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(54) IMPLANTABLE KNEE SENSOR AND METHODS OF USE

(57) An implantable sensor (100) configured to be
inserted in an intramedullary canal can include a primary
insert (102), a secondary insert (104), and an antenna
(118). The primary insert can include a distal end (116),
a proximal end (114) opposite the distal end, and a central
bore (144) that can extend from an opening (166) in the
distal end towards the proximal end. The secondary in-
sert can be receivable within the central bore through the
opening. The secondary insert can include a body and a

sensor module (106). The body can be removably en-
gageable with an inside surface of the central bore. The
sensor module can be disposable within the body and
can be configured to produce a sensor signal as a func-
tion of a first sensed parameter indicative of infection.
The antenna can be disposed in the central bore. The
antenna can be configured to transmit a wireless signal
as a function of the sensor signal.
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Description

BACKGROUND

[0001] Orthopedic procedures and prostheses are
commonly utilized to repair and/or replace damaged
bone and tissue in the human body. For example, a knee
arthroplasty can be used to restore natural knee function
by repairing damaged or diseased articular surfaces of
the femur and/or tibia. An incision is made into the knee
joint to expose the bones comprising the joint. Cut guides
are used to guide the removal of the articular surfaces
that are to be replaced. Prostheses are used to replicate
the articular surfaces. Knee prostheses can include a
femoral component implanted on the distal end of the
femur, which articulates with a tibial bearing component
and a tibial component implanted on the proximal end of
a tibia to replicate the function of a healthy natural knee.
Various types of arthroplasties are known including a to-
tal knee arthroplasty, where all of the articulating com-
partments of the joint are repaired with prosthetic com-
ponents. During orthopedic procedures, such as knee
replacement or similar joint reconstruction surgeries, var-
ious prostheses can be used in the various procedures,
including implant prostheses including sensors.

OVERVIEW

[0002] Assemblies, configurations, and methods of
use for an implantable sensor module can be useful for
early detection of infection. In an example, the implant-
able sensor provides a convenient, compact, and self-
contained module that can be inserted into an already
required cavity for various knee reconstruction surgeries.
The implantable sensor module can be a passive sensor
that is wirelessly activated and powered, such as through
NFC, and wirelessly communicates with an external com-
puting device to provide sensed information regarding
the environment surrounding a prosthetic implant. The
external computing device and other devices connected
thereto can perform complex calculations, render graph-
ical interfaces, and store data information related to data
provided by the implantable sensor, providing significant
means for detection of an infection.
[0003] The present inventors have recognized, among
other things, the current surgical techniques, and surger-
ies in general, for joint reconstruction and other similar
procedures can result in an infection around the installed
prosthetic. These problems, and others, are addressed
by the present invention through the ability to install a
sensor module into the joint of a patient. An installed sen-
sor that can communicate with an external device the
existing conditions within a body of a patient in and
around a prosthesis can offer a benefit of early detection
of infection. Early detection of infection can reduce further
required procedures, such as revisions, saving cost and
providing improved quality of life. Additional benefits aris-
ing from the present subject matter will be obvious to one

of ordinary skill in the art when reading the remainder of
the detailed description.
[0004] The following, non-limiting examples, detail cer-
tain aspects of the present subject matter to solve the
challenges and provide the benefits discussed herein,
among others.
[0005] Example 1 is an implantable sensor configured
to be inserted in an intramedullary canal, the implantable
sensor comprising: a primary insert including a distal end,
a proximal end opposite the distal end, and a central bore
extending from an opening in the distal end towards the
proximal end; a secondary insert receivable within the
central bore through the opening, the secondary insert
comprising: a body removably engageable with an inside
surface of the central bore; and a sensor module dispos-
able within the body and configured to produce a sensor
signal as a function of a first sensed parameter indicative
of infection; and an antenna disposed in the central bore,
the antenna configured to: transmit a wireless signal as
a function of the sensor signal.
[0006] In Example 2, the subject matter of Example 1
optionally includes wherein the sensor comprises one of
a temperature sensor, a pH sensor, an oxygen sensor,
a carbon dioxide sensor, and a glucose sensor.
[0007] In Example 3, the subject matter of any one or
more of Examples 1-2 optionally include wherein the an-
tenna is configured to receive power from an external
source and distribute the power to the sensor.
[0008] In Example 4, the subject matter of any one or
more of Examples 1-3 optionally include wherein the sec-
ondary insert further comprises: a cap releasably secur-
able to the secondary insert.
[0009] In Example 5, the subject matter of Example 4
optionally includes wherein the cap and sensor module
are releasable from the secondary insert while the sec-
ondary insert is inserted in the intramedullary canal.
[0010] In Example 6, the subject matter of any one or
more of Examples 4-5 optionally include wherein the cap
further comprises: a plurality of legs projecting proximally
from a proximal surface of the cap and configured to re-
tain the sensor capsule.
[0011] In Example 7, the subject matter of any one or
more of Examples 1-6 optionally include wherein the sec-
ondary insert further comprises: a second sensor config-
ured to produce a second sensor signal as a function of
a second sensed parameter indicative of infection.
[0012] In Example 8, the subject matter of Example 7
optionally includes wherein the secondary insert further
comprises: a third sensor configured to produce a third
sensor signal as a function of a third sensed parameter
indicative of infection.
[0013] In Example 9, the subject matter of any one or
more of Examples 1-8 optionally include wherein the sec-
ondary insert further comprises: an optical fiber connect-
ed to the sensor and extending through a periphery of
the secondary insert to expose the optical fiber to a joint
cavity adjacent to the intramedullary canal to send an
optical signal to the sensor as a function of sensed optical
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conditions of the joint cavity.
[0014] In Example 10, the subject matter of Example
9 optionally includes a cap releasably securable to the
secondary insert, the cap comprising: a passage expos-
ing the sensor module to the joint cavity, the passage
receivable of the optical fiber.
[0015] In Example 11, the subject matter of any one or
more of Examples 1-10 optionally include wherein the
central bore further comprises a plurality of grooves ex-
tending axially along a surface of the central bore, and
wherein the secondary insert further comprises a plurality
of ribs projecting radially outward from an outer surface
of the secondary insert and extending axially along the
outer surface, the plurality of ribs mateable with the plu-
rality of grooves to prevent rotation of the secondary in-
sert relative to the primary insert.
[0016] Example 12 is a system for monitoring a joint
cavity, the system comprising: an implantable sensor
comprising: a femoral insert implantable in a femoral in-
tramedullary canal adjacent to the joint cavity, the femoral
insert comprising: a proximal end and a distal end; and
a central bore extending from the distal end through the
distal portion and terminating prior to the proximal end;
a sensor insertable into the central bore through the distal
end, the sensor configured to produce a sensor signal
as a function of a sensed condition of the joint cavity; and
an antenna disposed in the central bore, the antenna
configured to: transmit a wireless signal as a function of
the sensor signal; and receive power and distribute the
power to the sensor.
[0017] In Example 13, the subject matter of Example
12 optionally includes a central device in communication
with the external computing device, the central device
configured to analyze data received from the external
computing device and return analysis to the external
computing device.
[0018] In Example 14, the subject matter of Example
13 optionally includes an expert device in communication
with at least one of the external computing device and
the central device, the expert device configured to: ana-
lyze data received from at least one of the external com-
puting device the central device; and analyze analysis
received from the central device.
[0019] In Example 15, the subject matter of any one or
more of Examples 12-14 optionally include wherein the
secondary insert further comprises: a communication
chip connected to the antenna and the sensor, the com-
munication chip configured to process the sensor signal
and distribute power from the antenna to the sensor.
[0020] In Example 16, the subject matter of Example
15 optionally includes wherein the communication chip
comprises a near field communication chip.
[0021] Example 17 is an intramedullary implant con-
figured to be inserted in a femoral intramedullary canal,
the intramedullary implant comprising: a housing insert-
able into a femoral intramedullary canal, the housing
comprising: a proximal portion including a proximal end;
a distal portion including a distal end; and a bore extend-

