, 2204E, and
2204F), 2216A-F (2216A, 2216B, 2216C, 2216D, 2216E,
and 2216F), and 2218A-F (2218A, 2218B, 2218C,
2218D, 2218E, and 2218F) are shown in system 2200.
There can be more or less than three sets of sensored
heads provided in system 2200. Sensored heads 2204A-
F, 2216A-F, and 2218A-F can be coupled to or removed
from the distal end of shaft 2208. Similarly, module 2210
can be coupled to or removed from a cavity 2214 of han-
dle 2206. An external surface of module 2210 can be
shaped as part of an exterior surface of handle 2206
when attached. Module 2210 includes an electrical as-
sembly 2212 comprising electronic circuitry for receiving,
processing, and sending quantitative data from sensors
in a sensored head. Module 2210 can also include a pow-
er source for powering spinal instrument 2202 during a
procedure. Electrical interfaces and interconnect couple
module 2210 to one of sensored heads 2204A-F when
respectively assembled to handle 2206 and shaft 2208.
[0117] In general, sensored heads of different heights
and different lengths are provided as part of the system
for supporting spine measurements over a large statisti-
cal population of spine anatomy. The concept can be
applied to the configuration disclosed in FIG. 16 where
additional sets of spinal instruments can be provided hav-
ing different sensored head lengths. The modular spinal
instrument is a measurement device and a distractor.
Removable sensored heads 2204A, 2204B, 2204C,
2204D, 2204E, and 2204F respectively have a sensored
head height of A, B, C, D, E, and F. Similarly, removable
sensored heads 2216A, 2216B, 2216C, 2216D, 2216E,
and 2216F and 2218A, 2218B, 2218C, 2218D, 2218E,
and 2218F respectively have head height A, B, C, D, E,
and F. The six different heights A-F of sensored heads
2204A-F are an example of what might be provided in a
typical system. Each set can set can have more or less
than the number of heights show. As mentioned previ-
ously, an example range for sensored head heights can
be 6 millimeters to 14 millimeters. Sensored heads
2204A-F, 2216 A-F, and 2218A-F respectively have a
sensored head length of 2220, 2222, and 2224. The sur-
geon selects the appropriate sensored head length
based on the patient spine anatomy. An example range
for sensored head lengths can be from 22 millimeters to
36 millimeters.
[0118] The actual number of sensored heads having
different heights can vary depending on the application.
In one embodiment, sensored head height and length
that are out of the norm can be inventoried in the oper-
ating room but may not be part of the set provided within
the surgical field of the operating room. They can be
made available to the surgeon in the event that the set
does not provide a suitable sensored head height and
length for the patient. The sensored head of spinal in-
strument 2202 is inserted in the spinal region thereby

generating a gap or spacing approximately equal to the
height of the sensored head. Spinal instrument 2202A-
F is a non-limiting example of spinal instrument 400 of
FIG. 2 and spinal instrument 410 of FIG. 3. In the exam-
ple, spinal instruments 2202A-F includes one or more
sensors to measure load and position of load.
[0119] In general, system 2200 can be used in an op-
erating room to provide quantitative measurements on
the spinal region. A surgeon exposes and reviews the
spinal region prior to distraction. The surgeon may select
one of the sets of sensored heads 2204A-F, 2216A-F,
and 2218A-F respectively having the sensored head
lengths 2220, 2222, and 2224. For example, the surgeon
chooses the set of sensored heads 2204A-F having the
shortest head length 2220. The surgeon can then select
one of sensored heads 2204A-F having a height that dis-
tracts the spinal region appropriate for a patient physiol-
ogy. In one embodiment, sensored heads 2204A-F are
in individual sterilized packaging. The selected sensored
head is removed from the individual sterilized packaging.
The surgeon couples the selected sensored head to the
distal end of shaft 2208. Similarly, module 2210 is re-
moved from sterilized packaging and installed in handle
2206. System 2200 is then enabled for providing quan-
titative data from spinal instrument 2202. The enabling
process can couple an internal power source of the tool
to the electronic circuitry and sensors therein. Once pow-
ered up, the selected spinal instrument can be coupled
to remote system 105. Remote system 105 will provide
indication that spinal instrument 2202 is enabled and op-
erating. Remote system 105 receives and displays data
from the selected spinal instrument. Remote system 105
includes a GUI 107 for initiating a workflow, controlling
user interaction, and providing data on a display. The
GUI 107 can provide different screens or windows at dif-
ferent steps of the procedure as a workflow that provides
quantitative data to the surgeon in or more formats such
that the data supports the surgical outcome.
[0120] The surgeon during the procedure may find that
the selected sensored head has a height that is larger or
smaller than needed. Spinal instrument 2202 can be re-
moved from the spinal region to replace the sensored
head. The sensored head can be replaced as many times
as necessary until an appropriate distraction height is
achieved and the quantitative measurements of spinal
instrument 2202 provide assessment of the spinal region.
In one embodiment, the power source within module
2210 can power the tool for a single surgical application.
Module 2210 can be sealed to prevent replacement of
the power source. Furthermore, after a completed pro-
cedure, module 2210 and used sensored heads 2204A-
F are disposed of in a manner to prevent reuse. A com-
plete set of sensored heads 2204A-F can be made for a
subsequent procedure by replacing the used sensored
heads and combining with the unused remaining sen-
sored heads 2204A-F. Spinal instrument 2202 provides
the benefit of lowering cost by replacing only a portion of
the system.
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[0121] A method of measuring a spinal region is dis-
closed below. The steps of the method can be performed
in any order. The example comprises a spinal instrument
having active circuitry for measuring a parameter, posi-
tion, and trajectory. The spinal instrument can be used
to distract the spinal region. The spinal instrument is mod-
ular allowing rapid changes during a procedure to change
a distraction height. The non-limiting example is used to
demonstrate a method that is applicable to other muscu-
lar-skeletal regions such as the knee, hip, ankle, spine,
shoulder, hand, arm, and foot.
[0122] In a first step, one of a plurality of removable
sensored heads is selected. The plurality of sensored
heads comprises a set where each sensored head has
a different height. One or more sets of sensored heads
can be provided where the sensored heads of a set have
a different head length than the other sets. In one em-
bodiment, each sensored head is in an individual steri-
lized package. The selected sensored head is removed
from the sterilized packaging. In a second step, a select-
ed sensored head is coupled to a distal end of a shaft of
the instrument. In one embodiment, the sensored head
and the shaft respectively have a female and male cou-
pling. The male coupling is inserted into the female cou-
pling and locked into place. The locking step can be a
rotation of the sensored head to a position that includes
one or more retaining features. In a third step, a module
is coupled to the spinal instrument. The module includes
an electronic assembly for receiving data from sensors
in the sensored head. In one embodiment, the module
is placed in a cavity of the handle. The module includes
a retaining feature that locks it into place in the handle
but allows removal of the module. The electronic assem-
bly operatively couples to the sensored head via electri-
cal interfaces and interconnect in the instrument. The
instrument can be enabled for taking measurements dur-
ing the distraction process.
[0123] In a fourth step, the sensored head on the in-
strument is removed. In one embodiment, the active cir-
cuitry in the instrument is disabled prior to the sensored
head removal process. In the example, the sensored
head is rotated back from the locked position such that
the shaft can be withdrawn. In a fifth step, a sensored
head is selected from the remaining sensored heads.
Typically, the previous sensored head is replaced to se-
lect a different distraction height based on the patient
physiology. As before, the newly selected sensored head
is removed from the individualized sterilized packaging.
In a sixth step, the newly selected sensored head is cou-
pled to the distal end of the shaft of the instrument as
disclosed above. In a seventh step, the instrument is en-
abled for generating quantitative measurement data on
the muscular-skeletal system. The process of enabling
couples a power source within the module to the elec-
tronic assembly to power the instrument. In one embod-
iment, the power source is disconnected from the elec-
tronic assembly while in the sterilized packaging to pre-
vent discharge and maximize life. In an eighth step, the

used sensored heads and the module are disposed of
after a procedure. The sensored head and the module
are removed from the instrument and disposed of appro-
priately. In one embodiment, the main body of the instru-
ment comprising the handle and shaft can be sterilized
for a subsequent procedure.
[0124] FIG. 18 illustrates an exploded view of module
2210 and handle 2206 in accordance with an example
embodiment. Module 2210 and handle 2206 are part of
spinal instrument 2202 of FIG. 17. Reference can be
made to components of FIG. 17 and FIG. 18. A removable
module 2210 is a non-limiting example that can be ap-
plied to instruments and tools described herein to lower
system cost and provide a performance upgrade path.
Module 2210 comprises an electronic assembly 2212 for
receiving, processing, and sending measurement data
from sensors in the sensored head of spinal instrument
2202. Electronic assembly 2212 corresponds to electron-
ic assembly 2024 of FIG. 15 and includes at least some
of the circuitry described in FIG. 11 and FIG. 12. Elec-
tronic assembly 2212 is sealed within module 2210 and
is isolated from an external environment. Module 2210
couples to and is removable from spinal instrument 2202.
In general, spinal instrument 2202 includes an electrical
interface that couples to module 2210. In the example,
spinal instrument 2202 includes a cavity 2214 for receiv-
ing module 2210. An electrical interface 2308 in cavity
2214 couples to and aligns with electrical interface 2302
when module 2210 is inserted. In one embodiment, elec-
trical interfaces 2302 and 2308 are held together under
pressure to ensure electrical coupling of each interface.
For example, electrical interface 2308 can include spring
contacts that compress under insertion of module 2210
to maintain coupling under force. A flexible interconnect
2310 couples to electrical interface 2308 in cavity 2214
of handle 2206. Flexible interconnect 2310 extends
through the shaft of spinal instrument 2202 for coupling
to sensors in a sensored head region of the device.
[0125] In the example, module 2210 can be made from
a polymer material such as polycarbonate. Module 2210
can be molded in two or more pieces and assemble to-
gether to form a housing or enclosure. Electronic assem-
bly 2212 can be placed in a molded cavity that retains
and orients the circuitry within module 2210. Electronic
assembly 2212 can be coupled to electrical interface
2302 using a flexible interconnect. Electronic assembly
2212 and electrical interface 2302 can include one or
more connectors that couple to the flexible interconnect
to simplify assembly. The remaining molded pieces can
be attached to form the housing or enclosure using seal-
ing methodologies such as adhesives, welding, mechan-
ical fastening, or bonding. In one embodiment, wireless
communication is used to send measurement data from
spinal instrument 2202 to a remote system for display
and visualization. A polymer material such as polycar-
bonate is transmissive to wireless signals allowing the
measurement data to be transmitted from within module
2210 through the enclosure.
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[0126] Module 2210 further includes a feature 2304 to
align and retain the device when coupled to spinal instru-
ment 2202. Feature 2304 fits into opening 2312 when
module 2210 is inserting into cavity 2214 of handle 2206.
A locking mechanism is shown in an opposing view of
module 2210. The locking mechanism comprises a flex-
ible tab 2306 having a flange 2316 that extends from tab
2306. Flange 2316 corresponds and fits into opening
2314 in cavity 2214 of handle 2206. The features 2304
and 2316 respectively in openings 2312 and 2314 retain
and prevent module 2210 from disengaging during use
of spinal instrument 2202. A removal process of module
2210 requires flexible tab 2306 to be flexed such that
flange 2316 is removed from opening 2214. Module 2210
can then be disengaged from cavity 2214 while bending
flexible tab 2306 to prevent flange 2316 from coupling to
opening 2314.
[0127] FIG. 19 illustrates a shaft 2404 for receiving a
removable sensored head 2402 in accordance with an
example embodiment. The illustration shows a detailed
view of sensored head 2402 and a distal end 2404 of
shaft 2208 of FIG. 17. Reference can be made to com-
ponents of FIG. 17 and FIG. 18. Sensored head 2402
corresponds to sensored heads 2204A-F of FIG. 17 for
providing an example of a removable sensored head
from spinal instrument 2202. In general, a proximal end
of sensored head 2402 includes a coupling that mates
with a coupling on the distal end 2404 of shaft 2208 of
the tool. The couplings mate together to physically attach
sensored head 2402 and shaft 2208 for a distraction and
measurement process. The coupling on the proximal end
of sensored head 2402 and the coupling on distal end
2404 of shaft 2208 when attached form a rigid structure
that can be inserted in the spinal region and moved to
position the device under load. Sensored head 2402 in-
cludes one or more sensors for measuring a parameter
of the spinal region. The sensors can be coupled by a
flexible interconnect within sensored head 2402 to an
electrical interface in proximity to the coupling on sen-
sored head 2402. Similarly, an electronic assembly can
be coupled to an electrical interface on the distal end
2404 of shaft 2208 by a flexible interconnect that extends
through a lengthwise passage of shaft 2208. The elec-
trical interfaces of sensored head 2402 and distal end
2404 of shaft 2208 align and couple the electrical assem-
bly to the sensors when attached together by the cou-
plings. Thus, sensored head 2402 can be removed and
replaced when required during the procedure.
[0128] A female coupling is accessible through an
opening 2406 at a proximal end of the sensored head
2402 in the example attachment mechanism. A male cou-
pling 2408 extends from distal end 2404 of shaft 2208.
The male coupling 2408 comprises a cylindrical exten-
sion 2414 having a retaining feature 2416. The coupling
types can be reversed such that the male coupling is on
sensored head 2402 and the female coupling on distal
end 2404 of shaft 2208. An electrical interface 2410 can
be formed on the distal end of shaft 2404. Male coupling

