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METHOD AND SYSTEM FOR SPINE In another aspect , the predetermined correlation evalua 

POSITION DETECTION tion comprises a particle filtering . 
According to another embodiment of the present disclo 

CROSS REFERENCE TO RELATED sure , a system for spine position detection , comprising : a 

APPLICATIONS 5 program storage device readable by machine , tangibly 
embodying a program of instructions executable by the 
machine to perform above methods . This application is the U . S . National Phase application The results of experiments show that , according to tech 

under 35 U . S . C . $ 371 of International Application No . niques described herein , accuracy and speed of the mea 
PCT / IB2014 / 064573 filed Sep . 17 , 2014 , published as WO surement are improved since human interaction during the 
2015 / 040547 on Mar . 26 , 2015 , which claims the benefit of 10 spine position detection is much reduced . 
Chinese Patent Application Number 201310425701 . 5 filed Various aspects and features of the disclosure are 
Sep . 17 , 2013 and Chinese Patent Application Number described in further detail below . And other objects and 
PCT / CN2014 / 084633 filed Aug . 17 , 2014 . These applica advantages of the present invention will become more 
tions are hereby incorporated by reference herein . apparent and will be easily understood with reference to the 

15 description made in combination with the accompanying 
FIELD OF THE INVENTION drawings . 

The present disclosure relates to digital image processing , DESCRIPTION OF THE DRAWINGS 
and more particularly to a system and method for spine 
position detection . 20 The present disclosure will be described and explained 

hereinafter in more detail in combination with solutions and 
BACKGROUND OF THE INVENTION with reference to the drawings , wherein : 

FIG . 1 is a diagram of standard anatomical position 
The digital imaging technology has experienced signifi - defined for human anatomy ; 

cant growth in recent years . Examples of such growth 25 FIG . 2 is a sagittal view of visible vertebra bodies 
include the development of using computers for assisting according to one embodiment of the present disclosure ; 
analysis of spines in radiography . In a clinical examination , FIG . 3A is an illustration of vertebra bodies on a sagittal 
transverse image is usually used for detecting an abnormal plane ; 
ity of an inter - vertebral disk . Position and orientation of FIG . 3B is an illustration of the center of last vertebra 
intervertebral disc are important anatomies for the diagnosis . 30 body in a Cartesian coordinate system ; 

Currently , measurements in the clinical examination need FIG . 4 is a sagittal view of the last vertebral body which 
human interaction , one example as a CT scanner with a is approximated by a rectangle template ; 
gantry which cannot be rotatable . Usually , positions and FIG . 5A is an illustration of geometrical parameters of the 
orientations of intervertebral discs are placed manually on visible vertebra bodies ; 
the spine for such CT scanner . Manual measurement is not 35 FIG . 5B is an illustration of the height of the intervertebral 
only time - consuming , but also subject to errors depending disc located between the last vertebra body V , and the next 
on the person ' s skill , experience and other human factors . vertebra body V . 

FIG . 5C is an illustration of the average height of the 
SUMMARY OF THE INVENTION intervertebral disc ; 

40 FIG . 6 is a block / flow diagram showing a detection 
Therefore , a need exists for a method and system for spine method according to one embodiment of the present disclo 

position detection that require less human interaction . sure ; 
According to an embodiment of the present disclosure , a FIG . 7 is a block / flow diagram showing a method for 