ing from the distal end towards the proximal end; a sec-
ondary insert receivable in the bore, the secondary insert
engageable with an internal surface of the bore, and in-
cluding a sensor configured to produce a sensor signal
as function of a first sensed parameter of a joint cavity
adjacent the intramedullary canal, the first sensed pa-
rameter indicative of infection; and an antenna coil dis-
posed in the proximal portion, the antenna configured to
transmit a wireless signal as a function of the sensor sig-
nal.
[0022] In Example 18, the subject matter of Example
17 optionally includes wherein the secondary insert com-
prises a snap fit connection securable to the central bore.
[0023] In Example 19, the subject matter of Example
18 optionally includes wherein the snap fit connection
comprises a plurality of straight arms, each arm of the
plurality of arms including a projection extending radially
from a proximal termination of each arm.
[0024] In Example 20, the subject matter of any one or
more of Examples 17-19 optionally include wherein the
antenna coil is positionable within the proximal portion
to change a coil angle relative to the sensor module.
[0025] In Example 21, the subject matter of any one or
more of Examples 1-11 optionally include wherein pri-
mary insert is comprised of PEEK.
[0026] This overview is intended to provide an over-
view of subject matter of the present patent application.
It is not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description is
included to provide further information about the present
patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document.

FIG. 1 illustrates a three dimensional exploded view
of an implantable sensor, in accordance with at least
one example of this disclosure.
FIG. 2 illustrates an adapted, illustrative X-ray image
of an implantable sensor installed in a femoral in-
tramedullary canal, in accordance with at least one
example of this disclosure.
FIG. 3 illustrates an exploded view of an implantable
sensor, in accordance with at least one example of
this disclosure.
FIG. 4 illustrates cross-sectional view of an implant-
able sensor across indicators 4-4 of FIG. 1, in ac-
cordance with at least one example of this disclo-
sure.
FIG. 5A illustrates a side view of a cap for an im-
plantable sensor, in accordance with at least one
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example of this disclosure.
FIG. 5B illustrates an isometric view of a cap for an
implantable sensor from a distal perspective, in ac-
cordance with at least one example of this disclo-
sure.
FIG. 6 illustrates an implantable sensor installed in
a femoral intramedullary canal, in accordance with
at least one example of this disclosure.
FIGS. 7A-7C illustrate an electromagnetic image of
an implantable sensor installed in a femoral in-
tramedullary canal with an antenna at multiple an-
gles, in accordance with at least one example of this
disclosure.
FIG. 8 illustrates a schematic of electrical compo-
nents of an implantable sensor, in accordance with
at least one example of this disclosure.
FIG. 9A illustrates an isometric view of a secondary
insert of an implantable sensor, in accordance with
at least one example of this disclosure.
FIG. 9B illustrates a plan view of a secondary insert
of an implantable sensor, in accordance with at least
one example of this disclosure.
FIG. 9C illustrates an end view of a secondary insert
of an implantable sensor from a proximal perspec-
tive, in accordance with at least one example of this
disclosure.
FIG. 9D illustrates an end view of a secondary insert
of an implantable sensor from a distal perspective,
in accordance with at least one example of this dis-
closure.
FIG. 9E illustrates a cross-section view of an implant-
able sensor across indicators 9E-9E of FIG. 9A, in
accordance with at least one example of this disclo-
sure.
FIG. 9F illustrates a cross-section view of an implant-
able sensor across indicators 9F-9F of FIG. 9E, in
accordance with at least one example of this disclo-
sure.
FIG. 10A illustrates a plan view of an implantable
sensor, in accordance with at least one example of
this disclosure.
FIG. 10B illustrates a cross-section view of an im-
plantable sensor across indicators 10B-10B of FIG.
10A, in accordance with at least one example of this
disclosure.
FIG. 10C illustrates a cross-section view of an im-
plantable sensor across indicators 10C-10C of FIG.
10B, in accordance with at least one example of this
disclosure.
FIG. 11A illustrates a step of a surgical procedure,
in accordance with at least one example of this dis-
closure.
FIG. 11B illustrates a step of a surgical procedure,
in accordance with at least one example of this dis-
closure.
FIG. 11C illustrates a step of a surgical procedure,
in accordance with at least one example of this dis-
closure.

FIG. 12 illustrates a schematic components of a sen-
sor system, in accordance with at least one example
of this disclosure.
FIG. 13 illustrates a method of using a sensor sys-
tem, in accordance with at least one example of this
disclosure.

