Office de la Propriete Canadian CA 2896938 A1 2016/02/19

Intellectuelle Intellectual Property
du Canada Office (21) 2 896 938
~h organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2014/08/19 (51) Cl.Int./Int.Cl. A671B 17/16 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2016/02/19 F16H 1/12 (2000.01)
; : : , (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2015/03/16 WRIGHT MEDICAL TECHNOLOGY. INC. US

(86) N° demande PCT/PCT Application No.: US 2014/051654
(72) Inventeur/Inventor:

SANDER, ELIZABETH J., US
(74) Agent: MOFFAT & CO.

(54) Titre : INSTRUMENT A ENGRENAGE POUR ALESER OU RETIRER LA TIGE TIBIALE
(54) Title: GEARED INSTRUMENT FOR TIBIAL STEM REAMING OR REMOVAL

(57) Abrege/Abstract:
The present subject matter relates to a geared instrument. The geared instrument Is configured to translate rotation about a first

axis to rotation about a second axis. The geared instrument comprises a handle configured to rotate about the first axis. A
translation gear Is configured to couple to the handle. A stem Is coupled to the translation gear and rotates in unison with the
translation gear. The translation gear is configured to translate the rotation of the handle about the first axis to rotation of the stem

about the second axis. The stem Is configured to couple to a modular head.

SRR [ S

B oo

AR =0y g s ¥, "'.‘
-

1+ | | e
C anada http://opic.ge.ca * Ottawa-Hull K1A 0C9 - hip:/cipo.geca oprc {8 &1 7% C1pO
OPIC - CIPO 191 SRR NNy




CA 02896938 2015-03-16

ABSTRACT

The present subject matter relates to a geared instrument. The geared instrument is
configured to translate rotation about a first axis to rotation about a second axis. The geared
instrument comprises a handle configured to rotate about the first axis. A translation gear 1s
configured to couple to the handle. A stem is coupled to the translation gear and rotates in
unison with the translation gear. The translation gear is configured to translate the rotation of the

handle about the first axis to rotation of the stem about the second axis. The stem is configured

to couple to a modular head.
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GEARED INSTRUMENT FOR TIBIAL STEM REAMING OR REMOVAL

FIELD OF THE INVENTION

[0001]  This disclosure generally relates to systems and methods for orthopedic surgery.

More particularly, this disclosure relates to systems and methods for tibtal stem reaming or

removal.

BACKGROUND

[0002]  The ankle is a joint that acts much like a hinge. The joint is formed by the union of
three bones. The ankle bone is the talus. The top of the talus fits inside a socket that is formed
by the lower end of the tibia and the fibula, the small bone of the lower leg. Arthritis, bone
degeneration, and/or injury can cause ankle joint deterioration resulting in pain, reduced range of
motion, and decreased quality of life. In many cases, physicians are recommending ankle

replacement surgery with an implant as an option.

[0003]  In traditional ankle replacements, multiple incisions are made to provide access to the
ankle. An anterior incision is made lateral of the tibia, wtth care taken to avoid thc antenor
tendons. The anterior incision exposes the tibia, talus, and a portion of the midfoot. In some
embodiments, the anterior incision is approximately 125 mm long, however it will be recognized
that the incision can be greater or less than 125 mm. One or more additional incisions are made,
for example, on the bottom of the foot, to provide access to the tibia canal to allow an implant

stem hole to be formed in the tibia. The additional incisions increase recovery time and increase

the chance of infection after surgery.

SUMMARY

[0004]  The present subject matter generally relates to a geared instrument. The geared
instrument is configured to translate rotation about a first axis to rotation about a second axis.
The geared instrument comprises a handle configured to rotate about the first axis. A translation
| gear is configured to couple to the handle. A stem is coupled to the gear and rotates in unison

with the gear. The translation gear is configured to translate the rotation of the handle about the

first axis to rotation of the stem about the second axis. The stem 1s configured to receive a

modular head.
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[0005] In various embodiments, a surgical system comprising a geared mstrument and a

modular head 1s disclosed. The geared instrument is configured to translate rotation about a first
axis to rotation about a second axis. The geared instrument comprises a handle configured to
rotate about the first axis. A translation gear is configured to couple to the handle. A stemis
coupled to the gear and rotates in unison with the gear. The translation gear is configured to
translate the rotation of the handlie about the first axis to rotation of the stem about the second
axis. The modular head 1s configured to detachably couple to the stem such that rotation of the
stem rotates the modular head.

