CERVI CAL PLATE SYSTEM HAVI NG AN | NSERTABLE ROTATI NG ELEMENT Priority Caim
5This application clains the benefit of U S. Patent Application Serial No.
11/ 496, 349, filed July 31, 2006, entitled "CERVI CAL PLATE SYSTEM HAVI NG AN
| NSERTABL By 56304d1s8¥e ELEMENT' , whi ch application is ingqhphabRtksher ei n by
reference in its entirety. Technical ;Field 10The present Invention relates
to spinal plates for surgical inplantation in a patient. The invention nore
particularly relates to a cervical plate systemfor fixation of the
cervical spine, where such cervical plate systemis configured to prevent
certain novenent of the securing screws once the systemis inplanted.
Background of the Invention 15Anterior cervical plates can be used for
fixation of the cervical spine. Sone of the first anterior cervical plate

systems used sinpl e pbRRRACANIPEATENSYSTHM LRVING APaspar plate system
commercially avail able from Aescu Center Valley, PA. However,

| ap I nc., of
these plates did not -héV@W%@f&ﬁTWN&EP@WNE the bone screws to the

_plate, whi pholifeCRiM created a potential situation 20 where one or nore of
t he screws conneciin e plate_ t i ne coul d back out of its opening

.th t he

in tfle spine. THYSapRlication,aimsthe giﬂ‘f’?&&é@ﬁt PyrepferenPlicgtin™ 526! ¥Ad now nost
a]pteri or f:emm@dg, ﬂlaﬁtJthS15280&TéﬁtiﬂétﬂidﬁthAmPLhQ‘Erm{jMM&WVMsorTe ki Rd
of screw = , back ouf. nechanismto prevent the
screw fr OW%%WMELEM ﬁéc%a?ﬁ ’ff‘“&f’é“bm&?rPBW%[dhe screws to
25nove r el BéreMbytrefetenes {pl iatentiedcy.her in rotation, translation, or a
conbi natio f.b otation and transl ation. Sonme cervical plate
systens us e el enent "that is engaged once the screw has been
i nsdbt ed i nto tTiee presvet inadicaxalydseo giina piatesdfosssgienh implaptationid y known i n
t he indust ) I " WaLch i val Odohnson &
Johnson of gﬁ%t%%éﬁ)hﬁg\%g% ', n%ﬁ‘)% %%w@aﬁiﬁer@%ﬁ %taeceg‘g%%?g{t{ %eﬁc 8des a earn
bui | t i nt ofizatiphaf &) ogtvicdh spiae, Were suchicervidad platborystemsis confaurdge t he head of
t he screw [ ' acki b ' nts the WO
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Backeround of the Invention

.15 Anterior cervical plates can be used for fixation of the cervical spine.
Some of the first anterior cervical plate systems used simple plates and screws,
such as the Caspar plate system commercially available from Aesculap Inc., of
Center Valley, PA. However, these plates did not have any mechanism for
locking the bone screws to the plate, which thereby created a potential situation

20 where one or more of the screws connecting the plate to the spine could back out
of its opening in the spine. These systems have subsequently been modified and
now most anterior cervical plating systems available in the market employ sotne
kind of screw locking mechanism or anti-screw back out mechanism to prevent
the screw from backing out of the bone and plate. They also allow the screws to

25 move relative to the plate either in rotation, translation, or a combination of both

~ rotation and translation.

Some cervical plate systems use a locking element that is engaged once
the screw has been inserted into the bone. One example of such a system is
commonly known in the industry as a “Codman plate”, which is available from

30 Johnson & Johnson of New Brunswick, NJ. The Codman plate generally
includes a cam built into a plate, which can be rotated 180 degreés to engage the

head of the screw and prevent it from backing out. This cam only prevents the



2 screw from backi ng out, and does not prevent it fromnoving or rotating
relative to the plate. Another exanple of a cervical plate systemthat
i ncludes a | ocking elenent is the ABC system which is conmercially

avai | abl e ¢ ogmspgasul ap Inc., of Center Valley, PA Wlls /Iis}iboﬁm?éé% em once
a bone screw has been inserted 5into §he bone, a tiny INg SCrew is

advanced into the head of the screw, thereby making the head expand and
engage the hole in the plate to prevent the screw from backi ng out of the
plate. In the Vuel ock system which is comrercially available from Bi onet,
Inc. of Wariaw, Indiana, a retaining ring that is incorporated into the
plate snaps into place once a bone screw is fully 10inserted, thereby

pr event i ngsarew fiopnbaskingiont abddossmot preventdt Gom moving orrptaBbGEIatvEr vi cal pl at e

systens, digché p@H. q@lﬁ)tﬁ’ér'e dﬁEBPMVcé}Qicﬁﬁ aﬁls%tem%mmweeawcﬁmg pl ate, but
screw insertion is f ormed manual I nce the screws used_.in cervical

pl ati ng ar EemeR ie thel @BGGY%“@“»S‘HIHFIF IS(CQHE“WC‘QFBEYRHHHGW Aesgplapderer) . it is

difficult ppcepbevdlicserhy WitthiswWhasm! SifcesB@mW sérswadenetntifeited i ght ened
and/ or when 15it has reached its paximum seati ”@eéjgﬁ;'hh Thus, there is a

ri skowith Prels bepeadimy letkingserent IsgRyenticH pte the £ 86"t he bone, whi ch
can cause ﬂlla&bwﬁmcgsméﬁeaﬂtdkpﬂudaﬂ dﬂgﬁ@ tﬂ@ﬂokh@ﬂﬁ@:}’até fgievehete t hread

pur chase. Vi C stem ch is comrercially
avai | abl e T%%ffﬁ"s%%@g g\,\hg lﬁtﬁ ?}Etﬁc ?H? SYS'@B%@’}\‘,Q 1% i ncl udes a bone
screw t hat c(ﬁﬂ@&@%ly@%aﬁ’&ﬂ@ﬁhﬁ&&%éﬁlﬁchef‘%i'sawgﬁidnanlaﬁd etaifihgeriegr vi cal pl ate
of the Wngdow system incluge Ion Lt udi na t that co sponds to each
bone. scr ewBhis SURTRTHSR G R SR MO RoE Epeha e Sa8y I b at o 1 ¢ sel
doedgonot hmsmdmﬂfemw,pr&@nmﬂnﬁﬁ@ mickingtdeeofihagplagcr ew i s achi eved t hrough a
thi nned out por u t ad and the
t hreaded porti o%n erecac h&bglsate g(%t?%\?\i @rﬂ%é?i]@ Esta[l@q il ?’h\(g%%g%]%{v%e%edt he pl ate
and the boemvisermute) lsxtmwlll}sertroatnsbafwruwdlmamdll)po%lsﬁétﬂiyS¢l’ﬁ%’$ ustds |imted
~rotation/a ek features is
al so descr?ﬁééma}%%mgéaﬁ%mﬁ%ﬁ{e h%éls(%%’tz%% @hﬁggﬁ“%g&?ﬁu xation and
Retrieval @iieuleto deEmaine bydeel when the m%eqdeqlta@lmlwpﬁﬁé{ aaf/or NheBy ed
cer yiscal phg&@@&@ﬁ@:ﬁ%ﬂ%@%ﬁ%&& {H. emelﬁe{qu ahibopigarabi lities for the

30screws an at prevents bone scr from backi ng out once the systemis
i mpl ant ed. sysmwmﬁnméﬁmwwrmem@% which can cause the threads

to strip the bone and thereby lose their thread purchase.
The Window cervical plate system, which is commercially available from
A-Spine Inc. of Taipei, Taiwan, generally includes a bone screw that engages or
20 meshes with the cervical plate. The cervical plate of the Window system
includes a longitudinal slot that corresponds to each bone screw and which
meshes with the bone screw threads. The plate itself does not have threads, so
meshing with the bone screw is achieved through a thinned out portion of the slot
being “captured” between the head and the threaded portion of each bone screw.
25 Relative motion between the plate and the bone screw is mainly translational and
possibly includes limited rotation/angulation. A cervical plate system with these
general features is also described in U.S. Patent No. 6,458,122, titled “Spinal
Fixation and Retrieval Device”, There is a need, however, to provide an
improved cervical plate system that provides flexible rotation capabilities for the
30 screws and that prei/ents bone screws from backing out once the system is

implanted.



