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METHOD AND DEVICE FOR DETERMINING
POSITION OF DENTAL IMPLANTS

Priority Information
[0001] This application claims the priority benefit under 35 U.S.C. § 119(e) of
Provisional Application 60/444,671 filed February 4, 2003.

Backeround of the Invention

Field of the Invention

[0002] The present invention relates generally to the field of dental implants, and
more particularly to methods and devices for installing dental implants.

Description of the Related Art

[0003] Implant dentistry involves the restoration of one or more teeth in a
patient’s mouth using artificial components. Such artificial components typically include a
dental implant and a prosthetic tooth and/or a final abutment that is secured to the dental
implant. Generally, the process for restoring a tooth is carried out in three stages.

[0004] Stage I involves implanting the dental implant into the alveolar bone (i.e.,
jawbone) of a patient. The surgeon first accesses the alveolar bone through the patient’s gum
tissue and removes any remains of the tooth to be replaced. Next, the specific site in the
alveolar bone where the implant will be anchored is prepared by drilling and/or reaming to
acconunodate the width of the dental implant to be inserted. Then, the dental implant is
inserted into the hole, typically by screwing, although other techniques are known for
introducing thé implant in the jawbone.

[0005] After the implant is initially installed in the bone, a temporary healing cap
is secured over the exposed proximal end in order to seal an internal bore of the implant. The
patient’s gums are then sutured over the implant to allow the implant site to heal and to allow
desired osseointegration to occur. Complete osseointegration typically takes anywhere from
three to ten months.

[0006] During stage I, the surgeon reaccesses the implant fixture by making an
incision through the patient’s gum tissues. The healing cap is then removed, exposing the

proximal end of the implant. Typically, an impression coping is attached to the implant and a
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mold or impression is then taken of the patient’s mouth to accurately record the position and
orientation of the implant within the mouth. This is used to create a plaster model or
analogue of the mouth and/or the implant site and provides the information needed to
fabricate the prosthetic replacement tooth and any required intermediate prosthetic
components. Stage II is typically completed by attaching to the implant a temporary healing
abutment or other transmucosal component to control the healing and growth of the patient’s
gum tissue around the implant site. In a modified procedure, an abutment or other
transmucosal component is either integrally formed with the implant or attached to the
implant during‘ stage I. In such a procedure, stages I and II are effectively combined in to a
single stage.

[0007] Stage IIl involves fabricating and placement of a cosmetic tooth prosthesis
to the implant fixture. The plaster analogue provides laboratory technicians with a model of
the patient’s mouth, including the orientation of the implant fixture and/or abutment relative
to the surrounding teeth. Based on this model, the technician constructs a final restoration.
The final step in the restorative process is replacing the temporary healing abutment with the
final abutment and attaching a final prosthesis to the final abutment.

[0008]  With respect to Stage I, when an oral surgeon installs the dental irﬁplant, it
is important that the dental implant is installed at a proper or optimum position and angle
with respect to the particular structure of the alveolar bone that is receiving the implant. If
the implant installed at an improper or non-optimum angle or position, the bone may not
provide the required support, which may result in failure of the dental prostheses supported
by the implant. Improper or non-optimum positioning may also result in a visually
perceptible defect in the appearance of the dental prosthesis. Accordingly, it is important for
the dental surgeon to be able to determine the proper or optimum position and angle for the
dental implant. Many techniques and devices have been developed and used by oral
surgeons, including radiographic examination, diagnostic casts, etc., for determining the
optimum position and angle for the dental implant. However, such techniques tend to depend

on the skill and experience of the oral surgeon.
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Summary of the Invention

[0009] Therefore, there remains a general need for an improved device and method
for determining the proper or optimum position and angle of a dental implant with respect to the
structure of the alveolar bone.

[0010]  Accordingly, one embodiment of the present invention provides a dental
implant guide which may used to aid oral surgeons in determining the optimum position and
angle for a dental implant to be installed in a bone, by presenting the oral surgeon with a
simplified view of the permitted limits for the dental implant. In one embodiment of use, the
implant guide may be used without opening a flap in the gum tissue of the patient. In another
embodiment of the invention, a plurality of such accessories may be provided in a kit, which
may include a tool for applying such accessories to a patient’s bone. Another embodiment
relates to a method of using such accessories in determining the optimum position and angle
for a dental implant.

[0011] In another embodiment of the present invention, there is provided a dental
implant guide for aiding an oral surgeon in determining the optimum position and angle for a
dental implant to be installed in a bone. The dental implant guide comprises a probe
assembly including at least one pair of probe members pivotally mounted to each other about
a pivot axis. The pair of probe members are configured and dimensioned such that one end
of the probe assembly on one side of the pivot axis serves as a probe end in which the probe
members of the pair may be configured to straddle the bone with their tips contacting the
bone at opposed contact points thereon. The opposite end of the probe assembly on the
opposite side of the pivot axis serves as a guide end in which the tips of the probe members
are automatically located to indicate the thickness of the bone at the pair of opposed contact
points. In a preferred embodiment, the opposite ends of the probe assembly are substantially
symmetric with respect to the pivot axis.

