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ABSTRACT 

The invention is directed to a method for generating a display of an image of a patient's 

internal anatomy in a surgical field during a medical procedure. The method comprises 

acquiring an image of the surgical field with the imaging device in a first orientation; 

displaying the acquired image including overlaying an indicia on the displayed image 

indicative of a desired field of view for the new image wherein the desired field 

of view corresponds to an orientation for stitching multiple new images of the surgical 

field; moving the imaging device, patient, or table from the first orientation; tracking the 

movement of the imaging device, patient, or table from the first orientation; and moving 

the displayed image in relation to the tracked movement prior to acquiring a new 

image of the surgical field with the imaging device.



IMAGING SYSTEM AND METHOD FOR USE IN SURGICAL AND 

INTERVENTIONAL MEDICAL PROCEDURES 

Cross-reference to Related Application 

[001] This application claims priority to U.S. utility patent application Serial No. 13/253,838, 

filed on October 5, 2011, and incorporates the entire disclosure herein by reference. Moreover, 

this application is a divisional application of Australian application no. 2012318522, the entire 

contents of which are also incorporated herein by reference.  

Background 

[002] The present invention contemplates a system and method for altering the way a patient 

image, such as by X-ray, is viewed and obtained. More particularly, the inventive system and 

method provides means for decreasing the overall radiation to which a patient is exposed during 

a surgical procedure but without significantly sacrificing the quality or resolution of the image 

obtained.  

[003] Many surgical procedures require obtaining an image of the patient's internal body 

structure, such as organs and bones. In some procedures, the surgery is accomplished with the 

assistance of periodic images of the surgical site. Surgery can broadly mean any invasive testing 

or intervention performed by medical personnel, such as surgeons, interventional radiologists, 

cardiologists, pain management physicians, and the like. In surgeries and interventions that are 

in effect guided by serial imaging, which we will refer to as image guided, frequent patient 

images are necessary for the physician's proper placement of surgical instruments, be they 

catheters, needles, instruments or implants, or performance of certain medical procedures.  

Fluoroscopy, or fluoro, is one form of intraoperative X-ray and is taken by a fluoro unit, also 
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known as a C-arm. The C-arm sends X-ray beams through a patient and takes a picture of the 

anatomy in that area, such as skeletal and vascular structure. It is, like any picture, a two

dimensional (2D) image of a three-dimensional (3D) space. However, like any picture taken 

with a camera, key 3D info may be present in the 2D image based on what is in front of what 

and how big one thing is relative to another.  

[004] A DRR is a digital representation of an X-ray made by taking a CT scan of a patient and 

simulating taking X-rays from different angles and distances. The result is that any possible X

ray that can be taken for that patient can be simulated, which is unique and specific to how the 

patient's anatomical features look relative to one another. Because the "scene" is controlled, 

namely by controlling the virtual location of a C-Arm to the patient and the angle relative to one 

another, a picture can be generated that should look like any X-ray taken in the operating room 

(OR).  

[005] Many imaging approaches, such as taking fluoro images, involve exposing the patient to 

radiation, albeit in small doses. However, in these image guided procedures, the number of 

small doses adds up so that the total radiation exposure can be problematic not only to the 

patient but also to the surgeon or radiologist and others participating in the surgical procedure.  

There are various known ways to decrease the amount of radiation exposure for a 

patient/surgeon when an image is taken, but these approaches come at the cost of decreasing the 

resolution of the image being obtained. For example, certain approaches use pulsed imaging as 

opposed to standard imaging, while other approaches involve manually altering the exposure 

time or intensity. Narrowing the field of view can potentially also decrease the area of radiation 

exposure and its quantity (as well as alter the amount of radiation "scatter") but again at the cost 

of lessening the information available to the surgeon when making a medical decision. Further, 

often times images taken during a surgical intervention are blocked either by extraneous OR 
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equipment or the actual instruments/implants used to perform the intervention. Limiting the 

blocking of the normal anatomy behind those objects would have tangible benefits to the 

medical community.  

[006] There is a need for a an imaging system, that can be used in connection with standard 

medical procedures, that reduces the radiation exposure to the patient and medical personnel, but 

without any sacrifice in accuracy and resolution of an X-ray image. There is also a need for an 

imaging system that accounts for instruments and hardware, such as implants, that might 

otherwise obscure a full view of the surgical site.  

Summary of the Invention 

[007] According to one aspect of the invention, there is provided a method for generating a 

display of an image of a patient's internal anatomy in a surgical field during a medical 

procedure, comprising acquiring an image of the surgical field with the imaging device in a first 

orientation; displaying the acquired image including overlaying an indicia on the displayed 

image indicative of a desired field of view for the new image wherein the desired field of view 

corresponds to an orientation for stitching multiple new images of the surgical field; moving the 

imaging device, patient, or table from the first orientation; tracking the movement of the 

imaging device, patient, or table from the first orientation; moving the displayed image in 

relation to the tracked movement prior to acquiring a new image of the surgical field with the 

imaging device.  

[008] The step of moving the displayed image may include compensating for errors in the 

movement of the displayed image generated by the position of the imaging device relative to the 

surgical field.  
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[009] The step of compensating for errors may include determining the center of mass for the 

surgical field and adjusting the movement of the displayed image based on the position of the 

imaging device relative to the center of mass.  

[010] The indicia may be displayed in a first state when the displayed image is outside the 

desired field of view and a second state when the displayed image is within the desired field of 

view.  

[011] The imaging device may be moved in response to the state of the indicia.  

[012] The patient or table may be moved while the imaging device remains stationary to 

position the patient with the surgical field within the desired field of view.  

[013] The step of displaying the acquired image may include overlaying an indicia on the 

displayed image indicative of the position of the imaging device relative to a global coordinate 

system.  

[014] The method may further comprise the step of overlaying an indicia indicative of a 

desired movement of the displayed image.  

[015] The indicia may be a grid overlaid on the displayed image that remains stationary 

relative to the displayed image as the displayed images moves.  

[016] The indicia may include a trajectory indicator indicative of the direction of view for the 

new image that moves with the displayed image.  

[017] The imaging device may be moved until the trajectory indicator is aligned with part of 

the grid prior to acquiring the new image.  
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[018] The method may further comprise the step of overlaying identifiers corresponding to the 

anatomic features in the displayed image that move with the displayed image.  

[019] The method may further comprise acquiring the new image; comparing the new image to 

the displayed image and adjusting the displayed image to eliminate any drift between the two 

images.  

[020] The method may further comprise acquiring the new image; comparing the new image to 

the displayed image and adjusting the displayed image to stabilize the location of the anatomy 

displayed.  

[021] The method may further comprise receiving position data from an image guidance 

system; and correlating the displayed image to the position data and adjusting the displayed 

image accordingly.  

[022] The medical procedure may be a surgical navigation procedure in which the position of 

an object, such as a tool or instrument is tracked. The new image may include an image of the 

tool or instrument; and the method may further comprise introducing a representation of the 

object on the acquired image; after moving the displayed image in relation to the tracked 

movement, acquiring position data corresponding to the tracked position of the object and 

comparing the position data with the position of the object on the moved image; and 

recalibrating the moved image based on the comparison of the position data with the position of 

the object on the moved image.  

[023] There is also disclosed here, a system and method for generating a display of a patient's 

internal anatomy for use in a surgical or interventional medical procedure based on a previously 

acquired high resolution baseline image and a newly acquired low resolution image. The high 

resolution image may be an image obtained during the procedure or a pre-procedure image such 
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as a DRR. The low resolution image may be acquired using a pulse and/or low dose radiation 

setting. The system contemplates an image processing device configured to digitally manipulate 

the high resolution baseline image to produce a baseline image set including representative 

images of the baseline image at a plurality of permutations of movements of the baseline image 

in 4D or 6D space. The new low resolution image is compared to the baseline image set to select 

a representative image having an acceptable degree of correlation with the new image. The 

image processing device may implement algorithms to perform the comparison, such as a 

principal component analysis or other statistical test. The image processing device is further 

configured to merge the selected representative high resolution image with the new low 

resolution image to generate a merged image to be displayed. The merged image may be further 

processed to allow alternating between the selected high resolution image and the new low 

resolution image, or to adjust the amount that the two images are merged in the displayed image.  