method for spine position detection , comprising : obtaining detecting the intervertebral discs according to one embodi 
2D geometrical configuration of a current vertebra body 45 ment of the present disclosure ; 
selected from a plurality of vertebra bodies visible in an FIG . 8 is a block / flow diagram showing a detection 
image on a sagittal plane defined by a horizontal component method according to another embodiment of the present 
of an initial point , a geometrical template being applied to disclosure ; 
the current vertebra body and the 2D geometrical configu - FIG . 9A is a sagittal view of current vertebra body 
ration of the current vertebra body being adjusted by a 50 according to another embodiment of the present disclosure ; 
predetermined correlation evaluation ; searching adjacent FIG . 9B is a transverse view of the current vertebra body ; 
edge points of next vertebra body corresponding to a number FIG . 9C is a coronal view of the current vertebra body ; 
of edge points of the current vertebra body by identifying the FIG . 9D is an illustration of the mark points according to 
gradient values along the direction substantially perpendicu - one embodiment of the present disclosure ; 
lar to the edge of the current vertebra body based on the 55 FIG . 9E is an illustration of the mark points according to 
adjusted 2D geometrical configuration of the current verte another embodiment of the present disclosure ; 
bra body ; calculating height of an intervertebral disc located FIG . 10 is an illustration of the last vertebra body and the 
between the current vertebra body and the next vertebra sacrum ; 
body based on an average of the distances between the edge FIG . 11 is an illustration of a CT imaging system accord 
points of the current vertebra body and the corresponding 60 ing to one embodiment of the present disclosure . 
adjacent edge points of the next vertebra body ; determining The same reference signs in the figures indicate similar or 
2D geometrical configuration of the next vertebra body corresponding feature and / or functionality . 
based on the height of the intervertebral disc and the 
adjusted 2D geometrical configuration of the current verte DETAILED DESCRIPTION 
bra body . 65 

In one aspect , the geometrical template is a rectangular The present invention will be described with respect to 
template with 2D parameter values on the sagittal plane . particular solutions and with reference to certain drawings 
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30 Po / lX ; ) = eWGO G 

but the invention is not limited thereto but only by the while the intensity distribution of the border region defined 
claims . The drawings described are only schematic and are by w , and h , is clearly demarcated ; and the strong gradient 
non - limiting . In the drawings , the size of some of the values only appear on the border of the rectangular template 
elements may be exaggerated and not drawn on scale for for the vertebra body . The correlation between the rectan 
illustrative purposes . 5 gular template and the image of the current vertebral body 

FIG . 1 shows standard anatomical position defined for can be evaluated by the intensity correlation and / or the 
human anatomy . In a measurement , among a number of gradient correlation . 
visible vertebral bodies of a spine ( also called as vertebral Where the interior region of the rectangular template 
column ) as shown in FIG . 2 , the last vertebral body is obeys the Gaussian distribution ( i . e . a Gaussian model 
selected by a user ( e . g . a physical clinician ) as the initial 10 N ( u , 0 ; ) , u ; is mean value and o , is standard deviation ) , for 
vertebra body . Further , a point P indicated on center of the each pixel s that falls in the interior and border region of the 
last vertebral body is selected as the initial point with three rectangular template , the image appearance value of s is 
coordinate components ( horizontal component Pr , vertical defined as 
component P , , , axial component P , ) in the three - dimensional 
( 3D ) Cartesian coordinate system . 15 

In one embodiment , the coordinate value of the midpoint _ ( l ( s ) – H ; ) 2 
placed on a line along horizontal direction in an image on a p ( s . X ; ) = e 2014 
transverse plane is specified as the horizontal component Pr . 
In an image on a sagittal plane defined by Px ( as shown in Wherein I ( s ) is each pixel ' s intensity value . The intensity FIG . 2 ) , the coordinate values of the center of the last 20 correlation pr ( IIX , ) is defined as vertebral body are specified as vertical component P , and 
axial component P , as shown in FIG . 3A . In medical PAILX ; ) = ewie ' s 
application , the sagittal plane is used commonly . Therefore , Where c , is the cross - correlation between the image the vertical component P , and the axial component P , can be 
converted to x , and y , respectively to define a point Qo ( xzYz ) 25 the interior area of the template is set value 1 and the border 

appearance values p ( s | X , ) and a negative template wherein 
in a two dimensional ( 2D ) coordinate system such as a region is set value 0 ; and w , is a weighting factor . Cartesian coordinate system as shown in FIG . 3B . Herein Similar to p / ( I | X ; ) , the gradient correlation PGIIX , ) can be the horizontal direction and the vertical direction on the defined as sagittal plane can be referred as the converted horizontal 
direction and the converted vertical direction . 

