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(57) ABSTRACT

A sensing bone fixing element includes a fixing portion, a
fastening portion, a capacitor structure, and a coil. The
fastening portion is fixed to the fixing portion and suitable
for being fastened to a bone. The fastening portion passes
through the capacitor structure which has a capacitance
value and includes a first conductive layer, a second con-
ductive layer, and an elastic dielectric layer. The first con-
ductive layer leans against the fixing portion, the second
conductive layer leans against the bone, and the elastic
dielectric layer is located between the first conductive layer
and the second conductive layer. The coil has an inductance
value, and two ends of the coil are respectively connected to
the first conductive layer and the second conductive layer.
The coil receives a detection radio frequency (RF) signal
and generates a responding RF signal according to variations
in the capacitance value and the inductance value.
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SENSING BONE FIXING ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 104134807, filed on Oct. 23,
2015. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

TECHNICAL FIELD

[0002] The disclosure relates to a bone fixing element;
more particularly, the disclosure relates to a sensing bone
fixing element.

DESCRIPTION OF RELATED ART

[0003] In the field of orthopedics, pedicle screws are often
applied to fix vertebras, so as to enhance the spine strength
of patients who suffer from osteoporosis. If, due to external
forces, the pedicle screws are loosened during the surgical
operation or during rehabilitation after the operation, the
performance of fixing the vertebras may be reduced, and
thereby the effects of spine fusion may be lessened.

[0004] After the surgical operation, the existing detection
method can merely be applied through photographing the
affected regions of the patients with use of X-rays, so as to
observe the X-ray photographs to learn how the pedicle
screws are fixed. However, said detection method is not
accurate if it is treated within a short period of time or if it
is performed several times in an intense manner, and the
patients may be exposed to excessive radiation.

SUMMARY

[0005] The disclosure is directed to a sensing bone fixing
element that can be applied to learn how tight a fixing
element and a bone are fixed together without using radia-
tion.

[0006] Inan embodiment of the disclosure, a sensing bone
fixing element that includes a fixing portion, a fastening
portion, a capacitor structure, and a coil is provided. The
fastening portion is fixed to the fixing portion and suitable
for being fastened to a bone. The fastening portion passes
through the capacitor structure which has a capacitance
value and includes a first conductive layer, a second con-
ductive layer, and an elastic dielectric layer. The first con-
ductive layer leans against the fixing portion. The second
conductive layer leans against the bone. The elastic dielec-
tric layer is located between the first conductive layer and
the second conductive layer. The coil has an inductance
value, and two ends of the coil are respectively connected to
the first conductive layer and the second conductive layer.
After the coil receives a detection radio frequency (RF)
signal, the coil generates a responding RF signal according
to variations in the capacitance value and the inductance
value.

[0007] According to an embodiment of the disclosure, a
thickness of the elastic dielectric layer is positively corre-
lated to a distance between the first conductive layer and the
second conductive layer.

[0008] According to an embodiment of the disclosure, a
frequency of the responding RF signal is positively corre-
lated to a distance between the first conductive layer and the
second conductive layer.
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[0009] According to an embodiment of the disclosure,
when a stress exerted by the fixing portion on the capacitor
structure decreases, the elastic dielectric layer deforms, such
that a distance between the first conductive layer and the
second conductive layer increases.

[0010] According to an embodiment of the disclosure, the
coil is located between the first conductive layer and the
second conductive layer, the coil has an opening, and the
elastic dielectric layer is located in the opening.

[0011] According to an embodiment of the disclosure, the
coil is located on one side of the fixing portion away from
the fastening portion.

[0012] According to an embodiment of the disclosure, the
coil senses the detection RF signal of a sensing element
through a wireless connection.

[0013] According to an embodiment of the disclosure, the
inductance value of the coil is a fixed inductance value.
[0014] According to an embodiment of the disclosure, the
fixing portion and the fastening portion define a pedicle
screw.

