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102. Abstract. 
Objective
Matching of prone and supine positions in 

CT colonography may improve accuracy of polyp detection. 

The purpose of this study was to investigate the feasibility 

of automatic prone-supine matching in CT colonography 

using proven polyps as fixed points of reference. 

Material and Methods
The method is based on similarities in the direction of 

centre-lines and allows for compression and extraction of 

the centre-lines in both positions. To illustrate the impact of 

the match error of the new method in practice, the visibility 

of the matched polyps in a primary three-dimensional 

unfolded cube setting was determined as well. The method 

was compared with a method that relies on the normalized 

distance along the centre-line (NDAC method).

Results
The median absolute match error was 14 mm (range 

0–59 mm, average 20 mm) either proximal or distal from 

the actual polyp in prone position. In the observer study, 

70% (26/37) of the polyps were directly visible in prone 

view. The overall difference in median absolute match 

error between both methods was small (2 mm), although 

half way along the centre-line there were polyps with 

substantial differences in match error (larger with NDAC). 

Conclusion
We concluded that automated prone-supine matching of 

CT colonography studies is feasible and has a low match 

error. The difference with the NDAC method was small 

and not significant, although half way along the centre-line 

some differences were seen.
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Introduction
Colorectal cancer is the second leading cause of cancer-

related mortality in the western world. CT colonography 

is considered as a potential screening tool for colorectal 

cancer. To improve the accuracy of polyp detection, 

patients are both scanned and examined in the prone and 

supine position. Combining information from these scans 

will assist the reviewer in evaluating colon segments and 

differentiating polyps from faeces or folds. As most faecal 

material is subject to gravity, combining both scans may be 

able to increase specificity of CT colonography. 

Since reference-points (e.g. hepatic flexure) are often not 

fixed, manual verification of findings on supine and prone 

positions may be a time-consuming activity. Using an 

automated supine-prone matching algorithm may facilitate 

this process, and may lead to a more efficient interpretation 

of CT colonography. 

The method evaluated in this article is based on similarities 

in direction of the centre-line and allows for compression 

and extraction of the centre-lines in both positions.

The first aim of the study was to assess the feasibility of 

automated matching of supine and prone CT colonography 

examinations with colonoscopically proven polyps as 

fixed points of reference. Therefore the match error was 

calculated. The visibility of matched polyps was determined 

as well. This was carried out in a three-dimensional setting 

after a match with this new method was calculated. Third, 

the method was compared with a method that relies on the 

relative location between start and end of both paths.

Materials and methods
To evaluate the algorithm, CT colonography examinations 

with colonoscopically proven polyps (>5 mm) were used. 

These examinations formed part of a comparative study 

of CT colonography and colonoscopy in a surveillance 

population [1]. All polyps could be identified three 

dimensionally in both prone and supine positions. The 

polyps in both positions were linked, based on the three 

criteria of size, location and morphology. Polyps were 

excluded in cases where there could be doubt about the 

accuracy of these links.

After manual insufflation of colon and rectum and 

intravenous administration of either 20 mg butylscopolamine 

bromide (Buscopan; Boehringer-Ingelheim, Ingelheim, 

Germany) or 1 mg glucagon hydrochloride (Glucagen; 

Novo Nordisk A/S, Bagsvaerd, Denmark), patients were 

scanned with a four-slice CT scanner (Mx8000; Philips 

Medical Systems, Best, The Netherlands) in supine and 

prone positions. Scanparameters were as follows: 120 kV, 

collimation 4 mm 62.5 mm, rotation-time 0.75 s, pitch 1.25, 

slice-thickness 3.2 mm, reconstruction interval 1.6 mm and 

reconstruction filter C. The tube-current varied between 25 

mAs and 70 mAs depending on the waist circumference of 

the patient.

Following scanning, centre-lines were calculated 

semiautomatically; a ‘‘seed’’ was placed in the proximal colon 

and discontinuities of the colon were bridged manually. 

For calculation of the centre-line, software was used to 

reconstruct the colon three-dimensionally (Easy Vision; 

Philips Medical Systems, Best, The Netherlands). The 

matching of prone and supine was performed based on two 

principles:

1    maximal alignment of centre-line-directions of both 

prone and supine positions.

2    limited compression or expansion of the centrelines to 

make the maximal alignment of corresponding segments 

possible. 

In order to reach maximal alignment, the outcome of the 

following function needs to be minimum:

(xdiri – xdirj)² + (ydiri – ydirj)² + (zdiri – zdirj)²fi,j =

Low values of fi,j imply a small difference in centre-line 

direction (dir) between sample points i (prone) and j (supine) 

in the three dimensions (x, y and z), indicating a good 

match. In this step, the points with the same direction in 

both positions are therefore matched as well as possible.

Second, since corresponding directions of both centrelines 
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expansion and compression of the paths was applied. To 

avoid matching of the hepatic flexure in supine position 

to a curvature in the sigmoid colon in prone position, a 

penalty-value for expansion and compression of the paths 

was applied. This penalty value was proportional to the 

expansion or compression used. Therefore, the more the 

centre-line was manipulated in order to match parts with a 

similar direction, the higher the penalty value was.