[0012] In another embodiment of the present invention, there is provided an
accessory for aiding an oral surgeon in determining the optimum position and angle for a
dental implant to be installed in a bone. The accessory comprises a probe assembly including
at least two pairs of probe members pivotally mounted to each other about a common pivot

axis. The probe members of each pair are configured and dimensioned such that one end of
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the pair of probe members on one side of the pivot axis serves as a probe end in which the
probe members of the pair may be located to straddle the bone with their tips contacting the
bone at opposed contact points thereon. The opposite end of the probe members of the pair
on the opposite side of the pivot axis serves as a guide end in which the tips of the probe
members are automatically located to indicate the thickness of the bone at the pair of opposed
contact points. The probe members of one pair are of a different length between their tips
than the probe members of the other pair, such that the tips at the opposite ends of the probe
members will be automatically located to indicate the thickness of the bone at two pairs of
contact points, and thereby the contour of the bone in the region of the contact points. The
accessory thus presents to the oral surgeon a simplified view of the permitted limits for the
dental implant. In one embodiment of use, this may be done before opening a flap. In one
preferred embodiment, the opposite ends of the probe members are substantially symmetric
with respect to the pivot axis.

[0013] In a modified embodiment, each of the probe members is of substantially
S-shaped configuration. Each probe member of one pair is biased towards the other probe
member of the respective pair by a biasing member. In another modified embodiment, the
assembly further includes a simulated tooth adjustably mounted with respect to the pivot axis
to simulate a tooth to be fixed by the dental implant. The simulated tooth is mounted with
respect to the pivot axis for adjustment longitudinally, transversely, and/or angularly, with
respect to the bone to receive the implant, and is formed with holes therethrough to indicate
the limits of the drill axis of the implant. The holes may also be used for drilling the bone,
and the simulated tooth méy also be provided with an indicator pin to indicate the drilling
axis. "

[0014] In another embodiment of the invention, the accessory includes two or
more of the probe assemblies to be applied at spaced locations of a bone to thereby enable
determination of the optimum position and angle for the dental implant in the section of the
bone between the spaced locations.

[0015] According to another embodiment of the present invention, there is
provided a kit including a plurality of accessories as in one or more of the embodiments

described above. Such a kit preferably also includes a manual tool for applying each probe
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assembly to a bone of a patient to receive a dental implant. The manual tool includes a pair
of pivotally mounted members each having a finger at one side of the pivot mounting, and a
hand grip at the opposite side of the pivot mounting; and a biasing member to urge the hand- .
grips away from each other, and thereby the fingers towards each other.

[0016] In another embodiment of the present invention, there is provided a
method of aiding an oral surgeon to determine the optimum position and angle for a dental
implant to be installed in a bone. The method comprises applying to the bone a probe
assembly, as described above, such that the probe end of the probe assembly straddles the
bone and their tips contact the bone at opposed contact points thereon and utilizing the tips of
the guide end of the probe assembly for indicating the permitted limits for the dental implant
to be installed in the bone. In one embodiment, the permitted limits are defined, at least in
part, by indicator points that are substantially symmetric to the opposed contact points.

[0017] In another embodiment of the invention, there is provide a method of
determining the proper position and angle for a dental impiant to be installed in a bone,
comprising determining the contour of the jawbone at an insertion site of the dental implant;
creating a substantially symmetrical image of the contour of the jawbone, the image being
positioned above said insertion site, and using the substantially symmetrical image to
determine the proper position and angle for a dental implant.

[0018] As will be described more particularly below, an advantage of certain
embodiments of the present invention is that they may be used to present to the oral surgeon a
simplified view of the permitted limits for the dental imﬁlaﬁt without even opening a flap in
the patient’s gum tissue. Such a view better enables the oral surgeon to determine the
optimum position and angle for a dental implant to be installed in order to provide maximum
support for the dental prosthesis to be later applied, as well as to minimize the possibility of
producing a visually defective appearance in the dental prosthesis.

[0019]  For purposes of summarizing the invention and the advantages achieved
over the prior art, certain objects and advantages of the invention have been described herein
above. Of course, it is to be understood that not necessarily all such objects or advantages
may be achieved in accordance with any particular embodiment of the invention. Thus, for

example, those skilled in the art will recognize that the invention may be embodied or carried
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out in a manner that achieves or optimizes one advantage or group of advantages as taught
herein without necessarily achieving other objects or advantages as may be taught or
suggested herein.

[0020] All of these embodiments are intended to be within the scope of the
invention herein disclosed. These and other embodiments of the present invention will
become readily apparent to those skilled in the art from the following detailed description of
the preferred embodiments having reference to the attached figures, the invention not being
limited to any particular preferred embodiments disclosed.

Brief Description of the Drawings

[0021] These and other features of this invention will now be described with
reference to the drawings of a preferred embodiment which is intended to illustrate and not to
limit the invention. The drawings contain the following figures:

[0022] FIG. 1 is a side perspective view of a patient’s mouth and an exemplary
embodiment of two dental implant guides;

[0023] FIG. 2 is a side perspective view of another embodiment of a dental
implant guide;

[0024] FIG. 3 is a side view of the dental implant guide of FIG. 2;

[0025] FIG. 3A is a side view of a modified embodiment of a dental implant
guide;

[0026] FIG. 4 is a side perspective view of an embodiment of that utilizes two
connected dental implant guides;

[0027] FIG. 5 illustrates the use of a plurality of the dental implant guides of
FIG. 2;

[0028]  FIG. 6 is a side perspective view of another embodiment of a dental
implant guide;

[0029] FIG. 7 illustrates an embodiment of use of a pair dental implant guides as
shown in FIG. 6 wherein the dental implant guides are connected;

[0030] FIG. 8 illustrates the use of a plurality of the dental implant guides in

FIG. 6 in combination with a simulated tooth;
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[0031] FIG. 9 illustrates the use of a plurality of the dental implant guides in
FIG. 6 in combination with a simulated tooth and an indicator rod;

[0032] FIG. 10 is a side perspective view of an exemplary embodiment of a tool
that may be used with the dental implant guides of FIGS. 6 and 7;

[0033] FIG. 11 is a side perspective view of an exemplary embodiment of a tool
that may be used with the dental implant guides of FIGS. 1-5;

[0034] FIG. 12 is a side perspective view of a modified embodiment of a dental
implant guide;

[0035] FIG. 12A is a flow chart illustrating one embodiment for creating the
dental implant guide of FIG. 12; and

[0036] FIG. 13 is a side perspective view of a modified embodiment of the dental
implant guide of FIG. 12.