2408 extends centrally from electrical interface 2410.
Electrical interface 2410 includes spring-loaded pins
2412 for electrical coupling and seals the distal end 2404
of shaft 2208. Spring-loaded pins 2412 are located on a
periphery of electrical interface 2410 around male cou-
pling 2408. Spring loaded pins 2412 couple to a flexible
interconnect within shaft 2208. Spring loaded pins 2412
can compress under pressure applied by the attaching
process. The force applied by spring loaded pins 2412
to the corresponding electrical interface on sensored
head 2402 ensures reliable electrical coupling from sen-
sors to the electrical assembly when attached. Spring-
loaded pins 2412 include a gasket or seal to isolate an
interior of shaft 2208 from an external environment. In
one embodiment, electrical interface 2410 can be sealed
allowing sterilization of shaft 2404 and handle 2206 for
reuse in a subsequent procedure. As shown, there are
five spring-loaded pins 2412 on electrical interface 2410.
The five pins couple to four sensors in sensored head
2402 and ground. In the example, the four sensors meas-
ure load and position of load applied by the spinal region
to the exterior surfaces of sensored head 2402.
[0129] FIG. 20 illustrates a cross-sectional view of a
female coupling 2502 of sensored head 2402 in accord-
ance with an example embodiment. In general, male cou-
pling 2408 couples to female coupling 2602 to retain sen-
sored head 2402 to distal end 2404 of shaft 2208. Ref-
erence may be made to FIG. 17, FIG. 18, and FIG. 19.
Opening 2406 of sensored head 2402 receives the distal
end 2404 of shaft 2208. Female coupling 2502 includes
an electrical interface 2504 that corresponds to electrical
interface 2410 on distal end 2404 of shaft 2208. Electrical
interface 2504 includes electrical contact points 2506 that
align to spring loaded pins 2412 when sensored head
2502 is attached to distal end 2404 of shaft 2208. Elec-
trical interconnect 2508 couples electrical contact points
2506 to sensors in sensored head 2402. Female coupling
2502 includes a keyed opening 2510 that is located cen-
trally on the structure. Keyed opening 2510 has a single
position that allows retaining feature 2416 to be inserted
through female coupling 2502.
[0130] In one embodiment, the outer diameter of elec-
trical interface 2410 is approximately equal to or smaller
than the inner diameter of opening 2406. The fit of elec-
trical interface 2410 to opening 2406 supports the rigid
coupling of sensored head 2402 to shaft 2404. Sensored
head 2402 is rotated after retaining feature 2416 is in-
serted through keyed opening 2510. A spring-loaded bar-
rier 2512 is in a rotation path of retaining feature 2416.
Spring-loaded barrier 2512 can compress to approxi-
mately surface level of the surface of female coupling
2502. The surface of spring-loaded barrier 2512 can be
curved or spherical. Retaining feature 2416 when rotated
compresses spring-loaded barrier 2512 and rotates over
the structure during the attaching process. The spring in
spring loaded barrier 2512 raises the structure back
above the surface of female coupling 2502 after retaining
feature rotates past. A rotation stop 2514 in the rotation
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path prevents further rotation of sensored head 2402 by
blocking retaining feature 2416.
[0131] In one embodiment, retaining feature 2416 is
stopped between rotation stop 2514 and spring-loaded
barrier 2512. Rotation stop 2514 and spring loaded bar-
rier 2512 form a barrier to prevent movement and rotation
of sensored head 2402 when in use. Furthermore, rota-
tion stop 2514 positions sensored head 2402 such that
electrical interface 2504 and electrical interface 2410 are
aligned for coupling sensors in sensored head 2402 to
the electrical assembly for providing sensor measure-
ment data. In general, retaining feature 2416 is held
against the surface of female coupling 2502 under force.
For example, the rotation path of retaining feature 2416
can be sloped to increase the force between retaining
feature 2416 and the surface of female coupling 2502 as
it approaches rotation stop 2514. Spring loaded pins
2412 can also apply a force that presses retaining feature
2416 to the surface of female coupling 2502.
[0132] FIG. 21 illustrates an exploded view of a spinal
instrument 2600 in accordance with an example embod-
iment. Spinal instrument 2600 is a more detailed illustra-
tion of a non-limiting example of spinal instrument 102
of FIG. 1, spinal instrument 400 of FIG. 2, and spinal
instrument 410 of FIG. 3. Spinal instrument 2600 is a
measurement device having a sensored head 2002 that
incorporates at least one sensor for measuring a param-
eter of a spinal region. Spinal instrument 2600 comprises
a housing 2602, housing 2604, electronic assembly
2626, interconnect 2630, and sensors 2638. In general,
housings 2602 and 2604 couple together to isolate elec-
tronic assembly 2626, interconnect 2630, and sensors
2638 from an external environment. Housings 2602 and
2604 respectively include a support structure 2610 and
a support structure 2616. Sensors 2638 couple to support
structures 2610 and 2616 to measure the parameter of
the spinal region. In a surgical procedure, support struc-
tures 2610 and 2616 can come in contact with the spinal
region. In one embodiment, support structures 2610 and
2616 comprise a sensored head of spinal instrument
2600 that can compress sensors 2638 when a compres-
sive force is applied.
[0133] Housing 2602 comprises a handle portion 2606,
a shaft portion 2608, and the support structure 2610. Sim-
ilarly, housing 2604 comprises a handle portion 2612, a
shaft portion 2614, and the support structure 2616. Hous-
ing 2604 further includes a flange 2644, a cavity 2618,
and a lengthwise passage 2646. Flange 2644 is a rein-
forced structure on a proximal end of the handle of spinal
instrument 2600. Flange 2644 can be struck with a ham-
mer or mallet to provide an impact force to insert the
sensored head of spinal instrument 2600 into the spinal
region. Cavity 2618 supports and retains an electronic
assembly 2626. Electronic assembly 2626 receives,
processes, and sends quantitative measurements from
sensors 2638. A power source 2628 couples to electronic
assembly 2626. In one embodiment, the power source
can be one or more batteries that are mounted on a print-

ed circuit board of electronic assembly 2626. Electronic
assembly 2626 can be coupled to sensors 2638 by a
flexible interconnect 2630. Flexible interconnect 2630
can comprise a flexible substrate having patterned elec-
trically conductive metal traces. Electronic assembly
2626 can have one or more connectors that couple to
flexible interconnect 2630 to simplify assembly. Flexible
interconnect 2630 couples through a lengthwise passage
in the shaft of spinal instrument 2600. In one embodi-
ment, lengthwise passage 2646 is used as a channel for
flexible interconnect 2630 that couples cavity 2618 to a
sensored head region. Retaining features 2640 can re-
tain power source 2628, electronic assembly 2626, and
flexible interconnect 2630 in place when assembling spi-
nal instrument 2600. Retaining features 2640 can com-
prise foam that can be coupled to components and com-
press without damaging active components as housing
2602 is coupled to housing 2604.
[0134] The sensored head of spinal instrument 2600
comprises support structure 2610, support structure
2616, interconnect 2634, sensor guide 2636, and sen-
sors 2638. The exterior surfaces of support structures
2610 and 2616 may be shaped convex to support inser-
tion into the spinal region. Interconnect 2634 is a portion
of flexible interconnect 2630 that overlies an interior sur-
face of support structure 2616. Flexible interconnect
2634 includes conductive traces that couple to electrical
contact regions of sensors 2638. Sensor guide 2636
overlies interconnect 2634. In one embodiment, intercon-
nect 2634 and sensor guide 2636 can be aligned and
retained within support structure 2616 by a peripheral
sidewall. Sensor guide 2636 includes openings for re-
taining and positioning sensors 2638. In the example,
sensors 2638 are force, pressure, or load sensors. Inter-
connect 2634 can have electrical contact regions that
align with the openings of sensor guide 2636. The elec-
trical contact regions are exposed for coupling to sensors
2638 through the openings of sensor guide 2636. Sensor
guide 2636 also retains and positions sensors 2638 such
that the electrical interface of each sensor can couple to
a corresponding electrical contact region of interconnect
2634. The electrical interface of sensors 2638 can be
coupled to the corresponding electrical contact region of
interconnect 2634 by such means as solder, conductive
epoxy, eutectic bond, ultrasonic bond, or mechanical
coupling. Sensor guide 2636 also positions sensors to
couple to support structure 2610 or 2616 at predeter-
mined locations. In one embodiment, sensors 2638 con-
tact an internal surface of support structure 2610 or 2616
that correspond to locations on the external surfaces.
Positioning the sensors via sensor guide 2636 allows the
position of the applied load on the external surface of
support structure 2610 to be calculated. A load plate 2642
can be coupled between sensors 2638 and the interior
surface of support structure 2610. Load plate 2642 dis-
tributes loading from the interior surface of support struc-
ture 2610 to each sensor 2638.
[0135] As mentioned previously, housings 2602 and
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2604 when coupled together support compression of the
sensored head of spinal instrument 2600. A compressive
force applied across the external surfaces of support
structures 2610 and 2616 is directed to sensors 2638.
Other components such as support structure 2610, sup-
port structure 2616, load plate 2642, and interconnect
2634 in the compression path do not deform under load.
In one embodiment, load plate 2642 comprises a metal
such as steel or stainless steel. A compressible adhesive
2624 can be used to couple the periphery of support
structures 2610 and 2616 thereby allowing movement of
the sensored head and sensors 2638 therein over the
measurement range. The compressible adhesive 2624
can be an adhesive such as a silicone based adhesive.
The adhesive 2624 is elastic such that the sensored head
returns to an unloaded position or moves to a repeatable
unloaded height after being compressed. In one embod-
iment, a second adhesive 2622 is used around a remain-
ing periphery of housings 2602 and 2604 to seal and
couple the structures together. Adhesives 2622 and 2624
are applied prior to coupling housings 2602 and 2604
together. Adhesive 2622 can be a bonding adhesive such
as a glue or epoxy that mates the peripheral surfaces
together. In other words, the bonded surfaces coupled
by adhesive 2622 do not have a range of compression
as the surfaces are held in contact to one another by
adhesive 2622. Alternatively, adhesive 2624 can be used
around the entire periphery to couple housings 2602 and
2604 together.
[0136] FIG. 22 illustrates a cross-sectional view of a
shaft region of spinal instrument 2600 in accordance with
an example embodiment. The shaft region is a cross-
sectional view comprising shaft 2608 and 2614 respec-
tively of housing 2602 and housing 2604 coupled togeth-
er. The illustration provides detail on the coupling of hous-
ings 2602 and 2604 that corresponds a portion of the
shaft region and a handle region of spinal instrument
2600. Reference can be made to components of FIG.
21. In general, a housing for the active components of
spinal instrument 2600 is formed by coupling housing
2602 to housing 2604. In one embodiment, peripheral
surfaces of housing 2602 and housing 2604 are fastened
together using more than one adhesive. The peripheral
surfaces of housings 2602 and housing 2604 mate such
that the structures align, form a barrier, and provide sur-
face area for bonding. In the example, a peripheral sur-
face 2702 of housing 2602 has a geometric shape such
as a triangular extension. A peripheral surface 2704 of
housing 2604 has a corresponding geometric shape such
as a v-shaped groove for receiving the triangular exten-
sion. Other tongue and groove geometry can be used
such as square, round, or other polygonal shapes. Joints
such as a butt-joint or a lap joint can also be used. The
profile of the peripheral surfaces of a sensored head re-
gion differs from peripheral surfaces 2702 and 2704 of
the shaft and handle regions. In the example, surfaces
of the triangular extension of peripheral surface 2702
contact surfaces of the v-shaped groove of peripheral