[0015] According to an embodiment of the disclosure, a
material of the capacitor structure is a biocompatible mate-
rial.

[0016] According to an embodiment of the disclosure, a
material of the coil is a biocompatible material.

[0017] According to an embodiment of the disclosure, a
thickness of the capacitor structure is within a range from
0.1 millimeters to 10 millimeters.

[0018] In view of the above, the sensing bone fixing
element provided herein has the capacitor structure and the
coil; hence, after the coil receives the detection RF signal,
the coil generates the responding RF signal according to the
variations in the inductance value of the coil and the
capacitance value of the capacitor structure, and the degree
of variations in the tightness of fastening the sensing bone
fixing element to the bone can accordingly be calculated.
According to the related art, the affected region of the patient
is photographed with use of X-rays, and the condition of
fixing the pedicle screw to the bone can be learned by
observing the photographs; by contrast, the degree of varia-
tions in the tightness of fastening the sensing bone fixing
element to the bone can be detected without using radiation,
and the detection result is accurate and can be obtained with
ease in an efficient manner.

[0019] Several exemplary embodiments accompanied
with figures are described in detail below to further describe
the disclosure in details.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and
constitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0021] FIG. 1A is a schematic diagram illustrating a
sensing bone fixing element fixed to a bone according to an
embodiment of the disclosure.

[0022] FIG. 1B is a schematic exploded diagram illustrat-
ing a capacitor structure and a coil of the sensing bone fixing
element depicted in FIG. 1A.

[0023] FIG. 1C is a schematic circuit diagram illustrating
the sensing bone fixing element depicted in FIG. 1A and a
sensing element.
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[0024] FIG. 1D is a schematic diagram illustrating a
sensing bone fixing element according to another embodi-
ment of the disclosure.

[0025] FIG. 2 is a schematic circuit diagram illustrating
that the sensing bone fixing element depicted in FIG. 1A is
not fastened to a bone.

[0026] FIG. 3 is a schematic curve illustrating a resonance
frequency and a fastening force of a sensing bone fixing
element fastened to a bone.

[0027] FIG. 4A is a schematic diagram illustrating plural
sensing bone fixing elements fastened to a human body.
[0028] FIG. 4B is a schematic curve illustrating a phase
and a frequency of a responding RF signal generated by the
coil shown in FIG. 4A.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0029] FIG. 1A is a schematic diagram illustrating a
sensing bone fixing element fixed to a bone according to an
embodiment of the disclosure. FIG. 1B is a schematic
exploded diagram illustrating a capacitor structure and a coil
of'the sensing bone fixing element depicted in FIG. 1A. FIG.
1C is a schematic circuit diagram illustrating the sensing
bone fixing element depicted in FIG. 1A and a sensing
element. With reference to FIG. 1A, FIG. 1B, and FIG. 1C,
a sensing bone fixing element 100a provided in the present
embodiment includes a fixing portion 110, a fastening por-
tion 120, a capacitor structure 130, and a coil 140. The
fastening portion 120 is fixed to the fixing portion 110 and
suitable for being fastened to a bone 10. The fastening
portion 120 passes through the capacitor structure 130 which
has a capacitance value C and includes a first conductive
layer 132, a second conductive layer 134, and an elastic
dielectric layer 136. The first conductive layer 132 leans
against the fixing portion 110, the second conductive layer
134 leans against the bone 10, and the elastic dielectric layer
136 is located between the first conductive layer 132 and the
second conductive layer 134. The coil 140 has an inductance
value L, and two ends 142 and 144 of the coil 140 are
respectively connected to the first conductive layer 132 and
the second conductive layer 134. After the coil 140 receives
a detection RF signal S1, the coil 140 generates a responding
RF signal S2 according to variations in the capacitance value
C and the inductance value L.

