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Introduction
Deformable image registration improves the soft tissue alignment 

between different image datasets where the organ motion or 
deformation exists. Using this technique, radiation dose distribution 
from one image geometry can be more accurately transformed to 
the other images [1]. Deformable dose accumulation is an emerging 
method to accumulate the radiation dose from each fraction and 
evaluate the final dose distribution from radiation therapy [2]. Studies 
have shown the accuracy of deformable image registration in medical 
images and the advantage of dose transformation based on it [3,4]. 
Deformable image registration is being incorporated into more 
commercial software systems to assist with this procedure. 

In this study, we applied the deformable dose accumulation 
to pelvic cases treated with intensity-modulated radiation therapy 
(IMRT). A commercial software system, MIMvista (Version 4.2.2; 
MIMvista Corp., Cleveland, OH), was used. The differences between 
accumulated dose with deformation and the dose from planning were 
compared to demonstrate the application of this method in radiation 
dose evaluation.

Material and Methods
Two pelvic IMRT cases which were treated in our hospital 

were studied. The treatment target were prostate fossa and bladder 
respectively. The anatomy changes of the critical structures such as 
rectum, bladder, or small bowel and the planning target volume (PTV) 
were considered in these cases. The contours of the PTV and the organs 
at risk (OARs) were drawn on planning CT by physician. The CMS 
XiO (CMS Inc., St. Louis, MO) treatment planning system was used to 
generate IMRT plans for both cases. Daily on-line kV cone-beam CT 
(CBCT) images were taken using X-ray Volumetric Imager (XVI) of 
Elekta Synergy (Elekta Oncology Systems Ltd., Crawley, UK) treatment 
machine, to correct the patient setup through rigid alignment between 
planning CT and CBCT images. The planning CT, daily CBCT images, 
contours, and dose distribution calculated from treatment planning 
system were used to perform the deformable dose accumulation using 
the method described in the next section.

Deformable dose accumulation

Dose in each fraction was derived from planning dose by 
applying rigid transformation accounting for setup corrections. The 
tranformation map was from the rigid registration between planning 
CT and the daily CBCT. Registration was done using MIMvista 
software system and adjusted manually if necessary. The transfer of 
planning dose on planning CT to CBCT geometry includes the patient 
setup corrections with CBCT image guidance. The fraction doses on 
CBCTs were then deformed to a same reference geometry to allow 
deformable dose accumulation. The deformation map needed for 
this conversion was derived from the deformable image registration 
process. The reference geometry is the first fraction CBCT which was 
used to accumulate the dose since it is taken the closest in time as the 
planning CT and the software system has better performance when 
using the same modality images for deformable registration [5]. The 
deformable image registration was done between CBCT from first 
fraction and the CBCTs from other fractions. Finally, the fraction doses 
on reference geometry (i.e. the first CBCT geometry in this case) were 
added up to get the accumulated dose. The schematic diagram of the 
method is shown in Figure 1. 

Validation of deformable image registration

The accuracy of deformable image registration has to be validated 
since the reliability of dose accumulation result is highly dependent 
on it. In this study, some typical anatomical points were identified in 
both images before the registration. These anatomical points should 
be chosen so as they are easy to identify with high confidence and 
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Abstract
This study aims at a method that employs deformable dose accumulation for the evaluation of the results of 

intensity-modulated radiation therapy (IMRT) in pelvic cases. Each fraction dose was derived from the planning 
dose through rigid transformation accounting for setup corrections. Daily cone-beam CT (CBCT) images were used 
to deform the daily fraction dose to a reference geometry, which in our study was the first fraction geometry. A 
commercial software system, MIMvista, was used to perform deformable image registration, dose deformation, and 
dose accumulation. The differences in distributions of accumulated dose and planned dose were observed. The 
application of deformable dose accumulation is particularly useful in final accumulated dose evaluation throughout 
radiotherapy treatment, especially for the cases where there are significant deformations of planning target volume 
(PTV) and organs at risk (OARs).
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minimum variability, so that the corresponding points in two images 
represent exactly same anatomical locations. After deformable image 
registration between the two images, those marker points in the 
secondary image are moved with deformation and should match the 
corresponding points in the reference image. By comparing the overlap 
of these pre-identified anatomical points, the registration result is 
validated in some extent. 