Detailed Description of the Preferred Embodiments

[0037] Various embodiments of a dental implant guide will now be described. As
will be explained in detail below‘, in certain embodiments, the dental implant guide aids an
oral surgeon in determining the optimum position and/or angle for installation of a dental
implant into a patient’s jawbone. In a preferred embodiment, this is done by presenting the
oral surgeon with a simplified view of the permitted limits or envelope that the jawbone
provides for the dental implant. Advantageously, this may be done even before opening a
flap in the patient’s gum tissue.

[0038] In one embodiment, the dental implant guide comprises at least two probe
points that are configured to probe the jawbone below the insertion site of the dental implant.
The dental implant guide also comprises at least two indicator points that are configured to
lie above the jawbone at the insertion site. The dental implant guide is configured such the
position of the probe points is translated to the indicator points. In this manner, as the probe
points expand and contract in response to the shape of the jawbone, the indicator points, in
turn, expand and contract to provide to provide an indication of the shape of the jawbone at
the insertion site. In one embodiment, the indication provides a general representation or
approximate guide as to the contour of the jawbone. In another embodiment, the indication

provides a more accurate and/or complete representation. In yet another embodiment, the
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dental implant guide creates a substantially symmetrical image of a slice of the bone in which
the dental implant is to be inserted. The symmetrical image is preferably centered in the
middle of the crest of the jawbone. In one such embodiment, the indicator points and probe
points may move symmetrically about a point preferably centered in the middle of the crest of
the jawbone such that the position of each one of the indicator points corresponds to the
position of a corresponding probe point positioned on the opposite side of the jawbone.

[0039] Turning now to a particular exemplary embodiment, FIG. 1 is a schematic
illustration of a patient’s mouth, which includes a movable lower jaw bone or mandible 2,
and a fixed upper jaw bone or maxilla 4. For purposes of example, FIG. 1 also illustrates two
implantation sites 6, 8 in the mandible 2. The first site 6 is for receiving a single tooth
prosthetic device, which typically utilizes a single implant. The second site 8 is for receiving
a prosthetic device that typically requires two (or more) prosthetic teeth to be fixed by two (or
more) implants. In the description below, reference will be made to positions “above the
insertion or implantation site.” However, it should be appreciated that the term “above the
insertion or implant site” will also refer to positions “below” implantation sites on the upper
Jaw bone or maxilla 4. That is, above or below refer to the space generally overlying the
insertion or implantation site.

[0040] FIG. 1 also illustrate a pair of exemplary dental implant guides each
generally designated with the reference 10 and to be described in detail below. As mentioned
above, the tool guides 10 may be used t6 aid an oral surgeon in determining the optimum
position and angle for installation of the dental implants (not shown) that are to be implanted
at the first and second sites 6, 8.

[0041] FIGS. 2 and 3 illustrate a slightly modified embodiment of the tool guide
10 of FIG. 1. In this embodiment, the tool guide 10 comprises at least a first pair of probe
members 12, 14 that are pivotally mounted to each other on a pivot shaft 13 that preferably
passes through the centers of the probe members 12, 14. The exemplary embodiment also
includes a second pair of probe members 16, 18 that may be also pivotally mounted to each
other on the pivot shaft 13. The second pair of probe members 16, 18 preferably have a
shorter height (i.e., distance from the pivot shaft 13) than the first pair of probe members 12,
14.
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[0042]  With particularly reference to FIG. 3, in the exemplary embodiment, each
of the probe members 12, 14, 16, 18 has a substantially S-configuration comprising a main
portion 20 through which the pivot shaft 13 extends, a pair of secondary portions 22a, 22b,
which extend in opposite directions away from the pivot shaft 13, and a pair of tertiary
portions 24a, 24b, which extend in opposite directions towards the pivot shaft 13. In the
illustrated embodiment, the secondary portion 22a, 22b, form a substantially 90 degree angle
with respect to the main portion 20 and the tertiary portions 24a, 24b forms a substantially 90
degree angle with respect to the secondary portions 22a, 22b. In modified embodiments, the
probe members 12, 14, 16, 18 may have a substantially different shape that may include more
or less portions, curved sections and/or different angular orientations between the segments.
For example, FIG. 3A illustrates an embodiment where the probe members 12°, 14°, 16°, 18’
are formed from curved segments. FIG. 1 illustrates an embodiment where the angle between
the tertiary portion 24a, 24b and the secondary portions 22a, 22b is greater than 90 degrees.
The probe members 12, 14, 16, 18 may also be formed from a single piece of material or
formed from various components coupled together. The probe members 12, 14, 16, 18 may
also have various cross-section shapes. For example, the embodiment of FIG. 1 has a
rectangular cross-section while the embodiment of FIG. 3 has a circular cross-section. The
probe members 12, 14, 16, 18 may be made from any of a variety of materials, such as, for
example, dental grade metals (e.g., titanium, stainless steel, etc.) or plastics.