[024] In another feature of the present disclosure, an imaging system may include an image 

processing device that acts as a viewfinder as the imaging device is moved relative to the 

patient. In accordance with this feature, an image of the surgical field is acquired with the 

imaging device in a first orientation. That acquired image is continuously displayed while the 

imaging device, patient or patient table is moved from the first orientation. This movement is 

tracked is used the image processing device to move the displayed image in relation to the 

tracked movement. With this feature, the display acts as a viewfinder to predict how a new 

image would appear if captured at that time by the imaging device. This feature can thus be used 

to determine where the next live image of the patient's anatomy will be taken or can be used to 

assist in stitching multiple images together to form a larger panoramic view of the surgical field.  

The image processing system may implement software adapted to optimize the predicted image 

and minimize misalignment or off angle appearance of the display. In another aspect, the image 
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processing system permits annotation of the displayed image to identify anatomic features or 

desired image trajectories or alignments.  

[025] In a further feature of the disclosed embodiments, a baseline image of anatomy within a 

surgical field is acquired in a baseline orientation, and that baseline image is digitally 

manipulated to produce a baseline image set including representative images of the baseline 

image at a plurality of permutations of movements of the baseline image. A new image of the 

surgical field in which portions of the anatomy are blocked by objects. This new image is 

compared to the baseline image set to select a representative image having an acceptable degree 

of correlation with the new image. The image processing system generates a displayed image 

showing the surgical field with the blocking objects minimized or eliminated. The system 

further permits fading the blocked objects in and out of the display.  

Description of the Figures 

[026] FIG. 1 is a pictorial view of an image guided surgical setting including an imaging 

system and an image processing device, as well as a tracking device.  

[027] FIG. 2a is an image of a surgical field acquired using a full dose of radiation in the 

imaging system.  

[028] FIG. 2b is an image of the surgical field shown in FIG. 2a in which the image was 

acquired using a lower dose of radiation.  

[029] FIG. 2c is a merged image of the surgical field with the two images shown in FIGS. 2a

b merged in accordance with one aspect of the present disclosure.  

[030] FIG. 3 is a flowchart of graphics processing steps undertaken by the image processing 

device shown in FIG. 1.  
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[031] FIG. 4a is an image of a surgical field including an object blocking a portion of the 

anatomy.  

[032] FIG. 4b is an image of the surgical field shown in FIG. 4a with edge enhancement.  

[033] FIGS. 4c - 4j are images showing the surgical field of FIG. 4b with different functions 

applied to determine the anatomic and non-anatomic features in the view.  

[034] FIGS. 4k - 41 are images of a mask generated using a threshold and a table lookup.  

[035] FIGS. 4m - 4n are images of the masks shown in FIGS. 4k - 41, respectively, after 

dilation and erosion.  

[036] FIGS. 4o - 4p are images prepared by applying the masks of FIGS. 4m - 4n, 

respectively, to the filter image of FIG. 4b to eliminate the non-anatomic features from the 

image.  

[037] FIG. 5a is an image of a surgical field including an object blocking a portion of the 

anatomy.  

[038] FIG. 5b is an image of the surgical field shown in FIG. 5a with the image of FIG. 5a 

partially merged with a baseline image to display the blocked anatomy.  

[039] FIGS. 6a-b are baseline and merged images of a surgical field including a blocking 

object.  

[040] FIGS. 7a-b are displays of the surgical field adjusted for movement of the imaging 

device or C-arm and providing an indicator of an in-bounds or out-of-bounds position of the 

imaging device for acquiring a new image.  
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[041] FIGS. 8a-b are displays of the surgical field adjusted for movement of the imaging 

device or C-arm and providing an indicator of when a new image can be stitched to a previously 

acquired image.  

[042] FIGS. 9a-b are displays of the surgical field adjusted for movement of the imaging 

device or C-arm and providing an indicator of alignment of the imaging device with a desired 

trajectory for acquiring a new image.  

[043] FIG. 10 is a depiction of a display and user interface for the image processing device 

shown in FIG. 1.  

[044] FIG. 11 is a graphical representation of an image alignment process according to the 

present disclosure.  

Detailed Description 

[045] For the purposes of promoting an understanding of the principles of the invention, 

reference will now be made to the embodiments illustrated in the drawings and described in the 

following written specification. It is understood that no limitation to the scope of the invention is 

thereby intended. It is further understood that the present invention includes any alterations and 

modifications to the illustrated embodiments and includes further applications of the principles 

of the invention as would normally occur to one skilled in the art to which this invention 

pertains.  

[046] A typical imaging system 100 is shown in FIG. 1. The imaging system includes a base 

unit 102 supporting a C-arm imaging device 103. The C-arm includes a radiation source 104 

that is positioned beneath the patient P and that directs a radiation beam upward to the receiver 

105. It is known that the radiation beam emanated from the source 104 is conical so that the 

9



field of exposure may be varied by moving the source closer to or away from the patient. The C

arm 103 may be rotated about the patient P in the direction of the arrow 108 for different 

viewing angles of the surgical site. In some instances, implants or instruments T may be situated 

at the surgical site, necessitating a change in viewing angle for an unobstructed view of the site.  

Thus, the position of the receiver relative to the patient, and more particularly relative to the 

surgical site of interest, may change during a procedure as needed by the surgeon or radiologist.  

Consequently, the receiver 105 may include a tracking target 106 mounted thereto that allows 

tracking of the position of the C-arm using a tracking device 130. For instance, the tracking 

target 106 may include several infrared emitters spaced around the target, while the tracking 

device is configured to triangulate the position of the receiver 105 from the infrared signals 

emitted by the element. The base unit 102 includes a control panel 110 through which a 

radiology technician can control the location of the C-arm, as well as the radiation exposure. A 

typical control panel 110 thus permits the technician to "shoot a picture" of the surgical site at 

the surgeon's direction, control the radiation dose, and initiate a radiation pulse image.  

[047] The receiver 105 of the C-arm 103 transmits image data to an image processing device 

122. The image processing device can include a digital memory associated therewith and a 

processor for executing digital and software instructions. The image processing device may also 

incorporate a frame grabber that uses frame grabber technology to create a digital image for 

projection as displays 123,124 on a display device 126. The displays are positioned for 

interactive viewing by the surgeon during the procedure. The two displays may be used to show 

images from two views, such as lateral and AP, or may show a baseline scan and a current scan 

of the surgical site, or a current scan and a "merged" scan based on a prior baseline scan and a 

low radiation current scan, as described herein. An input device 125, such as a keyboard or a 

touch screen, can allow the surgeon to select and manipulate the on-screen images. It is 
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understood that the input device may incorporate an array of keys or touch screen icons 

corresponding to the various tasks and features implemented by the image processing device 

122. The image processing device includes a processor that converts the image data obtained 

from the receiver 105 into a digital format. In some cases the C-arm may be operating in the 

cinematic exposure mode and generating many images each second. In these cases, multiple 

images can be averaged together over a short time period into a single image to reduce motion 

artifacts and noise.  

[048] In one aspect of the present invention, the image processing device 122 is configured to 

provide high quality real-time images on the displays 123, 124 that are derived from lower detail 

images obtained using lower doses of radiation. By way of example, FIG. 2a is a "full dose" 

(FD) X-ray image, while FIG. 2b is a low dose and/or pulsed (LD) image of the same anatomy.  