In the present disclosure , a geometrical template is where cég is the cross - correlation between the gradient 
applied to the spine . Since the shape of the vertebral body or image values of the observed image in the rectangular 
the intervertebral disc is similar to a rectangular band , in one template area and a positive template wherein the interior 
embodiment , a rectangular template with 2D parameter area of the template is set value 0 and the border region is 
values is provided as one example of the geometrical 35 set value 1 . template . Referring to FIG . 4 , the 2D geometrical configu It is preferable to select a rectangular template with the 
ration of a vertebra body ( i . e . 2D geometrical parameters of most intensity correlation and / or most gradient correlation 
the rectangular template ) comprises : center ( x , y ) , width w , as the optimized rectangular template . The 2D geometrical 
heighth and orientation of the rectangular template configuration obtained in the initialization can be adjusted or 
wherein 0 is the angle between the upper edge or lower edge 40 und age 40 updated by the 2D geometrical parameters of the optimized 
of the rectangular template and the horizontal direction . Qo rectangular template so that the rectangular template for the 
( x _ y _ ) is specified as the center ( x , y ) . The width w and the cu current vertebral body can match the image of the current height h are specified as predetermined values w , and h , of vertebral body as closely as possible . 
normal human . The orientation is specified as 0 , . Since the To obtain the optimized rectangular template , in one 
last vertebral body is initialized as the current vertebral 45 embodiment , a particle filtering algorithm is used as one 
body , the orientation 0 , is set as zero . As shown in FIG . 4 , example of the predetermined correlation evaluation . The the 2D geometrical configuration of the vertebra body may number of the particles is not more than 100 and the range 
further comprise interior width W , and interior height hy . of 2D parameter values for a rectangular template is defined Normally , w , and h , are constant values for a person . While as follows by considering the time consuming during the 
for an intervertebral disc , the 2D geometrical information 50 operation of the particle filtering algorithm : 
( i . e . the 2D geometrical parameters of the rectangular tem 
plate ) mainly comprises center , height and orientation of the xe ( Qox - 10 mm , Qox + 10 mm ) 
rectangular template . The 2D geometrical information of the 
intervertebral disc can be derived from the 2D geometrical ye ( Qo ' y - 5 mm , Qo ' y + 5 mm ) 
configuration of the current vertebral body and the 2D 55 

w / he ( 1 , 1 . 5 ) geometrical configuration of the next adjacent vertebral 
body . The derivation will be described in details later . wherein x is the parameter value along the converted 

After obtaining the 2D geometrical configuration ( lo horizontal direction on the sagittal plane , Qox ( i . e . x , in FIG . 
( x , yz ) , W , h , 0 , ) of the current vertebral body . The 2D 3B ) is the converted horizontal component of the initial 
geometrical configuration is further optimized through a 60 point , y is the parameter values along the converted vertical 
predetermined correlation evaluation . In accordance with direction on the sagittal plane , Qo : y ( i . e . y , in FIG . 3B ) is the 
the correlation evaluation , the 2D geometrical configuration converted vertical component of the initial point , w / h , i . e . 
shall be adjusted so that the rectangular template with the w / h , in FIG . 4 , is width - height ratio of the rectangular 
adjusted 2D geometrical parameters would be well matched template . 
with the image of the current vertebral body . 65 The particle which is the most correlated to the image of 
As shown in FIG . 4 , it appears that the interior area of the the current vertebra body is selected as the 2D geometrical 

vertebra body has a homogeneous intensity distribution ; parameters of the rectangular template . Based on the rect 
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angular template updated with the selected particle , the 2D body V , of the spine , as the current vertebra body , is selected 
geometrical configuration of the next vertebra body can be by the user as the initial vertebra body ( as shown in FIG . 2 ) . 
determined . The initial point P is specified as the center of the initial 

Referring to FIG . 5A , the 2D geometrical configuration vertebra body . A rectangular template as a geometrical 
( Qo ( x , y , ) , W , , h , , 0 , ) of the rectangular template of the last 5 template is applied to the image of each of the vertebra 
vertebra body ( called as initial vertebra body Vo herein ) is bodies which are specified on the sagittal plane . 
adjusted to ( Qo ' ( x , ' , y , ' ) , W , ' , h ' , 0 , ' ) with the selected In block 20 , as the current vertebra body , the 2D geo particle . The rectangular template with the adjusted 2D metrical configuration ( Qo ( x , y _ ) , W , h , 0 , ) of the last geometrical parameters is also applied to the next vertebra vertebra body V , is obtained by identifying the geometrical body V1 . The next vertebra body V , is positioned along 10 parameters of the rectangular template . As described in one upward direction and adjacent to the last vertebra body Vo . embodiment shown in FIG . 4 , the coordinate values of the The center Q . ( X1 , y . ) of the rectangular template of the center Q . ( x2yz ) can be specified on the sagittal plane ; width next vertebra body V , can be calculated as W , , height h , , and orientation 0 , are provided with the 

