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(57) ABSTRACT

The presently disclosed technology i1s directed towards an
adjustable prosthesis for replacing a mandible along with the
ramus with a mandibular condyle. The prosthesis articulates
to the skull at the temporal bone region. The prosthesis, of
embodiments of the disclosed technology, has a horizontal/
sagittal (or generally horizontal) and/or vertical (or generally
vertical) adjustment screw which 1s accessible after implan-
tation. In one embodiment, the adjustment screw 1s accessible
by way of using a tool and rotating an adjustment rod. The
adjustment rod 1s accessed via a sub-periosteal intra-oral
incision, through points 1n the oral cavity post-surgical place-
ment. The adjustment rod allows the length of the device, both
a horizontal portion and vertical portion, to be adjusted post-
placement.

8 Claims, 9 Drawing Sheets
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1
ADJUSTABLE MANDIBLE JOINT SYSTEM

FIELD OF THE DISCLOSED TECHNOLOGY

The disclosed technology 1s geared generally towards Arti-
ficial Joints. More specifically, the disclosed technology
relates to adjustable artificial joint.

BACKGROUND OF THE DISCLOSED
TECHNOLOGY

Total temporomandibular joint (TMJ) replacement occurs
in the art when the TMJ has become damaged, infected,
resorbed, ankylosed or was formed 1n a defective manner or
even haven’t formed at all. Each human has two joints that
arise from the lower jaw (mandible) and articulates with the
skull at the temporal bone. Therefore, this joint 1s called “the
temporomandibular joint” or TMJ. Several muscles are
attached simultaneously to the mandible and the skull.
Throughout synchromized movements of these muscles (ex-
tension or contraction), movement of the mandible 1s pos-
sible, and thus a human 1s able to open and close his/her
mouth.

In the facial skeleton, the temporomandibular joint serves
as an 1mportant local facial growth center. In people with a
healthy and properly functioning temporomandibular joint,
this joint 1s the center 1n which the lateral side of the face
grows 1n all three dimensions (height, width, and depth).
Therefore, any disturbance; trauma; neoplasm; or even con-
genital abnormality to the joint—and particularly the man-
dibular condyle—will cause disturbance of the growth to the
face.

In conclusion: the TMJ not only provides the normal hinge/
sliding movement of the lower jaw, but also serves as a local
growth center of the face.

More specifically, describing the anatomy, which 1s usetul
in understanding the technology presented herein, there are
two TMJs, one on either side of the mandible/face. The name
1s dertved from the two bones which form the joint: the ramus
(referred to herein as the “generally vertical” or “vertical
portion,” for convenience) and the body of the mandible (re-
terred to herein as the “generally horizontal” or “horizontal
portion”. The unique feature of the TMJs 1s the articular disc.
The disc 1s composed of fibrocartilagenous tissue (like the
firm and flexible elastic cartilage of the ear) which 1s posi-
tioned between the two bones that form the joint. The TMIs
are one of the few synovial joints 1n the human body with an
articular disc, another being the sternoclavicular joint. The
disc divides each joint into two. The lower joint compartment
tormed by the mandible and the articular disc 1s involved 1n
rotational movement—this 1s the initial movement of the jaw
when the mouth opens. The upper joint compartment formed
by the articular disk and the temporal bone 1s mvolved 1n
translational movement—this 1s the secondary gliding
motion of the jaw as 1t 1s opened widely. The part of the
mandible which mates to the under-surface of the disc 1s the
condyle, and the part of the temporal bone which mates to the
upper surface of the disk 1s the glenoid (or mandibular) fossa.

The surfaces 1n contact with one another (bone and carti-
lage) do not have any receptors to transmit the feeling ol pain.
The pain therefore originates from one of the surrounding soft
tissues, from the posterior part o the disc, or from the trigemi-
nal nerve itselt, which provides innervations to the joint area.
When receptors from one of these areas are triggered, the pain
can cause a retlex to limit the mandible’s movement. Further-
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more, inflammation of the joints or damage to the trigeminal
nerve can cause constant pain, even without movement of the

1aw.

In the field of cranio/maxillo/facial/re-constructive sur-
gery, an artificial temporomandibular joint device may be
used to replace a diseased TMJ which 1s damaged beyond
repair or not biologically/physiologically functioning. Prior
art TMJ prosthesis, such as those disclosed at tmjcon-
cepts.com, at the time of this writing, include a metal condyle
made from cobalt-chromium-molybdenum, and a metal pros-
thesis made from a titanium alloy, anchored to the lower jaw
with titanmium alloy screws. In the prior art, the component
attaching to bone (fossa component) “has a durable medical-
grade plastic surface made from ultra-high-molecular-weight
polyethylene (also known as UHMWPE). This 1s attached to
a metal backing made from pure titanium. This component 1s
anchored to the skull with titantum alloy screws.” Such prior
art prosthesis are shaped to {1t a particular skull and lower jaw.

Again, as disclosed on tmjconcepts.com, the method of
prosthesising 1s as follows, 1 the prior art: 1) Computed axial
tomography (CAT scan) of the jaw region, 2) construction of
an anatomical bone, 3) review by a surgeon, 4) surgical pros-
thesis placement. With the patient under general anesthesia,
and using two incisions, the components are surgically
placed—the condylar component 1s placed through an inci-
s10n below and behind the lower jaw, and the fossa component
1s prosthesised through an incision 1n front of the ear.

