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jections can mimic certain traditional views, such as a ceph 
scan, Water's view, Caldwell's projection, etc or can provide 
a new view that is impossible or impractical with traditional 
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CT SYSTEM WITH SYNTHETIC VIEW 
GENERATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 11/410,526, filedon Apr. 25, 2006, which 
claims priority to U.S. Provisional Application Ser. Nos. 
60/674,638, filed Apr. 25, 2005 and 60/771,797, filed Feb. 9, 
2006. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a CT scanner sys 
tem. 
0003. There are many types of specialized X-ray equip 
ment or arrangements each dedicated to providing a specific 
view or type of X-ray projection. For example, Such as pan 
oramic dental X-rays, Water's view X-rays, Caldwell's projec 
tion, and cephalometric X-rays are each typically provided by 
a different type of X-ray machine or arrangement. Each of 
these devices occupies space, possibly even a dedicated 
OO. 

0004. The cephalometric X-ray (or "ceph scan) equip 
ment in particular occupies a large space. Maxillofacial Sur 
geons, orthodontists and other doctors use cephalometrics to 
diagnose, plan and predict maxillofacial Surgeries, orthodon 
tic treatment and other treatments that could affect the shape 
and appearance of the face. One important part of the cepha 
lometric analysis is starting with a ceph Scan of the patient's 
head. Primarily, lateral X-ray ceph images are taken of the 
patient, although other images can be used in addition. 
0005. In order to obtain an accurate lateral X-ray ceph 
image, a parallel projection from the X-ray source to the X-ray 
detector or film is desired. Otherwise, the distortion from 
incident angles of the X-rays will distort the ceph image. To 
obtain a sufficiently parallel projection, the X-ray source is 
placed at a relatively great distance (5 to 10 ft) from the 
patient. Therefore, the room dedicated to performing this type 
of X-ray must be large. 

SUMMARY OF THE INVENTION 

0006. The present invention provides a CT scanner system 
that can provide projection-like images of a patient Volume. 
0007 For purposes of illustration, an example embodi 
ment of a CT scanner system that can provide a choice of a 
plurality of “synthetic” projection-like images will be 
described; however, a single CT scanner dedicated to provid 
ing a single type of projection-like images is also within the 
Scope of the present invention. 
0008. In general, after a CT scan is obtained and a three 
dimensional model of the patient is created, any synthetic 
view can be generated by choosing any array of projection 
lines, e.g. between a point and a surface (a flat plane, curved 
plane, spherical, etc) or between two Surfaces (parallel or not) 
and Summing across the projection lines. The synthetic pro 
jections can mimic certain traditional views, such as a ceph 
scan, Water's view, Caldwell's projection, etc or can provide 
a new view that is impossible or impractical with traditional 
X-ray equipment, such as a perfect parallel projection, or a 
projection that does not pass all the way through the patient. 
0009. Because of the inherent noise reduction in the syn 

thetic projection process, a very low dose CT scan can be 
used. The CT scan itself would be considered to be well below 
what is considered diagnostic quality as a CT scan, but pro 
duces a synthetic projection that is very good diagnostic 
quality. Additionally, dosage can be further reduced by vary 
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ing the dosage of certain images and/or by varying the angular 
spacing between certain images during the acquisition of the 
CT scan. 

0010. A user interface may be provided for choosing 
among a plurality of synthetic views. If the user chooses 
which synthetic views may be desirable from the user inter 
face before the CT scan is performed, the CT scan can be 
optimized to provide sufficient information for each desired 
synthetic view while minimizing X-ray dose. Alternatively, 
the CT scan can always be performed such that any of the 
available options for synthetic views will be available after 
wards. 

