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1 *166166* SPINE INSERT | 100 trrr treer il
Frerr rerer e/ 111/ Technical Field *Goooo 1 The
present invention relates to an intervertebral 5

i mpl ant, and nore particularly, to an intervertebra
implant which is fixedly placed between spinous

processes of adjacent vertebrae to nmaintain a
predet erm ned space between the spinous proce#ﬁﬁEMwammmw
to prevent a relative displacenent between ad

superior and inferior facets. 10 Background A«t FI Gso1%*

is a lateral view of a typical human spinal colum.
Referring to FIG 1, a pl spaNEt FNSERBpI nOUS proce

3 are positioned at the back of the human body awﬂmmm

g ety of vertebral bodtes. o are posit: oneiININN
a space between the spipasinivacassad 3 and the
vertebral bodies 8. Interspinous liganments 7 and

l'i gamentrue fbaygedt arigiveRRsbhi oreth el ween Lhe ﬁpdé?cQHﬁ:tebral
processes 3. Supraspinous 20 liganents 5 and a skin

r upmpl &g, t4e RRL Pt s haees thaﬁhfn§£%JE¥E%bral 1mplant
processes 3. As agi ng proceeds, the human spi nal

COWh{Eh UNGET gpege@t reﬁi@@é@ssﬁé‘ﬁé"éﬁan%lrﬁ%s&‘ b ses of

GOOOOI *

t he space between t spi nous processes 3 decreases
(a§dj£%%ﬁ¥“¥§f%$ﬂ¥éeat@phhggtg§nlénﬁréégeerﬁqﬁgdtgiace between
i gament.um flava 6 thicken while | osing

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
ligaments 5 and a skin 20 run along the posterior surfaces
of the spinous proéesses 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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2 their resilience and protrude anteriorly (as

represented by a dotted line (B)). Therefore, the

spi nous processes 3 or the liganentumflava 6

conpress the vertebral nerve 1 or the nerve processes

(not shown) connected to the vertebral nerve 5 1,

which is called "spinal stenosis." Medication,

physi cal therapy, and surgery have been wutilized in

the treatment of spinal stenosis. Surgical treatnent

i s done when spinal stenosis canhnot be managed

t hrough non-surgical treatnents. The npbst common type

of thei s urepkliefrre ansl tpectirudsi raitegtiondyi daiss represented by
removi ng bones or tissues conpressing the vertebra

nex v@oteed aiser ) yaugBheregfohen theespidoust probesses 3 or
spine to overcone spinal instability due to bone or

t igxiel iegmmrdium Hdasae 6, cohpsess ypliee ofestetgerly nerve 1 or the
i nvol ves general anesthesia since a |large 15 vol une of
borexrwr pgricssssdss (netDgddwn) ncaddeétten, t@ dengiditebral nerve
surgery and recovery period is required. Thus, it nmay

bel, dififdiculst dad legphgptihel sst@esyid o’ physically weak

el derly persons. Furthernore, unsatisfactory surgica

out coneNeducatias, Cohpicalli Offe @GSyl Ah@JURIHGYyaNkhve been
the surgery can be 20 expensive. As a solution to

t hesidl ipreeb| €A, tHOr eaBabakat dfi dpifRen RubldsGat.i onsurgical
No. 2002-0068035 di scl oses an intervertebral inplant

| neesdteriet 1@ erohe0 WMoY ndI 0%%%%%%3’.5“1’%&1%\&93]'5% managed

technology related thereto1s 25 illustrated in F
2.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
persons. 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 Dbetween two spinous
processes. The newest technology related thereto is

illustrated in FIG. 2.
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3 Referring to FIG 2, an intervertebral inplant

i ncl udes a spacer 2 having two opposi ng notches

suitable for receiving two spinous processes 3a and

3b of two vertebrae to be inserted between the two

spi nous processes 3a and 3b. 5 Here, one of the two

opposi ng notches is defined by two wupper flanges |la

and 12a with inner walls and the other notch is

defined by two | ower flanges lip and 12b with inner

wal l's. The intervertebral inplant also includes ties

13a and 13b for securing the spacer 2 to the two

spi nous Redegrangssds 3aFHnd 3B, These intesrvediehmdll3limplant
surround surface portions of the spinous processes 3a
angn@buded terspdrey A davdngelsval opppbamy nst¢hserswidable for
between the two spinous processes 3a and 3b, ends of

t heetébeirdBatwandpifbusr prpcesees t 3a hahd Bheoffi éwol3@rtebrae
and 13b in position, 15 resulting in securing of the

sphoebe 2itsetbed t hetweemotiee twochsisesis3pranes3kes Ba and 3b.
addition, to detect the position of the spacer 2

| NBer¢ gedohet vieenthhe tsfpi NopSofimMLenseshad ard definedl by two
transversal nenber which does not permit x-rays to
pasgpéhefebhgesglllamyamit 12sewlied iihhert R&1SRACEEd 2the other
The 20 transversal nenber is sufficiently thin so that

X- figych ohs ede/Biriean Bys tel 1dwskUFbeHgeanthh tadsd ENLASQ% inner
in a central housing 14. Description of the Draw ngs
iswfiﬁ. 1 irpea drdev@lrtebew] ofimpibyiRl Galsuimen dddaties 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 into 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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colum. FIG 2 is aviewillustrating a conventional
intervertebral inplant. FIG 3 is a perspective view
of a spacer according to 5 an enbodi ment of the
present invention. FIG 4 is a front view of a spacer
according to an enbodi nent of the present invention.
FIG 5 is aright side view of a spacer according to
an enbodi nrent of the present invention. 10 FIG 6 is a
perspective view of a strap ac%ording to the present
invention. FIGS. 7 and 8 are views illustrating the
insertion of a spacer into the human body. FIG 9 is
a ablagmamati c view of a spinal colum 15 showi ng a
spacer inserted between adjacent spinous processes.

FIGS. 1@1Ghrough 18 ame seipsentiblusteatsing | ustr atonygntional

the installing of a spacer with a strap according to a
fiisterwiiedinmntimpfiahbe present invention. FIG 14 is

a viewillustrating a spacer installed, with 20 a

strap aggardingst a pesependiesbodewent af spheepr esentding
invention. FIGS. 15 and 16 are sequential views

| dnsdnisddinedther ikhst pkbkagt ofnvdiet sqracer with the
strap according to the second enbodi nent of the

present girgvent i 08. a2%Ffon® iew Sof @i aga@rataccording to
| ateral view of a spinal 5
embodiment of the present invention.
FIG. 5 is a right side view of a spacer according
an embodiment of the present invention.
FIG. 6 is a perspective view of a strap according
the present invention.

FIGS. 7 and 8 are views illustrating the insertion

a spacer into the human body.

FIG. 9 is a diagrammatic view of a spinal column

to

an

to

to

of

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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col um showi ng a spacer inserted between adjacent

spi nous processes according to an enbodi nent of the

present invention. FIG 18 is a diagrammatic view
illustrating a lever 5 systemin the human body. FIG

19 is a diagranmatic view of a human spinal col um
illustrating normal articulation of facet joints.

FIG 20 is a diagranmmtic view showi ng the state of a

spinal colum after a spacer is inserted thereinto

according 10 to a conventional technique. FIG 21 is

a diagrammatic view showing the state of a spina

cofehwnaf sepwangpacespicer nseserted hbetwaeén adjecednhg spinous
to the present invention. FIG 22 is a graph

i | Prectestehg abeopdirig | etsl ope obmbodiehtr sbfnothle ofpresent
an intervertebral inplant according to an enbodi nent

of imhenprasent invention plotted in the x-y plane.

FIG 23 is a histogramillustrating the distribution

of | oweFISur feeis| apedimpsimvandnat svigw t Deltdt fdking a lever
spi nous 20 process. FIG 24 is a histogram

i | $ystemtimgHdeutiast biodyti on of | ower surface sl ope
measurenents of the fourth spinous process. FIG 25

is a fl eocdi ays amsd | husdi®dtanghat idet 06w Ofof 28 human spinal
manufacturing a first notch of an intervertebra
| npdaunin Gi1lustrating 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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according to an enbodi nment of the present invention.

FIG 26 is a graph illustrating the |ower surface
sl ope of the third spinous process plotted in the x-y
plane. FIG 27 is a graph illustrating the | ower

surface 5 slope of the fourth spinous process plotted

inthe x-y plane. FIG 28 is a graph illustrating the

nmean | ower surface slope of the third and fourth

spi nous processes plotted in the x-y plane. FIG 29

Is a schematic block diagramillustrating a 10 spina

i mge clustering system according to an enbodi nent of

t heceppeding toeentembpodifett G0 thke gprfdsmntdiiayeamion.
illustrating a spinal imge clustering according to

an enbodiIfent26f itsheapresgit ilhuebtatging 15hEl Gowdr i surface
a detailed flow diagramof a preparing operation 5210

of sidime sqoff ndle ithHgel clpiabesi pgooés$Fifiotd3kd ikl Ghe32-y plane.
shows a spinal sectional image of 256 gray levels with

a sel ecred.voRund sof ai rgwerpest i{ Vekiratdss. +88 anéwe¥d surface

-are respectively a sectional imge of 20 256 gray

| eyBbse fOf tthes ernited sYdhoaBdpacbéHarp Zextk &eGld @hdl x-y plane.
i mage of the 256 gray-levels inmage by inmage

bi nari zatricon28FL&. a3§rh§halﬂﬁ§§t}:£@1ﬁd Al ingGHr2Mofe rd surface
clustering operation S220 of the spinal imge

clysdek | 88 €he Fk&ird0andFlfeurdf %§1ﬂoq§t@Eb%gsgbgmblotted in
di agram of a representative 25 i nage matchi ng
opehatk-op pikfe . of the spinal image clustering 7

FIG. 29 is 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 5210 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 5270 of the spinal image clustering
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of FIG 30. FIG 37 is an exenplary view of a

representative image matching operation according to

an enbodi nrent of the present invention. 5 FIGS. 38

t hrough 40 are sectional views illustrating

assi gnnment of gray-level values to a case inmage and a

region of interest (RO) of a matching tenplate

according to an enbodi nent of the present invention.

FIG 41 is a perspective view ijJlustrating a variable

10 space that can be scanned by a matching tenplate in

a case according to an enbodi nent of the present

i mEemicoon30kl G 42 is a perspective viewillustrating

a. spacer according to another enbodi nent of the

present Fi@ved?i da. anFexempBary weah afi amedpresikeatatale image
view of a spinal 15 colum illustrating the placenent

ofma thodh isyon egre raft ilenGa cédrdbed wee naraddraetiimesyti dusthe present
processes. FIG 44 is a sectional view of the spacer
ofirfde@tieh. fitted wwth a band. FIG 45 is a

perspective viewillustrating a spacer 20 according

to stil Frasot Ber wiedhmerd gfet BecPiésent viewyenllnaBtrating
FIG 46 is a left side view of the spacer of FIG 45.

Fldssidghrienta ofi @agrmeiel valesaltyiLwale amsReNdhd a region

colum illustrating the placenent of the spacer of

Fidz 4htabebet igen)adAceNthatPhNAYS tRHPIEEEESRcBrding to an
embodiment of.the present invention.

FIG. 41 is a perspective view illustrating a variable
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 is a diagrammatic lateral view of a spinal
column illustrating the placement of the spacer of FIG. 45

between adjacent spinous processes.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Techni ca
Problem I n the conventional intervertebral inplant
shown in 5 FIG 2, in addition to the interspinous

| i gament between the spinous processes 3a and 3b, in
whi ch the spacer 2 is inserted, a higher interspinous
liganment and a |ower interspinous |liganent are al so
renoved and then the spinous processes 3a and 3b are
surrounded by the ties 13a and 13b. 10 As such, since
unaffected |liganments are al so r%nnved Iengthy
surgery and recovery tine is required. In addition,
since the tie 13a surrounds the upper flanges Ila and
12a of the spacer 2 and the spinous process 3a and

t NPETATLES (IDESCRY©ITIS OFheHEOWRVERT209es [ib and 12b
of the spacer 2 and 15 the spinous process 3b, the

hori zontal | y-di rect ed beashificaPbileaf t he spacer 2
| ow. Thus, when an external force is applied to the

spacer Zn NcRe hQdneAtabndir %qﬂeq%ertt@%ra§paﬁﬁ;§1a%1ﬂm¥hown in
be dislocated in a horizontal direction. Wen the

hugeg, bpdy; h Sadlediddd a\;cﬁcl'.k@/ iR9erepiNBEY gafht between the
intervertebral disc 4 is af fected, "in addltlon to the

abg¥enodes YiRed seRi N3h SieN0SES. 1%r%h§Egvethe acer 2 is

di spl acenent between a superiof facet and an |n rlor

faggbe FRYqOCCHT Rig facgﬁ% é%ﬁ&ﬁ% \J?Qﬂéﬁltiyﬁg a_lower

affected imterverte ere en may under go

Ves bt EaLy flod0r ] éﬂt rg)}é Uhso %Serrfdwde%ch}ﬁsenngche Sspinous

patl ent a ot o al n Accordin I'S necessa

top98¥§%§5%5§5 and 3b are surrounded by the ties 13a and 13b.
As such, since unaffected 1ligaments are alsoc 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 1llb 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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intervertebral inplant that can reduce patient pain

and disconfort, is easy in surgical treatnent, and

can be fixedly secured to two adjacent vertebrae. 5

The present invention has been made in view of the

above problens. The present invention provides an
intervertebral inplant that maintains a predeterm ned

space between spinous processes of two vertebrae and
prevents a relative displacengnt bet ween the two

vertebrae. 10 The present invention also provides an
intervertebral inplant that can be placed between

spi nousapeocessgby af t ert rervi mpassspran atpect ggvelop  an
i nterspinous liganment. Technical Solution 15 Accordin

t Of rdb AR b refl t heppamsenthatnveani argdudeer patignt pain and
provided an intervertebral inplant including a spacer

hayi SbnfdrtQppasi ngaset ches swmedicailngtrestmepacersnd can be
spi nous processes and a band securing the two spinous
PrOCESPRS sHtdhirdd@oSpacendhbent peesiebrad.udi ng a

t hr ough-"hol e bored 20 through sides of the spacer to

al | ow t hgebaiid de thassver tiset haguglreandnatipr essiviess of the
curved inwardly fromoutsides of the spacer to

fagilid at g-EBsLREI NG Ofrhe padybpassefvedtiqighptbeides an
tﬁ%%ud%-hgre, and the band binding the two spinous

pr %?VE&??H&&ﬂ“&ﬁﬁ%ﬂﬁﬁ dHhtA fd iHH=8 % Whigredeassinigied space
1OP§? rough the through-hole to secure the two spinous
prB&ﬁé&% s

of 't

gﬁﬁioﬁgep§8_@€§BesAQJ(foridegvé@t&fﬁ&eén@SpEGfients a
e present 1 nvention,
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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there is provided an intervertebral inplant including

a 5 spacer having two opposi ng notches and receiving

two adj acent spinous processes, an elastic folding

portion connecting the two opposing notches and

producing an elastic restoring force to counter an

external force generated from the two spinous

processes, two .through-holes forned 10 respectively

on the two opposi ng notches, aﬂg a band binding the

spacer and the two spinous processes by passing

through the two through-holes. According to stil
antiroeghaspecthobughehpiesent se¢uneeithieofva Is@laons processes
provided an intervertebral inplant 15 including an

upEper thedpphaerng a first notch, a | ower body having a
second notch opposite the first notch, a cylindrica

recei ver Hazrared ngnta khawehepoaspect off tihe myesentbédyention,
and an insertion nmenber forned on an upper portion of

t kendrenel sboslyowidedarkhni alhyervseidadhli nimplaet including a
cylindrical 20 receiver and having a first angle