The problem with such prosthetic devices, as written on
tmjconcepts.com at the time of filing this application, 1s as
follows: “Despite the fact that these implants are fitted spe-
cifically to your anatomy, you should not expect them to last
for a Iifetime. While the expected life of a TMJ implant 1s
difficult to estimate, 1t 1s finite and may significantly differ for
cach patient due to the diversity of conditions seen 1n TMJ
reconstruction.” Thus, the problem known 1n the art 1s that the
implants are fitted for a particular person, with a particular
s1ze. This 1s especially problematic 1n the case of a growing
person (a child), one healing from an accident (whose
anatomy 1s likely to change), and the like. The shape and size
ol a person 1s bound to change slowly over time, while the
prosthesis will not. This causes the person’s face to be
uneven, or worse, and will necessitate another surgical pro-
cedure to replace the prosthetic device, including removing
the first prosthesis, and screws through the bone, and placing
a new prosthesis with new fixation points. This 1s, obviously,
undesirable because it requires additional ivasive surgical
procedures, increases the risk of failure, and decreases mouth
opening ability due to increased scarring of the area. As the
patient 1s required to undergo additional surgical procedures,
this also increases costs and recovery time.

It 1s therefore an object of the disclosed technology to
provide a TMJ surgical prosthesis which 1s more versatile
than the prior art, and which may remain 1n place, despite
changes 1n the anatomy of a person recerving the prosthesis.

SUMMARY OF THE DISCLOSED
TECHNOLOGY

It 1s therefore an object of the disclosed technology to 1)
provide the needy patient with an artificial temporomandibu-
lar joint device; 2) provide the surgeon with the option to
change the dimensions of the temporomandibular joint/man-
dible to accommodate or match the dimensions of the joint/
mandible on the other, non-effected, side; and 3) stimulate
and simulate the biological function of the normal temporo-
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mandibular joint/condyle 1n which this device will act by
changing 1ts dimensions to simulate the normal local growth
center.

The disclosed technology described herein addresses a
need, untulfilled in the prior art by allowing one to access and
adjust an prosthesis as part of a post-operative procedure(s).

In a first embodiment of the disclosed technology, a treat-
ing surgeon modifies the dimensions of a specialized pros-
thesis post operatively through the placement of a small 1ntra-
oral incision, to gain access to the device, as needed. Such an
incision 1s placed inside the mouth, therefore avoiding an
undesirable facial skin scars. The incision 1s placed in the
lateral posterior aspect of the mandible at the third molar/
external oblique ridge area which 1s about or between 2 or 3
cm posterior to the third molar. In alternative embodiments,
this position may be anywhere within the mouth of the
patient, granting access to the prosthesis. The incision retlects
a full thickness subperiosteal flap to access the lateral side of
the mandible where the adjustment screws of the device are
located 1nferior/posterior to the access tlap. The device, 1n
embodiments, 1s fixated to the mandible using an intra-os-
seous bone plates and screws. A portion of the device corre-
sponding to a portion of the mandible being replaced by the
corresponding portion of the prosthesis, has a threaded, elon-
gated member, such as a screw with stop, within such a
portion of the prosthesis. There 1s turther a gear functionally
engaged between the adjustment mechanism and the
threaded, elongated member arranged such that when the
adjustment mechanism 1s rotated, the threaded, elongated
member 1s rotated and an overall length or width of the

portion of the prosthesis corresponding to the portion of the
mandible 1s increased or decreased.

In embodiments, the prosthesis device has a vertical or
sagital expansion piece or combination of both and capability
in which it 1s indicated for patients who are anticipated to
need or want stimulated growth of the mandible 1n one,
mainly vertical, direction. Another device permits vertical
and sagital expansion, for patients anticipated or needing
mandibular growth in both planes. There may be multiple
such portions of the prosthesis Each may have a separate
adjustment mechanism for adjusting the length thereotf, each
adjustment mechanism adjusted via intra-oral submucosal
access.

At least one socket plate adapted for articulation of the
prosthesis to bone, and a ball joint engaged with the socket
plate and the portion of the prosthesis corresponding to the
portion of the mandible being replaced, 1s employed 1n an
embodiment of the disclosed technology. The ball joint may
be adapted to allow rotation of the portion of the prosthesis,
with respect to the socket plate.