[0006]  In various embodiments, a method of using a geared instrument for an ankle
replacement 1s disclosed. The method comprises locating a geared instrument at a prepared
ankle joint. The instrument compnises a handle configured to rotate about the first axis. A
translation gear 1s configured to couple to the handle. A stem is coupled to the gear and rotates
in unison with the gear. The translation gear 1s configured to translate the rotation of the handle
about the first axis to rotation of the stem about a second axis. The method further comprises
relcasably coupling a modular head to the stem such that the modular head rotates in unison with
the stem. The handle is coupled to the gear and rotated about the first axis. Rotation of the
handle about the first axis rotates the stem and the modular head, through the translation gear,

about the second axis. Rotation of the modular head allows the modular head to perform a

surgical procedure.

BRIEF DESCRIPTION OF THE FIGURES
[0007]  The features and advantages of the present invention will be more fully disclosed in,
or rendercd obvious by the following detailed description of the preferred embodiments, which

are to be considercd together with the accompanying drawings wherein like numbers refer to like

parts and further wherein:

[0008] FIG. 1 illustrates onc embodiment of a geared 1nstrument for stem reaming and

removal.

[0009] FIG. 2 illustrates the geared instrument of FIG. 1 having a modular head coupled to a

stem.

(0010] F1G. 3 illustrates translation of rotation about a first axis defined by a handle to

rotation about a second axis defined by a stem.
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[0011] FIG. 4 illustrates the geared instrument of FIG. | having a modular extender coupled
to the stem and a sccond modular head coupled to the modular extender.

[0012]  FIG. 5 illustrates an exploded view of the geared instrument of FIG. 4.

[0013]  FIG. 6 illustrates a view of the modular connections between the stem, modular
extender, and the modular head.

[0014]  FIG. 7 illustrates a gear assembly and stem of the instrument of FIG. 4.

0015]  FIGS. 8-11 illustrate various embodiments of modular heads configured to couple to

the instrument of FIG. 1.
[0016]  FIG. 12 is a flowchart illustrating one embodiment of a method for tibial stem

reaming using the instrument illustrated in FIGS. 1-11.

DETAILED DESCRIPTION

[00 17]  The description of the exemplary embodiments is intended to be read in connection
with the accompanying drawings, which are to be considered part of the entire written
description. In the description, relative terms such as “lower,” “upper,” “horizontal,” “vertical,”
“proximal,” “distal,” “above,” “below,” “up,” “down,” “top” and “bottom,” as well as
derivatives thereof (e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should be construed to
refer to the orientation as then described or as shown in the drawing under discussion. These
relative terms are for convenicnce of description and do not require that the apparatus be
constructed or operated in a particular orientation. Terms concerning attachments, coupling and
the like, such as “connected” and “‘interconnected,” refer to a relationship wherein structures are
secured or attached to one another either directly or indirectly through intervening structures, as

well as both movable or rigid attachments or relationships, unless expressly descnibed otherwise.

[0018] The present disclosure generally provides a gearcd instrument for stcm reaming and
removal. The geared instrument generally comprises a handle configured to rotate about a first
axis. The handle couples to a gear. A stem extends longitudinally from the gear. The gear 1s
configured to translate rotation of the handle about the first axis to rotation of the stem about a

second axis. The stem comprises a modular connection configured to receive a modular head.

(0019]  FIG. I illustrates one embodiment of a geared instrument 2 for stem reaming and
removal. The geared instrument 2 compriscs a handle 4. The handle 4 comprises a gripping

portion 6 and a shaft 8 longitudinally on a first axis from the gripping portion 6. In some
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embodiments, the gripping portion 6 may be replaccd by a connection mechanism for coupling

the handle 4 to an instrumented and/or mechanical drive. The connection mechanism may be
replaced by any suitable connection type such as, for example, threaded connection, a press-fit
connection, and/or any other suitable connection. A handle gear 10, such as, for example a
pinion, is located at the distal end of the shaft 8. In some embodiments, a stop ring 12 is coupled
to the shaft 8 proximally of the handle gear 10. The handle is rotatable about the longitudinal
axis of the shaft 8.