DETAILED DESCRIPTION

[0028] Detailed structure, configurations, and methods
of use for an implantable knee sensor are generally dis-
closed herein. In one example, an implantable sensor
includes a primary insert, secondary insert, an antenna,
and a sensor. For example, during total knee arthroplasty
(TKA), a surgeon can install an implantable sensor in an
intramedullary femoral cavity including a sensor that can
be configured to detect conditions indicative of infection.
The antenna can then broadcast a signal containing data
produced as a function of the sensed conditions.
[0029] FIG. 1 illustrates a three dimensional exploded
view of implantable sensor 100, in accordance with at
least one example of this disclosure. Implantable sensor
100 can include primary insert 102 and secondary insert
104. Secondary insert 104 can include sensor module
106, and cap 108. Primary insert can include proximal
portion 110, distal portion 112, proximal end 114, and
distal end 116.
[0030] Primary insert 102, or femoral fixation unit
(FFU), can be an elongate member, such as a tubular
member, having a generally tapered cylindrical shape,
including a flange at distal end 116. Distal portion 112
can be press fit into proximal portion 110, such that distal
portion 112 has a pin or insertion portion that is similar
in size to, or slightly larger than, a bore within the proximal
portion 110. For example, the pin portion and the bore
can be about 5 millimeters to 15 millimeters in some ex-
amples, and about 8 millimeters to 10 millimeters some
examples, with an interference of -0.5 to 0.5 millimeters
in some examples.
[0031] Primary insert 102 can be comprised of a suit-
able metal, polymer, and the like, for insertion into a bone
of a human body, such as steel, cobalt, titanium, poly-
ether ether ketone (PEEK). In one example, primary in-
sert 102 can be comprised of PEEK and coated with ti-
tanium and/or a hydroxyapatite coating. Secondary in-
sert 104 and cap 108 can be comprised of similar mate-
rials. This can provide the benefit of reducing signal at-
tenuation of signal while accepting coatings enabling fix-
ation.
[0032] Secondary insert 104 can be a generally tubular
body having a snap connection at a proximal end and an
opening at a distal end. Secondary insert 104 can be
inserted and secured within distal portion 112 of primary
insert 110.
[0033] Sensor module 106 can include one or more
sensors, a communication chip, and a processor, as dis-
cussed further below. Sensor module 106 can be coupled
to cap 108 and inserted into secondary insert 104. Sensor
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module 106 can be electrically connected to an antenna
enclosed within proximal portion 110 of primary insert
102. Cap 108 can include a threaded portion configured
to releasably secure to a threaded portion of distal portion
112, securing sensor module 106 within secondary in-
sert, and axially securing secondary insert 104 within dis-
tal portion 112. Cap 108 can be removed during, for ex-
ample, follow-up procedures such as to revise or replace
components of implantable sensor 100. However, cap
108 can be securable to distal portion 112 such that cap
108 will not become separated from senor module 106
under normal conditions of use while implanted. In some
other examples, cap 108 can engage sensor module 106
so that cap 108 is not removable from sensor module
106, which can protect sensor module 106, helping to
prevent exposure of electronic components to bodily flu-
ids.
[0034] FIG. 2 illustrates an adapted, illustrative X-ray
image image of implantable sensor 100 installed in fem-
oral intramedullary canal 202 of femur 204, in accordance
with at least one example of this disclosure. FIG. 2 also
shows proximal portion 110 and distal portion 112 of im-
plantable sensor 100. Also shown in FIG. 1 are tibia 206,
fibula 208, tibial implant 210, and femoral implant 212.
[0035] The components of FIG. 2 can be consistent
with those of a total knee arthroplasty or knee revision
procedure, where orthopedic procedures and prostheses
can be utilized to repair and/or replace damaged bone
and tissue in a human body. In some examples, such as
the example of FIG. 2, prostheses can be used to repli-
cate articular knee surfaces. Knee prostheses can in-
clude tibial implant 210 inserted into through a resected
proximal surface of tibia 206 and into fibula 206. Femoral
implant 212 can be implanted on and secured to a distal
end of femur 204. Femoral implant 212 can articulate
with a tibial bearing component on the proximal end of
tibial implant 210 implanted to replicate the function of a
healthy natural knee.
[0036] During some types of arthroplasties, a bore can
be drilled into the distal end of femur 204. The bore can
be sized to receive surgical tools, such as cutting guides.
The bore can also be used to secure femoral implant 212
to femur 203 using a fastener, such as a screw. This
process can create or expand intramedullary canal 202.
After installation of femoral implant 212 onto femur 204
in the prior art, intramedullary canal 202 can be filled,
can receive a fastener, or can be left empty for use in
future procedures. The present disclosure offers the ben-
efit of making use of a cavity already required by some
arthroplasty procedures, by providing implantable sensor
100, which can be configured for installation within in-
tramedullary canal 202.
[0037] Implantable sensor 100 can be sized to secure
to intramedullary canal 202 in a press fit configuration.
For example, implantable sensor 100 can have an out-
side diameter that is similar to or slightly larger than an
inside diameter of intramedullary canal 202. Additionally,
implantable sensor 100 can have a length (in an axial

direction of implantable sensor 100) such that implanta-
ble sensor 100 does not interfere with femoral implant
212, and such that cap 108 (of FIG. 1) is exposed (as
discussed below). Implantable sensor 100 can be addi-
tionally secured to femur 204 using an adhesive, such
as polymethylmethacrylate (PMMA).
[0038] In some examples, implantable sensor 100 can
be secured within intramedullary canal 202 disposed
through femoral implant 212, but not connected or se-
cured thereto. This can enable removal of implantable
sensor 100 without removing femoral implant 212. In
some examples, implantable sensor 100 can be mechan-
ically interconnected (upon implantation) with the femoral
implant. In some examples, implantable sensor 100 can
be secured to femoral implant 212 using a peg, pin,
screw, and the like, to help prevent axial motion of im-
plantable sensor relative to intramedullary canal 202.
[0039] FIG. 3 illustrates an exploded view of implant-
able sensor 100, in accordance with at least one example
of this disclosure. FIG. 4 illustrates a cross-sectional view
of implantable sensor 100 across indicators 4-4 of FIG.
1, in accordance with at least one example of this disclo-
sure. FIGS. 3 and 4 are discussed concurrently.
[0040] Implantable sensor 100 can include primary in-
sert 102 and secondary insert 104. Secondary insert 104
can include sensor module 106, cap 108, and antenna
coil 118. Primary insert can include proximal portion 110,
distal portion 112, proximal end 114, and distal end 116.
Secondary insert can include snap fits 120, outer ring
121, coil connector 122, projections 123, and outer con-
nector 124. Sensor module 106 can include inner con-
nector 126, capacitor 128, communication chip 130,
printed circuit board (PCB) 132, first sensor 134, second
sensor 135, and third sensor 136. Cap 108 can include
inner ring 137, arms 138, PCB slots 140, threaded portion
142, and optical fibers 143 (FIG. 3). Primary insert 102
can also include central bore 144 (FIG. 4). Secondary
insert 104 can also include secondary insert bore 146
(FIG. 4) and internal threaded portion 148 (FIG. 4)
[0041] Antenna coil 118 can be a coil type antenna in
some examples, configured to be disposed in proximal
portion 110 and connected to coil connector 122. Coil
connector can connect to outer connector 124, thus elec-
trically connecting sensor module 106 to antenna coil
118. Coil connector 122, outer connector 124, and inner
connector 126 can be comprised of biocompatible ma-
terials that are conductive, such as titanium, steel, silver,
and the like. Because secondary insert 104 can be placed
in primary insert at several positions (as described be-
low), and antenna coil 118 can be placed within proximal
portion 110 at varying angles (also described below), coil
connector 122 can be configured to connect antenna coil
118 to sensor module 106 at a variety of angles.
[0042] Central bore 144 can be a bore beginning at
distal end 116 and extending through distal portion 112
and proximal portion 110, terminating in proximal portion
110 prior to proximal end 114. In some examples, central
bore 144 can have a diameter in proximal portion 110
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that is larger than a second diameter in distal portion 112.
[0043] Secondary insert 104 can be disposed within
central bore 144 within distal portion 112 of primary insert
102, such that secondary insert extends from distal end
116 through distal portion 112, terminating at proximal
portion 110. Outer ring 121 can be disposed around an
outer surface of secondary insert 104 to form a seal in
central bore 144. In some examples, outer ring 121 of
secondary insert 104 can be a seal such as an o-ring or
other type of annular seal.
[0044] Snap fits 120 of secondary insert 104, can be
disposed at the proximal termination of secondary insert
104. Snap fits 120 can each include projections 123,
which can extend radially from a proximal termination of
snap fits 120. Projections 123 can be sized to have a
larger diameter than that of central bore 144, so that when
secondary insert 104 is inserted into central bore 144,
central bore 144 can force projections 123 radially in-
ward, allowing secondary insert 104 to be moved through
central bore 144 axially towards proximal end 114. As
secondary insert 104 moves further into central bore 144,
projections 123 can expand when projections 123 reach
a section of central bore 144 having a larger diameter,
such as an undercut or counter bore. After expanding,
projections 123 can engage the undercut or other surface
of central bore 144 after projections 123 and snap fits
120 expand to their original diameter.
[0045] In some examples, the engagement of snap fits
120 with a portion of central bore 144 can prevent sec-
ondary insert from moving axially towards distal end 116.
In some examples, projections 123 can be sized to be
as small as possible, to minimize a wall thickness of pri-
mary insert 102. In some examples, snap fits 120 can
include a quantity of snap fits 120 designed to reduce
stress in snap fits 120 during installation (compression
and expansion of snap fits 120) of secondary insert 104
in central bore 144. In some examples, a quantity of snap
fits 120 can be 1, 2, 3, 4, 5, or 6, and the like. In some
examples, snap fits 120 can include a geometry designed
to reduce stress in snap fits 120 during installation, such
as a tapered rectangular extension including a radially
extending projection, for example.
[0046] Sensor module 106 includes PCB 132, which
can be a printed circuit board configured to support and
electrically connect the components of sensor module
106. As discussed above, internal connector 126 con-
nects to external connector 124, which connects to coil
connector 122. Internal connector 126 is also electrically
connected to PCB 132 at a proximal end of PCB 132.
[0047] Capacitor 128, communication chip 130, first
sensor 134, second sensor 135, and third sensor 136
can also be electrically connected to PCB 132 and sup-
ported by PCB 132. First sensor 134, second sensor 135,
and third sensor 136 can be connected to optical fibers
143 to place first sensor 134 and/or second sensor 135
and/or third sensor 136 in communication with an envi-
ronment outside of sensor implant 100, such as synovial
fluid that can be found in a distal portion of femur 204.