surface 2704 when housings 2602 and 2604 are coupled
together.
[0137] As mentioned previously, peripheral surfaces
2702 and 2704 respectively of housings 2602 and 2604
couple the handle portion and the shaft portion of spinal
instrument 2600. Peripheral surface 2702 fits into periph-
eral surface 2704 providing alignment feedback during
assembly. Referring to FIG. 21, the handle portion and
the shaft portion corresponds to the area where adhesive
2622 are applied. In the example, adhesive 2622 attach-
es or bonds peripheral surfaces 2702 and 2704 together
with no play or gap between the surfaces other than the
adhesive material. In one embodiment, the handle por-
tion and the shaft portion coupled by peripheral surfaces
2702 and 2704 cannot be disassembled without damage
to the housing due to the bond integrity of the joint. The
shape of peripheral surfaces 2702 and adhesive 2622
seals and isolates an interior of spinal instrument 2600
from an external environment. As shown, a portion of the
distal end of the shaft and the peripheral surfaces of sup-
port structures 2610 and 2616 can have a different profile
as disclosed herein. Similarly, other geometric shaped
surfaces or curved surfaces can be used for peripheral
surfaces 2702 and 2704.
[0138] FIG. 23 illustrates a cross-sectional view of a
sensored head region of spinal instrument 2600 in ac-
cordance with an example embodiment. The illustration
provides detail on the coupling of support structures 2610
and 2616 corresponding to the sensored head region
and a distal portion of the shaft region. Reference can
be made to components of FIG. 21 and FIG. 22. In gen-
eral, the sensored head region includes at least one sen-
sor for measuring a parameter of the spinal region. In the
example, sensors for measuring a force, pressure, or
load are coupled between support structures 2610 and
2616. The support structures 2610 and 2616 compress
the sensors when inserted into the spinal region. The
sensors output a signal corresponding to the compres-
sion. Thus, support structures 2610 and 2616 move in
relation to one another allowing compression of the sen-
sors.
[0139] As shown, the periphery of housing 2602 and
housing 2604 corresponding to support structures 2610
and 2616 of the sensored head region couple together
in a manner allowing movement. Support structure 2610
of housing 2602 includes a peripheral surface 2802 hav-
ing a triangular shaped region. Support structure 2616
of housing 2604 includes a peripheral surface 2804 hav-
ing a v-shaped groove. In one embodiment, a gap 2806
exists between peripheral surface 2802 and peripheral
surface 2804 when housing 2602 is coupled to housing
2604. More specifically, the surfaces of the triangular
shaped region of peripheral surface 2802 do not contact
the surfaces of the v-shaped groove of peripheral surface
2804 when peripheral surface 2702 of housing 2602 con-
tacts peripheral surface 2704 of housing 2604 as shown
in FIG. 22. Gap 2806 allows a compressive force applied
to the external surfaces of support structures 2610 and

49 50 



EP 2 757 947 B1

27

5

10

15

20

25

30

35

40

45

50

55

2616 to move such that the height of the sensored head
region is reduced. Gap 2806 is larger than a change in
height of the sensors over the measurement range of
spinal instrument 2600. Although surfaces are shown as
triangular and v-groove shaped in the non-limiting exam-
ple, surfaces 2802 and 2804 can take other shapes that
support gap 2806 and movement of support structures
2610 and 2616.
[0140] The sensored head region and the portion of
the distal end of the shaft corresponds to the area where
adhesive 2624 shown in FIG. 21. In the example, adhe-
sive 2624 elastically attach peripheral surfaces 2802 and
2804 together. Adhesive 2624 fills gap 2806 between the
peripheral surfaces 2802 and 2804. Support structures
2610 and 2616 form a housing for the sensor assembly
of spinal instrument 2600. Adhesive 2624 can compress
when a load is applied across support structures 2610
and 2616. Adhesive 2624 rebounds elastically after com-
pression of the support structures 2610 and 2616 thereby
returning the sensored head region back to gap 2806
when unloaded. Filling gap 2806 with adhesive 2624
seals and isolates an interior of the sensored head region
and the distal end of the shaft from an external environ-
ment. In one embodiment, adhesive 2622 and adhesive
2624 are applied at approximately the same time during
the assembly process. Adhesive 2622 is applied to at
least one of peripheral surfaces 2702 and 2704 of FIG.
22. Similarly, adhesive 2624 is applied to at least one of
peripheral surfaces 2802 and 2804. Housing 2602 and
housing 2604 are then coupled together to form the hous-
ing for the active system of spinal instrument 2600.
[0141] In one embodiment, support structure 2610 and
support structure 2616 can be modified to make the ex-
terior load bearing surfaces flexible. A peripheral groove
3006 is formed in the support structure 2610. In general
the groove is formed circumferentially such that the ex-
ternal load-bearing surface can flex. A force, pressure,
or load is directed to sensors underlying the load bearing
surface. The flexible support structure load-bearing sur-
face minimizes load coupling that can cause measure-
ment error. For example, grooves 3006 reduce load cou-
pling from peripheral surface 2802 to 2804. Loading ap-
plied to the load-bearing surface of support structure
2610 is coupled through interior surface 3004 to load
sensors 2638. Grooves 3006 can bound interior surface
3004. A load plate can be used to distribute loading from
internal surface 3004 to sensors 2636. Similarly, a groove
3008 is formed circumferentially in support structure
2616 such that the external load-bearing surface of sup-
port structure 2616 can flex. A force, pressure, or load
applied to the load-bearing surface of support structure
2616 is directed through interior surface 3002 to sensors
2638. The load coupling through surface 2804 to surface
2802 is minimized by the flexible external load-bearing
surface of support structure 2616. Grooves 3008 can
bound interior surface 3002.
[0142] FIG. 24 illustrates an exploded view of a sen-
sored head region of spinal instrument 2600 in accord-

ance with an example embodiment. In general, support
structure 2616 includes a sidewall 2904 having periph-
eral surface 2804. As shown, the peripheral surface 2804
of sidewall 2904 is a v-groove. Interconnect 2634 of flex-
ible interconnect 2634 couples sensors 2638 to electron-
ic assembly 2626. Flexible interconnect 2634 extends
through the shaft of spinal instrument 2600 to the sen-
sored head region. In one embodiment, interconnect
2634 can be shaped to fit in support structure 2616. In-
terconnect 2634 overlies an interior surface of support
structure 2616. Interconnect 2634 is positioned, aligned,
and retained on support structure 2616 by sidewalls
2904.
[0143] As shown, sensor guide 2636 overlies intercon-
nect 2634. Sensor guide 2636 positions and holds sen-
sors 2838. In one embodiment, sensor guide includes
openings 2906 for four sensors. The four sensors 2838
can determine a load magnitude applied to support struc-
tures 2610 and 2616 as well as position of the applied
load. Electrical contacts of sensor 2638 couple to corre-
sponding contact regions on interconnect 2634. In one
embodiment, each sensor 2638 has two contacts, one
of which is a common ground. Openings 2906 of sensor
guide 2636 align to and expose the underlying intercon-
nect 2634. Moreover, openings 2906 show contact re-
gions of interconnect 2634 for coupling to a sensor. A
load plate 2636 can overlie sensors 2638. Load plate
2636 is an optional component for distributing an applied
force, load, or pressure applied to support structures
2610 and 2616 to sensors 2638. Load plate 2636 couples
to an interior surface of support structure 2610. Load
plate 2636 can also be positioned and aligned in the sen-
sored head region by sidewalls 2904 of support structure
2616. Alternatively, support structure 2610 can have a
retaining feature for load plate 2636.
[0144] FIG. 25 illustrates a cross-sectional view of an
assembled sensored head region of spinal instrument
2600 in accordance with an example embodiment. The
illustration provides detail on the stacked assembly within
support structures 2610 and 2616 corresponding to the
sensored head region. Reference can be made to com-
ponents of FIG. 21, FIG. 23, and FIG. 24. Support struc-
ture 2616 includes sidewall 2904 that bounds interior sur-
face 3002. In the example, groove 3008 is adjacent to
sidewall 2904 and bounds surface 3002 of support struc-
ture 2616. Groove 3008 promotes support structure 2616
to flex under loading. Flexible interconnect 2630 couples
electronic assembly 2626 to sensors 2638. Flexible in-
terconnect 2630 includes interconnect 2634 that is
housed in the sensored head region of spinal instrument
2600. Interconnect 2634 includes contact regions for
coupling to sensors 2638. Interconnect 2634 overlies in-
terior surface 3002 of support structure 2616. Intercon-
nect 2634 is retained, aligned, and positioned within the
sensored head region by sidewall 3002 of support struc-
ture 2616.
[0145] Sensor guide 2636 overlies interconnect 2634.
Sensor guide 2636 is shaped similar to interconnect
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2634. Sensor guide 2636 is retained, aligned, and posi-
tioned within the sensored head region by sidewall 2904
of support structure 2616. Sensor guide 2636 has open-
ings that align with the contact regions of interconnect
2634. Sensors 2638 are placed in the openings of sensor
guide 2636 such that contacts of sensors 2638 couple
to contact regions on interconnect 2634. In one embod-
iment, sensor guide plate 2636 comprises a non-conduc-
tive polymer material. In the example, sensors 2638 ex-
tend above a surface of sensor guide 2636 for coupling
to load plate 2642 or an interior surface of support struc-
ture 2610.
[0146] A load plate 2642 is an optional component of
the stacked assembly. Load plate 2642 distributes the
force, pressure, or load applied to support structures
2610 and 2616 to sensors 2638. In one embodiment,
load plate 2642 can be shaped similarly to interconnect
2634 and sensor guide 2634. Load plate 2642 overlies
and couples to sensors 2638. In the example, support
structure 2610 includes a peripheral sidewall that posi-
tions load plate 2642 over sensors 2638. In the example,
groove 3006 is adjacent to the peripheral sidewall of sup-
port structure 2610 and bounds surface 3004 of support
structure 2610. Groove 3006 promotes support structure
2610 to flex under loading. An internal surface 3004 of
support structure 2610 couples to load plate 2642. Pe-
ripheral surface 2802 of support structure 2610 is cou-
pled to peripheral surface 2804 of support structure 2616
in a manner to support movement under a compressive
load. In particular, sensors 2638 can change in height
under loading. As disclosed above, elastic adhesive 2624
fills a gap between peripheral surfaces 2802 and 2804.
Adhesive 2624 couples support structures 2610 and
2616 together. The adhesive 2624 seals and isolates the
stacked assembly of the sensored head region from an
external environment. Moreover, adhesive 2624 can
compress such that a force, pressure, or load applied to
support structures 2610 and 2616 translates from the
external surfaces to sensors 2638 for measurement.
[0147] FIG. 26 illustrates a spinal instrument 3100 and
a cradle 3108 in accordance with an example embodi-
ment. In general, spinal instrument 3100 is an orthopedic
tool including one or more sensors for measuring a pa-
rameter of the spinal region. In one embodiment, spinal
instrument 3100 is a disposable device. For example,
spinal instrument 3100 used in a surgical procedure
would be disposed of after the surgery is completed. As
a safe guard, a non-removable power source within spi-
nal instrument 3100 may not have sufficient charge for
more than a single procedure. A further safeguard to pre-
vent reuse of spinal instrument 3100 is to allow the end
user to enable the device but prevent the device from
being disabled or turned off. In general, the power source
of spinal instrument 3100 will continue to discharge after
the measurement process has been completed with the
device remaining on. In one embodiment, the voltage of
the internal power source will eventually decline due to
current drain from the electronics thereby causing a de-