x1 = x _ ' + ( h2 ' + ha ) * sin , 15 predetermined values . 
In block 30 , the obtained 2D geometrical configuration of 

y? = y = ' + ( h _ ' + ha ) * cos e , the last vertebra body V , is adjusted to ( Qo ' ( x _ ' , y2 ' ) , w , ' , h , ' , 
Wherein h , is the height of the intervertebral disc located 02 ' ) by a predetermined correlation evaluation . One embodi 

between the last vertebra body V , and the next vertebra body ment of the predetermined correlation evaluation is the 
V1 . In one embodiment , h can be calculated as the average 20 particle filtering algorithm . 
distance between the upper edge points of the last vertebra In block 40 , since the rectangular template with the 
body V , and the corresponding bottom edge points of the adjusted 2D geometrical parameters is applied to the next 
next vertebra body V ] . As shown in FIG . 5B , based on the vertebra body V1 , based on the adjusted 2D geometrical 
adjusted 2D geometrical configuration of the last vertebra configuration of the current vertebra body , the adjacent edge 
body Vo , e . g . selecting a plurality of points hou , h2 . . . hon 25 points ( i . e . the bottom edge points ) of the next vertebra body 
positioned on the upper edge w ' of the last vertebra body V , can be searched from the corresponding points ( i . e . upper 
Vo , from these upper edge points hon , ho2 . . . hon of the last edge points ) of the last vertebra body Vo , as described in one 
vertebra body Vo , the corresponding bottom edge points h , 1 , embodiment shown in FIG . 5B . 
h12 . . . hin of the next vertebra body V , can be searched by In block 50 , the height hg of the intervertebral disc located 
identifying the gradient values along the direction substan - 30 between the last vertebra body V , and the next vertebra body 
tially perpendicular to the upper edge of the last vertebra V , can be calculated based on an average of the distances 
body Vo . Usually , the gradient value of the vertebra body , between the searched adjacent edge points of the next 
especially the border of the vertebra body , is quite different vertebra body V , and the corresponding edge points of the 
from the gradient value of the intervertebral disc . The last vertebra body Vo . 
average distance hj is obtained as the average of the distance 35 In block 60 , 2D geometrical configuration of the next 
between ho , and hu , the distance between hoz and h12 . . . vertebra body V , can be determined based on the height hd 
and the distance between hon and hin . The line between of the intervertebral disc and the adjusted 2D geometrical 
upper edge point ( e . g . hoi ) of the last vertebra body V , and configuration ( Qo ' ( x , ' , y2 ' ) , W2 ' , h ' , 0 , ' ) of the last vertebra 
the corresponding bottom edge point ( hu ) of next vertebra body V , as shown in FIG . 5A . 
body V , has an angle on with respect to the converted 40 In block 70 , once obtaining the 2D geometrical configu 
vertical direction . The angle on equals to the adjusted ori - ration ( Q . ( x1 , y . ) , W1 , h1 , 0 ) of the next vertebra body Vi 
entation D , ' of the last vertebra body Vo . ( considered as the current vertebra body herein ) , the 

Then , the next vertebra body V , can be considered as the obtained 2D geometrical configuration is adjusted to ( Qi ' 
current vertebra body . Regarding the 2D geometrical con - ( x? , y? ' ) , wi ' , hi ' , 0 , ' ) by a predetermined correlation evalu 
figuration of the current vertebra body ( i . e . the next vertebra 45 ation such as particle filtering algorithm . 
body V? ) , the width W1 , the height h , and the orientation @ The adjusted 2D geometrical configuration of the next 
of the rectangular template for the current vertebra body V , vertebra body V , as the current vertebra body , can be served 
can be set with the updated 2D geometrical configuration of to determine the 2D geometrical configuration of the sub 
the last vertebra body Vo , i . e . W , h ' , 0 , ' . sequent vertebra body V , positioned along the upward 