3 Sunmary of the Invention Unl i ke sone of the prior art cervica

pl ate systens, the current invention does not involve a |ocking el enent
that needs to be engaged after a bone screwis inserted in order to keep
the bone sgpewshicsy backing out of the cervical plate.pdpgiBathiecsie
surgical procedure is sinplified and gnvol ves | ess conponents, Since screw
| ocking is autonmatically achieved once the screwis fully inserted and

ti ghtened. Al so, the systens of this invention do not involve tiny
conmponents, which can be difficult to manipulate in surgery. Accuracy of
the screw trajectories is also ensured since the screws are threaded into

the rotating 10el enents, which are incorporated into the plate itself. The
present in\éﬂlmwﬂﬂaﬂes arotating elenent that is threaded to
match the bone $mliR¥isdhE GﬁﬂétpnM? bd¥GichIgs 1B Svstdrhs thehfuR@fkSintdntioher ef ore
exact, and the screw can ht ened onto the rotating el enent, to t her eby

provi de moideesrat irvelvescierkine B'éf”\%’éﬁatt% eh5snered afigr REEWH8vant age of

t he currentmgeﬂu@ﬂ;tdreatb&eéma bﬁmm%ﬁlﬂa&dﬁg%ﬁt Sitthé @piiog pidie threads in

t he bone| m nim zed, or elim nated. a this sjtyation is

el i mat ed ’Eﬁ?at‘}gﬂ‘ﬁﬁ’é"géfé‘w‘i?é%d"éﬁﬁ Srag! Ff&ﬁﬁ'??‘ o ‘?Sg?ség%rﬁl"’qeﬂ‘i?eﬂ?‘feon because
the maxi muRveRgsgenERautimdiidallysashasved bﬁ@&ﬁéso&&d ﬁﬁlﬁymmaﬁ@don the rotating
el enent dete {nn% “Hg'e tHBXI mum se t| n e‘ﬁ‘% e screw. Thys, the 20screw
wi Il tight &i§"TeRt 12 f%?ﬁ“??g" to ‘bl“%d?"‘l?ﬁ%“”t‘??@‘PSB > I'n general ,
the presentwhmstvmntbiemmfﬁcmtItmﬂeﬁxpaladaeimsmgerfyomaﬁﬁzby bf thiengretvhe cervi cal spi ne.

I s conpgsed, of aaﬁsate m)res rotgtlng el enent

'cont ai ned i1 °H’é‘e% '?“8‘&”"318‘8" crﬁgﬁ tglfeevvs 'thho =15 ngspond to each
sl ot 1&nd arclendntspwtiivhlage incorpotate! inwithe platy itseF@he prefent inveotien alsy el enent

can 25r ot aH:?oJ1§J[ rbféﬁ{n%\gle{rﬁgt €h§ aﬁﬁ%&gﬁ]&mcﬁ‘ﬁﬂé %@%cgg&ttﬁ%;dsp' ate. The

rotating elfenen avl ng t rea mat ch t he
t hr eads of Mésbingdetvesotbathrapde s thercfordenset. gud thy strewidan datiebktened o t he bone,

the threadg m@%at.ﬁgeenér%ﬁ% ﬁ‘gre%kgw&e mb&%‘émg E\gti:@ AGhEW tO the
rotating elenent. ThI's prevents t SCrews from I'ng out, and at the
sane tine &PMPERENfhe screws to rotate 30relative to t he pl ate (through the

rotajg ng el emnt&mtﬂe@ﬁ&%&g@'&ﬁx\éﬂcﬁ]ﬂe tt}{?%ngﬁ &f thatSRE pddkidflity of Ne rotating
el ement has outer surfaces that correspond to inner surfaces of the slot in

t he cervi cafrippingthe thyeags I"bWe ibeispniphmized erdinpigetgd Wpagtiadasqis wo
200810 1653%&@4t%53&%fn9@e@%@%g the devices and methods of the present invention

because the maximum engagement of the screw threads and the threads on the

rotating element determine the maximum seating depth of the screw. Thus, the
20 screw will tighten into the rotating element, and not into the bone.

In general, the present invention includes a device for stabilizing the
cervical spine. It is composed of a plate with two or more slots, a rotating
element contained inside each slot, and two bone screws that correspond to each
slot and are threadable into the rotating element. Each rotating element can

25 rotate relative to the top and botiom surfaces of the plate. The rotating element
has two threaded holes having threads that match the threads of the bone screw.
When each bone screw is threaded into the bone, the threads engage the rotating
element, locking the bone screw to the rotating element. This prevents the
screws from backing out, and at the same time allows the screws to rotate

30 relative to the plate (through the rotating element), thereby allowing “bone graft
settling”. The rotating element has outer surfaces that correspond to inner

surfaces of the slot in the cervical plate to allow insertion of the rotating element



4 when oriented perpendicular to the top and bottom surfaces of the
cervical plate. However, this sane rotating elenent is not renovable from
the slot when it is oriented or rotated in a generally non-perpendicul ar
orientati Gohflsdidsye to the top and bottom surfaces of pthgsh6lNissd! Pl ate.
I n addition, Wen the bone screws are,5threaded into t%e rotating el ement
so t hat they protrude through the bottom of the cervical plate, the portion
of the screw that extends beyond the bottom of the plate can contact the
bottomof the plate if the rotating elenent is rotated a certain anount
toward its perpendicular or insertion orientation. In this way, the

I nserted bone screws serve as a stop or obstruction to rotation of the
rotating 1O%hesfEiepted pependicylastoihe mpar battemp switicen phthesarvigel Maiceh t he

rotating elgapsver, Wb‘bﬂn@ﬁ)ﬁtﬂw&@&ﬂ if AR Wrh BRSO ARl slcﬁlwﬁ{eﬁ idig Which it is
i nsert ed. aspect of the invention, a ceryvical gl ate systemis

provi ded, vﬁﬂeBWd@BFﬁﬁ?thé‘sa geneEllyi nogrpemendiculn oisptionralating iwdle 98 ween a t op
surface andmdboRfReaHi®s BiHe@ahse] pReL, lnaﬂatuaﬂ vlrm&ﬁem;ésa}e% afxt endi ng

t hrough t he 15éf{é|ckn ss _of the plate. The furt her mclEg’ﬁs a first
rotating el ¥ 1Bt8 % TOUPH g, sdempt 59 Fhagt YP 'F ough th ottop ¢ pl ate,
Ithe first L&h&éal ﬂ@t@tﬁrﬁbﬂﬁmﬂﬁf{tﬂé B&bﬁ%a’ﬁbxtbﬁ%&iel y&fﬁh&bbﬁﬁdwgﬁgl ﬁ | andf at ]
east one e sc S a into t eatonet e ol e of the
first rotatd ?;F‘[ ¢ ‘iﬂ‘?&‘#& ‘ePﬂé"‘?’oOt s pigte ﬂb Fré?f?n e’ﬂeﬁésﬁ’ #mum I engt h t hat
is at Ieastces:hmghtobyt tﬁﬁrlaahgseperpdaﬂltcu&r\or thsértioh otibigatton. Ih tisik elayahea t op
surface of pl.a e fi rotatin an further have
a first en anneos(é 081t eas@c?E(H) El St"\]lﬁ'i'ngchtag{m DS?EE rogﬁggof the first
and $econd eémnlglt hak ta msqyanpendlpulef ottientatimndn whishfthe statsigaienant wiobkdh t he fir st
rotating el | 0, ave profile at its first
and second bgg%g&‘{dg%ec@g%eﬁ}% |ve?I§ﬁ%§‘fn%{°ﬁusﬁlg&{h€I east one of the first
and second ends Iﬂfonﬁh@efcteﬁmeumatwmgcelmmteﬁaem ibprovidedy ew may be

posi ti onablgyisp L Vi fR'gE the cervical

pl ate and solt h%.t eac% c%ﬁ%gg@rﬁtg\%ﬁ | fsﬁ,@%gﬁ laﬁ?ég%é olggfrl{qlf gsgl?frae ative to the
rot at abl e &g #BAPPeEE bpiom gurecepand atéepaat¢n¢eslqt@x1tenéxngélrmu§aqhep| ate. Further,
the pone S%ﬁmswthbglawr oftl fler!iRhdios 3B o lofink Sy and . at | east

one enbodi nent, wi | | se &4 head portion that is enlarged relative to a

base porti &?S'HPH%%WEEW’FE?IO‘;?@@%W@@} plate.3kq Bist wratinge bone screw beyond
a predet er re|desht BREpidiMPat least one threaded hole, and at least one bone screw

insertable into the at least one threaded hole of the first rotating element.

_ The rotating element can have a maximum length that is at least slightly

20 larger than a width of the first slot at a top surface of the cervical plate.
The first rotating element can further have a first end and an opposite
second end, wherein at least one of the first and second eﬁds has a convex
profile, and the first siot in which the first rotating element is positioned
can comprise a concave profile at its first and second ends to cooperatively

25 - engage with at least one of the first and second ends of the first rotéting
element. Each bone screw may be positionable so that it extends beyond
the bottom surface of the cervical plate and so that each bone screw isina
fixed position relative to the rotatable element and is rotatable relative to
the cervical plate. Further, the bone screws may be threaded along their

30 entire length and in at least one embodiment will comprise a head portion
that is enlarged relative to a base portion of the screw for preventing

rotation of the bone screw beyond a predetermined position.