[0020]  The handle 4 is received within a housing 14. The housing 14 comprises at least two
side walls 14a, 14b and a top wall 14¢. In other embodiments, the housing 14 may comprise a
circular housing, a tubular housing, and/or any other suitable housing. A top opening (not
shown) is formed in the top wall 14c. The top opening is sized and configured to recerve the
handle gear 10 and a portion of the shaft 8 therein. The stop ring 12 1s sized and configured to
prevent the handle 4 from being inserted into the housing 14 beyond a predetermined point.
Additionally, a portion of the shaft 8 may be captured in the housing 14 to prevent the shaft 8
from being accidentally removed from the housing 14. A translation gear 16 1s located within
the housing 14. The translation gear 16 is configured to couple to the handle gear 10. The
translation gear 16 may comprise any suitable gear such as, for example, a bevel gear, a worm
gear, a spiral bevel gear, a hypoid gear, and/or a crown gear. A stem 18 (or axle) extends
through the translation gear 16. The housing 14 comprises lateral openings formed in the side
walls 14a, 14b. In some embodiments, the housing 14 comprises an open housing which allows
access to the translation gear 16 and the stem 18 for cleaning and sterilization. In some
embodiments, the housing 14 comprises a closed housing. The stem 18 extends longitudinally
along a second axis from a first side wall 14a of the housing 14, through the translation gear 16,

and through the lateral opening formed in the second side wall 14b. The stem 18 1s coupled to

the translation gear 16. The translation gear 16 and the stem 18 are rotatable about the second
axis.

[0021]  When the handle 4 is inserted into the housing 14, the handle gear 10 couples to the
translation gear 16. For example, in some embodiments, the handle gear 10 comprises a pinion
and the translation gear 16 comprises a bevel gear configured to couple to the pinion. The

translation gear 16 translates rotation of the handle 4 about the first axis to rotation of the stem

18 about the second axis. In some embodiments, the first axis and the second axis are
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perpendicular. In some embodiments, rotation of the handle 4 may comprise a one-to-one ratio
with rotation of the stem 18. In other embodiments, the ratio of rotation of the handle 4 to the
stem 18 may be greater or less than one.

[0022]  The stem 18 comprises a modular conﬁcction 26. The modular connection 26 1s
configured to couplc a modular head 24 to the stem 18. The modular connection 26 may
comprise, for example, a hinged connection, a fixed connection, a slideable connection, and/or
any other suitable connection. The modular head 24 1s coupled to the stem 18 such that the
modular head 24 rotates in unison with the stem 18. Rotation of the handle 4 about the first axis
rotates the stem 18 and the modular head 24 about the second axis. Rotation of the modular head
24 allows one or more surgical procedures to be performed without needing direct axial access to
a bone. The modular head 24 may comprise, for example, a drill bit, a reamer, a stem remover,

and/or any suitable instrument. FIG. 2 illustrates the geared tnstrument 2 having the modular

head 24 coupled to the stem 18.

10023] FIG. 3 illustrates translation of rotation about the first axis to rotation about the
sccond axis. The handle 4 may be rotated about the first axis by, for cxample, a clinician
gripping the gripping portion 6. The handlc 4 may be rotatable 1n a first direction and/or a
second direction. Rotation of the handle 4 about the first axis rotates the handle gear 10 about
the first axis. The handle gear 10 is coupled to the translation gear 16. The handle gear 10
rotates the translation gear 16 about the sccond axis. The stem 18 is coupled to the translation
gear 16 and rotates about the second axis in unison with the translation gear 16. Rotation of the
stemn 18 rotates the modular head 24a coupled thereto. Rotation of the modular head 24a allows
one or more surgical procedures to be performed without direct axial access to a surgical site.
(0024] The geared instrument 2 is configured to facilitate one or more surgical procedures.
For cxample, in somec cmbodiments, the geared instrument 2 1s sized and contigured to facilitate
an ankle resectioning and/or replacement. The geared instrument 2, and specifically the housing
14, is configured to fit through an anterior incision formed dunng an ankle resectioning and/or
replacement. The use of the geared instrument 2 eliminates the need for additional incisions
providing axial access to the tibial canal. Instead, the housing 14 fits within the ankle joint

