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DEVICE FOR MONITORING A MEDICAL
PROSTHESIS AND THE HUMAN BODY

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the field of prosthe-
ses, and relates more particularly to the field of so-called
“intelligent” prostheses.

[0002] In order to monitor the behavior of a prosthesis
implanted in the body of a patient, for example its osteo-
integration or its wear, attempts have been made to include
sensor means in the prosthesis, with wireless transmission
means making it possible to transmit the data outside the body
of the patient.

[0003] To this end, the document WO 2009/095768 is nota-
bly known.
[0004] The integration of sensor means in a prosthesis,

however, demands a total redesign of conventional prostheses
which hitherto were giving total satisfaction. It is, among
other things, necessary to check that the integration of the
sensor means does not compromise the mechanical strength
of the prosthesis. This entails lengthy and costly studies for
requalifying the prosthesis with the competent organizations.
[0005] Furthermore, it is not always possible to integrate
sensor means in the existing prostheses, because of their
shape or their section.

[0006] Another drawback is that, should the sensor means
fail, it is necessary to remove the implanted prosthesis even
though the latter may be functioning perfectly well. The
removal of a prosthesis often causes additional damage,
which generally results in the consequential implantation ofa
so-called “return” prosthesis which is more often than not
more bulky and less effective.

[0007] Another drawback is that the patient has to decide
before the fitting of the prosthesis whether or not he accepts,
definitively, monitoring by sensor means.

[0008] Another drawback is that, if the patient decides, or is
constrained, after the fitting of the prosthesis, to accept moni-
toring by sensor means, it is then necessary to remove the
implanted prosthesis to replace it with a prosthesis with sen-
sor means. This prosthesis with sensor means is then of the
return prosthesis type.

[0009] Another drawback is that, if an unpredicted pathol-
ogy occurs, it is possible that the sensor means present in the
implanted prosthesis are unsuitable for monitoring the latter.
Tt is therefore necessary to be able to choose and adapt the
sensor means used according to a foreseable or declared
pathology, and do so after the prosthesis has been implanted.
[0010] To that is added a cost drawback, a prosthesis
equipped with sensor means being very expensive.

[0011] Another drawback is that the sensor means are gen-
erally powered by a battery which has a limited life span and
that has to be able to be changed regularly. Also repeated
maintenance and/or replacements of the sensor means may
entail their complete removal and reimplantation. The bone
mass to which the prosthesis and/or the sensor means is fixed
is thus repeatedly degraded or embrittled. Such is notably the
case in the documents US 2007/0179739, US 2007/0179568,
US 2010/0100011 and WO 2006/055547.

SUMMARY OF THE INVENTION

[0012] A first aim of the invention is to allow for a moni-
toring of a prosthesis by sensor means regardless of the shape
or the configuration of the prosthesis.
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[0013] Another aim of the invention is to enable the patient
to make a reversible choice as to the monitoring or non-
monitoring of the prosthesis, that does not effect the prosthe-
sis-fitting operation to be performed or that has been per-
formed.

[0014] Another aim of the invention is to allow for mainte-
nance and/or replacement operations while limiting the deg-
radation and the embrittlement ofthe surrounding bone mass.
[0015] To achieve these aims, and others, the invention
proposes a device for monitoring a medical prosthesis and the
human body, comprising:

[0016] sensor means, capable of generating signals accord-
ing to surrounding stresses,

[0017] processing means, capable of processing the signals
transmitted by the sensor means to convert them into data,

[0018] storage means, capable of storing the data,
[0019] means for wirelessly transmitting the stored data,
[0020] electrical energy power supply means,

in which said sensor, processing, storage, transmission and
power supply means are included inatleast one housing made
of biocompatible material,
and in which said at least one housing is secured reversibly to
fixing means by locking means, said fixing means being
intended and designed to be fixed to a bone.
[0021] Suchadevice makes it possibleto resolve the above-
mentioned drawbacks.
[0022] Inparticular, the sensor means are completely inde-
pendent of the prosthesis to be monitored, while being able to
be placed in immediately proximity thereto in order to moni-
tor it effectively. The prostheses that are known and recog-
nized for their good operation can be used normally, without
requiring modification or requalification.
[0023] The installation of the sensor means can be per-
formed during or after the implantation of the prosthesis.
[0024] An intervention on the sensor means has no impact
on the implanted prosthesis.
[0025] Theremoval of the housing for its replacement or its
maintenance is performed simply by means of the reversible
locking means. The fixing means remain permanently in
place in the bone mass and can thus be osteo-integrated sat-
isfactorily.
[0026] Advantageously, the monitoring device comprises
at least one first housing, containing the electrical energy
power supply means, and which is linked to a second housing
by electrical conduction means.
[0027] The electrical energy source, which is generally the
most bulky element when the aim is to have significant dura-
bility in time, can be placed at a distance from the prosthesis,
at a place and in an arrangement which do not provide any
inconvenience. On the other hand, the sensor means will be
able to be contained in the second housing which will then be
able to have a small footprint in order to be placed in the
immediate vicinity of the prosthesis in order to better monitor
the latter.
[0028] Preferably, provision can be made for:

[0029] the device to comprise at least one first housing

and one second housing,

[0030] at least one of the two housings to comprise sensor
means designed to detect the relative position of the other
housing.
[0031] By fixing the housings to two bones situated on
either side of a prosthetic articulation, it is thus possible to
record the movements of the articulation in terms of number
of cycles and/or in terms of amplitude, as is for example
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explained in the document WO 2010/003824. Data is then
available for assessing the stress of the prosthesis, the quality
of operation of the prosthesis and/or its remaining operational
time span.

[0032] Advantageously, provision can be made for:

[0033] the device to comprise at least one first housing and
one second housing,

[0034] the device to comprise means for communication
between the first and second housings, enabling one and/or
the other of the housings to receive data from the other hous-
ing,

[0035] at least one of the housings to comprise means for
wirelessly transmitting the stored data to transmit the data
received from the other housing.

[0036] Preferably, the sensor means can be sensitive to
electrical, chemical, mechanical or optical stresses.

[0037] Among the mechanical sensors, the following can
be used, depending on the data that is to be obtained: a
gyrometer, an inclinometer (preferably of magnetometer
type), or even an accelerometer.

[0038] It will also be possible to provide a pressure sensor,
designed to assess the pressure in the medium surrounding
the prosthesis.

[0039] Advantageously, the sensor means may comprise a
sensor for measuring the conductivity of the surrounding
medium. Such a sensor will notably make it possible to detect
premature wear of a metallic prosthesis, this wear resulting in
the release and dispersion of metal particles into the human
body in the vicinity of the prosthesis.

[0040] A temperature sensor can be used in order to iden-
tify the presence of any infection, inflammation or other reac-
tion with thermal manifestation in the body in the vicinity of
the prosthesis.

[0041] Preferably, the sensor means may comprise a sensor
for measuring pH.

[0042] Advantageously, the sensor means may comprise an
optical sensor designed to detect the color of the surrounding
medium. The detection of a change of color may manifest a
physical-chemical reaction that is the sign of a malfunction,
of an infection or of a pathology.

[0043] Preferably, electrical energy power supply means
may comprise:
[0044] means for converting accelerations undergone by

said at least one housing to convert them into electrical
energy,
[0045] means for storing the converted electrical energy.
[0046] There is thus a renewable energy source which is
available when it is important to perform measurements and/
or detections of movements.
[0047] Advantageously, provision can be made for:

[0048] the device to comprise means for disabling some

sensor means and/or processing means,

[0049] the disabling means are configured to disable the
operation of these sensor means and/or processing means
during predetermined time bands.
[0050] The disabling means make it possible to save
energy, and thus increase the lifetime of the device in the case
ofanon-renewable energy source of battery type for example.
[0051] Preferably, provision can be made for:
[0052] the device to comprise means for disabling some
sensor means and/or processing means,
[0053] the disabling means to be configured to allow the
operation of the processing means only after the non-disabled
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sensor means have detected movements for a duration greater
than a predetermined duration.

[0054] This means that only movements of an amplitude
greater than a predetermined amplitude will be detected,
without movements occurring for sequences that are too short
to have an impact on the life span and operation of the pros-
thesis being taken into account.

[0055] Again, for the purpose of not unnecessarily using
energy for the monitoring and analysis of insignificant move-
ments or movements with little meaningful influence, provi-
sion can be made for:

[0056] the device to comprise means for disabling some
sensor means and/or processing means,

[0057] the disabling means to be configured to allow the
operation of the processing means only after the non-disabled
sensor means have detected movements with an amplitude
greater than a predetermined amplitude.

