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SPI NE | NSERT Technical Field The present invention
relates to an intervertebral inplant, and nore

wassitobarly, to an intervertebral inplant WPCHKR2005/001451

fi xedly placed between spi nous processes of adjacent
vertebrae to maintain a predeterm ned space between
the spinous processes and to prevent a relative

di spl acenment between adjacent superior and inferior
facets. Background Art FIG 1 is a lateral view of a
typi cal human spinal colum. Referring to FIG 1, a
plurality of spinous procH¥ENEs SERT positioned at the
back of the human body and a plurality of vertebra
bodies 8 are positioned on the opposite side. A
vertebral nerve 1 is located in a space between the

spi nous processes 3 andrkhanveaiekialgbodies 8 .
Interspinous |iganents 7 and |liganentumflava 6 are

posi ti 9ned peityeen theySRiNAYS fI19GR3S€%03 an  intervertebral
Supr aspi nous liganments 5 and a skin 20 run along the

RAgI 18O a%fgfnﬁﬂeiﬁ] N6 SR ustcpré)r‘feﬁl.eearx?ertﬁral implant

aglng proceeds uman spli col um under goes

T Qgressi ves @g re t he space betmee

€ spi nous %r%%@g esP Sggre sggéfgs éP (§Ehté&qﬁf%§es of
d%]acent vertebrae to maintain a predetermined space between

the spinous processes and to prevent a relative displacement

between adjacent superior and inferior facets.

Background Art

FIG. 1 is a lateral view of a typical human spinal
column. Referring to FIG. 1, a plurality of spinous
processes 3 are positioned at the back of the human body and
a plurality of vertebral bodies 8 are positioned on the
opposite side. A vertebral nerve 1 is located in a space
between the spinous processes 3 and the vertebral bodies 8.
Interspinous ligaments 7 and ligamentum flava 6 are
positioned between the spinous processes 3. Supraspinous

13

ligaments 5 and a skin 20 run along the posterior surfaces
of the spinous processes 3.

As aging proceeds, the human spinal column undergoes a
retrogressive change. As a result, the space between the
spinous processes 3 decreases (as represented by a dotted

line (A)), and the ligamentum flava 6 thicken while losing
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line (A) ), and the ligamentum flava 6 thicken while
| osingtheir resilience and protrude anteriorly (as

wo epsesest ed by a dotted line (B) ). Theref or ePCT/R&2005/001451

Spi nous processes 3 or the |iganmentumflava 6 conpress

the vertebral nerve 1 or the nerve processes (not

shown) connected to the vertebral nerve 1 which is

cal l ed "spinal stenosis." Mediegation, physica

t herapy, and surgery have been utilized in the

treatment of spinal stenosis. Surgical treatnent is

ddire tnheds Shi erage saefopreteufroenberierdged ashrepptesented by
non-surgi cal treatnents. The nost common type of
surdetyedonéneo (Bieat dhienalfategnosiies spineusvipmgcesses 3 or
bones or tissues conpressing the vertebral nerve, and

& rscrlewaysrgain Sfltdven 6 nseigetsd e thertsgh el terve 1 or the
overcome spinal instability due to bone or tissue

My Pralp r JdBE | (ridd SHMRE oSt @y tHVihde%ertebral nerve
general anesthesia since a |arge volune of bone or

tii, SsHe drs fremviadq I\@pqgfglt I il engt hy surgery and
recovery period is required. Thus, It may be difficult

to a d er. X sical Ly weak el der|
per sgﬁg%éd%?%%g{ra?mr%}f&%nsa is%%&:taéyy s%rrl(gi cséir%euﬁ%oﬁgge been

.as._conmplicatiqns qccur, frequently.and the surger ,
TP oI 08 A i Tl A e Surgical
Kor ean Pat ent Efid' en Publication No. 2002-0068035
GrEAYEEHL oS done when spinal stenosis cannét be managed

through non-surgical treatments. The most common type of
surgery done to treat spinal stenosis is removing bones or
tissues compressing the vertebral nerve, and a screw gauge
is then inserted into the spine to overcome spinal
instability due to bone or tissue removal. However, this
type of surgery inﬁolves general anesthesia since a large
volume of bone or tissue is removed. In addition, a lengthy
surgery and recovery period is required. Thus, it may be
difficult to apply the surgery to physically weak elderly
bersons. Furthermore, unsatisfactory surgical outcomes such
as complications occur frequently and the surgery can be
expensive.

As a solution to these problems, Korean Patent Laid—
Open Publication No. 2002-0068035 discloses an
intervertebral implant inserted between two spinous

processes. The newest technology related thereto 1is

illustrated in FIG. 2.
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intervertebral inplant inserted between two spinous
processes. The newest technology related thereto is

wo kdosgtmst ed in FIG 2 .Referring to FIG 2 , BEI/KR2005/001451

intervertebral inplant includes a spacer 2 having two
opposi ng notches suitable for receiving two spinous

processes 3a and 3b of two vertebrae to be inserted

bet ween the two spinous processes 3a and 3b. Here, one

of the two opposing notches is defined by two upper

flanges |la and 12a with inner walls and the other '

not ch Refgerined e t wbIFewer2 f| atges intierawd tEMradi t himplant
inner walls. The intervertebral inplant also includes

tiresl uds encPBter & Isecing ngve heppeicey otohehestitmable for
Sspi nous processes 3a and 3b. These ties 13a and 13b
steqedinch s utk@aceppootisopsoeksklke SJa nd Pboogs B Jéertebrae
and 3b. After the intervertebral inplant is inserted

bes veeHASertd® BLROES Pheceasesplacard pHdbcedids ofa and 3b.
the ties 13a and 13b are pulled to hold the ties 13a

and-el3boha ROSI £haN. t§ESULbbRInEN ﬁ@c’:‘r{éé‘gigf 3(2)5‘@:%I}1ed by two

spacer 2 to the two spinous processes 3a an

; etf ofl%égegetl%%;eéljg% EQ%’ tv&iq{h oE’.nhQ? %Paei(‘lgsr 3‘%1,1dathe other

I erted ween t I NoUs procesSses 3a an

LRI o e D £988 DL BRI LRI ien snne
EEﬁg&Lans¥ﬁgs%ngg¥¥g¥£éﬁ}§%ﬁg%gigg%l%fggrhgglaggg ties 13a
and 13b for securing the spacer 2 to the two spinous
processes 3a and 3b. These ties 13a and 13b surround
surface portions of the spinous processes 3a and 3b.

After the intervertebral implant is inserted between
the two spinous processes 3a and 3b, ends of the ties 13a
and 13b are pulled to hold the ties 13a and 13b in position,
resulting in securing of the spacer 2 to the two spinous
processes 3a and 3b. In addition, to detect the position of
the spacer 2 inserted between the spinous processes 3a and
3b, a transversal member which does not permit x-rays to
pass therethrough may be inserted intoc the spacer 2. The

transversal member is sufficiently thin so that x-ray

observation is not disturbed, and it is encased in a central

housing 14.

Description of the Drawings

FIG. 1 is a lateral view of a typical human spinal
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observation is not disturbed, and it is encased in a
central housing 14. Description of the Drawings FIG 1

w0 2008/1k@seral vi ew of a typical human spi nal cOPCIIRR2005/001451

FIG 2 is aviewillustrating a conventi onal
intervertebral inplant. FIG 3 is a perspective view
of a spacer according to an enbodi nent of the present
invention. FIG 4 is a front view of a spacer
according to an enbodi ment of the present invention.
FIG 5 is aright side view of a spacer according to
grlembedi nent of the present invention. FIG 6 is a
perspective view of a strap according to the present

i nvent¥o®. FRGS.ig amd 8vaee vildusisiraisinoatiag tdmnventional
insertion of a spacer into the human body. FIG 9 is a
dinagraeratbeali ewpdbing .spi nal col um showi ng a spacer

i nserted between adj acent spinous processes. FIGS. 10

throughrd3 aresseqyivdpdctiiwensvidd UsET at ispgcklre according to
installing of a spacer with a strap according to a

Ly shomadinredts ehot b cR@senhvidiari.on. FIG 14 is
a viewillustrating a spacer installed with

FIG. 4 is a front view of a spacer according to an
embodiment of the present invention.

FIG. 5 is a right side view of a spacer according to
an embodiment of the present invention.

FIG. 6 is a perspective view of a strap according to
the present invention.

FIGS. 7 and 8 are views i1llustrating the insertion of
a spacer into the human body.

FIG. 9 1is a diagrammatic view of a spinal column
showing a spacer inserted between adjacent spinous processes.

FIGS. 10 through 13 are sequential views illustrating
the installing of a spacer with a strap according to a first
embodiment of the present invention.

FIG. 14 is a view illustrating a spacer installed with
a strap according to a second embodiment of the present
invention.

FIGS. 15 and 16 are sequential views illustrating the
installing of the spacer with the strap according to the

second embodiment of the present invention.

FIG. 17 is a diagrammatic lateral view of a spinal
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a strap according to a second enbodi nent of the
present invention. FIGS. 15 and 16 are sequentia

WO R@Ag1G258 ustrating the installing of the spacRCT/RKRR215/001451

the strap according to the second enbodi nent of the
present invention. FIG 17 is a diagrammatic |latera
vi ew of a spinal colunm showi ng a spacer inserted
bet ween adj acent spi nous procegses according to an
enbodi nent of the present invention. FIG 18 is a

di agrammatic view illustrating a lever systemin the
e ho8ovine, a1 9spacar dilagesrhast i keViean ofadd angmdn spinous
spinal colum illustrating normal articulation of

e g it sacFPBEling i $oa diragremipedinent ewoshowiliey present
the state of a spinal colum after a spacer is
iimsmeartteicbrt.her ei nt o according to a conventi onal

technique. FIG 21 is a diagranmtic view show ng the

state pica si§ nak col am%aémat@csmw is1h8eeately a lever
thereinto according to the present invention. FIG %2

igygtéHQQhﬂHélﬁﬁﬂéﬁiﬂgﬁ§ﬁe profile slope of a first
notch of an intervertebral inplant according to an

Soog. PRl ofoth PLesaRbol ONRALLAN PLOY YT {REn¥nY spinal
column illustrating normal articulation of facet joints.

FIG. 20 is a diagrammatic view showing the state of a
spinal column after a spacer is inserted thereinto according
to a conventional technique.

FIG. 21 is a diagrammatic view éhowing the state of a
spinal column after a spacer is inserted thereinto according
to the present invention.

FIG. 22 is a graph illustrating the profile slope of a
first notch of an intervertebral implant according to an
embodiment of the present invention plotted in the x-y
plane.

FIG. 23 is a histogram illustrating the distribution
of lower surface slope measurements of the third spinous
process.

FIG. 24 is a histogram illustrating the distribution
of lower surface slope measurements of the fourth spinous
process.

FIG. 25 is a flow diagram illustrating a method of

manufacturing a first notch of an intervertebral implant
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FIG 23 is a histogramillustrating the distribution
of | ower surface sl ope neasurenents of the third

wa@piosoursprocess. FIG 24 is a histogram il | usPCEKRA®S/001451

the distribution of |ower surface slope neasurenents

of the fourth spinous process . FIG 25 is a flow
diagramillustrating a nethod of manufacturing a first

notch of an intervertebral inpkantaccording to an

enbodi nent of the present invention. FIG 26 is a

graph illustrating the [ ower surface slope of the

teaar Egindiss 3 caessliglatt exf ithe mreesntplianentHa.

27 is a graph illustrating the | ower surface slope of

the foHAGh sPénds progesshpliotlwst ratine xhe planer surface
FIG 28 is a graph illustrating the nmean | ower surface
Hloe off the: tdnindl aid oty tdr s ysl quieeksisesche x-y plane.
plotted in the x-y plane. FIG 29 is a schematic bl ock

di agragrl | ustratd ng agﬁa%ﬁalllmﬁﬂ% erdH) $¥GEeM surface
according to an enbodi ment of the present invention.

%1% pSht Sk ff&gél%as%ﬁ%dé T%Pédﬁééé @l?t@f%”ﬂ LHBYE v plane.

ustering acco to an e ment present

:o?\éggtrl gg' 5%6153%1 Igra%) detleiusecdrgtllonvc_\g q:hag’rn?en%ﬁ) 18ver surface

slope of the third and fourth spinous processes plotted in
the x-y plane.

FIG. 29 1is a schematic block diagram illustrating a
spinal image clustering system according to an embodiment of
the present invention.

FIG. 30 is a flow diagram illustrating a spinal image
clustering according to an embodiment of the present
invention.

FIG. 31 is a detailed flow diagram of a preparing
operation S210 of the spinal image clustering of FIG. 30.

FIG. 32 shows a spinal sectional image of 256 gray
levels with a selected volume of interest (VOI).

FIGS. 33 and 34 are respectively a sectional image of
256 gray levels for a selected VOI and a binarized sectional
image of the 256 gray-levels image by image binarization.

FIG. 35 is a detailed flow diagram of a clustering
operation 5220 of the spinal image clustering of FIG. 30.

FIG. 36 is a detailed flow diagram of a representative

image matching operation S270 of the spinal image clustering
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operation S210 of the spinal image clustering of FIG
30. FIG 32 shows a spinal sectional imge of 256 gray

wo ewslis2dg t h a sel ected vol une of interest (VQPQT/KR2005/001451

FIGS. 33 and 34 are respectively a sectional inage of

256 gray levels for a selected VO and a binarized

sectional inmage of the 256 gray-Ilevels inage by inage

bi nari zation. FIG 35 is a det?iled fl ow di agram of a
clustering operation S220 of the spinal inmage

clustering of FIG 30. FIG 36 is a detailed flow
difadidém S0 -a representative i mage mat chi ng operation

S270 of the spinal image clusteringof FIG 30. FIG 37

IS an BXénpBar ysveewegbmplpepr esemnt atfi vwe dampgesentative image
mat chi ng operation according to an enbodi nent of the
plaestihg py@itEtdon RICGSrdddig Woough efboatrigessectdOrdle present
views illustrating assignment of gray-level values to

an&ase ilopmge and a region of interest (RO) of a

mat chi ng tenpl ate according to an enbodi nent of the

presenfxégye@%iQﬂnslgﬁ% 43 152 PEESPSEL] VG kLEW ; lustrating

illustrating a varia space that can be scanne y a

e j_| a ccordi ng to _an_enbodi nent .
TSRO, AR TRt R0 10 SR 2RO segion

i.ew illustrat,i di t th ,
L D BB RS SRRt 1508 Bhcoraing o o

embodiment of the present invention.

FIG. 41 is a perspective view illustrating a wvariable
space that can be scanned by a matching template in a case
according to an embodiment of the present invention.

FIG. 42 is a perspective view illustrating a  spacer
according to another embodiment of the present -invention.

FIG. 43 is a diagrammatic lateral view of: a spinal
column illustrating the placement of the spacer of FIG. 42
between adjacent spinous processes.

FIG. 44 is a sectional view of the spacer of FIG. 43
fitted with a band.

FIG. 45 is a perspective view illustrating a spacer
according to still another embodiment of the present
invention.

FIG. 46 is a left side view of the spacer of FIG. 45.

FIG. 47 1s a dlagrammatic lateral view of a spinal
column illustrating the placement of the spacer of FIG. 45

between adjacent spinous processes.
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FIG 43 is a diagrammatic |ateral view of a spinal
colum illustrating the placenent of the spacer of

wWO-b@5/14R25bet ween adj acent spi nous processes. FPA/KRE2005H01451

a sectional view of the spacer of FIG 43 fitted with
d band. FIG 45 is a perspective viewillustrating a
spacer according to still another enbodi nent of the
present invention. FIG 46 is g left side view of the
spacer of FIG 45. FIG 47 is a diagrammtic | ateral
view of a spinal colum illustrating the placenent of
the spacer of FIG 45 between adjacent spi nous
processes. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
RETANIFD DESCRIRTION (O THE VENUEBNIEON | nt er vert ebr al

i mplant shown in FIG 2, in addition to the

i nterspi nous |iganment Fechateallherspileaus processes 3a
and 3b, in which the spacer 2 is inserted, a higher

i nter sphnogse | ichaRRM: 1 12 hﬁﬂ@fvéﬂtﬁbﬁalrﬂﬂﬁblant shown in
i gament are also renoved and then the spinous

mmeze%ﬁfﬂa@d@tﬁ?ﬂ HE S rﬂ%@f@pﬂoﬁ@%ié&ﬁe&@%@%een the

3b such, since unaffected |iganents are al so
r urgery,and yecovery S, _
SFEy PERUTEe oA I IR AR P napaes 2 i

l”%ggrgé&W@es 1%a gnd 11nte§sp1nous ligament and a lower
interspinous ligament are also removed and then the spinous
processes 3a and 3b are surrounded by the ties 13a and 13b.
As such, since unaffected 1ligaments are also removed,
lengthy surgery and recovery time is required. 1In addition,
since the tie 13a surrounds the upper flanges 1la and 12a of
the spacer 2 and the spinous process 3a and the tie 13b
surrounds the lower flanges 1lb and 12b of the spacer 2 and
the spinous process 3b, the horizontally-directed bearing
power for the spacer 2 low. Thus, when an external force is
applied to the spacer 2 in a horizontal direction, the
spacer 2 may be dislocated in a horizontal direction.

When the human body is debilitated by age or when an
intervertebral disc 4 is affected, in addition to the above-
described spinal stenosis, a relative displacement between a
superior facet and an inferior facet may occur or adjacent
vertebrae having the affected intervertebral disc
therebetween may undergo vertical or horizontal motion,

thereby causing the patient a lot of pain.
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the spacer 2 and the spinous process 3a and the tie
13b surrounds the lower flanges lib and 12b of the

wWGEpasa10228 and t he spi nous process 3b, the PCT/KR2005/001451

hori zontal | y-directed bearing power for the spacer 2

| ow. Thus, when an external force is applied to the

spacer 2 in a horizontal direction, the spacer 2 may

be dislocated in a horizontal glirection. Wen the

human body is debilitated by age or when an

intervertebral disc 4 is affected, in addition to, th
abovedeseeidietkpi nal 16t enbsi s, NBCREFAFYve to  develop  an
di spl acenent between a superior facet and an inferior |
facetrvemycbealr bmpadpbcertayerdaabr zedig@i ngafhent pain and
affected intervertebral disc therebetween nmay undergo
wektba@brer, hesi zeatgl imtisargibelebyreausémy, t end can Dbe
patient a |lot of pain.Accordingly, it is necessary to

%ﬁ&%ldqg aR duRleer er kalr akijaRnanivelitabrean reduce
pati ent pain and disconfort, is easy in surgica

treatnpol, @%%e%%n bgvEixedhy reecurgdnt adad adj agent of the
vert ebr ae. e present

I nventi on has been made in vi ew
%% t he above- probl ens The

. . .
Vit er%_@?}t)% TR n’pITa{ln? tﬁgtESrérg?nt L\Jir}}rll‘gé%ﬂ% Prg¥odedes  an
\p;iéuli:teé:}yr edet giﬁg% sPhag brgct N e%:: I Egggigrso%eifrrgezjteﬁeMed space

r ve |splac et ween

the two ver rae. Th r nt i nventian,al I Qvi
é:ﬁatlwfﬁ%)( Vgpilggl‘;lgﬁ procee s%eess eO tWOe vtelr%eba}:aseo gng\”pq:eesvents a

relative displacement between the two vertebrae.
The present invention also provides an intervertebral
implant that can be placed between spinous processes after

removing only an affected interspinous ligament.

Technical Solution

According to an aspect of the present invention, there
is provided an intervertebral implant including a spacer
having two opposing notches receiving two adjacent spinous
processes and a band securing the two spinous processes and
the spacer, the spacer including a through-hole bored
through sides of the spacer to allow the band to pass
therethrough and depressions curved inwardly from outsides
of the spacer to facilitate fastening of the band passed
through the through-~hole, and the band binding the two

spinous processes and the spacer in a figure 8 while passing
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i npl ant that can be placed between spi nous processes
after renoving only an affected interspinous |iganent.

waembniest Sol uti on According to an aspect of PEBEKR2005/001451

present invention, there is provided an intervertebra

i npl ant i ncluding a spacer having two opposi ng notches

recei ving two adj acent spinous processes and a band

securing the two spinous procegses and the spacer, the
spacer including a through-hole bored through sides of

the spacer to allow the band to pass theretthu h and
8BpPESE bhe EHEPEENTARELIIEY FPREMTEULEeI&Y % us processes
spacer to facilitate fastening of the band passed

ehdotigk sbecemrough-hole, and the band binding the two

spi nous processes and the spacer in a figure 8 while

passi ngucoughinched mmoigierhelspacs s¥cdbe Hresand invention,
spi nous processes and the spacer. According to another

aspeet 0f theopi@sentan nienkrerrtebend | $smpieutdethalhuding a
intervertebral inplant including a spacer having two

QRReSINY NRLGRES Bl ressbying tWetaHeaceahdspime@dsving two
processes, an elastic folding portion connecting the

ta\gg aQRRQSI %g)l%%h%he?r%&s%re%duc'aﬂg N Ll@a i Golding c?ortion

toring rceto unter an external force generate

f th t t
PR LBV SRR TR Ry o gaaseie
band bi,ndi

res orlnglg%rce to counter an external force generated from
the two spinous processes, two through-holes formed
respectively on the two opposing notches, and a band binding
the spacer and the two spinous processes by passing through
the two through-holes.

According to still another aspect of the present
invention, there is provided an intervertebral implant
including an upper body having a first notch, a lower body
having a second notch opposite the first notch, a
cylindrical receiver formed on-a lower portion of the upper
body, and an insertion member formed on an upper portion of
the lower body and partially inserted into the cylindrical
recelver and having a first angle portion formed near an
insertion front part and a second angle portion formed near
an insertion rear part, the first angle portion and the

second angle portion having different slopes.
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t he spacer and the two spi nous processes by passing
t hrough the two through-holes. According to stil

wap@thensaspect of the present invention, therBCT/KR2005/001451

provided an intervertebral inplant including an upper

body having a first notch, a | ower body having a

second notch opposite the first notch, a cylindrica

receiver formed on a | ower pontion of the upper body,

and an insertion nmenber forned on an upper portion of

the | ower body and partiall |nserted into the

cylindrical receiver MREeh&PEng¥ePHEP angl e portlon

formed near an insertion front part and a second ang

porti defeimafitewar dhe nsarndfermachr RO Y rstOf the
angle portion and the second angle portion havin

dif/Beténh swbpes. Medectplalmedntwioth Hebwea wHaider %ﬂﬁ% present
preferred enbodi nents of the invention will be

expkaitned with doawbegsiesthdbedesente ifdyt wdrthwirdference to
now be described nore fully with reference to the
%ﬁ%oﬁ%@%ﬁbﬁﬂy@h@WUﬁﬁ%an@% WAINC RyhArcef eriedd rerded éinientisnents of
of this invention are shown. Advant ages and features

‘E ihes prEsetn | QYentdiRand ABLEREs et asceonddSiidy of the

e same nay e under st ood nore readlly by reference

%ﬁﬁ%%FnLgHG% Egﬁﬂlﬁ%kﬁ%§§rbftéeeoﬁ 1PERLRET @fe same may

S and the acconpanyln draw ngs. The present
% e@ﬁégpsgggd ggﬂga réadlly by reference to the following

detailed description of preferred embodiments and the

accompanying drawings. The present invention may, however,

be embodied in many different forms and should not be

construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete and will fully
convey the concept of the inventionvto those skilled in the
art, and the present invention will only be defined by the
appended claims. Like reference numerals refer to like
elements throughout the specification.

An intervertebral implant according to the present
invention includes a spacer maintaining a predetermined
space between two adjacent spinous processes, and a strap
binding the spacer and the two spinous processes.

FIG. 3 is a perspective view of a spacer 30 according
to an embodiment of the present invention. Referring to FIG.

3, the spacer 30 includes a first notch 33a, a second notch
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be enbodied in many different forns and shoul d not be
construed as being limted to the enbodi nents set

wo oooshi1d288 ei n. Rat her, these enbodi nents are pPOWK#e@s/001451

so that this disclosure will be thorough and conplete
and will fully convey the concept of the invention to
those skilled in the art, and the present invention
wi |l only be defined by the appended clains. Like
reference nunerals refer to like elenents throughout
t he specification. An intervertebral inplant according
3oy hef igrds ehtangremlanndcBiddes sacopdc &l apgiest Sl mpd 32b,
a predeterm ned space between two adj acent spinous
pr dtiesse siernes i ot r 3P, bandergntiheeppaser cand adet advppposite
spi nous processes. FIG 3 is a perspective view of a
$hac i3t alegaedisieon dnait eoadi)erindofa tthequigdsérile 35.
invention. Referring to FIG 3 , the spacer 30
i ncl udgsca i rsiodt ERe 33Racersexmngdrnetrgh33b, aki kSlewed from
fl anges 31a and 32a, second flanges 31b and 32b, a
st opr easi Whith 8nSeaend geprgssiondacated;s symmetric
opposite the first depression (not shown), and a

roug ol.e 3! .5h0 f .
e le g e, AT MFSYPafBedo sbout
§?£§ r é?g .S §yntetric about the top-bottom axis, but
[ ngf oﬁjﬁglsﬁ?ﬁﬁﬁTic about the left-right axis. The
spacer_30 is inser%ed bet ween two adj acent spi nous _

The spacer 30 1s 1nserted between two adjacent spinous

processes 3a and 3b affected by spinal stenosis. The spacer
30 has the first notch 33a for receiving a lower portion of
an upper spinous process among the two spinous processes,
and the second notch 33b for receiving an upper portion of
the other spinous process, i.e., a lower spinous process.
The first and second notches 33a and 33b face opposite
directions, and support an upward- and downward-directed
compression force of the higher and lower spinous processes.

Generally, upper and lower portions of spinous
processes have different shapes. That is, the lower
portions of spinous processes are relatively narrow and
elongated, whereas the upper portions are relatively wide
and shortened. Thus, it 1s preferable that the dimensions
of the first notch 33a and the first flanges 3la and 32a are
different from those of the second notch 33b and the second
flanges 31b and 32b so that the first notch 33a and the

first flanges 3la and 32a are fitted with the lower portion



10

15

20

25

processes 3a and 3b affected by spinal stenosis. The
spacer 30 has the first notch 33a for receiving a

WO oMen1268 t i on of an upper spinous process anoPI/KR2005/001451

two spi nous processes, and the second notch 33b for

recei ving an upper portion of the other spinous

process, i.e., a lower spinous process. The first and

second notches 33a and 33b facgy opposite directions,

and support an upward- and downward-directed

conpression force of the higher and | ower spinous

miocdss egppernepanbys pmeeessnd arshethposerond pptch 33b and
spi nous processes have different shapes. That is, the

I'hwer spoohd ofd aoespi Iidus apdocEdsesgrar €irtdleat i wetly the upper
narrow and el ongat ed, whereas the upper portions are
iddiioelof whde laned s hyimnsd prBuess.it is preferable

that the dinmensions of the first notch 33a and the

first thangass¥lananeh 328aares dytkenent gy ophéhasesef flanges
t he second notch 33b and the second flanges 31b and

Tid Shidsisdde a0t ffﬂléhféeh“?gﬂleifﬁzﬁif?%‘%o;“t@eg‘fsdire"ted
i , 33

U %?%lgi%l%%:sagéﬁgﬁgéF;%%%%Zﬁ%% %L?ﬁééi%sgﬂgpﬁgfje seeone

TR B95h; A% teiRety Hhe hEr Aeadi dagt e ognd 32b,

, .which prevent_left- and ni%ht-directed di spl acenent s
hudhe RPN S pl didkis pPEcEdghtafd reréeseddiigplacements of the

lower spinous process.

The first depression 34 is formed on the left side of
the spacer 30 and the second depression 36 is formed on the
right side of the spacer 30. The first and second
depressions 34 and 36 facilitate the pulling of both ends of
a strap passed through the through~hole 35. In order to
install the spacer 30 between adjacent spinous processes,
the first depression 34 is curved inwardly from left outer
edges of the first flange 31la and the second flange 31b, and
the second depression 36 is curved inwardly from right outer
edges of the first flange 32a and the second flange 32b.
The inward curvature can be changed according to user
requirements.

The through-hole 35 is a hole bored through left and
right portions of the spacer 30 and has an elongated slot
shape which is wide enough to receive the width of a strap.

A detailed description of the structure and shape of the
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notch 33b is defined by the second flanges 31b and
32b, which prevent left- and right-directed

waele@phaessrent s of the | ower spinous process. TPET/KRe@E/001451

depression 34 is forned on the left side of the spacer

30 and the second depression 36 is fornmed on the right

side of the spacer 30. The first and second

depressions 34 and 36 facilitate the pulling of both

ends of a strap passed through the through-hole 35. In

order to install the spacer 30 between adj acent
thircogh-podeeSSewilithbef providegr edgihoredsrienceutpedIG. 5.
inwardly fromleft outer edges of the first flange 3la

and t heIGecoéndidvengeh8lbpaard tite sEcodit.deprassivarwed from
36 is curved inwardly fromright outer edges of the

frhestrilghangd 32 mnad ft FG.econd all angan3db. Fllte i)\wadttek right
curvature can be changed according to user

?%%iib%wegﬁ%h@h%gé&@gboh@se §éti%ﬁ;ﬁml@@r§cboa}§&t the top-
hrough left and right portions of the spacer 30 and

ngat ed xS I ' | odgh ;
3% 3k 95%98? © ﬁ§ OEgég?fggﬁQifgg#iiﬁ%%ﬁﬁﬁﬁ 46N 19 inserted

receive the wi dth of escription

f . the structur.e and shape of _thethrough-haql.e 35 Wl .
etwe%n. E}éﬂg V%d{j%creé% S :Lnoutso H.lclo&eqose.sgﬁan:f? SEE mélrectlon,

€ Provi erénce

e spager 30, oL FLG bessiewed LLamihe Lol 945y e
?:fh et Q:%v oS pszigl)cienro usso pirso cneost s essy.m”r%torni S%_ dae?_”oililltg ttqlee tgoeelbeort at lo ne],hap e of
spinous processes, the first and second notches 33a and 33b
may have steeper slopes from an insertion front part to an
insertion rear part.

The through—hole.35 is bored through 1left and =right
portions of the spacer 30, and has a width b which is wide
enough to receive the width of a strap 40. The through-hole
35 has a height h that allows the injection of three strands
of the strap, i.e., that barely allows passage of the three
strands of the strap. That 1is, since a predetermined
frictional force must be generated among the strands of the
strap passed through the through-hole 35, compression of the
strap is required. Thus, it is preferable that the through-
hole 35 is formed to a height equal to three times 5f the
thickness of the strap minus a predetermined value (o). The
larger the o value, the smaller the frictional force among

the strands of the strap, whereas the smaller the o value,

the smaller the frictional force among the strands of the
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axis. A s such, when the spacer 30 is inserted between
two adj acent spinous processes in the (E) direction,

wo b@sfiieest and second notches 33a and 33b can PET/KR2a0sa01451

with the two spinous processes. Considering the

general shape of spinous processes, the first and

second notches 33a and 33b may have steeper slopes

froman insertion front part 4{® an insertion rear

part. The through-hole 35 is bored through left and

right portions of the spacer 30, and has a wdth b .
sihiagh. | SIwi dei enoeghrde theeiov @alive vi Ht3eBPrRIRRF gpccording
40. The through-hole 35 has a height h that allows the

o £cddéonred fhteeistahnfioroé ahengtthp, strendstahtthe strap.
barely all ows passage of the three strands of the

Siid ap. vEale | 8anSigicedatpretrsér rimpdd ifoaildtyi, onalt f dtcenay be
nmust be generated anong the strands of the strap

Q@Q§€Qn£béfyﬁhs$%§l£ﬁr@&gﬁhgofﬁiéﬁme§§n@feBBéOﬂtnépthe

strap is required. Thus, it is preferable that the

h ' ' |
:i ng%;r%@[ﬁeﬁcg%tw,gk%féégggfkgra i ght el ot o o igemless and

the strap mnus a
redeterm ned value (.). The larger the a value, the
gﬂi? e?eF%g Fp?ﬁt?gnéﬁ%?%%gg'annng the strands of the
strap, whereas the snaller, the a,val ue, .t I
the fr5%34 obalSf & REEMRRGTTR YEFYn §J6¥H$ﬁ§§ rag% pErap 40

this regard, the a value is determ ned according to a
desFERHUELNGL | BRal lfﬁ%%%e%%%a%helwlr%lhaﬁs Bfeqny Cto  the
strap.

present invention. The strap 40 binds two adjacent spinous
processes and a spacer in a figure 8 form. The strap 40
includes a band 43 for fastening the spacer, a hooks formed
at both ends of the band 43, and connecting bortions 42 and
45 connecting the hook to the band 43.

There are two hooks: a first hook 41 and a second hook
44, The first hook 41 passes through an interspinous
ligament above an upper spinous process and the shape of the
first hook 41 is determined by the upper shape of the upper
spinous process. The second hook 44 passes through an
interspinous ligaﬁent below a lower spinous process, and the
shape of the second hook 44 is determined by the lower shape
of the lower spinous process. Thus, the dimensions and
radius of curvature of the first hook 41 are generally
larger than those of the second hook 44.

The band 43 has a relatively large width w and a

relatively small thickness t. Both ends of the band 43 have
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The a value can be determned enpirically, but it may
be substantially simlar to the thickness of the

W@ 008010288 ef erabl y, the spacer 30 i s made of aP¢HKRR@S®01451

and solid netal such as titanium FIG 6 is a

perspective view illustrating a strap 40 constituting

an intervertebral inplant according to the present

i nvention. The strap 40 bi ndsjgwo adj acent spi nous

processes and a spacer in a figure 8 form The strap

40 includes a band 43 for fastening the spacer, A h
Moakd sfecvmdy araboow erddhof tehePaeFtasthignpand 43 to the
connecting portions 42 and 45 connecting the hook to
thesbandd43ecther dicarkes t4ilo wooké4-a FhesPapsbid 4 mandoe made
a second hook 44. The first hook 41 passes through an

Lot er spinotsl | gagRNt abeream cppe€fispenbuprieeekion, and
and the shape of the first hook 41 is determ ned by

LhscHPPeL shapgiebst heouppae spumeds pbdgessfotheexample, a
second hook 44 passes through an interspinous |iganent

gg%gﬁ%@%%gEQQﬁﬁﬁgnoﬂﬁd@r9Q§§31p%ﬂ ekhershapga®lirdhe leather,

( deternm ned by the |ower shape of the
GPUTE SR BgPRRE skl o ronsone g o
?2?2t?£§§§‘? réggmﬁg%ﬁﬁsfgﬁgh%4fllJ@@rgéfgg4§hga§n§ertion of
a spacer 30 into the body of a patient. First, as shown in
FIG. 7, a supraspinous ligament 5 1s lifted and its
corresponding interspinous ligament 7a is removed. Then, as
shown in FIG. 8, the spacer 30 is inserted in a space
between two adjacent spinous processes 3a and 3b where the
interspinous ligament 7a has been removed.

FIG. 9 shows the spacer 30 inserted between the
spinous processes 3a and 3b through the procedure shown in
FIGS. 7 and 8 as viewed from the back of the body. As shown
in FIG. 9, the spacer 30 is inserted between the two spinous
processes 3a and 3b, and the two spinous processes 3a and 3b
are held by opposing notches 33a and 33b of the spacer 30.
However, each spinous process may be slightly moved left or
right by flexion of the spinal column. As such, the spacer
30 must be installed with a strap. For convenience of
illustration, the securing of a spacer with a strap will be
described with reference to (F) of FIG. 9.

Two embodiments about the securing of a spacer with a
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relatively small thickness t . Both ends of the band
43 havea rel atively narrow wi dth to connect the band

waldosnibe first and second hooks 41 and 44. TPEI/ER2@)5/001451

43 may be nade of a material with a certain
coefficient of friction, and which is harmess to the
human body, for exanple, a synthetic fiber nade of

pol yester, natural |eather, artjificial |eather, or the
like. FIGS. 7 and 8 are views illustrating the

insertion of a spacer 30 into the body of a patient.
Sitrep, FCSHHWY | RoFIthe 7pregeslplagintd@es |Wigbhehe Provided

is lifted and its correspondi ng interspinous |iganent

hered nediered. Then, as shown in FIG 8 , the spacer

30 is inserted in a space between two adj acent spinous

pr ocesBEGS 3a Hhd 3Hroawdr e 1Bheillauetspicroushki gasentind@ of a
has been renoved. FIG 9 shows the spacer 30 inserted

Reween i sPi BeUsSppheeessesgd3aan Bbr&hrengbdifent of the
procedure shown in FIGS. 7 and 8 as viewed fromthe

Paclsctfc thevdRYonAS QWY | Ny EEGrrIng the #Racer @0 a first

i's i nserted between the two spi nous processes 3a ‘and

%’%o]@”?l”ﬂg £ o3RI > PaoLs %%%%#%ﬁhaﬁdtﬁ?o&&@aﬁﬂg 35 (not

y 0pposi ng notches 3 e spacer

BUBHST PR gpLagys Jycoesg Y becsliantl v migg

%uch tnggﬂ g%g:rbgo anJ].JlSotwebde chStSAégdtvﬁ”rto@g S}irrlapairea of an
interspinous ligament 7b near an upper portion of an upper
spinous process 3a. Referring to FIG. 12, the first hook 41
is again allowed to pass through the through-hole 35 of the
spacer 30, and a second hook 44 is allowed to pass through
an area of an interspinous ligament 7c near a lower portion
of a lower spinous process 3b.

Finally, the first hook 41 and the second hook 44 are
removed, and both ends of a band 43 are tightly pulled in
the direction of the arrow shown in FIG. 13. When both ends
of the band 43 are pulled, the band 43 is closely contacted
to depressions 34 and 36 (not shown) of fhe spacer 30, which
ensures a more secure fastening of the spacer 30 to the
upper and lower spinous processes 3a and 3b. A knot 46 is
tied with the first hook-free end of the band 43 and a
strand of the band 43 surrounding the lower spinous process

3b, and a knot 47 is tied with the second hook-free end of

the band 43 and a strand of the band 43 surrounding the
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illustration, the securing of a spacer with a strap
W Il be described with reference to (F) of FIG 9

wawmsenassli nent s about the securing of a spacePCTKRR005/001451

astrap according to the present invention will be

provi ded hereinafter. FIGS. 10 through 13 illustrate

the securing of a spacer with a strap according to a

first enbodi nent of the preseniginvention. First,

referring to FIG 10, a first hook 41 is allowed to

pass through a through-hole 35 (not shown) of a spacer
HPPEhePITULREMRETD G 11, the first hook 41 is

all oned to pass through an area of an interspinous

| i ganeAccPBdhear & upple pebrivendebcanbedperemdmidimemt, the
process 3a. Referring to FIG 12, the first hook 41 is
agagenl |dhedis o passradir cugh the tiwpegh-dwode Bowef spinous
t he spacer 30, and a second hook 44 is allowed to pass

tgrranegsean P eandf 3BN biyntdes hi®ts 46 9gaRBNU 77a iRRAMuSing both
| ower portion of a | ower spin'ous process 3b. Finally,

tieid i 65t theokathl and t heyrarond dook-fdyabe bemedr with a
and both ends of a band 43 are tightly pulled in"the

‘%dﬁﬁ“éé&bfﬁiﬁ@et@r%ﬂ%ﬁﬂg%ﬂ%éﬁbéié%%%ﬁéa%?%ﬁl@“gé escribed

ends of the band 43 are pul IS closely
SO S L SR A0 030 (00t SRR L betueen
ttr}lee SsQ:a}:Caenrdss%f Qchteh %and .

FIG. 14 illustrates a spacer 30 installed with a strap
40 according to a second embodiment of the present invention.
Referring to FIG. 14, when a band 43 of the strap 40 passes
through a through-hole 35 three times in a figure 8, a
compression force Fc is produced in the direction depicted
by the arrows of FIG. 14. The compression force Fc also
acts between adjacent strands of the band 43. A frictional
force Ft is generated between the strands of the band 43 and
is proportional to the compression force Fc and the
coefficient of friction of the strands of the band 43. Of
course, a frictional force is also generated between an
inner surface of the through-hole 35 aﬁd the band 43.
However, since the frictional force generated between the
inner surface of the through-hole 35 and the band 43 is much
smaller than the frictional force Ft generated between the

strands of the band 43, only the frictional force Ft

generated between the strands of the band 43 will be
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upper and | ower spinous processes 3a and 3b. A knot 46
is tied with the first hook-free end of the band 43

wanwsaless and of the band 43 surroundi ng the | POEKR2005/001451

spi nous process 3b, and a knot 47 is tied with the

second hook-free end of the band 43 and a strand of

the band 43 surroundi ng theupper spinous process 3a.

According to the above-describgg enbodi nent, the

spacer 30 is secured to the upper and |ower spinous

processes 3a and 3b by the knots 46 and 47 tied using,

PR ERICD HEBHEUTO wiher wekedimgns Bhe frictional

Viﬁpacer with a band according to another enbodiment (as
qchebgeeenbsbiel dnaer jsurbaenpdfshbe ddinvpdbaddle 35 and

knots and friction between the strands of the band.

ARG Wahd |43istaratles adppsicet 30 bashbbhed whah dhst fapctional

40 according to a second enbodi ment of the present

i fioverd | o, b&efieen i tget etEbGds14s When a3 43 ®ir thgis, the
strap 40 passes through a through-hole 35 three tines

ibarad f4 Yuared Bthe &Eﬁlﬂ?f@-ﬂ%l@ 30r&en MGe §tPu89ﬁ'f§glj/ Mmodified
the direction depicted by the arrows of FIG 14

TR 2 S £ Fadlso acts between adj acent
strands g%n¥£e band 43. A frictional force Ft is

gener a gbet e r s. of the nd 43 IS
propor??gnal o F%éycéﬁirgggfﬁﬁz 5F%eg%§ aﬁ&sgﬁgllng of ‘the

f f f. . fr n of th ran of , t he band 43.
C&opeaclm% o ith Icttlrlleo sotratt eéf& aaggor ding to the second

embodiment of the present invention. Subsequent processes
to those shown in FIGS. 10 through 12 are illustrated in
FIGS. 15 and 16. Thus, like in the first embodiment, the
processes shown in FIGS. 10 through 12 are first performed
in the second embodiment.

Referring to FIGS. 10 through 12 and 14 through 16,
first, the first hook 41 is inserted to pass through the
through-hole 35 of the spacer 30. Then, the first hook 41
is passed through an area of the upper interspinous ligament
7b near the upper portion of the upper spinous process 3a.
The first hook 41 is again passed through the through-hole
35 of the spacer 30, and the second hook 44 1is passed
through an area of the lower interspinous ligament 7c¢ near
the lower portion of the lower spinous process 3b.

Then, like the first hook 41, the second hook 44 is
again passed through the through-hole 35. Thereafter, the

first and second hooks 41 and 44 connected to both ends of
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course, a frictional force is also generated between
an i nner surface of the through-hole 35 and the band

wa@ o05Hoess/er, since the frictional force generBCEER2005/001451

between the inner surface of the through-hole 35 and
the band 43 is nuch smaller than the frictional force
Ft generated between the strands of the band 43, only
the frictional force Ft generajgd between the strands
of the band 43 will beconsidered. According to another
enbodi nent, the frictional force between the inner

e RANDFAI e HBtRfehoind IPEndhhenmdndeb3tkarbard 43 are

adjusted to be higher than the frictional force Ft

Betakdely tohel lstd andstlid diredanmhat Fhdor bnishe tderdandof FIG.
43 and the through-hole 35 can be structurally

riddi f ikyd doimg appr chel adot iannef . thd BSandb 48nd slGretarded by
illustrate the installing of the spacer 30 with the

sitfea f i Bicsr di MPrded Wi ofrk egbodh d@endr ofhé heand 43, and
present invention. Subsequent processes to those shown

Ithd | FSped0ahlr augh 1% AR dd st &0 1 8, FLES. 310 Al stapi1y

16. Thus, like in the first enbodi ment, the processes

N0 A ELSRycld L ohgh AR e T ORI, unen o
o, 18 WP o 1 8 St S OB i gnan rors
Skpe%cweerensoﬁhghggj:artlgg foier{: eh%oaknd4143, the band 43 is closely
contacted to depressions 34 and 36 of the spacer 30, which
ensures a more secure fastening of the spacer 30 to the
upper and lower spinous processes 3a and 3b.

Finally, knots 48 and 49 are tied using both ends of
the band 43 and the strands of the band 43 surrounding the
upper and lower spinous processes 3a and 3b. The securing
of the spacer 30 to the upper and lower spinous processes 3a
and 3b using the band 43 is accomplished mainly by the
frictional force between the strands of the band 43 and it
is assisted by the knots 48 and 49.

FIG. 17 is a lateral view of a spinal column showing
an intervertebral implant of a spacer-band complex inserted
between two adjacent spinous processes 3a and 3b according
to an embodiment of the present invention. Referring to FIG.
17, a spacer 30 maintains a predetermined space between the
two spinous processes 3a and 3b (predetermined distance

between notches), and supports a compression force F2 acting
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i s passed through an area of the upper interspinous
| i ganment 7b near the upper portion of the upper

wa@piosoursprocess 3a. The first hook 41 is agai PCPERS@d/001451

t hrough the through-hole 35 of the spacer 30, and the
second hook 44 is passed through an area of the | ower
i nterspinous |iganment 7c near the |ower portion of the
| ower spinous process 3b. Themq like the first hook
41, the second hook 44 is again passed through the
t hr ough-hol e 35. Thereafter, the first and second
o BRE A cofRERPed RFaseSteenddaofake Band 48 band 43
are renoved and both the ends of the band 43 are
tinfednaldu kddidsn tihise stiaasst idhsamshowre Bywa epnowssprocesses
of FIG 15. By doing so, the notion of the band 43 is
r3et sarae Blbytd perdduicst 120 mate dedrenen et dvdere ey s sF1 on the
of the band 43, and the upper and | ower spinous

pwecessesoda pracdbsake 1 abhy e dsd NtAAtCheSwOle by of an
spacer 30. In this way, when the notion of the band 4

i el idRM DY spBBef ri £t boRYentaiCe behvweeniLhg sy, when th
stranégfof t he %ang 4%, ?he band 43 i s closély 3y, when ©

GARLAGS 5f)ékﬂ”fﬁ%%f%§i§§U$ng 38c0% gg%e%%%%gﬁzﬂ§:ﬁ?e band

\ .5
whi ch ensures a nore secure fastening the 'space

t,a th | 3 d 3b. .

Bl e S0 T 48Rl & B et edtr et 1 aue
t he band 43 and thghstrands f the band 43 surrounding

e TBPEP"LAG PowernS pFRGES procEsabs o8 TRAOSHLIPhevertebral

securin%
bodies Ba and 8b, can be corrected.

That is, an external load is dispersed to vertebral
bodies and facet joints in an appropriate ratio, thereby
reducing the pressure applied to the facet joints and fhe
pressure applied to intervertebral discs. Therefore, the
intervertebral discs can be perfectly preserved and an
intervertebral space can be appropriately maintained. Thus,
the intervertebral implant according to the present
invention can prevent various diseases caused due to
narrowing of the intervertebral space as well as various
diseases caused due to narrowing of the interspinous space.

In the intervertebral implant according to the present
invention, the band 43 also serves to prevent a relative
displacement between a superior facet 9b and an inferior
facet 2a. That 1s, the band 43 is also responsible for
facet joint fastening. Likening the human spinal column to a

lever system, the inferior and superior facets 9a and 9b
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of the spacer 30 to the upper and | ower spinous
processes 3a and 3b using the band 43 is acconplished

woredoaliy2by/ the frictional force between the stprPermER2@5/001451

the band 43 and it is assisted by the knots 48 and 49.

FIG 17 is a lateral view of a spinal colum show ng

an intervertebral inplant of a spacer-band conpl ex

i nserted between two adj acent spinous processes 3a and

3b according to an enbodi nent of the present

invention. Referring to FIG 17, a spacer 30 maintains
STt er i RedUd SR hdthRe et b ¥ BpfheasBa and 8b serve
processes 3a and 3b (predeterm ned di stance between

7ot ch’) loadnd s upporeved, conpr d35i onusote® H2 the work. In
acti ngbetween the two spinous processes 3a and 3b. A

ek 431lian egfabtgnbhadshcheispactor3Grahdsttheriop facets 9%a
spi nous processes 3a and 3b to produce a predetermn ned
zerat i 9y factengl asn thiee fuwkcwpinols prdeesses @rewitt damage,
3b so that a widening of an interspinous space is

preventieotthrithi faddyys Mhethd gﬁdy}@@% ££18M€F the spinal
i nt er spi nous space is prevented by the band 43,

veh@ . Prohl %&%&%@%ﬁﬁ!ﬂ@'fﬁ@@%&t%ﬁ dPifHfate the

to narrowi ng of the space between correspondi ng

eDealopacles SaeanieBineen e pRErceleg MHabLS reduce
(R U A SR OPLAL© Lol ULl ol B, oy
limiting the motion in the facet joints).

To understand the spinal column by way of a lever
system, a first class lever system is illustrated in FIG. 18.
The band 43 is positioned in the place where the force needs
to be applied and it produces the force Fl in order to
compress the two spinous processes 3a and 3b. By means of
the force F1, lordosis occurs in the sagittal section of the
spinal column. At this time, extensor muscles are pulled
and thus the lever arm length is increased. As a result,
the force F1 balances the load W applied to the vertebral
bodies 8a and 8b by means of the inferior and superior
facets 9a and 9b acting as the fulcrum. Here, the extensor
muscles offset the external moment of the torso, and
generate a posterior shear force offsetting an anterior
shear force generated by an upper vertebral body or an

external load.

The load W applied to the vertebral bodies 8a and 8b
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pressure applied to intervertebral discs. Therefore,
the intervertebral discs can be perfectly preserved

wa@pasam2sst er vert ebral space can be appropri at BCHKR2005/001451

mai nt ai ned. Thus, the intervertebral inplant according
to the present invention can prevent various di seases
caused due to narrowing of the intervertebral space as
wel | as various di seases caused3due to narrow ng of
the interspinous space. In the intervertebral inplant
accordLng to the present invention, the band 43 al so

stF vBE1PGYp AaReTmingte Y | FRe dPEsridare fiotse whnthe extensor

‘superior facet 9b and an inferior facet 9a. That is,

tHeSphnd (8BeF504| spipasponsiadied fadr Fheeloyernpack. As such,
fasteni ng. Likening the human spinal colum to a | ever
stBienpytaw cahebieorxgid isgietiyrddamellsion dne action of the
9bserve as the fulcrum the vertebral bodies 8a and 8b
seuyeubsrt fericeadr othe navwadbmaid boeiswscl esddardiig to the
work. In particular, fastening the inferior and

sopenuD4 : f aeet s= 9axand A {REt iIRG AR tHE fhlCratlendor muscle
order to prevent danage is an inportant factor in the

PESPLES b OEOOEH@“ﬁéﬁéﬁaErHOE%@QeaE@% fQ§h§né§910n range
of the Tacet JOIntS can elimnate the pain caused by

P HP e@f@én@érgﬂg éf&e%nJQﬁgt er ggygf 8%%98 1n?r%ases

aftereffects revent spina en05|s
the nv%don |ntthe facet oinc%% To under st and t he q b
splnal Hy Mﬁ§ |e ocesses are compresse Y

ligamentoplasty according to the present invention, the
normal lumbar lordosis is restored and thus the length of
the extensor muscle, i.e., the lever arm increases. If the
length of the lever arm increases, the action range of the
muscular force increases, and the load acting on the
vertebral bodies can be offset accordingly.

FIGS. 19 through 21 are diagrammatic views
illustrating the actions of intervertebral implants
according to a conventional technique and the present
invention. FIG. 19 is a diagrammatic view illustrating a
normal state of vertebrae and facet joints. Referring to
FIG. 19, facet joints 9%9a and 9b act as the fulcrum of a
spinal lever. Upper and lower spinous processes 3a and 3b
and upper and lower vertebral bodies 8a and 8b are
respectively positioned at both ends of the facet joints 9a
and 9b. In FIG. 19, the interspinous space and the

intervertebral space are normally maintained.
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system a first class lever systemis illustrated in
FIG 18. The band 43 is positioned in the place where

wo b@sfionse needs to be applied and it producesPCTER2005/001451

force FI in order to conpress the two spinous

processes 3a and 3b. By neans of the force Fl,

| ordosis occurs in the sagittal section of the spina

colum. At this tine, extensopanuscles are pulled and

thus the lever armlength is increased. As a result,

the force FI balances the |oad Wapplied to th

vert efT&. b &S QadaﬁgraﬁmﬁylﬁeXﬁ?WﬁSQQW%QQﬁﬁh?o?tate of a
and superior facets 9a and 9b acting as the ful crum )
setralt helembeaSbernasebasesf fseinehatest EPaaRiRbReACCOrding
of the torso, and generate a posterior shear force _
obf set tddigraart iant=dr i teciihdauef.or cdrgenbrat edabg agnd in the
upper vertebral body or an external |oad. The | oad W
aBRYLRE bAat he aertiefical shes esn8aTnd Bbis mdiitly the upper
determ ned by the nuscul ar force of the extensor
DHSCl18 el €EHPho8R1 PRY JBESEL)300dt B8 |aver thaCkspaher 2 are
such, this sytem can be expl ai ned by describing the

ctiagn_of .t cul a 0 t he, I FeSnd lower
%888 Wit rg:%}{];@%é% i?é 5&8 Q@bwg%’l\%%é ebr&l uppdires

di'ng or nu Xxa = as the length of

;ggpggggggggﬁgggg%fo Qrresponging 0 LHe | SYEERI ™ are not

_ “range o t he 'extenso _nuscle on
e ctesi v b ene s s FR1oTive®0: 5E028hARYS petueen the

upper spinous process 3a and the lower spinous process 3b
may occur. Furthermore, when a predetermined force acts on
facet joints 9a and 9b serving as the fulcrum of a spinal
lever, a relative displacement between the facet joints 9a
and 9b may occur, thereby causing various diseases
associated with degeneration of the fulcrum. As a result,
the spinal lever may not work properly. In addition, a
slight widening of the interspinous space may OCCuUr. In
this case, since the intervertebral space is decreased, a
disease such as spinal stenosis may become worse after
surgery.

FIG. 21 is a diagrammatic view showing the state of a
spinal column after a spacer is inserted thereinto according
to the present invention. Referring to FIG. 21, a spacer 30
is securely fastened to upper and lower spinous processes 3a
and 3b with a band 43. Therefore, a relative displacement

between facet joints 9a and 9b does not occur, and thus the
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| i ganment opl asty according to the present invention,
the normal |unbar lordosis is restored and thus the

wo engtihn2ed t he extensor muscle, i.e., the | evePCHKRR005/001451

increases. If the length of the |ever armincreases,

the action range of the nuscul ar force increases, and

the |l oad acting on the vertebral bodies can be of fset
accordingly. FIGS. 19 throughpgl are diagranmmtic

views illustrating the actions of intervertebra

i mpl ants according to a conventional technique aug t@ﬁ re
goiaszht Leveenvpols Prepexdyi §VeNdRaGREMPEEIE View” 1F e HIOLE,
illustrating a normal state of vertebrae and facet

jornoss KbbeaskagardskhG ing thiead@cqgtoiiPiga ¥hdaeg b when
act as the fulcrumof a spinal |lever. Upper and | ower
SRENGUS Y 0§658E8 Jm amad 3®banareppervedndot owdpacted can be
vertebral bodies 8a and 8b are respectively positioned

gkebgggegnds of the facet joints 9a and 9b. In FIG
9, the interspinous space and the intervertebra

space g e NQL{p by, MicRkal Nethdrl Gt | snBervertebral space

di agrammatic view showing the state of a spinal colum

after a spacer igs. .inser ej ce i Barkepdal bodi
88ﬁ68w?(0%&|e.fec lr{és_]. gf%ﬂ(%#gs 68&19]?@, Qﬁg r a odies

ni-que. case and in the

conventional techni gue sho ' F 2 1 i-ch
Bmse Py S e ek T Gon ok fethbsipbe cnan ene

éggggéﬁém?gﬁgpﬁ§£g¥¥“ﬁ; é@geﬁégﬁeggg %ﬂgcﬁﬁgr $ei¥8ng power.

Further, the normal vertebral lordosis can be restored by
fastening with the band 43. However, considering individual
differences, it is preferable to adjust the height h shown
FIG. 21 so that local kyphosis is not caused.

Hereinafter, clustering for fitting a first notch 33a
to a lower surface of an upper spinous process 3a will be
described in detail. It is well known that individuals ﬁave
different body structures, and the shapes of spinous
processes may also be diversely distributed. Thus, tailor-
making and surgical treatment of an intervertebral implant
according to the shapes of the spinous processes of each
individual are almost impossible. In this regard, there is
need to perform clustering for the shape of the first notch
33a using statistical data to obtain a predetermined number
of first notch shapes.

Of course, clustering for the shape of a second notch

33b can also be performed in the same way. Generally,
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spi nous processes 3a and 3b and the spacer 2 are not
integrally fastened, a relative displacenent between

WO b@sappess spi nous process 3a and the | ower spPCDER2005/001451

process 3b may occur. Furthernore, when a

predeterm ned force acts on facet joints 9a and 9b

serving as the fulcrumof a spinal lever, a relative

di spl acenent between the facetpgoints 9a and 9b may

occur, thereby causing various di seases associ at ed

wi th degeneration of the fulcrum As a result, the '
dRTe T evehe mglapst Qor khpr pseng Nt FHdPPoAs got diverse
slight w dening of the interspinous space may occur.

land hike cesefite¢neé the isprondemodishal3dparm ilse considered a
decreased, a di sease such as spinal stenosis nmay
Bezomomca s estfadghtuddeey. HMiGs,21cissbediagr domattilee second
vi ew showi ng the state of a spinal colum after a

spRcE  BSbi nserdel pheretableaccandi figi & orkharpr esgd present
invention. Referring to FIG 21, a spacer 30 is

sEGHEre! Yorl 31 BNedel QIdiRR8h RN | OWBEmS PLROUS URGESRESFor the
3a and 3b with a band 43. Therefore, a relative

di splacgment et ween facet joints 9a and 9b does not
occur, and thus thespinal |ever works properly even

e RTREPlng i "R VAL U SRSEE LSl noven
aigja basarae s a)tlpeed J!:)I’E vizl@t%:taedp Spa ft}?rg%/egélegﬁs are connected
by line segments of different functions. For example, the
profile of the first notch 33a may not be composed of a
single straight line with a slope of 20 degrees but may be
composed of three straight line segments with different
slopes of 40, 30, and 20 degrees joined at three inflection
points. Of course, the profile of the first notch 33a may
also have a shape in which a plurality of points are
connected by curved lines with different predetermined
curvatures.

In particular, considering the lower surface shape of
an upper spinous process 3a to be supported by the first
notch 33a, the profile of the first notch 33a has a more
gently sloped shape from the insertion rear part to the
insertion front part.

FIG. 22 is a graph illustrating the profile slope of a
first notch of an intervertebral implant according to an

embodiment of the present invention plotted in the x-y plane.



In addition, even when the intervertebral space

narrows, i.e., spinal stenosis occurs, the vertebra
whowsas28a and 8b can be separated from each OPCIEKRRY5/001451

nore than the predeterm ned space by strengthened

muscul ar bearing power. Further, the normal vertebra

| ordosis can be restored by fastening with the band

43. However, considering indiygiydual differences, it is

preferable to adjust the height h showmn FIG 21 so

“that |ocal kyphosis is not caused. Hereinafter
cl ust RETRETISHI { ot iFiF a Por stETORNB3LIES Shouspd ©f the

surface of an upper spinous process 3a will be

fiessti betchn st apdar | thes ipsertRRBWT FFatP3 Hdi ¥ dGifs 0r19in
have different body structures, and the shapes of )
spi naus procasises mayhal sordfeild vefsdihe dEsEptbitadeh 332 1s
Thus, tailormaking and surgical treatnent of an

hpt erwentelyedpédphantaracengliengf 040 helesirapes of HowWever, at
spi nous processes of each individual are al npst

% Aesibl8 nebn ging & @’y 51 dherendsgaeedot angeebondh 30, 20,
ustering for the shape of the first notch 33a using

%h%tbng?QEegqta to obtain a predeterm ned nunber of
iTst notch shapes. O course, clustering for the

hesoRb tSiar i 80ee, 2autp Pt peppdcitor roven
§§%gﬁga r}mgtogﬂc% gg:ﬁnrg%tec,ugrgi\ég Sorw:egcdastuhrefaocreoulloepé)g 5@65pinous
processes intended for spacer insertion in a large number of
patients and then statistically analyzing the data. 1In an
embodiment of the present dinvention, angles between the
third and fourth spinous processes (referred to as “L.34,”
hereinafter) and between the fourth and fifth spinous
processes (referred to as “1.45,” hereinafter) where the
intervertebral implant is mainly inserted are measured.
Precisely speaking, the lower surface slope of the third
spinous process of L34 is measured and the lower surface
slope of the fourth spinous process of L45 is measured.
Lower surface slope measurements for the third spinous
process are presented in Table 1 Dbelow. For this, 10
computed tomography (CT) images were obtained from 103
spinal stenosis patients by axial CT scan. The lower

surface slope measurements listed in Table 1 were obtained

using CT images of the third spinous process.
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hori zontal straight line. Thus, clustering for the
second notch 33b is not profitable. In this regard,

wo b@spresent i nvention will be described in tePeK&R005/001451

clustering for the first notch 33a. Referring to FIG
5, the profile of the first notch 33a has a shape in
which a plurality of points are connected by |line
segnents of different functiops. For exanple, the
profile of the first notch 33a nay not be conposed of
a single straight line with a slope of 20 degrees but
may be conposed of three strﬁ?$ﬁ i ne segnents with
dlfferent sl opes of 40, 30, and 20 degrees joined at

free nf T egti_on pornts ourse, |[the prgfill egof| tige
Fee¢torot th (3 a_ 9 |S%‘) Fa\/f\ 5 J.ehi np\AEi r‘h;i 1 v

bl ural ijt w7of| 2pci nuszar@-(tc revett €d-By 28% val2 | Ak it f | 19-2

— e

AT Er gnio. pr Q0SS EepgranediscUrasat Yirsess | b pasiei cel.ar| 20.4 | 27.2
;'n:'ﬁkﬂb"n??mé’é? | OFPT] AR 1160 S1ADR ) Gb Al 2bADPE7 2 | 3¢ | 20.4
3384 t He *Br df 1 o] A4t ln 84l 7 B, 1 330 [ 22 Pard | o6
dentsl y [stopedsshppt fir #het|nke - nért i 3d- e&7-2phPl %t "¢
e g NSfesd.6Qreald Pniv pards. |FA7Ge [22.2 $ za.2f aple | 23.8 | 20.4
:"Uzb”ﬁddg 2}0”:? BEATI UL abg Ofo. 2 |fisre{ Bpt Lhagaf) ans

8 T 7 s s s it |%a. 9 B2 | 27.2 | 23.8 | 6.8

9 20.4 [ 23.8 | 19.7 23.8 27.2 23.8 23.8 17 27.2 27.2

10 13.6 | 23.8 | 13.6 0 20.4 6.8 [ 23.8 | 37.4 | 27.2 | 30.6

Lower surface slope measurements for the fourth
spinous process are presented in Table 2 below. For this,
10 CT images were obtained from 103 spinal stenosis patients
by axial CT scan. The lower surface slope measurements
listed in Table 2 were obtained using CT images containing

the fourth spinous process.

Table 2
Section 1 2 3 4 5 6 7 8 .9 10 11
1 0 20.4; 3.4 17 0 20.4| 34 |23.8| 17 |10.2]10.2
2 17 0] 17 |13.6| 6.8 | 30.6|27.2{13.6|20.4 13.6 | 23.8
3 3.4 17 |10.2| 17 {20.4|30.6|27.2} 17 17 |13.6|13.6
4 3.4 |13.6|20.4|13.6(20.4|13.6|10.2 17 |13.6|13.6
5 17 |(20.4(27.2|23.8| 17 17 17 |23.8(23.8|10.2
6 20.4{23.8| 6.8 |13.6|20.4| 3.4 | 3.4 20.4]10.220.4
7 13.6|13.6|13.6[10.2(27.2(23.8|10.2 30.613.6|13.6
8 17 17 17 |20.4!10.2|30.6| 34 |13.6]| 6.8 10.2
9 17 |10.2|13.6| 17 |23.8| 17 17 34 |30.6( 17
10 6.8 110.2113.6 0 13.6| 6.8 | 13.6 0 17 | 23.8

As shown in Tables 1 and 2, L34 and L45 have a



enbodi nent of the present invention plotted in the x-y
pl ane. Referring to FIG 22, assum ng that the end of

W b@s5f110288 notch 33a near the insertion rear pRCT/KR2005/001451
the origin in the x-y plane, the profile of the first
notch 33a is initially sloped at an angle of 40
degrees. However, at predeterm ned points the sl ope
changes to angles of 30, 20, cand O degrees . An
avai |l abl e profile sl ope range for the first notch 33a
is provided by nmeasuring |l ower surface s]opes of hat is
spiifdes eprrockeves | FHefRfeel BdoPSpadestrABBFEPBR i n 402 ’
| ar ge nunmber of patients and then statistically . , .
analyzi pgspbet daba. 14T, an drrbesdt newrfacet fd opesghftribution
i nvention, angles between the third and fourth spinous
Preaces e d ref eldgtbdo ias rdid i'vdier didgifter) and
between the fourth and fifth spinous processes
(referrgdptg gsp"rle{l;%,n'{:Shqrcﬁjé’rafstﬁﬁac/mes]aopeheneasurements of
intervertebral inplant is mainly inserted are

measured. Precis eakk RBust PeckewsEessurtaselsvepesurface
5 oft %ét h?ghsé%iﬁ%%gégro%essungL34 i s nmeasured and

the | ower surface, sl.ope t rth..sni.nou Q6ess of 50
Ofs%%%e?soiea?b? e&fc'll Re flq ?_‘?ufr'eﬂ HAROUB rBE o

ower surtace sl ope neasurenents
for the third spinous, process_are_pr t kA )l etd lower
béwako?t?lﬁ%fs 16%655‘5)? ed°t 8%8?3%%;8/8( %% IX. ﬁaé’kés
wer e obtained from 103 spi nal stenosis patien :
ax$@tf®es@éﬁpeﬂ@I’Bﬁé?grements scan gs s%o&% @ﬁ Tables 1

and 2, a blurring effect may ‘appear in CT images. Also,
10 converted slopes based on sliced images may be slightly

inaccurate. X-ray imaging can exclude these possibilities.

Table 3
. Lower surface slope of the | Lower surfage slope of the
Section third spinous process fourth spinous process
1 12 |29.3] 9.7 |25.3(20.4 0 36 6.3 |17.3| -5
2 34 |26.6| 37 0 12.5| 24 3.3 16 0 11
3 0 6 22.3| 18 0 3 4.1 |122.1(29.5|10.7
4 5.5 20 |11.1(19.3| 26 |12.5]| 12 8.3 | 3.7 5.6
5 35 0 11.4| 6.1 {23.3 8 0 0 2.1 18
6 25.3| 24 |17.3 0 16.2 0 11 4.3 14 2
7 15 25 0 0 24 i2 0 2.3 0 0
8 11.4| 19 |29.3|18.6 1 4 22.6| 21 |11.4 0
9 13.4 34 |35.9| 14 21 4.5 6 8 6.5 0
10 24.6| 14 7 13.6| 8.2 7 20 12.3| 9.3 3
FIG. 23 is a histogram illustrating the distribution
15 of the 1lower surface slope measurements of the third
spinous process. The distribution of the lower surface

slope measurements of the third spinous process 1s

represented by dividing the lower surface slope
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surface slope measur enent s listed in Table 1 were
obt ai ned using CT inages of the third spinous

w@ewsasrssiabl e 1 Lower surface sl ope nmeasur enePCBEKR0I05/001451

the fourth spinous process are presented in Table 2

bel ow. For this, 10 CT inmages were obtained from 103

spi nal stenosis patients by axial CT scan. The | ower

surface slope neasurenents ligjed in Table 2 were

obt ai ned using CT inmages containing the fourth spinous
process. Table 2 As shown in Tables 1 and 2 , L34 and

L4t draversdits epdnt thowdhiggr f SRENGPBpPIRETT bREFsREred 1n
That is, with respect to L45, a | ower surface sl ope
ditsiyid s ijared rquopd meﬂgﬁaxcbs{,edaéw i 5L | RIRRAS- hi gh.

Tabl e 3 presents | ower surface slope neasurenents of

the thi gdraneibgurddh BIG NoRS, ptbeesdesribug ioowet the lower
surface sl opes of the third and fourth spinous

c‘?é Qﬁo?@ S ARl r Sianesi srpatlienthivdr espigaEsls erocess
-ray ower surface slope CT neasurenents scan

agﬂ%g%%hﬁ nge%d&ﬁﬁl Qurvd, bl whr igg-tafdactr,my6 patients

ol ced i |nages converted sl opes based on

g SRR B8 BB et e ey,

23 1s aE%kit%gfan1|I|H§£ géég ‘Efu9£§5££93ttﬂe distribution
of the lower surface slope measurements of the . fourth
spinous process. The distribution of the lower surface
slope measurements of the fourth spinous process is
represented by dividing measurements presented in Table 3
into groups separated by five degrees.

Referring to FIG. 24, the Ilower surface slope
measurements of the fourth spinous process exhibit a left-
skewed distribution. In particular, 39 patients are
distributed in a slope range of 0 to 15°

As shown in FIGS. 23 and 24, the lower surface slope
characteristics of the third spinous process are different
from those of the fourth spinous process. A currently
available spacer is mainly inserted into L34 or 145 and is
used regardless of where it is inserted.

In this respect, a first notch with a profile slope
of 20 degrees can be generally used for L34 but it may
need to be greatly modified for L45. Furthermore, when a

spacer having a first notch with a profile slope of 20
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of the lower surface slope neasurements of the third
spi nous process. The distribution of the | ower surface

wG@k@pelmzemsur enents of the third spinous proceBGI/K&2005/001451

represented by dividing the | ower surface

sl openeasurenents of the third spinous process

presented in Table 3 into groups separated by five

degrees. Referring to FIG 2331the distribution of the

| oner surface sl ope neasurenents of the third spinous
process approximates a normal curve. _In part.icular, .26
padé@ress ate dnsertpdt &FHWESR &%%eofaﬁg%agfle f}bav ig a L3
FIG 24 is a histogramillustrating the distrjbution

of Léner | suefaser Baopes orpe thwaSeveareRcs %WmTh% fgePFRes, the
spi nous process. The distribution of the | ower surface

s| poet Ieas Unenenisy ofpdvee f off t hhepi sRagePr okess 3¢ may be
represented by dividing nmeasurenents presented in

Tan§e§e&UtOTﬁéouﬁﬁuﬁﬁpaBatedcbydﬁhge1dEgthesabove—described
Referring to FIG 24, the |lower surface slope

ne%?ﬂé&ﬂﬁgﬁﬁ_@% the bHedsbhtspnkensiphotesmoexhiabisptable when
| eftskewed distributron. In particular, 39 patients

are_distribut ' slape e+ef Bohfedb. A IVt f
TnnEPeﬁ}cig anda%géf?héﬂfo¢gﬁﬂgusgaceoslgpe ® ve

RSP R B Fe P h e e by 2ine
CUEESEE£¥S of different functions.

FIG. 25 is a flow diagram illustrating a method of
manufacturing a first notch of an intervertebral implant
according to an embodiment of the present invention.

Referring to FIG. 25, first, a predetermined sample
group is drawn from a population containing a plurality of
patients, and lower surface slopes of spinous processes of
the members of the sample group are measured (operation
S10). This embodiment will be described in terms of the
lower surface slopes of the third and fourth spinous
processes presented in Table 3, which contains data of a
sample group containing 50 members.

The lower surface slope measurements of the spinous
processes are assigned to predetermined slope intervals
(operation S20). In this embodiment, the slope interval
is 10 degrees. However, the slope interval can be
optionally determined by one of ordinary skill in the art.

The slope interval of 10 degrees in this embodiment is
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avai | abl e spacer is mainly inserted into L34 or L45
and is used regardless of where it is inserted. In

wao bios/1teespect, a first notch with a profile sl POEK&R002001451

degrees can be generally used for L34 but it may need

to be greatly nodified for L45. Furthernore, when a

spacer having a first notch with a profile slope of
20degrees is inserted between3234 of a patient having

a L3 |lower surface slope greatly deviated from 20

degrees, the vertical bearing power of the s er for .. .
L3 raided f@%elcéﬁ.ve’l‘ﬁ@né:ﬁa@%r %tc‘?ﬁ'fd]i‘ﬁb‘? Qygver, it 1s
above-descri bed enbodi ment of the present invention is

mopee felopb Be| & avhehradupRlycaheiredy sits ssligrg tigptervals to
connect a plurality of statistically obtained points _,

of obbeipr of i lsmdmytanitielsegnenmes of Toatf eiént @ plurality of
functions. FIG 25 is a flowdiagramillustrating a

et hedi of 1 FADUf acbikingda fdirsts noaghbef camnected to form a
intervertebral inplant according to an enbodi nent of
theyPUESeRt HOYSRbMOR1 Refeiipdigtien; GpRbnef iinsterpwlation,
preaeternined sanple group is drawn froma popul ati on
copt.ai ning. & lal i Eﬂegf At 1188t SondBetkavwess sur fagstantial
sl opes "of spl nous "processes "of the nenbers of the

sanpl e group are_pneasur op i Sl TH slope
enggayﬁengymﬁ?%r%%gﬁéscff%éd $§§%%§€% 8¥}E%ma%%ﬁaﬁened P

surface sl opes of the third and fourth spinous
intervals.

Table 4 shows a 10 degree slope interval for the
lower surface slope measurements of the third and fourth
spinous processes of Table 3 (50 member sample group). In
particular, 1345 represents a mean value of the lower
surface slope measurements of the third and fourth spinous
processes. That is, L345 is a mean lower surface slope
value of the third and fourth spinous processes, which is
calculated in order to produce a spacer that can be

inserted into both L34 and 1L45.

Table 4
1.345
Section L34 L45 .

: (=(L34+4L45)/2)
40°~50° 1 1 1
30°~40° 9 1 1
20°~30° 16 8 8
10°~20° 16 22 22
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processes presented in Table 3 , which contains data
of a sanple group containing 50 nenbers. The | ower

wakacess| ope nmeasurenents of the spinous proPEFE&2005/001451

are assigned to predeterm ned slope intervals
(operation S20) . In this enbodi nent, the slope
interval is 10 degrees. However, the slope interval
can be optionally determ ned B¥ one of ordinary skill
in the art. The slope interval of 10 degrees in this
enbodj pent 4 gprovi ded for| conveni encelof illustration.
Howe gr, Q- ils preggrable to g?gduall/ shortenH?he
slope intervdls to obtain|a substantial curve. That

i s, |alfi°ura@lijty of Gtatistically obtained points may
be aonnectedlto forma curve by polynoma

i nt er pRf@d} OBheSRIRR INELI UM, oOr LRkt 8pAabukElYrocesses
they may be connected as a substantial curve by

%&%m%yg%éé; 'éfggﬁgﬁzggéég §P95£@Q§d 3l RS ARIAiSe value

abl e ows sl'ope inferval for the
l.ower surface slo neasut : e thir
ok R iRt pF BEBLLaE G TabrandnPhy (rhber ) The
group) . In . particular, L345 represents a nmean val ue
6ﬁpFﬁéqn5ﬁ§ﬂv§UrV%ggesﬁgﬁé e rﬁi@ﬂ?s Hrehet nfpy Pe the

and fourth spinous processes. That is, L345 is a nean
lower diffidcaadiuspe Ga (RS tIHE it % Uehd Fou thFan value of

spi nous processes, which is
each slope interval, or it can be optionally selected by one

of ordinary skill in the art. For example, 1n this
embodiment, the lower limit value of each slope interval is
used as the representative value. Thus, the representative
values for the slope intervals are 40, 30, 20, 10, 0, and -
10 degrees. The operation of determining the representative
value S30 may also be followed by the operation of assigning
the slope measurements to each slope interval S20.

The representative value of each slope interval and
the number of the slope measurements assigned to each
slope interval are represented in the x-y plane (operation
S40). The x-axis is the cumulative number of the assigned
slope measurements and the y-axis is the height of the
first notch. FIG. 26 illustrates the lower surface slope
of the third spinous process plotted in the x-y plane.

Referring to FIG. 26, the cumulative number of the

assigned slope measurements is represented by the x-axis.
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calculated in order to produce a spacer that can be
inserted into both L34 and L45. Table 4After the sl ope

wore@satesent s of the spinous processes are assPONBE#®#2G06/001451

each slope interval, a representative value for each

slope interval is determ ned (operation S30) . The
representative value for each slope interval nay be

the lower |imt value, the upper limt value, or a

nmean val ue of each slope interval, or it can be

optionally selected by one of ordinary skill j.n.the

arThe Fou ﬁénﬁﬁé,ﬁﬁ@ﬁéﬁ%?%%ﬁ%d%h%ﬁt?égﬂsn oWer T i §ope of
val ue of each slope interval is used as the

r e e slentrmcisveboleen TR, OrhginepRd eiktist i 1YL Jdere the

~for the slope intervals are 40, 30, 20, 10, 0, and -

10cGegr #esve Thembper affi cineofagsitanad i kepe Heeasurements 1in a
representative value S30 may al so be followed by the
opesath 0neghecasshgairnglt He sil,ofs Teespreserts aoléaehsegment
sl ope interval S20. The representative val ue of each

sl gpeni ot el e e Bhe qugwess dbetiieess| ohe end point of the
nmeasur enent s "assi gned to each slope interval are

reEESQeQESQ hp 1he Xp¥ Rhangoharekakiren tH40runulk@ive number
x-ax1'§ 78 the cumil ative nuiber of the assi gned sl ope

nobEh, CRF G 78 4190 ey SEbe RO I GuBr Str f ane &l ope of C°9%e°

the third srijiops Ru9Ssss RlOtisY bdRe oy PAaRsne segment
with a slope of 20 degrees between the end point of the
line segment 132 and the point where the cumulative number
of the assigned slope measurements in a 20-30 degree
interval is 26 (10+16). Numbers 134 and 135 are line
segments with a slope of 10 and O degrees, respectively,
plotted in the same manner as the above line segments.

The above line segments can be represented by

Equation 1.

y = Z{targm(x_ m—l) +tarﬁm—lN m—l} * u(N m1° Mn)
ml

- (1)
N, =0,4,=0

where y is a function composed of straight-line segments
with different slopes obtained by connecting a plurality
of statistically obtained points, x is the number of
assigned slope measurements, n is a n-th interval, N, is

the cumulative number of assigned slope measurements in an
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Referring to FIG 26, the cunul ative nunber of the
assi gned sl ope neasurenents is represented by the

wo@giis2¥he nunber 131 represents a |ine segnePCT/RRR2D5M01451

sl ope of 40 degrees between the origin and the point

where the cumul ati ve nunber of the assigned sl ope
nmeasurenents in a 40-50 degree interval is 1 , 132
represents a line segnment withsa slope of 30 degrees

between the end point of the |line segnent 131 and the

poi nt where the cunul ative nunber of %he assigned an n—th
sl opeh e asgraRant PR n 18 30- AEPIEGFBEAITE vAITTS 16

(1+9) , and 133 represents a |ine segnent with a sl ope

of iztereat et (Betwedn) t he endPdiont ofunHelqn ngaving a value
segnent 132 and the point where the cunul ati ve nunber

of ofhe assthaetinsbopelnélisur eNent sand Bo 2B Podegresach zero.
interval is 26 (10+16) . Nunbers 134 and 135 are |ine
segment gMit h2a slope ofrabh ahtl@sdegterg, the lower surface
respectively, plotted in the same manner as the above

|'i peosE9MNt She THR ARAVEShi REUSCPTRIUSS Laplbeted in the x-y
represented by Equation 1 . where y is a function

cogpggged of straight-line segnents with different

sl opes obtai ned by connecting a plurality of

statisthgg%lyégbigiQegﬁgﬁbgg§%u?tkgtggghgyﬁggh AQfower surface

assi gne ‘ope” neasur S a n- interval, Nn

S aSOEaCaT R AR 23 YRS 2R ocesses pionsea o

representative value of an n-th .
ghe x-y plane. The mean lower surface slope of the third

and fourth spinous processes can also be plotted in the x-
y plane in the same manner.

In FIG. 28, D1 is a graph of a function for L34 of
FIG. 26, D2 is a graph of a function for L45 of FIG. 27,
and D3 is a graph of a function for L345. Referring to
FIG. 28, it can be seen that D3 is plotted between D1 and
ﬁ2. Advantages of the function for L345 will be described
later.

Finally, fi?st notches 33a having the same profile
slopes as the slopes of the functions obtained in FIGS. 26
through 28 are manufactured (operation 550). According to
the above-described method, there can be manufactured an
intervertebral implant having a spacer with a first notch
having a profile slope obtained by connecting a plurality
of points by line segments of different functions.

As described above, a first notch 33a supports a
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interval, U(Nn-I Nn) is a uniformfunction having a
value of 1 in the interval (Nn-I, Nn ) , and NO and

w@oane2sach zero. FIG 27 is a graph ill ustrapCHERR208/001451

| oner surface slope of the fourth spinous process
plotted in the x-y plane. FIG 28 is a graph
illustrating a nean | ower surface slope of the third
and fourth spinous processes Bbotted in the x-y pl ane.
The nean | ower surface slope of the third and fourth

spi nous processes can al so be plotted | |
i nleverseREtHARNEEL. N YRREY 1%fu?sprocégs §¥ paéﬂﬁs, when

function for L34 of FIG 26 , D2 is a

f uhbei ororgacl a5 are e tar, Temere s 35%& Softhe same as
function for L345. Referrlng to FIG 28, it can be

seehet hatreb3 su figas tstopet aderthsl BIRPDRSPHAVRRt RGeSess 32
of the function for L345 will be described later.

Fi gakl ypehtrisy nodtwaes 83a haviwqrﬁﬂuak;ﬂﬁ;qgﬁﬁdle@ompreSSion
sl opes as the slopes of the functions obtained in

Fl 5126 itriviighe 28 arexsmnuf agterr edoyepdeatirdhe85@mbodiment
According to the above-descri bed nethod, there can be

WltEfaE% e?x@ébﬁ@tefﬂk%ﬂ@f&@l iyAlant havireg anspakerdla is
Irst notch having a proflle sl ope obt ai ned by
Co%%%@%%%% %fpluﬁalk%ﬁlty of planes having different slopes,
an intervertebral implant including a spacer with the
first notch 33a can be generally applied to upper spinous
processes having different lower surface slopes.
Furthermore, since a first notch of the present
invention is manufactured based on the lower surface slope
measurements of spinous processes of a plurality of spinal
stenosis patients, a slope interval to which a larger
number of patients are statistically assigned is in a
higher ratio, a bearing power for a vertical-directed
compression force can be enhanced, as compared to a first
notch having a uniform distribution of different profile
slopes. Also, an intervertebral implant including a
spacer with such a first notch 33a can be applied to more
patients.
In addition, a spacer for L34 and a spacer for L.45
can be separately manufactured. Alternatively, a spacer

that can be commonly inserted into L34 and L45 can also be

manufactured. Therefore, trimming of a first notch 33a
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of points by line segnents of different functions. A's
descri bed above, a first notch 33a supports al ower

w@orositonsof an upper spinous process 3a. Thus, POITER2G08801451

profile slope of the first notch 33a is the sane as

the | ower surface slope of the upper spinous process

3a, the bearing power for a vertical-directed

conpression force increases. Bifke in the

above-descri bed enbodi nent of the present invention,

when a first notch 33a is conposed.of _a_pluralit f.

pl @RBLNGaTHRGSAYf PEr BRAF TSP pggwogﬁliﬁFer%PWSErE%r%lon of an
i npl ant including a spacer with the first notch 33a
caﬂpbérgéﬁéﬂapﬁypﬁﬁﬁﬁﬁ§d3Fomﬁ§p€PtsB?nﬁﬁgubf8§esses

having different |ower surface slopes. Furthernore, ,

since a T r shenotkovefde her Ppedemmiadigianton ps plurality of
nmanuf act ured based on the | ower surface sl ope

mepstinesenrire aforspaivus lpy osességhtflang| wegmenfEsef However,
spinal stenosis patients, a slope interval to which a

| ar gelsnaungebeofuriiidda arleatstat pstradity afspgnats can be
is in a higher ratio, a bearing power for a

vepbheaktdlr a5 edusoaRr as%ie@n Wofkepeateheraihadcedirvatures.
as conpared to a first notch having a uniform

Qi &E&%@%hﬁ& okﬂgféf%f{@epBngE%ﬁ%&Q@SOfAb%Oiﬂﬂbrvertebral

infervertebral inplant Tncluding a spacer with such a

fiE%%lg%Ec%é%khgagup$e§p8§iEgl&ﬁoﬁgﬁg H%Hé?ﬂﬁiation, spline
interpolation, and others. In particular, in the case of
using spline interpolation, a plurality of points can be
smoothly connected by polynomial interpolation.
Furthermore, spline interpolation produces a smooth
curving by connecting line segments using a quadratic
function, a cubic function, a quartic or higher function
according to slope intervals.

Although the above-described embodiment has been
described in terms of a first notch 33a, it can be applied
to a second notch 33b.

Hitherto, clustering for the profile slope of a
first notch 33a from various patient groups has been
described. In addition, to perform a common clustering
considering various factors such as the shape, size, and a
spacing of the flanges, a spinal image clustering method

using a spinal image case can be considered. Although the

size and shape of spinous processes may vary according to



In addition, a spacer for L34 and a spacer for L45 can
be separately manufactured. Alternatively, a spacer

w0 bas/1o0es8 be commonly inserted into L34 and LABCT/ER2005/001451
al so be manufactured. Therefore, trimmng of a first
not ch 33aduring surgery or partial renoval of a | ower
portion of an upper spinous process 3a nay not be
required. In the above-descri®8d enbodi ment, a
plurality of points are connected by straight-1line

Se%gents'anowmvfr{c%ixﬁd& ul ddefé’P%Sé%éPOd EH U apnumber of

plurglity poi'nt’s ‘can be connect y curved |ines

wi t.h predeterm ned. curvatures. .Preferably. .t prof |

o 18 BETEEESH adn TR AT 1 B0 A1° | RAPARPREAR hg Gy otured
by pol ynom al interpolation, spline interpolation, and .

ot Fees. B pestirdet&d: i nFPhe thEsFﬁﬁﬂépFPﬂgon spinous
interpolation, a plurality of points can be snoothly
copFOcess biharssnahtlalsizaerpesht P6n. KIRWR her Rsreinatter, a
spline interpolation produces a snooth curving by
come¢doidngfl | Miedieynerte meshgcamgand shepesf aseorginda to the
cubic function, a quartic or higher function according

t 0 nsimbee iantsdignalds by Al tuseugiwitiie babadescdded.bed

enbodi nent has been described in terns of a first

not ch 33@enétatay, be1appkiefigt nalyesendanoteh W3l to reduce

Hitherto, clustering for the profile slope of a
the data and to categorize similar data. Such clustering
has been widely applied in information processing. An
object of the clustering algorithm is to provide an
automated tool for performing or assisting categorization
and classification. Clustering does not require
discrimination between independent variables and dependent
variables and previous classification of data sets. The
purpose of clustering is to find similar groups in
expectation that similar records will behave similarly.
Thus, the most important consideration in data
comparison and integration is to reduce the size of data
sets while not losing the inherent characteristics of the
data. It is important to select a method that ensures
efficient computation and that can find data sets capable
of representing the original data. Data set finding is
generally based on computation of a mean value of the

measured values. In the present invention, there is

provided an improved k-means clustering algorithm as a
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first notch 33a fromvarious patient groups has been
described. In addition, to performa comon clustering

w@onsitdess ng various factors such as the shapePCBHKR2005/001451

and a spacing of the flanges, a spinal inmage
clustering method using a spinal inmge case can be
consi dered. Al though the size and shape of spinous
processes may vary accordi ng 88sex and i ndivi dua

di fferences, the nunber of intervertebral inplants to

be substantial Ly npnufactured nust he resiricted. Eor
t fRethede AHst IR sEPﬁou§hﬁP80eg§séﬁé gtlgﬁd ggze

nmust be known. Hereinafter, a nmethod of finding the
noBTOoEedRR®A- shapes according to the nunber assigned by

a user will be described. Generally, clustering ,

anal ysi ¥ican 2 Used sehemaide tHodatdiaggpn otllustrating a
categorize simlar data. Such clustering has been _

Wi gpli Haapphihgd ici vistiearimeat isyrs tEmo caseP rgingAntobpacempprdiment
the clustering algorithmis to provide an autonated

t 09k e PYf¥aitNyi6keassbsti Ny RedleagdmigzatbonFd@d 29, the
classification. Clustering does not require

diégﬁhﬁh”@hﬁ%@ hetyeedn-inylepopdent ivdlhaldsesa ander interface
dependent vari abl es and previous classification of

gﬁégpsetg' éﬁ%%sPU589§§nﬂén£'uééﬁff@ﬂ,hﬁbddlél ndo, a control

ar groups I n expéctation that simlar records

il |l .beh wmlarly. Th ' 5
o RerRIEay TLRb by JPHgindle MRlgd PUdAMBase 140,

representative image database 150, a binarized image

gpinous

database 160, an image collection module 170, a volume of
interest (VOI) extraction module 180, and a VOT
binarization control module 190.

The user interface 110 receives a user-selected VOI
among a full-field spinal image or it manages input/output
for image collection.

The class assignment control module 120 assigns
cases to existing classes according to a similarity
threshold determined by a learning module or it creates
new classes.

The control module 130 mainly serves to correct a
representative image when new cases are contained in
existing classes. In addition, the control module 130
compares a representative image of a previous round and a
representative image of a present round for convergence,

which leads to re-clustering by increasing the similarity
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conmparison and integration is to reduce the size of
data sets while not |osing the inherent

w@b@saores i stics of the data. It is inportant POI/EK82@S1001451

a method that ensures efficient conputation and that
can find data sets capable of representing the
original data. Data set finding is generally based on
conmput ati on of a mean val ue o#0t he neasured values. In
the present invention, there is provided an inproved

k- ppans, cl ust eri ng, al gorithm anet f i ndi t
ShEBGSaRELr, BOFroAn5r TSBPROS pPOBeshed G 0 1T Tavs ther
schematic block diagramillustrating a spinal inage
cIésPé?ﬁﬁ§e§?§P§§lQg@gﬁarng to an enbodi nent of the

present invention. Referring to FIG 29, ih spi_nal .

i mage clThe er PR§IEN3LemiMadRudeR RIS | ?@rfﬁ&é’rffo, images
a cl ass assignnent control nodule 120, a contro

nodolléet86d ahyor thenaimagegeceblapbben 1400diple 170 without
representative i mage database 150, a binarized inmage
datakaseti6n, amdmpgevidelsecorbginatulimalgéds wheol dimarized
of interest (VO) extraction nodule 180, and a VO

bi Rakiyeat R corbreld meduwhenl 3@prEtentsari ventdrdsaceimages are

110 receives a user-selected VO anong a full-field
Spi-Ral-camge or it manages input/output for inage
col I'ecti on.

The representative image database 150 stores
representative images reflecting the characteristics of
classes. Here, the representative images are mean images
of original images belonging to classes.

The binarized image database 160 stores binarized
VOI images extracted from original images. Binarized
images of the representative images are also stored in the
binarized image database 160. The binarized image database
160 is used in comparing the binarized images of cases
with the binarized images of the representative images to
assign cases to corresponding classes.

The image collection module. 170 receives original
images from an external source, and then stores the
received original images in the original image database
140 or it transmits the received original images to the
VOI extraction module 150.

The VOI extraction module 180 receives original

images from the image collection module 170. When the VOI
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The cl ass assignnment control nodule 120 assi gns cases
to existing classes according to a simlarity

wa booss kgl det erm ned by a | earning nodul e or PET/KR2005/001451

creates new cl asses. The control nodule 130 mainly
serves to correct a representative i mage when new
cases are contained in existing classes. In addition,
the control nodule 130 conpardd a representative inage
of a previous round and a representative inage of a

present round for convergence,. Whi | eads _to.

reldl WHERHAS Dy ﬁhc?eé§%ﬂb thgesﬁﬁgiaFﬁgﬁﬁﬁgégﬁof%Odule 180
when the nunber of assigned classes is Iessvgggn a -
pr 6@apemitRedthambertraREeer i §Phal tonadledal’as & fAFL2at1on
stores images collected by the inmage collection nodul e
176onitrhdumodoleedPPon, and provi des origi nal images

when binarized images are created or when _

r epr eseritled i V@I chbhssrinagésnacentopienpdyleTAE0 receives the
representative i mage database 150 stores
regoaseptahi whd nHges e¢ettectiog tweduclear 400er i sinesizes the
of classes. Here, the representative i nages are mean

I magesi9bdory@ nakcoragas bed ongigkdex etmisses. sthadard, and

bi nari zed i nage dat abase 160 stores binarized VO

| mpges extacted fromord glpal yhieges. Bhearizefhrized image
database 160.

Automated image classification and management using
the spinal image clustering system of the present
invention will now be described in detail with reference
to FIGS. 30 through 41.

FIG. 30 is a flow diagram illustrating spinal image
clustering according to an embodiment of the present
invention. Referring to FIG. 30, VOI preparation is first
performed prior to clustering. That is, the VOI is
extracted and binarized, and a first case is assigned to a
first class (hereinafter, referred to as “class A”) S210.

Image matching is performed for a binarized VOI
image of a second case and a binarized representative
image of class A. When the binarized VOI image of the
second case 1s matched to the binarized representative
image of class A, the second case is contained in class A

and a representative image of class A is corrected. On

the other hand, when the binarized VOI image of the second
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i mges of the representative images are also stored in
the binarized i mage database 160. The binarized i mage

walaioabaees 160 i s used in conparing the binari zBGI/KRa@8501451

of cases with the binarized images of the
representative images to assign cases to correspondi ng
cl asses. The imge coll ection nodule 170 receives
original imges froman exterAal source, and then
stores the received original images in the origina

i mage database 140.or. it transpits th

or fgrhalSi MEgedd QﬂﬁaRﬂjtgatE%c f%ﬁgﬁnggﬁkg%gBtaFﬁve image
VO extraction nodul e 180 recei |
fr@ﬁ19ﬁésﬁnﬁgetéﬁlF@EPPanﬁﬁﬁuFée%?%&baﬁ tPng VEly created

extracted by a user, the VO extraction nDduIe 180

tr ahsabt 8.t h&hdgt mrocedwE &% +her¥erdbfAAr PRat iGGFes- That
control nodule 190. The VA binarization contro

nodal, e W8 r ebei dnartigedd VOE omft hen VOrtexteasd i df compared
nodul e 170, binarizes the received VO according to a

pr edeher wheed bdhandaed, awrgresendritise hémsiges i 2dd existing
VO to the binarized i mage database 160. Aut onated

I Meggseckassa f itkabiugn angd marRAgEAENt désiengishexsspigmdd to its

i mage clustering systemof the present invention wl|l

noyRepdesatihed i nrdetaich-eWdht reberene@ized representative
images matching the binarized VOI of the n-th case, the n-
th case is assigned to a newly created class P+1l. When
the assignment for the last case is terminated, classes
containing less than a certain ratio (e.g., less than 2%)
of cases (based on total cases) are removed (operatibn
S230). The class removal may be selectively performed for
the purpose of separately extracting cases with
'exceptional and different shapes.

After exceptional <classes are removed, whether
correction of the representative image of each class has
been made 1is investigated. If the correction of a
representative image has been made, clustering and class
removal are again performed; however, if convergence 1is
achieved, the number of classes is determined. The above
procedure is iterated until all the representative images
have been corrected (operation S240).

Next, the error rates of converged classes are

caléulated (operation S247). If the number of classes
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to FIGS. 30 through 41. FIG 30 is a flow diagram
illustrating spinal inmage clustering according to an

werodiazesmit of the present invention. Referri npCT/BEREI0S001451

30, VO preparation is first performed prior to

~clustering. That is, the VO is extracted and

bi nari zed, and a first case is assigned to a first
class (hereinafter, referred #8 as "class A") S210.
I mage matching is perforned for a binarized VO image

Ofdgt%%ﬁgﬁgdca%%n%? k%{ﬁﬁi (&i;¥$ﬁésg5o¢ XE s%ﬁgﬁer than

¢l"ass |nar|ze

Sﬁggnd case is nEbce[%(:g g%%ﬂgl%)%@é{l zeg8 'rls(he: teatclusterlng

class A and a representative inmage of class Ais
coPPEEEEAPEn 1 FBSot hetahdnd, TiHeYet he WHHFLRY voand  the
i mmge of the secondcase is not natched to the

bi RRAVEEdEREFT sidmrmingd liomgwpatelassare, itpeakedofging an
case is assigned to a newWy created class B . This

pr avedereeds siitnédatred yf thrashodds8850That is, when the

bi nari zed VO of an n-th case is conpared with the

bi nari zemddept @sent vt | weatichEges etmpiastsngot! asses:séntative
through P, the n-th case is assigned to its matched

cl agsgekf tcbﬁl%ae%a nQ ddoraliinged tiePre@sENtaidwee IgRERSs are
rratchl ng the binarized VO of the n-th case, the nth

Cag@tihe®SHONEL tO S bV Yseigat edotkasomiith MHsentative
images S260.

Hereinafter, each operation of FIG. 30 will be
described in more detail with reference to the
accompanying drawings.

FIG. 31 is a detailed flow diagram of the preparing
operation S210 of FIG. 30.

The preparing operation includes selection of a VOI
image from a full-field spinal image and binarization of
the VOI image.

As shown in FIG. 32, when the full-field spinal
image with 256 gray levels is provided (sub—operati&n
S211), a VOI image is extracted by a user. In this
embodiment, the VOI is represented by a three-dimensional
cuboid using xyz-coordinates. First, image slices of the
implant area are selected and regions of interest (ROIs)
are defined in the slices. The VOI is defined by adding

an extra volume to the location of an installed
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the assignnent for the |last case is term nated,
cl asses containing less than a certain ratio (e.g.,

wo e®s/112s 2% of cases (based on total cases)P@Er/BER2005/001451

renoved (operation S230) . The cl ass renoval may be
selectively perfornmed for the purpose of separately
extracting cases with exceptional and different
shapes. After exceptional clagges are renoved, whether
correction of the representative i mage of each cl ass

has been made is investigated. |f the correction qf .
reh?%@éﬁ?é???éafnéﬁgfﬁﬁg'b@@g ﬁﬁ&gFailﬁgﬁSFﬁnﬁrgngel%Cted +h
cl ass renoval are_again perforned; however, if

coher gomes ianhchPeeEd 2 Bfd Snuntferl ot Mapgss@f jthe ROIs are
determ ned. The above procedure is iterated unti] al

t heheepsasentztsokutheges hEes besampderect@d slices may Dbe
(operation S240) . Next, the error rates of converged:

cl assestateinakhsl atddreopépat i endS247) imalfest @y consist of
nunber of classesdetermned using the simlarity '

t hggsholgd IS &M .| eruddiadriidyee maixh noie noabey 8DIs may be the
perm ssi bl e cl asses, the clustering operation, the

cl asger PVl operadd on, 1RBge t BeseaN¥ekEgaRGresented as: {Si,
deterni nation Operatlon are iterated usi ng an

in%reaseg ﬁin1larity t hreshol d S250. Additionally,
mat’éhi fig 1'enpl ates of representative images conpl et ed
according to the above process are

Then, binarization is performed using Equation 2 -

below (sub-operation S213). All cases are grouped into k
clusters {P%, 1<4<k}. If a case belongs to cluster Py,
the case is classified into representative image vectors
e (j=1,..,k). Here, t is a round and c is the number of
updates at J. B(cu%(X,y,z)) is a function for
binarization of the gray level of each voxel at the
(x,v,2z) position of the representative image vector.
Bl e) (07 oH)(53,2)<230

255 1 p(xy,2)2230  _(2)

A threshold value for spinal image binarization may be

optionally selected from the range 190 to 240. However,
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mat ched to the cases to sel ect nore common
representative imges S2 60. Hereinafter, each

woep@satizeh of FIG 30 will be described in norBCHER2005/001451

with reference to the acconpanying drawings . FIG 31
Is a detailed flow diagram of the preparing operation
S210 of FIG 30. The preparing operation includes
selection of a VO inmage fromda full-field spinal

‘i mage and binarization of the V(] image A s shown in
‘FIG 32, vvhenthef [1-field s

§P§§‘lfi§FéP§ i DiBAE ealo(lsi?o at?%hn 11516115%1‘? -8
|rrae|s extracted by a user. In this enbodi nent, .
Psapépr esdfedPBySane hid&di FreASHorRANg u%flarai fgnsity,
xyz coordi nates. First, imge slices of the inplant
aPeamane bee| ssitent ethch ¥ deponshoeshaldr ¥3L UEREPS) spigal image
defined in the slices. The VO is defined by addi ng an
Bihmaivalktioe.t o t Hehd ochbiresholdanvalue for spinal image
install edintervertebral inplant, and several slices
Bheaselettied iis thetuppes tadd dowelie zabwive-dAkkriibvaegesralues.
of the ROs are the sanme resolution. For exanple, 10

ghiccessymynbassel eabed ighddewitdi r@ctéonpiandsaldnd FIG. 34
I mages may consist of 64 * 64 pixels. Furthernore, in

gﬂ%w%aﬁeblggkﬁz%%y19%g%h%f the ROI image of FIG. 33.

The preparing operation is terminated by assigning a
first case to a class A (sub-operation S214).

FIG. 35 is a detailed flow diagram of the clustering
operation S220 of FIG. 30.

Referring to FIG. 35, first, when t = 0, an initial
similarity threshold (Ths = Thstart) is determined for class
assignment (sub~operation S5221). The initial similarity
threshold may be directly determined by a user or it may be
randomly determined in a predetermined range. For example,
the initial similarity threshold may be‘ selected from a
range of 70 to 100%. In this embodiment, 76% is selected as
the initial similarity threshold. However, since clustering
results are not significantly affected by the initial
similarity threshold, an appropriate value should be
selected as the initial similarity threshold.

Then, an n-th case is assigned  to a p-th class (sub-
operation S5222). According to Equation 3 (below), a

binarized gray level of a case to be processed is compared
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same in all slices. These cases are represented as:
{Si, S2, ... S . Then, binarization is perforned using

weewatiims 2 bel ow (sub-operation S213) . Al CEBGEER208/001451

grouped into k clusters {Pj, Ijk }. If a case bel ongs
to cluster Pj, the case is classified into
representative imge vectors c j(j-lr-r kK) . Here, t
is around and c is the nunberdeof updates at j . B
(ecmj(x, vy, z) ) is a function for binarization of

the gray | evel of each yoxel at_the_ (x Z i

¥ithhe ekttt 75eYi :-/'rﬁé’éavé’& G . r%s?l)y?g?f‘ééomf"?fe of a
(2 ) Athreshold value_for spinal innge biparization £ the’
@ Sise Afptd oBEVEY FOKeét &P SHLHHRY r?élrzfa%g%agé ipg %z4c © ©
However, consi dering m nimal noise and spinal density, .

230 | biprefeedbl @ra¥orlgealsons swi EALGuL8ReBone APASr als, the
density, 200 may be sel ected as the threshold val ue
foumuSpitiale | ragacbi ofr igiatdlon. ifhethér estothed alageafsor of  the
spi nal image binarization is not limted to the

ahova-idesrIdhel Vedaresof FhGeadd shawshe RAnamegel widy level
64*64 pixels and FIG 34 shows a binarized i mage of

tde §2 & 98595t§£§%e3§maggecﬁFQpaéiﬁgsomeratkﬁﬁsb&ted by a
term nated by assigning a first case to a class A

(SeLibéeqpcearcfet.i ony /S atidi GB, 3R 1.5 fsdehal hedlroWr pixels in
&?agran1 the clustering

the VOI, i.e., the number of pixels in ROI * the number of
slices. In this embodiment, Acase is 64*64*10. Con|[S;, cp%]
is a function for calculating a matching rate of gray levels
when a comparison between a binarized image of a case and a
binarized image of a representative image of a class is
iterated Acase times.

Ao
348, (52 2) B(S,(5,9,2) = B 1) (x,3,2)}
A

case

Con[S.:c,u;:k%) = ¥100(%) - (3)

1

In the matching rate calculation method, gray levels
and position information are compared at the same time.
Therefore, the matching rate of gray levels of full-field
volumes can be calculated by comparing the gray levels of
corresponding voxels.