[0030] Specifically, in the present embodiment, the fixing
portion 110 and the fastening portion 120 define a pedicle
screw, and the fastening portion 120 is suitable for being
fastened to the bone 10 (e.g., including but not limited to the
vertebra). A material of the capacitor structure 130 is a
biocompatible material, such as a metallic conductive mate-
rial (e.g., titanium, gold, platinum, or an oxide of the above),
a non-metallic conductive material (e.g., iridium oxide or
graphite), and a non-conductive material (e.g., polydimeth-
ylsiloxane (PDMS)). Since the capacitor structure 130 pro-
vided in the present embodiment has the elastic dielectric
layer 136, the distance D between the first conductive layer
132 and the second conductive layer 134 does not remain
constant but may be changed together with deformation
(e.g., contraction or extension) of the elastic dielectric layer
136. Namely, the capacitance value C of the capacitor
structure 130 provided herein is a variable capacitance value
and may be changed together with the distance D between
the first conductive layer 132 and the second conductive

Apr. 27,2017

layer 134. Preferably, the thickness H of the capacitor
structure 130 is within a range from 0.1 millimeters (mm) to
10 mm, for instance.

[0031] A material of the coil 140 is a biocompatible
material, such as a metallic conductive material (e.g., tita-
nium, gold, platinum, or an oxide of the above) and a
non-metallic conductive material (e.g., iridium oxide or
graphite). Here, the number of windings in the coil 140
remains unchanged, and therefore the inductance value L of
the coil 140 is a fixed inductance value. Two ends 142 and
144 of the coil 140 are respectively connected to the first
conductive layer 132 and the second conductive layer 134
by using the biocompatible material to encapsulate and fix
with the first conductive layer 132 and the second conduc-
tive layer 134. As shown in FIG. 1A and FIG. 1B, the coil
140 is located between the first conductive layer 132 and the
second conductive layer 134, the coil 140 has an opening
146, and the elastic dielectric layer 136 is located in the
opening 146. That is, the coil 140 is sandwiched between the
first conductive layer 132 and the second conductive layer
134 of the capacitor structure 130, which should however
not be construed as a limitation to the disclosure. In another
embodiment, with reference to FIG. 1D, the coil 1405 of the
sensing bone fixing element 1005 is located on one side of
the fixing portion 110 away from the fastening portion 120.
Here, the coil 1405 is clamped by two fixing elements 150a
and 1505 and leans against the fixing portion 110, and the
coil 1405 and the fixing elements 150a and 1506 are fixed
by a fixing element 150c¢. That is, the fixing portion 110 is
located between the coil 1405 and the capacitor structure
130; in other words, the coil 1405 is close to the outside of
the human body and can easily receive the detection RF
signal S1.

[0032] It should be mentioned that the size of the first and
second conductive layers 132 and 134 is not limited herein.
In FIG. 1A and FIG. 1B, the size of the first conductive layer
132 is substantially the same as the size of the second
conductive layer 134; alternatively, as shown in FIG. 1D, the
size of the first conductive layer 132 (e.g., the area of the first
conductive layer 132) is substantially smaller than the size
of the second conductive layer 134 (e.g., the area of the
second conductive layer 134). In other embodiments that are
not shown herein, the size of the first conductive layer 132
(e.g., the area of the first conductive layer 132) is substan-
tially greater than the size of the second conductive layer
134 (e.g., the area of the second conductive layer 134). All
of the above fall within the scope of protection provided
herein.