[0058] Advantageously, provision can be made for:

[0059] the data storage means to contain predetermined
reference data,

[0060] the device to comprise comparison means, designed

to compare the data obtained from the processing of the
signals transmitted by the sensor means with the predeter-
mined reference data,

[0061] in the event of nonconformity of the data obtained
from the processing of the signals transmitted by the sensor
means with the predetermined reference data, an anomaly
signal to be generated and stored in the storage means.
[0062] By scanning the anomaly signals stored in the stor-
age means, it is thus possible to continuously monitor the
conformity of the operation of the prosthesis or of its sur-
rounding medium with predetermined reference data corre-
sponding to normal operation or to a normal surrounding
medium. Any deviation with respect to a normal situation is
thus detected.

[0063] To ensure the most intimate link possible with the
bone on which the device is fixed, said at least one housing
may comprise a face intended to bear against the bone by
means of a shaping adapted to the external shape of the bone.
[0064] Alternatively, in order to have a housing of unique
form that can be adapted to any bone, provision can be made
for the device to comprise a shim comprising:

[0065] a first face intended to bear against the bone by
means of a shaping adapted to the external shape of the bone,
[0066] a second face, substantially opposite the first face,
intended to bear against a face of said at least one housing by
means of a shaping adapted to the face of said at least one
housing.

[0067] Advantageously, the fixing means of said at least
one housing may comprise:

[0068] asingle screw for securing said at least one housing
to the bone,
[0069] means for blocking the rotation of said at least one

housing relative to the securing screw or relative to the bone.
[0070] A single securing screw makes it possible to affect
the bone as little as possible while the rotation blocking
means ensure a constant orientation of the housing, notably
for the movement detection and analysis to be performed in
constant directions.

[0071] Preferably, provision can be made for:

[0072] the fixing means to comprise at least one securing
screw or, if appropriate, a single securing screw,

[0073] the securing screw to comprise a bottom part with
thread with osteo-integration means,
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[0074] the securing screw to comprise a top part designed to
cooperate with the locking means of said at least one housing
on the top part in order to retain said at least one housing.
[0075] The securing screw is thus permanently fixed in the
bone for a perfect retention of the housing which will still,
despite everything, be able to be dismantled and reassembled
for maintenance or replacement needs, without affecting the
surrounding bone mass.

[0076] Preferably, provision can be made for:

[0077] said at least one housing to be a hollow tubular
housing, extending in a longitudinal direction, capable of
being locked in a substantially tubular sleeve with outer wall
provided with an outer threading,

[0078] the tubular housing and/or the substantially tubular
sleeve to comprise an end provided with means for driving in
rotation about the longitudinal direction.

[0079] The housing thus substantially takes the form of a
screw that can be directly implanted by screwing into the bone
of the patient. Once implanted, the housing can protrude little
from the bone, to limit the risk of conflict with the surround-
ing tissues and flesh.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] Other objects, features and advantages of the
present invention will emerge from the following description
of particular embodiments, given in relation to the appended
figures, in which:

[0081] FIG. 1 is a plan view of a device for monitoring a
medical prosthesis and the human body, according to a first
embodiment of the invention;

[0082] FIGS. 2 and 3 are schematic cross-sectional front
views of two variants of the device of FIG. 1;

[0083] FIG. 4 is a plan view of a variant of the device of
FIG. 1,
[0084] FIG. 5 is a perspective view of a device for moni-

toring a medical prosthesis and the human body that does not
form part of the present invention;

[0085] FIG. 6 is a schematic cross-sectional side view of a
device for monitoring a medical prosthesis and the human
body, according to a third embodiment of the invention;
[0086] FIG. 7 1sa perspective view of the device of FIG. 6;
[0087] FIG. 8 is a schematic cross-sectional side view of a
variant of the device of FIG. 6;

[0088] FIG.9isaschematic view illustrating an example of
operation of a device for monitoring a medical prosthesis and
the human body according to the invention; and

[0089] FIGS. 10 and 11 are schematic views illustrating
examples of implantation of the device of FIGS. 6 to 8.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0090] FIGS. 1 and 6 respectively illustrate two embodi-
ments of the device for monitoring a medical prosthesis and
the human body. In each of these figures, a device 1 for
monitoring a medical prosthesis and the human body can be
distinguished, comprising:

[0091] sensor means 2, capable of generating signals
according to surrounding stresses,

[0092] processing means 3, capable of processing the sig-
nals transmitted by the sensor means 2 to convert them into
data,
[0093]
[0094]

storage means 4, capable of storing the data,
means 5 for wirelessly transmitting the stored data,
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[0095] electrical energy power supply means 6,

[0096] aleak-tight housing 7 made of biocompatible mate-
rial, in which are included the sensor 2, processing 3, storage
4, transmission 5 and power supply 6 means,

[0097] the housing 7 comprising means 8 for fixing to a
bone.
[0098] Control means (not represented) drive one or more

of the sensor means 2, of the processing means 3, of the
storage means 4, of the transmission means 5 and of the power
supply means 6.