After performing matching, Con[S;, dfj] is compared
with the previously determined initial similarity
threshold. If Con[Si, p%] is less than the initial
similarity threshold, the n-th case is assigned to a newly

created p+l-th class (sub-operation $223). If Con[Si, il
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operation S220 of FIG 30. Referring to FIG 35,
first, whent =0, an initial simlarity threshold

w@ Tw3/1r02Fhstart) is determ ned for cl ass assi gPeERR2005/001451

(sub-operation S221) . The initial simlarity
threshold may be directly determ ned by a user or it
may be randonmly determined in a predeterm ned range.
For exanple, the initial siml4drity threshold may be
selected froma range of 70 to 100% In this

enbodi nent, . 76% i.s .sel ected as.the.initiagl,sim ' :

t hPESREFS. tﬁ@\/\é\?’e&}a i FAd ATt rlecr%lgjr ersé'lso%%’s aarée%fo%gentatlve
significantly affected by the initial simlarity

t hAB3HSI &5 &RTEXSSTERr ﬂéﬂé'@&l%@%ﬁ’&l%%é ‘sel ected as

the initial simlarity threshold. Then, an n-th case

i s assi ghedmpseadgtehlel 48s JafisBmant ioh &pgepe, to a class,
According to Equation 3 (below) , a binarized gray

| ewelf iofsta case $10 ise apsdgpssedd £ ORF ebwi Rt respect to
bi nari zed gray |l evel of a representative inmage of a

cl asssedorid gt¥ea goxebh pasivt ilmvelndof satrdpnwpardtagiofe image
the two binarized gray levels is calculated. That is,

t he FowRd atliaees vialdis iofndd 8l clustde Ineishsshpieas with that
the binarized gray |evel of a case and the binarized

ar ay | gvels afe 4 Ji6R egenbat ide kRBIes&formd clase is,. If a
represented by "a percentage. In Equation 3 , AcaSe is

th?n Q‘HH‘{‘?{ 0 aEi Xeéﬁ itl?leth WXO ra{ e'levteti% nygbere &f than an

plxéE'IS|nq?Ofrtﬁe nunber o? grey
initial similarity’ threshold, the second case S, is
assigned to a cluster 2. On the other hand, if it exceeds
the initial similarity threshold, the second case S is
assigned to the class 1 and the representative image of
the class 1 is corrected. With respect to i-th case S; (i
is more than 2), the gray level of the binarized
representative image of the previously created j-th class
P g = 1, ..., k) 1is compared to that of its
corresponding voxel of the i-th case S; using Equation 4
(below). The i-th case S; is assigned to the j-th class Pj
exhibiting the highest matching rate. Representative

image correction is required in the j-th class Py to which

the i-th case S; is assigned.
S, e{p! 1 Max(Conls, : g I (j =1,2,..4) . (4)

In the sub-operation 5224 (correcting a

representative image), the gray level of a pixel is
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slices. In this enbodi nent, Acase is 64*64*10. Con
[Si, cm] is a function for cal culating a nmatching

w0 2008/10R2589r ay | evel s when a conpari son bet weenP@EI/KR2005/001451

bi nari zed i mage of a case and a binarized i mage of a
representative image of a class is iterated Acase
times. ) In the matching rate cal cul ati on net hod, gray
| evel s and position informati d8 are conpared at the
same time. Therefore, the matching rate of gray |evels

of c]:)%!r ﬁll 8' q.llé/.'l?ljl IT%%GC r%ﬁdﬁ.%lv%lilsat fﬁjs@é{?&or&arén%inarized

the gray Teve corre ng voxe

f
P heaoBy | ohbr s ePgF%eﬁeS Cepebal PELePEAPRTY T tn c1ass

threshold. If Con j].is less than the |n|£ g
si Wb | REEPFet W}O hkS nCt h 3 4Y | SeRESPGRERTL e q image 1is
nemAy created p+l-th class (sub-operation S223) . If

CoffepgesepifePex &edFatad1iom t i%al %qvb)ruty #nr &ggRsiegiure of

a representative inmage is corrected (sub-operation
S2zgyrecitingor e detprésenabibed grimage ofusingasBaraetiaon 5 is
class, a first case Si is assigned to a class 1
Wtﬂbfniasplecdsta A lseconcho gseo&Jjuee gr agnbevdle ofatio of the
representative i mage

new cﬂpﬁj to the previous dfj is defined as the “learning

rate”.

T N M L)*S. (5)
c+lluj (C'Fl) c/uj (C'i‘l i

The new representative image represented by Equation
5 is determined on the basis of averaging existing cases
and a newly assigned case. According to such a
representative image determination method, unlike a
representative image determination method considering a
simple mean value of existing cases belonging to the same
class as a representative image vector, a variable
representative image vector that may be changed by new
case assignment is obtained, thereby ensuring accurate
clustering and representative image acquisition.

The learning rate is inversely proportional to the
number of cases assigned to a corresponding class. In the
case of processing one training case, since a
representative image value of a class to which the

training case belongs 1is previously determined by ¢
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of the class 1 assigned as cluster 1 is conpared with
that of a correspondi ng voxel of the second case S2 .
wo boos/1nesghi ng rate of the two gray | evel s i s PEFKRRIDA001451
an initial simlarity threshold, the second case S2 is
assigned to a cluster 2 . On the other hand, if it
exceeds the initial simlarity threshold, the second
case S2 is assigned to the cld9s 1 and the
representative image of the class 1 is corrected. Wth

respect .to i-th case, S (L _is nore t 2 , the.qr
Ie@gﬂs%?nghecsﬁﬁgfizggere%Fgggﬁpgti§g%%na§§ ofa't%;elgjgEﬂé case
previously created j-th class_P | .(j .= 1, k 1S . .
coRBSFERSES tatat BF PP?Q%Hr%%pS%&%%&ngoﬁﬁé?ﬁ bﬁtermlnlng a
i-th case Si using Equation 4 (below) . The i-th case

Si TEPrasengatdveolMRES] LPRTERSESS-Pj exhibiting the

hi ghest matching rate. Representative image correction

i s requiTheel ireasha jthé demsmipjg t sakki cleereaseghis that a
case Si is assigned. SP/MAX[Con [S:ml| u =

| , 2eprkpentati4e limadee ssbdeperatned $324a( comudetiing value
a representative inage) , the gray |level of a pixel

i se@rractedcuseny 266ighay | evel a | 6steadpohidang class. A
bi nari zed i mage. If the nunber of cases belonging to

thechrbRecphassvBl hefRfe COf resid®n k$abs, asNeWonsidered a

representative image i's represented by Equation 5

(b?E%WEsenE%Qﬁ% Uwﬁégé of all cases assigned to each class.
Thus, classes are discriminated only by such
representative images, and each case is assigned to a
class having the closest representative image.

After a representative image i1s corrected, sub-
operations S222 through S224 are iterated until the
assignment of all cases 1s completed, i.e., until the last
case Sy is processed (sub-operation S225).

When the assignment of the last casé is terminated,
classes containing less than 2% of cases (based on total
cases) are removed from a class list using Equation 6
(operation S230). Since exceptional classes are removed,
k significant classes remain. Therefore, disadvantages of
an algorithm sensitive to a k-value and an exceptional
value can be solved. Thus, operagion 230 can be intended
for separate extraction of cases with exceptional and

specific shapes.
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correcting a representative imge using Equation 5 is
defined as a "learning procedure", and the ratio of

W b@snerse+i t j] to the previous cl- j is defi PEOKR2005/001451

the "learning rate". The new representative inage
represented by Equation 5 is determ ned on the basis

of averagi ng existing cases and a new y assi gned case.
According to such a representadi ve i nage determ nation

met hod, unlike a representative image determ nation

nmet hod conS|der|ng a sinple nean val ue of existing

cases bel ongi the a r present at i

i mage VveRi.or = éb% Saﬁ(n ggp J§§| J f mage vectéﬁ?

that may be changed by bm1case adsi gnnent is

obt ai ned, thereby ensuring accurate clustering and

repr esematliees i pageentguitbet iresultive 1arai ﬁgaﬁat gepgval of
inversely proportional to the nunber of cases assigned

t o1@0cardspondimigtic] asspeln the dage wpepr oesssd ngimilarity
one training case, since a representative inmge val ue

of +arekas3dt ®MN7GR ,t heod f aicniaRGecaserdelaargtads and classes
previ ously det er ni ned by cexisting cases, the |earning

raESm?Bs@dsbﬁgk?<9@S§mgf§é§a§§§e§5akﬁer@mﬁbéﬂ .of As a result,
exl st ng cases det er m ni ng a repr esentati ve | mage

in%r%g%gi of four cases are removed.

Table 5

Section L34 upper L34 lower

Similarity The number of The number of
k-value k—-value

threshold removed cases removed cases

76 4 4 2 2

77 4 3 2 3

78 4 4 2 ' 6

79 4 4 2 6

80 5 5 2 6

81 6 3 | 3 6

When the class removal is terminated, the convergence
determination operation S240 for stabilization of each class
is.executed.

In the convergence determination operation, whether
correction of the representative image of each class has
been made is investigated. Rounds are iterated until the
convergence of the representative images is accomplished.

Here, “rounds” refers to iteration of clustering and class
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The reason the learning rate decreases is that a
representative image is determ ned by a cunul ative

wo a008e102f8 al | cases assigned to a correspondi NRBCUKRS®5/001451

A representative image of each class is considered a
representative imge of all cases assigned to each
class. Thus, classes are discrimnated only by such
representative i mages, and eabll case is assigned to a
class havi ng the closest representative i mage. After a

%ﬁéﬁggatl¥ :FéggggrreCtedte?QQQBgr%%l%n.P%ﬁ ” means

224 ar anfil ©hHE assignment o
cases is_conp ., until the | ast ase S

prBBé§s€&u€§SElBEeF&9|8&a§§2§Fm°V et Enhd 5%?1& ee times.
of the | ast case is term nated,_ classes contalnlng ,

| ess thdﬁS2$@§Wnca§ésE@Ba§é8noh7¢oFQPnéﬁsé§¥5aFEe ated until
renoved froma class list using Equation 6 (operation

S28bp .mSicnexoEstd opdl thasswprasentafisl, ipage of each
significant classes remain. Therefore, dlsadvantages

of caasal gdr ia hresensid | veuhd an#i- vheuecprésantative image of
exceptional value can be sol ved. Thus, operation 230

can bgedyendeditl sepssatexexdédact oprefietasmsnadt lpercent.
exceptional and specific shapes. Table 5 presents the

resilet 1t iR LA MeIPVse 8ht10RatagesetWrhine@SRECta user.
to L34 upper at a simlarity
For example, rounds may be iterated until the matching

rate 1s 100%.
t, t-1 ko . 0. '
Conl, ', '™ k%) =100(%) o (7)

If the matching rate does not exceed a predetermined

percent, it is considered. that convergence has not been

accomplished. In this case, case assignment must be done
again. Thus, a case number 1is initialized to ™“1”
(operation S245) and then rounds are iterated. If

convergence 1s accomplished, the operation S247 of
calculating an error rate is executed.

Here, the error rate of converged classes is
calculated S8247. As shown in Equation 8, the error rate
is defined as the sum of the squares of the distance
between each case in a class and the representative image
of the class. The “distance” is conceptional. Actually,
the error rate is represented by an error observation

calculated on the assumption that dissimilarity between



threshold of 76% four classes are created and cl asses
conposed of 2 or smaller cases are renbved. A s a
wo e®aht02sa total of four cases are renoved. TabCEKR2005/001451

When the class renoval is term nated, the convergence
determ nation operation S240 for stabilization of each
class is. executed. In the convergence determ nation
operation, whether correctionb5@ the representative

i mge of each class has been nmade is investigated.

Rounds are iter until the converger f.the,qne
reﬁ?gg‘en‘faﬁ?vén dte Irgpg(egg&pratsﬁed ']ﬁ%%é’ J“tsroh%%ls After
referst0|terat|on of clus d cl :
t hF&1FBgardJarthg (o att ohatF SHEhAP Tiand plgpoe betueen
clustering and class renoval are iterated three ti melﬁjesterlng

As egRbwiease Bitthtileh vepPresanbative irepsr edEntiS
mat ching rate of the representative image of each
cl desecomiaaprion operediny 20t he r&scEsent-ati ve i mage
of a newy created exceeds a predetermnm ned
percent. he @g :)e may be optionally . (8)
deternin r exanpl e, rounds may be
iterated unt|I the matching rate is 100% |f the
mat chi ngIrattéedoes- ﬂb’tls*e&ée% Fgfradeira e doperagaen, when
it is considered that convergence has not been
no representative image correction is done and the number

of classes 1s smaller than the number of permissible
classes, the operation S255 of increasing the similarity
threshold using Equation 9‘is executed. If re-clustering
is requested, clustering is again executed using an
increased similarity threshold S8255. If re-clustering is
not requested, the similarity threshold and the k-value
are determined S260. Since the initial similarity
threshold (Thstart) 15 an approximate wvalue, the k-value
determined from the initial similarity threshold is also
not completely suitable for assignment of given cases.
Thus, through the above process, the maximum similarity
threshold (Ths) can be obtained within permissible classes.
For example, if the number of classes 1s smaller than the
number of permissible classes, the process returns to the
operation of clustering S220 and increases the similarity
threshold by 1% to iterate assignment of all cases to

classes.
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acconplished. In this case, case assignnment nust be
done again. Thus, a case nunber is initialized to "1"

w@ openaRson S245) and then rounds are iteratedPCT/KR2005/001451

convergence is acconplished, the operation S247 of
calculating an error rate is executed. Here, the error
rate of converged classes is calculated S247. As shown
in Equation 8 , the error rat@3is defined as the sum
of the squares of the distance between each case in a
class and the representative i mage of the class. The
"distand@hemsfegﬁgpptPBﬁaV‘Kﬁwtﬁhﬁﬁy, the error raté?)
is represented by an error observation cal cul ated on
the assumpti @pet hadpdiSisidn | acbt y peteveeneachtrase sindlarity
its representative inmage is 100% After cal cul ating
t hgh%é%lﬁata%cpaﬁﬁgafﬁet ko o, Stiances pet veen: 6a¢hred8881d and
and Its representative I mage, the re-clustering
deleLan At 00, POEE AL PR SAR0 LR CXGR Alle | RoAE rate among
re-clustering determnati on operation, en n o
representative inm correction_is done .and the nunber. .
o PrEPhosddte® siaft @i Hah (He hunBlr af CREAMCES b1 gt Larity
cl asses, the operation S255 of increasing the ,
si FFEENOYdt B heled S8 RG SEqliat iP6n &h¢ o Mogdo peitapie.  The
re-clustering i s requested, clustering is again o _
exc€yea@susiong ame ndicdsedssi MAEANG hriteshdihe sasmnilarity
If re-clustering is

threshold, and error rates calculated after excluding

cases removed in the class removal operation are listed in
Table 6 below. As shown in Table 6, the smallest error
rate, 67414, was obtained at the similarity threshold of
82%. Thus, it can be seen thét it is most preferable that

the initial similarity threshold be 82%.

Table 6
15
Similarity iﬁiig;éﬁf The number of Error
threshold (Th) (d) error cases rate
80 9312 6 69312
81 7800 6 67800
82 7414 6 67414
83 7293 7 77293
84 7226 9 97226
85 6662 7 7666290

After the similarity threshold and the k-value are
determined, the representative image matching operation
S270 may be selectively performed. When all cases are

scanned using intervertebral implants suitable for the
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not requested, the simlarity threshold and the
k-value are determ ned S2 60. Since the initial

wareshansg y t hreshold (Thstart) i s an appr oxi PEI/BER2005/001451

val ue, the k-value determ ned fromthe initial
simlarity threshold is also not conpletely suitable
for assignnment of given cases. Thus, through the above
process, the maximumsimlari 5% threshold (Th3) can b
e obtained within perm ssible classes. For exanple, if

the nunber of, classes is spaller than the n 0

PEF PP ESF P 62 b1 ¥R s 2¥29ERe %fggé§§sle§t’ur%%et8%g%§& Jf classes
operation o f clustering S220 and i ncreases, the . an be
si panabet yedneedhalnd B Yniversait EFBFSSSEEPEIﬁFFSnEmSPG <

all cases to classes .Wen and J(K, ths++ ...(9) In .

t herepeedt i orithen derer inhervastePARL ariMBLanir edfoI 3Pt fitted
and k-val ue S260, the simlarity threshold and k-value |
cowierpspdhogst probesseal best epechifiat paitoliyrefPoscanning,
rates calculated with an increased simlarity

t hegehokdashenget £5 M siesbped beaidie st sagaiabl eerfwgmed at
squares of the distance according to the simlarity

th&ﬁé%ﬁéﬁ’sﬁeé,eerfiﬁ?tEﬁecabaﬁh@hgd ghtemienalaldieryor spot,
cases renoved in the class renoval operation are

ligted in Jabl g:8:hghow,. As showrd nspaR e i& , ddrched and

smal"'ést error rate, 67414, was obtained at the

Sigg%%%h%&.thr%ﬁﬂggdn%%ching procedure 1is performed by a
voxel-based comparison of cases 271’ and templates 2737
configured for three-dimensional intervertebral implants.
For example, the full-field of a case has a volume of 64
(length) * 64 (width) * 10 (the number of slices), and a
template has a volume of 48*%48*4. The full-filed is
searched according as the template shifting per 1 voxel
with respect to the case. In this case, a variable
interval (x, y, z) = (17, 17, 5).

FIG. 36 is a detailed flow diagram of the
representative image matching operation S270 of FIG. 30
and FIG. 37 is an exemplified view of the representative
image matching. The representative image matching can be
efficiently used in manufacturing a universal
intervertebral implant suitable for most cases.

In addition, the purposes of the representative

image matching can be divided into two groups. First, an

intervertebral implant has geometrically curved surfaces,
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82% Thus, it can be seen that it is nost preferable

that the initial simlarity threshold be 82% Table 6
wa\baoen12be simlarity threshold and the k-val UBCEHK&2005/001451

determ ned, the representative i nage matchi ng

operation S270 may be selectively perfornmed. Wen al

cases are scanned using intervertebral inplants

suitabl e for therepresentativeSi nages of classes, the

nunber of classes can be reduced and a universa

ntative i an.be creat e

| rEBRe R Bor kY | RS | 6 oibt et (A TR eReL shape of
processes at a speC|f|c spot during scannin . .
schRfi ng SPLeSEEIEEd "and agai n %rfSFﬁﬁ%sgpgatlve tmage
anot her spot. During the scanning, .the m ni
spBREChiag, reEceisni Q#mQﬁrs%gcén§66VeF§ngéﬁicH@@lants by
and recorded. This matching procedure is perforned b{
a woxplarfdged icnpeed swrerdnicasés thel ezirk t 8pprat pgtween an
273" configured for three-dinmensional intervertebra
i mhaetrserEebretanplieplhé f ulnd i elad ofcasecase drak a ensures
vol une of 64 (length) 64 (width) * 10 (the nunber of
sl hgesyverandralt emphplentwds aival ureetofe48* 484ptedhe shapes.
full-filed is searched according as the tenpl ate

shisktbag, p%ﬁnl—:ev%)haer‘&‘otzh @Yt vieed |339 rEas® sdrtdihiivee image
case, a variable interval (x, y, z ) = (17, 17, 5 ) .

and a single case equals the similarity threshold, an
intervertebral implant is manufactured to large dimensions
considering the error rate. The representative image
matching is to verify the enlarged dimensions.

After determining the similarity threshold and the
k-value, a case is provided (sub-operation S271). The
case 1s provided 1in a comparable shape. In this
embodiment, there is provided a case having a volume of
64*64*10.

Then, a two-dimensional image of an intervertebral
implant adapted for a representative image is provided
(sub-operation S$S272). First, in the representative image,
the widths of the spinous processes, an interspinous space,
lower surface slopes of the spinous processes, the depths
of the spinous processes, and others are measured. Then,
an intervertebral implant is manufactured so that it has
slightly larger dimensions than the representative image.

The intervertebral implant is now designated a
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FIG 36 is a detailed flow diagram of the
representative i mage matchi ng operation S270 of FI G

wa@Qoan2f8 G 37 is an exenplified view of the PCI/KR2005/001451

representative i mage matching. The representative

i mage matching can be efficiently used in

manuf acturing a universal intervertebral inplant
suitable for nost cases. In asldition, the purposes of
the representative i mage matching can be divided into

two groups. First, an interyvertebral inplant ha .
gebraR e TN 1AL R v I F T uces, W%ﬁ%ﬁnggﬁ?/’ diafférlufrf%r%}ty of
t he three-di mensi onal shape of the representatjve a3 N
i megere Rt atbre sPALAETRE in?ergebﬁafI@ﬁﬁ%ﬁ Cgé’&&éesa?%oer ing to
nunber of intervertebral inplants by a quantitative

meaiser degneeobft e ey ¥or ispade shmasions- Adaptability of
intervertebral inplant and a case, and ensures

i nteevertpbeakniapliant s paitttlerivet t ers addptednihegpesthrough a
Second, since an error rate between a representative

| fRgec-RNHg dpsbBeterease equals the simlarity
threshol d, an intervertebral inplant is manufactured

to | argel mensl oS &oNsdder | Ngnd§e ebror that e inthevertebral
representative 1mage matching is to verify the

fﬂh%é%ggadii@ngkggligeéf tey grherm %Qgcﬁbﬁgzg:@ﬂ;ﬁrdttey can | be

and val ue, a case is provi
gzﬁgégggé t%ﬁ§b§$7%%g%%%2%fc%%%éf%§yw%@6¥¥ianabe extracted
from the matching template. For this, the two-dimensional
image of the intervertebral implant may be provided in the
same form as the case. Preferably, the intervertebral
implant is provided as a cubic image of 64*64*10.