0011. After the CT scan (whether or not optimized for a 
subset of available synthetic views), a user interface displays 
the available synthetic views to the user, e.g. buttons for each 
of"Ceph.” “Waters,” “Compare Halves.” etc. For example, by 
clicking a button for "Ceph, a synthetic ceph Scan is dis 
played. 
0012. When the projection is selected (either a pre-defined 
projection, or a projection defined more specifically by the 
user), the CT scanner system then creates the synthetic pro 
jection by defining the array of projection lines, e.g. between 
a point and a surface (a flat plane, curved plane, spherical, etc) 
or between two Surfaces (parallel or not) and Summing across 
the projection lines. The resultant two dimensional synthetic 
projection is then displayed. The user interface may also 
provide the user with the option of creating a custom projec 
tion, such as by drawing the point and the Surface or by 
drawing two Surfaces, or otherwise specifying the projection 
lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 Advantages of the present invention can be under 
stood by reference to the following detailed description when 
considered in connection with the accompanying drawings 
wherein: 

0014 FIG. 1 illustrates one embodiment of the scanning 
system of the present invention. 
0015 FIG. 2 illustrates the scanning system of FIG. 1 in 
use scanning a patient. 
0016 FIG. 2A illustrates a user interface for choosing 
among a plurality of synthetic projections. 
0017 FIG. 3 illustrates one scanning technique that could 
be used to reduce dosage during the CT scan. 
0018 FIG. 4 illustrates an alternate method for using the 
scanning system of FIG. 1 to increase a vertical field of view. 
0019 FIG. 5A illustrates the generation of a synthetic 
lateral ceph Scan by a parallel projection based upon a CT 
image. 
0020 FIG. 5B illustrates a lateral ceph image generated by 
the scanning system of FIG. 1. 
0021 FIG. 5C illustrates the generation of a synthetic 
lateral ceph Scan by projection lines that are substantially, but 
not completely, parallel. 
0022 FIG. 6 illustrates a front ceph image generated by 
the scanning system of FIG. 1. 
0023 FIG. 7 illustrates the generation of two lateral half 
ceph images. 
0024 FIG. 8 illustrates the generation of a synthetic pro 
jection where the projection lines terminate within the 
patient. 
0025 FIG. 9 illustrates one technique where a user defines 
a plane and thickness for a synthetic projection. 



US 2008/0267343 A1 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0026. One possible embodiment of a scanning system 10 
according to the present invention is shown in FIG. 1. The 
scanning system 10 includes CT scanner 12 having an X-ray 
Source 14 and X-ray detector 16 mounted opposite one 
another on a gantry 18. Suitable CT scanners 12 are known, 
but would preferably utilize a cone-beam X-ray source 14 and 
a flat-panel detector 16. The detector 16 has a converter for 
converting X-rays 20 from the X-ray source 14 to visible light 
and an array of photodetectors behind the converter. A colli 
mator 22 may be mounted in the gantry 18 in front of the X-ray 
Source 14. 
0027. A first motor 26 is mounted in the gantry 18 for 
rotating the gantry 18 relative to a mounting plate 28. The first 
motor 26 may directly drive the mounting plate 28, or a gear 
box may be provided between the first motor 26 and mounting 
plate 28. The mounting plate 28 may be mounted to an arm 36 
supported above the floor. A second motor 30 may be pro 
vided to selectively move the gantry 18 vertically relative to 
the mounting plate 28. The first and second motors 26.30 may 
move the gantry 18 rotatably and vertically, respectively, 
relative to a shaft 32 extending from the arm 36. 
0028. An optional on-board computer 40 may provide 
Some local storage and/or processing of images from the 
detector 16 for Subsequent transmission via a transmitter 42 
to a main computer 50. The main computer 50 includes a 
display 52 and input devices, such as a mouse 54 and key 
board 56. The images may alternatively be transmitted via 
wires or cables (not shown) to the main computer 50 for 
processing and display. The computer 50 includes at least one 
processor, memory and/or other storage and includes com 
puter readable media storing computer programs to perform 
the functions described herein. Any CT scanner 12 could be 
utilized in the present invention, as the present invention is 
independent of the specific imaging technology utilized. 
0029 Referring to FIG. 2, in operation, the patient (or 
more specifically in this example, the patient's head, although 
other parts of the patient could also be scanned) P is posi 
tioned between the source 14 and detector 16. The first motor 
26 rotatably drives the gantry 18 at least partially about the 
patient P, while the detector 16 takes a plurality of X-ray 
images of the patient Pat a plurality of rotational positions. A 
three-dimensional CT image is then reconstructed from the 
plurality of X-ray images utilizing any known techniques and 
algorithms. 
0030 Referring to FIG. 2A, a user interface may be pro 
vided for choosing among a plurality of synthetic views, 
before and/or after the CT scan is performed. For example, a 
user interface displays the available synthetic views to the 
user, e.g. buttons for each of “Ceph.” “Waters.’ “Compare 
Halves.” etc. For example, by clicking a button for “Ceph,” a 
synthetic ceph scan is displayed. If the CT scan is performed 
after the user chooses which synthetic views may be desirable 
from the user interface, the CT scan can be optimized to 
provide sufficient information for each desired synthetic 
view, while minimizing X-ray dose. Alternatively, the CT scan 
can always be performed such that any of the available 
options for synthetic views will subsequently be available. 
0031. Because of the inherent noise reduction in the syn 