WD 2008/ 016539PCT/ U52007/ 016823 5 I n anot her aspect of the invention, a
rotating elenent is provided for use within a cervical plate of a cervical
pl ate system the cervical plate having a thickness between a top and an
opposi te RphhRghill ace and at | east one slot extendi # Rt e

thi ckness of the plate. The rotating gelenment is rotatably p05|t|onable
within a slot of the cervical plate about a first axis and the rotating

el enent conprises at |east one threaded hole through its thickness. This
rotating el ement further conprises a bone screw threaded into each of the
at | east one threaded holes in the rotating elenent. 10Brief Description of
t he Draw ngs The present invention wll be further explained with

reference to th# M&ﬁﬁ%cwfd%ﬁ@ge“tme?@tﬁlqﬂ%%n%l‘is?PﬂF'Ed|s referred to by

|i ke nuner glrsisé QA iicd] piats BVLERicll NG systdbl tHh ek Gicdl plate
Figure 1 i apgersggjétlve vi ew of one enbodyrrent of .a Cervi cal plate
15syst em of?f! Bt beFcRE i tpp And an opposits Beffam surfage andiat shect i ve vi ew of

the cervi Clﬁastﬂ:lnétsﬁ)teiteﬁdlﬁgﬂﬂﬁd@](tﬁéﬂﬂ]@&f% (ﬁ’!lﬁ;?ﬁfbo’fl‘hﬂc@atfrfg 1OI , ri gure 3
is a_perspective, view ate of F an i ncluding a
shapéd el eﬁlﬁﬂ‘F“'Hé\‘i?tﬁtﬁblﬂpé’W’Pﬁ%’ierW% @ r?éﬂ?ec%r“&aﬁaiﬂ "pﬂ":f’uf?oned 20within a
sl ot of theirstaxiiagaibepbatitg eluﬂnemltodmébsdtnmﬁmetﬂﬁeaﬁdam characteristics of
a rotating,ele .o S aperspectlve Vi ew
or "5 ehapeteralibitRhatst: us e Wemor et et phi cal ends. 5l ong
with a schsoewitiresdedistotehatt ofithe at loast snpibrdadpdbales wnhd foeatimgaped rrenber to
create the l&tg{lor shape of the slots in 25the cervical plate of the

i nventi on; ) F| gure 5a S a front view of the shaped el ement of Figure
4, V0t h a Beivé s Dpswingposed upon it; Fi gure 5b is a
front view of aTBQb‘t%%. n'?%v‘?zht%’{ﬁﬂfl lf’efﬁxhﬂ@r g}ﬁg{}ﬁlvﬁghwypér&gtééht he portion of

t he shaped el enent at essentia e schematic ape of 30Fi gure
5a; appended Figures, wherein like structure is referred to by like mumerals

throughout the several views, and wherein:
Figare 1 is a perspective view of one embodiment of a cervical plate
15 system of the present invention;

Figure 2 is a perspective view of the cervical plate of the cervical plate
system of Figure 1;

Figure 3 is a perspective view of the cervical plate of Figures 1 and 2,
including a shaped element having a cylinder with spherical ends positioned

20 within a slot of the cervical plate, which demonstrates the shape characteristics of
a rotating element of the invention;

Figure 4 is a perspective view of a shaped element consisting of a
cylinder with spherical ends, along with a schematic shape that will be
superimposed on the shaped member to create the interior shape of the slots in

25 the cervical plate of the invention;

Figure 5a is a front view of the shaped element of Figure 4, with a
schematic shape superimposed upon it;-

Figure 5b is a front view of a rotating element of the invention, which is
the portion of the shaped element that essentially matches the schematic shape of

30 Figure 5a;
Figure 6 is a perspective exploded perspective view of the cervical plate

and rotating element of Figure 2;



Figure 6 is a perspective expl oded perspective view of the cervical plate
and rotating elenent of Figure 2; WD 2008/ 016539PCT/ US2007/ 016823 6
Figure 7 is a perspective view of one enbodi nent of a bone screw of the
present i Ry&BdokAdszoFi gure 8 is a front view of the bong Sehewepdsdi gure 7;
Figure 9 i's an exploded perspective vjew of a portion of another exenplary
enbodi nent of a cervical plate system of the invention; Figure 10 is
an assenbl ed perspective view of the cervical plate systemof Figure 9;
Figure 11 is an expl oded perspective view of a portion of another exenplary
enbodi mrent of a cervical plate systemof the invention; and 10Figure 12 is
an assenbl ed perspective view of the cervical plate systemof Figure 11.
Det ai | ed Descri Figush7 ifa perepepties devw of omneipbedimpatol a bone screir@f 84¢r i ng now t o
the Fi gur egres¥fi@hifinBof;ne conponents are |abeled with like nunerals

t hr oughout "t he several Figures, and initially to Figures 1-3, one :
15pref erred configyue &6 %ﬁmﬁfweave%ﬂle%%ﬁscm‘&?é%y@ﬂém 10 is illustrated.

System 10 gener gidi¥e b RCAnidkPiodad parspdcad vieladra pbiionddf ahe@&t one rotating
el ement 14, and one or nore bone screws 16 fqr, each correspondi ng rotating

b 1

el enent 14 Sx¥mplgryeapbadiment of o ceryical pfate system of thedpysptictir e 18 that i s
desi gned to cl oyghire MG afsébﬁlméﬂlry]si\{péét@vﬁieﬁ leheceividal PRt systefeofcer vi cal
spine and a.secgnd curvature 20 that is designed to 20cl osely match the
| ordotic C%f%‘f e of the cervical spine. The cervical plate 12 is
ggneral ly rect am‘gﬂéanlis?}néprdaé@tbﬁedeibhoga@eﬁajnlofaﬁmath anﬂ/or curved
edges to mi nim.ze di.scont: and, injury to t patient that mght occur
with sharp® 7'“?18{3'9%11@&882"2 °§8ﬁ%‘i¥é“?&"ﬁ"ﬁé‘%&’?i°§ﬁbﬁr‘9" c’f"’haéltapI ate may have a
di f fHr ent gener &ligush P is, ansssimbdal warsdective dew iof theaatvicab plateesystesnad a nor e
I rregul ar %%pee‘ In 25any case, the cervical plate preferably includes at
| east one retessed area 22

Detailed Description of the Preferred Embodiments

Referring now to the Figures, wherein the components are labeled with
like nﬁmerals throughout the several Figures, and initially to Figures 1-3, one
15 preferred configuration of a cervical plate system 10 is illustrated. System 10
- generally includes a cervical plate 12, at least one rotating element 14, and one or
more bone screws 16 for each corresponding rotating element 14. Cervical plate
12 includes a first curvature 18 that is designed to closely match the curvature of
the vertebrae in the cervical spine and a second curvature 20 that is designed to
20 closely match the lordotic curvature of the cervical spine. The cervical plaie 12
is generally rectangular, and is provided with generally smooth and/or curved
edges to minimize discomfort and injury to the patient that might occur with
sharp or rough edges. However, the periphery of the plate may have a different
general shape, such as oval or elliptical, or may have a2 more irregular shape. In
25 any case, the cervical plate preferably includes at least one recessed area 22
provided between adjacent wider areas of the plate 12. These recessed areas 22
are portions of cervical plate 12 with less strength than the remainder of the |
plate, which can facilitate additional contouring of the cervical plate 12 during
surgery, if desired. When recessed areas 22 are provided, they may be smooth,
30 relatively semi-circular areas, as shown, or may include a wide variety of shapes,
such as semi-elliptical, semi-aval, rectangular (e.g., wide or-narrow slots), and

the like. In general, these recessed areas 22 provide portions of the cervical plate



provi ded between adjacent w der areas of the plate 12. Theie recessed areas
22 are portions of cervical plate 12 with | ess strength than the renai nder
of the plate, which can facilitate additional contouring of the cervical

plate 12 dupbfigesuigery, if desired. Wen recessed ar eas, oﬁfo?ﬁsE’IOVi ded,
they may be snooth, 30relatively sem;circular areas, ‘as shown, or may

I ncl ude a wi de variety of shapes, suc—('n as sem-elliptical, sem -oval,
rectangul ar (e.g., wide or narrow slots), and the like. In general, these
recessed areas 22 provide portions of the cervical plate WO

2008/ 016539PC17U52007/ 016823 7 12 that correspond wth areas between

adj acent spinal segnents into which the bone screws will be attached.
Cervi cal pligthat sorrgspprdywiithiarrep hetarger adifeeatipingh seggmepts ipto whishgwt ed openi ng

24 that exbgpds A WibbdaRehdd. on of the width of the cervical plate 12.
Each slot 524 is positioned to match the approximate | ocations of the

vertebrae to whicEviedglats bt Birthor ippiupesint logpk opeislad or vigpgased oREnEgr vi cal pl at e

12 of the bk eftehds dckdsd tporiddithiase WA HXhé BirORapISD 13! Ohéh ddt al ong its
| ength, the cervical Polzat es of the invention instead include nore or

; | . . e (
| ess t han £AiERESEREd tomatc hganproxiRpte focgens @6%’?@}98@& twpiehdhs er t ebr al
body in thel@ata &0l bd Stathed NWRGB eheSRFENMS plated 12 ditth@fibured RRGHatiot or

opening 24 has .an_ interjor surface 26 t has, hape_ t hat i s approxi mated
as a porti Bﬁﬁ%‘?“%thé‘iﬂﬁ“ﬁfﬂié AR ‘éﬁ‘@ggﬁﬁ‘fe a’w%%t%%ﬁt}’m"equs descri bed
furt _herI W my:iﬁt@rdaﬂagdé_ Mode &-leldsrma}:@egiotﬂ;emtc%f_z&iémﬁi gure 121. In .
particul ar, el enent . i ncl udes a i nder \ i rst spher positione
D e end CBFesORd it~ vopSera iy Bectein Sbienong 5SbwE AL he
150pHbsi t e Eacldslof oropening@d ha an interiot ewmnifiee 2p aharhao4 stepe khadfs t he spheres 32,

Al though 1 AEyroRITRe & 2 SR80 B RBrti¥indbhs acilbonthy, iR B 00" =0
i || ustrat edescribéd futher withaefsteapetooy 3-tiprpbiana eBindng 28 imFight4ed or overl ai d
01 10T RSkl L Sl s 0105 o o
positioned at one end of cylinder 30, and a second sphere 34 positioned at the
15 opposite and of cylinder 30. The center point of each of the spheres 32, 34 is
approxirnately aligned with a longitudinal axis of the cylinder 30, although they
can be at least slightly offset from each other. As iltustrated in Figure 4, a shape
or template 36 is translated or overlaid onto the element 28 to establish the size
and shape characteristics of a certain slot or opening 24. In particular, the shape
20 36 has a curvature in one direction that roughly matches the first curvature 18
illustrated in Figure 2 (i.e., the approximate curvature of the vertebrae in the
cervical spiné). A slice or section of the element 28 having this shape 36 is taken
through its center to calculate or predetermine the shape and size of the slots 24
in the plate 12. When viewed from the top of the plate 12, the shape of the slots
25 24 will be the same as the outer shape of the element 28. This shape 36 that is
modeled using the element 28 can be cut into the cervical plate 12 in the desired
locations along the length of the plate 12. Of course, the shape of the interior
surface 26 can be calculated or determined using computer modeling or other
similar techniques, thus, it is understood that the shape 36 may instead be molded
30 as a part of the original configuration of the cervical plate 12, or may be formed

into the plate 12 using a variety of known manufacturing techniques. In any



2036 has a curvature in one direction that roughly matches the first
curvature 18 illustrated in Figure 2 (i.e., the approximate curvature of
the vertebrae in the cervical spine). A slice or section of the el enent 28
havi-ng thi 6 is taken through its center to c
predeternﬁﬁ%ggﬁ@ﬁgﬁﬁpe and size of the slots 24 in thglp éﬁgﬁngthen
viewed fromthe top of the plate 12, the shape of the slots 2524 wll be
the sane as the outer shape of the elenment 28. This shape 36 that is
nodel ed using the elenent 28 can be cut into the cervical plate 12 in the
desired |l ocations along the length of the plate 12. O course, the shape of
the interior surface 26 can be cal cul ated or deternined using conputer

nodel i ng ofaseishape X hasiadicight Sk isgraerally figsame as the thigkress P8 t hat t he shape

36 may insE&@ﬂa]ﬁ]ﬂatEr@tﬁjﬁgv@n@&ﬁh@s%&r_oﬁéniﬁ 404k Gdril. configuration of the
cervical plate 12, or y be forped into the plate 12 using a variety of

ma e d .
known manuf act uFFRviFal Ratsivefeasi0 fopheripeludgsaseigtirg 4sm$8PéT1US20071016823 8

case, shapgord@phingdtohabiobt tht BRts 245 Wah esralehdt tbIFmF&d™® SAsaridBd, t hi ckness of
Fate 12 into ich the slaots, or 24 are forned.

t he cervi cal I ) openjn

Cor vieal | phissBensyattheowdiog slemteats 14is dgbbed, papkicrlg Be itt 14
cgrreswndhlﬁﬂ@%&&&ﬁ&i&ﬁ abbée &la@?fﬁt@ﬂie sMitst 33 i6 afsem%mb tg@teﬁipgmé es 3, I 5a, aﬂd
5b, 5the shape, of.the ratati el ements 14 | escr i . ln particular, the
ooe el oo R St st Stk b the TpEfaE Fowents 17 Bt Ein mipRRL L Cood hs

t he tenpl aFiguf«d sideisanmentiiegerhéitt 28 pagidomdd wiltdn pot off thagloed Biywhich 14. For
illustration,.

ur es, Eigure 3 0 an entire. elenent . posiktioned
"within onelsodfl ?rﬁgﬁg%?’g Hﬁ‘gﬁs'\?ﬂ? 8€£F\£ﬁﬁtﬁgfe TS Pﬁa rrat ?glg'ﬁ%zg%hape of the
rot doi ng ebmihshapal thhbe aEleamﬁghﬂﬁsmsll@tmqﬂaemaﬁd vﬁiﬂpe(k positiopedto | east _
the open nitbh it BARl weifeind rolld ABEY, ot eI behfdelfe | %0 Crons 1a”
of the i nveletients 1iof therinvengiontwill et protsidet frem tharopaad bottars swgaset aces of the
plate 12 aﬁf&ﬁgm%ﬂihgg%ﬁnaﬁgﬂﬁﬁ %0 deternine the shape of the rotating
, Ut shape , I'C

el ement 14 X s 15the sanme shape discussed above
relative to theTedeermine theshapeofthe rasefingrelenyant [1 4, the shape 36, which is

15 the same shape discussed above relative to the slot 24, is translated or overlaid

onto the element 28, as shown best in Figure 5a. That is, the rotating element 14
will essentially have an exterior shape that matches the shape of a slice taken out
of the element 28, as shown in Figure 5b. The rotating elements 14 may be
formed in a number of ways, such as by cutting the element 14 from a shaped

20 element 28, or by molding or otherwise forming the element 14 into a shape that
is modeled as a section of the shaped element 28 in Figures 5a and 5b. Due to
the shaping of the slot 24, the inner surface 26 of the each slot 24 is concave
é.long its edges and surfaces when viewed as a cross-section through the
thickness of the plate 12. Further, the first and second ends 46, 48 of rotating

25 - element 14 may be described as being convex when viewed from the top to the
bottom of plate 12. In this way, the slot 24 will be able to cooperatively engage
with the rotating element 14, as described below.

Referring now to Figure 6, the rotating elements 14 further include two

threaded holes 40 that match the threads of the screws 16, as will be discussed in

30 further &etai] below. The axes of the two threaded holes 40 converge toward a

concave or bottom surface 38 of the plate 12, This convergence improves the



onto the elenent 28, as shown best in Figure 5a. That is, the rotating
element 14 will essentially have an exterior shape that matches the shape
of a slice taken out of the elenment 28, as shown in Figure 5b. The rotating

el ements Idq0EMoRgsf ormed in a nunber of ways, such as 1 89; t he
el ement 14 ?r om a shaped 20el enent 28, or by nol ding O}F(p%[?%g‘}7\§/?nhse3form ng

the elenment 14 into a shape that is nodeled as a section of the shaped

el enent 28 in Figures 5a and 5b. Due to the shaping of the slot 24, the
‘inner surface 26 of the each slot 24 is concave along its edges and
surfaces when viewed as a cross-section through the thickness of the plate
12. Further, the first and second ends 46, 48 of rotatin 25 elenent 14
may be despulidwedrengtibaidmgecotatbpiateel? Horaheteprled ewef thspope 2ftfle bot t om of

plate 12. Qinﬁ:)y\?g- IREnRdah 2 3464t/ | be able to cooperatively engage
with the rioht@aail%l ngle elsrns\!n{13 14, asa%déscri bed bel ow. Referring now to

Figure 6, the rbrerdertg astemblaihe caicelpletsarsamrily Leierienis imRlB®EER hol es 40
that mat chytfig %ﬁéﬁ%ﬁpmen{ﬁ%oﬁﬁﬁg%néﬁﬁ wmxv%ﬁmgwsaﬁ&umed in 30further
of the two th oles 4

detail bel ow. e axes readed h converge.toward a

concdve or Withinesah efithe slots Zetharwilkhe ipyefved inghe spinal fixghirne YR Ee?i nproves the

WO 2008/ 01653RRGHAR'SZQ0:4/ 116 821329 oRsIL1bO2Y wihth h6 Rethilgddiem@itayent s the plate
12 from being pulled ouf of the bong after the a egglkéf Ois inplanted in

a pati ent . positioned thegeig, i desited, syeh agiijibwen detenpipeg Hia ®assenbly 10 prior
to :crfpl g:"t@%&éhﬁal%d{ebﬁdjgdéﬁﬁ ﬁ{?_l&té‘Z&diﬁﬂii&B&d toanleraﬁhﬂifg'ﬁgﬂmpﬁm_ :DT- %4 will ved
preferably_be posjtion in eac t ots that will be involve
in the spi HQI‘VGT"F"xﬁl‘?Hﬁ.emﬁ\i:%ﬁ&'aﬁ @f" C%l"'lf’éfl’/lia@gl% %P%ﬁ“ér"‘lazp CHIRRALCDY | east one-
sl 0t1924 Wi his aveurBdr o k0@ 22 theredirespbng 0s theinander sthertebnal badiesdesi red, such as
if it were determned that all, of .the vertebral, bodi ' to slots 24
di d not negﬁx@&ﬂ%gev%e[%@ﬂ%eoa%{agheﬁhén RV .”ﬁ&ﬁ&#eg'r“,%é’(? F{ngg’?;ef erabl e t hat
t he cervi c2d apd sttaink2ahoten docribedmbove,che apenpgtdf dmt slai(idaat the tapnber  of
slots 24 th respon he ,n f t i whi ch the
device wilP aé’%g? toagﬁagedf.jl %\h %ené; l%agg%{,%hgggmfvig&taﬁ%rsgg%ﬁe% %I‘tﬂet he slots 24
and r ot at i midest pareofthe fotatihpsdemdns d4afbads, duado theeplindricel/sphidcal| ot 24 at the
top ,surfac I ' | : a64 0SS its
G € han S7hS oh ol RuatiheYdniort b Bha HETRE 28, MO Bphe VB B EIOBS 00 | o the
cyl i ndri caklthpkas suefabe aibh apwical plaiotlR widavee slightly serliewidth hagnd the sl ot
24, the pe{ﬂe%f‘a'ii?{% Qf?n-{enﬁlﬁih?{wﬁﬁbé‘i sdrf2f thBinS Wi b¥eProYosikian eer vi cal pl ate
ghtly snma

12 will have a's smaller wdth than the rotatl_ng el enent 14 that
will be i nswptingrleentddinsidathe slob24.tthe pbasing edgmant 44 wak Be prignted &hent 14

i nsi de theagsh @t fdfh andMack QlrdlcbdUb, Ak STBRctiddy Wirk ber2@alBigefith@Ruk® that its
front and back surfaces 42, 44, re-spectl\ésly, ar.e lgeg%eralljsé er pendi cul ar

20t 30t oplastiopAuEaaHf thheervisphplng) 2ptshain Figy oGl e 6. In
thi's posit tRinterference between the rotating element 14 and slot 24 is only at its first and

second ends 46, 48. Thus, it is relatively easy to push the rotating element 14
from the top into the slot 24 as shown in Figure 6, although there will be at least
a slight amount of resistance due to the sizes of the rotating element 14 and its
25 - corresponding slot 24.
Ongce the rotating element 14 is inserted into the slot 24 in this

perpendicular orientation, the rotating element 14 can be rotated within the slot
24 until its back surface 44 is essentially flush with the top surface 39 of cervical
plate 12 and its front surface 42 is essentially flush with the bottom surface 38 of

. 30 the cervical plate 12. When the rotating element 14 is oriented in this way (as
shown in Figure 1, for example), there is interference both in the cylindrical and

spherical portions of the rotating element 14 and the slot 24 so that the rotating



the interference between the rotating elenent 14 and slot 24 is only at its
first and second ends 46, 48. Thus, it is relatively easy to push the
rotating elenment 14 fromthe top into the slot 24 as shown in Figure 6,

. al though tdar ] be at least a slight anmobunt of resj to the
sizes of t gzﬁog&étségng el ement 14 and jts 2500rrespondiiﬁ(g;ﬁ%[f%fm)gtl&i‘.93

Once the rotating elenent 14 is inserted into the slot 24 in this

per pendi cul ar orientation, the rotating elenment 14 can be rotated within
the slot 24 until its back surface 44 is essentially flush with the top
surface 39 of cervical plate 12 and its front surface 42 is essentially
flush with the bottom surface 38 of 30the cervical plate 12. Wen the
rotating eklement14ehnpet berrpmpveakifrom thenilet 24ayin crder trwsmeve theRptpting 1, for
exanpl ©) Ll 1LabAlE ST ANGR BOkRg bidmohie1 £othisdblaflunfills Spher i cal.
portions of the rotating element 14 and the slot 24 so that the rotating
WO 2008/ 0188 88RPCIZ, Yd 200896188 Perpeadiculerierthe top suefheroef thecerepphmdaief r om t he

sl ot 24. '%,%Q%efeﬁm{eﬂﬁm’@antﬁbjyréﬁé%ﬁt%r_ 8RN diléhehgdRdnles! Ot 24, the
rotating elenment 14 can be rotated until 11s surfaceés 42, 44 are generally
per péndi cufEfacepoftheslobPt-surface of the cervical plate 12, then the el ement

14 can be pressadseplidd\Rdvito/rigivel I7 ahdl 80the 8DRRERSYS TRl Rethatbriares of the
sl ot 24. Referri ng?now to Fi %ésig; and 8, the bone _screws 16 used

in the cerPlatesystsmylinglpde appragin Y& PP EBePMEnt ¥4 5t end 56 for
eﬂgagem&_nt dmé%g_t@],ols{]&uhglgs&r@@aniv@.hqh tlﬂ§¢1ﬂb§difr@ﬂ@ﬂie\@ﬁningf50ti@ijs emlo(cj)di nment,

t he openin i s shown as gener triangul ar _in shape, and wou

t herefore %&ﬂﬂ‘?sege cra 6“&?&8@ Qt%%%%?"éﬁé?ﬂ%&‘lﬂﬁ%‘ﬁ?@u? Bl that can securely
engage Wwi t bodpeeativpishegedaldiving 0cafsivan gedudelireyprgn siithate bpantngasi f f er ent
shape, such,as circular,.rectangul ar, elliptical, slot-sh d, .and the

li ke, any OFCJRWRE v MRy H@&’&a ga q@iﬁ%en% e’l‘f’g\‘a}‘? ﬂsgmg:uia&rp gtgﬁ%%%fi ng shape
for mani pukRipiical, shdt-shiaped) ambths dikevany@f whih wiblareed g dEfingdooldwviegd i nto the
central portjon of.th e SCI. 16 ng.its._| i di 5 length for
any desir ea%%%?sg&&%‘%% %‘,‘agglr%?rhmo%lglﬁﬂa o %tg‘? g?neersafﬁv‘gp? h'gl?e ﬁ%g{nﬁé%)t h is large
enough to edn euerfdintostbe oengrabpartige pEthe boat swrew 16 abimigvisAepgiwdinabind t he

openi-ng 50 : | ong
subgtsanti ahn tfggargﬁ{%ﬁrﬁ@ﬁ@g%&ﬁﬁ%@m@) ﬁ%ﬁt%ﬂe@e&ﬁ%&ﬁ@% gt(}:%? .E&'Iﬂ%ge{%r ead pattern
further pretanghitd gilow fonsdenre egagpuenthgtwéeneaaltiying toel andthe pPPERIRE decr easi ng
m nor di amgger) when noving fromthe first end 56 towards the second end 58
of the bone screw 16, which is the end that penetrates the bone. Because
the threads in Ddgdosepenvabs asemaefgrahlyohiraderalong substandallyithe 8¥tithe screw,
the screw jembr iRdr bifted MefabQr t‘I'h@@hx@&dﬁdﬁﬁﬁ_ﬁiiﬁ‘éfﬁr@ﬁatﬂ gRERes t he rotating

el enent 14 en the bone screw 16 is fully inserted. e.
20 tapering threads (i.e., having a decreasing minor diameter) when moving from

the first end 56 towards the second end 58 of the bone screw 16, which is the end
that penetrates the bone. Because the threads in bone screw 16 extend along the
entire length of the screw, the screw “head” 52 is the portion of the screw that
. engages the rotating element 14 when the bone screw 16 is fully inserted. The
25 thread has a constant pitch, but the minor diameter is increasing towards the head
52. The head 52 further includes an enlarged portion 54, which acts as a stopper
to stop the screw 16 from rotating, thereby preventing the screw 16 from going
all the way through the rotating element 14 when inserted therein.
Referring again to Figure 1, the rotating elements 14 may retate or pivot
30 in a direction generally indicated by arrows 60 where the rotating elements 14
may rotate 360 degrees within the slots 24 when no screws 16 are inserted into

~ the rotating elements 14. However, once the screws 16 are inserted into the siot



25t hread has a constant pitch, but the mnor diameter is increasing towards
the head 52. The head 52 further includes an enl arged portion 54, which
acts as a stopper to stop the screw 16 fromrotating, thereby preventing

t he scr ew‘%gz({ﬂ%{%%gi ng all the way through the rot atiﬂgﬁr&]zﬁ R when

I nserted thefern. ferring again tollfi gure 1, the rotating elenents 14 may
rotate or pivot 30 in a direction generally indicated by arrows 60 where
‘the rotating elenments 14 may rotate 360 degrees within the slots 24 when no
screws 16 are inserted into the rotating elenments 14. However, once the
screws 16 are inserted into the slot W) 2008/ 016539PCT/ US2007/ 016823 11
24, the degree of rotation of the rotating elenent 14 will be limted due

t o i nt er f eldnibe degresenotatios df regotatinpelemedt Hrwilk beclithiied duwitof t he cervi cal

plate 12. HibderkileHeh{cANGLORGRNES 6 Lhe eoRbir o 6L I pgi&eflfz.om rotating

to the position where I e renov romthe cervical plate 12 (i.e.,
gener al | y gdispatstferentapresens theaoeting demenidd fom ratpiingtg|thgpagition] 2) |

During sur gifea it ld eRloved e t?@?eﬁi@éﬂ%té @@(i.é,%e%&ah??&%eﬁiéﬂ&” Iled into

the cervical vertebral bodies o e patient to which the cervical plate

syst €m 10 W the tepsusface efesvicaiidate d2)i cal pl ate system 10, which includes a

rotating el emenipylif. REidal AFtatibd dHihle BIERA! sré\@ HERE hRPIRAIME Sl ots 24 in
the cervical plate %2, 10i s then pl aced onipthotg%of t he cervical spine of the
I

pati ent i n erergeaparbraladies! thanerrtae FOieh e VAL PIAe S¥RIRARA dri | |

sl eeve i s tfigmeuhichedethé Béricanfaekysdie 10, mal adnieb 8 sotdthpflehdi@ 1ot ati ng
el ement 14. The orientation of the screw h?l e to ﬁ_‘g mage |8]n t.he vertebra of
the pati ent!RepHopsd Withn easheithagorrespondimesiefs 2417 Beicatyi@hRlaedi?at i ng el enent
14 wig hin iiffj thek pﬁp@péﬂwpofltmc%éﬁcamﬂhs Ffﬂﬂb:phtiéﬂtsmtlﬁrgeﬁérghiehm o )
15correspondi arientation o qr i sleeve attached to it. ce this
desired or i“@ﬁ@gﬂl%?Oﬁ?t‘?%e‘ﬂél?:rf?%‘{ﬁgﬁﬂﬂéiqege ﬁéﬁ%}‘ﬁ{%& L nfo %’?elq(}lthﬁ s inserted

i nt 0 t he dnhreddediheles d0afichearosating elen@hiel 4. sTlerdriehetion of thetshewdeld tobr a. Aft er
t hese screw hol LN .t bone ar . t he hol re t using a
bone tap t\#gtma‘ldg?r? %‘gé?{}gbd'atoﬁﬁ’g gﬁerﬁ%h!‘:ﬁggg e a‘%g g%at%%.fp?\?ﬂ@grot ating

el ement 14 thd mtatiog elegmnt &4 wiithin itdvresfiertirersiot@rd, whBhivelladdoiprodde thhe t hreads in

t he ne w L RC] | 1 ' f k i | hr eaded hol es
40 of the rcé{rgsfp?%&giﬁ%?ﬁ%{i%%‘tﬁ#ﬂé hlé%glﬁt&%g&gﬁtg S“E}F g%?e?r om bei ng
urged away ofieuatierhef the serewrheleis deteaniberhe dsidirieinsered inte thedrillslecverhi s i s
acconpl | shegl REGAYIRIL BBl Heb Bt RHEMENhabfwttd LrbPRERARARDBLRS 40 1
posi-tioned relative to tﬁe vertebra when the tap I's first threaded through

t he 25r ot aterawdyilicdetie hples gre tapppdiising attioae tapghatds insawesl thraugh thenr eaded into

the adj aceRireaded holes 40 of the rotating element 14. In accordance with the invention,

20 the helix of the threads in the bone will coincide with the helix of the threads in
the threaded holes 40 of the rotating element 14, which will prevent the plate
from being urged away from the vertebra as the bone screw 16 is inserted. This
is accomplished because the rotating element 14 with threaded holes 40 is
positioned relative to the vertebra when the tap is first threaded through the

25 rotating element 14, and then the tap is immediately threaded into the adjacent
bone. In this way, the thread in the bone will be a continnation of the threads in
the threaded hole 40 of the adjacent rotating element 14.

In another exemplary embodiment of the invention, a pin connection

between the rotating element and the plate can also be used instead of the shape

30 of the slot and the rotating element described above, as is illustrated with a
pottion of a cervical plate system 70 in Figures 9 and 10. As shown, cervical

plate system 70 generally includes a cervical plate 72, at least one rotating



bone. In this way, the Thread in the bone will be a continuation of the
threads in the threaded hole 40 of the adjacent rotating el enment 14.
I n anot her exerrpl ary enbodi nent of the invention, a pin connection bet ween

the rotati %';{} and the plate can al so be used | ({SFEF shape
300f the sIof he rotating el enent, described above as |s I'TTustrated

with a portion of a cervical plate system 70 in Figures 9 and 10. As shown,
cervical plate system 70 generally includes a cervical plate 72, at |east
one rotating WD 2008/ 016539PCT/ U52007/016823 12 el enent 74, and one or
nore bone screws (not shown) for each corresponding rotating el ement 74.
The portion of plate 72 shown has a periphery that is generally rectangul ar
i n shape, d@men’tt74nal}d onestrazate henesceevil (hpleshown) Fe cpgiheareesPegite gur at i on,

such as h 16thdHe AT Tneﬁaramgwpnaﬁ ﬁzfﬁoﬁ%xwaén@.leatﬁa@@ of SFigure 1.

‘That IS ate /2 al so pre erab i ncl udes at | east one recessed or
r educed- wi g@ﬂ«rrd}yeractmgawcyedmnetmemw la@tpadahaé’as differepfepepiphgral 72 where the

rotating el:(‘é‘fﬂ’gﬁ}a?lozzlsu Gééﬁﬂﬁﬂr pe eﬁ%ﬁ‘fl‘l%l@éﬁﬁﬁe (2ot ncl udes a first

curvature 7 I's desig to cl oselétmatc the curvature of the

vert 8brae Figurhbk ’E@Nﬁ,amplgﬁsﬁﬁealme@r@ irkrdes At JepsiAne reEEstsd | s desi gned

to closel yfé%&@widﬁ?m%gkﬂfvﬁéh'b@tv@ééﬂ%ﬁ&éi%@ea@%fﬂi&%laﬁ@ﬂﬂ%@}e tBPi ne. The
rotating elenment 74 er-ably, but_not necess al s |ncI udes

cur vat ur esTHIRE %’E‘@ﬁs 't"h@feﬂ’P’F‘ P““é‘n%é&‘&?ﬁ? %/IBQ .
Cervi cal platguf?77 Mt i asignealts IRSe IR matchaRé cﬁiﬂﬁ:uﬁd oﬂth@verfdbmegﬁt ed openi ng
76 that extends aaﬁross a, portion of tg )ﬁ\ndth of I’VI ngpﬁfﬁ 72. Each

sl ot - 76 i sthFEEHEsY SRIRR ARG B SSTRRE Y HRre %ﬁ ?f‘)l?ﬂ%ﬂ%’e %e vertebrae
to which tt&datoadwvamklofbﬁ caivical kysifle. 'Em:xhtasnhgteleﬂﬁmfmpde&rabmdiumdes a smal |
aperture or _hol e 8 tends thro t the interior sides
of the sl oP"ta’f%aeiS i ’f‘ﬁé’dﬁ%‘f'éanﬁsﬁ'gplggt cpe]"fgt?r%to%eﬁ 01‘% |dts out er edges 86.
The hol e 86unvatusasz7é'd780 accept a hinge pin 82 so that when the rotating

_eI enent 74 s p Oa? gﬁgpo é.uqher lkgﬁdegsoa? LeaZt%ncglotﬂ 'opggnéaq %l can be

inserted into t one or he outer § of the
76 that extends across a portion of the width of cervical plate 72. Eac slot 76 is

15 positioned to match the approximate locations of the vertebrae to which the plate
will be attached. Each slot 76 further includes a small aperture or hole 80 that
extends through at least one of the interior sides of the slot and through the plate
72 to at least one of its outer edges 86. The hole 80 is sized to accept a hinge pin
82 so that when the rotating element 74 is positioned within the slot 76, a hinge

20 pin 82 can be inserted into the hole 80 at one or both of the outer edges 86 of the

" plate 72 and into a hole 84 in one or both edges of the rotating element 74. As
shown in Figure 10, the rotating element 74 is then able to rotate or pivot about .
the hinge pin or pins 82.

Another exemplary embodiment of the invention is illustrated in Figures

25 11 and 12 as a cervical plate system 90. As shown, cervical plate system 90
generally includes a cervical plate 92, at least one rotating element 94, and one or
more bone screws (not shown) for each correspending rotating element 94. The
portion of plate 92 shown has a periphery that is generally rectangular in shape,
but it may instead have a different peripheral configuration, such as having a

30 similar periphery to the cervical plate 12 of Figure 1. The cervical plaie 92
includes a first curvature 97 that is designed to closely match the curvature of the

© vertebrae in the cervical spine and a second curvature 98 that is designed to



plate 72 and into a hole 84 in one or both edges of the rotating el enent
74. As shown in Figure 10, the rotating elenent 74 is then able to rotate
or pivot about . the hinge pin or pins 82. Another exenplary enbodiment of
t he inven lustrated in Figures 2511 and 12 a pl ate
system 90“‘2@05@ 6!;49 cervical plate gystem 90 gener al ISPC%"%%O\;@%%L% cervi cal
plate 92, at | east one rotating el enent 94, and one or nore bone screws
(not shomm) for each corresponding rotating elenment 94. The portion of

pl ate 92 shown has a periphery that is generally rectangular in shape, but
It may instead have a different peripheral configuration, such as having a
30sim lar periphery to the cervical plate 12 of Figure 1. The cervical

pl ate 92 i plobeiy awmteh the lordoticiprvatune ef He cervigal mnfde'ﬁwgﬁ@ﬁng plegicbkel y mat ch

t he curvat ond curvature
08 that is rs%rﬁié]gebﬁ%tt&%%%él ’8311&6535%?:5” uszom%%g%’%% I A5t el y match

t he | or dot pied gegpRceuivawss 9T.188. cer vi cal spine. The rotating el enent 94

preferably, but c@ﬁﬁcamsﬁ&%%ﬁh%maﬁ@@, at %&M@%w@&raaﬁ fRopeRRE Match the
first and second curvatures 97, . Cervical plate further i ncludes at

| eas® one 2 Hat gricrgdssatpss %H‘%‘B@ﬁfﬂ’ﬁ wigth Qﬂ?ﬁ%"“‘éﬂ"@ﬁc@ aeFbeet B Borti on of

the width ga‘)mﬁ&{ewtsaiatdaltﬁé @p&&m&ﬁq&a@bﬁé ofiflc bértdBRRith WRRMChE Iaf@it ch the
appr oxi mat e cations of the vertébrae whi ch the plate be attached.

In additi oﬁ'ﬂl g? aitached. iln adgiliens slopP 1551?’%%@"!9){1%@%?&6@3@59 mﬂw&%ﬁyyot o the slot
desclé_rl bed ﬁ?|s@dtld\é§tirﬁ)9d¥dl&ivelﬁ@ﬂxdieﬂibﬂﬂlnﬁﬁntEfEilgﬁﬁa Ilmltlihtftl’ibadlh ottdge sl ot 96 shown

in Figure et t arotatij ele t hat Jotate
“therein, 1%%] ’Srq%ﬁ °a?ﬁ§FPéaa‘?tFﬁ“a£%{Fm8’rn§"9éhﬁt§a? BOtﬂSﬁ!f e rotating
Slllert]?nt h_94w|1ﬂhot1ﬂ‘req1ﬁhﬁg axgﬁaddtﬂwm!\/e&emeﬂtkl&) Tt Théh&l_fa’;in@éleihhﬁ 9dhalie ng el enent ]

of this e nment rectangul ar a nfrast to the
shape of tf’llg{?%?gﬂvﬁ‘éﬂ’etﬁ%ﬁg Y qftyfg? 1e. ﬁ%’&%ﬁlﬁ?%tg Pgﬁ.‘ soeni'l??dfrﬁarg éregar d, the
outer peri Mimcmlam sitapagn ebutrashtesthe haphef theventinpelemeyt t ake a wi de
variety of, 1&%&58%%{ ﬁgm%ﬁaﬂgﬁ}ak?e £ ARG %nghl Xﬁ{h'e? tXftugé elPGEAQer al
ovi de

shapes t hat éi'r cor n any case, as
i || ustrat edftha nﬁreguoremmtaka ] vadejmatmommaésftan@ to@pwmabdam ate

15 variety of peripheral shapes that may be provided for their corresponding slots.

In any case, as illustrated in Figure 11, in order to assemble the cervical plate

system 90, the rotating element 94 is preferably oriented so that its top and

bottom faces are generally perpendicular to the top face of plate 92. The rotating

element 94 is pressed into the slot 96 until it engages with the inner surfaces of
.20 slot 96 and is able to rotate within the slot 96.

Other alternatives in implementing the basic concept of the present
invention include using one rotating element for each bone screw instead of one
rotating element for two bone screws as discussed above. Still another variation
of this invention would be to use other locking elements to lock the screw to the

25 rotating element (e.g,., a refaining ring) instead of using the threads on the screw
and on the rotating element,

The present invention has now been described with reference to several
embodiments thereof. The entire disclosure of any patent or patent application
identified herein is hereby incorporated by reference. The foregoing detailed

30 description and examples have been given for clarity of understanding only. No
unnecessary limitations are to be understood therefrom. It will be apparent to

those skilled in the art that many changes can be made in the embodiments.



system 90, the rotating elenment 94 is preferably oriented so that its top
and bottom faces are generally perpendicular to the top face of plate 92.
The rotating element 94 is pressed into the slot 96 until it engages with
the inner synfacas,of 20slot 96 and is able to rotate yithin-the slot 96.

Q her alternatives in inplenmenting the basic concept of the present

i nvention include using one rotating elenent for each bone screw i nstead of
one rotating elenent for two bone screws as di scussed above. Still another
variation of this invention would be to use other |ocking elenents to | ock
the screw to the 25rotating elenent (e.g., a retaining ring) instead of
using the threads on the screw and on the rotating el enent. The
present i ndesotibagnvitimt depertiredion dwocpiscaf the inventicne Ty ersgorseifer al

ebodi Ment e pRERTvenfiB sfiiid f& LRIRGIAR e slioff dBRKBA héinPRIeNt
application irdenti 'ed herein s her eby 1 ncorporated by reference. The

f or egoi ng oy & thastagteescdesgritied By SiedarBvaap pEide Kisires ®given for clarity
of understg&ﬁ& cessary limtations are to be understood

t herefrom t‘ﬁ??f&%%°§%%§§gﬁ?'to those skilled in the art that nmany .
changes can be made in the enbodiments 14 described w thout departing from
the scope of the invention. Thus, the scope of the present invention should
not be limted to the structures described herein, but only by the
structures described by the | anguage of the clainms and the equival ents of

t hose structures. 15 WD 2008/ 016539PCT/ US2007/ 016823 Cl ai ns: 1. A cervica
plate system conprising: a cervical plate having a thickness between a top
surface and an  opposite bottom : :



surface, and at |east one slot extending through the thickness of the
plate; 5a first rotating elenent positionable within a first slot of the
cervical plate, the first rotating el enent conprising at |east one threaded
hol e; and at | east one bone scrgg insertable into the at | east one

t hreadedwol2e0pbigshe first rotating elenent. 10 2. The cepgram2opi/aigz2system
of claiml1, wherein the rotating elenment has a maxi numlength that is at

| east sl Kdgimsy | arger than a width of the first slot at a top surface of

t he CerVﬁPa|,Rbék&allme§ngQQ;ﬁ@ﬁML al plate systemof claim1, wherein the
first rotating elené%t has a Pi st end 15 and an opposite second end,

wher ei n at | eagtrviosl @laps having o thicknesabriwsmodnp swids atvban appesdiaveitomprofil e, 4.
The cervical e ai ' .one of a first end
and a se%:‘%?la e’%h(ggtgf: %ﬁﬁee %tggﬁcgiﬁ%&#ﬁhmﬁgﬁ%gsﬁt}]?@tﬁ {e’r otating elenent is
posi t§ onabl e zinpwiaieg ckmesineaivienddlk pitloh i lfest slot ctbpemratal pitey therfgstge Wit h at
| east one of %P&_f%ﬁﬁ} @nd secoqq egdsdﬁg %gimllrs rotating elenment. 5.
The cervical p at'e sy??éﬁ?@?mggﬁiﬁF T oy & Cer vi cal pl ate conpri ses
a first edge,atddasiappbshd rsemestbrdge theat daadne threydpdBélt of he diess raaingss a
width of the plate, and a first 25 curvature between the first and second
edges, a §Mer ei n each rotating el enent conprises a curvature across its
wi dth that generally matches the first curvature of the cervical plate.