Then, a matching template adapted for the two-
dimensional image of the intervertebral implant is
provided (sub-operation S273). This sub-operation is to
detect the presence of spinous processes in a 180-degree
range based on the centroid of the lower portion of the
representative pattern both inside and outside the
template. The matching template has a volume of 48%48%4,.
Referring to FIG. 37, a matéhing template 273’ is slightly
larger than the two-dimensional image of the
representative pattern to perform the matching with a case
image.

Then, a ROI is extracted from the matching template

(sub-operation S274). Referring to FIG. 37, a portion of
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enbodi nent, there is provided a case having a vol une
of 64*64*10. Then, a two-di nensional imge of an

w0 niosnvesg ebral inplant adapted for a represenp@r/KRe005/001451

i mge is provided (sub-operation S272) . First, in the
representative i mage, the w dths of the spinous
processes, an interspinous space, |ower surface sl opes
of the spinous processes, thesdepths of the spinous
processes, and others are neasured. Then, an

intervertebral inplant is manufactured sq that,d )
slthfht matichiger BPRRARFBNs' R hfr?zjﬁ? erdgp?gse%taqfveaqa - For

i mge. The intervertebral inplant is now.designat.e .
a"epnElsent Bt thepgeser PT R ReRnBREC n&lﬁ%ﬂﬁ%ﬁ/?ﬁWlth a
representative patterns can be nmanufactured according ned
t side olBg6ee6of amRQINWLEh: lfe sdizfersi ohe"48 may be defined.
Adaptability of the representative patterns is . :
detgr mhaed ¢deoughha nedo4s n§Ofr coeduseanThe case region of
t wo- di mensi onal inmage of the intervertebral inplant is

proyi gedasenthatta BBk inglenpate chnlbelpr ovilded the ROL
and a region of interest (RO) can be extracted from

Fhfsnaéfbﬁﬁg,t§n8£§§ele581 t Bi sssthActiWeodichensiaeralimage and
i mage of the intérvertebral inplant may be provided in

}EE%Ssergggﬁg]@?et StEARRg %%%b@%%@lMﬂ)tﬁﬁéqriminate the ROI
nplant 1s provided as a cubic inage of
64§§§§19he case image, which is a target of comparison (sub-
operation S275). Referring to FIGS. 38 and 39, in a case
image, zero (0) is assigned to a spinous process A and 255
is assigned to a background B. In a ROI of a matching
template, iOO is assigned to a background C and 255 1is
assigned to a matching template D. Since gray level
assignment can also be performed using another gray level
capable of discriminating the four regions, the present
invention is not limited to the above-described examples.
After the gray level assignment, an error rate 1is
calculated by matching the ROI of the matching template
and the case (sub-operation S276). Analysis results for
the matching are given below with reference to FIG. 40.
Referring to FIG. 40, there are about four regions.
A region 1 containing only a template has a gray level of
(255+255) /2 and is skipped in processing. A region 2 is
an overlap of the case and the template and has a gray

level of (0+4255)/2. In the region 2, because the spinous
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Then, a matching tenpl ate adapted for the
t wodi nensi onal inmage of the intervertebral inplant is

w@e@sitdess (sub- operation S273) . This sub- oper BET/BR2008/001451

to detect the presence of spinous processes in a

180- degree range based on the centroid of the | ower
portion of the representative pattern both inside and
outsi de the tenplate. The matB8ing tenplate has a

vol ume of 48*48*4. Referring to FIG 37, a matching

tenplate 273 is slightly,.larger tha e ;
tmBlﬂ?ﬂ%%siQﬁuﬂ€HQNa§gS§f tfie f%ﬁ?%%eﬂ?%%?vgﬂba%Pgsﬁvthebral
performthe matching with a case ijmge . Then, _a RO
sieRLARE! CHNPFEMPRAE fntC TR LTS &F (Eﬁ%- SBEPRFFoRTOCSS
S274) . Referring to FIG 37, a portion ofthe matching .
t efipbmt ethe swedretaite as aWREN 274" VOXEhr %%(ar?rﬂtée,c%eﬁp during
the case of using a matching tenplate with a size of
64p64ceasRily, wkhh ansezeeotehgadgimpyaps def cpagideged to be
this case, the 48*48 RO can scan a case regi on of _
6435&p§k@?91&téh a \ar iralglienspacecofta7nd7. ovlien e spinous
RO is defined, a gray level is assigned to the case
Mgg-ahd tde REL Qfaddeanat ghisngat giplyatietel of (0+100) /2.

[
"discrimnate the RO fromthe case image, which is a

SRR S U708 200 SKCDpsa, Bpbetyngoes oot
as%% %%% tghg ﬁ§££5%§s£H§PeSSAAnQQﬁ1%554 contains only the
backgrounds of the two images and represents an error
space between the template and the case. Region 4 has a
gray level of (2554+100) /2, and the number of voxgls is
added cumulatively. The cumulative value of region 4 is

computed as an error value and it is used to calculate the

similarity threshold. The analysis results are summarized

in Table 7:
Table 7
R?gjon Section Casa | Template | Gray level Processing
1 Template - o . (255+255) /2 Skipped
Spinous
2 process 0 0 (0+255) /2 | Inappropriate |
template
3 Spinous 0 - (0+100) /2 Skipped .
process
Backgroun Error value
4 ac g - - (255+100) /2 calculation

In region 4, the spinous process is not matched to
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is assigned to a background B . In a RO of a matching
tenplate, 100 is assigned to a background C and 255 is

waz®sgnessto a matching tenplate D . Since graRCT/BR2005/001451

assi gnnment can al so be perforned using another gray

| evel capable of discrimnating the four regions, the
present invention is not limted to the
above-descri bed exanples. Aft® the gray |evel
assignnment, an error rate is cal cul ated by matching

the RO of the matchin enpl at e d the cas

(i1 o RIT ) LA ys, % QBT (ST Gr PR inoTeases,
mat ching are given belowwith reference to FIG .4 .

Ref evpaory hety@en We ihepkvarechbadbt 10 ?n’i":eaP%ngbeASpmous
region 1 containing only a tenEIqte has a gray | evel th
of pf AEEs255nckeaand .- i s Bkippediti iSpr HBRRIEFHYL ~ KO deffBife the
2 is an overlap of the case and the tenplate and has a ,
grayréevellok.( 04@56)e / Bcanminge tlegi oatZhingeckemelate with
t he spinousprocess of the case is larger than an

i ntesNeEt el cheplaml-tier®e éxiages af pridter usaen gflong the
t he spinous process fromthe tenplate. Wen a voxel is

dep gl ed gurgog}g;@,r 0¢E8SI1AG1 vicheckrRber ves 1 ebs alatapladtulated
S con3|%ere to be inappropriate. A region 3 contains

POl T TRR Y B e B0 (9 g G e of

?g%gg%gagég%Egﬁhgggﬁﬁﬁgghéggf%%hp&g%ep%g%%S%F%Qzerf 48*48%4
and four slices, cumulative error values for the slices
are calculated.

Referring to FIG. 41, a matching template 920 1is
scanned along a variable space (17*17*5) in the x, y, or z
direction in a case 910, and a cumulative error value for
each position of the variable space is calculated. By
doing so, even when a matching template image and a case
image are not accurately registered in terms of length,
width, height, and angle, the position of the matching
“template can be detected.

For example, the above-described matching and error
rate calculation can be implemented using Visual C++ as
follows.

For (Z_range) {

For (X range) {
For(Y_range){

if (region D)
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backgrounds of the two images and represents an error
space between the tenplate and the case. Region 4 has
w@2@say2kevel of (255+100) /2, and the nunber PET/K&2@5501451
is added cunul atively. The cunul ative val ue of region
4 is computed as an error value and it is used to
calculate the simlarity threshold. The anal ysis
results are sunmarized in Tabke 7 : Table 7 In region
4 , the spinous process is not matched tothe
intervertebral inplant. As the error val ue increases,
a space between the i ntervertebral i mplant and the
Spi hous process increases. Thus, |t IS i .ﬁzﬂnt to
reduce the error value. Vhil &st@nid 4&; chi ng
tenplate with respect to the fuII-fleId i mage of the
case along the variabl e space, cum®o&t io¥d terr or val ues
are cal cul ated based on all error calcul ati ons. That
is, in the case of matching ekiagi®(regtdmig)t enpl ate
with a size of 48*48*4 and four slices, cunulative
error values for the slices are caglculated. Referring
to FIG 41, a matching tenplate 920 is scanned al ong a
vari abl e space (17*17*5) in thesx , ¥y, or z direction
in a case 910, and a cunul ative error value for each

position of the variaklsg §pacgdss. calculated. By

}

}

If (error rate > threshold)

exit;

X range, Yy range, and z_range are iterated by the
initial For. If regions 1 and 3 are present, processing
is skippéd; if region 2 is present, a loop exit occurs;

and if region 4 is present, an error value is cumulatively

calculated.

When 17*17*5 cumulative error values are computed
through this process, the minimal cumulative error value
is defined as the representative error value of the case
for the intervertebral implant of the representative image.

The scanning and the representative error value
determination must be iterated for each representative

image and each case. The iteration of scans can be

calculated by Equation 10:



doing so, even when a matching tenplate image and a
case image are not accurately registered in terms of

wo envgtiin2sav dt h, hei ght, and angle, the positi oPCDKR2H98/001451
mat chi ng tenplate can be detected. For exanple, the
above-descri bed matching and error rate cal cul ation
can be inplenented using Visual C++ as follows. For
(Z_range) { For (X_range) { Fet (Y_range) { if (region
(Delse if (region_(2)) loop exit ; else if

(region_<3 |
(£ 0L om0, S5 1 Lkl 5 b Il 5 20 200
I

iterated by the initial For. If regions 1 and 3 are
presene, Xpraegssi grange, and z rahge are respec ively %, ¥,

and z values of the variable space, k is the predetermined
number of classes or representative images, and case is
the number of cases. According to Equation 10, scanning
for a single representative image and a single case with a
variable space of 17*17*5 is iterated 1,445 (17*17*5*1*1)
times. Scanning for 40 representative images and 100
cases is iterated 5,780,000 (17*17*5*40*100) times.

When the representative error values of a case for
an intervertebral implant corresponding to the
representative image of each class are calculated through
the iteration, the case is assigned to the class having
the minimal representative error value (sub-operation
S277). As shown in Table 8 below, a case 1 is assigned to
a class B since it has the minimal representative error
value in the class B. Case assignment to class may also
be implemented using the representative error rate
indicating the ratio of each representative error value to
the total of representative error values. In this case, a
case is assigned to a class having thé minimal
representative error rate. By calculating (100-
representative error rate)%, a case may also be assigned
to a class having the maximal (100-representative error

rate) %. Thus, case assignment is not restricted by



I's skipped; if region 2 is present, a |oop exit
occurs; and if region 4 is present, an error value is
we el arss/el y cal cul ated. When 17*17*5 cunul at PUEK&R006/001451
val ues are conputed through this process, the mninm
cunul ative error value is defined as the
representative error value of the case for the
intervertebral inplant of the®%%epresentative imge.
The scanning and the representative error val ue
dete%ghggtlgn must be iterated for each representative
ge AndSEach case. The iteration of scans can be
cal cul ated by Equation 10: I%ergtl = X range* y
range* z_range* k *case .. Wwhere x range

y[range, apd Z_range are respectlvely X, , and|z
val ues of theteakicabkdrapaseaplknits &$%ﬁpred%}§§n1ned
niinbessef €l assesrespbepiagenbat i vie gﬁalskssignment
I $ the nunberepirecantstitecdmdigeg t & @huatlon :

s¢anning for a single representatiyve inmage and a

sijngl e case with a @gﬁé@bAe space pf 17697350|s
itterated 144517 (Jj.B tT eS| aca? g for—40
repr esent ative inadé% 2553100 casek is PlePiled

57885800 (17*17*5*@D4490) tines. MhenMibwatch Class B
representafive error val ues of a case for an
i Nt ervert ebral—implant"correspondi t+o—the

representative i mgela$sedch class are 4 66Fat ed

throuQRn intervertebral implant 1s manufactured with a

margin of error, and therefore it does not perfectly fit an
interspinous space. Thus, the same intervertebral implant
can be used for the representative image of another class.
Furthermore, because of a minute image difference due to a
high k-value and similarity threshold, case assignment to
another class can be implemented. In this regard, the
representative image matching  produces more general
intervertebral implants. However, when production of
various types of intervertebral implants is desired, the
representative image matching may be omitted.
Table 9 presents (l00-representative error rate)% of
each case in each class. As described above, a
‘representative error value or a representative error rate
may be used instead of (100-representative error rate)%.
Table 9 shows matching results between each case and an

intervertebral implant corresponding to the representative



the iteration, the case is assigned to the class
having the m nimal representative error val ue
W@ swbAoRss ati on S277) . As shown in Table 8 bePOIKR2005/001451
case 1 is assigned to a class B since it has the
m ni mal representative error value in the class B .
Case assignnent to class nmay al so be inplenented using
the representative error rateé6iBndicating the ratio of
each representative error value to the total of

representative_error,val ues. hisS, Lasee A iGRPe deSults,
assT'gHEd ?% aS2F8ssChavF hg trﬁgéﬁrﬂﬁﬁﬁ ?%bregé ative o' ¢
error rate. By calculating (100- repsesentati L L.Qr :
raméf@@lﬁgcé§éené§“hﬂ§% fé&%@%?@ﬂed égS%’cFégéghg&F%Ses with
t he maxi mal (100-representative error rate)%  Thys, .
cagerys diogn maching giates i3t e S}bﬁ?ﬁﬁEtQPg’.%%ngEtChlng
8 An intervertebral inplant is manufactured with a .
margsnlos eoforlakiirl Phecehorke i is@esafotPHERFEYt |§raluation
fit an interspinous space. Thus, the sane

I nseavieatrelsr.al | npl ant can be used for the

representative i mage of another class. Furthernore,

because of a minute inmage drébeeence due to a high

k-value and simlarjity fhregﬂngr_gase assighreAt 6

anether ol pesacanabe digement ed.ada o hi cragard, | tbeass H

representative image matching produces jmre general
Case 1 86.4 8l.2 72.77 80.6 69.7
Case 2 0 81.9 79.4 0 82.1
Case 3 0 0 79.9 0 77.6
Case 4 0 0 79.5 0 77.2
Case 5 0 76.9 72.8 81l.1 66.9
Case 6 o 88.1 76.77 0 78.8
Case 7 88.5 90 82.9 0 78.5
Case 8 0 90 82.9 0 78.5
Case 9 7.2 61.5 51.9 59.9 47.5
Case 10 0 92.8 85.9 0 82.5
Case 11 0 84 73.6 0 71.3
Case 12 0 89.3 83.1 h 0 77.9
Case 13 83 78.5 68.4 0 65.4
Case 14 0 81.5 66.2 0 68.7
Case 15 0 83.8 68.8 0 73.4
Case 16 0 0 7.7 O. 71.7
Case 17 0 93.1 87.1 0 86.9
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intervertebral inplants. However, when production of
various types of intervertebral inplants is desired,

wo b®snepsesent ati ve i mage matchi ng may be om t PEKR2005/001451

Table 9 presents (100-representative error rate) % of
each case in each class. As described above, a
representative error value or a representative error
rate may be used instead of (4€0-representative error
rate)% Table 9 shows matching results between each
ase and an intervertebral inplant corfesponding|to
tlhe r-epregentati vel mage—of each ct'ass. |Froni't he

atching—Tesutts, matching(rat e can e esti mat ed. 80.6
Alcasesphde clisses widh Xery | okf mat chi ng Pates|can®’"
e—fHtered—out—thematchinmg results of Table 9 can

be usethks 0 nEreseviad Lmthean snahdaidg ratabferoeashe class,
10 presents a nmean matching rate for each class, the .
pHED @Bk rassi gaesi gases caard, ammeptamabpténeil mdedsirgnation
rate. The nmean matching rate indicates a nmean of the

Sf;g%: r eREESeAhaAlatene kO ratdf e)ndhslaresa sheuwn bfi the (100-
able 9 , the nunber of cases indicates the nunber of

%%ﬁgésgﬁ‘%?g'ﬂ@g to.gach chass, gndhdde BpkinnmBin Table 9, the

ermnation rate indicates the ratio (% of cases
BERLAISA ooBEN ShRSRakeldfud AP, Blefdiftaionea wo
éaL% %%gggé)aZ%Q%hz %%%Emal determination rate indicates the
ratio (%) of cases assigned to each class to the total
number of cases. For example,. the optimal determination

rate of class A is (19/95)*100 = 20%.

Table 10

Section Class A | Class B| Class D |Class F |Class H

Mean matching
rate for each 13.94 75.99 72.79 12.51 74.84
class (%)
The number of 19 60 4 1 11
cases
Optimal
determination 20 63 4 1 12
rate (%)

According to the above-described embodiment, a spacer
is made of solid material and ensures a predetermined space
between two spinous processes. After surgery, spinal motion
may occur. In this case, 1f a spacer is perfectly fixed
between spinous processes, patient movement may be
restricted and other normal vertebrae may be adversely
affected. Thus, there is need to design a spacer having

elasticity so that a flexible space between upper and lower
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Tabl e 10 According to the above-descri bed enbodi nent,
a spacer is made of solid material and ensures a

w@e@dat1essri ned space between two Spi nous proceBGEKR2005/001451

After surgery, spinal notion may occur. In this case,
if a spacer is perfectly fixed between spinous
processes, patient novenent may be restricted and

ot her normal vertebrae nay beo6adversely affected.
Thus there is need to design a spacer having

atICH sothm e s t

ﬁé?parts of % ‘—’1ecesrpa{:Wleﬁtic}l Pﬁﬁf QS ganng%‘ g%%om()date
acconpdat e, ,spinal notion. In VIGM/Of the above
EPﬁﬁggnW°§é9 ral spacers according to other
enbodi nents of the present invention will be descri bed
her ei naf¥er . Vi$ws @5 jkhg péP@B@ctPﬁ@bQ?@w several — spacers
illustrating a spacer 50 according to another
enbodprehngofta hetpessanbadiwantionof Réthe r PR§SEBLt Fligvention
42, the spacer 50 includes flanges 5l1a, 51b, 52a, and
52biamduérdnsewibséchademnafhes.53&T§hdISBbiSIBk@QﬂﬂPeCtive
above-descri bed spacer 30. However, the spacer 50
sl wgbtdl y idiffifsenratfimem the spacer 380i nathatrddngel ast i another
folding portion 54 inparting elasticity to the spacer

50ehsohidmbher oitnghudedeandtt havkhntsbnand second

not ches 53a and 53b are respectively forned with

throthrﬁ%fﬁErlng to FIG. 42, the spacer 50 includes flanges
5l1la, 51b, 52a, and 52b and first and second notches 53a
and 53b, like the above-described spacer 30. However, the
spacer 50 slightly differs from the spacer 30 in that an
elastic folding portion 54 imparting elasticity to the
spacer 50 is further included and the first and second
notches 53a and 53b are respectively formed with through-
holes 55a and 55b.

The elastic folding portion 54 is positioned at an
insertion front part, and has one or more folds to impart
elasticity to the spacer 50. Due to such a structural
feature, even when the spacer 50 is made of a solid metal
such as titanium, the space between upper and lower parts
of the spacer 50 can be elastically changed within a
predetermined range. In more detail, the elastic folding
portion 54 may include a vertical straight line portion

57a connected to the first notch 53a, a vertical straight

line portion 57b connected to the second notch 53b, and a
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55a and 55b. The elastic folding portion 54 is
positioned at an insertion front part, and has one or

worees/1§abgls to inpart elasticity to the spacerPGDKREWS/001451

to such a structural feature, even when the spacer 50
is made of a solid nmetal such as titanium the space
bet ween upper and | ower parts of the spacer 50 can be
el astically changed within a pedeterm ned range. In
nore detail, the elastic folding portion 54 nay

i ncl ude a verti.cal aight_li,ne porfjign 57a c d 13
toCPﬁgeﬁir§Pr%6FPh é%%, é?%&ﬁ?q%fé s ?%iggvgli%gggqb% the
portion 57b connected to the second notch 53b, and
acBP¥E4OPSrti on 56 connecting the two straight |ine

portions . The straight |ine portions 57a and 559 v
serve t Cemswtaad dfacdi86r reSpbhanfg 1 F af%ast Pt ESrve to
sum of heights of the straight |line portions 57a and
57kniserween sIpMOBs groTesEEling pitevent ekeassi vehe sum of
spi nal extension. The curved portion 56 serves to
ensweriehelsasti ity ofrdhehtel hsne cpbotdong pdet iamg 54/b between
upon extension or flexion. FIG 43 is a diagrammatic

| atsgfidloud et iefs&Pi Bal p@Ivent | tkassshtrengptinal extension.
pl acenent of the spacer 50 of FIG 42 between adjacent

.Spii‘?l%u%ﬂx%‘cﬁsééﬁti&@f 86! idFvie® RIS edSura bandt43ity of the
inserted i nto the through-hol es 55a and
elastic folding portion 54 upon extension or flexion.