[0099] Examples of biocompatible materials from which to
make the leak-tight housing 7 are: titanium, titanium alloy,
stainless steel, polymer (notably PEEK).

[0100] Inavariantnotrepresented in the figures, the device
1 comprises at least one first housing, containing the electrical
energy power supply means 6, and which is linked to a second
housing by electrical conduction means.

[0101] In the variant illustrated in FIG. 9, the device 1
comprises:

[0102] a first housing 70 and a second housing 700,
[0103] atleast one of the two housings 70 or 700 comprises

sensor means 2 (not visible) designed to detect the relative
position of the other housing.

[0104] For such sensor means 2, reference can notably be
made to the teachings of the document WO 2010/003824.
[0105] Inorder to make use of the stored data, the latter are
transmitted to a remote terminal 9 provided with reception
means 11. The remote terminal 9 and the reception means 11
are designed to directly receive the data stored in the first
housing 70 via the transmission means of the housing 70 and
to directly receive the data stored in the second housing 700
via the transmission means of the second housing 700.
[0106] It is, however, possible for a direct transmission
between the first housing 70 or the second housing 700 and
the remote terminal 9 to be subject to a wave propagation
defect. For example, fatty tissues may absorb a significant
proportion of the waves and thus prevent the transmission of
the stored data directly from one of the housings 70 or 700 to
the remote terminal 9. In this case, it is advantageous to
provide for:

[0107] the device 1 to comprise means for communication
between the first and second housings 70 and 700, enabling
one and/or the other of the housings 70 or 700 to receive data
from the other housing 70 or 700,

[0108] at least one of the housings 70 or 700 to comprise
means for wirelessly transmitting the stored data in order to
transmit the data received from the other housing 70 or 700.
[0109] The first housing 70 and/or the second housing 700
can thus act as a relay in the transmission of the stored data
contained in the other of the housings 70 or 700.

[0110] FIG. 2 illustrates a variant of a device of FIG. 1
comprising a shim 12 which comprises:

[0111] afirst face 12a intended to bear against the bone 13
by means of a shaping adapted to the external shape of the
bone 13,

[0112] a second face 125, substantially opposite the first
face 12a, intended to bear against a face 7a of the housing 7 by
means of a shaping adapted to the face 7a of the housing 7.
[0113] The housing 7 thus comes indirectly into intimate
contact with the bone 13.

[0114] In another variant illustrated in FIG. 3, the housing
7 can itself comprise a face 7a intended to bear against the
bone 13 by means of a shaping adapted to the external shape
of the bone 13.
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[0115] The variant of FIG. 2 offers the advantage, com-
pared to the variant of FIG. 3. of having to change only the
shim 12 according to the shape of the bone, in order to fix a
unique housing 7 of standardized shape.
[0116] FIG. 2 shows that the fixing means 8 of the housing
7 comprise:
[0117] a single screw 14 for securing the housing 7 to the
bone 13,
[0118] means for blocking the rotation 15 of the housing 7
relative to the securing screw 14.
[0119] For this, provision is made for:
[0120] the securing screw 14 to comprise a bottom part 14a
with thread 145 with osteo-integration means,
[0121] the securing screw 14 to comprise a top part 1d¢
comprising locking means 16 for the housing 7 on the top part
14c.
[0122] In practice, it can be seen in FIG. 2 that the top part
14c¢ of the securing screw 14 has a non-circular section to
cooperate, by complementarity of shapes, with a recess 17
providing in the housing 7 to receive the top part 14c.
[0123] Alternatively, as represented in FIG. 3, the fixing
means 8 of the housing 7 may comprise:

[0124] asingle screw 14 for securing the housing 7 to the

bone 13,

[0125] means for blocking the rotation 15 of the housing 7
relative to the bone 13.
[0126] InFIG. 3, the rotation blocking means 15 consist of
the face 7a of the housing 7 bearing against the bone 13. There
1s therefore no need, in this case, for the top part 14¢ of the
securing screw 14 to cooperate by complementarity of shapes
with the recess 17 of the housing 7 intended to receive the top
part 14c.
[0127] It should be noted that, in the case of FIGS. 2 and 3,
the securing screw 14 is permanently fixed into the bone 13
but the housing 7 can freely be removed for a replacement or
maintenance operation. The dismantling of the housing 7 is
performed by unscrewing the locking means 16 which are
reversible and which take the form of a screw screwed into the
top part 14c¢ of the securing screw 14. The dismantling of the
housing 7 for its replacement or maintenance therefore does
not affect the bone mass of the patient which will grow and
consolidate without disruption around the securing screw 14.
[0128] In a variant illustrated in FIG. 4, the housing 7 is
fixed to a bone via fixing means 8 comprising two securing
screws 14, the top parts 14¢ of which do not have any rotation
blocking means that block the rotation of the housing relative
to the bone. These two securing screws 14 simultaneously
make it possible to securely attach the housing 7 to the bone
and ensure a constant orientation of the housing 7 relative to
the bone on which it is fixed.
[0129] Depending on the thickness of the bone mass and
the state of this bone mass, it may be possible to make use of
screw-fixing means 8. In this case, use is made of a device 1
illustrated in FIG. 5 (which does not form part of the present
invention), which comprises a housing 7 in the form of a
peanut or a figure “8” and fixed to the bone 13 via a flexible
link 18 gripping the bone 13.
[0130] The flexible link 18 and the shape of the housing
cooperate to ensure a constant orientation of the housing 7
relative to the bone 13. It should be noted that other outer
shapes of the housing 7 could be used in cooperation with the
flexible link 18 to guarantee a constant orientation of the
housing 7 relative to the bone 13.
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[0131] A third embodiment of the invention is illustrated in
FIGS. 6 and 7.

[0132] In these figures, it can be seen that:

[0133] the housing 7 is a hollow tubular housing extending

in a longitudinal direction II, capable of being locked in a
substantially tubular sleeve 190 with outer wall 19 provided
with an outer threading 20,

[0134] the tubular housing comprises an end 21 provided
with means for driving in rotation 22 about the longitudinal
direction I1.

[0135] In the case in point, the rotation driving means 22
comprise a hexagonal head that makes it possible to screw the
housing 7 into the bone mass of the patient.

[0136] It can be seen more particularly in FIG. 8 that the
fixing means 8 comprise the substantially tubular sleeve 190
with outer wall 19 provided with an outer threading 20. The
housing 7 is fitted into the tubular sleeve 190 by force-fitting
and/or by complementarity of shapes (screwing or snap-fit-
ting for example), or by any other suitable reversible locking
means, so that the driving in rotation in the longitudinal
direction 1T of the housing 7 via the rotation driving means 22
simultaneously drives in rotation the outer wall 19 so as to
penetrate by screwing into a bone mass.

[0137] Tt is thus possible to remove the housing 7 and its
content in order to perform a maintenance or replacement
operation thereon without having to extract the threaded outer
wall 19 which can remain permanently in place in the bone
mass of the patient, which will not therefore be degraded by
the maintenance or replacement operation.

[0138] Inthe variantillustrated in FIGS. 6 to 8, the device 1
according to the invention takes the outer form of a screw.
This screw will be able to be implanted for example in the
pelvis of the patient as represented in FI1G. 11.

[0139] The device 1 of FIGS. 6 to 8 will, however, also be
able to fulfill the functions of locking screw as illustrated in
FIG. 10 where the threaded housing 7 is screwed into the
femur 23 of the patient by passing through an opening 24
provided in a femoral rod 25 of the hip prosthesis. The hous-
ing 7 with outer threading thus fulfills a function of axial
locking of the femoral rod 25. Such an implantation in the
femur 23 is also possible but without ensuring any axial
locking of a femoral rod.

[0140] In all the embodiments described previously, the
sensor means 2 may be sensitive to electrical, chemical,
mechanical or optical stresses.

[0141] In the case of sensor means 2 that need to perform
measurements in the surrounding medium, such as a sensor of
conductivity, of temperature, or of pH, it will be possible to
make provision for said sensor means 2 to be located in
immediate proximity to a wall of the housing 7, said sensor
means 2 being in contact with the surrounding medium via a
permeable wall portion 26 (FIGS. 1 and 4).