vice shutdown for a low voltage condition. It should be
noted that the enable and disable process is applicable
for electronic medical devices and more specifically for
disposable medical devices such as orthopedic prosthet-
ic components, measurement equipment and electronic
tools.
[0148] Spinal instrument 3100 includes an electronic
assembly 3104 that is coupled to one or more sensors.
A power source 3114 such as a battery or capacitor can
be mounted on electronic assembly 3104. As shown, the
electronic assembly 3104 can be placed in a main body
or handle section of the device. In one embodiment, elec-
tronic assembly 3104 is sealed in the handle of spinal
instrument 3100 and cannot be removed. An indicator
3102 can provide a visual, audible, or haptic indication
of a power on sequence or enablement status. In one
embodiment, indicator 3102 can be a light emitting diode.
Electronic assembly 3104 further includes a magnetic
sensitive switch 3106 to detect when spinal instrument
3100 is in the presence of a magnetic field above a thresh-
old value. Magnetic sensitive switch 3106 couples to
electronic circuitry on electronic assembly 3104 to enable
and disable spinal instrument 3100.
[0149] Cradle 3108 supports spinal instrument 3100
to enable the spinal instrument 3100. Typically, cradle
3108 is used by the end user such as a surgeon, doctor,
or health care provider. In the example, spinal instrument
3100 can be used in an operating room for a surgical
procedure. Cradle 3108 is located in proximity to where
the spinal instrument 3100 is used. Cradle 3108 is formed
to support, hold, and position spinal instrument 3100. Spi-
nal instrument 3100 can be easily removed from cradle
3108. In one embodiment, spinal instrument 3100 can
be placed in a molded cavity 3112 to position and enable
the device. Cradle 3108 includes a magnet 3110 under-
lying cavity 3112. Placing spinal instrument 3100 in cra-
dle 3108 exposes magnetic sensitive switch 3106 to a
magnetic field from magnet 3110. The magnetic field
generated by magnet 3110 is greater than the threshold
value of magnetic sensitive switch 3106 when placed in
cavity 3112 thereby causing magnetic sensitive switch
3106 to change state. For example, if magnetic sensitive
switch 3106 is normally open then placing spinal instru-
ment 3100 in cradle 3108 will close the switch. Converse-
ly, removing spinal instrument 3100 from cradle 3112
reduces the magnetic field below the threshold value
such that the magnetic sensitive switch is open. The tim-
ing of the opening and closing of magnetic sensitive
switch 3108 generates a signal that is received by cir-
cuitry of the electronic assembly 3104 to enable and dis-
able spinal instrument 3100. In one embodiment, the
power source can be physically decoupled from the elec-
tronic circuitry. The circuitry and process for enabling a
medical device is disclosed in more detail below.
[0150] FIG. 27 illustrates a knee insert 3200 and a cra-
dle 3208 in accordance with an example embodiment.
The example illustrates another type of medical device
that can be enabled and disabled by placement within a
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magnetic field as disclosed in FIG. 26. Knee insert 3200
is a prosthetic component having at least one articular
surface for allowing articulation of a knee joint. As shown,
knee insert 3200 has two articular surfaces. Knee insert
3200 can be used intra-operatively or permanently in the
knee to provide measurement data. Although a knee in-
sert is shown, the circuit and method described in detail
below can be used for other prosthetic components hav-
ing sensors for measurement of parameters of the human
body and more specifically to the muscular-skeletal sys-
tem such as joints, bones, tendons, ligaments, and mus-
cle.
[0151] Insert 3200 includes one or more sensors for
measuring a parameter of the muscular-skeletal system.
In one embodiment, insert 3200 includes pressure sen-
sors coupled to the articular surfaces for measuring a
load magnitude and position of load applied. Insert 3200
includes an electronic assembly 3204 coupled to the
pressure sensors for receiving and sending measure-
ment data. Electronic assembly 3204 can comprise a
printed circuit board, a power source, electrical compo-
nents, and an ASIC. Electronic assembly 3204 is housed
in insert 3200. An indicator 3202 provides an enable or
disable status of electronic assembly 3204. It can also
indicate a startup process of knee insert 3200 in prepa-
ration for measuring parameters. A magnetic sensitive
switch 3206 is located on electronic assembly 3204 for
detecting a magnetic field above a threshold value. De-
tection of the magnetic field is used to initiate enabling
or disabling electronic assembly 3204 of knee insert
3200.
[0152] Similar to cradle 3108 of FIG. 26, cradle 3208
can be used to enable knee insert 3200. Cradle 3208
includes a cavity 3212 for knee insert 3200. A magnet
3210 underlies cavity 3212. In one embodiment, cavity
3212 is shaped to fit knee insert 3200 thereby placing
magnetic sensitive switch 3206 in alignment and prox-
imity to magnet 3210. Placing knee insert 3200 in cradle
3208 initiates an enabling process when magnetic sen-
sitive switch 3206 changes state due to the magnetic
field of magnet 3210. In one embodiment, knee insert
3200 is enabled and cannot be disabled after being
placed in cradle 3208 for longer than a predetermined
time. Alternatively, knee insert 3200 can be enabled in a
mode that allows disabling by removing knee insert 3200
from cradle 3208 before the predetermined time period.
Knee insert 3200 can be easily removed by hand from
cradle 3208 after being enabled. The timing sequence
and circuitry for enabling and disabling a medical device
is described in more detail below.
[0153] FIG. 28 illustrates a block diagram of a system
3300 to enable and disable a medical 3304 device in
accordance with an example embodiment. The system
3300 and method of operation is applicable to a broad
range of medical devices such as the spinal instrument
and prosthetic component respectively of FIG. 26 and
FIG 27. In general, system 3300 has a first mode of op-
eration where the device is enabled and can be turned

off at a time of the users choosing. A second mode of
operation has the device enabled and cannot be turned
off. The spinal instrument disclosed herein is used as an
example to illustrate the advantages of a proximity ena-
bling and disabling methodology.
[0154] System 3300 comprises a medical device 3304
and a cradle 3306. The medical device 3304 is enabled
and disabled by a magnetic field 3310. In a non-limiting
example, a magnet 3308 can generate magnetic field
3310. Magnet 3308 can be placed in cradle 3306. Cradle
3306 can be designed to hold and position a predeter-
mined area of medical device 3304 to be in proximity to
magnet 3308. A magnetic sensitive switch 3318 resides
in the predetermined area of medical device 3304. Med-
ical device 3304 in cradle 3306 exposes magnetic sen-
sitive switch 3318 to magnetic field 3310 that is greater
than a threshold value. Placing magnetic sensitive switch
3318 in the cradle changes a state of the switch. For
example, magnetic sensitive switch 3318 can be normal-
ly open. Exposing magnetic sensitive switch 3318 to a
magnetic field greater than the threshold value closes
the switch. Magnetic sensitive switch 3318 remains
closed until the magnetic field falls below the threshold
value. The magnetic sensitive switch 3318 returns to an
open state when the medical device 3304 is removed
from cradle 3306 causing magnetic field 3310 to fall be-
low the threshold value.
[0155] The medical device 3304 includes a power
source 3312, a switch 3314, electronic circuitry 3316, an
indicator 3326, magnetic sensitive switch 3318, detect
circuit 3320, delay circuit 3322, and logic circuitry 3324.
In the example of a spinal instrument as medical device
3304 the components listed above would be housed with-
in the spinal instrument. The spinal instrument may be
used in a surgical procedure to aid in the installation of
a prosthetic component. The cradle 3306, typically would
reside in proximity to or in an operating room 3302 that
would allow the surgeon or staff to enable the instrument
for generating quantitative measurements of the spinal
region. The spinal instrument can be a single use device
that is disposed of after the surgical procedure. Power
source 3312 has sufficient power for the single applica-
tion. The spinal instrument would be operated in the sec-
ond mode as disclosed above. Operation in the second
mode prevents further use of the medical device 3304
as the internal power source 3312 will eventually dis-
charge making electronic circuitry 3316 inoperable.
[0156] Magnetic sensitive switch 3318 is a device that
changes state in the presence of a magnetic field. Non-
limiting examples of magnetic sensitive switch 3318 are
a reed switch or a hall-effect device. Magnetic sensitive
switch 3318 can be normally open. Magnetic sensitive
switch 3318 couples to detect circuit 3320. Detect circuit
3320 converts an open or closed condition of switch 3318
respectively into a detect = 1 or detect = 0 state for switch
3318 normally open (e.g. no magnetic field present). In
one embodiment, detect circuit 3320 can be an inverter
having an input coupled to ground through a resistor.
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Switch 3318 in an open state (e.g. no magnetic field)
would not affect the input of detect circuit 3320. The de-
tect circuit 3320 would output a detect = 1 state with
switch 3318 in the open state. Switch 3318 in the pres-
ence of magnetic field 3310 changes from an open state
to a closed state. Switch 3318 can couple a voltage to
the input of detect circuit 3320. As mentioned previously,
the detect circuit 3320 comprises an inverter. The voltage
provided to the input of switch 3318 transitions the output
of detect circuit 3320 from the detect =1 state to a detect
= 0 state to initiate an enable process of medical device
3304.
[0157] Detect circuit 3320 couples to delay circuit
3322. Delay circuit 3322 generates a first delay D1 of a
first predetermined time period and a second delay D2
of a second predetermined time period when medical
device 3304 is in the presence of magnetic field 3310.
Second delay D2 is longer than first delay D1. Delay cir-
cuit 3322 can be triggered when the output of detect cir-
cuit 3320 changes from the detect =1 state to the detect
= 0 state. Delay circuit 3322 couples to logic circuitry
3324. In general, the first delay and second delays create
three distinct time periods. A first time period corresponds
to the time when detect = 0 to the first delay D1. The
second time period corresponds to the time for the first
delay D1 to the second delay D2. The third time period
corresponds to the time after the second delay D2.
[0158] In general, medical device 3304 is enabled dur-
ing the first, second, and third time periods that is initiated
when detect circuit 3320 transitions from detect = 1 to a
detect = 0 state. In one embodiment, medical device 3304
can be disabled during the first and second time periods.
Switch 3314 couples power source 3312 to electronic
circuitry 3316 when medical device 3304 is enabled. A
control signal to switch 3314 is provided by logic circuitry
3324. In the spinal instrument example, power source
3312 is internal to the instrument and comprises one or
more batteries. The batteries cannot be removed, re-
placed, or charged after being discharged. Thus, the bat-
teries provide power for a single application and the spi-
nal instrument is disposed of after being used.
[0159] The first time period generated by delay circuit
3322 is of sufficient length to ensure that the medical
device 3304 does not turn on due to being placed in a
transient magnetic field. In one embodiment, the first time
period is approximately 0.5 seconds. Medical device
3304 is disabled if magnetic field 3310 falls below the
threshold value before the first time period expires. As
mentioned previously, during the first time period power
source 3312 is coupled to electronic circuitry 3312 by
switch 3314. Logic circuitry 3324 enables switch 3314
and initiates a startup procedure for electronic circuitry
3312 of medical device 3304. Logic circuitry 3324 ena-
bles indicator 3326 to indicate that medical device 3304
is powered. Indicator 3326 can provide visual, audio, or
haptic indication of medical device 3304 being powered.
In one embodiment, indicator 3326 is a light emitting di-
ode that emits light during the first time period. In general,