The threaded, elongated member may have a worm screw
engaged with the gear, the gear being fixed to an elongated
shaft of the adjustment mechanism. Upon rotation of the
clongated shaft, the worm gear and the threaded, elongated
member rotate transverse to the direction of rotation of the
clongated shaft. A portion of the threaded shaft 1s housed
within an outer housing of the prosthesis, in an embodiment
of the disclosed technology, and rotation of the threaded shatt
causes the outer housing to move nearer or further away from
another portion of the prosthesis, to which the threaded shatt
1s threadedly engaged. A stop, on the elongated, threaded
member, 1n an embodiment of the disclosed technology,
forms a unitary structure with the threaded shaift, and the stop
and a portion of the elongated shait are held 1n place mside a
cavity of the outer housing during elongation of the prosthe-
S1S.
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In one embodiment, a diagonal portion corresponding to a
ramus with adjustable screw therein, and lateral portion cor-

responding to a body of the mandible, an adjustable screw
therein, has a unitary plate extending the length of the lateral
portion (in a fully retracted configuration) and extending
through a mid-portion corresponding at least to a medically
defined angle of the mandible. A first adjustable screw
extends a housing of the diagonal portion past an elongated,
planar surface of the unitary plate, and a second adjustable
screw extends a housing of the lower portion past an elon-
gated, planar surface of the unitary plate. Each housing has a
first cavity comprising a majority of the elongated, threaded
member therein, 1n embodiments, of the disclosed technol-
ogy. A second cavity, in embodiments, has an internal area
adapted to retain a stop of the elongated, threaded member
therein, and consists of two portals, a first adapted for passage
there-through of the elongated, threaded member, and a sec-
ond adapted for passage there-through of an adjustment
mechanism.

In amethod of using the device of the disclosed technology,
one attaches, via an upper socket plate and/or lower recon-
struction plate, a prosthesis to existing bone, the prosthesis
comprising a lower and upper piece. Fither before and/or
alter the previous step (that 1s, pre- and/or post-operative),
one angles the upper piece by way of a joint connecting the
upper piece to the upper socket plate, and then or precedented,
adjusts a length of the upper piece of the prosthesis, post-
placement, by way of an adjustment screw extending submu-
cosally from the upper piece. In a further step, one may adjust
a length of the lower piece of the prosthesis, post-placement,
by way of a second adjustment screw extending submucos-
ally from the lower piece. The adjustment screw(s) are acces-
sible, 1n embodiments of the disclosed technology, via an
intra-oral incision to be made by a surgeon. The dimensions
of the device are adjusted due to the controlled expansion of
the device that the treating surgeon will perform post opera-
tively (post placement), in a fashion that will either corre-
spond/match the amount of growth that the patient exhibited
on the other side, or 1n a desired amount of growth the surgeon
wants to stimulate.

The prosthesis adjustment mechanism used has a threaded
screw threadedly attached to a second housing of the prosthe-
s1s on a first end, the threaded screw having a stop housed
within a first housing. A toothed gear rotatably engages with
a worm gear of the adjustment screw. An adjustment screw
extends perpendicular to an elongated plane of the threaded
screw, the adjustment screw being accessible intraorally via
an 1intra-oral incision. A second prosthesis adjustment mecha-
nism may be used, the first being functionally engaged with
the height of the lower jaw, and the second beign functionally
engaged with the depth/width of the lower jaw replacement.
An 1nner cavity may hold the stop, the worm gear, and the
toothed gear, and an outer cavity holds the threads of the
threaded screw therein. A plate situated between the upper
and the lower place extends a length of the prosthesis, causing
a portion of the plate to exit from a the outer cavity when the
adjustment screw 1s rotated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a side view of an adjustable joint of an embodi-

ment of the disclosed technology, in a fully closed configu-
ration.

FIG. 1B 1s a side view of the adjustable joint of FIG. 1A, 1n
a Tully open configuration.

FIG. 2 15 a top view of the adjustable joint of FIGS. 1A and
1B.
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FIG. 3A 1s a top view of the lower housing of an adjustable
joint of an embodiment of the disclosed technology.

FI1G. 3B 1s a side view of a horizontal adjustment screw of
an embodiment of the disclosed technology, aligned with a
corresponding receptacle of FIG. 3C.

FIG. 3C 1s a side cutaway view of the horizontal (lower)
portion of the adjustable joint of FIG. 3A.

FIG. 3D 1s a side view of a cover of the horizontal portion
of the adjustable joint of FIG. 3C.

FIG. 4A 1s a side view of a cover of a vertical (upper)
portion of an adjustable joint of embodiments of the disclosed
technology.

FI1G. 4B 1s a side view of the vertical portion of the adjust-
able joint of FI1G. 4A.

FIG. 4C 1s a top view of the vertical portion of the adjust-
able joint of FI1G. 4B.

FIG. SA shows a top view of the vertical portion of the
adjustable joint, in an embodiment of the disclosed technol-
0gy.

FIG. 5B 1s a side view of a vertical screw of an embodiment
of the disclosed technology, aligned with a corresponding
receptacle of FIG. 5C.

FIG. 5C 1s a side cutaway view of the vertical portion of the
adjustable joint of FIG. 4B.

FI1G. 5D 1s a side cutaway view of the vertical portion of the
adjustable joint, turned 90 degrees with respect to FIG. SC.

FIG. 5E 1s a side view of the vertical screw of FIG. 5B,
aligned with the corresponding receptacle and orientation
shown with references to the adjacently pictured FIG. 5D.

FIG. 6 A shows a top view of a vertical housing of the
vertical portion of the adjustable joint, in an embodiment of
the disclosed technology.

FIG. 6B shows a first side view of the vertical housing of
FIG. 6A.

FIG. 6C shows a cutaway view of the first side view of the

vertical housing of FIG. 6B.