through the anterior incision and allows a channel to be formed in the tibial canal from the

anterior incision. The housing 14 is free-floating within the ankle joint to allow the housing 14

to be positioned as needed for performing one or more procedures.
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[0025] The modular connection 26 of the stem 18 allows the modular head 24 to be switched
without needing to remove the geared instrument 2 from the patient. For example, in one
embodiment, the geared instrument 2 1s sized and configured for an ankle replacement. The
geared instrument 2, and specifically the housing 14, is configured to fit through an anterior
incision in a patient and be located within an ankle joint. A first modular head, such as, for
example, a drill bit (see FIG. 9) is coupled to stem 18 by the modular connection 26. The handle
4 1s inserted through the top opening of the housing 14 to couple the handle gear 10 to the
translation gear 16. The handle 4 is rotated about the first axis, rotating the dnll bit about the
second axis to drill a pilot hole into the tibia. After the first proéedure is performed, the handle 4
15 rotated about the first axis in an opposite direction to withdraw the drill bit. The first modular
hcad is detached from the stem 18 and a sccond modular head is attached to the stem 18 by the
modular connection 26. The second modular head may comprise, for example, a reamer (sce
FIG. 8). Once the rcamer 1s coupled to the stem 18, the handle 4 is rotated in the first direction
to ream the pilot hole in the tibia to a channel sized and configured to receive an implant therein.
Those skilled in the art will recognize that additional and/or alternative modular heads may be
coupled to the stem 18. Modular hcads may be provided to the surgical sitc as nceded and/or
may be inserted when the geared instrument 2 is inserted and switched during a surgical
procedure.

[0026]  FIG. 4 illustrates one embodiment of the geared instrument 2 having a modular
extender 20 coupled between the stem 18 and a sccond modular head 24b. At a first end, the
modular extender 20 comprises a modular connection 26a configured to couple to the modular

connection 26 of the stcm 18, At a second end, the modular extender 20 comprises a modular

connection 26b configured to couple to the modular connector of the modular head 24b. The
first end and the second cnd are coupled by a longitudinal body. The modular extender 20

allows the modular head 24b to reach deeper sections of a bone. The modular extender 20 s

rotationally coupled to the stem 18 and the modular head 24 such that rotation of the stem 18
results in rotation of the modular extender 20 and the modular head 24. FI1G. 5 illustrates an
exploded view of the geared instrument 2 having a modular extender 20 coupled to the stem 18.
10027] FIGS. 6 and 7 illustrate the modular connections 26a, 26b between the stem 18,

modular extender 20, and the modular head 24. In the illustrated embodiment, the modular

connections 26a, 26b comprise hinged connections that allow the modular extender 20 and/or the
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modular head 24 to deflect with respect to the longitudinal axis of the stem 18 while maintaining
rotational coupling between the stem 18, modular extender 20, and the modular head 24. In
some embodiments, the modular connections 26a, 26b compnse a fixed coupling to prevent
movement of the modular head 24 and/or the modular extender 20 with respect to the stem 18.
The modular connections 26a, 26b are configured to allow the modular head 24 and/or the
modular extender 20 to be attachced and removed from the stem 18 without needing to withdraw
the geared instrument 2 from a surgical site.

10028]  FIGS. 8-11 illustrate various example embodiments of modular heads that may be
coupled to the stem 18 of the geared instrument 2. FIG. 8 illustrates an example reamer head 40.
The reamer head 40 1s configured to ream a hole in a bone, such as, for example, a tibia, to
receive an implant therein. The reamer 40 comprises a first end having a reaming guide 42 sized
and configured to fit within a pilot hole. A reaming section 44 is located proximally of the
rcaming guide 42. A modular connection 46 1s located at a proximal end of the reamer 40. FiG.
9 illustrates an example drll head 50. The dnll head 50 1s configurcd to drill a hole, such as, for
example a pilot hole, into a bone, such as a tibia. In onc embodiment, the drill head 50 is
configured to drill a pilot hole for the reamer head 40. The dnlil hcad 50 compriscs a fluted
section 52 extending longitudinally and a modular connection 56 located at a proximal end of the
drill head 50.