[0043] With continued reference to FIG. 3, the probe members 12, 14, 16, 18 are
preferably configured and dimensioned such that one end of each pair of probe members 12,
14, 16, 18, respectively, serves as a probe end 26 of the dental implant guide 10 for
contacting and/or probing the outer surface of the bone to receive the implant; whereas the
opposite end of the respective pair of probe members 12, 14, 16, 18, respectively, serves as
an indicator end 28 for indicating the contour of the bone and thereby the permitted limits for
the dental implant. The probe members 12, 14, 16, 18 therefore form a set of four probe
points A, B, C, D and a corresponding set of indicator points A’, B’, C’, D’. Each probe
point A, B, C, D corresponds to the indicator point A’, B’, C’, D’ that is located on the same

probe member 12, 14, 16, 18. As will be explained in more detail below, in the illustrated
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embodiment, the envelope defined by the probe points A, B, C, D is generally symmetrical to
the envelope defined by the indicator points A’, B’, C’, D’.

[0044] The dental implant guide 10 illustrated in FIGS. 2 and 3 preferably also
comprises a simulated tooth 30, which is configured to simulate the shape of an artificial
tooth that is to be supported by the dental implant. The simulated tooth 30 is preferably
configured for adjustment longitudinally, transversely, and/or angularly, with respect to the
jawbone bone 2. In the illustrated embodiment, the simulated tooth 30 is coupled to the pivot
shaft 13 by a support shaft 32 that may extend vertically from the pivot shaft 13. A
horizontal member 34 extends in a substantially horizontal direction from the support shaft
32. The simulated tooth, in turn, may include a journal member 36 for receiving the
horizontal member 34 such that the simulated tooth 30 may rotate about the horizontal
member 34. The journal member 36 may, in turn, be configured for longitudinal movement
within a longitudinal member support member 38. In one embodiment, the longitudinal
member 38 and journal member 36 may include corresponding ratchet type structures for
facilitating and limiting movement of the journal member 36 in the longitudinal direction. In
other embodiments, the journal member 36 may be configured for sliding movement within
the longitudinal member 38 with the amount of friction between the two component
providing resistance to unlimited movement. Of course, those of skill in the art, will
recognize that there are a variety of other mechanical relationships may be provided between
the dental implant guide and the simulated tooth to provide adjustment, longitudinally,
transversely and/or angularly with respect to the bone and dental implant guide 10. It should
also be appreciated that modified embodiments (e.g., FIG. 1) of the tool guide 10 may be
formed and used without the simulated tooth 30.

[0045] The simulated tooth 30 preferably includes one or more holes 40
therethrough to indicate the limits of the drill axis of the implant. As will be explained
below, the hole 40 may be used for aligning the drill therethrough or other dental components
(e.g., an angled abutment).

[0046] With reference back to FIG. 2, the dental implant guide 10 may include
one or more biasing members 42a, 42b (e.g., springs) applied to the indicator end of one or

both pairs of probe members 12, 14, 16, 18 for urging the indicator points A’, B’, C’, D’ and
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the respective probe members 12, 14, 16, 18 towards each other. Thus, as shown in FIG. 3, a
first spring 42a urges the first pair of probe members 12, 14 towards each other, and a second
spring 42b urges the second pair of probe members 16, 18 towards each other. It should be
appreciated that in other embodiments other techniques may be used for urging the respective
probe members 12, 14, 16, 18 towards each other. For example, in one embodiment, a
torsional spring may be applied to the probe members 12, 14, 16, 18 at the pivot shaft 13.

[0047] With reference back to FIG. 3, a manner in which the exemplary dental
implant guide 10 may be used to aid the oral surgeon in determining the optimum position
and angle for installation of a dental implant according to the contour of the bone at the site
to receive the implant will now be described in more detail. As mentioned above, in the
illustrated embodiment, the first pair of probe members 12, 14 are substantially the same
shape and length, and the second pair of proBe members 16, 18 are also substantially the
same shape and length of each other. However, as mentioned above, the second pair of probe
members 16, 18 preferably have a height less than the first pair of problem members 12, 14.
As mentioned above, the exemplary dental implant guide 10 creates four probe points A, B,
C, D that indicate the contour of the bone 2 at the implantation site, and thereby provides four
indicator points A’, B’, C*, D’ in space over the implantation site to assist the oral surgeon in
determining the optimum position and angle for the dental implant to be installed at that site.
In the illustrated embodiment, the first and second pair of probe members 12, 14, 16, 18 are
substantially symmetrical with respect to the pivot shaft 13. Therefore, the spatial
relationship between the four indicator points A’, B’, C’, D’ is substantially symmetrical to
the spatial relationship between the four probe points A, B, C, D. It will be appreciated that
more than two pairs of such probe members could be included in the accessory, to provide
more probe points indicating the contour of the bone, and thereby more guide points for
assisting the oral surgeon in determining the optimum placement of the dental implant. It
should also be appreciated that one pair of probe members may also be used in other
embodiments.

[0048] In use, even before the bone site to receive the implant has been flapped,
the dental implant guide 10 may be positioned at the implantation site with the pivoted point

13 of the accessory being positioned in close proximity to the ridge of the bone 2, and with
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the probe points A, B, C, D of the probe members 12, 14, 16, 18 respectively, in contact with
or close proximity to the opposite faces of the bone 2, as shown at 2A, 2B, 2C, 2D,
respectively (see FIG. 3). The probe points A, B, C, D thus indicate the contour of bone 2 at
the implantation site and are reproduced in the illustrated embodiment as the indicator points
A’, B’, C°, D’ respectively, at the opposite ends of the probe members 12, 14, 16, 18 in the
space overlying the implantation site. The oral surgeon thus can visualize the space,
symmetrically below the pivot shaft 13, available for positioning and orientating the implant.
For safety purposes, the indicator points A’, B>, C’, D’ are preferably positioned a small
distance inwardly from a position that would exactly correspond to the probe points A, B, C,
D. This may be accomplished by dimensioning the tertiary members 24b of the indicator end
28 to be slightly longer than the tertiary members 24a of the probe end 26 or providing
extensions 44 as shown in FIG. 3. In some embodiments, the extensions 44 be configured
with enhanced indicia (e.g., bright colors) to aid the surgeon in visualizing the envelope.