FIG. 6D shows a second side cutaway view of the vertical
housing of FIGS. 6B and 6C.

FIG. 6E shows a bottom view of the vertical housing of
FIGS. 6 A-6D.

FIG. 7A shows a side view of a socket plate of an embodi-
ment of the disclosed technology.

FIG. 7B shows a front view of the socket plate of F1G. 7A.

FI1G. 7C shows a bottom view of the socket plate of FIGS.
7A and 7B.

FIG. 8 A shows a perspective view ol an adjustment rod,
adjustment gear, worm screw, and adjustment screw, engaged
with each other, 1n an embodiment of the disclosed technol-
0gy.

FIG. 8B shows a side view of the items shown 1n FIG. 8A.

FIG. 8C shows a close-up perspective view of the adjust-
ment rod of FIGS. 8A and 8B.

FIG. 8D shows a side view of the adjustment screw of
FIGS. 8A and 8B.

FIG. 9A shows a top view of the inside of a mouth with an
access point used 1n an embodiment of the disclosed technol-
0gy.

FI1G. 9B shows the 1nside of a mouth with a second access
point used 1n an embodiment of the disclosed technology.

FIG. 9C shows an orientation of the adjustable prosthesis
with respect to a lower jaw, 1n an embodiment of the disclosed
technology.

FI1G. 10 shows the position of the adjustable device pros-
thesis with respect to a side view of a skull, 1n an embodiment
of the disclosed technology.
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A better understanding of the disclosed technology will be
obtained from the following detailed description of embodi-

ments of the disclosed technology taken 1n conjunction with
the drawings.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE DISCLOSED TECHNOLOGY

The presently disclosed technology 1s directed towards an
adjustable temporomandibular joint prosthesis adapted for
restoring and replacing a diseased temporomandibular joint
with the ability to adjust the dimensions of the prosthesis to
accommodate/stimulate the need/desire of an prosthesised
temporomandibular joint for specific indications, such as in
growing children. The prosthesis articulates with the skull
with a basic ball and socket joint, at an upper and/or lower
region of the mandible, such as at the condylar process of the
mandible, ramus, body/angle of the mandible. In this disclo-
sure, “generally” 1s defined as “close to an ordinal direction
such that it would be described as such by a person having
ordinary skill in the art.” Thus, “generally horizontal” should
be understood as being closest to the horizontal ordinal direc-
tion.

The prosthesis, of embodiments of the disclosed technol-
ogy, has a horizontal (or generally horizontal ) and/or vertical
(or generally vertical) adjustment screw which 1s accessible
aiter placement. In one embodiment, the adjustment screw 1s
accessible by way of using a tool and rotating an adjustment
rod. The adjustment rod 1s accessed intra orally, through a full
thickness tlap 1n the oral cavity post-surgery. The adjustment
rod allows the length of the device, both a horizontal portion
and vertical portion, to be adjusted post-prosthesisation. It
should be understood that the horizontal portion corresponds
to the lower jaw growth 1n a sagittal plane, and the vertical
portion 1s used to describe the portion extending from the
ramus/condylar process, or replaces any one of, or a plurality
of, the condylar process, the ramus, and/or the coronoid pro-
cess of the mandible. That 1s, the vertical portion of the
prosthesis replaces one or more of these portions of the man-
dible, 1n addition to the TMJ structure, while the horizontal
portion replaces the body of the lower jaw, and a portion
thereol 1s also used for fixation to the mandible itself.

It should further be understood that the prosthesis device
placed nto a person 1s surgically placed via endaural and
modified risdon incisions, 1n an embodiment of the disclosed
technology. The prosthesis 1s made from biologically
accepted metal such as titammum or vitallum, however, the
articulating surface of the upper part may be made of other
materials. The angle of the prosthesis, that 1s, the angle
between upper and lower portions may vary from between 90
to 150 degrees and may be custom made based on three
dimensional cat scans or other scans of the person. The
dimensions and angulations can be fabricated after measuring
the healthy side of the mandible/joint.

Embodiments of the disclosed technology will become
clearer 1n view of the following description of the figures.

Skipping first to FIGS. 9 and 10, the device, as whole, will
be described with reference to where the prosthesis 1s placed
within a patient. FIG. 9C shows an orientation of the adjust-
able prosthesis with respect to a lower jaw, 1n an embodiment
of the disclosed technology. The device has a generally ver-
tical portion 120 and generally horizontal portion 130 (see
definitions above). The generally vertical portion (actually, a
diagonal portion), extends upwards, while the generally hori-
zontal portion extends generally laterally/sagitally, with
respect to a skull. The two portions 120 and 130 have an edge
142 at an adjoining section roughly corresponding to (defined
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as “having the function of, even when not 1n the exact position
of”) or corresponding to the angle of mandible that 1t 1s
replacing. In this manner, the adjustable prosthesis extends
generally laterally, vertically and sagitally, replacing both the
generally lateral, horizontal and vertical portions of the man-
dible, or parts ol one or both sections, as indicated for the
patient. That 1s, a section of either the generally horizontal,
vertical or sagittal portions, may be replaced, without replac-
ing the any other portion, 1 embodiments of the disclosed
technology.

