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Methods and systems for detecting a biological response 
indicative of osteolysis or preconditions in bone. 
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METHODS FOR DETECTING OSTEOLYTIC 
CONDITIONS IN THE BODY 

BACKGROUND OF THE INVENTION 

0001. The present disclosure relates generally to methods 
and devices for detecting osteolytic conditions or pre-condi 
tions in the body. 
0002 Human joints, such as the knee, shoulder, elbow, 
hip, and vertebral joints can be replaced by prostheses or 
implants. Such prostheses can be fixed to Surrounding bone 
by bone ingrowth into the implant or external features that 
extend into the bone. Additionally, implants can be fixed in 
the bone with a cement agent, such as polymethylmethacry 
late. 

0003. It has been determined that the debris created by the 
wearing of a prosthetic implant may contribute to local bone 
destruction and osteolysis. Unfortunately, it is difficult to 
detect the synthetic debris particles and/or their concentration 
in the body. 
0004 Loosening of the boney attachment to the implant or 
the cement agent and/or material debris from the wear of the 
prosthetic itself can cause additional problems for the patient. 
Thus, there remains a need for improvements in the detection 
of conditions that may impact bone quality. 

SUMMARY OF THE INVENTION 

0005 According to certain embodiments described 
herein, a detection system for detecting a condition in a bone 
is provided. 
0006. According to one embodiment, a detection system 
includes an in vivo sensor, which is operable to detect a 
condition of a bone, and generate a signal representative of 
the detected condition. The sensor may detect a condition 
present in the bone, or adjacent to the bone. 
0007. In one embodiment, the detection system further 
includes a transmitter, which is operable to receive the signal 
from the sensor and transmit the signal. In a further embodi 
ment, the detection system further comprises a receiver, 
which is operable to receive the signal from the transmitter 
and to enable a human intelligible display representative of 
the signal. 
0008. In still another embodiment, the detection system 
further comprises a signal processor, which is operable to 
receive a signal from the sensor and to transmit the signal, and 
a transmitter, which is operable to receive the signal from the 
signal processor and to transmit the signal. In a further 
embodiment, the detection system includes a receiver, which 
is operable to receive the signal from the transmitter. Accord 
ing to one Such embodiment, the receiver includes another 
signal processor, which is operable to receive the signal from 
the receiver and to transmit the signal, and an indicator, which 
is operable to receive the signal from the second signal pro 
cessor and enable a human intelligible display representative 
of the signal. 
0009. According to still other embodiments described 
herein, a method of detecting a condition of a bone is pro 
vided. According to one such embodiment, the method 
includes disposing a sensor in or adjacent to the bone, obtain 
ing data from the sensor representative of at least one condi 
tion selected from temperature, pH, a presence of inflamma 
tory cytokines, a presence of matrix metalloproteinases 
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(MMPs), a presence of calcium ions and a presence of phos 
phate ions, and displaying the data in a human intelligible 
form. 
0010. The disclosure can be more clearly understood by 
reference to the following drawings, which illustrate exem 
plary embodiments thereof, and which are not intended to 
limit the scope of the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