Dose distribution evaluation

The dose distributions from deformable accumulation and direct 
accumulation (the first fraction dose multiplied by the number of 

fractions) were compared in terms of isodose lines and dose-volume 
histograms (DVHs). The contours used to generate DVH information 
included PTV and OARs which were derived from rigid transformation 
from the planning CT, with possible manual modifications.

Results and Discussion
Figure 2 shows an example of deformable image registration 

validation with an anatomical point chosen at the superior tip of left 
femoral head. The points were marked with pink cross both in reference 
CBCT image (Figure 1a) and secondery CBCT image (Figure 2b) from 
the prostate fossa case. Before image registration, the two points showed 
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Figure 1: Schematic diagram of the method. k : Number of fractions.

Figure 2: Validation of deformable image registration between two CBCTs from the prostate fossa case. (a) Reference CBCT image with the tip of left femoral head 
marked (pink cross). (b) Sencondary CBCT image with the tip of left femoral head marked (pink cross). (c) The distance between the selected anatomical points 
before image registration. Points are overlaid on the secondary CBCT image.  (d) Secondary image after deformable registration to the reference image, showing 
excellent match between two pink points.  
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Figure 3: Dose distributions from direct dose accumulation (left image) and 
deformable dose accumulation (right image) on an axial slice of the prostate 
fossa case. Three contours shown in the images are PTV (dark blue), blad-
der (yellow), and rectum (green). Red isodose line is for the prescription 
dose of 6840cGy. 

Figure 4: DVH for PTV and OARs derived from direct dose accumulation 
(solid lines) and deformable dose accumulation (dotted lines) in the prostate 
fossa case.

Figure 5: DVH for target and OARs derived from direct dose accumulation 
(solid lines) and deformable dose accumulation (dotted lines) in the blad-
der case.

secondary CBCT image were deformed to the reference image (Figure 
1d) and the marked anatomical points in deformed secondary image 
and in reference image showed good agreement with less than 0.5 
mm distance (Figure 1d). It is also worth noting that the image after 
registration (Figure 1d) showed significant change in bladder and 
rectum shapes, distinguishing the deformable transformation from 
rigid alignment. The other anatomical points used for validation of 
image registration also showed an alignment accuracy of less than 2 
mm in this study.

Figure 3 shows an example of the dose distribution differences 
displayed on an axial slice from the prostate fossa case. The left image 
represents the dose distribution from direct accumulation and the 
right image is for deformable dose accumulation displayed on the same 
slice. Three contours displayed are PTV (dark blue), bladder (yellow), 
and rectum (green). The isodose line (red) for the prescription dose 
(6840cGy) is also shown in both images to demonstrate differences.

The DVH curves for the PTV and OARs of the prostate fossa 
case are shown in Figure 4. Histograms calculated from direct dose 
accumulation (solid lines) and deformable dose accumulation (dotted 
lines) are plotted together for comparison. It can be seen that there 
is almost no difference in DVH curves for left and right hips where 
positional changes are expected to be minimal. In contrast, the 
DVHs for structures that are less rigid show differences when the 
deformable dose accumulation was used. PTV coverage by the 
prescription dose (6840cGy) decreased from 93.7% (with direct dose 
accumulation) to 88.9% (with deformable dose accumulation). The 
V45Gy (the percentage volume that receives more than 45Gy) for 
bladder and rectum were 41.1% and 33.1% respectively with direct 
dose accumulation and changed to 36.6% and 35.7% with deformable 
accumulation. Figure 5 shows the DVH for a different site in the pelvis 
(bladder). The figure shows small differences for all DVH curves.

Conclusions
A method of deformable dose accumulation with daily kV CBCT 

with a software system was described in this study. The application 
of this method for two pelvic IMRT cases showed its benefit in the 
evaluation of accumulated dose distribution. 
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more than 8mm distance when overlaid together on the secondary 
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