[0029] FIG. 10 illustrates one embodiment of a modular extender 60. The modular extender
60 is configured to couple between the modular head 24 and the stem 18. The modular extender
60 allows a modular head 24 to reach a greater depth within a bone. The modular extender 60
comprises a proximal end 62 defining a first modular connection 66a and a distal end 64 defining
a second modular connection 66b. The first modular connection 66a 1s configured to couple to
the stem 18. The second modular connection 66b 1s configured to couple to a modular head 24.

The modular extender 60 comprises a cylindrical body 68 extending along a longitudinal axis to

a predetermined Iength. Although a cylindrical body 68 1s shown, it will be appreciated that the

body of the modular extender 60 may have any suitable shape.

[0030] FIG. 11 illustrates one embodiment of a stem remover 70. The stem remover 70 18
configured to remove bone on-growth of an implant to allow easier removal of the implant
duning, for cxample, a revision procedure. The stem remover 70 comprises a penmeter cutting

head 72 sized and configured to be slightly larger than an implant stem to allow the penmeter
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cutting head 72 to remove bone on-growth. A modular connection 76 1s located at a proximal

end of the stem remover 70. Those skilled in the art will recognize that other suitable modular
heads may be coupled to the geared instrument 2 for vanous surgical procedures. The illustrated
modular heads 40, 50, 60, 70 may comprise a one or more sizes corresponding to patient-specific
dimensions. For example, in some embodiments, the reamer 40 may be available in multiple
sizes to allow for size diffcrences in patients and/or to factlitate rescctioning of a tibia for a larger
implant,

[0031]  FIG. 12 illustrates onc embodiment of a method 100 of preparing a tibia for a total
ankle replacement using the geared instrument 2 illustrated in FIGS. 1-10. In a first step 102, an
ankle joint is prepared to receive the geared instrument 2. Preparation of the ankle may
comprise, for example, forming an anterior incision, removing a portion of a tibia and/or a talas,
and measuring for patient-specific implants. In a second step 104, the geared instrument 2 1s
inserted into the ankle joint. The geared instrument 2 comprises a housing 14 that 1s sized and
configured to be received within the ankle joint. The housing 14 is configured to be free-floating
within the ankle joint to allow the geared mstrument 2 to be arranged as needed to perform one
or morc operations. In somc cmbodiments, the gearcd instrument 2 1§ arranged such that the
stemn 18 extends towards a tibia.

[0032] [n a third step 106, a first modular head 1s coupled to the stem 18 of the geared
instrument 2. A modular extension 20 may optionally be coupled between the modular head 24
and the stem 18. The first modular head may comprise, for example, a modular drill bit 50. Ina
fourth step 108, a handle 4 1is inserted into the geared instrument 2 through a top opening in the
housing 14. The handle 4 comprises a handle gear 10 that couples to a translation gear 16 within
the housing 14. The handle 4 is rotated about a first longitudinal axis. The rotation of the handle
4 is translated to rotation of the stem 18 about a sccond longitudinal axis. Rotation of the stem

I 8 causes rotation of the first modular head. For example, a modular drill bit 50 1s rotated about

the second longitudinal axis to drll a pilot hole into a tibial canal.

(0033] In a fifth step 110, the first modular head is detached from the stem 18. The first

modular head may be removed from the patient or may be left within the patient until completion

of the procedure. In a sixth step 112, a second modular head 1s coupled to the stem 18. The
second modular head may comprise, for example, a reamer 40. In a seventh step 114, the handle

4 s rotated about the first axis to rotate the reamer 40 about the second axis. The reamer 40
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reams a stem hole in the tibia. In some embodiments, a modular extension 20 is located between
the stem 18 and the reamer 40 to allow the reamer 40 to extend deeper into the tibia. In an eighth
step 116, the geared instrument 2 and the modular heads are removed from the ankle joint to
allow one or more 1mplants to be attached to the ankle joint. The use of the geared instrument 2
prevents the need to form incisions other than the anterior incision.