0011 FIG. 1 is a schematic of one embodiment of a detec 
tion system as described herein. 
0012 FIG. 2A is a front view of another embodiment of a 
detection system as described herein, which system is in use 
in an area where a hip prosthesis has been implanted. 
0013 FIG. 2B is a front view of another embodiment of a 
detection system as described herein, which system is in use 
in an area where a hip prosthesis has been implanted. 
0014 FIG. 3A is a front view of yet another embodiment 
of a detection system as described herein, which system is in 
use in an area where a hip prosthesis has been implanted. 
0015 FIG. 3B is a front view of still another embodiment 
of a detection system as described herein, which system is in 
use in an area where a hip prosthesis has been implanted. 
0016 FIG. 4A is an enlarged front view of one embodi 
ment of a hip prosthesis. 
0017 FIG. 4B is an enlarged side view of one embodiment 
of a sensor Suitable for use in a detection system, such as the 
detection systems illustrated in FIGS. 2 and 3. 
0018 FIG. 4C is an enlarged cross-sectional side view of 
the sensor illustrated in FIG. 4B, engaging the hip prosthesis 
illustrated in FIG. 4A and adjacent bone. 
(0019 FIG. 5A is an enlarged front view of another 
embodiment of a hip prosthesis. 
0020 FIG. 5B is an enlarged side view of another embodi 
ment of a sensor Suitable for use in a detection system, such as 
the detection systems illustrated in FIGS. 2 and 3. 
0021 FIG. 5C is an enlarged cross-sectional side view of 
the sensor illustrated in FIG. 58, engaging the hip prosthesis 
illustrated in FIG. 5A and adjacent bone. 
0022 FIG. 6 is an enlarged cross sectional view of another 
embodiment of a sensor Suitable for use in a detection system 
as described herein, which sensor is disposed on an external 
Surface of a prosthesis. 
0023 The disclosure can be more clearly understood by 
reference to some of its specific embodiments, described in 
detail below, which description is not intended to limit the 
Scope of the claims in any way. 