the startup procedure can comprise a power on reset and
calibration of medical device 3304 in preparation for be-
ing used. The user would be notified should an error or
problem be identified during the startup procedure. In
one embodiment, medical device 3304 cannot take
measurements the during the first time period. The mag-
netic field 3310 falling below the threshold value during
the first time period is detected by detect circuit 3320
thereby generating a detect = 1 state. The detect = 1
state during the first time period causes logic circuitry
3324 to generate a control signal to decouple power
source 3312 from electronic circuitry 3316. The startup
procedure is interrupted and medical device 3304 is shut
down by the detect = 1 state during the first time period.
Indicator 3326 is disabled by logic circuitry 3324 indicat-
ing that electronic circuitry 3316 is no longer powered.
In the example, the light emitting diode would no longer
emit light.
[0160] The second time period corresponds to the time
between delay D1 and delay D2 generated by delay cir-
cuit 3322 during which detect circuit 3320 remains in a
detect = 0 state. In one embodiment, the power on reset
and calibration of medical device 3304 is completed prior
to the end of the first time period. In the second time
period, medical device 3304 can be placed in a first mode
of operation that allows power source 3312 to be decou-
pled from electronic circuitry 3316 at a time of the users
choosing. Medical device 3304 can be placed in the first
mode of operation by generating a detect = 1 state during
the second time period. The detect = 1 state can be gen-
erated by removing medical device 3304 from cradle
3306 such that magnetic field 3310 falls below the thresh-
old value before the end of delay D2. The window of time
between delay D1 and delay D2 is such that the opera-
tional state can be easily initiated. In one embodiment,
delay D1 is 0.5 seconds and delay D2 is 3.0 seconds.
The window of time to remove medical device 3304 from
cradle 3306 to initiate the second mode of operation is
2.5 seconds. Detect circuit 3320 detects the change in
magnetic field 3310 and transitions from the detect = 0
state to a detect = 1 state. Logic circuitry 3324 maintains
switch 3314 enabled for powering electronic circuitry
3316 upon receiving the detect = 1 state. Indicator 3326
continues to indicate that power supply 3312 is coupled
to electronic circuitry 3316. In the spinal instrument ex-
ample, the first operational state can be utilized by the
manufacturer to test and calibrate the device after it has
been assembled. Furthermore, the spinal instrument can
be sterilized and in sterile packaging when enabled since
it is proximity enabled and disabled. This can be useful
to test or calibrate the device prior to shipping the device.
Thus, the spinal instrument may be enabled, operated,
and disabled while maintaining the device in a sterile con-
dition. The spinal instrument operated in the first mode
of operation would be disabled to maintain sufficient
charge in the internal power source for a procedure.
[0161] Medical device 3304 can then be disabled by
placing magnetic sensitive switch 3318 in magnetic field
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3310 greater than the threshold value. For example, plac-
ing medical device 3304 back in cradle 3306 during the
first mode of operation would disable the instrument. In
the presence of magnetic field 3310 detect circuit transi-
tions from the detect = 1 state to a detect = 0 state. Typ-
ically, medical device 3304 has been enabled for a period
of time greater than delay D2 in the first operational state.
Logic circuitry 3324 disables switch 3314 upon receiving
the detect = 0 state. Switch 3314 is disabled by logic
circuitry 3324 thereby decoupling power source 3312
from electronic circuitry 3316. Medical device 3304 may
go through a sequenced shut down before switch 3314
is the power source is decoupled. Indicator 3326 indi-
cates that power source 3312 is decoupled and medical
device 3304 is off. Decoupling power source 3312 from
electronic circuitry 3316 reduces leakage currents that
can discharge power source 3312 thereby increasing the
shelf life of the product.
[0162] The third time period corresponds to the time
period greater than the delay D2. In one embodiment,
the second mode of operation occurs when detect circuit
3320 has maintained a detect = 0 state for a period longer
than delay D2. For example, medical device 3304 is
placed in cradle 3306 for a time period greater than 3
seconds (D2 = 3 seconds). In the second mode of oper-
ation, medical device 3304 is enabled and cannot be dis-
abled. Typically, the second mode of operation corre-
sponds to an end user using medical device 3304. In the
spinal instrument example, the surgeon has removed the
device from sterile packaging and is enabling the device
for the surgical procedure such as a spinal cage instal-
lation. In the second mode of operation, medical device
3304 remains enabled and power source 3312 cannot
be decoupled from electronic circuitry 3316. Subsequent
changes in the state of magnetic sensitive switch 3318
are ignored after entering the second mode of operation.
Thus, stray magnetic fields within an operating room do
not affect the spinal instrument even if they produce a
change of state in magnetic sensitive switch 3318. Logic
circuitry 3324 maintains switch 3314 enabled keeping
power source 3312 coupled to electronic circuitry 3316.
In one embodiment, indicator 3326 that indicated power
being supplied to electronic circuitry 3316 in the first and
second time period goes off in the third time period. This
indication sequence provided by indicator 3326 indicates
that medical device is enabled and can no longer be
turned off. Medical device 3304 can be used until power
source 3312 can no longer adequately power electronic
circuitry 3316. In the spinal instrument example, medical
device 3304 is used for a single application and disposed
of after the procedure. Maintaining switch 3314 enabled
will continue to drain power source 3312 since the user
cannot turn off the device in the second mode of opera-
tion. Furthermore, logic circuitry 3324 includes a circuit
to monitor the voltage of power source 3312. Logic cir-
cuitry 3324 detects when a low voltage condition occurs
and initiates shut down of medical device 3304 thereby
making the device non-operational. Shut down of medical

device 3304 under a low voltage condition prevents fur-
ther use before erroneous results can be generated.
[0163] FIG. 29 illustrates a state diagram 3400 of a
medical device enabling circuit in accordance with an
example embodiment. In general, the enabling circuit
couples an internal power source to electronic circuitry
to start the operation of the medical device. In a first mode
of operation the medical device is enabled when a signal
is detected. The medical device can be disabled during
the first mode. The first mode of operation supports test-
ing or calibration of the medical device using the internal
power source. The medical device can be turned off in
the first mode operation. In one embodiment, the power
source is decoupled from the electronic circuitry when
the medical device is turned off. Decoupling the power
source from the electronic circuitry maximizes shelf life
and prevents discharge.
[0164] In a second mode of operation the power source
cannot be decoupled from the electronic circuitry of the
medical device after being enabled. The second mode
supports a single use of the medical device. More spe-
cifically, the power source may provide sufficient charge
for only a single use, procedure, or operation. Subse-
quent usage of the medical device beyond its specified
life cycle would likely fail before completion of a meas-
urement process due to low voltage (e.g. insufficient
charge). The power source can be sealed in the medical
device in a manner that prevents replacement or charg-
ing. In the second mode of operation, the power source
remains coupled to the electronic circuitry whereby the
power source continues to discharge after being used.
The power source eventually discharges to a point where
an under voltage condition is detected that shuts down
the device thereby making it unusable. In the example,
the medical device can be disposed of in a process that
meets health requirements and permanently prevents re-
use (e.g. destroying the medical device).
[0165] The state diagram 3400 illustrates four states
where a switch can couple or decouple a power source
from electronic circuitry in a medical device. A light emit-
ting diode can be used as an indicator to the state of the
medical device. A first state 3402 comprises a condition
where the switch is disabled such that the power source
of the medical device is decoupled from the electronic
circuitry of the medical device. The medical device is off
in first state 3402. In the example, the medical device
has a magnetic sensitive switch. The magnetic sensitive
switch is used to detect a presence of a magnetic field.
The magnetic sensitive switch couples to a detect circuit
that generates a detect condition. In one embodiment,
the magnetic sensitive switch is normally open. This cor-
responds to the detect circuit generating a detect = 1
condition when no magnetic field is present. The detect
= 1 condition disables the switch coupling the power
source to the electronic circuitry. Conversely, the detect
circuit generates a detect = 0 condition when the mag-
netic sensitive switch is closed in the presence of a mag-
netic field above a threshold value. The detect = 0 con-
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dition enables the switch coupling the power source to
the electronic circuitry. The light emitting diode is off in
first state 3402 indicating that the medical device is not
enabled. As illustrated by transition 3404 of state diagram
3400, the medical device remains in first state 3402 when
no magnetic field is present or the magnetic field is lower
than the threshold value. Thus, the power source remains
decoupled from the electronic circuitry and the medical
device remains off as long as no magnetic field is detect-
ed.
[0166] A transition 3408 occurs when the magnetic
sensitive switch is in a presence of a magnetic field above
the threshold value. The magnetic sensitive switch is
closed by the magnetic field. In state diagram 3400, tran-
sition 3408 transitions to a second state 3406 when the
magnetic sensitive switch is in the presence of a magnetic
field greater than the threshold value. The detect circuit
responds to the closed magnetic sensitive switch by gen-
erating the detect = 0 condition. The detect = 0 condition
enables the switch coupling the power source to the elec-
tronic circuitry. The electronic circuitry of the medical de-
vice is enabled in second state 3406. The light emitting
diode is turned on thereby emitting light to indicate that
the medical device is enabled. In one embodiment, sec-
ond state 3406 initiates a power on reset (POR) to place
the electronic circuitry in one or more predetermined con-
ditions. In one embodiment, the medical device cannot
be operated during the power on reset.
[0167] A transition 3410 occurs if the magnetic field
coupled to the magnetic sensitive switch falls below the
threshold value before a first predetermined time period.
Transition 3410 transitions the medical device from sec-
ond state 3406 to first state 3402. Thus, the medical de-
vice goes from an enabled state to a disabled state. The
magnetic sensitive switch goes from being closed to open
causing transition 3410. The detect circuit transitions
from a detect = 0 condition to a detect = 1 condition there-
by disabling the switch. The power source is decoupled
from the electronic circuitry as disclosed in first state
3402. The light emitting diode also is turned off in first
state 3402. In the example, the first predetermined time
period is approximately 0.5 seconds. The first predeter-
mined time prevents inadvertent enabling of the device
to an operative state due to a transient magnetic field.
[0168] A transition 3414 occurs if the magnetic sensi-
tive switch remains in the magnetic field above the thresh-
old value longer than the first predetermined time period.
Transition 3414 transitions the medical device from the
second state 3406 to a third state 3412. In third state
3412 the power source remains coupled to the electronic
circuitry. The light emitting diode remains on indicating
that the medical device is enabled. In the example, the
power on reset is completed prior to third state 3412 and
the medical device can be made operational.
[0169] In general, third state 3412 occurs during a time
period greater than the first predetermined time period
but less than a second predetermined time period. Third
state 3412 allows the medical device to be enabled and