[0049] As shown in FIG. 3A, when the axis a of an implant or drill is positioned
within the envelop defined by the indicator points A’, B’, C’, D’, it is at a position,
orientation and angle that when extended into the bone 2 ensures that the implant or drill will
remain within the contours of the bone.

[0050] With embodiments that utilize the simulated tooth 30 (see e.g., FIG. 3), the
oral surgeon may also manipulate the simulated tooth 30 to obtain the desired rélationship
with respect to a counter-tooth 46. For this purpose, the simulated tooth 30 may be moved
longitudinally, transversely, and/or angularly, with respect the pivot shaft 13, and thereby
with respect to the bone 2. The hole 40 in the simulated tooth 30 is located so as to indicate
the limits of the drill axis of the implant when the simulated tooth 30 is propetly oriented
with respect to the counter tooth 46. In other embodiments, the simulated tooth 30 may
include additional holes to indicate the axis of mating components (e.g., an angled abutment)
A drill bit may be positioned through the hole 40, which may be used for aligning the drill
bit. For a particular position and orientation of the drill, if the proximal end of the drill bit
lies within the envelop defined by the indicator points A’, B’, C*, D, then the oral surgeon
knows that if the drill is extended along the same axis it will remain within the envelop

defined by the contact points A, B, C, D.

-12-



WO 2004/069075 PCT/IB2004/001058

[0051] In certain embodiments, the dental implant guide 10 is configured such
that the indicator points A’, B’, C*, D’ provide an accurate representation of the contour of
the bone 2. However, it should be appreciated that in modified embodiments, the dental
implant guide 10 may be configured such that indicator points A’, B>, C*, D’ provide only
general or approximate info with respect to the contoﬁr of the bone. For example, in one
embodiment, the indicator points A’, B’, C’, D’ may merely indicate the general thickness of
the bone 2 and, in another, embodiment merely indicate the general thickness of the bone at
an approximated depth. In such embodiments, the probe members 12, 14, 16, 18 need not be
symmetric with respect to the pivot axis.

[0052]  From the description above, it should be apparent that the dental implant
guide 10 is highly useful for guiding the oral surgeon in the placement of the implant at its
optimum position and aﬁgle for the respective déntal prosthesis to be subsequently applied.
In addition, in the embodiments with two such pairs of probe members of different heights,
the lower end of each probe assembly is particularly suited to probe the contour of the bone at
the implant installation site, and thereby better able to guide the oral surgeon in the placement
of the implant. The oral surgeon may also use the dental implant guide 10 to determine that
in the desired orientation the dental implant will lies outside the permitted limits.
Accordingly, the dental implant guide aids the surgeon in determining that a bone graft is
needed and may aid the surgeon in deciding the size and placement of the bone graft. The
dental guide 10 may also be used to control and monitor the success of the bone graft during,
for example, the months following the bone graft procedure.

[0053] FIG. 4 illustrates a modified embodiment that includes two dental implant
guides, generally designated 10a, 10b, each including two pairs of probe members 12, 14, 16,
18 respectively, as described above. The two dental implant guides 10a, 10b, are spaced
from each other and coupled together by a common bridging member 50. In the illustrated
embodiment, the common bridging member 50 bows away from a longitudinal axis
extending through the pivot shafts 13a, 13b of the dental implant guides 10a, 10b to provide
access for a dental implant 52 that may be positioned between the dental implant guides 10a,
10b. In this embodiment, with the dental implant 52 positioned between the dental implant
guides 10a, 10b, the probe points A, B, C, D at the probe end of the two probe assemblies
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will indicate the contour of the bone 2 between the two probe assemblies, and thereby the
opposite ends of the probe members will better indicate the contour of the bone in this region.

[0054] FIG. 5 also illustrates another modified embodiment that includes two
dental implant guides, generally designated 10a, 10b, each including two pairs of probe
members 12, 14, 16, 18 respectively, as described above. In this embodiment, each dental
implant guide 10a, 10b, includes a simulated tooth 30. In one embodiment of use, the pair of
dental implant guides 10a, 10b may be use to probe the contour of the bone in the region to
receive two implants, such as region § illustrated in FIG. 1. In modified embodiments the
dental implant guides 10a, 10b may be used without the simulated tooth 30.

[0055] FIG. 6 illustrates another modified embodiment of a pair of dental implant
guides 60a, 60b. In the previous embodiments, the probe members 12, 14, 16, 18 were
configured such that the indicator points A’, B’, C’, D’ and the probe points A, B, C, D, were
positioned substantially within the same plane as the pivot shaft 13. In the present
embodiment, the probe points A, B, C, D and indicator points A’, B’, C’, D may be
positioned within different planes or in a common plane offset from a plane containing the
pivot shaft 13. In the illustrated embodiment, this is accomplished by providing the tertiary
members 24a, 24b with an offset portion 62. In the exemplary embodiment, the offset
portions 62 extend generally parallel to the axis of the pivot shaft 13. In this manner, the
probe points A, B, C, D and indicator points A’, B’, C’, D’ are distanced from the pivot shaft
13. This arrangement allows the surgeon to position the implant or drill directly between the
indicator points A’, B’, C’, D’.