FIG. 43 is a diagrammatic lateral view of a spinal
column illustrating the placement of the spacer 50 of FIG.
42 between adjacent spinous processes. Referring to FIG.
43, a band 43 is inserted into the through-holes 55a and
55b of the spacer 50, like in the embodiment of FIG. 3.
The band 43 binds an upper spinous process 3a, a lower
spinous process 3b, and the spacer 50. A sectional view
of the spacer 50 bound with the band 43 is shown in FIG.
44. The band 43 surrounds the upper spinous process 3a
and the lower spinous process 3b one or more times in a
figure 8. Then, end portions of the band 43 are fixedly

 knotted. |

To prevent contact between the elastic folding
portion 54 and the band 43 when the band 43 is inserted
into the through-holes 55a and 55b, it is preferable that

the band 43 be separated from the elastic folding portion

54 by a predetermined distance in the left and right
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55b of the spacer 50, like in the enbodi nent of FIG 3
The band 43 bi nds an upper spinous process 3a, a

wO owen11@p8 nous process 3b, and the spacer 50. PCT/KR2005/001451

sectional view of the spacer 50 bound with the band 43
is showmn in FIG 44. The band 43 surrounds the upper
spi nous process 3a and the | ower spinous process 3b
one or nore times in a figure68 . Then, end portions
of the band 43 are fixedly knotted. To prevent contact
between, the el.asti.c f,gl ding portion 54 and the band 43
mhgﬁr?55183n8f4§&Fé ﬁ%éerted into the through-hol es

55a and 55b, it is preferahle that_ the band 43 b .
separ at &5 o BheSRAER: | SBf(ﬂSdi R aBSSt %erh%ef%yggo adjacent

ion
predeterm ned distance in the left _and rightdjrecti
ofSPPGP“&SPrvﬁéﬁsﬁﬁe3§p§8§r3@0a§sSﬁP&@e&f%égﬁkeéaﬂ&¥%e space
adj acent spi nous processes 3a and 3b as shown in FI.G
43betheenpabe ISELNOES PFOCSHISESUSPRECeFtedady bihelfstically
may be elastically changed. Therefore, the spacer 50
caphadaptl.t 0 aThateénore,s bbei ospabelre FRI ntca@inni mgamfe to a
space between the spinous processes 3a and 3b. That

i Spazhearmal w@iiwl weilenmeanthéndest rilnt edpabel etween the
normal spinal notion can be permtted. Furthernore,

Si@%%n%@BOS§F8¢@Q§§QeSaOfaﬁ@eZﬁﬁaceTh5Q iigli r aphbymal spinal
contact the spinous processes 3a and
motion can be restricted while normal spinal motion can be
permitted. Furthermore, since opposing notches of the
spacer 50 indirectly contact the spinous processes 3a and
3b via the band 43, external impacts can be buffered.

Meanwhile, a spacer 60 according to a still another
embodiment of the present invention is shown in FIG. 45.
Referring to FIG. 45, the spacer 60 is divided into upper
and lower bodies 61 and 62 with notches.

A lower portion of the upper body 61 is formed with
a cylindrical receiver 63 and an upper portion of the
lower body 62 is formed with an insertion member 64. The
insertion member 64 is partially inserted into the
cylindrical receiver 63. A separate connector is not
provided.for the coupling between the insertion member 64
and the cylindrical receiver 63.

The coupling between the insertion member 64 and the
cylindrical receiver 63 will now be described in more

detail with reference to FIG. 46. The cylindrical
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3b via the band 43, external inpacts can be buffered.
Meanwhi | e, a spacer 60 according to a still another

wepdssdiozesit of the present invention is shown POI/RRE05/001451

45. Referring to FIG 45, the spacer 60 is divided
into upper and | ower bodies 61 and 62 with notches. A
| ower portion of the upper body 61 is fornmed with a
cylindrical receiver 63 and afSupper portion of the

| oner body 62 is forned with an insertion nenber 64 .

The LRSGEL @R MREber H4,d1S RAFLI R did NS84 Rl | AR thsertion

cylindrical receiver 63. A séparate connector is not

proyj f t c ing b n i nsertian .
64%éﬁgg?he8%yﬁgﬁﬁrgharlrgceg% g6§&n$heq§bu% ﬁnd§§m%§itlally
bet, ween tge.insertion 64. and the cylindri

nber . al . .
odBPoEFeBs WY iy BRLHALE TBbar FRONEPE. Gérai ['Thi ripsertion
reference to FIG 46. -The cylindricalreceiver 63 has a
si A&y PindpScd coRdfe ShiRe ithedr & Ji Tidnifdd 6y Rpgd1on 66a
such a shape that it can be partiallyinserted into the
cyPitndhiec die ftectideer (Bsenhion nEepRt oR2kENhéE GLSgRery than a
conic shape that a first angle portion 66a of the left
si gecpinds engilen pordriionp&dl) dfs tdeeapamtt aiflea Glevmmftion rear
angl e portion 66b of the right side (insertion rear
papixt) .Sl neent¢derdere nis Separsdmacommecbanector connecting
connecting the cylindrical receiver 63 and the
I Nng@et iGN FRIMRIa64receiver 63 and the insertion member 64,

it is preferable that the first angle portion 66a and the
second angle portion 66b have a curved shape to ensure
relative movement of the cylindrical receiver 63 and the
insertion member 64.

When the first angle portion 66a is steeper than the
second angle portion 66b, a right-directed rotation of the
cylindrical receiver 63 with respect to the insertion
member 64 is retarded and a left-directed rotation is
facilitated. That 1is, excessive extension can Dbe
prevented, and slight flexibility can be ensured.

Returning to FIG. 45, the upper body 61 and the
lower body 62 are respectively formed with band fixing
projections 65a and 65b to bind the fixing projections 65a
and 65b with the band (43 of FIG. 43). The band 43 allows
slight flexion within an elastic range due to the gradual

slope of the second angle portion 66b, but it does not

allow flexibility for extension due the steep slope of the



it is preferable that the first angle portion 66a and

the second angle portion 66b have a curved shape to
wepmane2sel ati ve novenent of the cylindrical rRPCEKR2005001451

63 and the insertion nmenber 64 . Wien the first angle

portion 66a is steeper than the second angle portion

66b, a right-directed rotation of the cylindrica

receiver 63 with respect to tl@ insertion nmenber 64 is

retarded and a left-directed rotation is facilitated.

IP?EH%§%Fggﬁ%?ikﬁ%i%ﬁt%%%Lontégggg B%e%%%t%Qféﬁﬁsé?asticity

y Ccan be ‘ensured. Returning t

45, the upper bo 61 .and the | ower_body.62 are
reQEecﬁkﬂ%eEﬁ?nﬁor%d \]/Lﬁ}i% BRHE PP xi HY* ppgajtélgtaﬁ&ﬁ’s gggtact the
and 65b to bind the fixing projections 65a and 65b

wi ERinREShRAGCESESCST dBFENIA3PTAOPAE -band - 43 al | ows

slight flexion within an elastic range due to, the ,
gradual BI®peddf isher sdtagnammgtécpdriticsirloehiewupti @ spinal
does not allow flexibility for extension due the steep

sl epeuah tildfiststtdmg ¢hsortliaoenedd. Heddsesmwfcathed0 of FIG.
slight elasticity of the band 43, the notches can

nater Pdtweeentatiaddie: s pooessess dueafprring to FIGS.
lordosis. FIG 47 is a diagranmatic |lateral view of a

spigiak WG 47, usie ¥ #ihe Y anepiit dnd eSS pAREr6sb are
60 of FI G 45 between adjacent spinous processes.

Re%%@ﬂd“%féthcgénd 43. The tension of the band 43 can be

maintained by contacting the first angle portion 66a of
the insertion member 64 with an inner surface of the
cylindrical receiver 63. Upper and lower spinous
processes 3a and 3b may also be bound with a separate band
near the pivot of the spacer 60.

As deséribed above, the spacer 60 has separate
bodies independently supporting spinous processes.
Therefore, the motion of spinous processes can be
maximally permitted. Also, since a separate force is
present, the natural lever system of the human spine can
be ensured.

In the embodiments of FIGS. 42 and 45, the notches
have a profile shape perpendicular to the £flanges 44.
However, those of ordinary skill in the art can appreciate
that the profile shape of a notch may be conformally
curved to fit with a lower surface of a spinous process.

In addition, the profile shapes of the notches of
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45 through 47, the band fixing projections 65a and 65b
are bound with a band 43. The tension of the band 43

w@ a0vshe2ssi nt ai ned by contacting the first angP@I/KR2005/001451

portion 66a of the insertion nenber 64 with an inner
surface of the cylindrical receiver 63. Upper and
| ower spinous processes 3a and 3b may al so be bound
with a separate band near the7fi vot of the spacer 60 .
As descri bed above, the spacer 60 has separate bodies
| ERRCBAERN RUBPOELLAO 1APFIRUS BROGERSAS, CHACRS Ut rmined
0 i nOus processes ‘can be nmexi nma
permt si nce eparate.f
thBYnE%SrSQuF§§§Fn§y§F§ﬁI%f%Fﬁgrﬁg W&E épcanﬁﬁde to FIGS.
ensured. In_the enbodinments of FIGS. 42 and 45, the
no2éhEBTREGE &8profil e shape perpendicular to the
flanges 44. However, those of ordinary skill in the
art can appreciate that the profile shape of a notch
may be conformally curved to fit with a | ower surface
of a spinous procedndustriddi Appdicaid lgtyfil e shapes
of the notches ofthe enbodi nents shown in FIGS. 42 and
45 camrhe tevenvtioerdhbhy bbencHestedbrd methodeference to the
described wth reference to FIGS. 22 through 28.

bedysthiedl Aridsaithdity. Obviously, modifications and

‘alterations will occur to others upon reading and

understanding the preceding detailed description. It 1is
intended that the invention be construed as including all
such modifications and alterations insofar as they come
within the scope of the appended claims or the equivalents
thereof.

According to the present invention, there is no need
to remove unaffected interspinous ligaments. Therefore, an
easy surgical treatment is ensured that is less burdensome
on the patient. In particular, during surgical treatment,
resection and denervation of extensor muscles positioned at
posterior la£erals are not required.

Furthermore, according to the present invention, the
narrowing of an intervertebral séace can be prevented while
maintaining a predetermined space between two adjacent
spinous processes, and a relative displacement between a
superior facet and an inferior facet does not occur.

In addition, an intervertebral implant of the present



The invention has been described with reference to the

preferred enbodi nents. Cbviously, nodifications and
wa@bdsnarzsons wi Il occur to others upon readi ngPEIRR2005/001451

under st andi ng the preceding detailed description. It

IS intended that the invention be construed as

i ncluding all such nodifications and alterations

i nsofar as they cone within thé scope of the appended

clainms or the equivalents thereof. According to the

present invention, here | need Vv ,
EREPRELPRA P SP RS SRBRIET THOFSTbr o= 35838y aving

surgical treatnment is ensured that i's Iess bur densone
v@ﬁfgﬁéebﬁti%ﬂ?F ?HrﬁﬁF?iﬁﬂPB??'during surgi ca
treatnment, resection and denervati on of extensor
muscl es positioned at posterior |laterals are not
required. Furthernore, according to the present
invention, the narrowing of an intervertebral space
can be prevented while maintaining a predetermned
space between two adj acent spinous processes, and a
relative di splacenment between a superior facet and an
inferior facet does not occur. In addition, an
intervertebral inplant of the presentinvention can be
adapt ed to human spi nous processes having different

| oner surface slopes.CIOAIMES 1 . An intervertebra

i mpl ant conprising a spacer
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havi ng two opposi ng notches for receiving two adj acent
spi nous processes and a band securing the two spinous

wewsasres and the spacer, the spacer conpri siPQI/ER2005/001451

t hrough- hol e bored t hrough sides of the spacer to
all ow the band to pass therethrough and depressions
curved inwardly from outsides of the spacer to
facilitate fastening of the bdRd passed through the
t hrough- hol e, and the band bi nding the two spinous
rocesses and the spacer in a figure 8 formwhile
g&é%yﬁ t hrough the throughhole to secure the two
spi nous processes and the spacer. ... The o
i nt er vert-ebPR Fﬂﬁ?ﬁﬁ?rg?bﬁgiin?TpfaﬁEer%?$P¥%%l%%néi spacer
secures the two spinous processes and the, spacer, b 44 .
kAgLpongthet hOBRES1BY tRetehRd weh tlh%c"?%\@ﬁi% & fn padacen

portions . 3 . The intervertebral inplant of claim2 , |
wpeneius t beobandesecands ahebad@d sPRABLENPr OeeR s QnfPINOUS
the spacer so that no rel ative displ acenent between an
iprberiser sf anet thfe apaagmer spi nous process of the two

spi nous processes and a superior facet of a |ower

Spi NoUshPr aGesSeOf ddigrtiwa repi BOUShppaghshedeockared4 through
. The intervertebral inplant of claim3 , wherein the
hand Sectreset BeatbWe %R NOUSWIOEeSEeadand e sspdeerethrough
SO
and depressions curved inwardly from outsides of the spacer
to facilitate fastening of the band passed through the
through-hole, and

the band binding the two spinous processes and the

spacer in a figure 8 form while passing through the through-

hole to secure the two spinous processes and the spacer.

2. The intervertebral implant of claim 1, wherein the
band secures the two spinous processes and the spacer by
knotting both ends of the band with the figure 8 band

portions.

3. The intervertebral implant of claim 2, wherein the
band secures the two spinous processes and the spacer soO
that no relative displacement between an inferior facet of
an upper spinous process of the two spinous processes and a
superior facet of a lower spinous process of the two spinous

processes ocCccurs.
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that lunbar lordosis is restored. 5 . The
intervertebral inplant of claiml1l , wherein at |east

woep@snosh of the two opposi ng notches has a pPOF/KR2005/001451

obt ai ned by connecting a plurality of points by |ine
segnents of different functions. 6 . The

intervertebral inplant of claim5 , wherein the

plurality of points are connedBed by straight |ine

segnents with different slopes. 7 . The intervertebra

i nplant of claimb5 wherein the plurality of points are
connected by curved |line segnents with predeterm ned
curvatures. 8,. The intervert.ebral i an | ai ;

. wher®i nTPfe 1pLEETEE P ﬁe%ﬁpﬁﬁﬁﬁgy%n%i%g%cﬁ’hg?%%eln the
ggptly sl oped shape from an insertion rear Bgrt to an

basel ts@PFeHNENarEWo 9 SPITRES REPSRTITDr 8P iftantPacer s
of claim5 , wherein when upper or |ower surface

sheged upbagpileage spsodes Festefred | ar ge nunber of

i ndi viduals are assigned to n intervals,

arepresentative value of a n-th interval is gqn , the

end of one of the two opposing notches near an

i nsertgonThearipastvéscdheadr igbhahh tofe otaiml Apewherein at
t he cumul ati ve value of the slopes assigned to the

nddad gesvabees Nt @nd the Rippodliidy ®étdtes phkbt® profile
are the origin and (N n, Nntan gn). 10. The

i i%%&e@fl déﬂ}{éa&tlrf& Céaigmlﬁfali’wreéf‘ points by line

segments of different functions.

6. The intervertebral implant of claim 5, wherein the
plurality of points are connected by straight line segments

with different slopes.

7. The intervertebral implant of claim 5, wherein the
plurality of points are connected by curved line segments

with predetermined curvatures.

8. The intervertebral implant of claim 5, wherein the
profile of the at least one notch has a gently sloped shape

from an insertion rear part to an insertion front part.

9. The intervertebral implant of claim 5, wherein when
upper or lower surface slopes of spinous processes of a

large number of individuals are assigned to n intervals, a
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when upper or |ower surface slopes of spinous
processes of a |arge nunber of individuals are

was®sgnessto n intervals, a representative val PEI/BR2@5/001451

n-th interval is gn, the end of one of the two
opposi ng notches near an insertion rear part is the
originin the x-y plane, the cunul ative val ue of the
sl opes assigned to the n-th iA#erval is Nn, a uniform
function having a function value of 1 in the interval

Nn-1, N N U - N . h f )
Popgenbay: e il ot RorhofaPHEREL, T e TG oo of

the origin and (N n, Nntan g by straight line is

GPoeR LR NG, (RPN e oab s obe R AP ThEeRMLon rear part
conprising: a spacer having_two opposi ng notches

A&c dihg ﬁg%ﬁmélaﬁ}d@ﬁ%tx§$iH%ﬁ%eprgggs§8%9g5 1y Fpite of the
folding portion connecting the two opposi ngnotches and
sdvPRg amseligoedc rtest dtieng Toitte Hymeal anl ext¥rna@nd the
force generated fromthe two spinous processes; two
hrueagh-thyolods ther ped ntes peet ithel ydigitthendwd NappBstaePn) -

not ches; and a band bi nding the spacer and the two

spi nous processes by passing through the two

t hrough-hol es. 12. The intervertebral inplant of claim

11, whepei npide jgkasticetk®r@iNgiRpIbhen &OMYliaSes B, wherein
first vertical

when upper or lower surface slopes of spinous processes of a
large number of individuals are assigned to n intervals, a
representative value of a n-th interval is 6,, the end of
one of the two opposing notches near an insertion rear part
is the origin in the x-y plane, the cumulative value of the
slopes assigned to the n-th interval is N,, a uniform
function having a function value of 1 in the interval (Np-1,
Np) -is u(Ny-1, Np), the number of assigned slopes is x, and a
function y obtained by connecting the origin and (Ny,
Nptan®,) by straight line is given by:

y = Z{tanem (x - Nm—l) + tanem—le—l} * u(Nm—l’ Nm)

m=1

N,=0,6,=0

11. An intervertebral implant comprising:

a spacer having two opposing notches receiving two

adjacent spinous processes;

an elastic folding portion connecting the two opposing
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straight line portion connected to one of the two
opposi ng notches, a second vertical straight line

w@ensiionsgonnected to the other notch, and a cRCWE#®#2005/001451

portion connecting the two straight |line portions. 13.
The intervertebral inplant of claim1l, wherein the
two through-holes are separated fromthe el astic

fol ding portion by a predeterbned di stance so that
when the band passes through the two through-holes,

th | astic,foldin orti [ L th :
e gRo R 4 bR BB, OPY L0 S kOO M) Sk Msatnst e

rplan aim

wherei n_at | east one notch of e two oppaosi ng. nat )

RS CRnBR O PG CoBEBAREY Sy LEOT EEE: 1 oa SERO Ay By OGF Soes
points by line segnents of different functions. 15. A%
interv@WQebF%FOVﬁ%T%ﬁ¥e§0n§9F§?ﬁg:r&ﬁpﬁﬁﬁéyeggdyon he two
having a first notch; a | ower body having a second

oppols logpositicéese el first notch; a cylindrica

receiver formed on a |lower portion of the upper body;

and anai nbentli obimeringr bdieng spaoed oandn Gpper two spinous
portion of the | ower body, being partially inserted

ol elske sC Wy plisisGalg regeiudr thandweawihnguh-hcttes .

angl e portion formed near an insertion front part and

a second angl e

12. The intervertebral implant of claim 11, wherein
the elastic folding portion comprises a first vertical
straight line portion connected to one of the two opposing
notches, a second vertical straight line portion connected
to the other notch, and a curved portion connecting the two

straight line portions.

13. The intervertebral implant of claim 11, wherein
the two through-holes are separated from the elastic folding
portion by a predetermined distance so that when the band
passes through the two through-holes, the elastic folding

portion is not contacted to the band.

14. The intervertebral implant of claim 11, wherein at
least one notch of the two opposing notches has a profile
obtained by connecting a plurality of points by line

segments of different functions.
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portion fornmed near an insertion rear part, the first
angl e portion and the second angl e portion having

walpdosarest sl opes. 16. The intervertebral i nplBCt/K&Roos/001451

claim 15, further conprising: a band; and band fi xing
proj ections formed respectively on the upper and | ower
bodi es to bind the upper and | ower bodies with the
band. 17. The intervertebral i/®plant of claim 16,

" wherein at |least one of the first notch and the second

not ch f S Z—%{%r@éi@e?@é@fﬁ%l@dl%?g% p:gsﬁl@l urality

of points I ne segnents rent” functions.

an upper body having a first notch;

a lower body having a second notch opposite to the
first notch;

a cylindrical receiver formed on a lower portion of
the upper body; and

an insertion member being formed on an upper portion
of the lower body, being partially inserted into the
cylindrical receiver, and having a first angle portion
formed near an insertion front part and a second angle
portion formed near an insertion rear part, the first angle

portion and the second angle portion having different slopes.

16. The intervertebral implant of claim 15, further
comprising:

a band; and

band fixing projections formed respectively on the
upper and lower bodies to bind the upper and lower bodies

with the band.

17. The intervertebral implant of claim 16, wherein at
least one of the first notch and the second notch has a
profile obtained by connecting a plurality of points by line

segments of different functions.