then disabled at a time of the users choosing. In one
embodiment, the medical device remains enabled by re-
moving the magnetic sensitive switch from the magnetic
field prior to the end of the second predetermined period.
A transition 3416 occurs when the magnetic field falls
below the threshold value. The magnetic sensitive switch
transitions from being closed to open due to the change
in magnetic field. As shown in state diagram 3400, tran-
sition 3416 loops back on itself in third state 3412. Tran-
sition 3416 allows the medical device to stay in third state
3412 thereby keeping the switch enabled to maintain
coupling of the power source to the electronic circuitry.
The detect circuit detects the change in the magnetic
sensitive switch and outputs a detect = 1 condition. The
light emitting diode also remains on to indicate that the
medical device is enabled and being powered by the in-
ternal power source. In the example, the second prede-
termined time period is approximately 3 seconds. The
second predetermined time period provides sufficient
time for a physical action to occur such as moving the
medical device away from the magnetic field.
[0170] The medical device can be disabled in third
state 3412 by exposing the magnetic sensitive switch to
a magnetic field greater than the threshold value. The
magnetic sensitive switch closes when exposed to the
magnetic field. The detect circuit detects the change in
the magnetic sensitive switch and outputs a detect = 0
condition. A transition 3418 transitions from third state
3412 to first state 3402 when the detect circuit changes
to detect = 0. In first state 3402, the power source is
decoupled from the electronic circuitry. Removing power
from the electronic circuitry disables the medical device.
The light emitting diode is turned off in first state 3402.
[0171] A transition 3422 occurs if the magnetic sensi-
tive switch remains in the magnetic field greater than the
threshold value for longer than the second predetermined
time period. In the example, the magnetic sensitive
switch is held within the magnetic field for a time period
greater than 3 seconds. Transition 3422 initiates a tran-
sition from third state 3412 to a fourth state 3420. The
magnetic sensitive switch has remained in the closed
position transitioning from first state 3402 to second state
3406, from second state 3406 to third state 3412, and
from third state 3412 to fourth state 3420. Similarly, the
detect circuit maintains a detect = 0 condition through
the multiple transitions. In fourth state 3420, the switch
remains enabled coupling the power source to the elec-
tronic circuitry of the medical device. The state of the
magnetic sensitive switch is ignored after the transition
to fourth state 3420. Thus, the power source can no long-
er be decoupled from the electronic circuitry. The light
emitting diode is turned off in fourth state 3420. As dis-
closed herein, the light emitting diode is emitting light in
second state 3406 and third state 3412. Turning off the
light emitting diode in fourth state 3420 indicates that the
electronic circuitry will remained powered and the med-
ical device cannot be turned off as it can be from third
state 3412. The power source voltage can be monitored

61 62 



EP 2 757 947 B1

33

5

10

15

20

25

30

35

40

45

50

55

as the medical device is used. The power source will
discharge over time initiating transition 3424. Transition
3424 occurs when a low voltage is detected on the power
source. Transition 3424 transitions from fourth state 3420
to first state 3402. The switch is disabled in first state
3402 thereby decoupling the power source from the elec-
tronic circuitry of the medical device. As mentioned pre-
viously, subsequent changes in state of the magnetic
sensitive switch are ignored such that the medical device
remains in first state 3402.
[0172] A method of enabling a medical device is dis-
closed below. The steps of the method can be performed
in any order. A non-limiting example comprising a spinal
instrument having active circuitry for measuring a param-
eter, position, and trajectory is used to illustrate an ena-
bling process. The method is applicable for medical de-
vices having an internal power source that can be stored
for an extended period of time. The power source is de-
coupled during storage to maximize battery life and elim-
inate leakage paths that could discharge the power
source. In one embodiment, the power source cannot be
replaced or recharged. The medical device can be a dis-
posable device that can be used for a single application
or until the power source can no longer support device
operation. The medical device may be sterilized and
placed in sterile packaging. The medical can be enabled
while in the sterilized packaging using the disclosed proc-
ess thereby allowing interaction with the device without
affecting device sterility. In the example, the medical de-
vice is used intra-operatively in an operating room to sup-
port a surgical procedure and provide quantitative meas-
urements on the muscular-skeletal system.
[0173] In a first step, a magnetic field above a threshold
is detected by the medical device. In one embodiment,
the medical device is placed on a cradle having a magnet.
The cradle can align or orient the medical device in prox-
imity to the magnet. The magnet field generated by the
magnet exceeds the threshold value for enabling the
medical device. For example, the cradle can hold a meas-
urement device such as a muscular-skeletal instrument
or a prosthetic component having measurement appa-
ratus therein. In a second step, a power source is coupled
to the electronic circuitry of the medical device. In the
example, the detected magnetic field enables a switch
in the medical device that couples the power source to
the electronic circuitry. Thus, the electronic circuitry is
enabled by the power source. In a third step, providing
power to the electronic circuitry initiates a power on reset.
The power on reset can initialize internal states of elec-
tronic circuitry in preparation of being used. Calibrations
can also be performed to ensure the medical device
meets performance objectives. For example, the spinal
instrument can be initialized for performing a workflow
on a spinal procedure and calibrated to ensure accuracy
of quantitative measurements such as load, load posi-
tion, position in 3D space, and instrument trajectory. In
a fourth step, the power source is decoupled from the
electronic circuitry when the magnetic field falls below

the threshold before a first time period. Thus, removing
the medical device from the magnetic field within the first
time period allows the medical device to shut down.
[0174] In a fifth step, an indication of when the power
source is coupled to the electronic circuitry can be pro-
vided. For example, visual, audio, or haptic means can
be used to show the user a state of enablement of the
medical device. In one embodiment, a light emitting diode
on the medical device can be used as an indicator. The
light emitting diode can change from an off-state to an
on-state when the power source is coupled to the elec-
tronic circuitry of the medical device in the second step
thereby indicating the medical device is being powered.
[0175] In a sixth step, the medical device is in the mag-
netic field above the threshold for longer than the first
time period. In a seventh step, the power on reset is com-
pleted prior to the first time period expiring. The medical
device may be non-operational during the power on re-
set.
[0176] The medical device can be enabled and pow-
ered by the internal power source for an extended period
of time and then disabled at a time of a user choosing.
The mode of operation where the medical device can be
enabled and disabled is selected during a time period
after the first time period but before a second time period
expires. In an eighth step, it is detected that the magnetic
field falls below the threshold after the first time period
but less than the second time period. In an example, the
medical device can be removed from being in proximity
to a magnet that generates the magnetic field thereby
reducing the magnetic field below the threshold. As dis-
closed above, an example time first time period is ap-
proximately 0.5 seconds and the second time period is
approximately 3 seconds. Thus, the user would have 2.5
seconds to remove the medical device from the magnetic
field. In a ninth step, indication that the power source is
coupled to the electronic circuitry of the medical device
is maintained. In the example, the light emitting diode
was emitting light when the power source was coupled
to the electronic circuitry to indicate the medical device
is enabled. The light emitting diode continues to emit light
when the medical device is removed from the magnetic
field after the first time period but before the second time
period expires. The power on reset has been completed
and the medical device is operable until it is disabled. In
a tenth step, one or more tests are performed on the
medical device. Enabling the device as disclosed above
can be used to test or calibrate the device after assembly
while using the internal power source.
[0177] As mentioned previously, the medical device is
enabled and operable if removed from the magnetic field
after the first time period but before the second time pe-
riod expires. In an eleventh step, a magnetic field above
the threshold is detected after the second time period
expires. In the example, the medical device is enabled
and operable. The detection of the magnetic field above
the threshold disables the medical device. In a twelfth
step, the power source is decoupled from the electronic
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circuitry. Decoupling the power source disables the med-
ical device and minimizes leakage paths that can dis-
charge the battery. In a thirteenth step, decoupling of the
power source from the electronic circuitry is indicated. In
the example, the light emitting diode changes from emit-
ting light to being off thereby indicating the power source
has been decoupled and the medical device is disabled.
[0178] The medical device can be enabled such that
the power source cannot be decoupled from the elec-
tronic circuitry. This can be used for a disposable instru-
ment or a device having a limited lifetime. In one embod-
iment, the medical device has a power source capable
of being used for a single procedure. The internal power
source cannot be replaced or charged. Maintaining the
medical device in the magnetic field enables the mode
of operation where the power source cannot be decou-
pled from the electronic circuitry. In a fourteenth step, the
magnetic field is detected above the threshold for a time
period greater than the second time period. In the exam-
ple, the medical device would be held in proximity to the
magnetic field for greater than 3 seconds. In a fifteenth
step, detection of the magnetic field is disabled. In one
embodiment, changes in magnetic field above and below
the threshold are ignored. The power source remains
coupled to the electronic circuitry. The medical device is
enabled until the power source can no longer support
operation. Furthermore, the medical device can no longer
be affected by changes magnetic fields above and below
the threshold. In a sixteenth step, indication is provided
that the power source remains coupled to the electronic
circuitry. The light emitting diode can change from emit-
ting light to turning off when the medical device is held
in the magnetic field for longer than the second time pe-
riod thereby indicating that the power source can no long-
er be decoupled from the electronic circuitry.
[0179] The power source will eventually discharge
over time either due to operation of the medical device
or leakage current. In a seventeenth step, an under volt-
age condition is detected. The medical device may not
perform as required when the voltage on the power
source falls below a predetermined voltage. In an eight-
eenth step, the medical device is shut down when the
under voltage condition is detected. Shutting down the
medical device prevents further measurement or opera-
tion of the instrument from being performed. The power
source may continue to discharge reducing the voltage
further. Alternatively, the power source may be decou-
pled from the electronic circuitry. The medical device is
inoperable and may no longer be used. In a nineteenth
step, the medical device is disposed of. The medical de-
vice may be disposed of as a hazardous material or de-
stroyed after use to prevent further usage.