[0142] In FIGS.1, 4,5, 6 and 8, the device 1 comprises
disabling means 10 for selectively disabling the sensor means
2 and/or the processing means 3.

[0143] Ina first mode of operation, the disabling means are
configured to disable the operation of the sensor means 2
and/or of the processing means 3 in predetermined time
bands. For example, the disabling means 10 can disable the
operation of the sensor means 2 and/or of the processing
means 3 during the hours of the night for people generally
inactive at night.

[0144] As an alternative, or in complement, the disabling
means 10 are configured to allow the operation of the pro-
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cessing means 3 only after the sensor means 2 have detected
movements for a duration greater than a predetermined dura-
tion.

[0145] Such amode of operation makes it possible to effec-
tively limit the quantity of signals transmitted by the sensor
means 2 to be processed by the processing means 3. Such a
mode of operation also makes it possible to limit the data
stored by excluding a significant quantity of movements of
short duration which are unlikely to generate a significant
wear of the prosthesis. Also, this limiting of data simplifies
and makes more reliable a statistical analysis of the data to
draw clinical teachings therefrom.

[0146] As an alternative, or in complement, the disabling
means 10 are configured to allow the operation of the pro-
cessing means 3 only after the sensor means 2 have detected
movements with an amplitude greater than a predetermined
amplitude.

[0147] The use of the disabling means 10 described previ-
ously makes it possible to limit the quantity of data to be
processed, to save electrical energy in order to increase the
life of the device 1 while making it possible to increase the
reliability of the statistical data which will be able to be
established on the basis of the data stored then transmitted.
[0148] Inorder to refine the clinical tracking of the patients
and better understand any malfunctions of the prosthesis,
provision is made for:

[0149] the data storage means 4 to contain predetermined
reference data,
[0150] the device 1 to comprise comparison means,

designed to compare the data obtained from the processing of
the signals transmitted by the sensor means 2 with the prede-
termined reference data,
[0151] in the event of nonconformity of the data obtained
from the processing of the signals transmitted by the sensor
means 2 with the predetermined reference data, an anomaly
signal to be generated and stored in the storage means 4.
[0152] The predetermined reference data will, for example,
be able to consist of movement amplitudes, movement angles
or even movement execution angular velocities. It will thus be
possible to monitor, over time, whether the prosthesis initially
provided and implanted is still suited to the lifestyle and the
behavior of the patient. It will also be possibleto continuously
check the conformity of the operation of the prosthesis or of
its surrounding medium to detect any deviation relative to a
situation that is estimated to be normal corresponding to the
predetermined reference data.
[0153] It is expressly specified that the different sensor
means 2, the electrical energy power supply means, the vari-
ous energy-saving means, but also the different data process-
ing methods by comparison with reference data form distinct
inventions of the fixing and locking means and will be able to
be the subject of independent protection.
[0154] To produce the sensor means 2 and the processing
means 3, reference will be able to be made to the teachings of
the documents EP 2 106 747, WO 2010/097422, WO 2010/
112469 and WO 2010/112470.
[0155] The present invention is not limited to the embodi-
ments which have been explicitly described, but it includes
the various variants and generalizations thereof contained
within the scope of the claims below.

1. A device (1) for monitoring a medical prosthesis and the
human body, comprising:

sensor means (2), capable of generating signals according

to surrounding stresses,
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processing means (3), capable of processing the signals
transmitted by the sensor means (2) to convert them into
data,

storage means (4), capable of storing the data,

means (5) for wirelessly transmitting the stored data,

electrical energy power supply means (6),

in which said sensor (2), processing (3), storage (4), trans-
mission (5) and power supply (6) means are included in
at least one housing (7) made of biocompatible material,

wherein said at least one housing (7) is secured reversibly
to fixing means (8, 14, 19) by locking means (16), said
fixing means (8) being intended and designed to be fixed
to a bone.

2. The device (1) as claimed in claim 1, wherein said at least
one housing (7, 70, 700) comprises a face (7a) intended to
bear against the bone (13) by means of a shaping adapted to
the external shape of the bone (13).

3. The device (1) as claimed in claim 1, comprising a shim
(12) comprising:

a first face (12a) intended to bear against the bone (13) by
means of a shaping adapted to the external shape of the
bone (13),

a second face (12b), substantially opposite the first face
(12a), intended to bear against a face (7a) of said at least
one housing (7, 70, 700) by means of a shaping adapted
to the face (7a) of said at least one housing (7, 70, 700).