[0056] FIG. 7 illustrates a modified embodiment of the dental implant guides 60a,
60b of FIG. 6. In this embodiment, the dental implant guides 60a, 60b are coﬁpled together
with a common bridging member 50 as described above with reference to FIG. 4. FIG. 8
illustrates another modified embodiment of the dental implant gnides 60a, 60b of FIG. 6. In
this embodiment, the dental implant guides 60a, 60b are used with a simulated tooth as
described above with reference to FIG. 4.

[0057] FIG. 9 illustrates another modified embodiment of the dental implant
guides 60a, 60b of FIG. 8. In this embodiment, each of the simulated teeth 30 includes an

indicator pin 64 mounted to the horizontal shaft 34. The indicator pin 64 indicates the
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drilling axis through the hole 40 of the respective simulated tooth. This arrangement aids the
oral surgeon in assuring that the drilling axis of the two simulated teeth implants are parallel
to each other, before and/or during drilling.

[0058] The dental implant guides described above are preferably supplied to the
oral surgeon in the form of a kit having a number of such accessories of different sizes In
one embodiment, the kit may include a plurality of dental implant guides of different sizes in
order to accommodate a wide range of bone structures. Such a kit preferably would also
include a tool, such as shown in FIG. 10 and described below, for conveniently applying and
removing the accessories.

[0059] With reference now to FIG. 10, an exemplary embodiment of a tool 70 that
may be used in combination with a dental implant guide will now be described. The tool 70
includes a pair of members 72, 74 pivotally mounted to each other at pivot axis 76. The
proximal end of the members 72 are formed with hand grips 782, 78b on one side of the pivot
axis 76 while the distal end on the opposite side of the pivot axis 76 is formed with elongated
fingers 80a, 80b. A biasing member 82 (e.g., a spring) is preferably provided between the
hand grips 78a, 78b to urge the hand grips 78a, 78b away from each other, and thereby the
fingers 80a, 80b towards each other.

[0060] A dental practitioner may grip the tool 70 by the hand grips 78a, 78b and
guide the two fingers 80a, 80b between one or béth pairs of the probe members 12, 14, 16,
18. In one embodiment, the fingers 80a, 80b engage the shorter of the pair of probe members
12, 14, 16, 18 such that both pair of members may be expanded upon squeezing the two hand
grips 78a, 78b. The dental implant guide 62 may then been be positioned on the bone 2 with
the probe end 26 straddling the bone 2. To remove the dental implant guide 60, the two
fingers 80a, 80b may be positioned between one or both pairs of the probe members 12, 14,
16, 18 and expanded such that the dental implant guide may be moved away from the bone 2.
This embodiment is particularly configured to be used with the dental implant guides 60a,
60b of FIGS 6-9. Accordingly, the fingers 80a, 80b include downwardly projecting members
84 that are configured to engage the offset portions 62 of the dental implant guides 60a, 60b

[0061] FIG. 11 illustrates a tool 90 of similar construction as the tool 80 of FIG.

10 and accordingly similar reference numbers have been used to refer to components that are
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similar to the embodiment of FIG. 10. This embodiment is particularly configured for
embodiments in which the indicator points are not offset from the pivot shaft 13 (e.g., the
embodiments of FIGS. 1-5). Accordingly, the fingers 80a, 80b do not include downwardly
projecting members 84.

[0062] FIGS. 12 and 13 illustrated another embodiment of a dental implant guide
100. With reference to FIG. 12A, in one embodiment, the dental guide is formed by taking
measurments of the patient’s mouth. With continued reference to FIG. 12A, the
measurements are used to create a physical or computer model of a patient's mouth using
various known techniques. (See e.g., the interactive CT software sold under the trademark
SimPlant by Materialise NV). In one embodiment, the physical model may be based upon an
impression taken of the patient’s mouth. In another embodiment, a computer model of the
patient’s mouth may be generated from a CT scan or x-ray. The model is used to determine
the shape and contour of the bone or/and the gum or /and the teeth around the insertion site.
As shown in FIG. 12A, the image of jawbone may then inverted to create a symmetrical
image of the bone including anatomic landmarks but in some embodiments also axes, paths
and/or contours of the definitive prosthesis above the insertion site with the image preferably
centered about the center of the bone with the center of symmetry ideally positioned on the
middle of the crest bone. A three-dimensional dental implant guide 100 (see FIG. 12) can
then be created from the model. Various techniques may be used to form the dental implant
guide, such as, for example milling, injection molding techniques, investment casting etc.

[0063] As shown in FIG. 12, the dental implant guide 100 includes an upper
portion 102 defining a cavity 104 that corresponds to the shape of the symmetrical image or
slightly smaller version of the symmetrical image. The lower portion 106 may be configured
to fit over the insertion site such that the symmetrical image is positioned generally over the
- insertion site. An opening (see FIG. 13) may be formed in the dental implant guide 100 such
that an implant or drill 110 may be positioned in the guide 100 over the insertion site. The
orientation of the implant or drill 110 may be adjusted within a physical representation of the
envelope and anatomic landmark defined by the dental implant guide 100 to ensure the
proper orientation avoiding the anatomic landmarks like dental nerve or sinus or the roots of

contiguous teeth
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[0064] While the invention has been described with respect to several preferred
embodiments, it will be appreciated that these are set forth merely for purposes of example,
and that many variations may be made. For example, the probe assemblies may be provided
with more than two pairs of pivot members in order to increase the number of contact points
with the bone, and thereby to provide a more precise indication of the contour of the bone for
aiding the oral surgeon to determined the optimum position and angle for installing the dental
implant. Similarly, an accessory may include more than two such probe assemblies in order
to provide an indication of the bone contour for a longer region of the bone.