Claims

1. A system for vertebral load and location sensing
comprising:

a measurement instrument (102, 400, 410,
2000, 2202, 2600, 3100) comprising:

a measurement instrument shaft (430,
2010) comprising a measurement instru-
ment proximal end (2018) and a measure-
ment instrument distal end (2014);
a measurement instrument handle (409,
2030) coupled to the measurement instru-
ment proximal end (2018); and
a sensored head (407, 2002) coupled to the
measurement instrument distal end (2014),
the sensored head (407, 2002) comprising
one or more sensors (2008) operable to
measure a load applied to the one or more
sensors (2008) by a muscular-skeletal sys-
tem and a position of the load;

an insertion instrument (420) comprising:

an insertion instrument shaft (434) compris-
ing an insertion instrument proximal end
and an insertion instrument distal end;
an insertion instrument handle (432) cou-
pled to the insertion instrument proximal
end; and
an insertion tip (451) coupled to the insertion
instrument distal end configured to receive
a prosthetic component;

a graphical user interface GUI (700) and
an electronic assembly (103, 401, 2024, 2212,
2626, 3104) configured to be coupled to the
measurement instrument and the insertion in-
strument at different times; the system being
characterised in that:

when the electronic assembly is coupled to
the measurement instrument, the electronic
assembly is coupled to the one or more sen-
sors and operable to determine a location
and an orientation of the measurement in-
strument for use in determining a target tra-
jectory path of the insertion instrument
(420), wherein the target trajectory path in-
cludes an approach angle, target rotation,
and trajectory path; and
when the electronic assembly is coupled to
the insertion instrument, the system 100 by
way of GUI (700) guides a user with the in-
sertion instrument to recreate the target tra-
jectory path through provision of haptic and
visual feedback when the insertion instru-
ment deviates from the target trajectory
path such that the insertion instrument rep-
licates the location and the orientation of the
measurement instrument.
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2. The system of claim 1 wherein:

the sensored head (407, 2002) comprises:

a first support structure (2004) having a first
support structure external surface;
a second support structure (2006) having a
second support structure external surface;
and

the one or more sensors (2008) are coupled to
at least one of the first support structure (2004)
external surface or the second support structure
(2006) external surface.

3. The system of claim 2 wherein:
the first support structure (2004) external surface is
convex.

4. The system of claim 2 or 3 wherein:
the second support structure (2006) external surface
is convex.

5. The system of any one of claims 1 to 4 wherein:
the one or more sensors (2008) comprise one or
more piezo-resistive sensors.

6. The system of any one of claims 1 to 5 wherein:
the measurement instrument comprises a load plate
(2642) coupled to the one or more sensors (2008).

7. The system of any one of claims 1 to 6 wherein:
the measurement instrument comprises a length-
wise passage (2012); and
an interconnect (2028) operable to couple the elec-
tronic assembly (103, 401, 2024, 2212, 2626, 3104)
to the one or more sensors (2008) through the length-
wise passage (2012) when the electronic assembly
is coupled to the measurement instrument (102, 400,
410, 2000, 2202, 2600, 3100).

8. The system of any one of claims 1 to 7 wherein:
the insertion instrument (420) comprises an at-
tach/release mechanism (455) operable to selective-
ly retain and release the prosthetic component to
and from the insertion tip (451).

9. The system of any one of claims 1 to 8 further com-
prising:
a remote system (105) configured to receive data
from the measurement instrument (102, 400, 410,
2000, 2202, 2600, 3100), the remote system com-
prising the graphical user interface GUI (700).

10. The system of claim 9 wherein:
the graphical user interface GUI is operable to dis-
play at least one of the load, the position of load, the
location, or the orientation, the data comprising the

at least one of the load, the position of load, the lo-
cation, or the orientation.

11. The system of any one of claims 1 to 10 wherein:
the electronic assembly (103, 401, 2024, 2212,
2626, 3104) comprises an accelerometer.

12. The system of any preceding claim wherein:
the measurement instrument handle (409, 2030) is
configured to receive the electronic assembly (103,
401, 2024, 2212, 2626, 3104) in order to couple the
electronic assembly to the measurement instrument
(102, 400, 410, 2000, 2202, 2600, 3100).

13. The system of any preceding claim further compris-
ing:
the prosthetic component; wherein:
the prosthetic component comprises one of a spine
cage or a pedicle screw.

14. The system of any preceding claim wherein:

the sensored head (407, 2002) comprises a first
sensored head;
the system further comprises a second sen-
sored head;
the first sensored head and the second sen-
sored head are configured to be coupled to the
measurement instrument distal end (2014) at
different times;
the first sensored head comprises a first sen-
sored head height and a first sensored head
length;
the second sensored head comprises a second
sensored head height and a second sensored
head length; and
the first sensored head height is different than
the second sensored head height.

15. The system of any preceding claim wherein:

the sensored head (407, 2002) comprises a first
sensored head;
the system further comprises a second sen-
sored head;
the first sensored head and the second sen-
sored head are configured to be coupled to the
measurement instrument distal end (2014) at
different times;
the first sensored head comprises a first sen-
sored head height and a first sensored head
length;
the second sensored head comprises a second
sensored head height and a second sensored
head length; and
the first sensored head length is different than
the second sensored head length.
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16. The system of any preceding claim wherein:

the sensored head (407, 2002) comprises a first
sensored head;
the system further comprises a second sen-
sored head;
the first sensored head and the second sen-
sored head are configured to be coupled to the
measurement instrument distal end (2014) at
different times;
the first sensored head comprises a first sen-
sored head height and a first sensored head
length;
the second sensored head comprises a second
sensored head height and a second sensored
head length;
the first sensored head height is different than
the second sensored head height; and
the first sensored head length is different than
the second sensored head length.

Patentansprüche

1. System für Wirbellast- und -positionserfassung, um-
fassend:
ein Messinstrument (102, 400, 410, 2000, 2202,
2600, 3100), umfassend:

einen Messintrumente-Stiel (430, 2010), umfas-
send ein Messinstrumente-Proximalende
(2018) und ein Messinstrumente-Distalende
(2014);
einen Messinstrumente-Handgriff (409, 2030),
gekoppelt mit dem Messinstrumente-Proxima-
lende (2018); und
einen Sensorkopf (407, 2002), gekoppelt mit
dem Messinstrumente-Distalende (2014), wo-
bei der Sensorkopf (407, 2002) einen oder meh-
rere Sensoren (2008) umfasst, die betreibbar
sind zum Messen einer auf den einen oder die
mehreren Sensoren (2008) durch ein Muskel-
Skelett-System ausgeübten Last und einer Po-
sition der Last;
ein Einführinstrument (420), umfassend:

einen Einführinstrumente-Stiel (434), um-
fassend ein Einführinstrument-Proximalen-
de und ein Einführinstrument-Distalende;
einen Einführinstrument-Handgriff (432),
gekoppelt mit dem Einführinstrument-Pro-
ximalende; und
eine Einführspitze (451), gekoppelt mit dem
Einführinstrument-Distalende und ausge-
legt zum Aufnehmen einer Prosthetikkom-
ponente;
eine graphische Benutzerschnittstelle GUI
(700) und

eine Elektronikbaugruppe (103, 401, 2024,
2212, 2626, 3104), dafür ausgelegt, mit
dem Messinstrument und dem Einführinst-
rument zu verschiedenen Zeiten gekoppelt
zu sein;
wobei das System dadurch gekennzeich-
net ist, dass:

wenn die Elektronikbaugruppe mit dem
Messinstrument gekoppelt ist, die Elek-
tronikbaugruppe mit dem einen oder
den mehreren Sensoren gekoppelt ist
und betreibbar ist zum Bestimmen ei-
nes Ortes und einer Orientierung des
Messinstruments zur Verwendung
beim Bestimmen eines Zieltrajektorien-
pfads des Einführinstruments (420),
wobei der Zieltrajektorienpfad einen
Angriffswinkel, eine Zieldrehung und
einen Trajektorienpfad beinhaltet; und
wenn die Elektronikbaugruppe mit dem
Einführinstrument gekoppelt ist, das
System 100 mittels einer GUI (700) ei-
nen Benutzer führt zum Nachempfin-
den des Zieltrajektorienpfads durch
Bereitstellen einer haptischen und vi-
suellen Rückmeldung, wenn das Ein-
führinstrument von dem Zieltrajektori-
enpfad abweicht, so dass das Ein-
führinstrument den Ort und die Orien-
tierung des Messinstruments nach-
macht.

2. System nach Anspruch 1, wobei:

der Sensorkopf (407, 2002) umfasst Folgendes:

eine erste Stützstruktur (2004), aufweisend
eine äußere Oberfläche der ersten Stütz-
struktur;
eine zweite Stützstruktur (2006), aufwei-
send eine äußere Oberfläche der zweiten
Stützstruktur;

der eine oder die mehreren Sensoren (2008) mit
der äußeren Oberfläche der ersten Stützstruktur
(2004) und/oder der äußeren Oberfläche der
zweiten Stützstruktur (2006) gekoppelt ist.

3. System nach Anspruch 2, wobei
die äußere Oberfläche der ersten Stützstruktur
(2004) konvex ist.

4. System nach Anspruch 2 oder 3, wobei:
die äußere Oberfläche der zweiten Stützstruktur
(2006) konvex ist.

5. System nach einem der Ansprüche 1 bis 4, wobei:
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der eine oder die mehreren Sensoren (2008) einen
oder mehrere piezoresistive Sensoren umfassen.

6. System nach einem der Ansprüche 1 bis 5, wobei:
das Messinstrument eine Lastplatte (2642) umfasst,
die mit dem einen oder den mehreren Sensoren
(2008) gekoppelt ist.

7. System nach einem der Ansprüche 1 bis 6, wobei:

das Messinstrument einen Längsdurchgang
(2012); und
ein Zwischenstück (2028) umfasst, das betreib-
bar ist zum Koppeln der Elektronikbaugruppe
(103, 401, 2024, 2212, 2626, 3104) an den einen
oder die mehreren Sensoren (2008) durch den
Längsdurchgang (2012), wenn die Elektronik-
baugruppe an das Messinstrument (102, 400,
410, 2000, 2202, 2600, 3100) gekoppelt wird.

8. System nach einem der Ansprüche 1 bis 7, wobei:
das Einführinstrument (420) einen Befesti-
gungs-/Trennmechanismus (455) umfasst, der be-
treibbar ist, um die Prosthetikkomponente selektiv
an der Einführspitze (451) zu halten oder von dieser
zu trennen.

9. System nach einem der Ansprüche 1 bis 8, ferner
umfassend:
ein Fernsystem (105), ausgelegt zum Empfangen
von Daten von dem Messinstrument (102, 400, 410,
2000, 2202, 2600, 3100), wobei das Fernsystem die
graphische Benutzeroberfläche GUI (700) umfasst.

10. System nach Anspruch 9, wobei:
die graphische Benutzeroberfläche GUI betreibbar
ist zum Anzeigen der Last und/oder der Position der
Last und/oder des Orts und/oder der Orientierung,
wobei die Daten die Last und/oder die Position der
Last und/oder den Ort und/oder die Orientierung um-
fassen.