First sensor 134, second sensor 135, and third sensor
136 can be electrochemical, amperometric, potentiomet-
ric, conduct metric, thermometric, optical, luminescent,
such as sensor configured to produce a signal as a func-
tion of glucose, temperature, oxygen (02), carbon dioxide
(CO2), or Ph. In one example, an optical sensor can be
configured to convert an optical signal into a sensor signal
that is a function of a measured optical condition, as dis-
cussed further below.
[0048] Cap 108 can be releasably securable to sec-
ondary insert 104, and in some examples can be releas-
ably securable to secondary insert bore 146. In some
examples, cap 108 can include threaded portion 142 hav-
ing a diameter smaller than a distal portion of cap 108.
Threaded portion 142 can extend towards proximal end
114. Secondary insert bore 146 can include internal
threaded portion 148 configured to receive threaded por-
tion 142 of cap 108. In some examples, inner ring 137
can be a seal such as an o-ring or other annular seal. In
some examples, inner ring 137 can be configured to sur-
round arms 138 and abut threaded portion 142 of cap
108 and internal threaded portion 148, creating a seal
between cap 108 and secondary insert bore 146.
[0049] Arms 138 can extend axially in a generally prox-
imal direction from a proximal surface of cap 108. Each
of arms 138 can include PCB slots 140, which can be
sized to receive and retain PCB 132. As discussed below,
in some examples, arms 138 can be diametrically spaced
to accommodate first sensor 134, second sensor 135,
and third sensor 136 between arms 138. In some exam-
ples, cap 108 can be configured to receive optical fibers
143, which can connect to PCB 132 and/or first sensor
134 and/or second sensor 135 and/or third sensor 136,
as discussed further below.
[0050] In operation of some examples, first sensor 134,
second sensor 135, and third sensor 136 can be inactive
(or passive) while installed in a patient. A physician or
other user can then use an external device to transmit
power to antenna coil 118 through induction of electro-
magnetic field powers. Antenna coil 118 can distribute
the power to sensor module 106, and more specifically
to communication chip 130. Communication chip 130 can
distribute power to first sensor 134, second sensor 135,
and third sensor 136, which can initiate their individual
measurement sequences. The external device can then
remain active, awaiting a return signal from antenna coil
118. Antenna coil 118 also can communicate through
load modulation of an externally applied electromagnetic
field.
[0051] In operation of some examples, optical fibers
143 can transmit to first sensor 134 and/or second sensor
135 and/or third sensor 136 an optical condition of the
environment of a distal portion of femur 204, such as the
joint cavity. The sensed condition can be converted
and/or correlated to conditions of the environment such
as temperature, Ph, and glucose by any of the sensors.
First sensor 134 and/or second sensor 135 and/or third
sensor 136 can produce sensor signals as a function of
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sensed conditions that can be transmitted from implant-
able sensor 100 to an external device (as described fur-
ther below).
[0052] In some examples, glucose, Ph, and tempera-
ture can be used to detect conditions indicative of infec-
tion. For example, an elevated temperature can be indic-
ative of the presence of an infection. In other examples,
a deviation in glucose or Ph may indicate an infection.
The external device can be configured to determine
whether or not an infection exists in the sampled envi-
ronment as a function of the signals received from im-
plantable sensor 100. In addition, a combination of mul-
tiple sensors readings can provide a risk indication of
local early infection, which can save cost and improve
quality of a patient’s life. Because sensor 100 is externally
powered, sensor 100 does not require internal power,
reducing the need for internal capacitors and power,
which can have regulatory advantages.
[0053] FIG. 5A illustrates a side view of a cap for an
implantable sensor, in accordance with at least one ex-
ample of this disclosure. FIG. 5B illustrates an isometric
view of a cap for a sensor module from a distal perspec-
tive, in accordance with at least one example of this dis-
closure. FIGS. 5A and 5B are discussed concurrently.
FIGS. 5A and 5B show cap 108, which can include inner
ring 137, arms 138, PCB slots 140, threaded portion 142,
optical fibers 143, head portion 150, and passageways
152.
[0054] FIGS. 5A and 5B are consistent with FIGS. 1-4,
but show further detail of cap 108, such as head portion
150, which has a diameter that is larger than threaded
portion 142 and arms 138. Head portion 150 can include
passageways 152, which can be bores, ports, and the
like, passing through head portion 150 and part or all of
threaded portion 142 to expose passageways 152 to a
distal side of cap 108 and an internal portion of secondary
insert 104.
[0055] Head portion can have a non-planar surface at
a distal end, such that a thickness T of a portion of head
portion 150 can be larger than a thickness t of another
portion of head portion 150. In one example, ports 152
can be positioned at the portion of head portion 150 hav-
ing thickness t, which can have the benefit of reducing a
length of optical fibers 143.
[0056] FIG. 6 illustrates implantable sensor 100 in-
stalled in femoral intramedullary canal 202 of femur 204,
and surrounded by femoral implant 212. FIG. 6 shows
cap 108, which can include optical fibers 143, head por-
tion 150, and passageways 152. Cap 108 of implantable
sensor 100, as shown in FIG. 6, can be connected and
operate consistently with FIGS. 1-5. FIG. 6 further shows
how cap 108 can be accessed when installed in intramed-
ullary canal 202 of femur 204, even after femoral implant
212 has been installed on femur 204.
[0057] Because cap 108 is accessible when installed
in intramedullary canal 202 and because cap 108 is re-
movably threaded to secondary insert 104 (shown in FIG.
3, for example), cap 108 can be removed from secondary