It is apparent that the LD image is too "noisy" and does not provide enough information about 

the local anatomy for accurate image guided surgery. While the FD image provides a crisp view 

of the surgical site, the higher radiation dose makes taking multiple FD images during a 

procedure highly problematic. Using the steps described herein, the surgeon is provided with a 

current image shown in FIG. 2c that significantly reduces the noise of the LD image, in some 

cases by about 90%, so that surgeon is provided with a clear real-time image using a pulsed or 

low dose radiation setting. This capability allows for dramatically less radiation exposure during 

the imaging to verify the position of instruments and implants during the procedure.  

[049] The flowchart of FIG. 3 depicts one embodiment of method according to the present 

invention. In a first step 200, a baseline high resolution FD image is acquired of the surgical site 

and stored in a memory associated with the image processing device. In some cases where the 

C-arm is moved during the procedure, multiple high resolution images can be obtained at 

different locations in the surgical site, and then these multiple images "stitched" together to form 
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a composite base image (as discussed below). Movement of the C-arm, and more particularly 

"tracking" the acquired image during these movements, is accounted for in other steps described 

in more detail herein. For the present discussion it is assumed that the imaging system is relative 

fixed, meaning that only very limited movement of the C-arm and/or patient are contemplated, 

such as might arise in an epidural pain procedure, spinal K-wire placement or stone extraction.  

The baseline image is projected in step 202 on the display 123 for verification that the surgical 

site is properly centered within the image. In some cases, new FD images may be obtained until 

a suitable baseline image is obtained. In procedures in which the C-arm is moved, new baseline 

images are obtained at the new location of the imaging device, as discussed below. If the 

displayed image is acceptable as a baseline image, a button may be depressed on a user 

interface, such as on the display device 126 or interface 125. In procedures performed on 

anatomical regions where a substantial amount of motion due to physiological processes (such 

as respiration) is expected, multiple baseline images may be acquired for the same region over 

multiple phases of the cycle. These images may be tagged to temporal data from other medical 

instruments, such as an ECG or pulse oximeter.  

[050] Once the baseline image is acquired, a baseline image set is generated in step 204 in 

which the original baseline image is digitally rotated, translated and resized to create thousands 

of permutations of the original baseline image. For instance, a typical two dimensional (2D) 

image of 128x128 pixels may be translated ±15 pixels in the x and y directions at 1 pixel 

intervals, rotated ±90 at 3' intervals and scaled from 92.5% to 107.5% at 2.5% intervals (4 

degrees of freedom, 4D), yielding 47,089 images in the baseline image set. (A three-dimensional 

(3D) image will imply a 6D solution space due to the addition of two additional rotations 

orthogonal to the x and y axis. An original CT image data set can be used to form many 

thousands of DRRs in a similar fashion.) Thus, in this step, the original baseline image spawns 
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thousands of new image representations as if the original baseline image was acquired at each of 

the different movement permutations. This "solution space" may be stored in a graphics card 

memory, such as in the graphics processing unit (GPU) of the image processing device 122, in 

step 206 or formed as a new image which is then sent to the GPU, depending on the number of 

images in the solution space and the speed at which the GPU can produce those images. With 

current computing power, on a free standing, medical grade computer, the generation of a 

baseline image set having nearly 850,000 images can occur in less than one second in a GPU 

because the multiple processors of the GPU can each simultaneously process an image.  

[051] During the procedure, a new LD image is acquired in step 208, stored in the memory 

associated with the image processing device, and projected on display 123. Since the new image 

is obtained at a lower dose of radiation it is very noisy. The present invention thus provides 

steps for "merging" the new image with an image from the baseline image set to produce a 

clearer image on the second display 124 that conveys more useful information to the surgeon.  

The invention thus contemplates an image recognition or registration step 210 in which the new 

image is compared to the images in the baseline image set to find a statistically meaningful 

match. A new "merged" image is generated in step 212 that may be displayed on display 124 

adjacent the view of the original new image. At various times throughout the procedure, a new 

baseline image may be obtained in step 216 that is used to generate a new baseline image set in 

step 204.  

[052] Step 210 contemplates comparing the current new image to the images in the baseline 

image set. Since this step occurs during the surgical procedure, time and accuracy are critical.  

Preferably, the step can obtain an image registration in less than one second so that there is no 

meaningful delay between when the image is taken by the C-arm and when the merged image is 

displayed on the device 126. Various algorithms may be employed that may be dependent on 
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various factors, such as the number of images in the baseline image set, the size and speed of the 

computer processor or graphics processor performing the algorithm calculations, the time 

allotted to perform the computations, and the size of the images being compared (e.g., 128x128 

pixels, 1024x 1024 pixels, etc). In one approach, comparisons are made between pixels at 

predetermined locations described above in a grid pattern throughout 4D space. In another 

heuristic approach, pixel comparisons can be concentrated in regions of the images believed to 

provide a greater likelihood of a relevant match. These regions may be "pre-seeded" based on 

knowledge from a grid or PCA search (defined below), data from a tracking system (such as an 

optical surgical navigation device), or location data from the DICOM file or the equivalent.  

Alternatively, the user can specify one or more regions of the image for comparison by marking 

on the baseline image the anatomical features considered to be relevant to the procedure. With 

this input each pixel in the region can be assigned a relevance score between 0 and 1 which 

scales the pixel's contribution to the image similarity function when a new image is compared to 

the baseline image. The relevance score may be calibrated to identify region(s) to be 

concentrated on or region(s) to be ignored.  

[053] In another approach, a principal component analysis (PCA) is performed, which can 

allow for comparison to a larger number of larger images in the allotted amount of time than is 

permitted with the full resolution grid approach. In the PCA approach, a determination is made 

as to how each pixel of the image set co-varies with each other. A covariance matrix may be 

generated using only a small portion of the total solution set - for instance, a randomly selected 

10% of the baseline image set. Each image from the baseline image set is converted to a column 

vector. In one example, a 70x40 pixel image becomes a 2800x1 vector. These column vectors 

are normalized to a mean of 0 and a variance of 1 and combined into a larger matrix. The 

covariance matrix is determined from this larger matrix and the largest eigenvectors are 
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selected. For this particular example, it has been found that 30 PCA vectors can explain about 

80% of the variance of the respective images. Thus, each 2800x1 image vector can be multiplied 

by a 2800x30 PCA vector to yield a 1x30 vector. The same steps are applied to the new image 

- the new image is converted to a 2800x1 image vector and multiplication with the 2800x30 

PCA vector produces a 1x30 vector corresponding to the new image. The solution set (baseline 

image) vectors and the new image vector are normalized and the dot product of the new image 

vector to each vector in the solution space is calculated. The solution space baseline image 

vector that yields the largest dot product (i.e., closest to 1) is determined to be the closest image 

to the new image. It is understood that the present example may be altered with different image 

sizes and/or different principal components used for the analysis. It is further understood that 

other known techniques may be implemented that may utilize eigenvectors, singular value 

determination, mean squared error, mean absolute error, and edge detection, for instance. It is 

further contemplated that various image recognition approaches can be applied to selected 

regions of the images or that various statistical measures may be applied to find matches falling 

within a suitable confidence threshold. A confidence or correlation value may be assigned that 

quantifies the degree of correlation between the new image and the selected baseline image, or 

selected ones of the baseline image set, and this confidence value may be displayed for the 

surgeon's review. The surgeon can decide whether the confidence value is acceptable for the 

particular display and whether another image should be acquired.  

[054] In the image guided surgical procedures, tools, implants and instruments will inevitably 

appear in the image field. These objects are typically radiodense and consequently block the 

relevant patient anatomy from view. The new image obtained in step 210 will thus include an 

artifact of the tool T that will not correlate to any of the baseline image set. The presence of the 

tool in the image thus ensures that the comparison techniques described above will not produce 
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a high degree of registration between the new image and any of the baseline image set.  

Nevertheless, if the end result of each of the above procedures is to seek out the highest degree 

of correlation, which is statistically relevant or which exceeds a certain threshold, the image 

registration may be conducted with the entire new image, tool artifact and all.  

[055] Alternatively, the image registration steps may be modified to account for the tool 

artifacts on the new image. In one approach, the new image may be evaluated to determine the 

number of image pixels that are "blocked" by the tool. This evaluation can involve comparing a 

grayscale value for each pixel to a threshold and excluding pixels that fall outside that threshold.  

For instance, if the pixel grayscale values vary from 0 (completely blocked) to 10 (completely 

transparent), a threshold of 3 may be applied to eliminate certain pixels from evaluation.  

Additionally, when location data is available for various tracked tools, algorithmically areas that 

are blocked can be mathematically avoided.  

[056] In another approach, the image recognition or registration step 210 may include steps to 

measure the similarity of the LD image to a transformed version of the baseline image (i.e., a 

baseline image that has been transformed to account for movement of the C-arm, as described 

below relative to FIG. 11) or of the patient. In an image-guided surgical procedure, the C-arm 

system acquires multiple X-ray images of the same anatomy. Over the course of this series of 

images the system may move in small increments and surgical tools may be added or removed 

from the field of view, even though the anatomical features may remain relatively stable. The 

approach described below takes advantage of this consistency in the anatomical features by 

using the anatomical features present in one image to fill in the missing details in another later 

image. This approach further allows the transfer of the high quality of a full dose image to 

subsequent low dose images.  
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[057] In the present approach, a similarity function in the form of a scalar function of the 

images is used to determine the registration between a current LD image and a baseline image.  

To determine this registration it is first necessary to determine the incremental motion that has 

occurred between images. This motion can be described by four numbers corresponding to four 

degrees of freedom - scale, rotation and vertical and horizontal translation. For a given pair of 

images to be compared knowledge of these four numbers allows one of the images to be 

manipulated so that the same anatomical features appear in the same location between both 

images. The scalar function is a measure of this registration and may be obtained using a 

correlation coefficient, dot product or mean square error. By way of example, the dot product 

scalar function corresponds to the sum of the products of the intensity values at each pixel pair 

in the two images. For example, the intensity values for the pixel located at 1234, 1234 in each 

of the LD and baseline images are multiplied. A similar calculation is made for every other pixel 

location and all of those multiplied values are added for the scalar function. It can be appreciated 

that when two images are in exact registration this dot product will have the maximum possible 

magnitude. In other words, when the best combination is found, the corresponding dot product it 

typically higher than the others, which may be reported as the Z score (i.e., number of standard 

deviations above the mean). A Z score greater than 7.5 represents a 99.9999999% certainty that 

the registration was not found by chance. It should be bome in mind that the registration being 

sought using this dot product is between a baseline image of a patient's anatomy and a real-time 

low dose image of that same anatomy taken at a later time after the viewing field and imaging 

equipment may have moved or non-anatomical objects introduced into the viewing field.  

[058] This approach is particularly suited to performance using a parallel computing 

architecture such as the GPU which consists of multiple processors capable of performing the 

same computation in parallel. Each processor of the GPU may thus be used to compute the 
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similarity function of the LD image and one transformed version of the baseline image. In this 

way, multiple transformed versions of the baseline image can be compared to the LD image 

simultaneously. The transformed baseline images can be generated in advance when the baseline 

is acquired and then stored in GPU memory. Alternatively, a single baseline image can be stored 

and transformed on the fly during the comparison by reading from transformed coordinates with 

texture fetching. In situations in which the number of processors of the GPU greatly exceeds the 

number of transformations to be considered, the baseline image and the LD image can be broken 

into different sections and the similarity functions for each section can be computed on different 

processors and then subsequently merged.  

[059] To further accelerate the determination of the best transformation to align two images, 

the similarity functions can first be computed with down-sampled images that contain fewer 

pixels. This down-sampling can be performed in advance by averaging together groups of 

neighboring pixels. The similarity functions for many transformations over a broad range of 

possible motions can be computed for the down-sampled images first. Once the best 

transformation from this set is determined that transformation can be used as the center for a 

finer grid of possible transformations applied to images with more pixels. In this way, multiple 

steps are used to determine the best transformation with high precision while considering a wide 

range of possible transformations in a short amount of time.  

[060] In order to reduce the bias to the similarity function caused by differences in the overall 

intensity levels in the different images, and to preferentially align anatomical features in the 

images that are of interest to the user, the images can be filtered before the similarity function is 

computed. Such filters will ideally suppress the very high spatial frequency noise associated 

with low dose images, while also suppressing the low spatial frequency information associated 

with large, flat regions that lack important anatomical details. This image filtration can be 
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accomplished with convolution, multiplication in the Fourier domain or Butterworth filters, for 

example. It is thus contemplated that both the LD image and the baseline image(s) will be 

filtered accordingly prior to generating the similarity function.  

[061] As previously explained, non-anatomical features may be present in the image, such as 

surgical tools, in which case modifications to the similarity function computation process may 

be necessary to ensure that only anatomical features are used to determine the alignment 

between LD and baseline images. A mask image can be generated that identifies whether or not 

a pixel is part of an anatomical feature. In one aspect, an anatomical pixel may be assigned a 

value of 1 while a non-anatomical pixel is assigned a value of 0. This assignment of values 

allows both the baseline image and the LD image to be multiplied by the corresponding mask 

images before the similarity function is computed as described above In other words, the mask 

image can eliminate the non-anatomical pixels to avoid any impact on the similarity function 

calculations.  

[062] To determine whether or not a pixel is anatomical, a variety of functions can be 

calculated in the neighborhood around each pixel. These functions of the neighborhood may 

include the standard deviation, the magnitude of the gradient, and/or the corresponding values of 

the pixel in the original grayscale image and in the filtered image. The "neighborhood" around a 

pixel includes a pre-determined number of adjacent pixels, such as a 5x5 or a 3x3 grid.  

Additionally, these functions can be compounded, for example, by finding the standard 

deviation of the neighborhood of the standard deviations, or by computing a quadratic function 

of the standard deviation and the magnitude of the gradient. One example of a suitable function 

of the neighborhood is the use of edge detection techniques to distinguish between bone and 

metallic instruments. Metal presents a "sharper" edge than bone and this difference can be 

determined using standard deviation or gradient calculations in the neighborhood of an "edge" 
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pixel. The neighborhood functions may thus determine whether a pixel is anatomic or non

anatomic based on this edge detection approach and assign a value of 1 or 0 as appropriate to the 

pixel.  

[063] Once a set of values has been computed for the particular pixel, the values can be 

compared against thresholds determined from measurements of previously-acquired images and 

a binary value can be assigned to the pixel based on the number of thresholds that are exceeded.  

Alternatively, a fractional value between 0 and 1 may be assigned to the pixel, reflecting a 

degree of certainty about the identity of the pixel as part of an anatomic or non-anatomic feature.  

These steps can be accelerated with a GPU by assigning the computations at one pixel in the 

image to one processor on the GPU, thereby enabling values for multiple pixels to be computed 

simultaneously. The masks can be manipulated to fill in and expand regions that correspond to 

non-anatomical features using combinations of morphological image operations such as erosion 

and dilation.  

[064] An example of the steps of this approach is illustrated in the images of FIGS. 4a-4p. In 

FIG. 4a, an image of a surgical site includes anatomic features (the patient's skull) and non

anatomic features (such as a clamp). The image of FIG. 4a is filtered for edge enhancement to 

produce the filtered image of FIG. 4b. It can be appreciated that this image is represented by 

thousands of pixels in a conventional manner, with the intensity value of each pixel modified 

according to the edge enhancement attributes of the filter. In this example, the filter is a 

Butterworth filter. This filtered image is then subject to eight different techniques for generating 

a mask corresponding to the non-anatomic features. Thus, the neighborhood functions described 

above (namely, standard deviation, gradient and compounded functions thereof) are applied to 

the filtered image FIG. 4b to produce different images FIGS. 4c-4j. Each of these images is 

stored as a baseline image for comparison to and registration with a live LD image.  
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[065] Thus, each image of FIGS. 4c-4j is used to generate a mask. As explained above, the 

mask generation process may be by comparison of the pixel intensities to a threshold value or by 

a lookup table in which intensity values corresponding to known non-anatomic features is 

compared to the pixel intensity. The masks generated by the threshold and lookup table 

techniques for one of the neighborhood function images is shown in FIGS. 4k-41. The masks 

can then be manipulated to fill in and expand regions that correspond to the non-anatomical 

features, as represented in the images of FIGS. 4m-4n. The resulting mask is then applied to the 

filtered image of FIG. 4b to produce the "final" baseline images of FIGS. 4o-4p that will be 

compared to the live LD image. As explained above, each of these calculations and pixel 

evaluations can be performed in the individual processors of the GPU so that all of these images 

can be generated in an extremely short time. Moreover, each of these masked baseline images 

can be transformed to account for movement of the surgical field or imaging device and 

compared to the live LD image to find the baseline image that yields the highest Z score 

corresponding to the best alignment between baseline and LD images. This selected baseline 

image is then used in manner explained below.  

[066] Once the image registration is complete, the new image may be displayed with the 

selected image from the baseline image set in different ways. In one approach, the two images 

are merged, as illustrated in FIGS. 5a, b. The original new image is shown in FIG. 5a with the 

instrument T plainly visible and blocking the underlying anatomy. A partially merged image 

generated in step 212 (FIG. 3) is shown in FIG. 5b in which the instrument T is still visible but 

substantially mitigated and the underlying anatomy is visible. The two images may be merged 

by combining the digital representation of the images in a conventional manner, such as by 

adding or averaging pixel data for the two images. In one embodiment, the surgeon may identify 

one or more specific regions of interest in the displayed image, such as through the user 
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interface 125, and the merging operation can be configured to utilize the baseline image data for 

the display outside the region of interest and conduct the merging operation for the display 

within the region of interest. The user interface 125 may be provided with a "slider" that 

controls the amount the baseline image versus the new image that is displayed in the merged 

image. In another approach, the surgeon may alternate between the correlated baseline image 

and the new image or merged image, as shown in FIGS. 6a, b. The image in FIG. 6a is the 

image from the baseline image set found to have the highest degree of correlation to the new 

image. The image in FIG. 6b is the new image obtained. The surgeon may alternate between 

these views to get a clearer view of the underlying anatomy and a view of the current field with 

the instrumentation T, which in effect by alternating images digitally removes the instrument 

from the field of view, clarifying its location relative to the anatomy blocked by it.  

[067] In another approach, a logarithmic subtraction can be performed between the baseline 

image and the new image to identify the differences between the two images. The resulting 

difference image (which may contain tools or injected contrast agent that are of interest to the 

surgeon) can be displayed separately, overlaid in color or added to the baseline image, the new 

image or the merged image so that the features of interest appear more obvious. This may 

require the image intensity values to be scaled prior to subtraction to account for variations in 

the C-arm exposure settings. Digital image processing operations such as erosion and dilation 

can be used to remove features in the difference image that correspond to image noise rather 

than physical objects. The approach may be used to enhance the image differences, as described, 

or to remove the difference image from the merged image. In other words, the difference image 

may be used as a tool for exclusion or inclusion of the difference image in the baseline, new or 

merged images.  
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[068] As indicated above, the present invention also contemplates a surgical navigation 

procedure in which the imaging device or C-arm 103 is moved. Thus, the present invention 

contemplates tracking the position of the C-arm rather than tracking the position of the surgical 

instruments and implants as in traditional surgical navigation techniques, using commercially 

available tracking devices or the DICOM information from the imaging device. Tracking the C

arm requires a degree of accuracy that is much less than the accuracy required to track the 

instruments and implants. In this embodiment, the image processing device 122 receives 

tracking information from the tracking device 130. Advantageously, this embodiment ensures 

that the surgeon sees an image that is consistent with the actual surgical site regardless of the 

orientation of the C-arm relative to the patient.  

[069] Tracking the position of the C-arm can account for "drift", which is a gradual 

misalignment of the physical space and the imaging (or virtual) space. This "drift" can occur 

because of subtle patient movements, inadvertent contact with the table or imaging device and 

even gravity. This misalignment is often visually imperceptible, but can generate noticeable 

shifts in the image viewed by the surgeon. These shifts can be problematic when the surgical 

navigation procedure is being performed (and a physician is relying on the information obtained 

from this device) or when alignment of new to baseline images is required to improve image 

clarity. The use of image processing eliminates the inevitable misalignment of baseline and new 

images. The image processing device 122 further may incorporate a calibration mode in which 

the current image of the anatomy is compared to the predicted image. The difference between 

the predicted and actual movement of the image can be accounted for by an inaccurate 

knowledge of the "center of mass" or COM, described below, and drift. Once a few images are 

obtained and the COM is accurately established, recalibration of the system can occur 

automatically with each successive image taken and thereby eliminating the impact of drift.  
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[070] The image processing device 122 may operate in a "tracking mode" in which the 

movement of the C-arm is monitored and the currently displayed image is moved accordingly.  

The currently displayed image may be the most recent baseline image, a new LD image or a 

merged image generated as described above. This image remains on one of the displays 123, 

124 until a new picture is taken by the imaging device 100. This image is shifted on the display 

to match the movement of the C-arm using the position data acquired by the tracking device 

130. A tracking circle 240 may be shown on the display, as depicted in FIGS. 7a, 6b. The 

tracking circle identifies an "in bounds" location for the image. When the tracking circle appears 

in red, the image that would be obtained with the current C-arm position would be "out of 

bounds" in relation to a baseline image position, as shown in FIG. 7a. As the C-arm is moved 

by the radiology technician the representative image on the display is moved. When the image 

moves "in bounds", as shown in FIG. 7b, the tracking circle 240 turns green so that the 

technician has an immediate indication that the C-arm is now in a proper position for obtaining a 

new image. The tracking circle may be used by the technician to guide the movements of the C

arm during the surgical procedure. The tracking circle may also be used to assist the technician 

in preparing a baseline stitched image. Thus, an image position that is not properly aligned for 

stitching to another image, as depicted in FIG. 8a, will have a red tracking circle 240, while a 

properly aligned image position, as shown in FIG. 8b, will have a green tracking circle. The 

technician can then acquire the image to form part of the baseline stitched image.  

[071] The present invention contemplates a feature that enhances the communication between 

the surgeon and the radiology technician. During the course of a procedure the surgeon may 

request images at particular locations or orientations. One example is what is known as a 

"Ferguson view" in spinal procedures in which an AP oriented C-arm is canted to align directly 

over a vertebral end plate with the end plate oriented "flat" or essentially parallel with the beam 
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axis of the C-arm. Obtaining a Ferguson view requires rotating the C-arm or the patient table 

while obtaining multiple AP views of the spine, which is cumbersome and inaccurate using 

current techniques, requiring a number of fluoroscopic images to be performed to find the one 

best aligned to the endplate. The present invention allows the surgeon to overlay a grid onto a 

single image or stitched image and provide labels for anatomic features that can then be used by 

the technician to orient the C-arm. Thus, as shown in FIG. 9a, the image processing device 122 

is configured to allow the surgeon to place a grid 245 within the tracking circle 240 overlaid 

onto a Lateral image. The surgeon may also locate labels 250 identifying anatomic structure, in 

this case spinal vertebrae. In this particular example, the goal is to align the L2-L3 disc space 

with the center grid line 246. To assist the technician, a trajectory arrow 255 is overlaid onto the 

image to indicate the trajectory of an image acquired with the C-arm in the current position. As 

the C-arm moves, changing orientation off of pure AP, the image processing device evaluates 

the C-arm position data obtained from the tracking device 230 to determine the new orientation 

for trajectory arrow 255. The trajectory arrow thus moves with the C-arm so that when it is 

aligned with the center grid line 246, as shown in FIG. 9b, the technician can shoot the image 

knowing that the C-arm is properly aligned to obtain a Ferguson view along the L3 endplate.  

Thus, monitoring the lateral view until it is rotated and centered along the center grid line allows 

the radiology technician to find the AP Ferguson angle without guessing and taking a number of 

incorrect images.  

[072] The image processing device may be further configured to show the lateral and AP 

views simultaneously on respective displays 123 and 124, as depicted in FIG. 10. Either or both 

views may incorporate the grid, labels and trajectory arrows. This same lateral view may appear 

on the control panel 110 for the imaging system 100 for viewing by the technician. As the C

arm is moved to align the trajectory arrow with the center grid line, as described above, both the 
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lateral and AP images are moved accordingly so that the surgeon has an immediate perception 

of what the new image will look like. Again, once the technician properly orients the C-arm, as 

indicated by alignment of the trajectory arrow with the center grid line, a new AP image is 

acquired. As shown in FIG. 10, a view may include multiple trajectory arrows, each aligned 

with a particular disc space. For instance, the uppermost trajectory arrow is aligned with the LI 

L2 disc space, while the lowermost arrow is aligned with the L5-S1 disc space. In multiple level 

procedures the surgeon may require a Ferguson view of different levels, which can be easily 

obtained by requesting the technician to align the C-arm with a particular trajectory arrow.  

[073] In another feature, a radiodense asymmetric shape can be placed in a known location on 

the C-arm detector. This creates the ability to link the coordinate frame of the C-arm to the 

arbitrary orientation of the C-arm's image coordinate frame. As the C-arm's display may be 

modified to generate an image having any rotation or mirroring, detecting this shape radically 

simplifies the process of image comparison and image stitching. Thus, as shown in FIG. 11, the 

baseline image B includes the indicia "K" at the 9 o'clock position of the image. The new image 

N is obtained in which the indicia has been rotated by the physician or technologist away from 

the default orientation. Comparing this new image to the baseline image set is unlikely to 

produce any registration between images due to this angular offset. In one embodiment, the 

image processing device detects the actual rotation of the C-arm from the baseline orientation 

while in another embodiment the image processing device uses image recognition software to 

locate the "K" indicia in the new image and determine the angular offset from the default 

position. This angular offset is used to alter the rotation and/or mirror image the baseline image 

set. The baseline image selected in the image registration step 210 is maintained in its 

transformed orientation to be merged with the newly acquired image. This transformation can 

include rotation and mirror-imaging, to eliminate the display effect that is present on a C-arm.  
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[074] In another aspect, it is known that as the C-arm radiation source 104 moves closer to the 

table, the size of the image captured by the receiver 105 becomes larger; moving the receiver 

closer to the table results in a decrease in image size. Whereas the amount that the image scales 

with movements towards and away from the body can be easily determined, if the C-arm is 

translated along the table, the image will shift, with the magnitude of that change depending 

upon the proximity of the "center of mass" (COM) of the patient to the radiation source.  

Although the imaged anatomy is of 3D structures, with a high degree of accuracy, 

mathematically we can represent this anatomy as a 2D picture of the 3D anatomy placed at the 

COM of the structures. Then, for instance, when the COM is close to the radiation source, small 

movements will cause the resulting image to shift greatly. Until the COM is determined, though, 

the calculated amount that the objects on the screen shift will be proportional to but not equal to 

their actual movement. The difference is used to calculate the actual location of the COM. The 

COM is adjusted based on the amount that those differ, moving it away from the radiation 

source when the image shifted too much, and the opposite if the image shifts too little. The 

COM is initially assumed to be centered on the table to which the reference arc of the tracking 

device is attached. The true location of the COM is fairly accurately determined using the initial 

two or three images taken during initial set-up of the imaging system, and reconfirmed/adjusted 

with each new image taken. Once the COM is determined in global space, the movement of the 

C-arm relative to the COM can be calculated and applied to translate the baseline image set 

accordingly for image registration.  

[075] The image processing device 122 may also be configured to allow the surgeon to 

introduce other tracked elements into an image, to help guide the surgeon during the procedure.  

A closed-loop feedback approach allows the surgeon to confirm that the location of this 

perceived tracked element and the image taken of that element correspond. Specifically, the live 
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x-ray and the determined position from the surgical navigation system are compared. In the 

same fashion that knowledge of the baseline image, through image recognition, can be used to 

track the patient's anatomy even if blocked by radiodense objects, knowledge of the radiodense 

objects, when the image taken is compared to their tracked location, can be used to confirm their 

tracking. When both the instrument/implant and the C-arm are tracked, the location of the 

anatomy relative to the imaging source and the location of the equipment relative to the imaging 

source are known. This information can thus be used to quickly and interactively ascertain the 

location of the equipment or hardware relative to the anatomy. This feature can, by way of 

example, have particular applicability to following the path of a catheter in an angio procedure, 

for instance. In a typical angio procedure, a cine, or continuous fluoro, is used to follow the 

travel of the catheter along a vessel. The present invention allows intersplicing previously 

generated images of the anatomy with the virtual depiction of the catheter with live fluoro shots 

of the anatomy and actual catheter. Thus, rather than taking 15 fluoro shots per second for a 

typical cine procedure, the present invention allows the radiology technician to take only one 

shot per second to effectively and accurately track the catheter as it travels along the vessel. The 

previously generated images are spliced in to account for the fluoro shots that are not taken. The 

virtual representations can be verified to the live shot when taken and recalibrated if necessary.  

[076] In certain procedures it is possible to fix the position of the vascular anatomy to larger 

features, such as nearby bones. This can be accomplished using DRRs from prior CT 

angiograms (CTA) or from actual angiograms taken in the course of the procedure. Either, 

approach may be used as a means to link angiograms back to bony anatomy and vice versa. To 

describe in greater detail, the same CTA may be used to produce different DRRs, such as DRRs 

highlighting just the bony anatomy and another in a matched set that includes the vascular 

anatomy along with the bones. A baseline fluoro image taken of the patient's bony anatomy can 
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then be compared with the bone DRRs to determine the best match. Instead of displaying the 

result using bone only DRR, the matched DRR that includes the vascular anatomy can be used 

to merge with the new image. In this approach, the bones help to place the radiographic position 

of the catheter to its location within the vascular anatomy. Since it is not necessary to 

continually image the vessel itself, as the picture of this structure can be overlaid onto the bone 

only image obtained, the use of contrast dye can be limited versus prior procedures in which the 

contrast dye is necessary to constantly see the vessels.  

[077] Following are examples of specific procedures utilizing the features of the image 

processing device discussed above. These are just a few examples as to how the software can be 

manipulated using different combinations of baseline image types, display options, and radiation 

dosing and not meant to be an exhaustive list.  

Pulsed New Image / Alternated with / Baseline of FD Fluoro or preoperative X-ray 

[078] A pulsed image is taken and compared with a previously obtained baseline image set 

containing higher resolution non-pulsed image(s) taken prior to the surgical procedure.  

Registration between the current image and one of the baseline solution set provides a baseline 

image reflecting the current position and view of the anatomy. The new image is alternately 

displayed or overlaid with the registered baseline image, showing the current information 

overlaid and alternating with the less obscured or clearer image.  

Pulsed New Image / Alternated with / Baseline derived from DRR 

[079] A pulsed image is taken and compared with a previously obtained solution set of 

baseline images, containing higher resolution DRR obtained from a CT scan. The DRR image 

can be limited to just show the bony anatomy, as opposed to the other obscuring information 

that frequently "cloud" a film taken in the OR (e.g. - bovie cords, EKG leads, etc.) as well as 
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objects that obscure bony clarity (e.g. - bowel gas, organs, etc.). As with the above example, 

the new image that is registered with one of the prior DRR images, and these images are 

alternated or overlaid on the display 123, 124.  

Pulsed New Image / Merged instead of Alternated 

[080] All of the techniques described above can be applied and instead of alternating the new 

and registered baseline images, the prior and current image are merged. By performing a 

weighted average or similar merging technique, a single image can be obtained which shows 

both the current information (e.g. - placement of instruments, implants, catheters, etc.) in 

reference to the anatomy, merged with a higher resolution picture of the anatomy. In one 

example, multiple views of the merger of the two images can be provided, ranging from 100% 

pulsed image to 100% DRR image. A slide button on the user interface 125 allows the surgeon 

to adjust this merger range as desired.  

New image is a small segment of a larger baseline image set 

[081] The imaging taken at any given time contains limited information, a part of the whole 

body part. Collimation, for example, lowers the overall tissue radiation exposure and lowers the 

radiation scatter towards physicians but at the cost of limiting the field of view of the image 

obtained. Showing the actual last projected image within the context of a larger image (e.g. 

obtained prior, preoperatively or intraoperatively, or derived from CTs) - merged or alternated 

in the correction location - can supplement the information about the smaller image area to 

allow for incorporation into reference to the larger body structure(s). The same image 

registration techniques are applied as described above, except that the registration is applied to a 

smaller field within the baseline images (stitched or not) corresponding to the area of view in the 

new image.  

30



Same as above, located at junctional or blocked areas 

[082] Not infrequently, especially in areas that have different overall densities (e.g. - chest vs.  

adjacent abdomen, head/neck/cervical spine vs. upper thorax), the area of an x-ray that can be 

clearly visualized is only part of the actual image obtained. This can be frustrating to the 

physician when it limits the ability to place the narrow view into the larger context of the body 

or when the area that needs to be evaluated is in the obscured part of the image. By stitching 

together multiple images, each taken in a localized ideal environment, a larger image can be 

obtained. Further, the current image can be added into the larger context (as described above) to 

fill in the part of the image clouded by its relative location.  

Unblocking the hidden anatomy or mitigating its local effects 

[083] As described above, the image processing device performs the image registration steps 

between the current new image and a baseline image set that, in effect, limits the misinformation 

imparted by noise, be it in the form of x-ray scatter or small blocking objects (e.g. - cords, etc.) 

or even larger objects (e.g. - tools, instrumentation, etc.). In many cases, it is that part of the 

anatomic image that is being blocked by a tool or instrument that is of upmost importance to the 

surgery being performed. By eliminating the blocking objects from the image the surgery 

becomes safer and more efficacious and the physician becomes empowered to continue with 

improved knowledge. Using an image that is taken prior to the noise being added (e.g. - old 

films, baseline single FD images, stitched together fluoro shots taken prior to surgery, etc.) or 

idealized (e.g. - DRRs generated from CT data), displaying that prior "clean" image, either 

merged or alternated with the current image, will make those objects disappear from the image 

or become shadows rather than dense objects. If these are tracked objects, then the blocked area 

can be further deemphasized or the information from it can be eliminated as the mathematical 

comparison is being performed, further improving the speed and accuracy of the comparison.  
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[084] The image processing device configured as described herein provides three general 

features that (1) reduce the amount of radiation exposure required for acceptable live images, (2) 

provide images to the surgeon that can facilitate the surgical procedure, and (3) improve the 

communication between the radiology technician and the surgeon. With respect to the aspect of 

reducing the radiation exposure, the present invention permits low dose images to be taken 

throughout the surgical procedure and fills in the gaps created by "noise" in the current image to 

produce a composite or merged image of the current field of view with the detail of a full dose 

image. In practice this allows for highly usable, high quality images of the patient's anatomy 

generated with an order of magnitude reduction in radiation exposure than standard FD imaging 

using unmodified features present on all common, commercially available C-arms. The 

techniques for image registration described herein can be implemented in a graphic processing 

unit and can occur in a second or so to be truly interactive; when required such as in CINE 

mode, image registration can occur multiple times per second. A user interface allows the 

surgeon to determine the level of confidence required for acquiring registered image and gives 

the surgeon options on the nature of the display, ranging from side-by-side views to fade in/out 

merged views.  

[085] With respect to the feature of providing images to the surgeon that facilitate the surgical 

procedure, several digital imaging techniques can be used to improve the user's experience. One 

example is an image tracking feature that can be used to maintain the image displayed to the 

surgeon in an essentially a "stationary" position regardless of any position changes that may 

occur between image captures. In accordance with this feature, the baseline image can be fixed 

in space and new images adjust to it rather than the converse. When successive images are taken 

during a step in a procedure each new image can be stabilized relative to the prior images so that 

the particular object of interest (e.g. - anatomy or instrument) is kept stationary in successive 
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views. For example, as sequential images are taken as a bone screw is introduced into a body 

part, the body part remains stationary on the display screen so that the actual progress of the 

screw can be directly observed.  

[086] In another aspect of this feature, the current image including blocking objects can be 

compared to earlier images without any blocking objects. In the registration process, the image 

processing device can generate a merged image between new image and baseline image that 

deemphasizes the blocking nature of the object from the displayed image. The user interface 

also provides the physician with the capability to fade the blocking object in and out of the 

displayed view.  

[087] In other embodiments in which the object itself is being tracked, a virtual version of the 

blocking object can be added back to the displayed image. The image processing device can 

obtain position data from a tracking device following the position of the blocking object and use 

that position data to determine the proper location and orientation of the virtual object in the 

displayed image. The virtual object may be applied to a baseline image to be compared with a 

new current image to serve as a check step - if the new image matches the generated image 

(both tool and anatomy) within a given tolerance then the surgery can proceed. If the match is 

poor, the surgery can be stopped (in the case of automated surgery) and/or recalibration can take 

place. This allows for a closed-loop feedback feature to facilitate the safety of automation of 

medical intervention.  

[088] For certain procedures, such as a pseudo-angio procedure, projecting the vessels from a 

baseline image onto current image can allow a physician to watch a tool (e.g. - micro-catheter, 

stent, etc.) as it travels through the vasculature while using much less contrast medium load. The 

adjacent bony anatomy serves as the "anchor" for the vessels - the bone is essentially tracked, 
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through the image registration process, and the vessel is assumed to stay adjacent to this 

structure. In other words, when the anatomy moves between successive images, the new image 

is registered to a different one of the baseline image set that corresponds to the new position of 

the "background" anatomy. The vessels from a different but already linked baseline image 

containing the vascular structures can then be overlaid or merged with the displayed image 

which lacks contrast. If necessary or desired, intermittent angios can be taken to confirm. When 

combined with a tracked catheter, a working knowledge of the location of the instrument can be 

included into the images. A cine (continuous movie loop of fluoro shots commonly used when 

an angiogram is obtained) can be created in which generated images are interspliced into the 

cine images, allowing for many fewer x-rays to be obtained while an angiogram is being 

performed or a catheter is being placed. Ultimately, once images have been linked to the original 

baseline image, any of these may be used to merge into a current image, producing a means to 

monitor movement of implants, the formation of constructs, the placement of stents, etc.  