Peigdr f aramhgneaiwdn ogptsahlgi Omottiches pantl amdcaiving two
second angle portion fornmed near an insertion rear
PHdjaddh® fispihoaRyl preeebses, anght helakseondoldgng portion
portion having different slopes. 11 Mde for

| NMRIHd QN nlde rdleN o bppbBengr BbEEKRES S PHIRIFingOkn elastic
the invention will be explained with drawi ngs. The

Pres&Yri dg VIRt M ddurdtew ke dss@riniged faRce gehkYated from

wth reference to 5 the acconpanying draw ngs, in

Whieh pegher red ioiRodi PEMess s, two through-holes formed
respectively on the two opposing notches, and a band binding
the spacer and the twé 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
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.
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this invention are shown. Advantages and features of

the present invention and nethods of acconplishing

the sane may be understood nore readily by reference

to the following detailed description of preferred

enbodi nents and the 10 acconpanyi ng drawi ngs. The

present invention nmay, however, .be enbodied in many
different forms and should not be construed as being
limted to the enbodi nents set forth herei n. Rat her

t hese enbodi nents are provideJ‘so that this

di scl osure will be thorough and conplete and wl |

fully 15 convey the coMedetfaf Xdwentiesnti on to those
skilled in the art, and the present invention wll

only beHdeéimeftdry, t heheapppndéerreédi nembgddgments of  the
reference nunerals refer to like elenents throughout

t hievvepediohi catldn. bén dxptlerivexd ebibh ideAvaitgsaccdhei ngresent
to the present 20 invention includes a spacer

e i tliond wd 10T adet Bendasdrilsgham zetfuddly twah reference to
adj acent spinous processes, and a strap binding the

S P a PR 1hWO dERIWIAYS, PLRCRSEES prhdf@rrdd embodiments of
perspective view of a spacer 30 according to an

enpd Nnepd e id1ea pé es8BUnl NV adivaaRagBef and NfpdtmrddsG of the
25 3, the spacer 30 includes a first notch 33a, a

S eCUUL HI0t Gl eld i o33 Rind ifetholibab@eacebapandhddg, the same may
second flanges 31b and 32b, a first depression 34, a

Se&@”ﬁn_@@?ﬁ@éé&oﬁlolrgcaﬁé‘éiiﬂﬁpoﬁ%t @efbhenkbr o the following
depression (not shown), and a through-hole 35. FIG 4

shews, 18 SRAGRri38 18h Fld®  bragetrewedefbeRimént8€ and the

top.” As shown in"FIG 4, thé spacer 30 is symmetric
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 invention'to those skilled in the
art, and the present invention will only be defined by the
appendea claims. Like reference numerals refer to like
elements throughout the speéification.

An inéervertebral 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



10

15

'20

25

about the top-bottomaxis, but it may not be symmetric

about the left-right axis. The spacer 30 is inserted

bet ween two adj acent spinous processes 3a and 3b

af fected by spinal stenosis. The spacer 10 30 has the

first notch 33a for receiving a | ower portion of an

upper spi nous process anong the two spi nous processes,

and the second notch 33b for receiving an upper

portion of the other spinous pocess, i.e., alower

spi nous process. The first and second notches 33a and

33b face opposite 15 directions, and support an

upivélr d- £ anst dblaveesl-Iia egtd B2agommasssi dilangese 3db and 32b,
t he hi gher and | ower spinous processes. GCenerally,
uppefinsd depeespoon i Dhs Df ssqpmbudegprescasses dated opposite
di fferent shapes. That is, the |lower portions of

S pt e Ui P tocEgees sdon ebat hewy) naandve aittougiBhole 35.

el ongat ed, whereas the upper portions are relatively

W de anaishors efteslvs THius, sphceés poeber atilee thaist beewed from
di mrensions of the first notch 33a and the first

fletgesogla aad skamaren eréf euentthy aspddwases’of ikh@ymmetric
second notch 33b and the second flanges 31b and 32b

soapdat the dfdg-Hottohchx33a BOE themap Adt Ve féﬂm&lc about
3la and 32a are fitted with the |ower portion 13

t hendl PRSF+ -Shi MU AsQcess, and the second notch 33b
and the second flanges 31b and 32b are fitted with

the uppehe egahbemof iEhenbOYeE Stk RIS GRBracEM® spinous
first notch 33a.is defined by the first flanges 5 3la

angh-Geds 4 oI IRV disflcre@ndy! kghhatli £€EASSis. 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 subport 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 is 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 aﬁd the

first flanges 3la and 32a are fitted with the lower portion
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di spl acenents of the upper spinous process, and the
second notch 33b is defined by the second fl anges 31b
and 32b, which prevent left- and right-directed

di spl acenents of the | ower spinous process. 10 The
first depression 34 is forned on the left side of the
spacer 30 and the second depression 36 is forned on
the right side of the spacer 30. The first and second
depressions 34 and 36 facilitaig the pulling of both
ends of a strap passed through~the through-hole 35.
In order to 15 install the spacer 30 between adjacent
sSpbhotle puppessepinotibepkbesss degriésshensddond adtygkrd33b and
inwardly fromleft outer edges of the first flange

3len@ndetbpdsEqendell B1ge Sdd, 32pd arkhefigeeenNdvith the upper
depression 36 is curved inwardly fromright outer

32%6 St Odn tde e Sowdrargendda precése. second flange

20 The inward curvature can be changed accordi ng

t o user TheequirseRdsch Theat RsOWHTihelde Bp tse arheke flanges
bored through left and right portions of the spacer

30380d dyas ap£l ongaiads! Qrevehape1¥bich 4y W d&nt-directed
enough to receive the width of a strap. 25 A detailed

de&féﬁfﬁééﬂbﬂgst@f §Béuﬁbﬂé§ 3p9nsHaPErOLes e dAd the second

t hrough-hole 35 W || be provided with referehce to

F'l%téa Bk 51-, Saggg % biffa‘%% 30:84 F'fgawﬁeéls 3é'be"‘§x% 32D,

from the r|g t si 4. As s
’wﬁI@hr E@isn@oiéfgﬂ Qﬁ%tgf?ﬁ%ﬁﬁ¥¥éé%%d5%f%§iacewﬁnts of the

syrmetrlc out the top tom axi s
NSRS 1 Al LR ed
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 oxder to
install the spacer 30 between adjacent spinous processes,
the first depression 34 is curved inwardly from left'outer
edges of the first flange 3la 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



bet ween two adj acent spinous processes in the (E)
direction, the first and second notches 33a and 33b
can be fitted with the two spinous processes.
Consi dering the general shape of spinous processes,
the first and second notches 33a and 33b 10 may have
st eeper slopes froman insertion front part to an
insertion rear part. The through-hole 35 is bored
through left and right portions of the spacer 30, and
has a width b which is wide eh ugh to receive the
width of a strap 40. The through-hole 15 35 has a
hejngltiugh-hdae 3bl ansltbe pipetdéedwiah trhefeeeateadtdsFIG. 5.
of the strap, i.e., that barely allows passage of the
three Bieands shbwshetsd répacehatoi 6f FIGBCE 42 as viewed from
predetermned frictional force nust be generated
ardneg Aik@tStsiards pef ofhe1cst 4 ap NASIRANt Ahowal.t B¢ the right
through hol e 35, conpression of the 20 strap is
I QUHR%h JAUEhel lspateRl efEr 8b| aothalymin@e vt Br Gt the top-
hole 35 is fornmed to a height equal to three tinmes of

thRedotl ckRess of abhessiy ap wHkRUSt Re PrsgdeLer n@@eqs inserted
value (a). The larger the a value, thé smaller th

f i ek w0 g a@gﬁegs EHSu?tﬁfﬁﬁgkégstIHa %rQE dlrectlon,

whereas the snmall er the a va 25 the smal |

Friped 1 Qnale a‘?{éf el‘?&@ig nto'%%h%‘sr %g‘ésa%_ 55§ t1:§n E T?E?tted with

In this regar a value 1s determ ned accordi ng

t‘%ﬂ% % qno&!c r%ggg ng % %Era % e?gltg ape of
%’%Thgj erm ned1 % ? Fﬁ E

stra e can

{ PR psg%g AL LEheY 5 fi' @Lc' ahat ggsdt Hsegﬂs&@; and 33b

€ Spacer

10 ha}r{a@ehsveansdteeper slopes from an insertion front part to an

15

20

25

insertion rear part.

The through—hole.35 is bored through left and right
portions of the spacer 30, and has a width b which is wide
enocugh 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 af 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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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 binds two adjacent spinous 10
processes and a spacer in a figure 8 form The strap
40 includes a band 43 for fastening the spacer, a
hooks forned at both ends of the band 43, and
connecting portions 42 and 45 connecting the hook to
the band 43. There are two hoéRs: a first hook 41 and
a second hook 15 44. The first hook 41 passes through

ap | A er Sl NoSs  F SRREENtL IR QY evaTudipRerdepdmaireed according
process and the shape of the first hook 41 is

depes i oed - by #heURRR $irke ahohBetHPpstrands nofische strap.
process. The second hook 44 passes through an

| pf.gr gpi ] Bt RalIWiaHOIpiSRidaauy, Praesst may be
aﬁ%gtﬁg S a%%ﬁo t he secgng hoo%>44 IS géternined

by..£h hane; lcOWBK cRREBSUSE PEIRE EStSrap .
Tﬁﬂé?g?%€¥%¥%€n5|oﬁgﬂgg; %Pgd?ﬁgcof curvature of5¥%e

first fb%coéo eA'r]'E?Lrye ZL%B%%G# 3p98ls than thesg dfarkhess and

second The as a relatively large

2%%;98?53 %1g§#§§4%§Lé§ﬂgﬁl small thickness t. Both

have ‘a relatively narrow wi dth

.band 43 . s . ad -h
41 and k- The' Bafd Ty hRshEe e ARG REREEAg e 20

41 and a material wt

R AL ERS, AR S g TT, st g, 1o e

fkgggeggd?nggngg£X?St$£é Q@%gﬁaholgfkggrtwo 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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artificial leather, or the like. FIGS. 7 and 8 are
views illustrating the insertion of a spacer 30 into
the body of a patient. First, as shommnin FIG 7, a
supraspinous liganent 5 is lifted and its 10
correspondi ng interspinous |igament 7a is renoved.
Then, as shown in FIG 8, the spacer 30 is inserted
in a space between two adjacent spinous processes 3a
and 3b where the interspinou é i gament 7a has been
renmoved. FIG 9 shows the spacer 30 inserted between
the 15 spinous processes 3a and 3b through the
PLOCASILE vl nafrow| @SdtR and Bomsect etbe foameh the to the
back of the body. As showmn in FIG 9, the spacer 30

i $iiraserted Leldreemdde tao &pi nous  Theobessed Baaande made
3b, and the two spinous processes 3a and 3b are held

by, fORPORL P8 DL Chesh 33a it aldb cfefifieiepacert 3fricAtion, and
Fbmever each spinous process may be slightly noved

L il gRbrRYeEsexton efe t hurnsd Nalodgel ulfoxr Asxample, a
sugh the spacer 30 must be installed with a strap.

gnct%ré\é%' eneg, Hf inlahélst I3t | Qb1 fditetCUriaguefl a leather,

cer wmth a strap wll be described with reference

t%x@'—')flq'fla | GeaPhesd IWOrREbPMidaENtS about the

securing of a spacef with a 17 strap according to the

present enyi |, ge Ry dedusheseingl trs. ifbéSion of
10 throﬂgﬁg13§|?ﬁgg?rgfg yﬁe securﬁﬁg of 2§ spacér

WI ! he;?%csé ay aGiy dc'r_l'lly ﬁcﬂi}ﬁ d ISty Hkodi mept rof, t 8 shown in

nventr on. referrlng to FIG 10, a
flﬁf&. 7, a supraspinous ligament 5 is llfted 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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hook 41 is allowed to pass through a through-hole 35

(not shown) of a spacer 30. Then, referring to FIG

11, the first hook 41 is allowed to pass through an

area of an interspinous |iganment 7b near an upper

portion of an upper 10 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 Iiganenz 7c near a | ower

portion of a |ower spinous process 3b. 15 Finally,

t hetfap sachoofting &nd thise mrsant hbokemtdicr ewiklenbeegrovided
and both ends of a band 43 are tightly pulled in the

di hec¢imaftodr.t he arrow shown in FIG 13. Wen both

ends of the band 43 are pulled, the band 43 is

cl osel yFaaat acl@d tHmudypr @3si bhbus¥rzatred 3Genosesimodmy of a
of the spacer 30, which 20 ensures a nore secure

f asp&rengwdDih t AesgpapeacdOriidng heo Hpfdrsandmbodement of the
spi nous processes 3a and 3b. A knot 46 is tied with

t heréserst hnokntiee. endriektt herdmivkihy abnsl @Icstnad a first
of the band 43 surrounding the | ower spinous process

3bnodnd4a KBOtal4 bwied tﬁoe&aavgg hthreugecandnkeqkhinéEe 35 (not
end of 25 the band 43 and a strand of the band 43 -

SUskekdi BE thesd8cedPBOL SPIHEHIS PEEELBSnFAto FIG. 11, the
According to the above-described enbodi nent, the

SpaLest 3Bobk Secufed 410 4k UpPeipadRd #1MRIGHSPAROWSea of an
processes 3a and 3b by the knots 46 and 47 tied using

boi b or itortf 1NGarRaRd 7A3. ndMeYRT upSBEUPbPEiOh B8f an upper
spacer with a
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 ﬁhe spacexr 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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band accordi ng to anot her enbodi nent (as will be

described later) is acconplished using band knots and
friction between the strands of the band. FIG 14
illustrates a spacer 30 installed with a strap 10 40
according to a second enbodi nent 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 conpression force Fc is

produced in the direction depicted by the arrows of

FIG 14. The conpression force Fc also 15 acts between
adpppent spineumipmodcddse Imand 43. A frictional force

Ft is generated between the strands of the band 43 and

i s prop@ccoadingt 0 tiche tWopr &ssveorddarrddedc antbodigent, the
coefficient of friction of the strands of the band 43.

Of spacerr se30 a i3 cdecanald f @oce the alippegengfid@t etbwer spinous
bet ween an 20 inner surface of the through-hole 35 and

t hprbeaslss3. 3a Heneveb, byl ree khetkr et iaadala7f ¢ied using both
generated between the 1 nner surface of the

t hepdghohokBe3bannd 4i3ne brodv42, |%eﬁu9hng53§|he%pbeéﬂ with a
the frictional force Ft generated bet ween the strands

of bhhe B@BQr&ﬁmgoﬁbyahBQhEE|%hb%ﬁ@heﬁ@rqgsF%1§§ be described
gener ated between the strands of the band 43 will be

191a€@ﬁﬁ|£§”éﬁEoM¥IEHHEd“héf%gaﬁghaeRn@ﬁpogﬁ&“¥¥ ?#JHE between

frictional force between thé inner surfac

t hegelOde R s 35 aMd dag band 43 can be adjusted to be
hi gher than the frictional force Ft between the

strands ggt;.t hg BaRQs¢3atEQr a tg%écefhf? §€?%fg% N4h a strap

the through-hol e 35 can be strucfura
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 aed 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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in an appropriate manner. FIGS. 15 and 16 illustrate

the installing of the spacer 30 with the strap 40

according to the second enbodi nent of the present

i nvention. Subsequent processes 10 to those shown in

FIGS. 10 through 12 are illustrated in FIGS. 15 and

16. Thus, like in. the first enbodi nent, the

processes shown in FIGS. 10 through 12 are first

performed in the second enbodi,ient. Referring to

FIGS. 10 through 12 and 14 through 16, 15 first, the

first hook 41 is inserted to pass through the

t heenghdaved. 3Rasfondiags fac @enc3berTeebpdinent j rete hfwketional
41 is passed through an area of the upper

i nfersepi betiwekngahentinnglr mearfatcke ofppdre pdrddugh-bble 35 and
t he upper spinous process 3a. The first hook 41 is

aghhe basged3ttamugh ddimstuadughbRohegR8r3bheh the frictional
spacer 30, and the second hook 44 is passed through

anfarea Bf bbewkemethénserspdfiovs thgap®md 43. N6Yr this, the
the |l ower portion of the | ower spinous process 3b.