insert 104 when implantable sensor is installed in femoral
intramedullary canal 202. In some examples, cap 108
can be removed from secondary insert 104 when implant-
able sensor 100 is installed in femoral intramedullary ca-
nal 202 and while femoral implant 212 is installed. By
removing cap 108, sensor module 106 can also be re-
moved to allow for replacement or repair of components,
such as capacitor 128, without removal of the entirety of
implantable sensor 100.
[0058] FIG. 6 also shows how optical fibers 143 pass
through passageways 152 to reach an environment
around the joint cavity and an environment generally sur-
rounding the distal portion of femur 204. This way, optical
fibers 143 can transmit optical information sensed from
the environment near the distal area of femur 204, such
as synovial fluid, to sensors within implantable sensor
100, such as first sensor 134, second sensor 135, and
third sensor 136 (of FIGS. 3 and 4). In some examples,
optical fibers 143 may not be included and passageways
152 can act as conduits for synovial fluid (or other fluid),
drawing fluid through cap 108 for sensing.
[0059] In operation of some examples, optical fibers
143 can transmit to first sensor 134 an optical condition
of the environment of the joint cavity or the environment
around the distal termination of femur 204. First sensor
134 can then convert the optical condition into a sensor
signal that can be correlated to Ph or glucose of the
sensed environment. In some examples, second sensor
135 can produce a second sensor signal as a function
of a second sensed condition. Second sensor 135 can
also be connected to one or more optical fibers 143 for
producing a second sensor signal that can be correlated
to Ph or glucose of the sensed environment. In some
examples, third sensor 136 can be a temperature sensor,
such as a thermistor, for producing a third sensor signal
as a function of the temperature around third sensor 136.
Because implantable sensor 100 is implanted in in-
tramedullary canal, the internal temperature of implant-
able sensor 100 can be similar to the temperature of the
environment surrounding implantable sensor 100, such
as the temperature of intramedullary canal 202, joint cav-
ity, or the environment around the distal portion of femur
204. Any of first sensor 134, second sensor 135, and
third sensor 136 can be configured similarly to any other
of these sensors described above.
[0060] The sensor signals produced by first sensor
134, second sensor 135, and third sensor 136 can be
transmitted from implantable sensor 100 (as described
further below) to an external device that can be config-
ured to determine whether or not an infection exists in
the sampled environment. Not only can infections be
harmful to a patient’s health, infections can lead to re-
peated surgery and/or replacement of knee prostheses,
sometimes called revision surgeries. By detecting early
signs of infection, implantable sensor 100 can alert a pa-
tient and/or medical personnel to the existence of an in-
fection, which can help to prevent worsening of infections
and can therefore prevent future procedures, such as
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revisions, saving cost and improving quality of life.
[0061] FIG. 7A illustrates implantable sensor 100A
with antenna coil 118A installed in femoral intramedullary
canal 202 of femur 204 at a first coil angle θ1. FIG. 7B
illustrates implantable sensor 100B with antenna coil
118B installed in femoral intramedullary canal 202 of fe-
mur 204 at such that antenna coil 118B does not have a
coil angle. FIG. 7C illustrates implantable sensor 100C
with antenna coil 118C installed in femoral intramedullary
canal 202 of femur 204 at a second coil angle θ2.
[0062] Wireless signals transmitted to and from anten-
na coils 106A-C can be affected by soft tissues, bones,
and femoral implant 212. In one example, antenna coils
106A-106C can be optimized to transmit wireless signals
by varying an angle of antenna coils 106A-106C. In some
examples, such as the example shown in FIG. 6A, an-
tenna coil 118A can be placed within proximal portion
110 at first coil angle θ1, which can be an angle of 1°
through 90°, in some examples. In some other examples,
first coil angle θ1 can be an angle between about 8° and
about 10°, such as 9°.
[0063] In some examples, such as the example shown
in FIG. 7B, antenna coil 118B can be placed within prox-
imal portion 110 to have a coil angle of 0°. In some ex-
amples, such as the example shown in FIG. 7B, antenna
coil 118C can be placed within proximal portion 110 at
second coil angle θ2, which can be an angle of -1° through
-90°, in some examples. In some other examples, first
coil angle θ1 can be an angle between about -8° and
about -10°, such as -9°.
[0064] FIG. 8 illustrates a schematic of sensor module
104, which can include antenna coil 118, capacitor 128,
communication chip 130, PCB 132, first sensor 134, sec-
ond sensor 135, third sensor 136, optical fibers 143, and
tuning capacitor 156.
[0065] Capacitor 128, communication chip 130, first
sensor 134, second sensor 135, third sensor 136, and
tuning capacitor 156 can be soldered to or otherwise cou-
pled to PCB 132. PCB 132 can include a non-conductive
substrate with an etched copper plate as a laminated
layer that can provide the electrical connections of PCB
132.
[0066] Communication chip 130 can be a communica-
tion processor configured to receive inputs, process in-
put, and produce output formatted for wireless transmis-
sion. For example, communication chip 130 can be a
near field contact chip (NFC) including a low-power mi-
crocontroller.
[0067] In some examples, capacitor 128 can be con-
figured to store power received from antenna coil 118,
which can be distributed to power communication chip
130, which can then be distributed by communication
chip 130 to other components of sensor module 104, as
necessary. In some examples, capacitor 128 can be a
replaceable battery, and the like, configured to provide
power to communication chip 130, which can then be
distributed by communication chip 130 to other compo-
nents of sensor module 104, as necessary.