thetic projection process, a very low dose CT scan is used. 
The CT scan itself would be considered to be well below what 
is considered diagnostic quality as a CT scan, but produces a 
synthetic projection that is very good diagnostic quality. 
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Optional features of the present invention are provided to 
reduce X-ray dosage received by the patient even further. 
Referring to FIG. 3, during the rotation of the gantry 18 about 
the patient's head P. numerous X-ray images are taken at 
predetermined angular intervals and at predetermined dos 
ages (i.e. the amount of time that the patient's head is exposed 
to the X-rays for each image) by the X-ray source 14 and 
detector 16. Although the intervals could all be equal through 
the rotation, and although the dosages could all be equal, the 
total dosage received by the patient can be reduced by 
increasing the angular intervals at Some angular positions 
relative to the patient's head and/or by reducing the exposure 
dosage at Some angular positions. Where the angles are 
increased and where the exposure is decreased may depend 
upon the type of projection to be synthesized. For example, 
for a lateral ceph Scan, X-ray images from the front and rear of 
the patient's head can be at a lower dosage and can be taken 
and larger angular intervals than lateral X-ray images. The 
reconstruction software can account for the change in angular 
intervals and dosages in reconstructing the three-dimensional 
CT image. Less detailed information is needed at Some angu 
lar positions than others. Note that the number of positions 
and the angular spacing shown in FIG. 3 is only for purposes 
of illustration. It is anticipated that more images would be 
taken than is shown, but fewer could be utilized. 
0032 Referring to FIG. 4, in order to increase the field of 
view of the resultant three-dimensional CT image, the CT 
scanner 12 may optionally be moved vertically during the 
scanning. Alternatively, a full scan can be performed of a 
lower section of the patient’s head and a full scan can be 
performed of an upper section of the patient's head. The two 
full scans can be combined in the reconstruction algorithm to 
produce a single, continuous CT image. In either event, the 
angular intervals and/or dosages can be different for an upper 
section than for a lower section, depending upon where more 
resolution and contrast is desired (it is anticipated that more 
resolution and contrast would be desired in the lower section 
of a patient's head, including the jaw). 
0033. After the three-dimensional CT image is recon 
structed (by on-board computer 40 and/or main computer 50), 
the CT image can be used to construct a selected or defined 
projection. The CT system 10 provides the user with several 
pre-defined projections and/or lets the user define their own 
projection, such as with the user interface shown in FIG. 2A. 
Generally, either by the pre-defined projections, or as custom 
defined by the user, one way the projection can be generated 
is by defining an array of projection lines, e.g. between a point 
and a surface (a flat plane, curved plane, spherical, etc) or 
between two Surfaces (parallel or not) and Summing across 
the projection lines. The synthetic projections can mimic 
certain traditional views, such as the ceph scan, Water's view, 
Caldwell's projection, etc. 
0034) For example, referring to FIG. 5A, to simulate a 
lateral ceph Scan, projection lines may be defined between 
two planes a and b, on either side of the patient's head P. 
Generally, by performing a forward projection based upon the 
three-dimensional CT image, a simulated or synthetic projec 
tion can be constructed. The synthetic lateral ceph Scan pro 
jection is shown in FIG. 5B. 
0035. The simulated projection can be constructed to 
simulate a projection under different circumstances. For 
example, referring to FIG. 5C, the simulated projection can 
be constructed to simulate a projection where the Source is at 
a point a that is a certain distance from the patient's head Pand 
the detector at a plane b. By choosing a source-to-patient 