[0065] Although this invention has been disclosed in the context of certain
preferred embodiments and examples, it will be understood by those skilled in the art that the
present invention extends beyond the specifically disclosed embodiments to other alternative
embodiments and/or uses of the invention and obvious modifications and equivalents thereof.
In addition, while a number of variations of the invention have been shown and described in
detail, other modifications, which are within the scope of this invention, will be readily
apparent to those of skill in the art based upon this disclosure. It is also contemplated that
various combination or sub-combinations of the specific features and aspects of the
embodiments may be made and still fall within the scope of the invention. Accordingly, it
should be understood that various features and aspects of the disclosed embodiments can be
combine with or substituted for one another in order to form varying modes of the disclosed
invention. Thus, it is intended that the scope of the present invention herein disclosed should
not be limited by the particular disclosed embodiments described above, but should be

determined only by a fair reading of the claims that follow.
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WHAT IS CLATMED IS:

1. A dental implant guide for installing a dental implant into a bone, comprising:

~a probe assembly including a first probe member and a second probe member
pivotally mounted about a pivot axis;

each of said first and second probe members having a probe end and an

indicator end located on opposite sides of the pivot axis, said first and second probe
members being configured and dimensioned such the probe ends of said first and
second probe member may straddle the bone at an insertion site at contact points
located on opposite sides of the bone, and the indicator ends of said first and second
probe member are positioned generally above the insertion site and, when said probe
ends straddle the bone, said indicator ends indicate the thickness of the bone at the
contact points.

2. The dental implant guide as in Claim 1, wherein the pivot axis pésses
approximately through the center of the first and second probe members.

3. The dental implant guide as in Claim 1, wherein the distance between the
indicator ends and the pivot axis is approximately equal to the distance between the probe
ends and the pivot axis.

4. The dental implant guide as in Claim 1, wherein, when said probe ends
straddle the bone, a distance between the indicator ends of said first and second probe
members is less than a distance between the probe ends of said first and second probe
members.

5. The dental implant guide as in Claim 1, wherein the shape of said first and
second probe members is substantially symmetrical with respect to the pivot axis.

6. The dental implant guide as in Claim 1, wherein, when said probe ends
straddle the bone, a position and distance between the indicator ends of said first and second
probe members is substantially symmetrical with respect to the pivot axis as compared to a
position and distance between the probe ends of said first and second probe members.

7. The dental implant guide as in Claim 1, further comprising a biasing member
configured to bias the indicator ends of said first and second probe members towards each

other.
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8. The dental implant guide as in Claim 1, wherein each of said first and second
probe members has substantially S-type shape.

9. The dental implant guide as in Claim 1, wherein said dental implant guide
further includes a simulated tooth that is coupled to said pivot axis.

10. The dental implant guide according to Claim 9, wherein said simulated tooth
is configured for adjustment longitudinally, transversely, and angularly, with respect to said
pivot axis.

11.  The dental implant guide according to Claim 10, wherein said simulated tooth
is provided with a bore.

12. The dental implant guide according to Claim 10, wherein the dental implant
guide further includes an indicator pin coupled to said simulated tooth and configured to
indicate the orientation of said simulated tooth with respect to the bone.

13. The dental implant guide as in Claim 1, wherein the probe ends and the
indicator ends lie substantially within the same plane as the pivot axis.

14.  The dental implant guide as in Claim 1, wherein the probe ends and the
indicator ends lie within a different plane as the pivot axis.

15. The (iental implant guide as in Claim 1, in combination with a second dental
implant guide comprising a second probe assembly including a first probe member and a
second probe member pivotally mounted about a pivot axis; each of said first and second
probe members having a probe end and an indicator end located on opposite sides of the
pivot axis, said first and second probe members being configured and dimensioned such the
probe ends of said first and second probe member may straddle the bone at an insertion site at
contact points located on opposite sides of the bone, and the indicator ends of said first and
second probe member are positioned generally above the insertion site and, when said probe
ends straddle the bone, said indicator ends indicate the thickness of the bone at the contact
points.

16.  The dental implant guide as in Claim 15, wherein the first and the second
guide members are coupled together such that they are distance from each other generally

along the pivot axis.
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17. The dental implant guide as in Claim 1, wherein said dental implant guide
includes a third probe member and a fourth probe member that are pivotally mounted about
the pivot axis,

each of said third and fourth probe members having a probe end and an
indicator end located on opposite sides of the pivot axis, said third and fourth probe
members being configured and dimensioned such the probe ends said third and fourth
probe may straddle the bone at an insertion site at contact points located on opposite
sides of the bone, and the indicator ends of said third and fourth probe are positioned
generally above the insertion site and, when said probe ends straddle the bone, said
indicator ends indicate the thickness of the bone at the contact points and

said third and fourth probe members being configured such that a distance
between the indicator end and the pivot axis and a distance between and the probe end
the pivot axis is different than the corresponding distances between the indicator ends,
the probe ends and the pivot axis of said first and second probe members.

18.  The dental implant guide according to Claim 17, comprising a first biasing
member for biasing the indicator ends of said first and second probe members towards each
other and a second biasing member for biasing the indicator ends of said third and fourth
probe members towards each other.

19. A dental accessory for use in aiding a dental practitioner in determining the
proper position and angle for a dental implant to be installed in a bone at an insertion site,
comprising:

a probe assembly including at least one pair of probe members pivotally
mounted to each other about a common pivot axis;

the probe members of each pair being configured and dimensioned such that
one end of the pair of probe members on one side of said pivot axis serves as a probe
end in which the probe ends of the pair may be located to straddle said bone at
opposed contact points, and the opposite end of the probe members on the opposite
side of said pivot axis serves as a guide end that is automatically located to indicate

the thickness of the bone at the opposed contact points.