[089] In the third feature - improving communication - the image processing device 

described herein allows the surgeon to annotate an image in a manner that can help guide the 

technician in the positioning of the C-arm as to how and where to take a new picture. Thus, the 

user interface 125 of the image processing device 122 provides a vehicle for the surgeon to add 

a grid to the displayed image, label anatomic structures and identify trajectories for alignment of 

the imaging device. As the technician moves the imaging device or C-arm, the displayed image 

is moved. This feature allows the radiology tech to center the anatomy that is desired to be 

imaged in the center of the screen, at the desired orientation, without taking multiple images 

each time the C-arm is brought back in the field to obtain this. This feature provides a view 

finder for the C-arm, a feature lacking currently. The technician can activate the C-arm to take a 

new image with a view tailored to meet the surgeon's expressed need.  
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[090] In addition, linking the movements of the C-arm to the images taken using DICOM data 

or a surgical navigation backbone, for example, helps to move the displayed image as the C-arm 

is moved in preparation for a subsequent image acquisition. "In bound" and "out of bounds" 

indicators can provide an immediate indication to the technician whether a current movement of 

the C-arm would result in an image that cannot be correlated or registered with any baseline 

image, or that cannot be stitched together with other images to form a composite field of view.  

The image processing device thus provides image displays that allow the surgeon and technician 

to visualize the effect of a proposed change in location and trajectory of the c-arm. Moreover, 

the image processing device may help the physician, for instance, alter the position of the table 

or the angle of the C-arm so that the anatomy is aligned properly (such as parallel or 

perpendicular to the surgical table). The image processing device can also determine the center 

of mass (COM) of the exact center of an x-rayed object using two or more x-ray shots from two 

or more different gantry angles/positions, and then use this COM information to improve the 

linking of the physical space (in millimeters) to the displayed imaging space (in pixels).  

[091] The image recognition component disclosed herein can overcome the lack of knowledge 

of the location of the next image to be taken, which provides a number of benefits. Knowing 

roughly where the new image is centered relative to the baseline can limit the need to scan a 

larger area of the imaging space and, therefore, significantly increase the speed of image 

recognition software. Greater amounts of radiation reduction (and therefore noise) can be 

tolerated, as there exists an internal check on the image recognition. Multiple features that are 

manual in the system designed without surgical navigation, such as baseline image creation, 

switching between multiple baseline image sets, and stitching, can be automated. These features 

are equally useful in an image tracking context.  
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[092] As described above, the systems and methods correlate or synchronize the previously 

obtained images with the live images to ensure that an accurate view of the surgical site, 

anatomy and hardware, is presented to the surgeon. In an optimum case, the previously obtained 

images are from the particular patient and are obtained near in time to the surgical procedure.  

However, in some cases no such prior image is available. In such cases, the "previously obtained 

image" can be extracted from a database of CT and DRR images. The anatomy of most patients 

is relatively uniform depending on the height and stature of the patient. From a large database of 

images there is a high likelihood that a prior image or images of a patient having substantially 

similar anatomy can be obtained. The image or images can be correlated to the current imaging 

device location and view, via software implemented by the image processing device 122, to 

determine if the prior image is sufficiently close to the anatomy of the present patient to reliably 

serve as the "previously obtained image" to be interspliced with the live images.  

[093] The display in FIG. 10 is indicative of the type of display and user interface that may be 

incorporated into the image processing device 122, user interface 125 and display device 126.  

For instance, the display device may include the two displays 122, 123 with "radio" buttons or 

icons around the perimeter of the display. The icons may be touch screen buttons to activate the 

particular feature, such as the "label", "grid" and "trajectory" features shown in the display.  

Activating a touch screen or radio button can access a different screen or pull down menu that 

can be used by the surgeon to conduct the particular activity. For instance, activating the "label" 

button may access a pull down menu with the labels "Ll", "L2", etc., and a drag and drop feature 

that allows the surgeon to place the labels at a desire location on the image. The same process 

may be used for placing the grid and trajectory arrows shown in FIG. 10.  

[094] While the invention has been illustrated and described in detail in the drawings and 

foregoing description, the same should be considered as illustrative and not restrictive in 
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character. It is understood that only the preferred embodiments have been presented and that all 

changes, modifications and further applications that come within the spirit of the invention are 

desired to be protected.  

[095] A reference herein to a patent document or any other matter identified as prior art, is not 

to be taken as an admission that the document or other matter was known or that the information 

it contains was part of the common general knowledge as at the priority date of any of the 

claims.  

[096] Where any or all of the terms "comprise", "comprises", "comprised" or "comprising" are 

used in this specification (including the claims) they are to be interpreted as specifying the 

presence of the stated features, integers, steps or components, but not precluding the presence of 

one or more other features, integers, steps or components.  
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What is claimed is: 

1. A method for generating a display of an image of a patient's internal anatomy in a 

surgical field during a medical procedure, comprising: 

acquiring an image of the surgical field with the imaging device in a first orientation; 

displaying the acquired image including overlaying an indicia on the displayed image 

indicative of a desired field of view for the new image wherein the desired field 

of view corresponds to an orientation for stitching multiple new images of the surgical 

field; 

moving the imaging device, patient, or table from the first orientation; 

tracking the movement of the imaging device, patient, or table from the first orientation; 

moving the displayed image in relation to the tracked movement prior to acquiring a new 

image of the surgical field with the imaging device.  

2. The method of claim 1, wherein the step of moving the displayed image includes 

compensating for errors in the movement of the displayed image generated by the position of the 

imaging device relative to the surgical field.  

3. The method of claim 2, wherein the step of compensating for errors includes 

determining the center of mass for the surgical field and adjusting the movement of the 

displayed image based on the position of the imaging device relative to the center of mass.  

4. A method according to any one of the preceding claims, wherein the indicia is 

displayed in a first state when the displayed image is outside the desired field of view and a 

second state when the displayed image is within the desired field of view.  
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5. The method of claim 4, wherein the imaging device is moved in response to the 

state of the indicia.  

6. The method of claim 4, wherein the patient or table is moved while the imaging 

device remains stationary to position the patient with the surgical field within the desired field of 

view.  

7. A method according to any one of the preceding claims, therein the step of 

displaying the acquired image includes overlaying an indicia on the displayed image indicative 

of the position of the imaging device relative to a global coordinate system.  

8. A method according to any one of the preceding claims, further comprising the 

step of overlaying an indicia indicative of a desired movement of the displayed image.  

9. The method of claim 8, wherein the indicia is a grid overlaid on the displayed 

image that remains stationary relative to the displayed image as the displayed images moves.  

10. The method of claim 9, wherein the indicia includes a trajectory indicator 

indicative of the direction of view for the new image that moves with the displayed image.  

11. The method of claim 10, wherein the imaging device is moved until the trajectory 

indicator is aligned with part of the grid prior to acquiring the new image.  
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12. A method according to any one of the preceding claims, further comprising the 

step of overlaying identifiers corresponding to the anatomic features in the displayed image that 

move with the displayed image.  

13. A method according to any one of the preceding claims, further comprising; 

acquiring the new image; comparing the new image to the displayed image and adjusting the 

displayed image to eliminate any drift between the two images.  

14. A method according to any one of the preceding claims, further comprising; 

acquiring the new image; 

comparing the new image to the displayed image and adjusting the displayed image to 

stabilize the location of the anatomy displayed.  

15. A method according to any one of the preceding claims, further comprising: 

receiving position data from an image guidance system; and 

correlating the displayed image to the position data and adjusting the displayed image 

accordingly.  

16. A method according to any one of the preceding claims, in which the medical 

procedure is a surgical navigation procedure in which the position of an object, such as a tool or 

instrument, is tracked, wherein the new image includes an image of the tool or instrument; and 

the method further comprises: 

introducing a representation of the object on the acquired image; 
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after moving the displayed image in relation to the tracked movement, acquiring position 

data corresponding to the tracked position of the object and comparing the position data with the 

position of the object on the moved image; and 

recalibrating the moved image based on the comparison of the position data with the 

position of the object on the moved image.  
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