distance of for example, ten feet, prior ceph imaging systems 
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can be simulated. A source (real or simulated) atten feet does 
not provide a perfectly parallel projection, but may be advan 
tageous because it provides a ceph image that is more similar 
to images to which the user (e.g. doctor or orthodontist) is 
accustomed. Optionally, the system 10 provides a user inter 
face where the user can choose a simulated source distance 
between (for example) five ft to infinity (i.e. purely parallel 
projection). 
0036) Again referring to FIG.5C, the point a and the plane 
b can be defined in a predefined synthetic projection that can 
be selected by the user via the user interface of FIG. 2A. 
Additionally, the user is also provided the option (via the user 
interface of FIG. 2A) of drawing a point a and a plane b 
anywhere relative to the three-dimensional image of the 
patient. 
0037 Another way of providing a synthesized image from 
a three-dimensional CT image is to view a slice that includes 
the patient's entire head P (or at least half of it). Generally, in 
viewing CT images, one can choose 'slices of the CT image 
to view at one time. In other words, the layers of tissue 
represented by the CT image are averaged across the chosen 
width of the selected slice and displayed. In order to display 
a ceph image (a lateral ceph image is shown for purposes of 
illustration in FIG. 5B), a width is chosen that is at least 
substantially equal (or even greater than) the width of the 
patient's head P. In this manner, all of the tissue of the 
patient's head P is averaged together, as would occur during 
an ideal parallel-projection ceph Scan using the standard tech 
nique. The reconstruction algorithm to produce the three 
dimensional CT image already removes any distortion caused 
by the incident angles of the X-rays from the X-ray source to 
the detector. 
0038. There are several advantages to using a CT scanner 
12 to create a ceph image. First, a CT scanner 12 takes up 
Substantially less room than a parallel projection ceph X-ray 
image device, since the source 14 and detector 16 can both be 
relatively close to the patient's head P. With a CT scanner 12, 
it is not necessary to place the Source 14 a great distance from 
the patient's head P and the detector 16 in order to obtain a 
parallel projection. As explained above, the ceph image can 
provide either an ideal parallel projection ceph image or a 
simulated near-parallel projection that simulates current ceph 
projection systems. 
0039. The CT image provides a great deal more other 
useful information that can be used in the cephanalysis or in 
the Surgical, orthodontia or other planning. For example, a 
ceph image at any angle is readily available from the three 
dimensional CT image, including a front ceph image, as 
shown in FIG. 6. This can be created in a manner similar to 
that used to create the lateral ceph image. 
0040. Other image manipulation can be performed with 
the CT image to assist in the ceph analysis that could not be 
done with a two-dimensional lateral ceph image. For 
example, referring to FIG. 6, the midplane Z of the patient's 
head P can be determined manually or by the computer 50 
(FIG. 1) based upon assumptions regarding symmetry of the 
patient's head P about the midplane Z. The midplane Z is 
useful in itself for many aspects of ceph analysis. 
0041. The synthetic projection can also provide a new 
view that is impossible or impractical with traditional X-ray 
equipment, Such as a perfect parallel projection (FIG. 5A), or 
a projection that does not pass all the way through the patient. 
Two examples are described below, but many others would be 
useful. 
0042 Partial projections that span only half of the patient 
volume may be used to obtain “half-lateral views as shown 
in FIG. 7. Projection lines are defined between the midplane 
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Z and a right plane b and Summed to create the right half 
lateral view. Projection lines are defined between the mid 
plane Z and a left plane band Summed to create the right half 
lateral view. The left and right halves of the patient's head P 
can then be overlaid and displayed in different colors. That is, 
a left and right side lateral view that could be compared for 
symmetry, etc. This is impossible with traditional ceph imag 
ing. Alternatively, one half could be inverted laterally to its 
mirror image (e.g. turning a left into a right half) and dis 
played in an overlapping relationship with the other, differ 
ently colored half. Areas where the two colors do not overlap 
clearly indicate a lack of symmetry. The overlapped halves 
can be displayed, rotated, enlarged and reduced in three 
dimensional space on the display 52 selectively by the user 
input devices 54, 56. This option can be selected as the “com 
pare lateral halves’ option on the user interface of FIG. 2A. 
0043. An additional advantage with the CT image is that 
the “projection' can be re-oriented, manually or automati 
cally, after acquisition to correct patient positioning errors. 
With a conventional x-ray (ceph, Water's view, panoramic, 
etc), a patient positioning error would require the X-ray to be 
redone or, more likely, the X-ray would be used with the 
positioning error, possibly leading to less accurate analysis. 
With the system 10, the projection lines are automatically 
properly oriented relative to the three-dimensional image of 
the patient (e.g. perpendicular to the midplane Z for a lateral 
ceph Scan). 
0044) The panoramic synthetic projection (selectable with 
the user interface of FIG. 2A) is illustrated in FIG.8. Tradi 
tional panoramic X-ray imaging makes a projection image 
using X-rays that traverse the entire patient head. While the 
projections are optimized somewhat to minimize corruption 
of the image from nonjaw/non-mandible/etc. anatomy, Such 
as the spine S and back of the skull, this corruption is inevi 
table. There will always be anatomical components outside of 
the true region of interest that corrupt a panoramic image. In 
a synthetically derived panoramic acquisition, this is not the 
case. One can project only over the region of interest. The 
synthetic panoramic view defines a point a within the patient 
Panda surface b around the front of the patient, as shown in 
FIG.8. The synthetic projection is then created by summing 
the image along the projection lines between the point a and 
the surface b. This provides an image similar to the traditional 
panoramic view, but without corruption from the non-jaw/ 
non-mandible anatomy. Alternatively, a Surface can be 
defined inside the patient's head, rather than the point a. 
0045. With the CT system 10, the panoramic projection 
can be provided without any increase in X-ray exposure to the 
patient. For example, a current traditional panoramic X-ray 
machine typically exposes the patient to approximately 15 
micro-Sieverts. A CT scan with a total exposure of 15 micro 
Sieverts (with current technology) would produce a CT scan 
that is substantially below what would be considered "diag 
nostic quality.” However, because of the noise reduction 
inherent in the synthetic projection generation, the CT scan 
does produce a very good diagnostic quality synthetic pan 
oramic projection at 15 micro-Sieverts or less. It is anticipated 
that future advances in technology will further reduce the 
dosage required for a diagnostic quality CT scan, in which 
case the dosage required for the synthetic projections using 
the present invention will also decrease correspondingly. 
0046. Other options (selected via the user interface shown 
in FIG. 2A) permit the user to draw any point and any surface, 
or any two surfaces. The CT system then creates a synthetic 
view by summing the CT scan between the two custom drawn 
points/surfaces. Known drawing techniques can be used to 
position the point(s) and/or position and shape the Surface(s). 
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0047 Another option (selected via the user interface 
shown in FIG. 2A) permits the user to draw a plane (flat or 
curved surface) on a two-dimensional section from the CT 
scan as shown in FIG. 9. A section taken through the jawline 
of the patient's head P is shown in FIG. 9. Using the user 