[0033] With reference to FIG. 1A and FIG. 1C, during
surgical operation, the sensing bone fixing element 100a
may be fastened to the bone 10. Namely, the fixing portion
110 exerts a stress on the capacitor structure 130, such that
the first conductive layer 132 of the capacitor structure 130
leans against the fixing portion 110, the second conductive
layer 134 leans against the bone 10, and the elastic dielectric
layer 136 located between the first conductive layer 132 and
the second conductive layer 134 deforms (contracts) because
of'the stress. Here, the thickness of the elastic dielectric layer
136 is defined as the thickness T when the sensing bone
fixing element 100a is fastened to the bone 10, and the
distance D from the first conductive layer 132 to the second
conductive layer 134 is defined as an initial distance. With
reference to FIG. 1A, FIG. 1C, and FIG. 2, during rehabili-
tation after the surgical operation, the stress exerted by the
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fixing portion 110 on the capacitor structure 130 may
decrease due to improper movements during rehabilitation
after the surgical operation or due to the loose bone 10, such
that the elastic dielectric layer 136 may deform (extend), i.e.,
the thickness T of the elastic dielectric layer 136 becomes
the thickness T' when the sensing bone fixing element 100a
is no longer fastened to the bone 10. At this time, the initial
distance D from the first conductive layer 132 to the second
conductive layer 134 becomes a distance D'. At this time,
paramedics may send the detection RF signal S1 through a
sensing element 20, and the coil 140 within the human body
may, through wireless connections, receive the detection RF
signal S1 coming from the sensing element 20 outside the
human body. After receiving the detection RF signal S1, the
coil 140 may generate the responding RF signal S2 and
provide the same to the sensing element 20 according to the
variations in the capacitance value C of the capacitor struc-
ture 130 and the inductance value L of the coil 140. Here,
after receiving the responding RF signal S2, a sensor
antenna 22 in the sensing element 20 may obtain a frequency
through an analysis by a frequency spectrum analyzer 24. If
the obtained frequency is compared with data in a quanti-
zation table of the tightness of the screw, it can be learned
that the sensing bone fixing element 100« is no longer tightly
fastened to the bone 10.

[0034] In particular, the inductance value L of the coil 140
is a fixed value according to the present embodiment;
therefore, if the capacitance value C of the capacitor struc-
ture 130 decreases (i.e., the thickness T of the elastic
dielectric layer 136 becomes the thickness T' when the
sensing bone fixing element 100aq is no longer fastened to the
bone 10; the initial distance D from the first conductive layer
132 and the second conductive layer 134 becomes the
distance D'), the frequency of the responding RF signal S2
appears to increase according to the equation