(0034] In some embodiments, an instrument is disclosed. The instrument comprises a handle
configured to rotate about a first axis, a translation gear configured to be coupled to the handie,
and a stem coupled to the translation gear. The gear is configured to translate rotation of the
handle about the first axis to rotation about a second axis. A stem is coupled to the gear. The
stem 1s configured to recetve a modular head. The stem 1s rotated about the second axis by the

gear.

[0035] Insome embodiments, the handle compnises a handle gear configured to coupie to the

translation gear.

[0036] In some embodiments, the mstrument comprises a housing defining a vertical opening
and a latcral opening. The translation gear is located within the housing. The stem extends
longitudinally from the translation gear and through the lateral opening. The vertical opening 1s

sized and configured to receive the handle therein.

[0037]  In some embodiments, the housing 1s sized and configured to be received within an

ankle joint.

[0038] In some embodiments, the translation gear comprises one of a bevel gear, a worm
gedr, a spiral bevel gear, or a hypoid gear.

[0039] in some embodiments, the instrument compriscs an extender releasably coupled to the
stem. The extender i1s configured to receive the modular head.

10040} In somec embodiments, the modular head comprises onc of a reamer, a drill, or a stem

rermover.

(0041] In some embodiments, the first axis is perpendicular to the second axis.
[0042] In some embodiments, a surgical system 1s disclosed. The surgical system comprises

an instrument and a modular head. The instrument comprises a handle configured to rotate about
a first axis, a translation gear configured to be coupled to the handle, and a stem coupled to the

translation gear. The translation gear translates rotation of the handle about the first axis to
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rotation about a second axis. The stem is rotated about the second axis by the gear. The modular

head 1s coupled to the stem.

[0043]  In some embodimcnts, the handle comprises a handle gear configured to couple to the
translation gear.

[0044]  In some embodiments of the surgical system, the instrument compnises a housing
defining a vertical opening and a lateral opening. The translation gear is located within the
housing. The stem extends longitudinally from the translation gear and through the lateral
opening. The vertical opening is sized and configured to receive the handle therein.

[0045] In some embodiments, the housing is sized and configured to be received within an
ankle joint. )

[0046] In some embodiments, the translation gear comprises one of a bevel gear, a worm

gear, a spiral bevel gear, or a hypoid gear.

[0047] In some embodiments, the surgical system comprises an extender releasably coupled

between the stem and the modular head.

[0048] In some embodiments, the modular head comprises one of a reamer, a drill, or a stem
rCmover.

[0049]  In some embodiments, the first axis is perpendicular to the second axis.

[0050] In some embodiments, a method 1s disclosed. The method comprises locating an
instrument at an ankle joint. The instrument comprises a handle configured to rotate about a first
axis, a translation gear configured to be coupled to the handle, and a stem coupled to the
translation gcar. The translation gear is configured to translate rotation of the handle about the
first axis to rotation of the stem about a second axis. The method further comprises coupling a
modular head to the stem, coupling the handle to the translation gear, and rotating the handie

about the first axis to rotate the modular hcad about the sccond axis to pertorm a first surgical

procedurc,
[0051] In some embodiments, prior to coupling the modular head to the stem, the method

further comprises coupling an extender to the mstrument and coupling the modular head to the

extender.
[0052]  In some embodiments the modular head comprises a first modular head and the

method further compriscs detaching the first modular head trom the stem, coupling a second

10
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modular head to the stem, and rotating the handle about the first axis to rotate the second

modular head about the second axis to perform a second surgical procedure.

[0053]  In some embodiments, the modular head comprises one of a reamer, a drill, or a stem

rCIMOVCT.

11
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CLAIMS

What is claimed is:

1. An instrument, comprising:
a handle configured to rotatc about a first axis;

a translation gear configured to be coupled to the handle, the translation gear configured
to translate rotation of the handle about the first axis to rotation about a second axis; and

a stem coupled to the translation gear, the stem configured to receive a modular head, and

wherein the stem is rotated about the second axis by the translation gear.