Once obtaining the 2D geometrical configuration ( Q . ( X1 , 50 direction . The steps in blocks 40 - 70 are repeated . The 2D 
y? ) , W1 , h1 , 0 , ) of the current vertebral body V1 , the 2D geometrical configuration of each vertebra body can be 
geometrical configuration is optimized through the prede detected in sequence by this way . 
termined correlation evaluation as well . In one embodiment , Referring to FIG . 7 , a method according to an embodi 
by the particle filtering as mentioned above , the 2D geo ment of the present disclosure performs a detection of 2D 
metrical parameters of the rectangular template is adjusted 55 geometrical information of the intervertebral disc . 
to cause the adjusted 2D geometrical configuration is most In block 80 , since the rectangular template is also applied 
matchable with the image of the current vertebral body V , to the intervertebral disc , the horizontal component Xd of the 
Based on updated 2D geometrical parameters of the rectan center of the intervertebral disc Disk? located between the 
gular template , the 2D geometrical configuration of the next last vertebra body V , and the next vertebra body V , can be 
current vertebra V , can be determined in a similar way as 60 calculated as an average of x , ' and xi ' , the vertical compo 
mentioned above . nent y , of the center of the intervertebral disc Disk , can be 

FIG . 6 illustrates a block / flow diagram for a detection calculated as an average of y ' andy , ' ( as shown in FIG . 5A ) . 
method mentioned above in accordance with one embodi - In another embodiment as shown in FIG . 5C , the horizontal 
ment of the present disclosure . component x , of the center of the intervertebral disc Diski 

In block 10 , an image of a part of the spine is specified on 65 can be calculated as an average of c , and c , wherein c , is the 
the sagittal plane which is defined by the horizontal com - midpoint of the upper edge of the last vertebra body V , with 
ponent Px of the initial point P ( Px , P „ P _ ) . The last vertebra the adjusted 2D geometrical configuration and ci is the 

m 
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midpoint of the bottom edge of the next vertebra body Vi the two intervertebral discs . In one embodiment , the axial 
with the adjusted 2D geometrical configuration . component R is an average of axial values of the upper side 

In block 90 , the orientation Od of the intervertebral disc and the lower side of the current vertebra body Vo ' . 
Disk , can be calculated as an average of , ' and 0 , ' . Thus , the In another embodiment , the axial component R , can be 
center ( x , y ) and the orientation of the intervertebral 5 further adjusted by the following step : 
disc Disk , can be derived from the adjusted 2D geometrical In block 330 , an image of the current vertebra body V ' is 
configuration of the current vertebra body V , and the identified on a coronal plane by the image regional growth 
adjusted 2D geometrical configuration of the next vertebra wherein the coronal plane is defined by the second center 
body V . point Y . 

In block 95 , the height hy of the intervertebral disc located 10 In block 340 , a second reference point n is defined by the 
between the last vertebra body V , and the next vertebra body first center point X and the third center point Z on the 
V can be updated based on the adjusted 2D geometrical coronal plane . The left edge L and right edge R of the image 
configuration ( Qo ' ( x _ ' , ya ' ) , W2 ' , h , ' , 0 , ' ) of the last vertebra on the coronal plane can be searched from the second 
body V , and adjusted 2D geometrical configuration ( Qi ' ( xi ' , reference point n and along a horizontal direction of the 
y? ' ) , wi ' , hi ' , 0 , ' ) of the next vertebra body V1 . In one 15 coronal plane ( as shown in FIG . 9C ) . The half distance 
embodiment , the average distance h , is updated with the between the left edge L and right edge R can be used as the 
distance hj between co and cz . Point c2 is one of the bottom radius of a circle C wherein the circle C is placed on a third 
edge points of the next vertebra body V , with the adjusted transverse plane defined by the third center point Z . On the 
2D geometrical configuration . The line between co and c2 is third transverse plane , the center of the circle C is defined by 
substantially perpendicular to the bottom edge of the next 20 the first center point X and the second center point Y . 
vertebra body V1 : In another embodiment , the first center point X can be 

FIG . 8 illustrates a block / flow diagram for a detection updated with the midpoint X ' located on a line along the 
method in accordance with one embodiment of the present horizontal direction between the left edge L and right edge 
disclosure wherein the 3D components of the initial point is Rof the image on the coronal plane . Thus , the center of the 
determined automatically . 25 circle C ' is defined by the first center point X ' and the second 

In block 100 , any one of vertebra bodies visible in an center point Y . 
image on a sagittal plane is selected as an initial vertebra In block 350 , a group of mark points ( d ] , d2 . . . on ) are 
body . As shown in FIG . 9A , current vertebra body V ' is selected wherein the mark points ( d ] , d2 . . . dn ) are 
identified as the initial vertebra body . 3D components of an positioned on a diameter D1 of the circle C as shown in FIG . 
initial point R positioned in the center of the current vertebra 30 9D . Each mark point ( e . g . d ) is served to define a coronal 
body Vo ' can be obtained by the following steps . slice ( e . g . S? ) . Thus , a number of coronal slices ( S1 , S2 , . . . 