DETAILED DESCRIPTION 

0024. Referring now to FIG. 1, one embodiment of a sys 
tem for detecting a condition in the body according to the 
present disclosure is illustrated. 
0025. According to the embodiment illustrated in FIG. 1, 
a detection system 100 comprises a sensor 105, a signal 
processor 107, and a transmitter 115. The sensor 105 and the 
signal processor 107 are communicatively coupled by com 
munication means 108, and the signal processor 107 and the 
transmitter 115 are communicatively coupled by communi 
cation means 110. Communication means 108 and 110 can be 
wired or wireless, as will be discussed further herein. In 
certain embodiments, signal processor 107 could contain a 
memory unit, or could be communicatively coupled to a 
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memory unit. As will be discussed further herein, a memory 
unit would store data received from the signal processor. 
0026. For ease of reference, the sensor 105, signal proces 
sor 107, and transmitter 115, are illustrated separately in FIG. 
1, and are discussed as separate units herein. However, it is 
fully contemplated that the functions of each may be com 
bined into a single component or distributed among a plural 
ity of components. 
0027 Sensor 105 is designed for implantation into the 
body of a patient. In some embodiments, sensor 105 is dis 
posed adjacent to a prosthesis, such as a hip, knee, shoulder, 
wrist, jaw or vertebral implant. In some such embodiments, 
sensor 105 is physically associated with the prosthesis, for 
example, such as described in FIGS. 4-6. In other embodi 
ments, sensor 105 is not physically associated with the pros 
thesis. For example, sensor 105 could be engaged in bone or 
embedded in soft tissue in the proximity of the prosthesis. 
0028 Sensor 105 is operable to detect conditions in bone 
associated with osteolysis occurring in the bone, or condi 
tions in the bone indicative of an early onset of osteolysis 
("osteolytic pre-conditions'). For example, an increase in 
temperature in the bone, an increase in the pH level of the 
bone, the presence of inflammatory cytokines (for example, 
TNF, IL-1, and IL-6), and the presence of certain analytes are 
associated with osteolysis and/or osteolytic pre-conditions. 
Analytes associated with osteolysis and/or osteolytic pre 
conditions may include calcium ions and/or phosphate ions. 
Other analytes associated with osteolysis and/or osteolytic 
pre-conditions may include bone degradation products such 
as matrix metalloproteinases (MMPs), or similar bone deg 
radation products. Still other analytes associated with 
osteolysis and/or osteolytic pre-conditions may include par 
ticular genes, proteins, chemicals, bacterial or similar bio 
logical Substances. 
0029. Thus, a detection system as described herein could 
include a sensor or a plurality of sensors operable to detect 
one or more of a temperature increase, a pH increase, the 
presence of inflammatory cytokines, or the presence of a 
selected analyte. Accordingly, in certain embodiments, sen 
Sor 105 can be one or more of a temperature sensor (e.g., a 
thermocouple or a thermister), a pH sensor, a biosensor oper 
able to detect the presence of calcium ions, a biosensor oper 
able to detect bone degradation products or signals indicative 
of bone degradation, Such as matrix metalloproteinases 
(MMPs) or similar molecules, or an in vivo assay operable to 
detect the presence of inflammatory cytokines. One type of 
pH sensor suitable for use in the detection system described 
herein is an iridium oxide based potentiometric electrode sold 
by SensIrOX Inc. Fiber optic pH sensors should also be suit 
able. As yet another example, sensors operable to detect the 
presence of ions such as calcium or phosphate could have a 
permeable membrane selective to the ion to be detected. 
0030 Sensor 105 will detect one or more of temperature, 
pH, the presence of inflammatory cytokines or the presence of 
an analyte, and will transmit a corresponding signal to the 
signal processor 107. In certain embodiments, the signal pro 
cessor will receive signals from the sensor for an initial period 
in order to generate a baseline representative of the detected 
condition (e.g., a baseline for temperature, pH, presence of an 
analyte). After a baseline has been established, then the signal 
processor 107 will continue to receive signals from the sensor 
105. If the signal received deviates from the baseline, then the 
signal processor sends a deviation signal to the transmitter 
115 indicating a deviation from the baseline. 
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0031. In an embodiment in which the signal processor 
includes or is coupled to a memory unit, data representative of 
the baseline can be stored. In a further embodiment, the 
memory unit may be configured to store data it receives from 
the signal processor that is either outside the normal signal 
range or within the range of signals being detected. In yet 
another embodiment, a memory unit may store data such as a 
timestamp of the signal, the specific characteristics of the 
signal, or any other relevant data. It is fully contemplated that 
a memory unit may utilize known compression algorithms 
and functions to save on memory and size requirements. 
0032. In addition, it is contemplated that two or more 
sensors may be used to Verify readings and account for poten 
tial hardware failures in the system. The plurality of sensors 
may generate an aggregate baseline and deviations by one or 
more sensors from the aggregate baseline may cause the 
system to generate the deviation signal. 
0033. In other embodiments, control sensors could be 
positioned at locations remote from the area of interest where 
sensor 105 would be positioned. Signals indicative of tem 
perature, pH, presence of inflammatory cytokines, and/or 
presence of analytes generated by the control sensors could 
be wirelessly sent to the signal processor, where the signals 
could be compared to signals generated by sensor 105. If the 
signals generated by sensor 105 deviate from the signals 
generated by control sensors, then the signal processor would 
send a signal to the transmitter 115. In still other embodi 
ments, all signals generated by the sensor 105 are processed 
through the transmitter 115 without screening by the signal 
processor. 
0034) Transmitter 115 is adapted for receiving signals 
from the signal processor 107 via communication means 110. 
Transmitter 115 is also adapted for transmitting a signal rep 