2. The instrument of claim 1, wherein the handle comprises a handle gear configured to

couple to the translation gear.

3. The instrument of claim 1, comprising a housing defining a vertical opening and a lateral
opening, wherein the translation gear is located within the housing, wherein the stem extends

longitudinally from the translation gear and through the lateral opening, and wherein the vertical

opening is sized and configured to receive the handle therein.

4. The instrument of claim 3, wherein the housing is sized and configured to be received

within an ankle joint.

J. The instrument of claim 1, wherein the translation gear comprises one of a bevel gear, a

worm gear, a spiral bevel gear, or a hypoid gear.

6. The instrument of claim 1, comprising an extender releasably coupled to the stem, the

extender configured to receive the modular head.

7. The instrument of claim 1, wherein the modular head comprises one of a reamer, a drill,

Oor a stem remover.

8. The instrument of claim 1, whercin the first axis 1s perpendicular to the second axis.

9. A surgical system comprising:
an instrument comprising

a handle configured to rotate about a first axis;

12
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a translation gear configured to be coupled to the handle, the translation gear

configured to translate rotation of the handle about the first axis to rotation about a second axis;

and

a stem coupled to the translation gear, wherein the stem 1s rotated about the
second axis by the translation gear; and

a modular head coupled to the stem.

10.  The instrument of claim 9, wherein the handle comprises a handle gear configured to

couple to the translation gear.

11.  The instrument of claim 9, comprising a housing defining a vertical opening and a lateral

opening, wherein the translation gear is located within the housing, wherein the stem extends
longitudinally from the translation gear and through the lateral opening, and wherein the vertical

opening is sized and configured to receive the handle therein.

12.  The instrument of claim 11, wherein the housing 1s sized and configured to be received

within an ankle joint.

13.  The instrument of claim 9, wherein the translation gear comprises one of a bevel gear, a

worm gear, a spiral bevel gear, or a hypoid gear.

14.  The instrument of claim 9, comprising an extender releasably coupled between the stem

and the modular head.

15. The instrument of claim 9, wherein the modular head compnises one of a reamer, a dnll,

or a stem remover.

16.  The instrument of claim 9, wherein the first axis is perpendicular to the second axis.

17. A method, comprising:

locating an instrument at an ankle joint, the instrument comprising a handle contigured to
rotate about a first axis, a translation gear configured to be coupled to the handle, and a stem

coupled to the translation gear, wherein the translation gear is configured to translate rotation of
the handle about the first axis to rotation of the stem about a second axis;

coupling a modular head to the stem;

13
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coupling the handle to the translation gear; and

rotating the handle about the first axis to rotate the modular head about the second axis to

perform a first surgical procedure.

18.  The method of claim 17, wherein prior to coupling the modular head to the stem, the
method further comprises:
coupling an extender to the instrument; and

coupling the modular head to the extender.

19.  The method of claim 17, wherein the modular head comprises a first modular head, and
wherein the method further compnses:

detaching the first modular head from the stem;

coupling a second modular head to the stem; and

rotating the handlc about the first axis to rotate the second modular head about the sccond

axis to perform a second surgical procedure.

20.  The method of claim 17, wherein the modular head comprises one of a reamer, a drll, or

a stem remover,

14

DM2\3007756.2



242

26

CA 02896938 2015-03-16

178




CA 02896938 2015-03-16

2/8

24a 14b

W\
o




CA 02896938 2015-03-16

16

FIG. 3



CA 02896938 2015-03-16

4/8

10 12

14
24b

20




CA 02896938 2015-03-16

58

12

24b

26cC 18

FIG. 5



00000000000000000000

FIG. 7



g6a

CA 02896938 2015-03-16

7/8

52

66b

76

56

12



CA 02896938 2015-03-16

8/8

100
102
Prepare
Ankle Joint
104
Insert Intrument
to Ankle Joint
106
Couple First
Modular Head
108
(nsert and
Rotate Handle
110
| Detach First
Modular Head
112
Couple Second
Modular Head
114

Rotate Handle

116

Remove
instrument

FIG. 12



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings

