I *I Innovation, Sciences et Innovation, Science and CA 2944313 C 2019/01/22

Déeveloppement economique Canada Economic Development Canada
Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 944 31 3
12y BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2014/04/07 (51) Cl.Int./Int.Cl. A671B 34/20 (2016.01),
(87) Date publication PCT/PCT Publication Date: 2015/10/08 A61B 5/06 (2000.01)
2 1s , (72) Inventeur/Inventor:
(45) Date de delivrance/lssue Date: 2019/01/22 ROSSNER. HOLGER-CLAUS. DE
(85) Entree phase nationale/National Entry: 2016/09/28 L
(73) Proprietaire/Owner:
(86) N° demande PCT/PCT Application No.: IB 2014/060500 1Z| MEDICAL PRODUCTS. LLC. US
(87) N° publication PCT/PCT Publication No.: 2015/150877 (74) Agent: GOWLING WLG (CANADA) LLP

(30) Priorite/Priority: 2014/04/04 (US14/245,170)

(54) Titre : DISPOSITIF DE REFERENCE POUR SYSTEME DE NAVIGATION CHIRURGICALE
(54) Title: REFERENCE DEVICE FOR SURGICAL NAVIGATION SYSTEM

100

1.2

(57) Abrege/Abstract:

A device and method for a surgical navigation system comprising a connection unit, a marker carrier unit removably attached to the
connection unit, an attachment unit connected to the connection unit for fixing the device to a body part of a patient. The
connection unit comprises an articulated arm and the marker carrier unit comprises an attachment area for removably attaching the
marker carrier element to the connection unit.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



woO 2015/150877 A1 IH]00F0A 0D AN AR 00T AR D A

(43) International Publication Date

CA 02944313 2016-09-28

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2015/150877 Al

8 October 2015 (08.10.2015) WIRPO I PCT
(51) International Patent Classification: (74) Agent: JAGTIANI, Ajay; 5885 Trmity Parkway, Suite
A61B 19/00 (2006.01) 370, Centreville, Virginia 20120 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/IB2014/060500 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AQ, AL, AL, AZ, BA, BB, BG, BEL BN, BR, BW, BY,
' . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
7 Apnil 2014 (07.04.2014) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ. NA. NG, NI, NO, NZ.
(30) Pl‘iOl‘ity Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
14/245,170 4 April 2014 (04.04.2014) US SC, 5D, Sk, 3G, 8K, 5L, SM, 51, SV, Sy, 1H, 1J, 1M,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(63) Related by continuation (CON) or continuation-in-part ZW.
(CIP) to earlier application: . S
US (CON) (84) Designated States (unless otherwise indicated, for every
Filed on kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: 1ZI MEDICAL PRODUCTS, LLC [US/US]; UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
5 Easter Court, Suite J, Owings Mills, Maryland 21117 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventor: ROSSNER, Holger-Claus; Hohenlindner Str. MC, MK, M1, NL, NO, PL, PL, RO, RS, SE, 51, 5K, SM,

11C, 85622 Feldkirchen B. Muenchen (DE).

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(534) Title: REFERENCE DEVICE FOR SURGICAL NAVIGATION SYSTEM

(57) Abstract: A device and method for a surgical navigation system
comprising a connection unit, a marker carrier unit removably attached to

the connection unit, an attachment unit connected to the connection unit
for fixing the device to a body part of a patient. The connection unit com -
prises an articulated arm and the marker carrier unit comprises an attach-
ment area for removably attaching the marker carrier element to the con-
nection unit.



CA 02944313 2016-09-28

WO 2015/150877 A1 |00 A0 A0 A 0

Published: —  with amended claims (Art. 19(1))

—  with international search report (Art. 21(3))



1O

15

20

30

CA 02944313 2016-09-28

WO 2015/150877 PCT/IB2014/060500

REFERENCE DEVICE FOR SURGICAL NAVIGATION SYSTEM

BACKRGROUND
Field of the Invention

G001} The present mvention relates generally fo surgical navigation systems.  More
particularly, the present invention relates to a referencing device for a surgical navigation
systent, a marker carner unit for use in a referencing device as well as a method for surgical

navigation.
Related Art

00021 Suwrgical navigation systems are emploved 1n a variety of surgical applhications, {or
example, m neurosurgery, oral, maxiliofacial and facial surgery, ear nose and throat (ENT)
surgery or also for limb implantation i orthopedic surgery. Based on three-dimensional
patient 1mage data, whach are obtamed by means of X-ray images, computer tomography
(CT), magnetic resonance tomography (MRET) and/or positron enmussion {omography (PET),
surgical navigation systems of this tvpe enable the posifion of medical msiruments 10 be
visualized n real-tume 1 the patient image data 1 order 10 thereby assist the surgeon dunng

operable procedures.

{0003]  To this end. 1t may be necessary to record and monitor the posifion and ontentation
of the patient or a speciiic body part on which a surgical procedure is to be carmried out — also
referred to as “fracking.” Conventional relerencing devices have been used usually
comprising reference frames to which marking elements such as light-reflecting, spherical
marker elements are attached. The hight-reflecting sphencal marker elements allow a slereo
camera system of the navigation system to record the precise posiiion and orientation of the

referencing device.

(6604] Conventional navigation systems and/or referencing devices are known, for
example, from documents DE 10 2011 0534 730 Al. DE 698 33 881 12, DE 10 2010 060 914
Al or DE 60 2004 004 158 T2, WO 2006/012491 discloses marker elements together with a
unit carrving the marker elements — referred {o as relerence frames — as a single disposable
unit which can be produced by mjechion molding. However, tradifional navigation systems

do not always allow for the desired positioning and onentation of the referencing device, for
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example, due to structural himutations i the design of ifs arranged configuration and/or
restrictions n movement such as hineled multiple ranges of motion and/or operating degrees

of freedom.

{6603}  Another concern may include operating and mamtaining a sterie environment
during surgical procedures. Medical devices, such as referencing devices must also be stenie.
Within such an environrnent, marker elements may be removably atlached, [or example, by
means of a standardized clip attachment {o pins arranged on the referencing device. The
referencing device may thus be sterilized without marker eclements and new, sterile,
disposable marker elements may be utilized for each use. Conventional corresponding

marker elements are known, for example, from document DE 10 2009 019 986 Al.

[0806]  In order to deduce the position and onentation of a patient {or as the case may be,
the body part of a patient on which a surgical procedure 1s to take place}, and m order to
produce a correct reference to the 3D image data, it 1s necessary to calibrate the surgical
navigation system by execuling a registration step. Varous reference pomnis are thercby
successively localized on the patient using a navigaition apparatus and correlated with

corresponding points in the 3D image dala.

{0071 The registration process delermunes the geomeiric relationship between the
anatomic structures of mterest and the 3-dimensional (3D} computer 1mage construcied, for
cxample, from the preoperative CT scan. Registration mvolves two steps. First, the reference
sensor 1s secured {0 a non-mobile structure. Then, a registration tip, for example, 15 used
sequentially 1o touch pre-selected registration pomnis (e.g., fiducial markers). Registration
points may be any anatomuc structures that are recognizable on the preoperative image (e.g.
teeth. skin, bone). Each time a registration point is touched with the regisiration fip, the
computer records the location of the posifion sensor and the reference sensor. Using, for
exarmple, at least three regisiration pomts, the compuler calculates the physical position of the
anatomuc structure with respect {o the reference sensors. The computer then uses thus
regisiration mnformation to measure the postiion of the pencil relative to the preoperative CT
scant. The patient’s body part can be mobilized freely without the need to re-mutialize the
registration process, because the reference sensor 1s ngidly atiached o the relevant structure
of the patient. By way of thus regisiration, a correct, spafial reference between the 3D image

data and the position and onentation of the body part of the patient can be produced.
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{G008]  In particular, in the case of surgical procedures mvolving the brain, it 1s usually not
possible (o stmply be lumted to reference points in the operating area for a necessarily precise
registration, but rather it 1s necessary, mn the vast majority of cases, to select a plurality of
reference points at different locafions on the body of the patieni. Since for this purpose

unhindered access to these locations on the body of the patient 1s necessary, registration must

thus take place before the patient can be finallyv prepared for the actual surgical procedure and

covered in a sterile manner in the areas ouiside of the operating area.

{30069 As a practical matier, and as it pertains 1o the regisiration device iiself, following a
successiul registration procedure necessanly means he registration device must be considered
as being poientially contarminated.  Thus, appropriate measures for protecting the patient
must be taken before the image-guided surgical procedure using the navigaiion system can
take place. As such, the reference frame is thus usually detached from the fixation unit,
sierthized, and provided with new sierile marker elements and reconnected to the fixation
unit. The fixation umit as well as the mierface between the hixation umut and the reference
frame must next be draped and/or otherwise covered. To achieve this, holes are tvpically
generated i medical drapes m order to allow the reference frame or s componenis 1o
protrude therethrough and to subsequently attach to the fixation unif. Additional care 1o
secure and maintain medical drapes 1s also provided i order to achueve a coverning considered
at least sufficiently secure. From a user perspective, this approach is presenied as less than
desirable since, on the one hand, the effort 1s labor mitensive and significant staff effort 1s
required m order {o provide the necessary draping and covenng for operational procedure.
And, on the other hand, the draping and covering is often regarding as mnsuificiently secure
for operating procedures. This risks the stenlity of the operating environment and loss of

tirme in addressing the same.

[OG10] 1t 1s, therefore, an object of the present mvention fo overcome the deficiencies of
the prior art {0 provide an unproved apparatus capable of providing increased range of motion
in at least muitipie {0 an mfinite amount of directions while more easiy achieving and
maintaimng a steride operating environment. It 15 a further goal of the present invention to
provide a method and apparatus that achieves and mamntains a dependable fixed position of
the referencing device during operational procedures that eliminates the need to recalibrate

the system.
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SUMMARY

{30311}  The foregoing needs are met, {0 a great extent, by the present invention, wherem
one aspect a device 15 provided that m some embodiments comprises a connection unit, 4
marker carrier umit removably attached {0 the commection unii and an attachment unit
connected to the connection unit for fixing the device to a body part of a patient. The
connection unit comprises an articutated arm wheremn the marker carrier unit comprises an

attachment area for removably attaching the marker carnier element to the connection unt.

{30121 In accordance with another embodiment of the present mveniion, a method 1s
provided that in some embodiments comprises removably attaching a marker carner unit to a
connection umt of a referencing device by connecting an end of the connection vt {0 an
attachment area of the marker carrier unut. The method may also include fixing another end
of the connection unit to a body part of a patient, registering a correct spatial reference
between a 3D image data and a position and onentation of a body part of the patient and
remnoving the marker carner unit from the connection unit at a location of the attachment
area. Embodiments of the disclosed method mayv also include draping the connection umit
with a medical drape and removably atlaching a steriie marker carrier unit to the connection
unit by connecting an end of the connection umit to an attachment area of the sterie marker
carnier umif such that the medical drape 15 disposed within the attachment area of the stenle
marker carrier umit and secured between the sterile marker carrer umif and the connection

unit.

16613}  In accordance with vet another embodiment of the present invention, a method is
provided that in some embodiments comprises removably aftaching a marker carner unit to
an atfachment mechanism of a connection wut by mnserting the atfachment mechanism into
an attachment area of the marker carrter unit, fixing another end of the conneciion unit to a
body part of a patient and registening a correcl spatial reference between a 3D 1mage daia and
a position and onentation of a body part of the patient. The method may also mclude
emoving the marker carmier wt from the connection unit by detaching the aftachment

mechanism from the attachment area.

{0014] There has thus been outhned, rather broadly, certain ernbodiments of the mvention
in order that the detaled descrniption of the mvention herein mayv be better undersiood, and n

order that the present contribution {0 the art may be better appreciated. There are. of course,
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additional embodiments of the invention that will be described below and which will form the

subject matter of the clanms appended hereto.

(BG1S]  In thas respect, belore explamming at least one embodiment of the mvention in detail,
it 15 10 be understood that the mveniion 1s not hmted in 1s application to the details of
construction and to the arrangements of the components set forth in the following description
or tHustrated in the drawings. The mvention 15 capable of embodiments n addition o those
described and of being practiced and carned out mn various ways. Also, 1115 to be understood
that the phraseciogy and terminology emploved herein, as well as in the abstract, are for the

purpose of description and should not be regarded as houting.

[3016]  As such, those skilled m the art will appreciate that the concept upon whach thus
disclosure 1s based may readily be ufilized as a basis for the designing of other structures,
methods and svstems for carrying out the several purposes of the present mvenfion. It is
important, therefore, that the claims be regarded as inciuding such equivalent constructions

imsofar as they do not depart {rom the spinit and scope of the present mnvention,

166171 Sull other aspects, features and advantages of the present mvention are readily
apparent from the following detailed descrniption, simply by illustrating a number of
exernplary embodiments and 1mmplementations, including the best mode contemplated for
carrving out the present wmnvention. The present imveniion also 1s capable of other and
different embodunents, and ifs several details can be modified m vanous respecis, all without
departing from the spirit and scope of the present invention. Accordingly, the drawings and

descriptions are to be regarded as tusirative in nature, and not as restriclive.

BRIEY DESCRIPTION OF THE DEAWINGS

{3318] The accompanving drawings. which are incorporated heremn and constifute part of
this specification, iliustrate exemplary embodiments of the mvention, and, together with the
general description given above and the detarled description given below, serve to explan the

features of the mvention

[6G19] FIG. 1 1s a perspective view of a referencing device for a surgical navigation

system according to an embodiment of the present invention.
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0028] FIG 215 an exploded view of an exemplary ball and socket joint disposed near one
end of an articulated arm of the referencing device according o one embodiment of the

present invention.

(66211 FIG 3 1s an exploded view of an exemplary rofary joint disposed along an
articulated arm of the referencing device according o one embodiment of the present

invention.

60221 FIG. 415 side view depicting the assembly of an aftachment foot in connection with
an articulated arm being mated with a marker carrier unit according o one embodiment of the

present imvention.

{30231 FIG. 5 13 an exploded view of another exemplary ball and socket joint disposed
near another end of an articulaied arm of the referencing device according o one embodiment

of the present invention.

[6G24] FIG. 6 15 a top view of an exemplary design of an attachment foot maled i an
exemplary recess of a marker carrier body according 1o one embodiment of the present

mvention.

{0025] FIG. 7 1s a cross sectional view faken along € — € of FiIG. 6 according to one

embodiment of the present invention.

{30261 FIG. 8 15 a top view of an exemplary design of an attachment foot mated in an
exermplary recess of a marker carner bodyv according 10 one embodiment of the present

mvention

{66271 FIG. O 15 a cross sectional view taken along D — D of FIG. 8 according o one

embodiment of the present mvention.

[6028]  FIG. 1015 another side view of an assembly of an exemplary attachment foot bemng
secured 10 an exemplary marker carrier body via an exemplary design of a clamp lever

according to one embodiment of the present invention.

10029] FIG 11 1s another side view of an assembly of an exemplary attachment {oot being
secured to an exemplary marker carner body via an exemplary design of a clamp lever

according to one embodiment of the present invention,

{6030}  FIG. 1215 a partial view of an exemplary attachment foot attached to an articulated

arm via a ball and socket joint according to an embodiment of the present invention.
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0031 FIG. 13 dlustrates an embodiment of a marker carrier unit for assembly with the

dlustrated exemplary attachment foot according to an embodiment of the present mvention.

00321  FIG. 14 llustrates steps for preparing and atfiang the disclosed referencing device
onto a patient for a surgical navigation procedure according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFEREED EMBODBIMENTS

Definitions

100331  Where the delinttion of terms departs {rom the commonly used meaning of the
term, applicant intends to utilize the defimitons provided below, uniess specifically indicated.

{33341 For the purposes of the present inventfion, directional terms such as “top”,

A

right”

.~ 2

“bottom”, “upper”, “lower”, “above”, “below”, “left”, “honzontal™, “vertical”,
“upward’, “downward”, etc. are merely used for convenience mn describing the various

embodiments of the present imnvention.
{66358}  For purposes of the present inveniion, the term “ball and socket jomnt” {(also
referred to a ball yoint) refers to a jomt, as m a mechanical device, that pernuis rotary

movement m all directions through the movement of a ball in a socket. The ball and socket

joint 15 a joint in which the ball-shaped surface of one rounded member {its into a cup-like

depression of another member. The distal member 1s capable of motion around an mmdelinite
number of axes, which have one conimon cenfer. It enables the member to move m many

planes {almost all directions).

[0036] For purposes of the present mvention, the term “distal” refers being situated away

from a point of attachment or origin or a central point.

(60371  For purposes of the present mvention, the lerm “drape” relers to the sterized
cloths that mark off an operative field. Typically the aforementioned cloths are arranged over
a pafient's body during an examunation or treatment or during surgery and are designed to

provide a sterile field around the area. “Drapmg’™ refers to the process thereof.

[B038]  For purposes of the present mvention, the term “Image-guided surgery” (1GS)
refers 1o surgical procedures where the surgeon emplovs tracked surgical mstruments in

conjunction with preoperative or infraoperafive images in order {o mdirectly guide the
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procedure.  Image-cutded surgery is part of the wider field of computer-assisied surgery.
Dunng a surgical procedure, the IGS tracks the probe position and displays the anatomy
beneath it as, for example, three orthogonal 1mage slices on a workstation~-based 3D imaging
systemt.  Existing IGS svstems use different iracking techniques including mechanical.

optical, ultrasonic, and electromagnetic.

6039}  For purposes of the present invention, the term “mdicia” refers distinctive marks,

charactenstic markers or mdications.

{33406}  For purposes of the present invention, the ferm “proximal’ refers to being next to
or nearest the pomnt of attachment or origin, a ¢central point, or the pomnt of view, especially
tocaied toward the center of the body — compare distal  For purposes of the present

mvention, the term “distal” refers to the direction opposite the “proximal” direction.

[3341] For purposes of the present invention, the term “registering ’ refers to a process for
determining the geometric relationship between an anatomic structure(s) of mterest and a 3-
dinensional (33} computer image constructed, for example, rom the preoperative CT scan.
By way of this regisiration, a correct, spatial reference between the 3D 1mage data and the
posifion and orientation of the body part of the patient, observed bty means of referencing

device, can be produced.

{30421  For purposes of the present mvenfion, the term “rolary jomnt” refers 1o a freely
moving joint m which movement 1s hnmited fo rotation; the rofary joint mayv be considered as
a flexible jomt that connects a stationary object with a rotating object in a piece of machinery,

for example, faciory and medical equipment,

[6043] For purposes of the present mvention, the term “surgical navigation” refers to
computer assisted surgerv {(CAS) representing a surgical concept and set of methods that use
computer technology for pre-surgical planming and for guding or periormung surgical
interventions. CAS 1s also known as computer aided surgery, computer assisted mntervention,

umage guided surgery and surgical navigation.

[0044]  For purposes of the present invenfion, the ferm “surgical navigation sysiem’” refers
a system that allows wvisualizaiion of an operative site and surgical instruments

simitaneously and relates them 1o the patient’'s diagnostic tmages {e.g.. computed

tormnograpmc (CT) scans and magnetlic resonance imagmg (MRI}). A surgical navigation

systermn 15 used to guide the surgeon's movements during an operation. It may display the
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real-titne position of each mstrument and anaionucal structure. These systems are used In
orthopedics, ENT, neurclogy and other surgical specialiies. Real-time observations occur via
MRI, scanner, video camera or another imaging process. Navigation daia are imcorporated
into the image (o help the surgeon determine precise position within the orgamsm.
Medical 1maging is sometimes used to plan an operation before surgery. Data integration
enables the system to compare the actual position of the target object with the ideal location
established during the planming phase. Such systems may be miechanical, electromagneiic or
optical. The most common are optical devices, either passive or aclive. In the former,
carneras locale specific markers such as reflective targets, particular shapes or colors. Achive

systems locate LEDs.

(6045}  For purposes of the present mnvention, the term “x-direction” refers to the direction

aligned with the x-axis of a coordinate system.

[86846]  For purposes of the present mvenfion, the term “v-direction” refers o the direction

aligned with the v~axus of a coordinate svstem.

130471  For purposes of the present invention, the ferm “z-direchion” refers {o the direction

aligned with the z-axis of a coordinate system.
Description

{3048] The mvention will now be described with reference to the drawing figures, In
which like reference numerals reler 10 hike parts throughout. The followimg detaled
description 15 of example embodiments of the presently claimed invention with references to
the accompanying drawings. Such description 1s iniended to be illustrative and not hmuting
with respect to the scope of the present mvention. Such embodiments are described n
sutficient detail to enable one of ordinary skill in the art to practice the subject mmvention, and
it will be understood that other embodiments may be practiced with some vanations without

departing {rom the spirit or scope of the subject invention.

[0049] Tumang to FiG. 1, a referencing device 100 15 wlustrated for positionung and
mouniing one or more marker elements 110 disposed on a marker carmner body 112 of a
marker carrier wut 116, In the disclosed embodiment, marker camrnier body 112 s
substantially designed in as a three-armed unil wherein i the region of the end of each arm a
marker element 110 18 respectively arranged. Marker elements 110 may be designed as

spherical marker elements including retro-reflective marker spheres, also referred to as
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passive reflective markers, and are widely used in image guidance systems. Embodiuments of
retro-rellective marker spheres may include those used o ard registration and mstrument
tracking during 1mage guded surgery procedures such as neurological procedures, spine
procedures and orthopedic procedures. Embodiments may include refro-refieciive marker
spheres having a high coelficient of retro-reflection on the external surface to provide
feedback 1o the svstermn/camera. Such surfaces may consist of macro glass spheres that reflect
light. Depending on the medical application, different numbers and arrangements of reiro-
reflective marker spheres mav be mounted on various types of surgical tools that may be used
mcluding that disclosed herein. Once mounted on a surgical probe, retro-reflective marker
spheres provide an accuracy reference point for the surgical probe in three-dimensional

space.

[0050]  Dusclosed embodiments provide the attachment of maker camer umt 116 {0 a
connection urut 126, for exarple, at a prescribed location 114 of marker carmer body 112,
Prescribed iocation 114 may be located anvwhere at the marker carmer umit 116, In one
exemplary configuration, connection wut 126 mcludes an arficulated arm 128 comprising a
plurality of arm extensions 118, 122 and joints 408 (FIG. 4), 120 and 124, While two arm
extensions 118, 122 and three jomnis 408, 120 and 124 are described and illustrated in the
cxermplary drawmgs, it 1s readily appreciated that more arm extensions and jomis may be
emploved by the disclosed mvention, for example, to facihity increased mobility and degrees
of freedom i motion of arficulated arm 128 and, hence, referencing device 100. Connection
unit 126 may also comprise an attachment unit 132 and attachment foot 406 (FIG. 4), as

described below.

{3351]  Arm extension 118 connects to marker carrnier body 112 of marker carrier unit 116
at a first end and 1s configured (o jom with joint 120 at a second end. Arm extension 11815 a
rigid arm exiension and may be composed of stamless steel, medical grade steel, maternials.
In the disclosed embodiment, joint 120 may mclude a rotary jomnt for rotating arm extension
118 1n the x-direction and y-direction direction {e.g.. see FI(z. 3}). Tuming fo FIGS. 12 and
13, the exemplary configuration of jomnt 120 may mclude 1o segment portions, 1.¢., lower
porfion 1204 and upper portion 1206 fornung a rotary joint. Lower portion 1204 moves
relative 1o upper portion 1206 1n a rotary fashion. Likewise, upper portion 1206 moves
relative to lower portion 1204 m a rotary fashion. In the disclosed embodiment, arm

extension 118 15 nimdly comnected to lower portion 1204 and arm extension 122 1s ngidly

10
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connected to upper portion 1206 of jomt 120, Thus each extension, 118, 122 moves relative

to one another m rotary {ashion.

[0652] Jomnt 120 may mclude a locking mechanism 136 for locking articulated arm 128 in
a fixed position. For example, locking mechanism 136 may include a handie and a bolf (not

shown} centenng through joint 120 and in threaded engagement with the handle. Rotating

the handle, for example, 1 a rotational direchion, thereby, clamps down on jomt 120 as the

bolt 15 threaded mito the handle thereby providing enough force o retain the joint and prevent
further movement of the same. In the embodiment disclosed, for example, in FIGS. 12 and
13, upon tightening of the atorementioned handle, lower portion 1204 and upper porltion 1206
would remain unmovable relative to one another and effectively “lock-down™ joint 120 info a
fixed or set configuration. Locking mechanism 136 may be configured to lock articulated
arm 123, including joints 124, 408, such that articulated arm 128 becomes a completely rigid

at a prescribed positionang.

{0053]  Arm extension 122 connecis with jomt 120 at a first end and 15 conbigured to
connect with joint 124 at a second end. Thus, joint 120 forms a jomt connection between arm
extension 1138 and arm extension 122, Jomnt 124 may include a ball joint wherein arin
extension 122 connects with the ball portion of the pivot jomt 134, The ball joint permuts
rotarv movement of arm exiension 122 m the x-direction, the y-direction, and z-direction

{c.o., see FI(G. 2). Arm extension 122 is a ngid arm extension that may be comprised of

)
.

stainless steel, medical grade steel, materials.

[0054]  An attachment wrat 132 serves as g hixation device {o connect {0 an extrenuty or
body portion of a patient. Attachment urut 132 mayv also be configured to attach to other
itemns used m surgery mcluding, but not hmited fo, a human body part, a bone screw. or an
tmplant. In the disclosed embodiment shown in FIG. 1, attachment umit 132 15 configured as
a head clamp designed o couple and altach with the head of a pattent. However, 1t will be
readily appreciated by those skilled in the art that attachment urut 132 mav be designed (o
attix to other exirenuties or portions of a hwman patient includimg, for example. arms, legs.
knees, angles, neck, wrists, hands, eic. Thus attachment wut 132 may comprise other
alternative atfachment mechamsms, for example, including attachment configurations for
bone screws, spinal clamips, surgical pins. efc.., or any other surgical mount suitable for
atfixing connection unit 126 to a human body part or extremuty. The current embodiment

depicis a mounlimg post 130 extending from atiachment urut 132 and s configured (o
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connectively attach to joint 124 thereby forming a joint connection between arm exiension
122 and attachment urut 132, Thus, joint 124 permits movement of articulated arm 128 and
marker carrier unit relative to attachment uwut 132 which mayv be aiflixed at g prescribed
iocation, for example, on the bodv of a patient. While a select number of joints have been
tHustrated m the drawings and described m the specification, more or less joints may be
uttlized to form the articulated arm of connection unit 126, In addition, other types of
features may be ulilized 1n the articulated arm mcluding, for example, a telescopic feature
emploved in the arm extension for extending or shortening the arm extension along a length

of connection unt 126

[B085] As previously mentioned above, arm exiension 118 connecis to marker carner
body 112 of marker carrier umt 116 at one end and 15 configured to join with joint 120 at
another end. To connect with marker carrier unit 116, arm extension 118 connects with jomnt
408 thercby formung a jomi connection therebetween., Turming to FIG 4, jomt 408 may

comprise a ball jomnt wherein arm extension |18 connects with the ball porfion of the pivot

joint 412, Thus, the ball jomt permils rotary movement of arm extension 118 in the x-

direction, the yv-direction, and z-direction (e.g., see FI(z. 5} FIGS. 12 and 13 idlustrate an
embodiment of jomnt 408 represented as a ball and socket joint in which the bali-shaped
surface of one rounded member 1200 fits mio a cup-like depression of another member 1202
{oupied o jount 408 1s an aitachment mechanism for coupling arm extension 118 {0 marker
carrier bodv 112 via joint 408 In the disclosed embodiment, the attachmeni mechamsm
comprises an attachment foot 406. Jont 408 permifs attachment foot 406 to have a range of
mofion around an indefinite number of axes having a common center. The disclosed
configuration enables attachment foot 406 {o move in many planes (almost all directions} as
turther described below.  Earhier described jomi 124 may also mclude the ball jomnt
configuration represented by jomnt 408 and illustrated, for example, m the exemplary

embodiments of FIGS. 12 and 13.

[0056] Arm extension 118 15 a rnigid arm extension that mayv be comprised of stainless
stee), medical grade steel, matenals. Asillustrated in FIG. 4, marker element 110 18 mounted
on mounting post 414 nigmdly fixed to marker camer body 112, Marker carner body 112
comprises an attachment area 404 for recetving and couphing/mating an attachment
mechanism, such as attachment foot 406, i recerving area 402. Recerving area 402 may be

formed as g recess or cavily appropriately dimensioned and configured to receive and refain
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attachment {oot 406 therein, as described below. Attachment foot 406 exiends from joint 408
via mounting post 410, Marker carner unit 11615 ultimately retained on connection umt 126
via the receipt and refention of aftachment foot 406. Thus, by function of jomnt |24,
connection uwmt 126 1s permutied to rotate and pivot relative {o attachment unit 132, By
function of joint 408, marker carrier unit 116 1s permiited to rotate and pivot relative to

connection unit 126,

{0057]  FIG. 6 idiustrates a top view of one embodiment of aftachment foof 406 mated n
receiving area 402 of marker carrier bodv 112, When received within receiving area 402,
select mnner wall portions of marker carrier body 112 are sulliciently designed to coniact
pomnis of the outer surface of attachment foot 406 to facilitate locating and secunng the same
therein. For exampile. in one disclosed embodiment {ocating contact surfaces 602 are formed
to protrude mto receiving area 402. Locating contact surfaces 602 act as an alignment
mechanism of marker carrier body 112 for posifioning onto attachment fool 406, as described
below. Appropniately sized receiving areas 612 of attachment footl 406 are configured (o
receive corresponding locating contact surfaces 602 to form a mated conliguration wherein
the outer surface 614 of locating contact surfaces 602 generally abuls against the outer
surface 616 of corresponding receiving areas 612, Side edge surface 618 of attachment {oot

406 also generally abuts corresponding side edges 620 of receiving area 402,

[6038] A clamp lever 604 15 provided to position and retamn attachment foot 406 within
receiving area 402, Pin 606 1s disposed through clamp fever 604 such that clamp lever 604
pivols about pin 606, (As shown more easily m FIG. 7, pin 606 may be secured within the
structure of marker carrier body 112.) When clamp lever 604 15 pivoted about pin 606, the
outer surtace 610 of clamp lever 604 is rotated mndo contact with outer surface 608 of
attachment oot 406 thereby providing a frictional mterference it m a clamped position. A
material ol atiachument foot 406 and/or clamp lever 604 may be designed to withstand a
certain amount of deflection to facilitate the frictional fif and retention of clamp lever 604 n

the clamped position and thereby secure atiachment foot 406 within receiving area 402,

{6659} FIG. 7 provides a cross sectional view taken along O - € of FIG. 6. In the
exemplary embodiment, a medical drape 700 may be disposed over attachment {oot 406
within receiving area 402. As illustrated in the current embodiment, the side circumierence
710 of aftachment foot 406 mav be designed with a generally multi-angular configuration.

Thus a top hall 712 of the side circumference 710 may angle generally downwardly and away
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from a top surface 716 of attachment foot 406 to form a top hall angled surface 406b. A
bottorn hall 714 of the side circumference 710 may angle generally upwardly and away {rom
a bottom surface 718 of attachment footf 406 to form a bottom half angled surface 406a Top
half angled surface 406b and bottom haif angled surface 406a are configured to diverge mnto a

point 702

(6660}  Outer surface 614 of protruding locating contact surfaces 602 1s designed {0 mate
in complimentary fashion with the design configuration of top half angled surface 406b and
the boitom half angled surface 406a. Angled surfaces of outer surface 614 mciude a {op half
angled surface 602b and a bottom hall angled surface 602a that diverge nilo pomt 704
Accordingly, top hall angled surface 602b, bottom half angled surface 6023 and pomnt 704 of
outside surface of contact surface 602 are formed in a complimentary configuration io mate
with the angular design of corresponding top half angled surface 406b, bottom hait angled

surface 406a and point 702, respectively.

{3061} Next, the current embodiment of the configuration of outer surface 608 of
attachment foot 406 with respect 1o outer surface 610 of clamp level 604 15 described. The
side circumference 710 of attachment foot 406 may be designed with a generally muiti-
angular configuration. Top hall 712 of side circumierence 710 may angle generally
downwardly and away from top surface 716 of aitachment foot 406 to form a top half angled
surface 406¢. Bottom half 714 of side circumierence 710 may angle generallv upwardly and
away from a bottom surface 718 of attachment foot 406 1o form a botiom half angled surface
406d. Top hall angled surface 406¢ and bottom half angled surface 406d are configured to

diverge at a point 706,

{33621  Ouder surface 610 of clamp lever 604 1s designed 1o maie in complimentary fashion
with the design configuration of top hall angled surface 406¢ and bottom half angled surface
406d. Angled surfaces of outer surface 610 include a top balf angled surface 604b and a
bottom half angied surface 604a that diverge at pomt 708, Accordingly, top half angled
surface 604b, bottom half angled surface 604a of contact surface 610 and point 708 are
formed m a complimentary configuration to mate with the angular design of corresponding

top hall angled surface 406¢. bottom half anglied surface 406d and point 706, respectively.

{0063]  In operation, when clamp lever 604 1s pivoted about pin 606 {o bring outer surface
610 into contact with outer surface 608 of attachment foot 406, top half angled surface 406b,

bottorn hall angled surface 406a and pomit 702 of attachment fool 406 mate with top half
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angled surface 602b, bottom hall angled surface 602a and pomnt 704 of outside surface 614 of
tocating contact surface 602, respectively. In this manner, locating contact surface 602
provides an alignment mechamsm of marker cammer body 112 of the disclosed mvention.
This ensures that any marker carrier bodv 112 employing the designed receiving area 402 and
the locating contact surfaces 602 will always be in the same position, location and/or
orientation when mounted on the disclosed attachment foot 406 having corresponding
complimentary receiving areas 612 after articulated arm 128 is set into a tfinal position.
Likewise, top hall angled surface 604b, bottom half angled surface 604a and point 708 of
contact surface 610 mate with the angular design of corresponding top half angled surface

406¢, bottom hall angled surface 406d and point 706 of atfachment foot 406, respectively.

(6664} Tumng to FIG. 8, another embodiment of attachment foot 406 mated m recetving
area 402 of an exemplary marker carner body 112 15 shown. Attachment foot 406 1s mated 1n
receiving area 402 of marker carrier body 112, When received within receiving area 402,
select mner wall porions of marker carner body 112 are sufficiently designed o contact
points of the outer surface of attachment foot 406 {0 facilitate locating and securing the same
therein.  For example, general angular side contact surfaces 802 are formed at a
complimentary angle to side angular contact surfaces 810 of attachment foot 406, Angular
side contact surfaces 802 are connected via a forward front surface 04, Forward front
surface 804 corresponds to a complimentary forward surface 806 of attachment foot 406
Angular side contact surfaces 802 and forward front surface 304 act as an alignment
mechanism of marker carrier unit 112, Thus, when clamp lever 604 1s rotated about pin 6006,
outer surface 610 of clamp lever 604 is urged against rearward surtace 812 of attachment foot
406. This motion urges forward surface 806 of attachment foot 406 mto contact with forward
front surface 804, Additonally, side angular contact surfaces 810 of atiachment foot 406

abut angular side contact surfaces 802 of marker carrier bodv 112,

[8665] In the cross sectional view of FIG. 9 a medical drape 700 1s disposed over
attachment foot 406 within recetving area 402, As illustrated in the current embodiment, the
side circurnlerence 908 of attachment fool 406 wmay be designed with a generally angular
configuration. Thus, at a location disposed near forward surface 806, a top hall 912 of side
circumnference 908 may angle generally downwardly and mwardly from a top surface 914 of
attachment foot 406 to form a {fop half angled surface 902Zb near forward surface 806. A

bottom halt 916 of the side crcumierence 908 may angle generally upwardly and mwardly
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from a bottom surface 918 of attachment foot 406 {o form a bottom hali angled surface 902a
near forward surface 806, Top half angled surface 902b and bottom half angled surface 902a

near forward surface 806 are configured to diverge into a point 910,

[6066] Forward front surface 804 acts as an abuiment surface and is designed o mate in
complimentary fashion with the configuration of top half angled surtface 902t and bottom
hall angled surlace 902a of attachment foot 406, Angled surfaces of forward front surface
804 include a top halt angled surface 802b and a bottom hall angled surface 802a that diverge
into point 904, Accordingly, fop haif angled surface 802b, bottom half angled surface 802a
and point 904 of forward front surface 304 are formed wm a comphimentary configuration to
mate with the angular design of comresponding top half angled surface 902b. botiom half

angled surface 902a and point 910, respectively.

[6G67]  Next, the curreni embodiment of the configuration of rearward surface 312 of
attachment foot 406 with respect {0 ouler surface 610 of clamp level 604 15 described. The
side circumierence 908 of attachment foot 406 may be designed with a generally angular
configuration. Top half 912 of side circumierence 208 may angle generally downwardly and
away from top surface 914 of attachment foot 406 to form a top hall angled surface 902¢.
Bottom hall 916 of side circumlerence 908 may angle generally upwardly and away from a
bottom surface 918 of attachment foot 406 to form a bottom hall angled surface 902d. Top
half angled surface 902¢ and bottom hall angled surface 902d are configured to diverge at a

point 906,

[8668]  Outer surface 610 of clamp lever 604 15 designed to mate 1 complumentary fashion
with the design configuration of top hall angled surface 902¢ and bottom half angled surface
002d. Angled surfaces of outer surface 610 include a top halt angled surface 604b and a
bottom hall angied surface 604a that diverge at pomt 920. Accordingly, top half angled
surface 604b, bottom hall angled surface 604a and pomt 920 of contact surface 610 are
formed in a comphmentary configuration to mate with the angular design of corresponding

top half angled surface 902¢, bottom half angled surface 902d and point 906, respeciively.

6669}  In operation, when clamp lever 604 1s pivoted about pin 606 {o bring outer surface
610 mmto contact with rearward surface 812 of attachment foot 406, top hall angled surface
002b, bottom hall angled surface 902a and pomnt 910 of atlachment foot 406 male with top
halt angled surface 802b, bottom halt angled surface 802a and point 904 of forward {ront

surface 804, respectively. In thus manner, forward front coniact surface 804 and m
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combination with side contact surfaces 802 provide an alignment mechanism of marker
carnter body 112 of the disclosed mvention. This ensures that any marker carrier body 112
emploving the designed receiving area 402 and front contact surface 804 m combnation with
side comtact surtaces 802 will always be in the same postiion, location and/or orientation
when mounted on the disciosed attachment foot 406 having comphimentary forward surface
R0O6G and angular contact surfaces 810 after arficulated arm 128 15 set mnio a final position.
Likewise, top hall angled surface 604b. bottom half angled surface 604a and pomt 920 of
contact surface 610 mate with the angular design of corresponding top half angled surface

902¢, bottom hall angled surface 902d and point 906 of attachment foot 406, respectively.

[B070] FIGS. 10 and 11 ddlustrale altemate embodiments of the attachment {oot 406 and
clamp lever 604 design. Turnung to F1G. 10, a cross-sectional view of aftachment foot 406 13
disposed within receiving area 402. A medical drape 700 mayv be disposed over attachment
foot 406 within receiving area 402, The side circumierence 710 of attachment fool 406 may
be designed with a generally multi-angular configuration. Thus a top half 712 of the side
circumierence 710 may angle generally downwardlv and away from a iop surface 716 of
attachment foot 406 to form a top hall angled surface 406b. A bottom half 714 of the side
circumierence 710 may angle generally upwardly and away from a bottom surface 718 of
attachment foot 406 to form g bottom half angled surface 406a. Top half angled surface 406b

and bottom hali angled surface 406a are configured o diverge mnio a point 702

6671} The side wall surface 1012 of recetving area 402 15 configured to mate with the
surface of side circumiberence 710, An angular side surface 1002 of side wall surface 1012 15
designed at a complimentary angle to mate in comphimentary fashion with the bottom half
angled surface 406a. Thus, surfaces of side wall surface 1012 mclude a wall 1006 extending
downwardly and generally perpendicular from a top surface 1008 of recerving area 402, Sude
wall surface 1012 also mcludes angular side surface 1002 angled downwardly and mwardly
from a point 1010 exiending {rom a bottom of wall 1006. Accordingly, angular side surface

1002 and point 1010 of side wall surface 1012 are formed in a comphimentary configuration

to mate with the angular design of corresponding botiom hall angled surface 406a and pomt

702, respechively.

{3372 Next, the current embodiment of the configuration of outer surface 608 of
attachment foot 406 with respect to outer suriace 610 of clamp level 604 1s described. The

side circumiberence 710 of attachment {oot 406 may be designed with a generally mults-
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angular configuration. Top hall 712 of side circumference 710 may angle generaily
downwardly and away from top surface 716 of attachment [oot 406 to form a top hall angled
surface 406¢. Botfom hall 714 of side circumierence 710 may angle generallv upwardly and
away {rom a boitom surface 718 of attachument foot 406 {o form a bottom half angled surface
406d. Top nall angled surface 406¢ and bottom half angled surface 4064 are configured to

diverge at a point 706,

{00731 Outer surface 610 of clamp lever 604 15 designed {o mate in complimentary fashion
with the design configuration of bottom half angled surface 406d. Outer surface 610 mciudes
a wall 1014 extending downwardly and generally perpendicular from a top surface 1012 of
clamp lever 604  Outer surface 610 also includes angular side surface 1000 angled
downwardly and inwardly from a pommt 1004 extending from a bottom of wall 1014
Accordingly, angular side surface 1000 and point 1004 of outer surface 610 are formed In a
comphimentary conliguration {0 male with the angular design of corresponding boittom half

angled surface 406d and pomnt 706, respectively.

{3374}  In operation, when clamp lever 604 1s pivoted about pin 606 to bring outer surface
610 mnto contact with outer surface 608 of attachment foot 406, bottom hall angled surface
406a and pomi 702 of attachment foot 406 align with angular side surface 1002 and pomnt
1010 of side wall surface 1012, respectively. Likewise, top half angled surface 604b, bottom
half angled surface 6043 and point 708 of contact surface 610 mate with the anguiar design of
corresponding top hall angled surface 406¢, botiom half angled surface 406d and point 706 of
attachment foot 406, respectively. In a linal assembly, top surface 716 of attachment foot
406 may be abutted agamst {op surface 1008 of receiving area 402 to secure attachment foot
406 withun receiving area 402, In this manner, this ensures that any marker carrier body 112
employing the designed receiving area 402 of FIG. 10 will always be in the same position,
location and/or onentation when mounted on the disclosed attachment foot 406 of FIG. 10

afier articulated arm 128 is set into a final position.

(6G75] Turming to an aliernate embodiment depicted in FIG. 11, a cross-sectional view
tHustrates attachment foot 406 disposed within receiving area 402. A medical drape 700 13
disposed over attachment foot 406 withun receiving area 402. The side circumierence 710 of
attachment {foot 406 mayv be designed with a generally angular configuration. A side profile
of attachment foot 406 generally represents a trapezoidal shape wherein a top surface 1118 1s

shghtly longer than a boliorn surface 1120 of attachment foot 406.  As shown, top surface
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1118 15 connected to bottom surtace 1128 via a generally downwardly and mwardly angular
wall surface 1102 disposed near angular side wall 1104 of receiving area 402, Point 1114 15
formed at the jomt wherein angular wall surface 1102 exiends from top surface IR
Angular side wall 1104 extends from a top surface 1112 of receiving area 402. Angular side
wall 1104 may extend downwardly and mwardly at an angle complimentary fo the angle
formed by angular wall surface 1102, Point 1116 15 formed at the joint wherein angular side

wall 1104 extends from top surface 1112 of receiving area 402,

{3376]  Likewise, top surface 1118 15 connected to bottom surface 1120 via a generally
downwardly and nwardly angular wall surface 1106 disposed near outer surface 610 of
clamp lever 604,  QOuter surface 610 mavy form an angular surface 1108 generally
complimentary to the angle formed by angular wall surface 1106, in operation, when clamp
lever 604 1s pivoted about pin 606 to bring angular surface 1108 inio contact with angular
wall surface 1106 of attachment foot 406, angular wall surface 1102 13 brought mto
alignment with angular side wall 1104 and pont 1114 meets with pomnt 1116 n the aligned
configuration. Additionally, angular surface 1108 1s aligned with angular wall surface 1106,
and top surface 1118 abuts top surface 1112 to retain aftachment foot within fixed position of
receiving arca 402, In this manner, this ensures that any marker camer bodv 112 emploving
the designed receiving area 402 of FIG. 11 wall always be m the same posifion, location
and/or orientation when mounted on the disclosed attachment foot 406 of FIG 11 after

articulated arm 128 15 set into a {inal position.