Thband| 4Reahdiethié risirdinichblle B5e caacBdshogktdfalBy modified
agai n passed through the through-hole 35. Thereafter,

thén 2b &ppsdpBidtes acem@dooks 41 and 44 connected to
both ends of 20 the band 43 are renoved and both the

ends of Higs.band 4hdr e thghbyrpek! 6thd NihlBCa11ing of the
directions shown by the arrows of FIG 15. By doil ng

SOospaber 080 oy fh t hevband 43 | 3or ehardediRy £48€ the second

frictional force between the strands of the  band 43,

angmSodietPPE #RE |HPRIrnPi NAHHHARCES SEDH X RRY Focesses
are stably
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 is 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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hel d in notches of the spacer 30. In this way, when

the notion of the band 43 is retarded by the

frictional force between the strands of the band 43,

the band 43 is closely contacted to depressions 34

and 36 of the spacer 30, which 10 ensures a nore

secure fastening of the spacer 30 to the upper and

| ower spi nous processes 3a and 3b Finally, knots 48

and 49 are tied using both end? t he band 43 and

the strands of the band 43 sur 8und|ng the upper and

| ower spinous processes 3a and 3b. The securing 15 of

t hehgpoard 89 dxe trwmnapskn@ntdotbwehespndoust pricec dsses 43 are
3a and 3b using the band 43 is acconplished mainly by

t heightlytpuhkdd fior cchebetiveenibhe shoandsy ofhé herdmaid of FIG.
43 and it is assisted by the knots 48 and 49. FIG 17

i s18. | aBer dabingenopf thespbBabnCcolfuthesbandng3 3@ aektarded by
intervertebral inplant of a spacer-band conpl ex

i NnERé t £Eli chESMEENFdMee IHtaeRAl tBRI BOYSN@S OSESERS b¥hd 43, and
and 3b according to an enbodi nent of the present

i nyeat hpper Rahar towgrt @pthGus dpfocd8ss583C8h 38d 3b are stably
mai ntai ns a predeterm ned space between the two

SPh&DHS iBr OEATIRE 3¢ affle 3BphREgdaiper MMede ki $1 ARG dRen the
bet ween notches), and supports a conpressi on force F2

achbtdorr lorbeheeainrddies 3 Wos SPLRQHGe R BGCEH8S 33 RRBnal force
3b. A band 43 integrally binds the spacer 30 and the

t WBe SPEEWUELOT QEBSRES oBatABUp3RAt Q3P @HHCRARd 43 is closely
predeterm ned bearing force FI on the two Spi nous

Pr 85£6588 32 8NdegPes9i LRt 32 ghgegbngfth@nsiacer 30, which
i nt er spi nous space is prevented. In this way, en thé

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 sbacer—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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wi deni ng of the interspinous space is prevented by the

band 43, several problens such as spinal stenosis,

which is due to narrowi ng of the space between
correspondi ng vertebral bodies 8a and 8b, can be

corrected. 10 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 an? the pressure applied

to intervertebral discs. There %re, t he

intervertebral discs can be perfectly preserved and an
1Fetnamvethebrialo sppieowanpbeceppeopBaatagidy 3b. A band 43
mai nt ai ned. Thus, the intervertebral inplant

actworelragl ltyo imelspr-beespacenvant and clan tpre\egiinous processes
various di seases caused due to narrow ng of the :

I NRterared t3Abrtadl mpaneeas pekbbledsrvbfiédUseaslirReds®se F1 on the
caused due to narrow ng of the interspinous space. 20

| newdnesphhety epirebesbes MBharindACI®r §bNghkbe heyjdaSeRt of an
invention, the band 43 also serves to prevent a

r edretid M indusp| &8Nt shepvephtteBUPEITOrtA L elaQb afbn the
an inferior facet 9a. That is, the band 43 is also

r aseisidy &ff dhe fao@Irdiindfusf @apheRi RG. pkiklk8ALBY bPethe band
human spinal colum to a 25 | ever system the inferior

angs supeyd 1 f BESH el h 9Bs23pi 881 VEL8S0sE, which is due
fulcrum the vertebral bodies 8a and 8b serve as the

| aagl hQrP@wf‘ﬁ’ye@f ah t BabAISEkeRedn tc'%?r@@?_gndllg%cvertebral

particular, fastening the inferior and superior ets

930k Yo GRel iBB) @antBE EULFLLqin order to prevent
damage, 5 is an inportant factor in the proper
operati @fa0f jlhe $Pi B2 ernal load is dispersed to vertebral
bodies and facet joints in an appropriate ratio, thereby
reducing the pressure applied to the facet joints and ﬁhe
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 9a. That is, 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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colum. The fastening of the facet joints can

elimnate the pain caused by the novenent of the

facet joints, reduce surgical aftereffects, and

prevent spinal stenosis (by limting the notion in

the facet joints). 10 To understand the spinal colum

by way of a lever system a first class |ever system

is illustrated in FIG 18. The band 43 is positioned

in the place where the force nggds to be applied and

it produces the force F1 in ordér to conpress the two

spi nous processes 3a and 3b. By neans of 15 the force
Fise¥ve desi shecdudsrim, t hbesagirtebratebbdbasoBat hed 8b serve
spinal colum. At this tinme, extensor nuscles are

pud$ ettheadgathi® thee raewest, camd | engt husslémcdeashd. wAgk. In
a result, the force F]. balances the |oad Wapplied

t cpatieimekdwbr fhstenthestBa dmfelioly arehnsupéride facets 9a
inferior and superior 20 facets 9a and 9b acting as

t hend ublor YartHegeast tkeexidrsam) dusolraeroftbsglre@at damage,
external nonent of the torso, and generate a

pass e oimpshetamtf et oaf faethengrape ANdEEr M oS EALhe spinal
force generated by an upper vertebral body or an

exteruml . | che. fa5tEhenoad YhapphisH {®idte o8] talihdhate the
bodies 8a and 8b 23 is nmainly determ ned by the

Myseid acatieeae W the exdwensen SEsehe (LIQGL 05o$RLHAC reduce
nmuscl e) of the | ower back. As such, this sytemcan be

explag e b RS rifeicd, t hgnact heaveht t hepi MISCWi@hosis  (by
force on the vertebral bodies. According to the 5

f orimd ind~%he™ Mt onadnt BRe! €88L0 Midthe extensor
nmuscl e
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 F1l, 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 Fl1 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 boedy or an

external load.

The load W applied to the vertebral bodies 8a and 8b
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corresponding to the | ever armincreases, the action
range of the extensor nuscle on the vertebral bodies
i ncreases. When two spi nous processes are conpressed

by Iiganmentoplasty according to the present
i nvention, the 10 normal lunbar |ordosis is restored
and thus the length of the extensor nuscle, i.e., the

| ever armincreases. If the length of the |lever arm

i ncreases, the action range of e nuscular force

i ncreases, and the load acting on the vertebra

bodi es can be offset accordingly. 15 FIGS. 19 through

21 igr @adindgr slekerind nedey  tiHe ustscatliapg fidueeactfi dites ofxtensor
intervertebral inplants according to a conventiona

t eoliscdee (endcthe ppéseat musolentoHnthél Bowd® basclk. As such,
diagrammatic view illustrating a nornal state of

vethébr agtamdchacbe paphbsneReberdesgrimim) tHdcadidon of the
facet joints 9a and 9b act as the fulcrumof a spina

| emesculpperfoare |lowethspivepusbpabCcbsdess3a ardodling to the
and upper and | ower vertebral bodies 8a and 8b are

respemtilzel Wxpos+ t webpd aat Hied h1 @igish 0brt heef aG@lensor muscle
joints 9a and 9b. In FIG 19, the interspinous space

andorbespdhdimy etyethebnavespage alre @8, | the action range
mai ntained. 24 FIG 20 is a diagrammatic view show ng

t hefstheeptensSPiMac DI ndf LBEtBbERACKEdISs increases.
inserted thereinto according to a conventiona

techni quenl N tRbS CaASEnY | BrbBBss69NVEINd ON@bmpressed by

techni que shown in FIG 2 in which the upper 5 and

| onegameh PSHBa P PCARRRTASARA 85 Kk t B c3RACET 1Rv&h€ion, 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 aétion 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 9a and 9 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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bound with the ties 13a and 13b, since the upper and

| ower spinous processes 3a and 3b and the spacer 2

are not integrally fastened, a relative displacenent

bet ween the wupper spinous process 3a and the | ower

spi nous process 3b 10 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 faceté oints 9a and 9b may

occur, thereby causing varioug di seases associ ated

W th degeneration of the fulcrum As a result, 15 the

spi nal pEYer20mays not divmgkampmaper | view rslegding dime gtate of a
slight w dening of the interspinous space may occur.

| BpihBiS ceatn SEBEE &hepacderierirstmrdleds phegeinto according
decreased, a disease such as spinal stenosis nay

begone eskrerfildal SUegRhyqu@d FIth 2hiiss ease and in the
di agrammatic view showing the state of a spina
Clonendfibahia teRaeeiquesS dHxwer tiagd Fherekntia adrimhditige upper
to the present invention. Referring to FIG 21, a

SRAGEN 1 3%k r | SpSEGHS eb¥obastesedaha WHPedn@ndheowpacer 2 are
spl nous processes 3a and 3b with a band 43.

Thel Bl P AL {l'gébe%ié’se thsphiger®yl 2bnbet veenuppeLtand lower

joints 9a and oes not occur, and thus the 25

SR %odsengo%EgésprﬁP?raln)ﬂ eygn Ad erhgur §a¥er 2 are not
Furthernore, various diseases arising in the facet

j%ﬂ&%&%qil?;dfggtwga the fageivd Oldilsp198eABHAtL IbetfuRen the

nove acted can be prevented. 5 1n addition,
evu%r{oevl\fhegpnt.llﬂ&é n{)f&‘f@ééeQEalanﬁpa&% 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 occur. 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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narrows, i.e., spinal stenosis occurs, the vertebra
bodies 8a and 8b can be separated from each other by
nore than the predeterm ned space by strengt hened
nmuscul ar bearing power. Further, the normal vertebra
| ordosis can be restored by 10 fastening with the band
43. However, considering individual differences, it
is preferable to adjust the height h shown FIG 21 so
that | ocal kyphosis is not caused. Hereinafter,
clustering for fitting a firs#notch 33a to a |ower
surface of an upper spinous process 3a wll be 15

éfﬁépe?ebgrdﬁéﬁké plbpéd Sl el derk @R rt Batrgerdt. vi Husttlsermore,
erent body structures, and the shapes of

98? pﬁggg§éssag§¥lﬁé39nb€hg'fﬁ%éﬁ”jbihﬁgf9énﬁﬁﬁi9b when
Th us ai

or - ng and surgical treatnent of an

6 erW?rtqpriglﬁgpl arRCCob ding tydie shapgppabtedhean be

ous processes o each 20 individual are al nost
OSS|QLS In this regard, there is need to perform
c SPlng for the shape of the first notch 33a using

statistjcal §£€1£8 obggég awgégdegﬁgn1Qﬁgegugygébréi space

first notch®s O “course, clustering for the

f%%g%@%%aﬁés%%gn%%gg% FF%%O%%Q %@Eu?gsotﬂg pertebr®t bodies

owever, the shape of

S SO S P SR e 0 o Bk cthan ehe

SR e W RS LB AE s vover

Ergggéggﬁgt?é%lBﬁgggioge¥%£ raf q nggdcﬁg H§§n§e§{ored 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 pérform 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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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
functions. For exanple, the 10 profile of the first

notch 33a may not be conposed of a single straight

line with a slope of 20 degrees but nay be conposed

of three straight Iine segments with different sl opes

of 40, 30, and 20 degrees join%%fat three inflection

points. O course, the profile the first notch 33a

may 15 al so have a shape in which a plurality of

pohovsvarge thenskeped dfy thu veskcdridiesodd h38bhf ier @t diverse
predeterm ned curvatures. In particular, considering

t hend onke puofite shapre Ofecaid UPPEth SIBH Qi POCRSSidered a
3a to be supported by the first 20 notch 33a, the
predrigontal hettaight n0ifb. 33@ntias alUBterUeHt F¥r the second
sl oped shape fromthe insertion rear part to the

| NREEEHh 0B3br At M tpr&F{ale S fn JERPS ikbHSE! athBY present
the profile slope of a first notch of an

i n{gvaRElehrat 11 nBbanksaeenedi R k@ rAY o%5d9EQQQEEHgtfor the
of the present invention plotted in the x-y plane. 27
Referst ngotdh H{a. 22, assuming that the end of the

first notch 33a near the insertion rear part is the

ori gin gHe¥ebheny %Pl ane. bthe dReofdldiak t st
ot oh a5eTerReng ko I, | Bhe (Rl ide (e g Strirst noten

degsgegas HOVWEYSle A whikhe e%ﬁﬁ%ﬂﬁgypg}. %5‘11{1!? SO nnected

changes to angles of 30, 20,
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 1line 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.
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and O degrees. An available profile slope range for

the first notch 33a is provided by neasuring | ower

surface sl opes of spinous processes intended for

spacer insertion in a |large nunber of 10 patients and

then statistically analyzing the data. In an

enbodi nent of the present invention, angles between

the third and fourth spinous processes (referred to

as "L34," hereinafter) and befween the fourth and

fifth spinous processes (referred to as "L45,"

hereinafter) where the 15 intervertebral inplant is

mai nl y Reertiow ate- FiGaswddd. aspymingelthaspddig ngnd of the
the | ower surface slope of the third spinous process o
offik34 in®twhaSB=echemd thee ir@ertison frese EAGpe Hftheeorigin
fourth spinous process of L45 is neasured. Lower

sumf agige skepe pimasyr ertent prodile heft Hilved Eprsbusoted 33a is
process are presented in Table 1 below. For this, 10
campttied 1yormgimphyat Cah iamges ofr é0oliegireed .f r diowd@®r, at
spi nal stenosis patients by axial CT scan. The | ower

S Wricake c¥indpedmpasHeeNenessilbpé edhangdabte dngkes of 30, 20,
obtained wusing CT inmages of the third spinous

PrRGEDS ded@eetabl e 1 Section 1 2 3 45 :6:] 7 8 9 10
11 1 17 27.2 10.2 20.4 23.8 23.8 23.8 27.2 27.2 20.4

10. 2 2pR054a220aB180p40(7143s80B6. Gadded £ &Y. Pirst notch
20.4 27.2 3 17 23.8 17 20.4 13.6 27.2 30.6 20.4 27.2