resentative of the signal received from the signal processor to 
a receiver 125 via communication means 129. In certain 
embodiments as will be discussed further with respect to FIG. 
2A, receiver 125 is located outside of the patient's body, while 
in other embodiments, as will be discussed further with 
respect to FIG.2B, receiver 125 is located within the patient’s 
body. 
0035 Referring still to FIG. 1, in certain embodiments, 
communication means 129 are adapted for communicating 
wirelessly with communication means 130 of receiver 125. 
There are several types of wireless telemetry circuits that may 
be employed for communication means 110, 129 and 130. For 
example, RF, such as RFID; inductive telemetry; acoustic 
energy; near infrared energy; "Bluetooth'; and computer net 
works are all possible means of wireless communication. In 
one embodiment, communication means 129 and 130 are 
adapted for RFID communication Such that communication 
means 129 is a passive RFID tag. Using a passive RFID tag 
helps limit the power requirements of communication means 
129, yet still allows wireless communication to receiver 125. 
0036. In other embodiments, the transmitter comprises a 
modulator/transmitter that converts the Voltage signal 
received from the sensor into a transmission signal, and trans 
mits the converted signal to the receiver. While the specific 
characteristics of the internal modulator/transmitter may 
vary, the components will be appropriate for implantation 
within a patient, and will transmit a signal through the 
patient's body, including Surrounding tissues, to the receiver. 
0037 Detection system 100 further comprises a power 
source 120, which is electrically connected to one or more of 
the sensor 105, the signal processor 107, the communication 
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means 108, 110 or 129, and the transmitter 115. The sensor 
105 can be directly electrically connected to the power source 
120, or can be connected through the transmitter 115. Sensor 
105 and communication means 110 may use the power source 
120 to facilitate the sending of signals to the transmitter 115. 
Transmitter 115 may use the power source to convert signals 
received from the signal processor, and/or to transmit signals 
received from the signal processor to the receiver. 
0038. In some embodiments, power source 120 comprises 
a battery, for example, a lithium iodine battery similar to those 
used for other medical implant devices such as pacemakers. 
However, any type of battery suitable for implantation can be 
used. It is also fully contemplated that the power source 120 
may include a plurality of batteries or rechargeable batteries. 
In other embodiments, power source 120 may comprise a 
passive power Supply, such as the type of power Supply used 
in RFID tags. 
0039. In still other embodiments, the detection system 
may be externally powered by inductive coupling or other 
transmissive means from an external power Supply. The 
detection system may also be powered by capacitor arrays, or 
one or more capacitors, which store the energy received from 
an external power Supply. Additionally or alternatively, the 
detection system may only operate when the external power 
Supply is energizing the system, and may be in a dormant 
condition when not receiving power from the external power 
Supply. 
0040. Referring still to FIG. 1, a receiver 125 is adapted for 
receiving and displaying, in human intelligible form, infor 
mation received from transmitter 115. Receiver 125 com 
prises communication means 130, a signal processor 135, and 
an indicator 140. In the embodiment illustrated in FIG. 1, a 
power Supply 145 Supplies power to any electrical compo 
nents of the receiver 125. Such an embodiment would be 
preferred if the receiver is external to the patient's body, i.e., 
if the receiver is "ex vivo”. In an embodiment where the 
receiver is internal to the patient's body (“in vivo'), the 
receiver can be powered from the same power Supply as the 
sensor, signal processor, etc., or can be powered from a sepa 
rate power supply such as is illustrated by power supply 145, 
which would also be located inside the patient's body. 
0041. The communication means 130 of the receiver 125 
are adapted for wireless communication with the transmitter 
115. Once a signal is received from the transmitter 115 by 
communication means 130, it is processed by processor 135, 
which is adapted for converting the signal into a form that 
may be utilized by indicator 140. 
0042. In some embodiments, the processor 135 further 
comprises analysis circuitry operable to evaluate the incom 
ing signals from the transmitter 115, and determine a course 
of action based on those signals. For instance, the analysis 
circuitry can include a comparator circuit, in which the 
received signal is compared to a threshold value, for example, 
a predetermined temperature or pH. If the incoming signal 
exceeds the threshold value, the analysis circuit can send data 
to the indicator 140 or to any other display device. 
0043 Indicator 140 may be any type of device or interface 
that can output the data in human intelligible form, and may 
be composed of a plurality of output mechanisms or a single 
device. In certain embodiments, the indicator may be a visual 
display, Such as a number representative of temperature or 
pH, a color based on temperature or pH (e.g., green for a 
“normal temperature or pH, yellow for temperature or pH 
with moderate deviation from “normal, and red for tempera 
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ture or pH indicative of the presence or onset of osteolysis), or 
any other visual display indicative of the desired data. For 
example, in an embodiment where the receiver is in Vivo, at 
least the indicator portion of the receiver can be implanted 
close to the Surface of the skin, Such that a color can be 
visually observed through the skin. In an embodiment where 
the receiver is ex vivo, then the indicator could simply display 
a color. 
0044 As another example, the indicator may be a speaker. 
Where the indicator is a speaker it could do such things as 
beep or audibly speak a message representing “normal” con 
ditions in the bone, or conditions indicative of the presence or 
onset of osteolysis. In an embodiment where the receiver is 
internal to the patient's body, at least the indicator portion of 
the receiver could be implanted close to the surface of the 
skin, such that sound generated by the indicator could be 
heard. 