66771  Guven the umproved features provided by embodiments of the disclosed
referencing device 100, a method for preparing an image-guided, surgical navigation sysiem
is outhined heretn. Tuming to FIG. 14, a technique 1400 for preparing and utilizing an
vmage-guided surgical navigation according to disclosed embodiments 15 depicied. Slep 1402
requires fang atfachment umit 132 of referencing device 100 onto g patient.  Step 1404
imcludes mstalling marker carner body 112 onfo connection unmit 126, This may mclude
adjusting components of connection umit 126 nto a preferred position {o orient marker carrier
body 112 mto a prescribed location, position and/or onentaiion.  Adpustent of connection
unit 126 may mnclude manipulating arm exiensions 118, 122 and joints 120, 124, 408, as
necessary. Once an accepiable position 1s achieved, for example, an accepiable position of
articulated arm 128 and ortentation of marker carrier body 112, the articulated arm may be

locked mto a final position via locking mechamisimm 136 to secure the onenfation of
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referencing device 100, Step 1406 includes registering a position and onentation of
referencing device 100, This may include speciically registering a location, postfion and/or
orientation of marker camer unut 116, Having connection unif 126 locked mto posifion,
claim lever 604 may act as a detachment mechanism for releasing marker carner body 112
from attachment foot 406. Accordingly, step 1408 includes detaching marker carrier body
112 from connection unit 126, Step 1410 provides draping the patient and cormechion urut
126 of referencing device 100. Disclosed embodiments provide that connection unit 126
includes articulated arm 126 imncluding joimnt 408 and attachment foot 406, As illustrated in, at
teast, FIGS. 7, 9, 10, and 11, medical drape 700 13 disposed over atiachment foot 406 {(and
a final assembly within receiving area 402). Step 1412 includes attaching a sterile marker
carrier body 112 to commection umit 126, The sterile marker carrter body 112 mayv be the
previous marker carrier body 112 which has since been stenlized, or it may be another stenle
marker carrier body 112, A design of the disclosed marker carnier body 112 provides a
uniquelv configured receiving area that automatically locates. posiiions and orients marker
carrier body 112 on a mountable attachment {oot 406 in a complimentary mated fashion. The
disclosed design consisiently orients marker carrier body 112 o a repeatable prescnibed
position mounted on a complimentary configured attachment foot 406, The mouniing and
securing of marker carrier body 112 includes a feature of postiioning and athixing medical
draping in a securg and consisient manner. Once a stenle marker carrier body 112 18 fixed
mounted 1o connection unit 126, step 1414 mcludes starling a navigaiion procedure via an

image-guided surgery (1GS).

{3378 Having described the many embodiments of the present invention in detail, it will
be apparent that modilications and variations are possibie without departing from the scope
of the present mvention delined m the appended claims. For example, disclosed
embodiments may provide certain mdicia and/or colors on components of the disclosed
mvention such as, bui not linuted to, marker carner unit 116, marker carrier body 112, and
attachment foot 406. In one example, the aforementioned indicia and/or colors may
correspond 1o a specific use or applicalion associated with said mndicia and/or colors. Such
specific uses or applications associated with said indicia and/or colors mayv be employed, for
example, i specific prescribed distinct surgical procedures or in certain environmenis or
medical situations. These may include, but not hinted o, for example, use in neuro and ENT
surgery, spmal  applications, soff/sensifive {issue applications and/or applving force

applications. Furthermore, 1t should be appreciated that all examples mn the present
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disclosure, while ilustrating many embodiments of the present nvention, are provided as
non~iiriting examples and are, therefore, not {o be taken as hnting the vanous aspects 8o

tHustrated.

[6G79] While the present mvention has been disclosed with references to cerfain
embodiments, numerous modifications, alterations, and changes to the described
emnbodiments are possible without departing from the spirit and scope of the present
invention, as defined in the appended claims.  Accordingiv, it 1s infended that the present
invention not be linuted to the described embodiments, but that it has the full scope defined

by the language of the {ollowmng claims, and equivalents thereof.
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WHAT IS CLAIMED IS:

1. A device for a surgical navigation system, comprising:
a connection unit;
a marker carrier unit removably attached to the connection unit;

an attachment unit connected to the connection unit at one end for fixing the

device to a body part of a paticnt;
wherein the connection unit comprises an articulated arm; and

wherein another end of the connection unit 1s removably inserted 1nto a receiving

area of the marker carricr unit to form an attachment.

2. The dcvice of claim 1, whercin the articulated arm comprises:
a first arm extension having a first ¢cnd and a sccond end;
a second arm extension having a first end and a second end;

a first joint connection between the first end of the first arm extension and the
first end of the second arm extension, thereby connecting the first arm extension

to the sccond arm extension;

a second joint connection disposed at the second end of the first arm extension;

and

a third joint connection disposed at the second end of the sccond arm extension.

3. The device of claim 2, wherein the first joint connection 1S a rotary joint, the
second joint connection 18 a ball joint, and the third joint connection is a ball

joint.

4, The device of claim 1, further comprising an attachment mechanism configured
to the second end of the first arm extension and configured to couple to the

attachment area of the marker carrier unit.

5. The dcvice of claim 4, wherein the attachment mecchanism comprises an

attachment foot.
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The device of claim 5, wherein the attachment foot 1s connected to the second

joint connection.

The device of claim 6, wherein the second joint connection permits the marker
carricr unit in mated connection with the attachment foot to be rotated and

pivoted relative to the connection unit.

The dcvice of claim 7, wherein the marker carricr unit compriscs an alignment
mechanism in connection with the attachment foot to position and orient the

marker carrier unit relative to the connection unit.

The device of claim 8, wherein the attachment foot comprises receiving areas
corrcsponding to the ahignment mechanmism of the marker carrier unit, wherein
the alignment mechanism and recerving areas cooperate to align the marker
carrier unit in connection with the attachment foot to position and orient the

marker carrier unit relative to the connection unit.

The device of claim 9, wherein the alignment mechanism and receiving areas {it

in mated relationship.

The device of claim 9, wherein the alignment mcchanism compriscs locating
contact surfaces formed to protrude 1nto the attachment area of the markcr carrier

unit.

The device of claim 9, further comprising:

a clamp lever sccured to a surface of the marker carrier unit and disposed near a

position of thc attachment arca;

wherein the clamp lever pivots to engage and lock the attachment foot within the
attachment arca of the marker carrier unit thereby providing a sccure

connection to position and orient the marker carrier unit.

The device of claim 12, wherein a side circumference of the attachment foot
matches a complimentary profile of the alignment mechanism and a surlace of

the clamp lever engaged with the attachment foot.
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The device of claim 13, wherein the side circumference includes a multi-angled

design.

The device of claim 1, {urther comprising an attachment mechanism connected
to an end of the conncction unit and configurcd to couple to the attachment area

of the marker carrier unit.

The device of claim 15, wherein the attachment mechanism compriseS an

attachment 1oo0t.

The device of claim 16, wherein the marker carrier unit comprises an alignment
mechanism in connection with the attachment foot to position and orient the

marker carrier unit relative to the connection unit.

The device of claim 17, wherein the attachment foot comprises receiving areas
corresponding to the alignment mechanism of the marker carrier unit, wherein
the alignment mechanism and receiving areas cooperate to abign the marker
carricr unit in connection with thc attachment foot to position and oricnt the

marker carricer unit relative to the connection unit.

The device of claim 18, whercin the alignment mechanism and receiving areas

fit in mated relationship.

The device of claim 18, wherein the alignmenl mechanism comprises locating
contact surfaces formed to protrude into the attachment area of the marker carricr

unit.

The device of claim 15, further comprising:

a clamp lever secured to a surface of the marker carrier unit and disposed near a

position of the attachment arca;

wherein the clamp lever pivots to engage and lock an attachment mechanism
within the attachment area ol the marker carrier unit thereby providing a

secure connection to position and orient the marker carrier unit.
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24.

25.

20.

27.

28.