383015 hokidbl 29 hedBufidd Pdwer lshlfatl $1dped 3@. Bpinous

processes intended for spacer insertion in a large number of
patients and then statistically analyzing the data. 1In an
embodiment of the present invention, angles between the
third and fourth spinous processes (referred to as “L34,”
hereinafter) and between the fourth and fifth spinous
processes (referred to aé “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 below. 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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5 23.8 23.8 17 27.2 23.8 23.8 23.8 27.2 27.2 13.6 6
27.2 23.8 17 17 27.2 10.2 27.2 27.2 23.8 20.4 7 10.2
20.4 20.4 13.6 40.8 20.4 13.6 17 13.6 20.4 8 13.6
27.2 23.8 17 13.6 23.8 27.2 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

sl ope neasurements for the fourth spinous process are
presented in Table 2 below. Feg this, 5 10 CT inmages
were obtained from 103 spinal stenosis patients by
axial CT scan. The |ower surface slope nmeasurenents
listed in Table 2 were obt ai Bedleisl ng CT i nages
containing the fourth spinous process. Table 2

Secttom 23 4 576_7[8 .971Q IjT _110.20]4_.3.4 471|0
20,949 p3ts 17 10.3 0.9 2517 0% T Tk g2t g O | m
271 2 13.p 20.|4713] &.23.8.4 B 23.84] 3378 ] (P38 | 2720 #7-30. %84 | 20.2
2777 A7 [30.13 %.4dP2da |418. 4143 [6326.[4718] 8320| #7.23. 8.4 | 27.2
102 37 E5 0 L3P STl 205 1.3% P223 Boold | W o128 (830 | a0
2ola 7 have 37| Bed PPl s LEhat g 4 e 2 e
13 6 58 |7587 87 (74 1915 | 48 %) Ah® |2%" § 2 21n2b 7 g9
10] 2 43. b21.2 28.8| 17 117 134 | 30.26| 192 [137-5.|87R0| 23-83 ¥ -9
13[6 $. 8] 18.26| fa.4d} 223.813.4) 44z 5howr] 136 Tabt e 14- 6.4
2, M3 g 158V 8: @ | 17 | 13.6 | 23.8 | 27.2 | 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 |23.813.6 | 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 |10.210.2
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 20.4110.2(20.4
7 13.6|13.6]13.6(10.2|27.2|23.8|10.2 30.6 13.6)13.6
8 17 17 17 |20.4{10.2{30.6| 34 |13.6| 6.8 10.2
9 17 {10.213.6( 17 {23.8} 17 17 34 |(30.6| 17
10 6.8 |10.2]13.6 0 13.6| 6.8 [13.6 0 17 |23.8

As shown in Tables 1 and 2, L34 and L45 have a
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15

29 different lower surface slope distributions. That

is, wth respect to L45, a |ower surface slope
distribution fromO to 15 degrees is relatively high.
Table 3 presents |ower surface slope measurenents of

5 the third and fourth spinous processes. The | ower

surface slopes of the third and fourth spinous

processes of 50 spinal stenosis patients were

nmeasured by X-ray. In | ower 5 rface slope CT

measurenents scan as shown in #ables 1 and 2, a

blurring effect may appear in CT inmages. Also, 10
conyserictbrid opesebasan faces| stepe | r@b@é@hﬁ}?l%s That is,
slightly inaccurate. X-ray imagi ng can excl ude these
posgidi | kbkpsct Tablis3 Seclbearlewsfasar fsdopes | Higt rgpution
the Lower surface slope of the third spinous process

f OUF L b SPIHWUS Icfees 1s12e28t3vOly REQIB. 20.4 0 36

6.3 17.3 -5 2 34 26.6 37 0 12.5 24 3.3 16 011 3 0 6

22.3 18 @814 3 22eber9s5180e¥ sdrbade 26ldde madmgrep@nts of
12.5 12 8.3 3.75.6 5350 11.46.123.3 800 2.118

6 2@%@ 2h/i ﬂ& and é@hé&ﬂ)éﬂaﬁbd%ib$o&esﬁe%5 2hé Dowelr Ifurface
2. 8 11.4 19 29.3 18.6 1 4 IftLu 9 13.4 34

35'31314eg104_" 5L £0:i1d4 a8dldedurdsh 6sPirous Sprocesses of 50
spinal stenosis patients were measured by X-ray. In lower
surface slope CT measurements scan as sllmwn in Tables 1
and 2, a blurring effect may ‘appear in CT images:. Also,
converted slopes based on sliced images may be slightly

inaccurate. X-ray imaging can exclude these possibilities.

Table 3

Section Lower surfa.ce slope of the | Lower surfage slope of the
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 [22.1]29.5|10.7

4 5.5 20 (11.1029.3| 26 }12.5| 12 8.3 | 3.7 | 5.6
5 35 o 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 12 0 2.3 0 0
8 11.4| 19 |29.3|18.6 1 4 22.61 21 |11.4 0
9 13.4| 34 |35.9; 14 21 4.5 6 8 6.5 o
10 24.6] 14 7 13.6| 8.2 7 20 [12.3] 9.3 3

FIG. 23 is a histogram illustrating the distribution
of the 1lower surface slope measurements of the third
spinous process. The distribution of the lower surface
slope measurements of the third spinous process is

represented by dividing the lower surface slope
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gramillustrating the distribution FIG 23 is a histo

15 of the |l ower surface slope neasurenents of the

third spinous process. The distribution of the | ower
surface slope neasurenents of the third spinous

process is represented by dividing the [ ower surface

sl ope 30 neasurenents of the third spinous process
presented in Table 3 into groups separated by five
degrees. Referring to FIG 23,4the distribution of the

| oner surface slope neasureneénts of the third spinous
process 5 approxinmates a normal curve. In particular, .
26 patdefdmentar eofli Hird btbedd i FPANONEpLTAIRFS oPraseRted 1in
25. FIG 24 is a histogramillustrating the

di sgpiuiti amtoigrdupsl eeparatefiaoe £l ohalamEiF-enent s

of the, fourth spinous process. The distribution of

the | oweReguikasg 10 FiIcpe 23patineerdmtsibutihe Péuithlg lower
spi nous process Is represented by dividing

Neasyy £4ES $1BpeS el refehiabl 3 theit thgrduppinous process
separated by five degrees. Referring to FIG 24, the

lom@% sk { RcES$| QPRoriBas wuerent s Iof gartifomletrh 26 patients
spi n Qs process exhibit a left- 15 skewed

di stLibyiLopspldedald i£W1dpe 39npat bENLS 86 €25°.
dis%%%bﬁ%%gp%n a sl ope raﬁgf of g to 15. As shown in

FIGS. 23 @anpd 24, sthe lipwdlogsdn ad@uskepeing the distribution
characteristics of the third spinous process are

di f];%r etp{e fl%%@rt h§\§1.eféﬁ'te t Q@oﬁ@urﬁéhsﬁﬁ:ieﬂ{éh%spr@ﬂesﬁe Afourth
currently
spinous process. The distribution of the lower surface
slope measurements of the fourth spinous process 1is
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 L45 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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20 avail able spacer is mainly inserted into L34 or L45

and is wused 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 nodified for L45. Furthernore, when

a 25 spacer having a first notch with a profile sl ope

of 20 31 degrees is inserted between L34 of a patient
having a L3 |ower surface slqge greatly deviated from

20 degrees, the vertical bearing power of the spacer

for L34 may be |owered. The spacer 30 according to,

t hedaheses deéscinbedtedehbbupapnl3df ofh@ maddent having a L3
invention is nore adaptable when nunerical analysis

i s usedrt euebanectlapel greatly deviaked  &xee 4 degrees, the
obt ai ned points of the profile by |line segnents of

di f herental unsddmingy Bb@er250f s thef | owagpagrien L34 may be
illustrating a nmethod of 10 manufacturing a first

not qlwakean | Mher \epaoehr B0 | aptandingacter hagabgvgndescribed
enbodi nent of the present invention. Referring to FIG

25, chigostimedt PHEIEHET Ptasshis atplent igmous imoreér adAptabhe when
a popul ation containing a plurality of patients, and

| owg awitage shopesiHf ispi aeed processescof d5plwgality of
menbers of the sanple group are neasured (operation

S10)gt aHHist 1€ADOYI NEBEahdd hpidrscr biedthe trerafilef by line
t he ﬁ ower surface slopes of the third and fourth

spi %engrso%%s§l§§f@£8§€nf@‘ijc&_{bﬁr§.b| e 3, which

contains data of a sanple group containing 50

menber s. 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 processés of
the members of the sample group are measured (operation
S10). This embodiment will be described in terms of the
lower sﬁrface 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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15

20 The | ower surface sl ope-neasurenents of the spinous
processes are assigned to predeterm ned sl ope

intervals (operation S20). In this enbodi nent, the

slope interval is 10 degrees. However, the slope

interval can be optionally determ ned by one of

ordinary skill in the art. 25 The slope interval of 10
degrees in this enbodinent is 32 provided for

conveni ence of illustration. Hanever, it is

preferable to gradually shorten the slope intervals to
obtain a substantial curve. That is, a plurality of L
st aprevided| foubanvedipntat e miylBet EakkRRt ed TP mit 1S
a 5 curve by polynomal interpolation, spline

i nt prpéeatbba, tor gaktdeahbyi séloyteheythfay shereordmderagls to
as a substantial curve by. straight |ine segnents .

Wi t bbshant enedsdistpatipit ecvars. Tdblat 4ishovs R1pgality of
degree slope interval for the 10 |lower surface sl ope
measttheientisadiyt betthhed apdntesumaly bspigrmpected to form a
processes of Table 3 (50 nenber sanple group). In .
par tcuewearny Lébynent &ketihseapokanioal uepbine hénkewpelation,
surface sl ope neasurenents of the third and fourth

Spi RRUS ] AGaSSesy Thedy | ayLB45 denecredn dower substantial
surface slope 15 value of the third and fourth spinous

Pr 0GRSS@S, byhi sbrisgh€al xiHat edgmenesdewitio Ehodiweeed, slope
spacer that can be inserted into both L34 and L45.

Tablig 4343 .

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, L345 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 producé a spacer that can Dbe

inserted into both L34 and L45.

Table 4
. L.345
Section L34 L45 .

' (=(L3441.45)/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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Section L34 L45 (=(L34+L45)/2) 40-50 1 11 30-409 1
1 20~30 16 8 8 10~20 16 22 T 22 33 00-100 8 17 17
-10--0 0 1 1 After the sl ope neasurenents of the

spi nous processes are assigned to each sl ope
interval, a representative value for each sl ope
interval is determ ned (operation S30). The
representative value for each slope interval may be
the 5 lower Iimt value, the upper limt value, or a
mean val ue of each slope interval, or it can be

opti qnalTy Selfected by on of ordinafy skill t he
art. |Fer é&%ﬂple, i® this | enboll ment | the Iom%? i mit
val ug of—each|stope Tntervialr 1S USed|as the

repr gsergatiovg val u@ Thus, thelrepregentative 10
values for thda slope interlvals are 40! 30 20 10 0,

and - 1pedegregs. sIBEeOH%%@EEQHeQESdSEeEanbﬁgnbﬁg ﬁrocesses
representatlve val ue S30 nmay al so be followed by t

S MUY sidfe SiARE VRS Y eEpHescha@68 value

slope |nt véf S20. The representatlve val ue of each

sl ppe dteryal éanﬂ'lt%é%‘%feacuﬁ@@efrﬂ ndd'€(cteMd®ion S30). The

measur enent s SS|gne ope Interval are

" o xpexseeg&ect%ﬁel%ch gg?f?a Hane g&Qe%%Pgn i vai’NBay be the

lve nu € assi gne

lower limit value, the upper limit value, or a mean value of

each slope interval, or it can be optionally selected by one
of ordinary skill in the art. For example, in this
embédiment, 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 aﬁd
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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sl ope neasurenents and the y-axis is the height of the

first notch. FIG 26 illustrates the | ower surface

slope 20 of the third spinous process plotted in the

x-y plane. Referring to FIG 26, the cunul ative nunber

of the assigned slope neasurenents is represented by

the x-axis. 34 The nunber 131 represents a line

segnent with a slope of 40 degrees between the origin

and the point where the cumlgfive nunber of the

assi gned sl ope neasurenents in a 40-50 degree

interval is 1, 132 represents a line segnent 5 wth a

sl opreohusBedeRde reprenesiist e ldne FSGMENGT Wid 3 jHepe of

segnent 131 and the point where the cunul ative nunber

of ube dsgiepredbetepen nedeurenkpin apda e 4poHRyr gere the

interval is 10 (1+9), and 133 represents a |line )

seg@RAlilavirte ausbepeodf tB@ deghigpedbelopenmeagurgpents in a

point of the 10 |line segnent 132 and the point where

t he soumol @eigreentimhervadf ishe,adskgmegresepes a line segment

nmeasurenents in a 20-30 degree interval is 26 (10+16)
Nyrher S 18¥omndof 350aideglriers be¢geent shei temda miigge of the

of 10 and O degrees, respectively, plotted in the

samg jRRNRRGmaatt Ne1ahndethé nsobegmid: the Tuewdbbige number

line segnents can be represented by Equation 1. ny

=E{ ta O-f,%- Nug gt 0 sipe, }ield Nitdmdntd meh (4) 30-40 degree
NO=014=0
interval is 10 (1+9), and 133 represents a'line 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 0 degrees, respectively,
plotted in the same manner as the above line segments.
The above line segments can be represented by

Equation 1.

Yy =Z{tar9m(x_ m—1)+ta‘rﬂm—le—l}*l(Nm—l’Mn)
e

(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 boints, 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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where y is a function conposed of straight-Iine
segnments wth different slopes obtained by connecting
a plurality 20 of statistically obtained points, x is
t he nunber of assigned sl ope neasurenents, nis a n-th
interval, N' is the cunulative nunber of assigned

sl ope neasurenents in an 35 n-th interval, Onis a
representative value of an n-th interval, u (N, -,,

Nn) is a uniformfunction haviqig a value of 1 in the

interval (Nn-3.,, Nn) , and No and Ao are each zero.

FIG 27 is a graph illustrating the | ower surface 5

sl opetdf irteefwaint hespiifouws peptesen i tbitedVatug h@ix3p n-th
plane. FIG 28 is a graph illustrating a nean | ower
surﬁamervsﬂopa(uﬁth@nthisdaandifeamtgu@ﬁ?h%%shaV1ng a value

processes plotted in the x-y plane. The nean | ower

sur forca dhnopaeofinthevahi (Mh-10 Mnd fodr ¥h apd ffougre each zero.
processes can also be plotted in the x- y plane in the

sane nmannerG. | R7FIiG 28 grBphi silduptaphiot dheunteven surface
for L34 of FIG 26, D2 is a graph of a function for

L45 pfogd Gof 2The afshi¥d | spin@raphrotess f photied fior the x-y
L345. Referring to 15 FIG 28, it can be seen that D3

i s pigideed between D1 and D2. Advantages of the

function for L345 will be described later. Finally,

first notehes 38aibayi ggapinei Bonet putdfid @ mslappdowas surface

the sl opes of the functions obtained in FIGS. 26 20

t hr oyl 28, 11 TRMATrRC b do(1@PRT 8binouSHocdszar gilogted in
0

t the 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, Dl 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 D1l and
b2. 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 S50). 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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t he above-described nethod, there can be manufact ured

an intervertebral inplant having a spacer with a

first notch having a profile slope obtained by

connecting a plurality of points by Iine segnents of
different functions. 25 As described above, a first

notch 33a supports a 36 |ower portion of an upper

spi nous process 3a. Thus, when the profile slope of

the first notch 33a is the samg as the |lower surface

sl ope of the upper spinous process 3a, the bearing

power for a vertical-directed conpression 5 force

i nclesses pokitheni pft ko APPES- GEIOPPBeBTRABSEI ndnt TR#S, when
the present invention, when a first notch _33a.is
conpheebmffideplairagd tgf othel fhest haetal dPRf dferfthe same as
sl opes, an intervertebral inplant including a spacer

Wi t ftHehel owdrr stumfisash B3wec a0t beheenePed | SO ERPHST cBreeess 3a,
upper spinous 10 processes having different |ower _
sur fraee bkapeag Fpowder ne, asi meeticdirdireniiash epmpression
the present invention is manufactured based on the

| oweordd fateredsepe edsur nenbs @boyprdessrpbedesybgdiment
of a plurality of spinal stenosis patients, a slope

i Nt faknko whésén@ liargetibh, nuaben of parsentmotgle 33a is
statistically assigned is in a higher ratio, a

beard fgpdxaeeiosf @r pauralttgabf dpl &cé€chawionpraiffiepent slopes,
force can be enhanced, as conpared to a first notch

haviflg anpyeifererdisiribiplien oindifidbienta psphcée with the
sl opes. Also, an intervertebral inplant including a 20

ﬁg?gﬂrgﬁl tihiuc s 3 fddiStb it 33a caipplé edpplol egpea 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 1larger
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 L45
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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patients. In addition, a spacer for L34 and a spacer

for L45 can be separately manufactured.