In block 110 , a number of transverse slices of the current Sn ) are defined by a group of mark points ( di , d2 . . . dn 
vertebra body Vo ' are selected . In block 120 , a pair of left correspondingly . 
edge and right edge ( t1 , tz ) of an image along the horizontal In block 360 , on the coronal slice S? , an axial center point 
direction for each of the selected transverse slices can be 35 a , is calculated based on a pair of upper side and lower side 
searched by the image regional growth as shown in FIG . 9B . of the current vertebra body V . ' . In one embodiment , the 
In block 130 , a first reference point m , is positioned in the axial center point a , is calculated as an average of the 
middle of the left edge and right edge ( ti , t ) of the image coordinate values of the upper side and lower side of the 
along the horizontal direction . The coordinate value of the current vertebra body V . . Similarly , a group of axial center 
first reference point m , can be derived from an average of 40 points ( a , a , . . . a , ) can be obtained from the corresponding 
the coordinate values of the left edge t , and right edge tz . In coronal slices ( S1 , S2 , . . . Sn ) . 
block 140 , based on the first reference point m , of each In block 370 , a fourth center point can be derived from the 
transverse slice , a first center point X as the horizontal group of axial center points a , a , . . . a , ) . In one embodi 
component Rx of the initial point R can be calculated as an ment , the fourth center point Z ' is calculated based on an 
average of the coordinate value of the first reference point 45 average of the coordinate values of the group of axial center 
m , of each transverse slice . points ( aj , a2 . . . an ) . 

In block 210 , a sagittal plane is defined by the horizontal In block 380 , the axial component R , of the initial point 
component Rx . A pair of maximum value and minimum R is adjusted with the fourth center point Z ' . 
value ( y more y min ) for an image of the current vertebra body In another embodiment of block 350 , a number of groups 
Vo ' along a converted horizontal direction on the sagittal 50 of mark points are selected wherein each group of the mark 
plane can be searched by the image regional growth . In points are positioned on a diameter of the circle C . As shown 
block 220 , based on the pair of maximum value and mini in FIG . 9E , a group of the mark points ( d11 , 012 . . . din ) are 
mum value , a second center point Y as vertical component placed on the diameter D1 of the circle C , another group of 
R , of the initial point R can be calculated as an average of the mark points ( d21 , d22 . . . d2n ) are placed on the diameter 
the maximum value ymar and minimum value y min . 55 D2 of the circle C . Thus , 2n coronal slices can be defined by 

In block 310 , an image of the intervertebral disc on a first the two groups of mark points correspondingly . Then , the 
transverse plane is quite different from an image of the fourth center point Z " is calculated based on an average of 
vertebra body on a second transverse plane . For example , the coordinate values of the two group of axial center points , 
the size of the image of the intervertebral disc identified on and the axial component R , of the initial point R is adjusted 
the first transverse plane is larger than the image of the 60 with the fourth center point Z " . The number of groups of 
vertebra body identified on the second transverse plane . mark points can be selected based on the accuracy of the 
Thus , the upper side and the lower side of the current axial component R . 
vertebra body Vo ' can be searched by identifying the two Once obtaining the 3D components ( R7 , R , R ) of the 
intervertebral discs adjacent to the current vertebra body . In initial point R , the 2D geometrical configuration of the 
block 320 , a third center point Z along a converted vertical 65 current vertebra body Vo ' is obtained by identifying the 
direction on the sagittal plane as axial component R , of the geometrical parameters of the rectangular template . By 
initial point R can be determined based on the positions of performing similar steps described in blocks 20 - 70 , the 2D 
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geometrical configuration of each vertebra body in the The usage of the words first , second and third , et cetera , does 
upward direction of the current vertebra body Vo ' can be not indicate any ordering . These words are to be interpreted 
detected in sequence . This sequential procedure ( i . e . steps in as names . 
blocks 20 - 70 ) can also be carried out on all vertebra bodies The invention claimed is : 
in the downward direction of the current vertebra body V ' 5 1 . A method for spine position detection , comprising : 
to obtain the 2D geometrical configuration of each vertebra obtaining 2D geometrical configuration of a current ver 
body . The last vertebral body can be identified since the tebra body selected from a plurality of vertebra bodies 
horizontal component h , of an image of sacrum on a trans visible in an image on a sagittal plane defined by a 