25

The device of claim 21, wherein the attachment mechanism comprises an
attachment foot, whercin the marker carricr unit comprises an alignment
mechanism in connection with the attachment foot to position and orient the

marker carrier unit relative to the connection unit, wherein a side circumlerence
of the attachment foot matches a complementary profile of the alignment

mechanism and a surface of the clamp lever cngaged with the attachment loot.

The device of claim 22, wherein the side circumference includes a multi-angled

design.

The device of claim 1, wherein the marker carrier unit has a marker carrier body
which is designed in a three-armed manner and wherein in a region of an end ot

each arm, a marker element 1s respectively arranged.

The device of claim 24, whercein the marker elements are designed as spherical

marker elcments.

The device of claim 25, wherein the marker clements are designed as retro-

reflecltive marker elements.
The device of claim 1, wherein the attachment unit compriscs a head clamp.

A method of preparing a referencing device for an image-guided surgical

navigation, comprising:

(a) removably attaching a marker carrier unit to a connection unit of a
referencing device by connecting an end of the connection unit to an

attachment area of the marker carrier unit;

(b) configuring another end of the connection unit to be fixed to a body part

ol a patient;

(€) registering a correct spatial reference between a 3D image data and a

position and orientation of a body part of the patient;

(d) removing the marker carrier unit [rom the connection unit at a location

of the attachment area;
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(e) draping the connection unit with a medical drape; and

(f) removably attaching a sterile marker carricr unit to the connection unit
by connecting an end of the connection unit to an attachment area of the
sterile marker carrier unit such that the medical drape 1s disposed within
the attachment arca of the sterile marker carrier unit and secured

between the sterile marker carrier unit and the connection unit.

29.  The method of claim 28, wherein the connection unit comprises an attachment
mechanism connected to an end thercof and step (a) comprises inserting the
attachment mechanism 1nto the attachment area ot the marker carrier unit and
step () comprises inserting the attachment mechanism into the attachment area

of the sterile marker carricr unit,

30. The method of claim 29, whercin the attachment mechanism comprises an
attachment foot configured to fit within the attachment area of the marker carrier
unit and the sterile marker carrier unit in a mated fashion, wherein steps (a) and
(f) comprise locking the attachment foot into place within the attachment area of
the marker carrier unit and the sterile marker carrier unit, respectively, to secure
a rigid position and orientation of the of the marker carrier unit and the sterile

marker carrier unit 1n a tinal assembly.

31.  The method of claim 30, wherein the marker carrier unit and the stertle marker
carrier unit comprise an alignment mechanism disposed within their respective

attachment areas, and the attachment foot comprises receiving areas
corresponding to the alignment mechanism of thc marker carrier unit and the
stcrilc marker carricr unit, wherein steps (a) and (f) comprisc aligning the
alignment mechanism of the marker carrier unit and the sterile marker carrier
unit with the receiving areas of the attachment foot to position and orient the
marker carricr unit and the sterilc marker carrier unit on the connection unit 1n a

final assembly.

32.  The method of claim 31, wherein the alignment mechanism of the marker carrier
unit and the sterile marker carrier unit comprises locating contact suriaces

formed to protrude into the attachment area of the marker carrier unit and the
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sterilc marker carricr unit, wherein steps (a) and (1) comprise aligning the
locating contact surfaces of the marker carrier unit and the sterile marker carrier
unit with corresponding recciving arcas ot the attachment foot to position and
orient the marker carrier unit and the sterile marker carrier unit on the connection

unit in a final assembly.

33. The method of claim 32, wherein the marker carrier unit and the sterile marker
carrier unit cach comprise a clamp lever disposcd near a position of their

respective attachment arcas,

whercein step (a) comprises pivoting the clamp lever of the marker carrier unit to
engage and lock the attachment foot within the attachment area of the
marker carrier unit to thereby provide a secure connection (o position and

orient the marker carricr unit, and

wherein step (f) comprises pivoting the clamp lever of the sterile marker carnes
unit to engage and lock the attachment tfoot within the attachment arca of
the sterile marker carrier unit to thereby provide a secure connection to

position and orient the sterile marker carrier unit.

34. The method of claim 33, wherein a side circumference of the attachment foot
matches a complimentary profile of the alighment mechanism of the marker
carricr unit and the sterile marker carricer unit, wherein a side circumfcrence of
the attachment foot matches a complimentary profile of a surface of the clamp

lever engaged with the atlachment {oot,

wherein step (a) comprises mating the side circumfterence of the attachment foot
to the complimentary protfile of the alignment mechanism of the marker
carrier unit by pivoting the clamp lever to engage and lock the attachment

foot, and

wherein step () comprises mating the side circumference of the attachment foot
to the complimentary profile of the alignment mechanism of the sterile
marker carrier unit by pivoting the clamp lever to engage and lock the

attachment toot.
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35.  The method of claim 34, wherein the side circumference includes a multi-angled

design.

36. A method of preparing a referencing device, comprising:

(a) rcmovably attaching a marker carrier unit to an attachment mechanism

of a conncction unit by inserting the attachment mechanism into an

attachment area of the marker carrier unit:

(b) configuring another end of the connection unit to be fixed to a body part

of a paticnt;

(¢) registering a correct spatial refcrence between a 3D image data and a

position and orientation of a body part of the patient;

(d) removing the marker carrier unit from the connection unit by detaching

the attachment mechanism from the attachment area.

37. The method of claim 36, wherein the atlachment mechanism comprises an
attachment foot conligured to fit within the attachment area of the marker carrier
unit wherein step (a) comprises locking the attachment foot into place within the
attachment arca of the marker carricr unit to secure a rigid position and

ortentation of the of the marker carrier unit in a final assembly.

38.  The method of claim 37, wherein the marker carrier unit comprises an alignment
mechanism disposed within the attachment area, and the attachment foot
comprises receiving arcas corresponding to the alienment mechanism of the
marker carricr untt, wherein step (a) compriscs aligning the alignment
mechanism of the marker carrier unit with the receiving areas of the attachment
foot to position and orient the marker carrier unit on the conncction unit in a final

assembly.

39.  The method of claim 38, wherein the alignment mechanism of the marker carrier
unit compriscs locating contact surfaces formed to protrude into the attachment
arca of the marker carrier unit, wherein step (a) comprises aligning the locating

contact surfaces of the marker carrier unit with corrcsponding receiving areas of
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the attachment foot to position and orient the marker carricr unit on thc

connection unit in a final assembly.

40.  The method of claim 39, wherein the marker carrier unit comprises a clamp lever

disposed near a position of the attachment area,

wherein step (a) comprises pivoting the clamp lever of the marker carrier unit to
ecngage and lock the attachment foot within the attachment area of the

marker carricr unit to thereby provide a secure connection to position and

orient the marker carrier unit.

41. The method of claim 40, wherein a side circumference of the attachment foot
matches a complimentary proflile of the alignment mechanism of the marker
carricr unit, whercin a sidc circumference of the attachment foot matches a
complimentary profile of a surface of thc clamp lever engaged with the

attachment foot,

wherein step (a) comprises mating the side circumference of the attachment foot
to the complimentary profile of the alignment mechanism of the marker
carrier unit by pivoting the clamp lever to engage and lock the attachment

foot.

42.  The method of clatm 41, wherein the side circumference includes a multi-angled

design.

43.  The mcthod of claim 36, further comprising:
(e) draping the connection unit with a medical drape; and

() removably attaching a sterile marker carrier unit to the connection unit
by connccting the attachment mechanism of the connection unit (o an
attachment arca of the sicrilc marker carrier unit such that the medical
drapc 1s disposed within the attachment area of the sterile marker carrier
unit and secured between the sterile marker carrier unit and the

connection unit.
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44, The mcthod of claim 43, wherein step (e) further comprises draping the

attachment unit with the medical drape.
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