Al ternatively, a spacer that can be conmmonly inserted

into L34 and L45 can al so be 25 manuf actured.

Therefore, trimmng of a first notch 33a 37 during

surgery or partial renoval of a |ower portion of an

upper spinous process 3a may not be required. In the
above-described enbodiment, a pjurality of points are
connected by straight-line segnents. However, 5 it

shoul d be understood that a plurality of points can, be
condectieg IByrgeryedr| bactial t reppedetad @ deyer portion of an
curvatures. Preferably, the profile of a spacer of an

i Nt eppenrt epriabusi ppbaess cdm My Aty & FPIérgdoni al

interpol ation, spline interpolation, and others. In_,
particul afn ithet habcwsedadcnibagsi egbapiment, a plurality of
interpolation, a plurality of points can be snnothlg
conmpedirad krepotgmomitald iby esipod dlitord ineFpedgnenivsr e, However,
spline interpol ati on produces a snooth curving by
connactdhglld e seglemtoodsithgta aqpddrality pfinppiohs can be
a cubic function, a quartic or higher function 15
accdintdted sdppeurnéer tahes Alithoygleddtermined curvatures.
above-descri bed enbodi nrent has been described in

t er e ey, SttiwtshoBBae 6f aaspheeapplfi @t irdexvertebral
second notch 33b. Hitherto, clustering for the profile

sl opgnfar Zh fbd Séun@d€ oy 3ol yrosmiedr | imtsergatliatdbn, spline

groups has been
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

T~

—_
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described. In addition, to performa common clustering
considering various factors such as the shape, size,
and a spacing of the flanges, a spinal imge
clustering nmethod wusing a spinal inmage case can be
consi dered. Although the 25 size and shape of spi nous
processes may vary according to 38 sex and individua
di fferences, the nunber of intervertebral inplants to
be substantially manufactured 3gust be restricted. For
this, the nobst conmon spinous process shapes and
si zes nust be known., Hereinafte a 5 nethod, of
findi§iy t P stl%aghap #@E&D&Fﬁg to%f‘ﬁe number  of
nunber assigned by a user wi |l pe descri bed.
Genetiggyerdehded: i Hpkathisy st Pin PPaieRE1edlyediiopfactured
the data and to categorize sim|ar data. Such .
cl ustust nhe Hestwdeh e del 5rmpphied ithe Mt hafPBROR Spinous
processi ng. An 10 object of the clustering algorithm
| s tRFYARAA dehPes adh8n@iegst st dre pkRP¥R i nfegpinatter, a
assi sting categorization and classification. )
a ustefhiaty afoeSindbing ddii mostdiaman fERes Fecpedang to the
i ndependent vari abl es and dependent vari ables and
pr eviwe  |agssigniedabiyon sfedavialbdee . dagrrit®daur pose
of clustering is to find simlar groups in .
expect at i 6anehatlyi nflasteniots dnalivdishalsayde used to reduce
simlarly. Thus, the nost inportant consideration in
dat atlemngera somd ahd categeniionsimilar réahee thehsicdaistering
of data sets while not |osing the inherent
charlad ebeshi osldElyt heppRlediatia. infomgndtipor t necessing.  An
sel ect a nethod that ensures

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 1néan value of the
measured values. In the present invention, there is

provided an improved k-means clustering algorithm as a
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efficient conputation and that can find data sets
capable of representing the original data. Data set
finding is generally based on conputation of a nean

val ue of the nmeasured values. In the present

invention, there is 25 provided an inproved k-neans
clustering algorithmas a 39 nethod of finding the
shape distribution of spinous processes. FIG 29 is a
schematic bl ock diagramillustyqating a spinal inmage
clustering systemaccording to an enbodi nent 5 of the
present invention. Referring to FIG 29, the spinal ,
i magetbbdst efi n§ingsrem thel khepen WETTiRELPRceOT Spinous

- 110, a class assignnent control nodule 120, a contro

nodpirecé38esan original image database 140, a
representative |nage dat abase 150, a binarized i mge

10 dat abasEG1689 2, hnaghemetiecbienkndiagean7pllagstrating a
volune of interest (VO) extraction nodule 180, and a

VO spiinadr iirsigeorlusherohgnegatem 80coTHengske an embodiment
interface 110 receives a user-selected VO anong a

ful loff i €hd Spiemint migeention. manRgbsriimmut tout Blé. 29, the
for imge collection. The class assignnent contro

mdwWp nkd0 assjegnslustasend csystiest | hgcbidesses user interface
according to a simlarity threshold determned by a

| earnig)g BEDMI A0 abbighfaies conewot! asshsle 202The a control

control nodule 130 mainly serves to correct a
module 130, an original image database 140, a
representative image database 150, a binarized image
database 160, an image collection module 170, a volume of
interest (VOI) extraction module 180, and a VoI
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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representative i mage when new cases are contained in
existing classes. In addition, the control nodule 130
conpares a representative i nage of a previous round
and a representative inmage of a present round for
convergence, 25 which leads to re-clustering by
increasing the simlarity 40 threshold when the
nunber of assigned classes is less than a .
predeterm ned nunber. The orighgal inmage database 140
stores images collected by the image coll ection
nmodul e 170 without 5 correction, and provjdes .
ori giltegshakgyabephshenPHEPEE AT ARFEENET C1A%8R% F S tess than
when representative class inmages are corrected. The
r epreegurgdgtierainegdgauphesbase 150 stores
representative inmages reflecting the characteristics
of 10 cl Zbeesorfiginalt hampapr eslafeRBFGe ilAlgesStares 1mages
mean i mages of original inmges belonging to classes.
The doXlatast byagthdat tihage 80 lstcdden bmaduliged 70/gwithout
i mges extracted fromoriginal inmges. Binarized
i magesrodcttin,r epnés@roatides |omigEg1adr eimdges swbead Himarized
the 15 binarized i mage dat abase 160. The binari zed
i magtnalpd abmse criGdds oxsetiennrepmpaenbgtive dlass iimeges are
i mges of cases wth the binarized i mages of the
represerd@ted/e i nages to assign cases to
correspondi ng cl asses. The image col |l ecti on nodul e.
170 recei vee orirghredent2ivengesmbhgem atatetiasenal 150  stores
source, and then stores the

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 thé image collection module 170. When the VOI
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received original images in the original inmage

database 140 or it transmts the received original

images to the VO extraction nodul e 150. The VO

extraction nodul e 180 receives original 25 inmges

fromthe image collection nodule 170. Wen the VO 41

is extracted by a user, the VO extraction nodule 180
transmts the extracted VO to the VO binarization

control nodule 190. The VO bigyarization control

nodul e 190 receives the 5 VO fromthe VO extraction

nmodul e 170, binarizes the received VO according to a

pr edet eextrreeted abiaral, UaRYE, tHensKPT s t&aptagp Aaqpule 180
VO to- the binarized i mage database 160. Automated | ,

i mderanisadsisf | thei opxhrdchehagienttusithy 9Lt h@inarization
spi nal inmage clustering systemof the present

i nvemnitaelwmoduhewl Be. described in detail with

reference to FIGS. 30 through 41. FIG 30 is a flow

di agr am i TheisVOht bimpsiwatzlon mapdrodl gwdedieng90 receives the
according to an enbodi nent of the present 15

i nveral ofiroReftdrer | HQIt cexr@ctd®On bdplepddyi opinarizes the

first performed prior to clustering. That is, the VO

i s mddiaesiedvendabtoadizgedtoarel prédesermsel | standard, and
assigned to a first class (hereinafter, referred to

as "whasemiAs) TAE). Hinkgd zewdt cWiOlg ite® pedhieor ddafrdzed image
bi nari zed VO 20 i mage of a second case and a

bi nadd&Zashdecpre@sent at i ve

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.

IFIG. 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 4is, the VOI 1is
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 is 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 mage of class A Wien the binarized VO inmage of the
second case is matched to the binarized representative

i mge of class A, the second case is contained in

class A and a representative inmage of class Ais

corrected. On 25 the other hand, when the binarized

VO inmage of the second 42 case is not matched to the

bi nari zed representative image of class A the second

case is assigned to a newy crgated class B. This

procedure is iterated for all cases. That s, when

the binarized VO of an n-th case is conpared 5 with

t he dsisearis el aprtechadt &9 Vi rmgr&nc?fedeﬁ%ﬁreﬁﬁntame image
classes A through P, the n-th case is assn%ed to its

mat aifedlelsesd, [thet feFendr 6ane bs afFy@rpd to a newly created
representative inmages natching the binarized VO of

t he akads dase, Thire proaeduasd s o taysitgdedoro ad Ingpsps- That
created class P+1. When 10 the assignnment for the |ast
caseid,s weeni maeedirdrigeds V@bnodi anngitésscasmnig compared
certain ratio (e.g., less than 2% of cases (based on

t ot abitgasade arte merimeed fepeeaenbatiB230imagrfe @fasgxisting
renmoval may be selectively perforned for the purpose

of sepsdel } edttromghi NP, cakes mittth cdSe exseptisgmmed to its
and different shapes. After exceptional classes are

r emwgekhadetDess. coLf ethieor afret o rizinsioedatiepresentative
i mge of each class has been made is investigated. If

t he GRIFEStMOICIOME theepitaetitati Vol ofgehdas-teermse, the n-
made, clustering and class 20 renoval are again

per f o) MBdse Qe Vi signfedCcalty es gREREY | 8reated 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 is
achieved, the number of classes 1s 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 85247). If the number of classes
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achi eved, the nunber of classes is determ ned. The
above procedure is iterated until all the
representative i mages have been corrected (operation
S240). Next, the error rates of converged cl asses are
25 cal cul ated (operation S247). |f the nunber of

cl asses 43 determned using the simlarity threshold
is smaller than the maxi mum nunber of permni ssible

cl asses, the clustering operagzon, the class renoval
operation, and the convergence determ nation

operation are iterated using_.an. 5 inﬁreaggg sLniIariig

t hr SSFEEH 18280 USAAGi tﬁh&naﬁw&laﬁ&wmt getafpfat8ssgpiler than
representative images conpl eted according to the )
aboﬁ@epPEE@§§mhF§mtﬁﬁ%d¥ExP%§P%ﬁﬁéb&§sé%aF§e§elEBF fopetering
common representative jmages S260. 10 Herei nafter,
eaclPRSF&tdcron ofhe| G ChHEEs | [repevadescPPPeti®nmoprénd  the
detail with reference to the acconpanying draw ngs.

Fl Geopyeirgeacgedgitiessinpswoni agpaat-opnt AEepiephrted using an
operation S210 of FIG 30. 15 The preparing operation

i nclingeeasedesimdpasity VoreshomdieSZ3®bm a ful l-fiel d

spi nal image and binarization of the VO inmage. As

shown i n & tBmalien tmhbchiuhg- fiegipd aggisnadf inepgesentative

wth 256 gray levels is provided (sub-operation 20
S21ImagesVOcompdgteds extomdimgl bfyo a tuser .abavet hpgsocess are

matched to the cases to select more common representative
images S260.

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

FIG. 31 is a detailed flow diagram of the preparing
operation 8210 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—operatién
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 wvolume to the location of an installed
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enbodi nent, the VO is represented by a

t hr ee-di nensi onal cuboi d using xyz-coordi nates.

First, image slices of the inplant area are sel ected

and regions of interest (ROs) are defined in the

slices. The VO is defined by adding 25 an extra

volunme to the location of an installed 44

i ntervertebral inplant, and several slices are

selected in the upper and lowgy z-axis. Al imges of

the ROs are the same resolution. For exanple, 10

slices may be selected in the z-direction, and al

i magesermprtehsadt iwplantA andiseNeasls. slig@esharfopelected in
in one case, ROs may be the sane in all slices.
Thestecaggsearand epowsengedxas; {81l iSages. ofsghe ROIs are
Then, binarization is performed using Equation 2

bel Q\ue(sulameperesmhmtﬁﬁris) Pt caseplane §f ouplicdmt may be

k 10 clusters { ptj , 1§ Sk} . If a case belongs to
cl udeledted tie thase-diretassnf i @nd ialtlo mme@smwatcpmelst of
i mge vectors Cuts (j=1,..., k) Here, t is a round

and gy i §hepiuuther mfrtHepdares dn joneBchee| SROXs yay be the
z) ) is a function for binarization of the gray |evel

of epale voxeldiBtsiiEes 15 fheds admsidiednradrddemted as: {Si,
representative i mage vector. B(p (x,v,2)) 0 1 p~t(x,

Y, 7Z9,< 23@,1.255 if p (x,Y,2)_230 ... (2) Athreshold

val ue for spinal inmage binarization may be optionally

sel ected fromthe range 190 to 240. However, 45
Then, binarization 1is performed using Equation 2 -

below (sub-operation S213). All cases are grouped into k
clusters {Ptj, 1<9<k}. If a case belongs to cluster Py,
the case is classified into representative image vectors
cptj(j=1,...,k). Here, t is a round and c¢ is the number of
updates at J. B(c}ltj(X,y,Z)) is a function for
binarization of the gray level of each voxel at the
(x,y¥,2) position of the representative image vector.
é(cy;(x,y,z)) 0 lf c/u;'(xayaz)<230

255 ¥ p(x,y,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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consi dering mnimal noise and spinal density, 230 is
preferable. For persons with a | ow bone m nera

density, 200 nay be selected as the threshold val ue

for spinal image binarization. The threshol d val ue

for spinal image 5 binarization is not limted to the
above-descri bed values. FIG 33 shows a RO inage

with 64*64 pixels and FIG 34 shows a binarized inage

of the RO image of FIG 33. The preparing operation

i's term nated by assigning a Irst case to a class A
(sub-operation S214). 10 FIG 35 is a detailed flow o
dicagrsdmieafinghe milndgedr i ngiseperadi osrdpad ofepptLyao. 230 1is
Referring to FIG 35, first, whent = 0, an initial .
sipmid fxmatol et.hr eBdmo| gefTorss =wihiyt ar t)ow sboe epinatal f gensity,
cl ass assignnent (sub-operation S221). The initia

Siafid ardyt Yo Ssd¥ragshblas e Bérgishedd yadeeedoirnegingl image
a user or it may be randomy determned in a
preideddraEtiec.r angelhdrortlevestpllel  tdieie ni foéml spinal image
simlarity threshold may be selected froma range of

7 Qo itron FiP01 dnn i soenboe] tedt Lo 76%ei sbesleedieedrabed values.
the initial simlarity threshold. However, since

clust er 3889 sHdwsesall RoIarimaget witgni 64 cant byxefitecned FIG. 34
by the initial simlarity threshold, an appropriate

vadnse s hoigh e zeseligahedoast i erO N dnife SiATIEHIEI BY.

threshol d. Then, an n-th case is assigned. to a p-th

cl ass (8HB- pHeRadtingN opeddkioACGW Cidghnirtateliaby OBs8igning a-
(below), a 25 binarized gray level of a case to be
prf’fﬁ§§%$§ PP ¥REs4R (sub-operation S214).