0045. In certain embodiments, the receiver may also 
include a memory unit, which may be adapted for permanent 
or temporary storage of data obtained by the detection sys 
tem. Thus, the memory unit may store data obtained at vari 
ous times so that the data may later be reviewed, compared, or 
analyzed. 
0046. It is also contemplated that the processing per 
formed by the processor 135 may only be a first step of 
processing. The processed data of the processor 135 may be 
output to a more powerful or specialized processing unit (not 
shown) where additional processing takes place. This second 
processing unit may be located either in the receiver itself or 
in a separate device Such as a personal computer. 
0047 According to one such example, the data may be 
transferred from the processor 135 via a networking interface 
to a network or computer for permanent storage. The type of 
network utilized may include Such communication means as 
telephone networks, computer networks, or any other means 
of communicating data electronically. The networking inter 
face could obviate the need for the patient to even go into the 
doctor's office for obtaining conditional data on an implant. 
For example, the patient could obtain Such data on a sched 
uled basis (e.g. daily, weekly, monthly, etc.). Then, utilizing 
the networking interface the patient could send this data to the 
treating doctor. The networking interface may be configured 
to directly access a communication network Such as a tele 
phone or computer networkfortransferring the data. It is fully 
contemplated that the computer network be accessible by a 
treating physician for reviewing received data without requir 
ing the patient to make an actual visit to the doctor's office. In 
this regard, it is also contemplated that any communication 
between the receiver and the computer network may be 
encrypted or otherwise secured so as protect the patient's 
privacy. 
0048. It is also contemplated that the networking interface 
may be configured for communication with a separate device 
that is adapted for accessing the communication network. For 
example, the networking interface may be a USB connection. 
In an embodiment where the receiver is ex vivo, the receiver 
may be connected to a personal computer via the USB con 
nection. The personal computer may then be utilized to con 
nect to the communication network, such as the Internet, for 
transferring the data to a designated place where a treating 
doctor may receive it. 
0049. In some embodiments, receiver 125 can be secured 
on the patient, for example, strapped to an arm, leg, or the 
waist. In other embodiments, receiver 125 can merely be in 
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the patient's vicinity, for example inches or feet away from 
the patient, as long as the broadcast range of the transmitter 
115 is sufficient for receipt of signals by the receiver. In other 
embodiments, receiver 125 could beata location remote from 
the patient, for example, a doctor's office. According to one 
such embodiment, the detection system could be activated 
only intermittently, for example, during a visit to the doctor's 
office. In this case, the power source for the detection system 
could be passive, such that it is activated by the receiver. The 
doctor can read data displayed by an indicator in the receiver 
in his or her office to determine whether signals indicative of 
osteolysis oran osteolytic pre-condition have been generated. 
0050 Referring now to FIG. 2A, a detection system that 
combines the functions of the sensor 105, signal processor 
107 communications means 110, transmitter 115, communi 
cations means 129, and power source 120 described in FIG. 1 
into a unitary sensor 305, is illustrated in use with a hip 
implant 200. A memory unit could also be combined into the 
unitary sensor 105, either as a separate component, or within 
the signal processor. 
0051 Hip implant 200 includes an acetabular component 
205, which is configured for engagement with a prepared 
portion of the patient’s acetabulum 206, and a femoral com 
ponent 210, which comprises a head 212 and a stem 214. The 
femoral head 212 is configured for movable engagement with 
the acetabular component 205, so as to create ball-in-socket 
motion. The femoral stem 214 is adapted for engaging a 
proximal portion 215 of the patient's femur 216. 
0052. In the embodiment illustrated in FIG. 2A, a unitary 
sensor 305 is disposed adjacent to the acetabular component 
205 of the hip implant 200. In other embodiments, unitary 
sensor 305 may be disposed adjacent the femoral stem 214 of 
the hip implant 200. In still other embodiments, unitary sen 
sor 305 may be disposed at a plurality of locations including, 
but not limited to, in the bone, on the surface of the bone, near 
the bone, integral to an artificial joint, adjacent to an artificial 
joint, or near an artificial joint. The precise locations available 
for placement of a sensor such as unitary sensor 305 or sensor 
105 may depend at least in part on the type of sensor being 
utilized. 
0053 Unitary sensor 305 is configured to detect and/or 
keep track of indicators associated with osteolytic conditions 
or osteolytic pre-conditions in the bone, such as temperature 
increases, pH increases, presence of inflammatory cytokines, 
and presence of certain analytes as described above. 
0054. In the embodiment illustrated in FIG. 2A, unitary 
sensor 305 is in wireless communication with an external 
receiver 325a. External receiver 325a is configured for wire 
less communication with the unitary sensor 305, and is 
adapted for retrieving and displaying, in human intelligible 
form, the data gathered by the unitary sensor 305. 
0055 Referring now to FIG. 28, another embodiment of a 
detection system having a unitary sensor is illustrated. The 
embodiment illustrated in FIG. 2B is identical to the embodi 
ment illustrated in FIG. 2A, with the exception of the receiver. 
According to the embodiment illustrated in FIG. 2B, the 
receiver is an internal receiver 325b, which has been 
implanted into the patient's body at a location near the Surface 
of the skin. Internal receiver 325b can be embedded in soft 
tissue, affixed to bone, or engaged in bone, at any location that 
allows for the data gathered by the unitary sensor 305 to be 
displayed in human intelligible form. In the embodiment 
illustrated in FIG. 23, it is contemplated that communication 
from the unitary sensor 305 to the internal receiver 325b 
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would be wireless, however, the internal receiver 325b and 
the unitary sensor 305 could be wired for communication. 
0056 Referring now to FIG.3A, another embodiment of a 
detection system in use with a hip implant 500 is illustrated. 
Hip implant 500 includes an acetabular component 505, 
which is configured for engagement with a prepared portion 
of the patient's acetabulum 506, and a femoral component 
510, which comprises ahead 512 and a stem 514. The femoral 
head 512 is configured for movable engagement with the 
acetabular component 505, so as to create ball-in-socket 
motion. The femoral stem 514 is adapted for engaging a 
proximal portion 515 of the patient's femur 516. 
0057. A sensor 405 is disposed adjacent to the acetabular 
component 505, and is communicatively coupled to a trans 
mitter 415 by internal wiring 406. The transmitter 415 is 
operable to receive signals from the sensor 405 indicative of 
osteolytic conditions or osteolytic pre-conditions in the bone, 
Such as temperature increases, pH increases, presence of 
inflammatory cytokines, and presence of certain analytes, and 
to transmit an output signal indicative of the received signal. 
A power source 420 is electrically connected to the transmit 
ter 415 to provide electrical power to the transmitter and the 
sensor via wiring 416. Transmitter 415 and power source 416 
may be provided in a small package and positioned in soft 
tissue adjacent to the hip. 
0058. In the embodiment illustrated in FIG. 3A, an exter 
nal receiver 425a is configured for wireless communication 
with the transmitter 415. In particular, external receiver 425a 
will receive output signals from the transmitter and display 
data representative of the received signals. 
0059 Referring now to FIG.38, another embodiment of a 
detection system is illustrated. The embodiment illustrated in 
FIG.3B is identical to the embodiment illustrated in FIG.3A, 
with the exception of the receiver. According to the embodi 
ment illustrated in FIG.3B, the receiver is an internal receiver 
425b, which has been implanted into the patient's body at a 
location near the surface of the skin. Internal receiver 425b 
can be embedded in Soft tissue, affixed to bone, or engaged in 
bone, at any location that allows for the data received from the 
transmitter 415 to be displayed in human intelligible form. In 
the embodiment illustrated in FIG.3B, it is contemplated that 
communication from the transmitter 415 to the internal 
receiver 425b would be wireless, however, the internal 
receiver 425b and the transmitter 415 could be wired for 
communication. 
0060. In the embodiments illustrated in FIGS. 2A, 2B, 3A 
and 3B, the sensor of the detection system is located adjacent 
to the acetabular component of the hip implant. Alternatively, 
the sensor could be located adjacent the femoral component 
of the hip implant. In either embodiment, the sensorshould be 
situated Such that it is close enough to the bone surrounding 
the implant to detect a biological response (e.g., temperature, 
pH, presence of inflammatory cytokine, presence of an ana 
lyte) indicative of osteolysis or an osteolytic pre-condition. 
For example, in certain embodiments employing a pH sensor, 
the pH sensor could be in contact with the tissue of the bone 
Surrounding the implant. 
0061. As described above, a sensor of a detection system 
as described herein may be disposed at a plurality of locations 
including, but not limited to, in the bone, on the surface of the 
bone, near the bone, integral to an artificial joint, adjacent to 
an artificial joint, or near an artificial joint. For example, the 
sensor of the detection system can be disposed on the exterior 
surface of the implant, either protruding therefrom, flush 
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therewith, or embedded in a groove therein, and then engaged 
with or positioned adjacent the bone Surrounding the implant 
so that the sensor can detect conditions indicative of osteoly 
sis or an osteolytic pre-condition in the bone. In other 
embodiments, the sensor can be embedded in soft tissue 
Surrounding the bone, or can be tethered so that it has some 
degree of movement, but will stay within proximity of the 
bone of interest. 
0062. In still other embodiments, the sensor can be 
directly engaged in bone surrounding an implant, for 
example, the sensor may be threaded and screwed into the 
bone, or may be secured to the bone by plates and/or spikes. 
0063 Referring now to FIGS. 4A-4C, one embodiment 
for locating a sensor in a detection system as described herein 
is illustrated. FIG. 4A illustrates an acetabular component 30 
of a hip implant having an opening 50 adapted to engage an 
insertion toll for driving the component into position. Open 
ing 50 includes an internal flange 52 of reduced diameter. The 
acetabular component 30 also has a Substantially spherical 
internal surface 40 and an exterior surface 42. 
0064 FIG. 4B illustrates a sensor 308, having a main body 
310, a bone engaging portion 314, ahead portion 312, and an 
implant engaging portion 318. The bone engaging portion 
314 is adapted for being disposed within bone. To facilitate 
bone engagement, the exterior of the sensor may include 
threads 316 configured such that the sensor 308 can be 
screwed into engagement with bone. Implant engaging por 
tion 318 is adapted for engaging internal flange 52 of opening 
50 of the acetabular component 30. The inner surface 40 of 
the acetabular component 30 is adapted for movably engag 
ing a femoral head (not illustrated) of the hip implant. Flange 
portion 52 is recessed with respect to inner surface 40 of the 
acetabular component 30 So that when implant engaging por 
tion 318 is engaged with flange 52, the head 312 substantially 
aligns with inner surface 40 and does not inhibit movable 
engagement between the femoral head and the inner Surface. 
0065 FIG. 4C illustrates sensor 308 engaged with the 
bone 10 and the acetabular component 205. External surface 
42 of the acetabular component 30 also engages the bone 10. 
0066 Referring now to FIGS. 5A-5C, another embodi 
ment for locating a sensor in a detection system as described 
herein is illustrated. The sensor 605 includes a main body 
610, an implant engaging portion 612, and a bone engaging 
portion 614, which, in certain embodiments, may be substan 
tially similar to a bone nail. The implant engaging portion 612 
includes threads 616, which are adapted for engaging a 
threaded portion of an implant. For example, threads 626 may 
be adapted for engaging a threaded driver portion 60 of an 
acetabular component 205. An inner surface 44 of an acetabu 
lar component 46 is adapted for movable engagement with a 
femoral head (not illustrated) of a hip implant. The implant 
engagement portion 612 and the threaded driver portion 60 
are configured such that, when the two portions are threaded 
together the movable engagement between the femoral head 
and the inner surface 44 is not inhibited. FIG. 5C shows 
sensor 605 engaged with the bone 10 and the acetabular 
component 46. An external surface 48 of the acetabular com 
ponent 46 also engages the bone. 
0067 Referring now to FIG. 6, yet another embodiment 
for locating a sensor in a detection system as described herein 
is illustrated. FIG. 6 illustrates a sensor 705, attached at a 
surface 706 to a surface 708 of an acetabular component 710 
of a hip implant. The opposing surface 712 of the sensor 707 
is adapted for engaging adjacent bone, or physical contact 
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with adjacent bone. It is contemplated that the sensor 707 may 
be associated with surface 706 without being fixedly 
mounted. However, it is also contemplated that the sensor 707 
may be attached to the surface 706 by any reliable means. In 
some embodiments, the sensor 707 can be attached to the 
surface 706 of the acetabular component 710 by a polymeth 
ylmethacrylate (PMMA) cement, cyanoacrylate, fibrin glue, 
or other biocompatible glues. 
0068 Although the figures provided illustrate a detection 
system in use with a hip implant, a detection system as 
described herein could also be used with a knee implant, 
vertebral implant, shoulder implant, etc. Moreover, although 
only a few exemplary embodiments have been described in 
detail above, those skilled in the art will readily appreciate 
that many modifications are possible in the exemplary 
embodiments without materially departing from the novel 
teachings and advantages of this disclosure. Accordingly, all 
such modifications and alternative are intended to be included 
within the scope of the invention as defined in the following 
claims. Those skilled in the art should also realize that such 
modifications and equivalent constructions or methods do not 
depart from the spirit and scope of the present disclosure, and 
that they may make various changes, Substitutions, and alter 
ations herein without departing from the spirit and scope of 
the present disclosure. It is understood that all spatial refer 
ences, such as “horizontal.” “vertical.” “top,” “inner.” “outer.” 
“bottom.” “left,” “right,” “anterior,” “posterior,” “superior.” 
“inferior,” “upper,” and “lower are for illustrative purposes 
only and can be varied within the scope of the disclosure. In 
the claims, means-plus-function clauses are intended to cover 
the elements described herein as performing the recited func 
tion and not only structural equivalents, but also equivalent 
elements. 