Now referring to FIGS. 9A, 9B, and 9C, FIG. 9A shows a
top view ol the 1inside of a mouth with an access point used in
an embodiment of the disclosed technology; FIG. 9B shows
the inside of a mouth with a second access point used 1n an
embodiment of the disclosed technology. FIG. 9C shows an
orientation of the adjustable prosthesis with respectto a lower
jaw, m an embodiment of the disclosed technology. The
inside of the mouth 300 has a plurality of teeth (or places
where, normally, teeth reside), including molars 312 and 314,
as well as cheek 334 and connective tissue 332.

Upon prosthesisation of the generally horizontal prosthesis
(or portion of an prosthesis) 130, an access point in the vicin-
ity of circle 320 1s created, between the teeth and the cheek,
along the bottom of the interior of the mouth 300. More
precisely, the access point (defined also as the point of entry
for manipulation of the length of the prosthesis, post-prosthe-
sisation) 1s located subperiosteal on the lateral side of the
mandible. An 1ntra-oral incision needs to be made, and a full
thickness flap needs to be removed 1n an embodiment of a
method of use of the device. After adjustment, the flap 1s
repositioned in place and sutured. Upon prosthesisation of the
generally vertical (diagonal ) prosthesis (or portion of an pros-
thesis) 120, an access point 1s created 1n the vicinity of circle
330, along or near the bottom/back corner of the mouth 300.
The distance from said corner 1s between about 1 and 5 cm,
depending on the size of the mouth of the patient and/or size
ol the prosthesis. The position 1s along the third molar region.
In other embodiments, the access point, for accessing the
adjustment rod 158 or 168, 1s anywhere along the bottom or
back portion of the mouth 300, extending through sofit tissue
from the prosthesis.

FIG. 10 shows the position of the adjustable device pros-
thesis with respect to a side view of a skull, 1n an embodiment
of the disclosed technology. The generally vertical prosthesis
130 of the adjustable prosthesis 1s shown 1n dotted lines, 1n
position, articulates with the skull 305 with the upper socket
plate 123. The ball of the generally vertical prosthesis portion
130 allows the generally vertical portion to rotate, with
respect to the skull mimicking the movement of a normal
TMLI.

Thus, based on the above description, 1t should be under-
stood how the prosthesis 1s placed into the skull, as well as
how the prosthesis 1s accessed to adjust same. Turning now to
FIGS. 1-8, more precise mechanisms of the device will be
described, showing the function (and best mode) of the pros-
thesis.

FIG. 1A 1s a side view of an adjustable joint of an embodi-
ment of the disclosed technology, 1n a fully closed configu-
ration. The upper socket plate 123 articulates to the temporal
bone by way of portals 122 and corresponding bone screws.
The jaw socket plate 1s the articulation between the prosthesis
and the skull. Likewise, bone plate 133, which 1s fixedly
attached to or an integral part (unitary structure) of the lower
portion of the prosthesis 130 attaches to a lower portion of the
1aw, by way of portals 132 for fastening devices, such as
screws utilizing internal rigid fixation plates and screws prin-
ciples. In embodiments of the disclosed technology, the
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8

socket plate 122 articulates with a ball joint 128 of the upper
portion of the prosthesis 120 (1t resembles the normal articu-
lation between the mandible and the skull). The ball joint 128
allows the prosthesis to translate (rotate) about the pivot point
between the ball 128 and socket plate 122, as needed during
normal lower jaw movement, also during growth or change of
the anatomy of the patient. Therefore, 1t allows for greater
flexibility than the prior art when prosthesising the device, as
the angle of attachment 1s variable. Still further, when install-
ing two prosthesis (one on each side), 1t may be desired to
adjust or change the length, 1f one side 1s unequal to the other
side, even 11 each side 1s off only by millimeters.

Referring still to FIG. 1A, the upper portion of the pros-
thesis 120 (also referred to as the generally vertical or diago-
nal portion, corresponding to the ramus) has a covering 121
held on by screws or fasteners 102 (note: not all screws/
fasteners are labeled for purposes of aesthetics 1n the figures,
but 1t should be understood that all other plus symbols sur-
rounded by circles in the figures represent screws or fasteners,
and that the positions shown are but one embodiment, and are
not meant to be limiting). Like the upper portion of the pros-
thesis, the lower portion of the prosthesis 130 has a covering
131. It should be understood that the configuration of the
covers, dimensions and attachment mechanisms and shapes
may vary from that shown, so long as the covers help deter-
mine the outer extremity of their respective portions of the
prosthesis. The outer extremities of the device are generally
designed or are designed to mimic the size, shape, texture,
and at least the hardness (if not harder) than the bone being
replaced. It should be understood that the coverings are taught
by way of example, and not limitation and that each plate may
be produced, 1 an alternative embodiment, comprising of a
single, unitary piece.