11. System nach einem der Ansprüche, wobei:
die Elektronikbaugruppe (103, 401, 2024, 2212,
2626, 3104) einen Beschleunigungsmesser um-
fasst.

12. System nach einem der vorhergehenden Ansprü-
che, wobei:
der Messinstrument-Handgriff (409, 2030) ausge-
legt ist zum Aufnehmen der Elektronikbaugruppe
(103, 401, 2024, 2212, 2626, 3104), um die Elektro-
nikbaugruppe an das Messinstrument (102, 400,
410, 2000, 2202, 2600, 3100) zu koppeln.

13. System nach einem der vorhergehenden Ansprü-
che, ferner umfassend:
die Prosthetikkomponente; wobei: die Prosthetik-

komponente einen Wirbelsäulenkäfig oder eine pä-
dikuläre Schraube umfasst.

14. System nach einem der vorhergehenden Ansprü-
che, wobei:

der Sensorkopf (407, 2002) einen ersten Sen-
sorkopf umfasst;
das System ferner einen zweiten Sensorkopf
umfasst;
wobei der erste Sensorkopf und der zweite Sen-
sorkopf dafür ausgelegt sind, zu verschiedenen
Zeiten mit dem Messinstrument-Distalende
(2014) gekoppelt zu sein;
der erste Sensorkopf eine Erster-Sensorkopf-
Höhe und eine Erster-Sensorkopf-Länge auf-
weist;
der zweite Sensorkopf eine Zweiter-Sensor-
kopf-Höhe und eine Zweiter-Sensorkopf-Länge
aufweist; und
sich die Erster-Sensorkopf-Höhe von der Zwei-
ter-Sensorkopf-Höhe unterscheidet.

15. System nach einem der vorhergehenden Ansprü-
che, wobei:

der Sensorkopf (407, 2002) einen ersten Sen-
sorkopf umfasst;
das System ferner einen zweiten Sensorkopf
umfasst;
wobei der erste Sensorkopf und der zweite Sen-
sorkopf dafür ausgelegt sind, zu verschiedenen
Zeiten mit dem Messinstrument-Distalende
(2014) gekoppelt zu sein;
der erste Sensorkopf eine Erster-Sensorkopf-
Höhe und eine Erster-Sensorkopf-Länge auf-
weist;
der zweite Sensorkopf eine Zweiter-Sensor-
kopf-Höhe und eine Zweiter-Sensorkopf-Länge
aufweist; und
sich die Erster-Sensorkopf-Länge von der Zwei-
ter-Sensorkopf-Länge unterscheidet.

16. System nach einem der vorhergehenden Ansprü-
che, wobei:

der Sensorkopf (407, 2002) einen ersten Sen-
sorkopf umfasst;
das System ferner einen zweiten Sensorkopf
umfasst;
wobei der erste Sensorkopf und der zweite Sen-
sorkopf dafür ausgelegt sind, zu verschiedenen
Zeiten mit dem Messinstrument-Distalende
(2014) gekoppelt zu sein;
der erste Sensorkopf eine Erster-Sensorkopf-
Höhe und eine Erster-Sensorkopf-Länge auf-
weist;
der zweite Sensorkopf eine Zweiter-Sensor-
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kopf-Höhe und eine Zweiter-Sensorkopf-Länge
aufweist;
sich die Erster-Sensorkopf-Höhe von der Zwei-
ter-Sensorkopf-Höhe unterscheidet; und
sich die Erster-Sensorkopf-Länge von der Zwei-
ter-Sensorkopf-Länge unterscheidet.

Revendications

1. Système de détection d’emplacement et de charge
vertébrale comprenant :

un instrument de mesure (102, 400, 410, 2000,
2202, 2600, 3100) comprenant :

un arbre d’instrument de mesure (430,
2010) comprenant une extrémité proximale
d’instrument de mesure (2018) et une ex-
trémité distale d’instrument de mesure
(2014) ;
une poignée d’instrument de mesure (409,
2030) couplée à l’extrémité proximale d’ins-
trument de mesure (2018) ; et
une tête à capteur (407, 2002) couplée à
l’extrémité distale d’instrument de mesure
(2014), la tête à capteur (407, 2002) com-
prenant un ou plusieurs capteurs (2008)
destinés à mesurer une charge appliquée
au ou aux capteurs (2008) par un système
musculaire-de squelette et une position de
la charge ;

un instrument d’insertion (420) comprenant :

un arbre d’instrument d’insertion (434) com-
prenant une extrémité proximale d’instru-
ment d’insertion et une extrémité distale
d’instrument d’insertion ;
une poignée d’instrument d’insertion (432)
couplée à l’extrémité proximale d’instru-
ment d’insertion ; et
une pointe d’insertion (451) couplée à l’ex-
trémité distale d’instrument d’insertion con-
figurée pour recevoir un composant
prosthétique ;

une interface utilisateur graphique (GUI) (700)
et
un ensemble électronique (103, 401, 2024,
2212, 2626, 3104) configuré pour être couplé à
l’instrument de mesure et à l’instrument d’inser-
tion à des moments différents ;
le système étant caractérisé en ce que :

lorsque l’ensemble électronique est couplé
à l’instrument de mesure, l’ensemble élec-
tronique est couplé au ou aux capteurs et

est destiné à déterminer un emplacement
et une orientation de l’instrument de mesure
destiné à être utilisé lors de la détermination
d’un chemin de trajectoire cible de l’instru-
ment de mesure (420), dans lequel le che-
min de trajectoire cible comprend un angle
d’approche, une rotation cible et un chemin
de trajectoire ; et
lorsque l’ensemble électronique est couplé
à l’instrument d’insertion, le système (100)
guide, au moyen de l’interface GUI (700),
un utilisateur ayant l’instrument d’insertion
pour recréer le chemin de trajectoire cible
par la fourniture d’une rétroaction haptique
et visuelle lorsque l’instrument d’insertion
s’écarte du chemin de trajectoire cible de
telle sorte que l’instrument d’insertion copie
l’emplacement et l’orientation de l’instru-
ment de mesure.

2. Système selon la revendication 1, dans lequel :

la tête à capteur (407, 2002) comprend :

une première structure de support (2004)
ayant une surface externe de première
structure de support ;
une seconde structure de support (2006)
ayant une surface externe de seconde
structure de support ; et

le ou les capteurs (2008) sont couplés à la sur-
face externe de la première structure de support
(2004) et/ou à la surface externe de la seconde
structure de support (2006).

3. Système selon la revendication 2, dans lequel :
la surface externe de la première structure de sup-
port (2004) est convexe.

4. Système selon la revendication 2 ou 3, dans lequel :
la surface externe de la seconde structure de support
(2006) est convexe.

5. Système selon l’une quelconque des revendications
1 à 4, dans lequel :
le ou les capteurs (2008) comprennent un ou plu-
sieurs capteurs piézoélectriques.

6. Système selon l’une quelconque des revendications
1 à 5, dans lequel :
l’instrument de mesure comprend une plaque de
charge (2642) couplée au ou aux capteurs (2008).

7. Système selon l’une quelconque des revendications
1 à 6, dans lequel :

l’instrument de mesure comprend un passage
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longitudinal (2012) ; et
une interconnexion (2028) destinée à coupler
l’ensemble électronique (103, 401, 2024, 2212,
2626, 3104) au ou aux capteurs (2008) par le
biais du passage longitudinal (2012) lorsque
l’ensemble électronique est couplé à l’instru-
ment de mesure (102, 400, 410, 2000, 2202,
2600, 3100).

8. Système selon l’une quelconque des revendications
1 à 7, dans lequel :
l’instrument d’insertion (420) comprend un mécanis-
me de fixation/libération (455) destiné à retenir le
composant prosthétique sur la pointe d’insertion
(451) et à le libérer de cette dernière, de manière
sélective.

9. Système selon l’une quelconque des revendications
1 à 8, comprenant en outre :
un système à distance (105) configuré pour recevoir
des données en provenance de l’instrument de me-
sure (102, 400, 410, 2000, 2202, 2600, 3100), le
système à distance comprenant l’interface utilisateur
graphique (GUI) (700).

10. Système selon la revendication 9, dans lequel :
l’interface utilisateur graphique (GUI) est destinée à
afficher la charge et/ou la position d’une charge et/ou
l’emplacement et/ou l’orientation, les données com-
prenant la charge et/ou la position d’une charge et/ou
l’emplacement et/ou l’orientation.

11. Système selon l’une quelconque des revendications
1 à 10, dans lequel :
l’ensemble électronique (103, 401, 2024, 2212,
2626, 3104) comprend un accéléromètre.

12. Système selon l’une quelconque des revendications
précédentes, dans lequel :
la poignée d’instrument de mesure (409, 2030) est
configurée pour recevoir l’ensemble électronique
(103, 401, 2024, 2212, 2626, 3104) afin de coupler
l’ensemble électronique à l’instrument de mesure
(102, 400, 410, 2000, 2202, 2600, 3100).

13. Système selon l’une quelconque des revendications
précédentes, comprenant en outre :
le composant prosthétique ; dans lequel :
le composant prosthétique comprend une cage ver-
tébrale ou une vis pédiculaire.

14. Système selon l’une quelconque des revendications
précédentes, dans lequel :

la tête à capteur (407, 2002) comprend une pre-
mière tête à capteur ;
le système comprend en outre une seconde tête
à capteur ;

la première tête à capteur et la seconde tête à
capteur sont configurées pour être couplées à
l’extrémité distale d’instrument de mesure
(2014) à des moments différents ;
la première tête à capteur comprend une hau-
teur de première tête à capteur et une longueur
de première tête à capteur ;
la seconde tête à capteur comprend une hauteur
de seconde tête à capteur et une longueur de
seconde tête à capteur ; et
la hauteur de la première tête à capteur est dif-
férente de la hauteur de la seconde tête à cap-
teur.

15. Système selon l’une quelconque des revendications
précédentes, dans lequel :

la tête à capteur (407, 2002) comprend une pre-
mière tête à capteur ;
le système comprend en outre une seconde tête
à capteur ;
la première tête à capteur et la seconde tête à
capteur sont configurées pour être couplées à
l’extrémité distale d’instrument de mesure
(2014) à des moments différents ;
la première tête à capteur comprend une hau-
teur de première tête à capteur et une longueur
de première tête à capteur ;
la seconde tête à capteur comprend une hauteur
de seconde tête à capteur et une longueur de
seconde tête à capteur ; et
la longueur de la première tête à capteur est
différente de la longueur de la seconde tête à
capteur.

16. Système selon l’une quelconque des revendications
précédentes, dans lequel :

la tête à capteur (407, 2002) comprend une pre-
mière tête à capteur ;
le système comprend en outre une seconde tête
à capteur ;
la première tête à capteur et la seconde tête à
capteur sont configurées pour être couplées à
l’extrémité distale d’instrument de mesure
(2014) à des moments différents ;
la première tête à capteur comprend une hau-
teur de première tête à capteur et une longueur
de première tête à capteur ;
la seconde tête à capteur comprend une hauteur
de seconde tête à capteur et une longueur de
seconde tête à capteur ;
la hauteur de la première tête à capteur est dif-
férente de la hauteur de la seconde tête à
capteur ; et
la longueur de la première tête à capteur est
différente de la longueur de la seconde tête à
capteur.
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