1-28. (canceled) 
29. A method of detecting a condition of a bone compris 

ing: 
disposing a sensorin relationship with the bone Suitable for 

detecting at least one condition of the bone selected from 
temperature, pH, a presence of inflammatory cytokines, 
a presence of MMPs, a presence of calcium ions and a 
presence of phosphate ions; 

obtaining data from the sensor representative of the 
Selected condition; and 

displaying the data in a human intelligible form. 
30. The method of claim 29 wherein the selected condition 

is present in the bone. 
31. The method of claim 29 wherein the condition is adja 

cent to the bone. 
32. The method of claim 29 further comprising: 
obtaining a baseline representative of the selected condi 

tion; 
obtaining continuing data from the sensor representative of 

the selected condition; and 
comparing the continuing data to the baseline. 
33. The method of claim 29 further comprising: 
disposing at least one control sensor in relationship with 

the bone at an area remote from the sensor; 
obtaining data from the at least one control sensor repre 

sentative of the selected condition at the remote area; 
and 

comparing the data obtained from the sensor and the data 
obtained from the at least one control sensor. 
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34. The method of claim 29 further comprising: 
comparing the data obtained from the sensor on a selected 

condition with a control for the selected condition. 

35. The method of claim 29 wherein the sensor is disposed 
with the bone by engagement of a first end of the sensor in the 
bone. 

36. The method of claim 35 wherein the sensor comprises 
a second end, which is engaged with an implant. 
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37. The method of claim 29 wherein the sensor is disposed 
on an external Surface of an implant, and the external Surface 
of the implant is disposed directly adjacent to the bone. 

38. The method of claim 29 wherein the displaying of the 
data occurs in vivo. 

39. The method of claim 29 wherein the displaying of the 
data occurs ex vivo. 