verse plane is quite different from the horizontal component horizontal component of an initial point , a geometrical 
h , of an image of the last vertebra body on a transverse plane template being applied to the current vertebra body and 

the 2D geometrical configuration of the current verte as shown in FIG . 10 . In one embodiment , when the 2D bra body being adjusted by a predetermined correlation geometrical configuration of each vertebra body in the evaluation ; downward direction is detected , the step for identifying the searching adjacent edge points of next vertebra body 
sacrum is performed first . If a detected subject is a vertebra 15 corresponding to a number of edge points of the current 
body rather than the sacrum , the sequential procedure ( i . e . vertebra body by identifying the gradient values along 
steps in blocks 20 - 70 ) is carried out to obtain the 2D the direction substantially perpendicular to the edge of 
geometrical configuration of the vertebra body . the current vertebra body based on the adjusted 2D 

With the 2D geometrical configuration of each vertebra geometrical configuration of the current vertebra body ; 
body , the positions , heights and orientations of intervertebral 20 calculating height of an intervertebral disc located 
discs can be determined according to one example of the between the current vertebra body and the next vertebra 
method as described in conjunction with FIG . 7 . Then the body based on an average of the distances between the 
transverse images of the intervertebral discs can be formed edge points of the current vertebra body and the cor 
to serve for diagnosis . Compared with the operator depen responding adjacent edge points of the next vertebra 
dent manual measurement , the approach according to the 25 
present invention presents a good performance on the accu - determining 2D geometrical configuration of the next 
racy and the speed of the imaging due to a reduction of vertebra body based on the height of the intervertebral 
manual operation in the examination . disc and the adjusted 2D geometrical configuration of 

It should be understood that the elements described in the current vertebra body . 
above blocks may be implemented in various forms of 30 2 . The method of claim 1 , wherein the geometrical 
hardware , software or combinations thereof . template is a rectangular template with 2D parameter values 

An exemplary CT imaging system 400 is shown in FIG . on the sagittal plane . 
11 . According to one embodiment , a general - purpose com 3 . The method of claim 2 , wherein the 2D geometrical 
puting system serves as an operator controller 480 . The configuration comprises center , width , height and orienta 
controller 480 includes one or more processors 482 that 35 tion of the vertebra body . 
execute one or more computer readable instructions ( i . e . the 4 . The method of claim 1 , further comprising : 
elements in above blocks implemented in the form of the deriving 2D geometrical information of the intervertebral 
software ) stored or encoded in computer readable storage disc from the adjusted 2D geometrical configuration of 
medium 484 local or remote to the computing system . the current vertebra body and the adjusted 2D geo 
Software resident on the controller allows the operator to 40 metrical configuration of the next vertebra body . 
control operation of the system initiating scanning , etc . The 5 . The method of claim 1 , wherein the 2D geometrical 
controller also includes an output device 486 such as display information of the intervertebral disc at least comprises 
and an input device 488 such as a keyboard , mouse , touch center , height and orientation of the intervertebral disc . 
screen , etc . 6 . The method of claim 1 , wherein last vertebral body is 

As shown in FIG . 11 , this CT imaging system 400 45 selected as the current vertebra body and the 2D geometrical 
includes a gantry 410 and a support 420 . A patient or other configuration of the last vertebra body is obtained by speci 
subject to be imaged ( not shown in FIG . 11 ) lies down on the fying 3D components of the initial point indicated on the 
support 420 and is moved to be disposed within an aperture center of the last vertebral body . 
430 in the gantry 410 . A CT imaging acquisition system 7 . The method of claim 1 , further comprising : 
comprises an X - ray source 440 and an X - ray detector 450 . 50 selecting a number of transverse slices of the current 
Once the patient is in position , the X - ray source 440 and the vertebra body ; 
X - ray detector 450 rotate together around the aperture 430 to searching a pair of left edge and right edge of an image 
record CT imaging data . The CT imaging data is supplied to along the horizontal direction for each of the transverse 
the operator controller 480 through a communication link slices ; 
460 for the spine position detection . deriving a first reference point of each transverse slice 