[0068] In some examples, tuning capacitor 156 can be
connected in parallel to antenna coil 118 and electrically
connected to communication chip 130. Tuning capacitor
156 can be used for radio frequency (RF) tuning of an-
tenna coil 118 to optimize sending and receiving of wire-
less signals from and to antenna coil 118.
[0069] As shown in FIG. 8, first sensor 134 and second
sensor 135 can be connected to receive power and con-
trol signals from communication chip 130. First sensor
134 and second sensor 135 can also be communicatively
coupled to communication chip 130. In some examples,
optical fibers 143 can connect directly to first sensor 134
and second sensor 135, as shown in FIG. 8. In some
examples, optical fibers 143 can be other types of con-
ductors, such as wires.
[0070] Third sensor 136 is shown as being a resistive
temperature sensor, such as a thermistor, and the like.
In some other examples, third sensor 136 can be config-
ured similarly to first sensor 134 and second sensor 135.
[0071] In operation of one embodiment, sensor 100
can be inactive. Then, an external device can transmit
power using induction to antenna coil 118, which can be
distributed to communication chip 130 and then on to first
sensor 134, second sensor 135, and third sensor 136.
Thereafter, first sensor 134, second sensor 135, and third
sensor 136 can be controlled to take individual measure-
ments by communication chip 130, as may be instructed
by the external device.
[0072] Then, communication chip 130 can receive a
first sensor signal from first sensor 134, a second sensor
signal from second sensor 135, and a third sensor signal
from third sensor 136. Communication chip 130 can an-
alyze and/or format the received sensor signals for wire-
less transmission via antenna coil 118. Because first sen-
sor 134, second sensor 135, and third sensor 136 can
be configured to produce sensor signals indicative of the
presence of an infection in an environment surrounding
implantable sensor 100, such as the environment of a
human knee, sensor module 104 can enable implantable
sensor 100 to transmit wireless signals via communica-
tion chip 130 and antenna coil 118 to an external device
to help detect the existence of an infection.
[0073] To reduce power consumption, communication
chip may send and receive signals to and from first sensor
134, second sensor 135, and third sensor 136 in prede-
termined time intervals. Similarly, communication chip
can send and receive signals to and from antenna coil
118 in predetermined time intervals.
[0074] FIG. 9A illustrates an isometric view of second-
ary insert 104. FIG. 9B illustrates a plan view of second-
ary insert 104. FIG. 9C illustrates a proximal end view of
secondary insert 104. FIG. 9D illustrates a distal end view
of primary insert 104. FIG. 9E illustrates a cross-section
view of secondary insert 104 across indicators 9E-9E of
FIG. 9A. FIG. 9F illustrates a cross-section view of sec-
ondary insert 104 across indicators 9F-9F of FIG. 9E.
FIGS. 9A-9F are discussed concurrently.
[0075] FIGS. 9A-9F are consistent with FIGS. 1, 3, and
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4 discussed above, but show additional details of sec-
ondary insert 104, which can include snap fits 120 having
projections 123, and can include coil connector 122, sec-
ondary insert bore 146, internal threaded portion 148,
ribs 158, rib channels 160, and distal channels 162.
[0076] As shown in FIG. 9E, secondary insert bore 146
can extend from a distal end of secondary insert 104
towards and through a proximal end. Secondary insert
bore 146 can have a diameter that varies. For example,
a diameter of secondary insert bore 146 can be larger
between the proximal and distal ends of secondary insert
104 to accommodate sensor module 106, as shown in
FIGS. 3 and 4. Secondary insert bore 146 can be smaller
at the proximal end of secondary insert 104 to provide a
passage sized to secure coil connector 122. Further, sec-
ondary insert bore 146 can be smaller at the proximal
end of secondary insert 104 to provide additional material
thickness for snap fits 120. At the distal end of secondary
insert 104, secondary insert bore 146 can include internal
threaded portion 148 that can be configured to threadably
engage threaded portion 142 of cap 108, as shown in
FIGS. 3 and 4.
[0077] In some examples, secondary insert 104 can
include ribs 158, which can extend axially along an outer
surface of secondary insert 104 between the distal and
proximal ends of secondary insert 104. As shown in FIG.
9E, ribs 158 can have be radial projections having a ge-
ometric shape similar to a triangular prism, in some ex-
amples, but can have other geometric shapes in some
other examples. Ribs 158 can be placed around an en-
tirety of the circumference of secondary insert 104, in
some examples. In some other examples, ribs 158 can
be interrupted by rib channels 160, as described further
below. Ribs 158 can be spaced by angle A, as shown in
FIG. 9F. Angle A can be an angle of about 5° to about
180° in some examples. In some examples, angle A can
be an angle of about 10° to about 20° in other examples,
such as 15°, for example. The geometric shape and spac-
ing of ribs 158 can dictate a quantity of ribs 158 disposed
around the circumference of secondary insert 104. In the
example of FIG. 9F, the ribs can be spaced at 15°, except
for where rib grooves create a larger space between ribs
158, such that 20 of ribs 158 are spaced around the cir-
cumference of secondary insert 104.
[0078] In operation of some examples, ribs 158 can
engage with grooves of primary insert 102 (shown in later
figures), to circumferentially secure secondary insert 104
within primary insert 102. In some examples, the consist-
ent spacing between ribs 158 and the uniform geometry
of ribs 158 can allow secondary insert 104 to be inserted
and secured in primary insert 102 in a variety of positions,
as discussed further below.
[0079] In some examples, secondary insert 104 can
include rib channels 160, which can extend axially along
an outer surface of secondary insert 104 between the
distal and proximal ends. Rib channels 160 can be ap-
proximately the same length as ribs 158. In some exam-
ples, rib channels can be a space between ribs 158, and

in some examples, rib channels 160 can be a groove or
channel in the outer surface of secondary insert 104.
[0080] In some examples, secondary insert 104 can
include distal channels 162, which can be a groove or
channel formed in the outer surface of secondary insert
104 proximate the distal end. Distal channels 162 can
have a quantity equal to the quantity of rib channels 160,
and can be circumferentially aligned with rib channels
160. In operation of some examples, rib channels 160
and distal channels 162 can be configured to allow air to
escape from primary insert 102 when secondary insert
104 is inserted into primary insert 102. This can prevent
a pressure from building within primary insert 102 during
installation of secondary insert 104.
[0081] FIG. 10A illustrates a plan view of primary insert
102, in accordance with at least one example of this dis-
closure. FIG. 10B illustrates a cross-section view of pri-
mary insert 102 across indicators 10B-10B of FIG. 10A,
in accordance with at least one example of this disclo-
sure. FIG. 10C illustrates a cross-section view of primary
insert 102 across indicators 10C-10C of FIG. 10B, in ac-
cordance with at least one example of this disclosure.
FIGS. 10A-10C are discussed concurrently.
[0082] FIGS. 10A-10C are consistent with FIGS. 1, 3,
and 4 below, but show additional details of primary insert
102, which can include proximal portion 110, distal por-
tion 112, proximal end 114, distal end 116, central bore
144, fins 164, distal opening 166, alignment grooves 168,
and distal flange 170.
[0083] Central bore 144 can be a bore beginning at
distal opening 166 proximate distal end 116 and extend-
ing through distal portion 112 and proximal portion 110,
terminating in proximal portion 110 prior to proximal end
114. In some examples, central bore 144 can have a
diameter in proximal portion 110 that is larger than a sec-
ond diameter in distal portion 112.
[0084] Fins 164 can be radial projections extending ax-
ially along an outer surface of distal portion 112 of primary
insert 102. Fins 164 can be circumferentially disposed
around distal portion 112 and can include a quantity of
fins 164 such as 1, 2, 3, 4, 5, 6, 10, 15, and the like. Fins
164 can be configured to engage an intramedullary canal
of a femur, such as intramedullary canal 202 of FIG. 2,
to prevent axial and rotational movement of primary insert
102 relative to intramedullary canal 202 and femur 204,
for example.
[0085] Distal flange 170 can be integral to distal portion
112 and can be located at distal end 116. Distal flange
170 can have an outer diameter that is larger than a di-
ameter of distal portion 112 and equal to an outer dia-
metric dimension of fins 164. In operation of some ex-
amples, distal flange 170 can provide a mating surface
for cap 108.
[0086] Alignment grooves 168 can be grooves formed
in an inner surface of distal portion 112, that extend ra-
dially into central bore 144 and extend axially along bore
144 beginning proximate distal end 116 and terminating
prior to proximal portion 110. Alignment grooves 168 can
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be spaced by angle B, as shown in FIG. 10C. Angle B
can be an angle of about 5° to about 180° in some ex-
amples. In some examples, angle B can be an angle of
about 10° to about 20° in other examples, such as 15°,
for example.
[0087] The geometric shape and spacing of alignment
grooves 168 can be designed to mate with ribs 158 of
FIGS. 9A-9F. In this way, ribs 158 can be required to
align with alignment grooves 168 for secondary insert
104 to be inserted into primary insert 102. Alignment
grooves 168 can be configured to have a relatively tight
fit with ribs 158 so that secondary insert 104 can be easily
inserted into and removed from primary insert 102 while
preventing secondary insert 104 from rotating relative to
primary insert 102 while secondary insert 104 is within
primary insert 102.
[0088] Because alignment grooves 168 are of the
same shape and size as ribs 158, secondary insert 104
can be inserted into primary insert 102 in many orienta-
tions. In operation of some examples, the exposure of
optical fibers 143 (of FIG. 3, for example) to synovial fluid
around femur 204 (of FIG. 2, for example) can be im-
proved by altering an orientation of secondary insert 104
relative to primary insert 102 during a procedure. That
is, once cap 108 (of FIG. 3, for example) is secured to
secondary insert 104, the position of optical fibers 143
are fixed relative to cap 108 and secondary insert 104.
And, once primary insert 102 is installed into a femur,
such as femur 204 (of FIG. 2, for example), a position of
primary insert 102 is fixed relative to femur 204. There-
fore, after primary insert 102 has been installed in in-
tramedullary canal 102, secondary insert 104 can rotated
to optimize exposure of optical fibers 143 to their sur-
rounding environment, such as the joint cavity, which can
improve sensor performance.
[0089] FIGS. 11A-11C illustrate steps of a surgical pro-
cedure, in accordance with at least one example of this
disclosure. In the step shown in FIG. 11A, a bore can be
drilled using drill 1100 in intramedullary canal 202 of fe-
mur 204. In the step shown in FIG. 11B, each of trial rods
1104A-1104D can be inserted into the bore drilled in in-
tramedullary canal 204 for the purpose of selecting a size
of implantable sensor 100 that will have an appropriate
fit within intramedullary canal 202. In the step shown in
FIG. 11C, implantable sensor 100 having an appropriate
size can be inserted into intramedullary canal 202, where
mallet 1106 can be used to apply the force necessary to
entirely insert and secure implantable sensor 100 into
intramedullary canal 202 of femur 204.
[0090] FIG. 12 illustrates a schematic of components
of sensor system 1200, in accordance with at least one
example of this disclosure. Sensor system 1200 includes
sensor 1202, external device 1204, central device 1206,
central device database 1208, expert device 1210, and
connection medium 1212.
[0091] Sensor 1202 can be an implantable sensor con-
sistent with FIGS. 1-10. External device 1204 can be a
portable device, such as a handheld computer, for ex-