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

Referring to FIG. 35, first, when t = 0, an initial
similarity threshold (Ths = Thgtart) is determined for class
assignment (sub-operation S221). 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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with a binarized gray level of a representative image

of a class of a given voxel position and a matching

rate of the' two binarized gray |levels is calcul ated.

That is, the cunulative value of pixels in the '

mat ched areas of the 5 binarized gray |evel of a case

and the binarized gray |level of the representative

imge of a class is represented by a percentage. In
Equation 3, Acase is the nunbepgof pixels in the VA,

i.e., the nunber of pixels in RO * the nunber of

slices. In this enbodi nent, Acase is 64*64*10. Con[Si,

cpvith dObisanitedicoran LevetaPEuRafPR§eaSRhRELYRgimage of a
rate of gray levels when a conparison between a ,
bi chaszedf | angéveh zosasepariitionpppdr pzBAtrhape &ptg of the
representative image of a class is iterated Acase .

tites. HiSarfeedy, gziy BiSvels, ¥s xpleudated.j (fhay is, the
Z)) Con IS,:. p~ k¥ =" *100(-/.)... (3) A 15 1In

t heumal stivy watlaecadfulpdikieds nixt hade graichedelageagngef the
position informati on are conpared at the sane tine.

Theieh o1 £ed t iLayal e Do f ad ecade garay thewdbinafized gray level
full-field volumes can be cal cul ated by conparing the

gray kevekspebsenoatesponmagg vbxel €1ad8 Afst erepresented by a
performng matching, Con[Si, c}itj] is conpared wth

t hgepEENEOYS] Y THet Bgwa tiash i3} tAale disnither imynber of pixels in
threshold. If Con[Si, cptj] is less than the initia

si ghbagbty theeshehd, nuhBel- blf paxelksias®ogned the aumber of
newly created p+l-th class (sub-operation S223). |f

Cogf SkesCUtfd this embodiment, Acase is 64*64*10. Con[Si, ch%]

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.

S5, (.7, 2)/ BES, (6.7, 2) = B (5,,2))

Con[S,:c H k%) = y *100(%) - (3)

case

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[Si, oh%j] is compared
with the previously determined initial similarity
threshold. If Con[Si, cp%] is less than the initial
similarity threshold, the n-th case is assigned to a newly

created p+l-th class (sub-operation S223). If Con[S;i, ei%]
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47 exceeds the initial simlarity threshold, a
representative image is corrected (sub-operation
S224). In nore detail, in assignnment of a case to a
class, a first case Sl is assigned to a class 1. Wth
respect to 5 a second case S2, a gray level of a
representative inmage of the class 1 assigned as
cluster 1 is conpared with that of a correspondi ng
voxel of the second case S2. Ifya matching rate of
the two gray levels is less than an initia
simlarity' threshold, the second case S2 is 10 )
assigrmbds thelimsttdpl2 sighlapatyt hereshatd, i§ yepresentative
exceeds the initial simlarity threshold, the second
caseim®®yed sis asginpeeedt dstuheopenatian stk 4)he
representative imge of the class 1 is corrected.
Wth resp&nt mboei deatdseiBi agisighmenbr eft Ragagy, tpha class,
gray level of the binarized 15 representative inmage of
t he previatistaserpatied ajsstignedases aPplégs=11, With zespect to
is conpared to that of its corresponding voxel of the
i -tha caseo™l wakBgSEquat geay4 lefedl of) .2 Thepriesanteddye image
Si is assigned to the j-th class Pj exhibiting the
hi ghestrhat ehidy T alssigRelr aseatlastee 20is nagepared with that
correction is required in the j-th class Pj to which
the brth caSer&ipdridiassi goRsl Sif EHP~sbcdMX (Gee. [B. If a
cp D, (.1=1,2,...k) ... (4) In the sub-operation
S224n4 €M1 RG irAGed of ERRESERUAL @yl MRGAILs t he Jrems than an
| evel of a pixel is 48

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 g#ay level of the binarized
representative image of the previously created j-th class
Py (i = 1, caay k) is 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 Pj to which

the i-th case S; is assigned.
S, e {p! 1 Max(Conls, : ! (G =1,2,..8) )

In the sub-operation S224 {correcting a

representative image), the gray level of a pixel is
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corrected using 256 gray |levels instead of a binarized
image. |f the nunber of cases belonging to the j-th
class P} before correction is c, a new representative
image is represented by Equation 5 (below). A
procedure of 5 correcting a representative inmage using
Equation 5 is defined as a "learning procedure”, and
the ratio of the new c+iutj to the previous cptj is
defined as the "learning ratezg 1 )*S1 (5) c+1= c+1
+ C+1 10 The new representative inmage represented by
Equation 5 is determ ned on the basis of averaging

exi STAHEERSesUSENE & RediAYassPyRbY cREESAAC d?n&lnarlzed
to such a representative i mage determ nati on nethod,

unl iimage. r &fr s5ennEmbeE PhuERSeR RS AIENDFNdtgod —th class
considering a 15 sinple nean val ue of existing cases, .
bel dhgibefare tmrﬁ?ﬁ}omlJa%scasaan?Eplr@@éﬁﬁaflg%‘élV?mg@age is
vector, a variable representative inmage vector that
may Jtﬂprtmg:aﬁi bymelqueddenassi gihehewl s obthai magcedure of
t hereby ensuring accurate clustering and
r eprasergctinge anmageprespntsittiiven. 1289 haidiegr nEagatiere 5 is
is inversely proportional to the nunber of cases
assidgeichdd as car réspomdingg prdogesiurefi, t la@d ddse wvdtio of the
processing one training case, since a representative
i mageew alyueF; ot oa ttleagretvd oulsi ghtit He defdnebngscade “learning
bel ongs is previously determned by c 49

rate”.

c 1
PR ES PRI

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 détermination 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 is previously determined by c¢
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exi sting cases, the learning rate of a single case
decreases as the nunber of existing cases determ ning
a representative imge increases. The reason the
| earning rate decreases is that a 5 representative
image is determned by a cunul ative value of al
cases assigned -to a corresponding class. A
representative i mage of each class is considered a
representative imge of all cagges assigned to each
class. Thus, classes are discrimnated only by such
10 representative i mages, and each case is assigned &o
a E*dsLiRgyi F§5€fe c B%es%e"i‘%"blr‘é%erﬁ%tel veEi n@gesingle case
After a representative image is corrected, sub- L
opedgGreases2 25 t lRough™Bed 4 ofr Xt % CAFAT | deHermining a
assi gnment of all cases is conpleted, i.e., until the
| astrerreseadataNe 3mpesceBIBRRISUb- oper at i on S225) .
Wien the assignment of the |ast case is term nated,
cl asses cBReainsiasgn cshe t RaArRINGf redSesdgPpERARPON1S that a
total cases) are renpved froma class |ist using
Equatsipaesen tagpaeatimageS230) detgimeiaask dept # ogamulative value
cl asses are renoved, 20 k significant classes remain.
Thercef orrd,l dicsadsanaagegned tan & goprrhepsedtnyi velass. A
a k-val ue and an exceptional value can be sol ved.
Thussepopeseattiadi v230 ioagebe oifnt eadbd cflesssepar acensidered a
extraction of cases with exceptional and specific
shapepres@ntRtdveydmagkl] of ESMI< c8Blses &868iG%ed) Sm Each class.
PJ... (6)

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 1image 1is corrected, sub-
operations S222 through S224 are iterated until the
assignment of all cases is completed, i.e., until the last
case 8y 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.



Table 5 presents the results for a class renoval of
100 cases. Wth respect to L34-upper at a simlarity
threshold of 76% four classes are created and cl asses
5 conposed of 2 or smaller cases are renoved. As a
result, a total of four cases are renoved. Table 5
Section L34 upper L34-lower Simlarity The nunber of
The nunber of k-value k-value threshold renoved cases
renoved cases 76 4 4 2 2 77 323 784426 79
4426 805526 81633 When the cl ass
renmoval is term nated, the convergence determ nation

operation S240 (for_stabild zat hon each) cl ass 10

i s- execut pg,,.. =|{?§VES&@EES@ (%gl%ﬂ,,eewf,hati on ~(6)
operation, whetlher corRdcti of A he representative

i mge of each class has been nade is investigated.

Rounds argaplerstptesants the resnmies géoceaotleas removal of
representative imges is acconplished. 15 Here,
"roypas"casd€rs twitH erabpest oftccl L34 ewppry antl o asémilarity
51 renoval. In this regard, an "iteration of 3
rouRgSesHBARS of 76%, four classes are created and classes

5 composed of 2 or smaller cases are removed. As a result,

a total 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 $240 for stabilization of each class
10 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.

15 Here, “rounds” refers to iteration of clustering and class
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that clustering and class renoval are iterated three

times. As shown in Equation 7, rounds are iterated

until the matching rate of the representative inage

of each 5 class of a previous round and the

representative imge of a newy created class exceeds

a predeterm ned percent. The matching rate may be
optionally determi ned by a user. For exanple, rounds

may be iterated until the matcéjng rate is 100% 10
Con[,,U;:lu 1}9%=100(% ... (7) If the matching rate

does not exceed a predetermned percent, it is Y
congiegovad . t Fatthonveegrrte ans H@ragden of 3 rounds” means
acconplished. In this case, case assignnent nust be ,
don&haiggasilnsteming andasdassnperoval jahe iidiegrasgds §hree times.
15 (operation S245) and then rounds are iterated. |f

conver gende ishowocdipl Eghelion hé, opouadsorprs24ytefated until
calculating an error rate is executed. Here, the error

rat ehef wehekined witassef ithe caepuesenithtgdzy. imgge of each
shown in Equation 8, the error rate 20 is defined as

t he clmsofoft e motEress ofourite aghics ttdwec e cpereweshatavd image of
case in a class and the representative inmage of the

cl ass. ndhty" dirdaaree" classsorxeptidona . pAetiebétwyined hpercent.
error rate is represented by an error observation

cal caeatnert diinigheraass iyt iben dgtdiondildyi dieketrimtiyed by a user.
between 52 each case and its representative image is

100%o0 Af é28mpT@) CtbahtBg Mdie Bé&r dretratedbasad lonthdiematching
di st ance bet ween

rate is 100%.
Con|, ity ' (%) =100(%) (7)

If the matching rate does not exceed a predetermined
percent, it is considered that convergence has not been
accomplished. 1In this case, case assignment must be done
again; Thus, a case number is initialized to “17
(operation S245) and then rounds are iterated. If
convergence is accomplished, the operation 5247 of
calculating an error rate is executed.

Here, the error rate of converged classes is
calculated S247. 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
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each case and its representative inmage, the
re-clustering determ nation operation S250 is
executed. 5 E=F 1d2(5,,1U1) ... (8) j=1 Si In the
re-clustering determ nati on operation, when no
representative i mage correction is done and the nunber
of classes is smaller than the nunber of perm ssible
cl asses, the operation S255 of increasing the
simlarity 10 threshold using &guation 9 is executed.
If re-clustering is requested, clustering is again
executed using an increased simlarity threshoIP .
Sos:aql fase| @dderity rePrasentaliiekt sgadends 100%.
simlarity threshold and the k-value are detern ned
S260calgiHat imee Ghe t9EIO%| FtarPeged sophtBengigtance between
(Thstart) is an approxi mate val ue, the k-val ue .
det ezadmechse oand het$ nFepresentalizg thpadfredh§ Fg-¢lustering
also not conpletely suitable for assignnment of given
casedetermhrsticn opghrathenabadle p? oxeeitacthe maxi mum
simlarity threshold (TR.,) can be obtained within

per m ssi bl ﬁg?sg$§% ﬂugor exanpl e, if the nunber. o8)

cl asses i $”snffil & than the nunber of pernissible

cl asses, the process returns to the opperation of .

cl ust eri ngPSIAF ahB~FHET EREHY t ﬂ@tgmﬁ?%ﬂ?ry operation, when

threshold by 1%to iterate assignnent qf all cases . to
| ACRBSTOBARSEn T2 s LIASe, SORTRCIGR 15 fomes A ghe number

of classes is smaller than the number of permissible

After

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 S255. If re-clustering is
not requested, the similarity threshold and the k-value
are determined S5260. Since the initial similarity
threshold (Thstaxrt) 1is an approximate value, 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 is smaller than the
number of permissible classes, the process returns to the
operation of clustering 5220 and increases the similarity
threshold by 1% to iterate assignment of all cases to

classes.
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1 In the operation to determne the simlarity
threshol d and k-value S260, the simlarity threshold
and Kk-value corresponding to the snmallest error rate
anmong 5 error rates calculated with an increased
simlarity threshold are determ ned to be the nost
sui table. The squares of the distance according to
the simlarity threshold, and error rates cal cul ated
after excluding cases renovedsan the class renoval
operation are listed in 10 Table 6 bel ow. As shown in
Table 6, the smal jes; error rate, 67414, was obtained
at the SiWhéﬂth:VZ,th eshd| KKof, tR204 Thus, it can béd)
seen that it is nmost 'preferable that the initia

simlarity,thr ol % Tabl eqf+ S h@r i theSIWARB1arit
of The nu%%er 0 E#%g?%gﬁﬁi ré%ﬁolgé(Th) distanged) arrhy

(err (A r%ﬁﬁ EQ gg&% % §§31§h 8%'%%98r -g7§g9esﬁgld and

7414 ETRE BY750% 73887 84°927675 87558 85

0062, 1, R00228, L LELn AN, S LB | Al { ¥ DEESLOIE RN £ among

k-va ye are e. er ned, t he repr esentati ve I mge

mat Cebnlcn Opr.eaqt?éé oncaIS&ZIpa Qﬁit%e! %(H : Vﬂ re%esr fdor IE.Sjrrilarity

_V\hen a’f ca_ses are scanne using Intervertepra

Inpli?lglrtgslls’o%é aglrg fd%rtetrqun?ned to be the most suitable. The
squares of the distance according to the similarity
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 smallést error
rate, 67414, was obtained at the similarity threshold of

82%. Thus, it can be seen that it is most preferable that

the initial similarity threshold be 82%.