interface, the user draws a line 1, representing a surface nor 
mal to the section plane, and then selects a thickness (by 
entering a number or using a slider bar 60, etc). The thickness 
t is concurrently displayed over the section to define two 
Surfaces band b, each spaced by the thickness t from the line 
1. The CT system 10 then creates a synthetic view based upon 
projection lines between and normal to the two Surfaces b 
and b. In the example shown, the user traced the jawline of 
a patient on a horizontal section through the CT scan. The user 
can then chose a thickness t that encompassed the jaw. The CT 
system 10 then generated a “panoramic' view of just the jaw, 
without any artifacts from the rest of the head P. 
0048. The term "summing” as used herein is intended 
broadly to include any method of combining information 
across the projection line or lines. The invention is indepen 
dent of the specific technique used to convert the information 
from the CT image to a defined projection. 
0049. In accordance with the provisions of the patent stat 
utes and jurisprudence, exemplary configurations described 
above are considered to represent a preferred embodiment of 
the invention. However, it should be noted that the invention 
can be practiced otherwise than as specifically illustrated and 
described without departing from its spirit or scope. Alpha 
numeric labels on method steps are for ease of reference in 
dependent claims and unless otherwise specified do not 
require a specific sequence in which the steps are to be per 
formed. 

What is claimed is: 
1. A method for generating an image of a patient including 

the steps of: 
a) taking a plurality of X-rays of the patient; 
b) generating a three-dimensional image of the patient 

based upon the plurality of X-rays; and 
c) generating a projection based upon the three-dimen 

sional image of the patient, wherein the projection 
includes a plurality of Substantially parallel projection 
lines. 

2. The method of claim 1 wherein said step c) further 
includes the step of generating a ceph Scan. 

3. The method of claim 2 wherein said step c) further 
includes the step of generating the projection based upon a 
plurality of Substantially parallel projection lines. 

4. The method of claim 2 wherein said step c) further 
includes the step of Summing along each of the plurality of 
projection lines, wherein the projection lines are parallel. 

5. The method of claim 2 wherein the projection lines 
extend laterally through a head of the patient. 

6. A method for generating an image of a patient including 
the steps of: 

a) taking a plurality of X-rays of the patient; 
b) generating a three-dimensional image of the patient 

based upon the plurality of X-rays; and 
c) selecting a point and selecting a Surface, wherein at least 

one of the point and the Surface is selected by a user, and 
d) generating the projection between the point and the 

Surface based upon the three-dimensional image of the 
patient. 
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7. The method of claim 1 further including the steps of 
selecting a first Surface and selecting a second surface, 
wherein said step c) further includes the step of generating the 
projection between the first Surface and the second Surface. 

8. The method of claim 7 wherein at least one of the first 
Surface and the second surface is at least partially within the 
three-dimensional image of the patient. 

9. A method for generating an image of a patient including 
the steps of: 

a) taking a plurality of X-rays of the patient; 
b) generating a three-dimensional image of the patient 

based upon the plurality of X-rays; 
c) providing a user with a plurality of pre-defined projec 

tions from which to choose including a projection 
selected by the user; 

d) generating the selected projection based upon the three 
dimensional image of the patient. 

10. The method of claim 1 wherein said step c) further 
includes the steps of: 

d) displaying a portion of the three-dimensional image of 
the patient; 

e) defining a Surface on the display of the three-dimen 
sional image of the patient via a user input; and 

f) generating a projection based upon the Surface drawn in 
said step e). 

11. The method of claim 10 further including the steps of: 
g) setting a thickness of the projection based upon a user 

input; and 
h) generating the projection in said step f) based upon the 

Surface and the thickness. 
12. The method of claim 11 wherein said step g) is per 

formed after said step e). 
13. The method of claim 10 wherein said step e) is per 

formed by drawing a line with a user interface. 
14. An imaging system comprising: 
a user interface providing an option to select from a plu 

rality of projections; and 
a computer programmed to generate the plurality of pro 

jections based upon a CT scan and to display a selected 
one of the plurality of projections in response to a selec 
tion by a user using the user interface. 

15. The system of claim 14 wherein one of the plurality of 
projections is a lateral ceph Scan. 

16. The system of claim 15 wherein the computer is further 
programmed to generate the lateral ceph Scan based upon a 
plurality of at least Substantially parallel projection lines 
through the CT scan. 

17. The system of claim 16 wherein the computer is further 
programmed to sum along each of the plurality of projection 
lines, wherein the projection lines are parallel. 

18. The system of claim 17 wherein the projection lines 
extend laterally through a head of the patient. 

19. The system of claim 14 wherein the user interface 
further provides the ability for a user to select a point and to 
select a surface, wherein the computer generates the projec 
tion between the point and the surface. 

20. The system of claim 14 wherein the user interface 
further permits a user to select a first Surface and a second 
Surface, wherein the computer generates the projection 
between the first surface and the second surface. 

c c c c c 