6. The cervical plat? systen1of claim1l, wherein each bgne screw is

posi t9 onabl e 5% CRAE! Platesyiien @s ey brithersie st tng LUrera s TP e cer vi cal
plate angngM dadatat RAGRIIPRRAZE 1B 4 FidiNoAhSBist ¥6:Cht RS dul@k JrehAdebnait 0 the
rotatable el enent and is rotatable relative to the cervical plate. 7. The
cervicaIP%Wate systemof claim1l, wherein the at | east one bone screwis
threaded along its entire length. 16 WD 2008/ 016539PCT/ US2007/ 016823 8.
The cervical plate systemof claim7, wherein the at | east one bone screw
conpri sed a hdwdepdnal plow system of glaian | .avhyedn thelfiastirgtetingrlendsabes afgptandn of t he

SCr ey& T Ofy AEpENite Beboh@ bRH, WhBreR] at 136 SO P i Hr & WnP XN erds REGASLELM ned

posi tion.
profile.

4. The cervical plate system of claim 1, wherein at least one of a first end and a second
end of the first slot in which the first rotating element is positionable comprises a concave
20  profile to cooperatively engage with at Ieast one of the first and second ends of the first

rotating element.

5. The cervical plate system of claim 1, wherein the cervical plate comprises a first edge,
an opposite second edge located on opposite sides across a width of the plate, and a first
25  curvature between the first and second edges, and wherein each rotating element comprises a

curvature across its width that generally matches the first curvature of the cervical plate.

6. The cervical plate system of claim 1, wherein each bone screw is positionable so that it
extends beyond the bottom surface of the cervical plate and so that each bone screw is in a

30  fixed position relative to the rotatable element and is rotatable relative to the cervical plate.

7. The cervical plate system of claim 1, wherein the at least one bone screw is threaded

along its entire length.



9. The cervical plate systemof claim1, wherein the at |east one bone
screw conprises a head portion, a tip opposite the head portion, and a

m nor di aneter that increases fromthe tip toward the head portion. 10.
The cervical plate systemof claim1, sherein the at | east one bone screw
conpri seswo®ovgoessds having a helix that matches a hel i xpofr/udpoeadsss2s a
bone into which the bone screw will be threaded. 11. The cervical plate
system of: cl allh¢ gerviga) platresystew s clagn Agwhaiein ths aé legstone bens setew coBPUipEa pl at e
and a CORERARANG B {HEREL Shifb At BEn R GTR SooRASIoL RDAHERE rifhildio each of
the nultiple 15slots A rotating element for use wthin a cervica

pl at e, t Hie hoae sirevn beysnd e pradeteinpigedpasitiookness bet ween a top surface and an
opposite bottom surface and at | east one sl ot extending through the

t hi ckness of the plate, wherein the rotating elenent is rotatably

posi tbon&bl e Whe mcapkilms@m oéfslatnmé w:mreihdiwlat Frlaatoee bdreustres dompsitesaxi s and

wher ei n rotati el enent rises | east one.threaded. hol.e through
its thi C&Qa% ortion, aﬁg oppf:hlte{ﬁ e ad I'(l)étloe %nrrean ng C gtelh] th_aLtjncre SES from t}%ehu

rotatingunhmmﬁmﬁmédpdmmn: conprlses a bone screM/threaded |nto each of the
at least one threaded holes in the rotating elenent. 25 14. A nethod of
assenbling a cervical plate system conprising the steps of: providing a
cervi cal 1pl at Ehdr\@v{héngpaatetdsristeﬂnmﬁsaubetmﬂnaleta@&aﬁ@héam safedr cdmpApROSi t e

oL Y AL i S SR 0 MG S By

surface, pathr@gensi te botton1surface, 30 and at | east one threaded hol e
extending fromthe top to the bottom surface of the rotating el enent;
orienting the first rotating elenent so that its top and bottom surfaces

are geneffl | yTRespaad EI&H:' Fhteth QrEBEN %I’tﬁ&‘%ﬂﬁﬁ&ﬂ@hﬁlﬁ?f@sﬁﬁﬁﬂﬁe dpRcdier vi cal
pl ate; and pressing t rst rotating elenent into first slot. 17 WD

2008/ oms@%@wwm%@qﬁmewf itating Rlsarenss ppsitinnableiwidineeaglept/he anltplat e
syst eg opf,Q the vertebrae of a patient, conprising the steps of:

12. A rotating element for use within a cervical plate, the cervical plate having a thickness

between a top surface and an opposite bottom surface and at least one slot extending through

the thickness of the plate, wherein the rotating element is rotatably positionable within a slot
20 of the cervical plate about a first axis and wherein the rotating element comprises at least one

threaded hole through its thickness.

13, The rotating element of claim 12, wherein the rotating element further comprises a
bone screw threaded into each of the at least one threaded holes in the rotating element.
25
14. A method of assembling a cervical plate system, comprising the steps of:
| providing a cervical plate having a thickness between a top surface and an opposite
bottom surface, and a first slot extending through the thickness of the plate;
providing a first rotating element comprising a top surface, an opposite bottom surface,
30  and at least one threaded hole extending from the top to the bottom surface of the rotating
clement;
orienting the first rotating element so that its top and bottom surfaces are generally
perpendicular to the top and bottom surfaces of the cervical plate; and

pressing the first rotating element into the first slot.



selecting a cervical plate systemfor the patient, the system conpri sing:
5a cervical plate having a thickness between a top surface and an opposite
bottom surface, and at | east one slot extending through the thickness of
the plate and corresponding to the vertzebra to which it will be attached;
and wet20bgasgs3one rotating el enent positioned w thi pcatusmasviesns sl ot
‘of the cervical plate, the at | east one rotating el enment conprising at

I east one threaded 10hol e; positioning the cervical plate on top of the

vertebragsof WhR.RAtdreRblanting a cerAldl Eiréis?'&efﬁ oflfol thd veHeBRY B 4 PuACh Of the at
| east one threaded holes of the at [east one rotating el enent;

rot at i ng cPHRrisng thestsps dhe rotating el enent within the at |east one slot

until the at el j -k Spd i..ed position relative
to the verteb%eg‘i;%ﬁﬁg }?ér%glga%ltp?‘;}lgwggg}ﬁ ﬁ%ﬁ%egkaggécﬁstgﬁﬂ%ﬁﬁbéﬁg ve and drilling a
screwwhol e into the vemnteehiabplatehseng hHyclaessdroveenp tapmudaggrntihe at | east

one threaded hol e @f t tati-ng el,epent and .into.,the screw hole in the
oot obr oa: SHoofitdBalih Adeidd o ST oA Kor AlcRarbl S hthl ARk 0 10
mat ch t hreads of tdfehdfate antbchnrgiondidg tothe tvhvechad tolvaadt it wilkba atactiadnapdel enent ;

SUNEGHETRY TR TR T AT
_ cervical plate, the at least one rotating element comprising at least one threaded
10 hole;
positioning the cervical plate on top of the vertebrae of the patient; _
attaching a drill sleeve to each of the at least one threaded holes of the at least one
rotating element;
rotating the at least one rotating element within the at least one slot until the at least
15  one rotating element is in a desired position relative to the vertebra;
inserting a drill into each drill sleeve and drilling a screw hole into the vertebrae;
inserting a bone tap through the at least one threaded hole of the rotating element and
into the screw hole in the vertebrae;
tapping a hole in the vertebrae that has threads that match threads of the threaded hole
20 of the at least one rotating element; and
inserting a bone screw into the threaded hole of the at least one rotating element and

into the corresponding hole in the vertebra.