Table 6
Similarity Sd%i.usatraencoef The number of Error15
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 766629

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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54. representative i mages of classes, the nunber of
cl asses can be reduced and a universal representative
i mage can be created. When an intervertebral inplant
is not fitted wth spinous processes at a specific
spot during scanning, 5 the scanning is stopped and
then again perforned at another spot.. During the
scanning, the mnimal error spot, i.e., the mninal
error space spot is searched ayyd recorded. This

mat chi ng procedure is perforned by a voxel -based
conmparison of cases 271' and tenpl ates 673' #g £ classes
conteguesentativer dBagrfeRd ofb®SFe er VBt BHFEFT ©°F €

I npl ants. For exanple, the full-field of a case,has a b
vol gap be Gaducednghd)a~uBiverFak meprepenrakd VRumfage can oe
of slices), and a tenplate has a vol upne of 48*48*4. ,

The cirebitefii.| ediien edarHeRreitGRiodg HRPIanE t dfpIngle fitted
shifting per 1 voxel 15 with respect to the case. In )

t hi sichsepiaovar pabtesséent et val sgecific ppot dpyingyscanning,
5). FIG 36 is a detailed flow diagram of the

r epresensatnnéngmage netapgpedy epdr athen Spyainof pepgormed  at
30 and FIG 37 is an exenplified view of the

r epragadhieat ispet20 Dunieg nebehscrpnifite rther edadmalj gsror spot,
i mge matching can be efficiently used in

manuf.aGt,ur ithg aminimelsabrront espace ebsrdt | sl asearched and
suitable for nost cases. In addition, the purposes of

t he derfpreent at ing s | nMagehimychproceabirebeidi vpeetpinad by 2
two groups. First, an 25 intervertebral inplant has
geonRIdd 1CH s dC Ukotash Silsdraces, 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. 1In 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,



55 and thus may differ fromthe three-dinensiona

shape of the representative inage. The representative

i mage matching reduces the nunber of intervertebra
inplants by a quantitative nmeasurenent of the error

space between an 5 intervertebral inplant and a case,

and ensures intervertebral inplants with better

adapt ed shapes. Second, since an error rate between a
representative imge and a sigqyle case equals the
simlarity threshold, an intervertebral inplant is

manuf actured to | arge di nensions 10 consLderin% t he

er r 8Rdr &thars ?WE’r@bg€§én?&PWVéWQnﬁﬁfe?ﬁﬂ%ﬂﬁqij pgl; ghape of
verify the enlarged dinensions. After determ ning the

si nichar | tr>¢ptrmse§%ér:avandlﬁlﬁee- k-valp@, &Zepxpsgeptkative image
provi ded (sub-operation S271). The case is provided

i n matehpagabedushapshe| pumhps of dnbeavaehebrahelmpiants by
provi ded a case having a volunme of 64*64*10. Then, a

. t woadiquemdiigagi vemmga safreagnt nodr vidret ednzdr sppsiearketween an
adapted for a representative inmage is provided
(subntpevertebr&272) implast, iand he a eprc@sent at Bpd  ensures
i mage, 20 the wi dths of the spinous processes, an

i nt enspirveusebpate, impdaetssumfidbe Hapes ofaddpted shapes.
spi nous processes, the depths of the spinous

pr osesseas, atdcet hArrerave nEas Uetdieehen reparesentative image
intervertebral inplant is manufactured so that it has

sl i ghtdl yal arigenledi oessi eamatilsanthde siepiasényatinreshold, an
i mge. 25 The intervertebral inplant is now designated

a 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 1is provided in a comparabie shape. In this
embodiment, there is provided a case having a volume of
64*%64*10.

Then, a two-dimensional image of an infervertebral
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



10

15

20

25

56 "representative pattern.” Furthernore, a plurality

of representative patterns can be manufactured

according to the degree of margin in the di nensions.
Adaptability of the representative patterns is

determ ned through a 5 matching procedure. The

t wo- di nensi onal inmage of the intervertebral inplant

is provided so that a natching tenplate can be

provided and a region of integgst (RO) can be

extracted fromthe matching tenplate. For this, the

t wo- di nensi onal 10 i mage of the intervertebral inplant

may™ bepreouittdd ven phstesant f oFHFERE¥MIas@ plurality of
Preferably, the intervertebral inplant is provided as

a cubpresersigetiofe 6Hatuen®s ThArnbea madRiCHyrednpicgeeding to
adapted for the two- dinensional inmage of the .

i Nt engerdtgbeal ofnuaaetin sin ltther dimeresiqnsub- dgapsabdd ity of
S273). This sub-operation is to detect the presence of

Spi ohes pepeessesative 188t denee 13 andetemmiatedn thyeugh a
centroid of the |ower portion of the representative

pat fhet Bhbeg hpidsédlereand outside the tenplate. The

mat chi ng tenplate has a volunme of 48*48*4. 20

Referri ngHed RvWo-d3henaioabthi Agatenpbéit etBE3' inservertebral
slightly Ilarger than the two-di nensional image of the -
reprapeahat iive paddEddd t sopahker m tnetonindi hgmpléateacan be
case inmage. Then, a RO is extracted fromthe

mat EQbQQdE&”ﬁhﬁt & ARyiciulbopeitdiayt SA0N). def ave | extracted
to FIG 37, a portion of

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 iﬁtervertebral
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 S5273). This sub-operation 1is 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 matcﬁing 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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57 the matching tenplate is selected as a RO 274'.
For exanple, in the case of using a matching tenpl ate
with a size of 64*64, a RO with a size of 48*48 nay
be defined. |In this case, the 4848 RO can scan a
case region of 5 64*64 along with a variabl e space of
17*17. When the RO is defined, a gray level is
assigned to the case inmage and the RO of the

mat ching tenplate to discrimgate the RO fromthe
case imge, which is a target of conparison (sub-
operation S275). Referring to FIGS. 38 and 39, in g ,
casehdO natmyengzetempyte s igssegheetesd asspinfle 274"
process A and 255 is assigned to a background B. In a.

RO eimplept thi hge ctespl afeusing jas maiahdRgd fegpgate with a
background C and 255 is assigned to a natching .

t enpiateod. 68k6¢e grRYI| eveh aasszgneEnt8tih maxPpeiefined.
performed using another gray |evel 15 capable of . :

di sghi rdHiat | 6gsé hetheurdsrdgi RG] the mcaderg case region of
invention is not limted to the above-descri bed

exagnkes. a18hewitheagrayibblel spasegafieh?*1an iy the ROI
rate is calculated by nmatching the RO of the nmatching

t enplsatigriaad, t hegeas el walb-ipersatiigmedS2d6rheAasgsimage and
results for 20 the matching are given below wth

ref ehene@ 1t O e 4Ratdleley riemgplatd| € dDscrimitaatar eche ROI
about four regions. A region 1 containing only a

t enp ate thas casar aMageyeaintdn L55+2hmet2 ofndomparison (sub-
ski pped in processing. Aregion 2 is an overlap of

the o%%%%t@ﬁg i5he sh enphater sy hes PIES ay3@5an@ved, ofn a case
(0+255)/2. In the region 2, because the spinous

image, zero (0) is assigned to a spinous process A and 255

For

is assigned to a background B. In a ROI of a matching
template, iOO is assigned to a background C and 255 is
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 is
calculated by matching the ROI of the matching template
and the case (sub-operation S276). Bnalysis 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+255)/2. 1In the region 2, because the spinous
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58 process of the case is |larger than an

intervertebral inplant, there exists a protrusion of

the spinous process fromthe tenplate. Wien a voxe

is detected during processing, the intervertebra

inmplant is considered to be 5 inappropriate. A region

3 contains only the spinous process of the case and

has a gray |evel of (0+100) /2. VLike region 1, region

3 is also skipped since it doag not affect the

processing. A region 4 contains only the backgrounds

of the two inmages and represents an error 10 space

bet weencshe oEnpinet ecand the AESESTReGI®R AThadbhervertebral
gray level of (255+100)/2, and the nunber of voxels is
adddtpdamtl, atheeky exthsscanpratryeion| gé sher 8gipaua process
is conputed as an error value and it is used to )
cal dtloat ethhe tenpidtity Wherskol ¥oxFhe hnhaldafjested during
results are sumarized 15 in Table 7: Table 7 Region
SectgrexeCadagfenphbatiet Eragriavel Fmlesdi Ay owpsigered to be
Tenpl'ate - 0 (255+255)/2 Skipped Spinous 2 process 0

0 (Cr2ppiopriagppr opr aregidenpd atton¥aspsnoorly -the spinous
(0+100)/ 2 Ski pped process 4 Backgroun - - (255+100)/2

Err gfrotdsée of the case and has a gray level of (0+100)/2.

Like region 1, region 3 is also skipped since it does not
affect the processing. A region 4 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 (255+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
Rﬁgjon Section Case | Template | Gray level Processing
1 Template - o . (255+255) /2 Skipped
Spinous
2 P=°:°55 o o (0+255) /2 | Inappropriate |
template
3 Spinous o - (0+100) /2 Skipped .
process
Backgroun Exror value
4 ae g = - (255+100)/2 | 31 culation

In region 4, the spinous process is not matched to
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d calculation 1In region 4, the spinous process is not
matched to 59 the intervertebral inplant. As the

error val ue increases, a space between the

intervertebral inplant and the spinous process

increases. Thus, it is inportant to reduce the error

val ue. While scanning the matching tenplate with 5

respect to the full-field i mage of the case along the

vari abl e space, cunulative erggr values are cal cul ated
based on all error calculations. That is, in the case

of matching a single matching tenplate with a size of
48*¢B& Ainwedvéhebrli dewplagdmul éﬁingbeeFFB?r vERHER FRfpreases,
the slices 10 are calculated. Referring to FIG 41, a,

mat ehspgcé ebpteten 93¢ iintegyeatedral oafPhanhr aap| ghe spinous
space (17*17*5) in the x, y, or z direction in a case
910prasdsa dunmbatéve effhws,vdltueld oimpertanpospt irguce the
of the variable space is calculated. By 15 doing so, _
evearyben va 1wt c hinlgi teenptaneingragbeamatehdage tempdgée with
are not accurately registered in terns of |ength,

W di-BspBetghia Bné @gllefikehd posige onfofthenecase chilagg the
tenpl ate can be detected. For exanple, the
aboygrggscei bashdwt chimglaniver rerror20vahtes are calculated

cal cul ation can be inplenented using Visual C++ as
fol Leweq bBer G41r arge){ cEeculiXtionge) {That is, in the case of
matching a single matching template with a size of 48%48%*4

and four slices, cumulative error values for the slices

are calculated.

Referring to FIG. 41, a matching template 920 is
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 imége 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_C))
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For(Y_range){ 25 if (region-OL ) 60 else if
(region_(c)) loop exit ; elseif (region-(B)) 5 else
error rate++; } } 10 } If(error rate > threshol d)
exit; x_range, y_range, and z_range are iterated by
the initial For. If regions 1 and 3 are present,
processing 15 is skipped; if region 2 is present, a
| oop exit occurs; and if region 4 is present, an
error value is cumnulatively G | cul ated. When 17*17*5
cunul ative error values are conputed through this
process, the mnimal cunul ative error value 20 is
defined as the representative errar val ue of the case
for the intervertebral inplant of the representative
i mage. The scanning and t he ekpe esnteione @r or
value determnation nust be iterated for each

representative inage and each casleoplleiitt érati on of
scans can be -

else if (region ®)
;
else
error_ratet++;

}

}

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:
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25 cal cul ated by Equation 10: 61 Iteration = x _

range * y _range * z _ range * k* case ... (10) where

X range, y range, and z range are respectively x, v,

and z values of the variable space, k is the

predeterm ned nunber of classes or representative

i mges, and case is 5 the nunber of cases. According

to Equation 10, scanning for a single representative

i mage and a single case with g, variable space of

17*17*5 is iterated 1,445 (17*17*5*1*1) ti mes.

Scanning for 40 representative images and 100 cases

i s iteratiderstisn, 608 _rangel - JangpRo0ynEs estasa o when- (10)
the representative error values of a case for an

i nt eheeet ebrahge mpy amngsr rreshandianget arehgespectively x, vy,
representative i mge of each class are cal cul ated _

t hr aughz tvheuéseoht i, vatieldas spaseasi §Aeiheopredetermined
class having the mninmal representative error val ue _
(subuaperatofonclds 7/ 7dr Aspshsentapivabivagedpel end Fase 1s
case 1 is assigned to a class B since it has the

m niciel Mgpees it add skss .er riorcondilnge i Bqumtclarssi®. scanning
Case assignnment to class may also be inplenented

usi Fert hesiaplesesppésacterivey imeige anddacatngget bese with a
rati o of each representative error value to 20 the

t ot flarabpneprspsest atti ug*enrer igalitezated LhAg5c43B*1Aa*5*1*1)
case is assigned to a class having the m nim

repregeat.ati ¥eaghing rede. 4By radidetitandvelOlmages and 100
representative error rate)% a case nay al so be

assigned ikoidechf8sg HavemPdde  1TBITFBI40+100) times.
(100-representati ve error

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 1s 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 (l100-representative error

rate)%. Thus, case assignment is not restricted by
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25 rate)% Thus, case assignnment is not restricted by
62 paraneters. Table 8 Intervertebral inplant
Representativ Case corresponding to e error val ue
Assignment representative imge Cass A 69,300 dass
B 67,800 Case 1 Class C Msmatch Cass B Cass J
76,666 An intervertebral inplant is manufactured with
a mrgin of error, and therefore it does not
perfectly fit an 5 interspinogs space. Thus, the sane
intervertebral inplant can be used for the
representative i mmge of another class. Furthernore,
bec FEMSCELSri nute i mage difference due to a high
k-value and simlarity threshol d, case assignnment to
anot her class can be inpl end®&®. 8 n this regard, the

10 presemyative Tage Watrchi ng pf oduces nor e geper a

i ntier ver t ebr g tieFRkaBtBra HoyRyYRInt When product i on| of
varli ogaskypes OkolrRbepyedispred i npl Si€ aééyrsdssignment
thg representrapireeehtagevartmdgeng| fay Be ot t'ed

Tabjl e 9 pregsents (100-representative error rate)% of

15 [each cas¢ in eachtidsas® As desgri bedspbove, a
redresent at ifve error %@éﬂ%(ﬂ a represegragjye erfor

ratle may be used % Brror
ratjefuse 1 Class C Mismatch Class B
Class J 76,666

An intervertebral implant is 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 (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 (100-representative error rate)%.
Table 9 shows matching results between each case and an

intervertebral implant corresponding to the representative



5

Table 9 shows matching results between each case and
an intervertebral
representative 63

mat chi ng resul ts,

Al so, since classes with

be filtered out,
be used as primary eval uation

i mpl ant corresponding to the
i mge of each cl ass.
a mtching rate can be estimated.

Fromt he

very |l ow matching rates -can

t he mat chi ng

results of Table 9 can

5 standards. Table 9

Section Class A Cass B Cass gyCass F Class H Case
1 86.481.2 72.7 80.6 69.7 Case 2 0 81.9 79.4 0 82.1

Case 3 00 79.9 0 77.