The sum of the outcome of the function of maximal 

alignment and the penalty value of the expansion/ 

compression formed the match cost.

With the use of dynamic programming [2], the match cost 

was computed for each possible combination of points 

on the centre line in both positions. The combination of 

points was made such that the total cost (i.e. the sum of all 

individual costs) was minimal.

The performance of the algorithm was measured using the 

absolute match error (in millimetres). This match error was 

calculated by measuring the distance from the actual polyp 

location to the calculated (expected) polyp position, [A] 

(Figure 7.1). This was done along the central axis in prone 

position after the match was made.

To illustrate the impact of the match error of the new 

method in practice, the visibility of the matched polyps in 

a primary three-dimensional unfolded cube setting was 

determined as well. This was done by a research fellow (JF, 

medical doctor), who had evaluated over 100 primary three-

dimensional 

CT-colonographies (all colonoscopically verified). The 

reviewer was presented a polyp in supine position that was 

to be indicated in the adjacent prone position, after the 

match was calculated (Figure 7.2). 

The visibility was measured on a four point scale:

I.    The corresponding polyp was clearly visible without 

scrolling along the central axis.

II.    As I, but to be certain the reviewer scrolled along the 

central axis.

III.   The corresponding polyp could not be seen instantly, 

but was traceable after scrolling along the central 

axis within a margin of 150 mm from the calculated 

location.

IV.   The corresponding polyp could not be found by the 

reviewer within a margin of 150 mm from the initial 

spot of the virtual camera.

The match was considered successful if the matched polyp 

could be classified under category 1 or 2. This method was 

compared with a method based on the relative location 

between start and endpoint of this centre line (Normalized 

Distance Along the Centre-line, NDAC) [3]. Here, the 

beginning of the centre-line, the caecum, is located at 

index 0 on the path and the end, the rectum, is defined as 

index 1. All other points will have indices between 0 and 1. 

The NDAC absolute match error is then defined as: 

Absolute match error= 

[NDACpolypsupine-NDACpolypprone] × Length Central 

Axis prone

Supine

Prone

Polyp position

Calculated polyp position

Match error

Camera position

Calculated cameraposition

A

A

F I G U R E  7 . 1
The performance of the algorithm was calculated by measuring 
the distance from the actual polyp location in supine position to 
the calculated (expected) polyp position in prone position after the 
match was made. (A, match error). 
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F I G U R E  7 . 2
User interface panel shows both the supine and prone dataset in 
an unfolded three-dimensional rendering, in a twodimensional axial 
rendering and in a volume rendered overview of the colon. On 
the left the supine position was displayed, on the right the prone 
position. Interactive navigation along the pre-calculated centre-line 
was possible. This panel shows a calculated match. In this example 
a match error of 27 mm was measured and the corresponding polyp 
was immediately visible (category I). This match error must not be 
confused with the difference in ‘‘distance along path’’. The matching 
was evaluated with the use of a colonoscopically proven polyp 
(arrow) (Prototype based on EasyVision; Philips Medical Systems, 
Best, The Netherlands). 

The Wilcoxon-test was performed to test for differences in 

absolute match error in both methods. The null hypothesis 

was that there was no difference between both methods. 

With a p-value of less than 0.05, this hypothesis could be 

rejected. 

Results
32 of the 249 CT colonography studies from the former 

study included one or more polyps >5 mm that were 

visible in both supine and prone examinations. These 32 

examinations included 53 polyps (5 mm or larger) visible 

in both positions. One polyp in two patients was excluded 

because of invisibility on the three dimensional display. 

These polyps in the rectum were both hidden behind the 

balloon of the inserted catheter and could only be seen in a 

two-dimensional read.

One patient was excluded because 12 of the 14 polyps 

were situated in the rectum and sigmoid. Here there could 

be doubt about the correctness of the exact linking of the 

polyps seen in colonoscopy and colonography since many 

morphologically less specific polyps were seen. 
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Relative location along the centre-line

F I G U R E  7 . 3
A   The absolute match error of the method based on the maximal alignment of the centre-line plotted against the relative location of a polyp 

along the centre-line in supine position. The 0 on the x-axis corresponds to caecum and 1 to rectum.
B   The absolute match error of the NDAC method plotted against the relative location of a polyp along the centre-line in supine position. 

The 0 on the x-axis corresponds to caecum and 1 to rectum. The three arrows indicate polyps from three different patients with a relatively 
large absolute match error.

In total, 16 polyps in three patients were excluded.

Of the remaining 37 polyps, 26 (70%) were sessile, 

8 (22%) were pedunculated and 3 (8%) were flat. 

24 polyps were 5–9 mm, 11 polyps were 10–14 mm 

and 2 polyps were larger than 15 mm. These were both 

carcinomas (5%). Of the remaining polyps 14 (38%) were 

adenomas, 10 (27%) were non-adenomas and of the 

remaining polyps histology was not obtained.

Two polyps were situated in the descending colon and 

four polyps in the rectum. In the remaining four segments, 

7 to 9 polyps were situated. Four of the 29 patients had 

undergone a hemicolectomy. 

The median absolute match error was 14 mm (range 

0– 59 mm, average 20 mm) either proximal or distal from 

the actual polyp in prone position. In the observer study, 

70% (26/37) of the polyps was directly visible in prone 

view. Of these directly visible polyps, 20 polyps (54%) were 

seen instantly without flying though the colon (category I), 

the remaining 6 polyps (16%) were also instantly visible, 

but the observer chose to move the virtual camera over 

a small distance to verify the polyp (category II). The 

remaining 11 polyps (30%) could not be seen instantly 

but all were found after a flight through the colon within 

150 mm of the matching position (category III).

When the NDAC method was applied to our 

CT colonography examinations, this resulted in a median 

absolute match error of 16 mm (range 0.5–105 mm, 

average 26 mm), slightly larger than the other method. 

There was no significant difference (p50.502) in match 

error between both methods. 

Half way along the centre-line three polyps were visible, 

with a substantial difference in match error in favour of the 

method of maximal alignment of centrelines (Figure 7.3). 

These polyps were all situated in the transverse colon. None 

of these three patients had undergone a hemicolectomy.

Discussion
This study shows that the matching of prone and supine 

CT colonography examinations is feasible; the median 

absolute match error was 14 mm and 70% of all polyps 

were visible after the match was made.

The overall difference in median absolute match error 

between both methods was small (2 mm), although 

half way along the centre-line there were polyps with 

substantial differences in match error (larger with NDAC). 

All these polyps were situated in the transverse colon.

The transverse colon is the largest intraperitoneally situated 

colonic segment [4] that can move relatively freely in the 
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abdominal cavity. We assume that this is the most mobile 

part of the colon, based on our observations of the three-

dimensional overviews in both positions. The fact that 

polyps with a substantial difference in match error are 

situated in this segment might suggest that the method 

that relies on maximal alignment of centre-lines has an 

advantage in this mobile region. 

The methods of matching prone and supine positions 

were evaluated based on the assumption that the included 

polyps were (immobile) true polyps and, second, that the 

actual link between these polyps in both positions was 

correct. In case there was doubt about the status of the 

polyp and linking, the polyp was excluded. With these 

exclusion criteria a very robust reference standard was 

created. Consequently, using this reference standard we 

were able to determine most precisely the matching quality 

of the methods.

Matching is important in determining whether a suspected 

lesion is a polyp or faecal material. A rule of thumb is that a 

suspected lesion with an unchanged position in prone and 

supine is most likely a polyp, while a change of position 

is related to stool. An accurate matching algorithm is 

therefore helpful to reduce the number of false positive 

findings in an efficient way. 

Pitfalls in diagnosis can be caused by adherent stool 

mimicking a polyp, in case faecal tagging is absent or 

inadequate. On the other hand, pedunculated polyps (large 

stalk) or polyps situated in mobile segments may move 

(or seem to move) when both positions are compared. 

Therefore, when assessing whether a suspicious finding is 

a polyp, it is important not only to take the location into 

account, but also homogeneity and morphology of the 

lesion.

Incorporated in a CAD algorithm, this matching tool 

could also be used to reduce the number of false positive 

findings. Na¨ppi et al [5] used a region-growing scheme 

with distance calculations to divide the colonic lumen into 

overlapping segments that match in the supine and prone 

data sets. Polyp candidates detected by means of a CAD 

scheme were eliminated if they could be seen in only one 

of the two corresponding segments.

A limiting factor for generalizing the visibility of the 

matched polyps is the use of a 3D unfolded cube method 

for reviewing the data. Using this method, 70% of the 

polyps could be seen instantly when the match was made. 

This review method may have had a positive influence on 

the percentage of polyps that were seen instantly, since the 

unfolded cube display method creates a 360°view without 

major distortion of the image.

Although evaluated here in a 3D-setting, the method of 

matching prone and supine datasets can be applied in a 

2Dsetting as well. This can be done on condition that a 

centreline is calculated through both corresponding colons. 

Theoretically, the matching quality of the method of 

maximal alignment is not altered by absence of a part of 

the beginning or ending of a centre-line in one position 

(e.g. caecum or rectum). In other words, the absence of 

baseline adjustment, a condition in other clinically evaluated 

methods [3, 6, 7], will not have a large influence on the 

match error in this new method. This baseline adjustment 

may not be possible in patients with an inadequately 

distended or insufficiently cleansed caecum or rectum in 

one position. Although this condition was not present in 

any of the data sets used, this proposition was confirmed 

in a test case. Here we removed 50 cm of the beginning of 

the centre-line without large consequences for the match 

error in the remaining colon segments.

The design of this feasibility study, with selected polyps 

as fixed reference points, precludes an assessment of 

the clinical value of the matching tool. Further study 

should assess matching quality and time efficiency of the 

matching tool in a series of unselected CT colonography 

examinations.

From this study we conclude that automated pronesupine 

matching of CT colonography studies is feasible and 

the difference in median absolute match error from 

theNDACmethodwas small and not significant, although 

half way along the centre-line (transverse colon) more 

pronounced differences were seen in some cases.
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