Section 120 1s the middle section of the prosthesis, which,
depending on embodiment, 1s fixedly attached or integrated
(forms a unitary structure) with either the top portion 120 or
bottom portion 130. This middle portion, 1n an embodiment
of the disclosed technology, shows a rounded lower side to
mimic the angle of the mandible being replaced, this angle
varies as does the angle of the normal lower jaw, such as
between 90 and 150 degrees. The upper portion 120 and lower
portion 130 “push off,” that 1s, move with respect to this
section. While the movement of each portion 1s relative with
respect to other portions, for purposes of this disclosure, the
movement of the upper and lower portions will be described
relative to the position of the middle portion 140. By way of
adjustment of the screws, the prosthesis may be elongated at
the lower portion or upper portion. When such adjustment
the lower portion 130 moves away from the middle region
140.1t1s contemplated that the upper portion 120 moves away
from the middle region 140, 1n another embodiment; how-
ever, 1n the figures shown, the upper portion 120 extends
upwards from within, as shown in FIG. 1B.

FIG. 1B 1s a side view of the adjustable joint of FIG. 1A, 1n
a Tully open configuration. Shaft 136 1s now more visible, as
1s the dovetail 138. Similarly, shaft 126 1s now more visible,
as 1s also the interior plate 129. The shafts 136 and 126 are
hollow, interior spaces adapted to comprise or contain an
adjustable screw, and parts associated with such adjustable
screws, as will be described beginming with reference to FIG.
3. When the screw 1s adjusted, by way of adjustment rod 158,
the lower portion 130 moves away from the middle portion
140 (and the stationary back plate of/which forms the middle
portion 140, with reference to the movement of lower piece
130, compared thereto). Likewise, when the screw 1s adjusted
via adjustment rod 168, the plate 129 moves (diagonally)
upwards/extends away from the housing 120. In either case,
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via external adjustment, pre-surgical placement and/or post-
surgical placement, the extension of the device may be modi-
fied.

FI1G. 2 1s a top view of the adjustable joint of FIGS. 1A and
1B. The ball joint 128 1s visible above the socket plate 123,
situated above the upper portion 120 of the device, which 1n
turn, 1s fixed to the central region or middle portion of the
device 140. Adjustment rod 168 extends outwards, allowing
for adjustment of a screw held therein, to extend or contract
the upper portion 120, away or towards the middle portion.
Similarly, adjustment rod 158 allows the lower housing 130 to
move away from or towards the middle portion 140, by turn-
ing an adjustment screw within shaft 136.

Turning now to FIG. 3, followed by FIG. 6, showing the
adjustment screw, FI1G. 3 A 1s a top view of the lower housing
of an adjustable joint of an embodiment of the disclosed
technology. FI1G. 3B 1s a side view of a horizontal adjustment
screw of an embodiment of the disclosed technology, aligned
with a corresponding receptacle of FIG. 3C. FIG. 3C 1s a side
cutaway view ol the horizontal (lower) portion of the adjust-
able joint of FIG. 3A. FIG. 3D 1s a side view of a cover of the
horizontal portion of the adjustable joint of FIG. 3C. In the
lower housing, corresponding to the lower jaw, when surgi-
cally placed, 1n the cross-sectional view, one can see the bone
plate 133 comprising a plurality of portals for fossa attach-
ment between the lower portion 130 and bone of the patient.
The lower piece 130 comprises a shatt 136, with dovetails 138
for slidable or fixed engagement with the housing cover 131.
Inside the shatt, in embodiments of the disclosed technology,
the adjustable screw 1s placed, the screw being shown 1n FIG.
3B. A head or stop of the screw 150 resides 1n the Correspond-
ingly shaped portion of the hollow interior of the piece 130.
That 1s, an interior receptacle 134, or cave-like chasm forms
a ﬁ_lollow opening within each piece 120 and 130 and 1s shaped
for msertion of a screw head and associated parts. In an
embodiment, parts 150, 152, 156, and a portion of part 158,
herein, referred to as the “interior receptacle parts”, are those
parts, or parts of parts, which are contained within the interior
receptacle. The adjustable screw further has an elongated
screw portion 154 for rotatable engagement with another
device, a head region with worm screw 152, and gear 156, and
adjustment rod 158. The interior receptacle parts fit within the
interior receptacle 134. As shown 1n FIGS. 3B and 3C, the
viewer should be able to appreciate that the screw of FIG. 3B
1s positioned directly above 1ts actual position in the device
shown 1n FI1G. 3C, when put together. The internal receptacle
has two entry/exit portals, the first being adapted for the
adjustment rod 158, and the second being adapted for the
screw portion 168 of the adjustment screw. In this manner, the
screw 1s held 1n place within the inner receptacle of the lower
piece 130 (and similarly, or instead, within a corresponding,
inner receptacle of the upper piece 120).

Now skipping to FIG. 8, before returning to discuss FIGS.
4-7, FIG. 8A shows a perspective view of an adjustment rod,
adjustment gear, worm screw, and adjustment screw, engaged
with each other, 1n an embodiment of the disclosed technol-
ogy. FIG. 8B shows a side view of the items shown 1n FIG.
8A. FIG. 8C shows a close-up perspective view of the adjust-
ment rod of FIGS. 8A and 8B. FIG. 8D shows a side view of
the adjustment screw of FIGS. 8A and 8B. The adjustment
screw 200, which has a rod 230, 1n an embodiment of the
disclosure, has any one of, or all, the following features. There
1s an upper ridge 238 and portal 235, such as a slit, square,
plus, or other shaped portal to aid in abutment of a tool to
adjust (turn) the rod 230. In this manner, gear 210, which 1s
fixed 1n position with respect to the adjustment rod 230, turns,
thus rotating the worm gear 220, the worm gear being
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engaged with the teeth 207 of the gear 210 (within the 1nner
receptacle of either the lower or upper pieces 120 and/or 130).
This causes the screw threading 225/205 to rotate, the rotation
ol the screw shatt causing the entire piece (including an entire
upper piece 120 or lower piece 130) to move (shorten or
lengthen/move closer or further away) from another portion
of the adjustable prosthesis.

Turming now to the interior of the upper portion of the
prosthesis, FIG. 4A 1s a side view of a cover of a vertical
(upper) portion of an adjustable joint of embodiments of the
disclosed technology. FI1G. 4B 1s a side view of the vertical
portion of the adjustable joint of FIG. 4A. FIG. 4C 15 a top
view ol the vertical portion of the adjustable joint o FIG. 4B.
In the upper piece 120, there are a hollow 1nterior space 126,
dovetail 128, threaded portal 124 for engagement with the
threading 225 of adjustment screw 200 (by way of example),
and back plate 140 of the middle section of the prosthesis. The
other elements have otherwise been described above; how-
ever, 1t should be understood that the interior space 126
receives the elongated portion (such as the threaded portion)
of a screw, such a screw being associated with the lower piece
130. When the lower portion of the prosthesis 1s fully
retracted, the screw, 1n an embodiment of the disclosed tech-
nology, reaches to near the end (within 1 cm) or to the end
(within 0.2 mm) of the interior space, the end being at the
right, in FIG. 4B.

FIG. 5 shows the interior portions of the upper housing,
with cover removed. FIG. 5A shows a top view of the vertical
portion of the adjustable joint, in an embodiment of the dis-
closed technology. FIG. 5B 1s a side view of a vertical screw
of an embodiment of the disclosed technology, aligned with a
corresponding receptacle of FIG. 5C. FIG. 5C 1s a side cut-
away view ol the vertical portion of the adjustable joint of
FIG. 4B. FIG. 5D 1s a side cutaway view of the vertical
portion of the adjustable joint, turned 90 degrees with respect
to FIG. SC. FIG. 5E 1s a side view of the vertical screw of F1G.
5B, aligned with the corresponding receptacle and orientation
shown with references to the adjacently pictured FIG. 5D.
Looking from the top down (FIG. 5A), 1t can be appreciated
that inner receptacle 124 1s viewable through a portal into the
hollow space 126. It should also be appreciated that the top, as
seen 1n FIG. SA, may be rectangular, as shown, or circular so
that 1t may more easily be capped 1n order to prevent soit
tissue mgrowth. An inserted screw 154 (corresponding to
screw 200 of FIG. 8) 1s shown within the lower piece, above
the back plate 131. The upper adjustable screw functions as
described with reference to screw 200 of FIG. 8, although the
dimensions are different, as the vertical portion 120 of the
prosthesis 1s longer than the horizontal portion 130, 1n an
embodiment of the disclosed technology. Threading 164
engages with housing 121 of the upper portion 120. The
adjustment rod 168 extends out of the mner receptacle 124,
the screw head 160 being held in place therein, though rotat-
able by way of rotating the adjustment rod 168, which 1n turn
rotates the gear 166 and the worm gear on the screw itself.
This mechamism has been described 1n greater detail above,
with respect to FIG. 8.

FIG. 6A shows a top view of a vertical housing of the
vertical portion of the adjustable joint, 1n an embodiment of
the disclosed technology. FIG. 6B shows a first side view of
the vertical housing of FIG. 6A. FIG. 6C shows a cutaway
view ol the first side view of the vertical housing of FIG. 6B.
FIG. 6D shows a second side cutaway view of the vertical

housing of FIGS. 6B and 6C. FIG. 6E shows a bottom view of
the vertical housing of FIGS. 6 A-6D. The ball (here, an oval
shape) joint 128, in this embodiment, 1s integrated with the
upper portion/vertical portion 120 of the prosthesis. The
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housing comprises a dovetail 129 for adjoining a connected

piece (such as a rigid, stationary member held therein and

forming a unitary structure with the middle piece 140), and

has an interior cavity 126 for receiving an adjustable screw

164. Referring specifically to FIG. 6E, threaded portal 127 5

threadedly engages with the screw 164. In this manner, as the

screw 1s adjusted (turned), it causes the screw to enter deeper

in, or come further out of the interior space 126 of the upper

piece 120. In this manner, the vertical portion of the prosthesis

1s elongated. 10
FIG. 7A shows a side view of a socket plate of an embodi-

ment of the disclosed technology. FIG. 7B shows a front view

of the socket plate of FIG. 7A. FIG. 7C shows a bottom view

of the socket plate of FIGS. 7A and 7B. The plate 123 has a

plurality of portals 122 for attachment to bone, along with a 15

portal to articulate with the a ball joint, such as ball joint 128

of the upper portion 130, shown 1n FIG. 6. This socket plate,

of FIG. TA-7C, corresponds to or replaces the function of the

temporal bone condyle socket, or what 1s known as the “gle-

noid fossa” and this plate articulates with the skull. 20

While the disclosed technology has been taught with spe-
cific reference to the above embodiments, a person having
ordinary skill in the art will recognize that changes can be
made 1n form and detail without departing from the spirit and
the scope of the disclosed technology. The described embodi- 25
ments are to be considered 1n all respects only as 1llustrative
and not restrictive. All changes that come within the meaning
and range of equivalency of the claims are to be embraced
within their scope. Combinations of any of the methods,
systems, and devices described hereinabove are also contem- 30
plated and within the scope of the invention.