It should be noted that the above - mentioned solutions along the horizontal direction from each pair of the left 
illustrate rather than limit the invention and that those skilled edge and the right edge of the image ; 
in the art would be able to design alternative solutions calculating , based on the first reference point of each 
without departing from the scope of the appended claims . In transverse slice , a first center point as the horizontal 
the claims , any reference signs placed between parentheses 60 component of the initial point . 
shall not be construed as limiting the claim . The word 8 . The method of claim 7 , further comprising : 
" comprising ” does not exclude the presence of elements or searching a pair of maximum value and minimum value 
steps not listed in a claim or in the description . The word “ a ” for an image of the current vertebra body along a 
or " an ” preceding an element does not exclude the presence converted horizontal direction on the sagittal plane ; 
of a plurality of such elements . In the system claims enu - 65 calculating , based on the pair of maximum value and 
merating several units , several of these units can be embod minimum value , a second center point as vertical 
ied by one and the same item of software and / or hardware . component of the initial point . 
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12 . The method of claim 1 , further comprising : 
identifying last vertebral body based on the horizontal 
component of an image of sacrum on a fourth trans 
verse plane and the horizontal component of an image 
of the last vertebra body on a fifth transverse plane . 

13 . The method of claim 1 , wherein the predetermined 
correlation evaluation comprising a particle filtering . 

14 . The method of claim 13 , wherein range of 2D param 
eter values for a rectangular template comprises : 

10 

xe ( Qox – 10 mm , Q•x + 10 mm ) 
ye ( Qo ' y – 5 mm , Qo ̀ y + 5 mm ) 

€ ( 1 , 1 . 5 ) 

9 . The method of claim 8 , further comprising : 
identifying two intervertebral discs adjacent to the upper 

side and the lower side of the current vertebra body 
based on the size of image of the intervertebral disc on 
a first transverse plane and the size of image of the 5 
vertebra body on a second transverse plane ; 

determining , based on the positions of the two interver 
tebral discs , a third center point along a converted 
vertical direction on the sagittal plane as axial compo 
nent of the initial point . 

10 . The method of claim 9 , further comprising : 
identifying an image of the current vertebra body on a 

coronal plane defined by the second center point ; 
searching left edge and right edge of the image on the 

coronal plane from a second reference point defined by 15 
the first center point and the third center point and along 
a horizontal direction of the coronal plane to determine 
radius of a circle placed on a third transverse plane 
defined by the third center point wherein the center of 
the circle is defined by the first center point and the 20 
second center point ; 

selecting one or more groups of mark points wherein each 
group of mark points is positioned on a diameter of the 
circle and each mark point is provided to define a 
coronal slice ; 

deriving a fourth center point from a set of axial center 
points wherein each axial center point is calculated 
based on a pair of upper side and lower side of the 
current vertebra body on the coronal slice defined by 
the mark point ; 

adjusting the axial component of the initial point with the 
fourth center point . 

11 . The method of claim 10 , wherein the first center point 
can be updated with midpoint located on the line between 
the left edge and right edge of the image on the coronal plane 35 
along the horizontal direction . 

25 

wherein x is the parameter value along horizontal direc 
tion on the sagittal plane , Qox is the horizontal com 
ponent of the initial point , y is the parameter values 
along vertical direction on the sagittal plane , Qoy is the 
vertical component of the initial point , ( w / h ) is width 
height ratio of the rectangular template . 

15 . A system for spine position detection , comprising : 
a program storage device readable by machine , tangibly 

embodying a program of instructions executable by the 
machine to perform the method of claim 1 . 

16 . An X - ray system comprising 
a CT imaging acquisition system including an X - ray 

source and an X - ray detector for recording CT imaging 
data ; 

a system , being supplied with the CT imaging data , for 
spine position detection according to claim 15 . 
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