ample, a smart phone, a tablet, a laptop with a connected
sensor, or any other portable computing device including
a processor and wireless communication capabilities. In
yet other examples, expert device 1204 can include only
transmitting and energy transmitting functionalities. Cen-
tral device 1206 and expert device 1210 can be a portable
device, as described above, or can be a stationary device
or devices, such as a desktop computer or a central serv-
er system accessible through a program or online inter-
face, such as a web page. Central device database 1208
can be a database for storing measurements and anal-
ysis from external device 1204, central device 1206, and
expert device 1210. Central device database 1208, ex-
ternal device 1204, central device 1206, and expert de-
vice 1210 can include machine readable medium. The
terms "machine readable medium" may include any me-
dium that is capable of storing, encoding, or carrying in-
structions for execution by the device and that cause the
device to perform any one or more of the techniques of
the present disclosure, or that is capable of storing, en-
coding or carrying data structures used by or associated
with such instructions. Non-limiting machine readable
medium examples may include solid-state memories,
and optical and magnetic media. Specific examples of
machine readable media may include: non-volatile mem-
ory, such as semiconductor memory devices (e.g., Elec-
trically Programmable Read-Only Memory (EPROM),
Electrically Erasable Programmable Read-Only Memory
(EEPROM)) and flash memory devices; magnetic disks,
such as internal hard disks and removable disks; mag-
neto-optical disks; and CD-ROM and DVD-ROM disks.
[0092] Connection medium 1212 can be a communi-
cation network utilizing any one of a number of transfer
protocols (e.g., frame relay, internet protocol (IP), trans-
mission control protocol (TCP), user datagram protocol
(UDP), hypertext transfer protocol (HTTP), etc.). Exam-
ple communication networks may include a local area
network (LAN), a wide area network (WAN), a packet
data network (e.g., the Internet), mobile telephone net-
works (e.g., cellular networks), Plain Old Telephone
(POTS) networks, and wireless data networks (e.g., In-
stitute of Electrical and Electronics Engineers (IEEE)
802.11 family of standards known as Wi-Fi® or IEEE
802.15.4 family of standards known as ZigBee)), as the
personal area network family of standards known as
Bluetooth® that are promulgated by the Bluetooth Spe-
cial Interest Group, peer-to-peer (P2P) networks, among
others. Connection medium 1212 can also be a combi-
nation of networks.
[0093] Sensor 1202 can be in communication with ex-
ternal device 1204 through a wireless connection, such
as Bluetooth, NFC, wi-fi, other electromagnetic based
communication protocols, and the like. External device
1204, central device 1206, central device database 1208,
and expert device 1210 can be in wireless or wired com-
munication with connection medium 1212. Sensor sys-
tem 1200 can operate as described in the FIGS. above,
and in the method described below in FIG. 13.
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[0094] FIG. 13 illustrates a method 1300 of using sen-
sor system 1200 of FIG. 12, in accordance with at least
one example of this disclosure. The steps or operations
of method 1300 are illustrated in a particular order for
convenience and clarity; many of the discussed opera-
tions can be performed in a different sequence or in par-
allel without materially impacting other operations. Meth-
od 1300 as discussed includes operations performed by
multiple different actors, devices, and/or systems. It is
understood that subsets of the operations discussed in
method 1300 attributable to a single actor, device, or sys-
tem could be considered a separate standalone process
or method. At step 1302, the method 1300 can begin with
an intramedullary canal being drilled, so that an implant-
able sensor can be inserted into the intramedullary canal
at step 1304. At step 1306, the method 1300 can continue
with a computing device, such as external device 1204
of FIG. 12, connecting to the sensor. At this time, a com-
municative link can be confirmed and transmission of
power and data can occur between the external device
and sensor to functionally test the connection.
[0095] After completion of the surgical procedure at
step 1308, the external device can distribute power to
sensor 1202, enabling communication between the ex-
ternal device and sensor 1202, which is implanted into
the patient. For example, sensor data, such as temper-
ature, Ph, and glucose readings, can be transmitted from
sensor 1202 to external device 1204. External device
1204 can perform analysis and then communicate with
central device 1206 at step 1312. Central device 1206
can perform further analysis at step 1314, before com-
municating with expert device 1210 at step 1316. In some
examples, analysis can be performed in external device
1204 at step 1310 prior to communication with central
device 1206.
[0096] Analysis performed at steps 1314 and 1318 can
include analyzing data from sensor 1202 to determine
the presence of an infection. Other analysis such as de-
termining remaining capacitor health, signal strength,
and component functionality may also be performed. In
some examples, where the device is battery-powered,
wireless charging of the battery can be performed.
[0097] At step 1318 an expert may perform analysis
outside of expert device 1210, which can then be entered
into expert device 1210. Thereafter, expert device 1210
can then communicate with central device 1206 at step
1320 to relay any additional data and/or analysis per-
formed at step 1318. Thereafter, all of the analysis and
data derived from central device 1206, central device da-
tabase 1208, and expert device 1210 can be communi-
cated to external device 1204 at step 1322, where a user
can view the data and analysis to make a decision re-
garding the joint in which sensor 1202 is installed, or can
receive an instruction containing a decision.
[0098] This method offers the benefit of providing
measurement data from within a joint containing a pros-
thesis that can be used to detect the presence of an in-
fection. Moreover, the data can be sent to multiple de-