We claim:

1. A mandible prosthesis comprising:

a prosthesis with adjustment mechanism located subperi- 45

osteal on the lateral side of said mandible:

a portion of said prosthesis corresponding to a replaced

portion of said mandible:
a threaded, elongated member within said portion of said
prosthesis; 40

a gear functionally engaged between an adjustment rod of
said adjustment mechanism and said threaded, elon-
gated member arranged such that when said adjustment
rod 1s rotated, said threaded, elongated member 1s
rotated and an overall length of said portion of said
prosthesis corresponding to said replaced portion of said
mandible 1s increased or decreased, said mandible pros-
thesis further comprising at least one socket plate
adapted for attachment of said prosthesis to bone and at
least one ball joint engaged with said socket plate and
said portion of said prosthesis corresponding to said
portion of said mandible being replaced, wherein said
ball joint 1s adapted to allow rotation of said portion of
said prosthesis with respect to said socket plate.

2. Themandible prosthesis of claim 1, wherein said portion
ol said prosthesis corresponding to a portion of said mandible
being replaced comprises a diagonal portion of said prosthe-
s1s corresponding to at least a ramus of said mandible;

wherein said diagonal portion of said prosthesis increases

in length upon rotation of said adjustment rod. 60

3. The mandible prosthesis of claim 2, further comprising
a second portion of said prosthesis corresponding to a lower
jaw, and a second adjustment mechanism, wherein when an
adjustment rod of said second adjustment mechanism 1is
rotated, said second portion of said prosthesis increases in
length.

12

4. A mandible prosthesis comprising:

a prosthesis with adjustment mechanism located subperi-
osteal on the lateral side of said mandible:

a portion of said prosthesis corresponding to a replaced
portion ol said mandible:

a threaded, elongated member within said portion of said
prosthesis:

a gear Tunctionally engaged between an adjustment rod of
said adjustment mechanism and said threaded, elon-
gated member arranged such that when said adjustment
rod 1s rotated, said threaded, elongated member 1s
rotated and an overall length of said portion of said
prosthesis corresponding to said replaced portion of said
mandible 1s increased or decreased, wherein said
threaded, elongated member comprises a worm screw
engaged with said gear, said gear being fixed to said
adjustment rod of said adjustment mechanism, wherein
upon rotation of said adjustment rod, said worm gear and
said threaded, elongated member rotate transverse to the
direction of rotation of said adjustment rod and

wherein a portion of said threaded shaift is housed within an
outer housing of said prosthesis, and rotation of said
threaded shaft causes said outer housing to move nearer
or further away from another portion of said prosthesis,
to which said threaded shafit 1s threadedly engaged.

5. The mandible prosthesis of claim 4, wherein a stop forms

a unitary structure with said threaded shafit, and said stop and
a portion said elongated shait are held 1n place 1nside a cavity
of said outer housing during elongation of said prosthesis.

6. A mandible prosthesis comprising:

a prosthesis with adjustment mechanism located subperi-
osteal on the lateral side of said mandible:

a portion of said prosthesis corresponding to a replaced
portion of said mandible:

a threaded, elongated member within said portion of said
prosthesis:

a gear functionally engaged between an adjustment rod of
said adjustment mechanism and said threaded, elon-
gated member arranged such that when said adjustment
rod 1s rotated, said threaded, elongated member 1s
rotated and an overall length of said portion of said
prosthesis corresponding to said replaced portion of said
mandible 1s increased or decreased, said mandible pros-
thesis comprising a diagonal portion corresponding to
the mandibular ramus with adjustable screw therein, and
lateral portion corresponding to a the body of the man-
dible or lower jaw bone, an adjustable screw therein, a
unitary plate extending the length of said lateral portion
and extending through a mid-portion corresponding at
least to an angle of said mandible, wherein a first said
adjustable screw extends a housing of said diagonal
portion past an elongated, planar surface of said unitary
plate, and a second said adjustable screw extends a hous-
ing said lower portion past an elongated, planar surface
of said unitary plate.

7. The mandible prosthesis of claim 6, wherein each said
housing comprises a first cavity comprising a majority of said
clongated, threaded member therein.

8. The mandible prosthesis of claim 7, wherein each said
housing further comprises a second cavity with an internal
arca adapted to retain a stop of said elongated, threaded
member therein, and consists of two portals, a first said portal
adapted for passage there-through of said elongated, threaded
member, and a second said portal adapted for passage there-
through of said adjustment rod.
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