4. The device (1) as claimed in claim 1, wherein the fixing
means (8) of said at least one housing (7, 70, 700) comprise:

asingle screw (14) for securing said at least one housing (7,
70, 700) to the bone (13),

means for blocking the rotation (15) of said at least one
housing (7, 70, 700) relative to the securing screw (14) or
relative to the bone (13).

5. The device (1) as claimed in claim 1, wherein:

the fixing means (8) comprise at least one securing screw
(14) or, if appropriate, a single securing screw (14),

the securing screw (14) comprises a bottom part (14a) with
thread (144) with osteo-integration means,

the securing screw (14) comprises atop part (14¢) designed
to cooperate with the locking means (16) of said at least
one housing (7, 70, 700) on the top part (14¢) in order to
retain said housing (7, 70, 700).

6. The device (1) as claimed in claim 1, wherein:

said at least one housing (7, 70, 700) is a hollow tubular
housing, extending in a longitudinal direction (I-I),
capable of being locked in a substantially tubular sleeve
(190) with outer wall (19) provided with an outer thread-
ing (20),

the tubular housing and/or substantially tubular sleeve
(190) comprises an end (21) provided with means (22)
for driving in rotation about the longitudinal direction
(I-1).

7. The device (1) as claimed in claim 1, comprising at least
one first housing (70), containing the electrical energy power
supply means (6), and which is linked to a second housing
(700) by electrical conduction means.

8. The device (1) as claimed in claim 1, wherein:

it comprises at least one first housing (70) and one second
housing (700),

at least one of the two housings (70, 700) comprises sensor
means (2) designed to detect the relative position of the
other housing (70, 700).
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9. The device (1) as claimed in claim 1, wherein:

it comprises at least one first housing (70) and one second
housing (700),

it comprises means for communication between the first
and second housings (70, 700), enabling one and/or the
other of the housings (70, 700) to receive data from the
other housing (70, 700),

at least one of the housings (70, 700) comprises means (5)
for wirelessly transmitting the stored data to transmit the
data received from the other housing (70, 700).

10. The device (1) as claimed in claim 1, wherein the sensor
means (2) are sensitive to electrical, chemical, mechanical or
optical stresses.

11.The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise a gyrometer.

12.The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise an inclinometer, preferably of magne-
tometer type.

13. The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise an accelerometer.

14. The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise a pressure sensor.

15. The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise a sensor for measuring the conductivity
of the surrounding medium.

16. The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise a temperature sensor.

17.The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise a sensor for measuring the pH.

18.The device (1) as claimed in claim 1, wherein the sensor
means (2) comprise an optical sensor designed to detect the
color of the surrounding medium.

19. The device (1) as claimed in claim 1, wherein the
electrical energy power supply means (6) comprise:

means for converting accelerations undergone by said at

least one housing (7, 70, 700) to convert them into elec-
trical energy,

means for storing the converted electrical energy.
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20. The device (1) as claimed in claim 1, wherein:

the device (1) comprises means (10) for disabling some
sensor means (2) and/or processing means (3),

the disabling means (10) are configured to disable the
operation of these sensor means (2) and/or processing
means (3) during predetermined time bands.

21. The device (1) as claimed in claim 1, wherein:

it comprises means (10) for disabling some sensor means
(2) and/or processing means (3),

the disabling means (10) are configured to allow the opera-
tion of the processing means (3) only after the non-
disabled sensor means (2) have detected movements for
a duration greater than a predetermined duration.

22. The device (1) as claimed in claim 1, wherein:

the device (1) comprises means (10) for disabling some
sensor means (2) and/or processing means (3),

the disabling means (10) are configured to allow the opera-
tion of the processing means (3) only after the non-
disabled sensor means (2) have detected movements
with an amplitude greater than a predetermined ampli-
tude.

23. The device (1) as claimed in claim 1, wherein:

the data storage means (4) contain predetermined reference
data,

the device (1) comprises comparison means, designed to
compare the data obtained from the processing of the
signals transmitted by the sensor means (2) with the
predetermined reference data,

in the event of nonconformity of the data obtained from the
processing of the signals transmitted by the sensor
means (2) with the predetermined reference data, an
anomaly signal is generated and stored in the storage
means (4).
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