vices, such as an external device, a central device, a
central device database, and an expert device, to provide
detailed and in-depth analysis on the data retrieved, such
as comparing the data to data received from other sen-
sors, and analysis performed by experts possessing
knowledge not readily available, to determine the pres-
ence of an infection or other problem.
[0099] Method examples described herein may be ma-
chine or computer-implemented at least in part. Some
examples may include a computer-readable medium or
machine-readable medium encoded with instructions op-
erable to configure an electronic device to perform meth-
ods as described in the above examples. An implemen-
tation of such methods may include code, such as mi-
crocode, assembly language code, a higher-level lan-
guage code, or the like. Such code may include computer
readable instructions for performing various methods.
The code may form portions of computer program prod-
ucts. Further, in an example, the code may be tangibly
stored on one or more volatile, non-transitory, or non-
volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tan-
gible computer-readable media may include, but are not
limited to, hard disks, removable magnetic disks, remov-
able optical disks (e.g., compact disks and digital video
disks), memory cards or sticks, random access memo-
ries (RAMs), read only memories (ROMs), and the like.
[0100] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced. These embodiments are also re-
ferred to herein as "examples." Such examples can in-
clude elements in addition to those shown or described.
However, the present inventors also contemplate exam-
ples in which only those elements shown or described
are provided. Moreover, the present inventors also con-
template examples using any combination or permuta-
tion of those elements shown or described (or one or
more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof)
shown or described herein.
[0101] In the event of inconsistent usages between this
document and any documents so incorporated by refer-
ence, the usage in this document controls.
[0102] In this document, the terms "a" or "an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and "A and B," unless otherwise indicated. In this docu-
ment, the terms "including" and "in which" are used as
the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended,
that is, a system, device, article, composition, formula-
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tion, or process that includes elements in addition to
those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms "first," "second," and "third,"
etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.
[0103] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. The Ab-
stract is provided to comply with 37 C.F.R. §1.72(b), to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understand-
ing that it will not be used to interpret or limit the scope
or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together
to streamline the disclosure. This should not be interpret-
ed as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter
may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby in-
corporated into the Detailed Description as examples or
embodiments, with each claim standing on its own as a
separate embodiment, and it is contemplated that such
embodiments can be combined with each other in various
combinations or permutations. The scope of the invention
should be determined with reference to the appended
claims, along with the full scope of equivalents to which
such claims are entitled.

Claims

1. An implantable sensor configured to be inserted in
an intramedullary canal, the implantable sensor
comprising:

a primary insert including a distal end, a proximal
end opposite the distal end, and a central bore
extending from an opening in the distal end to-
wards the proximal end;
a secondary insert receivable within the central
bore through the opening, the secondary insert
comprising:

a body removably engageable with an in-
side surface of the central bore; and
a sensor module disposable within the body
and configured to produce a sensor signal
as a function of a first sensed parameter
indicative of infection; and

an antenna disposed in the central bore, the an-
tenna configured to:

transmit a wireless signal as a function of

the sensor signal.

2. The implantable sensor of claim 1, wherein the sen-
sor comprises one of a temperature sensor, a pH
sensor, an oxygen sensor, a carbon dioxide sensor,
and a glucose sensor.

3. The implantable sensor of any of claims 1-2, wherein
the antenna is configured to receive power from an
external source and distribute the power to the sen-
sor.

4. The implantable sensor of any of claims 1-3, wherein
the secondary insert further comprises:

a cap releasably securable to the secondary in-
sert.

5. The implantable sensor of any of claims 1-4, wherein
the cap and sensor module are releasable from the
secondary insert while the secondary insert is insert-
ed in the intramedullary canal.

6. The implantable sensor of any of claims 1-5, wherein
the cap further comprises:

a plurality of legs projecting proximally from a
proximal surface of the cap and configured to
retain the sensor capsule.

7. The implantable sensor of any of claims 1-6, wherein
the secondary insert further comprises:

a second sensor configured to produce a second
sensor signal as a function of a second sensed
parameter indicative of infection; and
a third sensor configured to produce a third sen-
sor signal as a function of a third sensed param-
eter indicative of infection.

8. The implantable sensor of any of claims 1-7, wherein
the antenna coil is positionable within the proximal
portion to change a coil angle relative to the sensor
module

9. The implantable sensor of any of claims 1-8, wherein
the secondary insert further comprises:

an optical fiber connected to the sensor and ex-
tending through a periphery of the secondary
insert to expose the optical fiber to a joint cavity
adjacent to the intramedullary canal to send an
optical signal to the sensor as a function of
sensed optical conditions of the joint cavity.

10. The implantable sensor any of claims 1-9, further
comprising:
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a cap releasably securable to the secondary in-
sert, the cap comprising:

a passage exposing the sensor module to
the joint cavity, the passage receivable of
the optical fiber.

11. The implantable sensor any of claims 1-10, wherein
the central bore further comprises a plurality of
grooves extending axially along a surface of the cen-
tral bore, and wherein the secondary insert further
comprises a plurality of ribs projecting radially out-
ward from an outer surface of the secondary insert
and extending axially along the outer surface, the
plurality of ribs mateable with the plurality of grooves
to prevent rotation of the secondary insert relative to
the primary insert.

12. The sensor module of any of any of claims 1-11,
wherein the secondary insert further comprises:

a communication chip connected to the antenna
and the sensor, the communication chip config-
ured to process the sensor signal and distribute
power from the antenna to the sensor.

13. The implantable sensor of any of claims 1-12, where-
in the secondary insert comprises a snap fit connec-
tion securable to the central bore, and wherein the
snap fit connection comprises a plurality of straight
arms, each arm of the plurality of arms including a
projection extending radially from a proximal termi-
nation of each arm.

14. A system including the sensor of any of claims 1-13,
the system further comprising:

an external computing device comprising:

a communication circuit configured to wire-
lessly receive the sensor signal transmitted
via the antenna and deliver power to the an-
tenna;
a processor communicatively coupled to the
communication circuit and configured to
process the sensor signal and generate a
graphical user-interface as a function of the
sensor signal; and
a display device communicatively coupled
to the processor and configured to display
the graphical user-interface.

15. The system of claim 14, further comprising:

a central device in communication with the ex-
ternal computing device, the central device con-
figured to analyze data received from the exter-
nal computing device and return analysis to the

external computing device; and
an expert device in communication with at least
one of the external computing device and the
central device, the expert device configured to:

analyze data received from at least one of
the external computing device the central
device; and
analyze analysis received from the central
device.
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