as shown in FIG. 3. That is, the thickness T of the elastic
dielectric layer 136 is positively correlated to the distance D
between the first conductive layer 132 and the second
conductive layer 134, and the frequency of the responding
RF signal S2 is positively correlated to the distance D
between the first conductive layer 132 and the second
conductive layer 134 as well. In the present embodiment, the
sensing bone fixing element 1004 has the capacitor structure
130 and the coil 140; hence, after the coil 140 receives the
detection RF signal S1, the coil 140 generates the respond-
ing RF signal S2 according to the variations in the induc-
tance value L of the coil 140 and the capacitance value C of
the capacitor structure 130, and the degree of variations in
the tightness of fastening the sensing bone fixing element
100a to the bone 10 can accordingly be calculated. Accord-
ing to the related art, the affected region of the patient is
photographed with use of X-rays, and the condition of fixing
the pedicle screw to the bone can be learned by observing
the photographs; by contrast, the degree of variations in the
tightness of fastening the sensing bone fixing element 100a
to the bone 10 can be passively detected without using
radiation, and the detection result is accurate and can be
obtained with ease in an efficient manner.
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[0035] FIG. 4A is a schematic diagram illustrating that
plural sensing bone fixing elements depicted in FIG. 1A are
fastened to a human body. FIG. 4B is a schematic curve
illustrating a phase and a frequency of a responding RF
signal generated by the coil shown in FIG. 4A. With
reference to FIG. 4A and FIG. 4B, in the present embodi-
ment, the sensing bone fixing elements 10041, 10042, and
10043 are fastened to the bone 10'. The sensing bone fixing
elements 10041, 10042, and 10043 are similar to the sensing
bone fixing element 100a depicted in FIG. 1A, and the
difference therebetween lies in the capacitance value of the
capacitor structure 130 (shown in FIG. 1A) and the induc-
tance value of the coil 140 (shown in FIG. 1A) of each of the
sensing bone fixing elements 10041, 10042, and 10043.
With reference to FIG. 1C, by changing the inductance value
L of the coil 140 of each of the sensing bone fixing elements
10041, 10042, and 10043 or the capacitance value C of the
capacitor structure 130, the widths Afl, Af2, and Af3 of the
frequencies of the sensing bone fixing elements 10041,
10042, and 10043 are separated and not overlapped. As a
result, the degree of variations in the tightness of fastening
the sensing bone fixing elements 10041, 10042, and 10043
at different locations to the bone 10' can be detected simul-
taneously.
[0036] To sum up, the sensing bone fixing element pro-
vided herein has the capacitor structure and the coil; hence,
after the coil receives the detection RF signal, the coil
generates the responding RF signal according to the varia-
tions in the inductance value of the coil and the capacitance
value of the capacitor structure, and the degree of variations
in the tightness of fastening the sensing bone fixing element
to the bone can accordingly be calculated. According to the
related art, the affected region of the patient is photographed
with use of X-rays, and the condition of fixing the pedicle
screw to the bone can be learned by observing the photo-
graphs; by contrast, the degree of variations in the tightness
of fastening the sensing bone fixing element to the bone can
be passively detected without using radiation, and the detec-
tion result is accurate and can be obtained with ease.
[0037] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the disclosed embodiments without departing
from the scope or spirit of the disclosure. In view of the
foregoing, it is intended that the disclosure cover modifica-
tions and variations of this disclosure provided they fall
within the scope of the following claims and their equiva-
lents.
What is claimed is:
1. A sensing bone fixing element comprising:
a fixing portion;
a fastening portion fixed to the fixing portion, the fasten-
ing portion being suitable for being fastened to a bone;
a capacitor structure, the fastening portion passing
through the capacitor structure and having a capaci-
tance value, the capacitor structure comprising:
a first conductive layer leaning against the fixing por-
tion;
a second conductive layer leaning against the bone; and
an elastic dielectric layer located between the first
conductive layer and the second conductive layer;
and
a coil having an inductance value, two ends of the coil
being respectively connected to the first conductive
layer and the second conductive layer, wherein after the
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coil receives a detection radio frequency signal, the coil
generates a responding radio frequency signal accord-
ing to variations in the capacitance value and the
inductance value.

2. The sensing bone fixing element as recited in claim 1,
wherein a thickness of the elastic dielectric layer is posi-
tively correlated to a distance between the first conductive
layer and the second conductive layer.

3. The sensing bone fixing element as recited in claim 1,
wherein a frequency of the responding radio frequency
signal is positively correlated to a distance between the first
conductive layer and the second conductive layer.

4. The sensing bone fixing element as recited in claim 1,
wherein when a stress exerted by the fixing portion on the
capacitor structure decreases, the clastic dielectric layer
deforms, such that a distance between the first conductive
layer and the second conductive layer increases.

5. The sensing bone fixing element as recited in claim 1,
wherein the coil is located between the first conductive layer
and the second conductive layer, the coil has an opening, and
the elastic dielectric layer is located in the opening.
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6. The sensing bone fixing element as recited in claim 1,
wherein the coil is located on one side of the fixing portion
away from the fastening portion.

7. The sensing bone fixing element as recited in claim 1,
wherein the coil senses the detection radio frequency signal
of a sensing element through a wireless connection.

8. The sensing bone fixing element as recited in claim 1,
wherein the inductance value of the coil is a fixed inductance
value.

9. The sensing bone fixing element as recited in claim 1,
wherein the fixing portion and the fastening portion define a
pedicle screw.

10. The sensing bone fixing element as recited in claim 1,
wherein a material of the capacitor structure is a biocom-
patible material.

11. The sensing bone fixing element as recited in claim 1,
wherein a material of the coil is a biocompatible material.

12. The sensing bone fixing element as recited in claim 1,
wherein a thickness of the capacitor structure is within a
range from 0.1 millimeters to 10 millimeters.
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