6 Case 4 0 0 79.5 0 77.2
0 76mpgp2. @fg1eacke. Slaghse 6FPOBg. Ghe g MAYS

7 88.5 90 82.9 0 78.5 Case 8 0 90 82,9 0 78.5

Case 11 0 84 73.6 0 71.3 Case 12 0 . 89.3 83.1 0

Casevely W/ a3-@E.y FagBsscagabe f4lEegedsops, 2tbe “matching

Case
% reagits' a

533t

77. magrhing] rateg aarybes estismated.o 9258, g815CH g agses with

68.7 Case 15 0 83.8 68.8 0 73.4 Case 16 0 0 77.7 O

71. Tresults of Table 9 can be used as primary evaluation
staﬁdardé.
Table 9

Section | Class A | Class B Class D Class F Class H
Case 1 86.4 81.2 72.7 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 81.1 66.9
Case 6 0 88.1 76.7 0 78.8
Case 7 88.5 90 82.9 0 78.5
Case 8 0 90 82.9 0 78.5
Case 9 77.2 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 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 77.7 0 71.7
Case 17 0 93.1 87.1 0 86.9
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Case 17 0 93.1 87.1 0 86.9 64 Case 95 0 88.2 76.5 0
80.6 Table 10 presents a nean matching rate for each
cl ass, the nunber of assigned cases, and an opti nal
determination rate. The nean matching rate indicates
a mean of the (100- representative error rate)% val ues
shown in Table 9, the 5 nunber of cases indicates the
nunber of cases assigned to each class, and the
optimal determination rate indjcates the ratio (% of
cases assigned to each class to the total nunber of
cases—For—exanpte; T theoptmat—determination are
of

class Afis (.19/9%)*100 = 20% 10 Tahle 16 Secti on -
d 4 s—B—O-a$s—b-chassrFCrass—H—Meammatchin
h 18.94|75.882272. 79 18.51 7/4.840 clags (84-6
The—nunber ‘of 4—111—eases et
det er mi nabi&N1@0pHSsehtls k2 maaat enatihihge gadiengoroeahh class,

o R Ol A
r aff €afser 9sa

f 19 6014 1 ehses—Opt
above-descri bed enbodi nent, a spacer is made of solid

MR | Almpdd 8ASHESSgRedr edeé€r nenedaspapt imbét wWedrrmination

two spinous processes. After surgery, spinal notion

][fﬁya%&CUfThel Mdadh Mmak@Bengi fraBespaaecatsspar fieahl pf the (100-
| Xe

representative error rate)% values shown in Table 9, the
number of cases indicates the number of cases assigned to
each class, and the optimal 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, if 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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15 bet ween spi nous processes, patient novenent may be
restricted and other nornmal vertebrae may be adversely
affected. Thus, there is need to design a spacer
having elasticity so that a flexible space between
upper and |lower 65 parts of the spacer (wwthin a
limted range) can acconodate spinal notion. In view
of the above problem several spacers according to
ot her enbodi ments of the presegqg invention 5 will be
descri bed hereinafter. FIG 42 is a perspective view
a spacer 50 according .to anot

iIIustlratir](%?f ) ac her dat

eRAFESEOR e (IRAGRTesEHEDLRY Enditsi teBe FERARAg CRE BFEemodate

42, the spacer 50 includes flanges 51a, 51b, 52a, and

5 APiadd Motdonand second notches 53a 10 and 53b, |ike

the above-descri bed spacer 30. However, the spacer 50

slightly Baffetewfrom tHee sphase 3eiaplefat &fveral spacers

el astic folding portion 54 inparting elasticity to the

spaceco30ling et hthernembaddmantist iod fihet PARGeRRCAAYSNtion

not ches 53a and 53b are respectively formed wth .

t hr oudll- H& desesilssh heveSHifterhe TSt i 42 f b dRn@erspective

portion 54 is positioned at an insertion front part,

and vias onel lorstmmité nfgol ds tspaicepar 0 elagswirgiing t ot henother

spacer 50. Due to such a structural feature, even

whererboel izpadte o f5@hespradenofirmvesdliah.net al 20 such as

titanium the space between upper and | ower parts of

t he spaceReb@rriamg bieo eF &L i £5| [bhe repageed QL Hinclades flanges
51a, 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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predeterm ned range. In nore detail, the elastic

folding portion 54 may include a vertical straight

line portion 57a connected to the first notch 53a, a
vertical straight 25 line portion 57b connected to the
second notch 53b, and a 66 curved portion 56

connecting the two straight line portions. The

straight line portions 57a and 57b serve to ensure a

space corresponding to at |eastzthe sumof 5 heights

of the straight Iine portions a and 57b between

Spi nous processes to prevent excessive spinal _
ext engived. pblreéionr véé poenneatbBgsethes EBoenstraight line
elasticity of the elastic folding portion 54 upon

ext gattdener. flexion. FIG 43 is a diagrammtic

| ateral view of a spinal 10 columm illustrating the

pl acementTiod tshreradpaterlhfe oboEkGons45 et wogn 57b serve to
adj acent spi nous processes. Referring to FIG 43, a
bandrkdrdes hnsgpd@s ictraesbentibngudic haltes188at anthe sum of
55b of the spacer 50, like in the enbodi nent of FIG-

3. nEigan¢ A3 ndsaAghtppenes poretisnpr 6Zesandas7h between
| ower 15 spinous process 3b, and the spacer 50. A
sectd@indusVi Bvbcdfsddhecsppeetedd bruessiwé hsphrabarstension.
43 is showmn in FIG 44. The band 43 surrounds the
UPP&Fh S RENSHS] BOSESSh 356 S@evddietd OvREUSPI BOHSticity of the
process 3b one or nore tines in a figure B. Then, end

por td1ons i dNaiRangosBishesd i wssH Yext2hdanet bed £1E@ion.
prevent contact béetween the elastic folding
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 1left and right
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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 fromthe

elastic folding portion 25 54 by a predeterm ned

distance in the left and right 67 direction of FIG

43. When the spacer 50 is placed between two adj acent

spi nous processes 3a and 3b as shown in FIG 43, the

space between the spinous proggesses 3a and 3b may be

el astically 5 changed. Therefore, the spacer 50 can

adapt to a patient's notion while maintaining the

spack desttiean ofhEIGspfdous processes 3a and 3b. That

i's, abnormal spinal notion can be restricted while _
normal spimen fbei epaseyr K0 per mleced. Taiwessy npre, adjacent
si nce opposi ng notches of the 10 spacer 50 indirectl
contspdinoiuse pspicasasspBacasd e3b 36 aﬁ’m)WIBkiWiFéGt-hé%aﬁée space
43, external inpacts can be buffered. Meanwhile, a
spadertwe@nacher dphgotie pre¢éssemrin rad drbodivmipet edpstically
the present invention is showmn in FIG 45. Referring

t o FHangdm,. t heTepaector®0 ithali Wpdewn ntSd ugper adept to a
and | ower bodies 61 and 62 with notches. A | ower

por tgai eaft ‘tshandtpper woidye Giairstfiorimed whd hspace between the
cylindrical receiver 63 and an upper portion of the

| owedpibedls 6BrbGed sdredawiand a¥bi ns@httonigyenblenofidal spinal
The insertion nenber 64 is partially inserted into

t he w2t i idaar iealreseegved HBilA meperlatspicainesttdon can be
is not provided for the coupling between the

I Nseydd@t v&RIber Ffh4thermore, 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 i1s 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 1is 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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and the cylindrical receiver 63. The coupling between
the insertion nenber 64 and the cylindrical receiver
63 will now be described in nore 25 detail wth
reference to FIG 46. The cylindrical 68 receiver 63
has a sinple cylindrical shape. The insertion nenber
64 has such a shape that it can be partially inserted
into the cylindrical receiver 63. The insertion
menber 64 has a conic shape thgg a first angle portion
66a 5 of the left side (insertion front part) is
steeper than a _second ,angle portion 66b of the right X
si deFGHIET i%h hagaP S é{‘PtgL)a cgl hRAr1 ¢t ShaP o TheInsertion
separate connector connectin the cylindrical )
r eciSFR6304nd"3he SFEer ? | (ﬂ%aﬁ@nb@a*m,lt i fapg be partially
preferable that the first angle _portion 66a_and the 10 _
secombeit@de ipda itdie eoblingrd calcdeFed veKase -t o TBRsdpgertion
rel ati ve novenent of the cylindrical receiver 63 and
t he mempasy tGdomagebernds. shpen that 13 rSirsgh@rglsoporgaon 66a
66a is steeper than the second angle portion 66b, a
ri gmt diheecasdfit rotda | Ginasrtliea frongyppmd)i éal steeper than a
receiver 63 with respect to the insertion nenber 64 is
r et agesthdadehad o efotrtdione6bledof otle i o¥ghits sifdeci (insgtrgdon rear
That is, excessive extension can be prevented, and
sl i grertf)l.exi Bihcey tbamebe.sensur edpaReteir congetbof| @onnecting
45, the upper body 61 and the 20 |ower body 62 are
r espedd i ol indwirgeddd »écdivanded i andigther dheettbos BGEmber 64,
and 65b to bind the fixing projections 65a

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 exténéion can be
prevented, and slight flexibility can be ensured.

Returning to FIG. 45, the upper body 61 and the
lower body 62 are respectively f§rmed 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
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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 25 allow flexibility for extension due

the steep slope of the 69 first angle portion 66a.

Because of the slight elasticity of the band 43, the

not ches can naturally contact the spinous processes

during lordosis. FIG 47 is a ggagrammatic |atera

view of a spinal 5 colum illustrating the placenent

of the spacer 60 of FIG 45 between adj acent. spinous . |
pr ocisssds .arRdfee mAntd ono 6FRES. Beamighrdudhu Blight pdRgticity
fixing projections 65a and 65b are bound wth a band

43. cihethensdand of3t hd&hsandocheancea Hatiuradilyedcpytact the
contacting the first angle portion 66a of 10 the

i nsesgirmusgrreesééswduliing londesksw f ace of the

cylindrical receiver 63. Upper and | ower spinous
processesFia.and 3ls remydhagranventbountbvetdl aviepaedt @ spinal
band near the pivot of the spacer-60. As described

abovep linie iSidacsiraGGngasheepasatmwentiSobHothesspacer 60 of FIG.
i ndependent |y supporting spinous processes.

Ther €5 st wddre adid@ntofspipionsuprpresssses Raffetheing to FIGS.
mexi mally permtted. Al so, since a separate force is

pr esentthidegmatyr alhd ewad Fisiam profdet hommncSpiarel 65b are
can be ensured. 20 In the enbodi nents of FIGS. 42 and

45, pbendohchesa BaM@ a3pr ofhéetshapen pefpendi bahdr 4Bocan be
the flanges 44.
~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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However, those of ordinary skill in the art can

appreciate that the profile Shape of a notch nay be
conformally curved to fit with a |ower surface of a

spi nous process. 25 In addition, the profile shapes of

the notches of 70 the enbodi nents shown in FIGS. 42

and 45 can be determned by the clustering nethod
described with reference to FIGS. 22 through 28. 5

I ndustrial Applicability The iqgvention has been

described wth reference to the preferred

enbodi nents. Cbviously, nodifications and_alterations

wi | Ehgcembodémenhier sheonit dHdishg “ndndud@eranahai Agtermined
the preceding detailed description. It is 10 intended

t habyt kbei pleateohngenebhrd rdgarrddach il sgfgrpnceuep FIGS.
nodi fications and alterations insofar as they cone

wi t B2nthheugbop8. of the appended clains or the

equi val ents thereof. According to the present

invention, there is no need 15 to renove unaffected

i nterspinous |iganents. Therefore, an easy surgica
treatnent is ensurel@nthatrial |Appslinabddiddgme on the
patient. In particular, during surgical treatnent,

r esect i Tine atwlverenissy did Drbeen eldsendbednuwithegseference to the
positioned at posterior |laterals are not required. 20
Fypridferrede, agboddmegtso t hebpiesshy, i nventibhcathens and
narrowi ng of an intervertebral space can be prevented

whillte raffdionisai NgilgL a peedet erdd nedtlsppce hebweenrdading and

adj acent
understanding the preceding detailed description. It is
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 laterals are not required.

Furthermore, according to the present invention, the
narrowing of an intervertebral sbace can be prevented while
maintaining a predetermined space between two adjacent
spinous processes, and a relative displacement Dbetween a

superior facet and an inferior facet does not occur.

In addition, an intervertebral implant of the present



Spi nous processes, and a rel ative di spl acenent between
a superior facet and an inferior facet does not

occur. 25 In addition, an intervertebral inplant of
the present 71 invention can be adapted to human

Spi nous processes having .different |ower surface
slopes. 72 CLAIMES 1. An intervertebral inplant
conprising a spacer having two opposing notches for
receiving two adjacent spinoug processes and a band
securing the two spinous processes and the spacer,

t he spacer conprising a through-hole bored through )
siidgenbionheaspieeradaptgd dw t HEFUNPP Faderocesses having
t her et hrough and depressions curved inwardly from
odti§ifdesndf Loker spackace sapgis-it ate fastening of the
band passed t hrough the through-hole, and the band

bi ndi ng the two spi nous processes and the spacer in a
figure 8 formwhile passing through the through-hole
to secure the two spinous processes and the spacer.

2. The intervertebral inplant of claim1, 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 inplant of claim
2, wherein



the band secures the two spinous processes and the
spacer so that no relative displacenent between an
inferior facet of an upper spinous process of the two
spi nous processes and a superior facet of a | ower

Spi nous process of the two spinous processes occurs.
4. The intervertebral inplant of claim3, wherein the
band secures the two spinous processes and the spacer
so that lunbar lordosis is restored. 73 5. The
intervertebral inplant of clam1, wherein at |east
one notch of the two opposing notches has a profile
obAmmed by connecting a plurality of points by line
segnents of different functions. 6. The intervertebra
inplant of claimb5, wherein the plurality of points

are Conﬂechﬁde%e§b%§kgBEah|ﬂ%pl%%gnﬁﬁhérW%ﬁhg a spacer
di fferent slopes. 7. The intervertebral inplant of

Bralmy 5 tvahamrFaP inghen Pl alted | £9r ofreg6ilit 89artero adjacent
e e i n d r
Cg[‘ﬁ@&% gé:_QXgQEérﬁ drld Ng L3GGME £§ rfgh PLedet R "%rﬁ%s’ us

rvat ur e I ntervertebr ant of cl ai
pheces ses tamagl mhef isbecet, t he at Ieast one notch has a

gentl*h%Io ed __shape f.rom an i frthp Jgarp part to an
i nsertion front | W%rlﬁingThe Nt erve ébré? |nplanE 0
9ide$ainf5,tWherepmcaMuﬂtmpperl@w | oner dantiaceo pass
shopes, of spi nous processes of alarge number 9 rron
rdual=s ar SSi
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
so 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 occurs.

4. The intervertebral implant of claim 3, wherein
the band secures the two spinous processes and the spacer

so that lumbar lordosis is restored.



intervals, a representative value of a n-th interva

is 8n, the end of one of the two opposing notches
near an insertion rear part is the origin in the x-y
pl ane, the cunul ative value of the slopes assigned to
the n-th interval is Nn, and the plurality of the
points are the origin and (Nn, Nntan8n) . 10. The
intervertebral inplant of claimb5, wherein when upper
or | ower surface slopes of spinous processes 74 of a
| arge nunber of individuals &3e assigned to n
intervals, a representative value of a n-th interva

is en, the end of one of the two opposing notches
near an _insertion rear part is the origin in the x-y
pl ane?-t ABe EDRBFALTVRPTAL UEIRTthETsICdpes Asstpperit 7t

108sP-Lhe A VA dre NRyo %ﬁﬂ85195”hEHEHéé°Ha§a¥'5%bfhle
function value of 1 in the'interval (Nn_1r Nn) is u

pRpainedinpy, epeneibesr aof P hskid hined §tfomlr‘rtss xbyandine
?ﬁ%Mgﬁﬁéqyf Q%tQ%%%deﬁctFBHQeCt'ng the origin and
y t

tanen straig ine is given by: ny
=l {tanOn(x- Nm | ) +tanOm | Nm |} *u(Nm 1, Nn) M=L1

hb:o’%q=%he 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 1line

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 representative value of a n-th interval is 86,,
the end of one of the two opposing notches near an
insertion rear part 1is the origin in the x-y plane, the
cumulative value of the slopes assigned to the n-th
interval is Np, and the plurality of the points are the

origin and (N, Nptan6,).

10. The intervertebral implant of claim 5, wherein

when upper or lower surface slopes of spinocus processes
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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 valué of the slopes assigned to the n-th
interval is Np, a uniform function having a function value
of 1 in the interval (Np-;, Np) is u(Np-1, Ny), the number
of assigned slopes 1is x, and a function y obtained by
connecting the origin and (N, Nptan®,) by straight 1line

is given by:

y = Z{tan 0 (x—N, )+tand N }*u(N, ,N,)

m=|

N,=0,6,=0