-20-



WO 2004/069075 PCT/IB2004/001058

20.  The dental accessory of Claim 19, further comprising a second pair of probe
members, said second pair being configured and dimensioned such that one end of the pair of
probe members on one side of said pivot axis serves as a probe end in which the probe ends
of the pair may be located to straddle said bone at opposed contact points, and the opposite
end of the probe members on the opposite side of said pivot axis serves as an indicator end
that is automatically located to indicate the thickness of the bone at the opposed contact
points and said of probe members.

21.  The dental accessory according to Claim 20, wherein the distance between the
probe end and indicator of said second pair of probe members is smaller than the distance
between the probe end and the first pair of probe members.

22.  The dental accessory according to Claim 19, wherein said one pair of probe
members is substantially has a shape that is substantially symmetrical with respect to the
pivot axis.

23. The dental accessory according to Claim 19, wherein, when said probe ends
straddle the bone, the position and distance between said probe ends is substantially
symmetrical with respect to the pivot axis as the position and distance between the indicator
ends.

24.  The dental accessory according to Claim 19, wherein each of said probe
members has a substantially S-type shape.

25.  The dental accessory according to Claim 19, wherein said probe ends of said
one pair of probe members are biased towards each other by a biasing member.

26.  The dental accessory according to Claim 19, wherein said assembly further
includes a simulated tooth adjustably coupled to said accessory.

27.  The dental accessory according to Claim 26, wherein said simulated tooth is
mounted with respect to said pivot axis for adjustment longitudinally, transversely, also
angularly.

28.  The dental accessory according to Claim 26, wherein said accessory further
includes an indicator pin mounted on said simulated tooth to indicate a drill axis.

29.  AXit for use in aiding a dental practitioner in determining the proper position

and angle for a dental implant to be installed in a bone at an insertion site, comprising:
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a plurality of dental implant guides of different sizes; each dental implant
guide comprising ‘

a probe assembly including at least one pair of probe members
pivotally mounted to each other about a common pivot axis;

the probe members of each pair being configured and dimensioned
such that one end of the pair of probe members on one side of said pivot axis
serves as a probe end in which the probe ends of the pair may be located to
straddle said bone at opposed contact points, and the opposite end of the probe
members on the opposite side of said pivot axis serves as a guide end that is
automatically located to indicate the thickness of the bone at the opposed
contact points.

30.  The kit according to Claim 29, wherein the kit further includes a tool for
applying the plurality of dental implant guides to a bone of a patient to receive a dental
implant, said tool including a pair of pivotally mounted members each having a finger at one
side of the pivot mounting, and a hand-grip at the opposite side of the pivot mounting; and a
biasing member urging said hand-grips away from each other, and said fingers towards each
other.

31. A method of aiding an oral surgeon to determine the optimum position and
angle for a dental implant to be installed in a bone, comprising:

providing' a probe assembly including at least one pair of probe members
pivotally mounted to each other about a common pivot axis; the probe members of
each pair being configured and dimensioned such that one end of the pair of probe
members on one side of said pivot axis serves as a probe end in which the probe ends
of the pair may be located to straddle said bone at opposed contact points, and the

opposite end of the probe members on the opposite side of said pivot axis serves as a

guide end that is automatically located to indicate the thickness of the bone at the

opposed contact points;
applying the probe assembly such that the probe ends of the probe assembly

straddles the bone at buccal and lingual contact points; and
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utilizing the indicator ends of the probe assembly to determine the permitted
limits for the dental implant to be installed in the bone.

32.  The method of Claim 31, comprising determining that the dental implant lies
outside the permitted limits.

33. The method of Claim 32, controlling success of a bone graft to the bone to
increase the permitted limits of the dental implant.

34. A method of determining the proper position and angle for a dental implant to
be installed in a bone, comprising:

determining the contour of the jawbone at an insertion site of the dental
implant;

creating a substantially symmetrical image of the contour of the jawbone, said
image being positioned above said insertion site; and

using said substantially symmetrical image to determine the proper position
and angle for a dental implant.

35. The method of Claim 32, comprising determining the contour of anatomic
landmarks at the insertion site and creating a substantially symmetrical image of the contour
of the anatomical landmark at the insertion site, said image being positioned above said
Insertion site.

36.  The method of Claim 32, comprising determining the contour of contiguous
roots at the insertion site and creating a substantially symmetrical image of the contour of the
contiguous roots at the insertion site, said image being positioned above said insertion site.

37.  The method of Claim 32, wherein determining the contour of the jawbone
comprising probing opposite sides of the bone.

38.  The method of Claim 32, wherein determining the contour of the jawbone
comprising establishing at least two contact points on opposite sides of the bone.

39.  The method of Claim 38, wherein creating a substantially symmetrical image
comprises establishing at least two indicator points that substantially correspond to the at

least two contact points. above the insertion site
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40.  The method of Claim 32, wherein using said substantially symmetrical image
to determine the proper position and angle for a dental implant comprises positioning said
dental implant within said symmetrical image.

41.  The method of Claim 32, wherein using said substantially symmetrical image
to determine the proper position and angle for a dental implant comprises positioning a
portion of a drill within said symmetrical image.

42.  The method of Claim 32, wherein determining the contour of the jawbone
comprising comprises taking a CT scan.

43.  The method of Claim 32, wherein creating a substantially symmetrical image

comprises establishing inverting an image of the bone.
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