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Purpose / Objectives: 

 

 

 

 

 

  
 

Methods 
 

Following CT simulation of a head and neck phantom,  

DICOM imaging data was transferred to the radiation 

treatment planning system (TPS, EclipseTM). Within the 

TPS a custom bolus was created around the upper right 

ear of the CIRSTM head and neck phantom with the goal 

of covering an area of irregular shape and changing skin 

contours where standard slab bolus leaves air gaps and 

can be difficult to mold to the body. 

 

The custom bolus was created within the TPS as a 

DICOM-RT structure.  The bolus structure can be 

manipulated, allowing various sizes and locations with 

forward planning.  The location and dimensions of the 

bolus were varied in an attempt to decrease unnecessary 

dose to organs at risk, while optimizing the coverage and 

dose homogeneity of the planned target volumes. 

 

Following generation of the customized bolus within the 

TPS it was translated into a digital object that could be  

3-D printed. We developed an algorithm to translate the 

custom bolus from the  DICOM-RT file format to a three-

dimensionally printed file format, stereolithography (.stl). 

Stereolithography is a common file format used in 3-D 

printers from the hobbyist to commercial levels.   

 

Printing of the customized bolus was then performed 

with an Ultimaker 2TM 3-D printer.  The Ultimaker 2TM 

utilizes a specialized software, CuraTM, to establish print 

settings to adjust both quality and speed.  The printer 

uses fused filament fabrication (FFF) technique, which 

works by depositing material in successive layers, 

typically utilizing an amorphous plastic filament. 

 

 

When treating head and neck, cutaneous or other 

superficial cancers with electron radiotherapy, custom 

bolus is often used to optimize dose distribution to 

improve treatment volume coverage and minimize dose 

to normal tissues.   

 

Here we attempt to improve on this custom bolus 

technique with patient specific three-dimensionally 

printed bolus.  

Results 

Table 1.  Hounsfield and density data, averaged from an area 

of interest from the axial CT simulation.  

Figure 1.  Screen shots of the DICOM – RT data.  The black and white picture on the left shows an axial slice of the custom 

bolus wrapped around the ear of the head phantom.  The picture on the right is a three dimensional representation of the 

custom bolus on a skin rendering of the DICOM dataset.  

Conclusion 

Methods 

Multiple trials were performed to optimize the printing 

technique using the FFF style printer with NinjaflexTM, 

PLA and ABS. 

 

Figure 2. shows a visual comparison of various 

treatment plans created in the EclipseTM TPS. 

 

Although material heterogeneity (air bubbles) appear 

on the bolus on the CT simulation, this appears to 

have minimal effect on the dose distribution 

 

Head and neck electron radiotherapy can be 

individualized with a 3-D printed custom bolus, which may 

be optimized by forward planning and precisely modeled 

for consistent setup. 

 

Fabrication inconsistencies are present in the layering of 

some printed material.  This effects the homogeneity of 

the material (as seen in Figure 2). This may have unclear 

and inconsistent effects on the electron radiation beam 

and resultant dosimetry.   

 

This model is currently under pre-clinical testing and is 

not finalized for patient use.  

 

Future directions will investigate the use of photo polymer 

resin based printing as an alternative to fused filament 

fabrication in an attempt to minimize heterogeneity. 

 

 

 

 

 

Results 

 

In an attempt to create a bolus that would accurately 

approximate to body contours, a flexible material, 

NinjaflexTM, was chosen as the primary material for the 

print. We also attempted to print the bolus in polylactic acid 

(PLA) and acrylonitrile butadiene styrene (ABS) to perform 

dosimetric comparison of each material. 

 

After the custom bolus was successfully printed;  the bolus 

was placed on the CIRSTM phantom over the ear with a thin 

layer of surgical lubricant placed between the printed bolus 

and the body contour of the phantom.  

 

A CT simulation was then performed with the custom bolus 

in place.  This CT data was transferred to the EclipseTM TPS 

and an electron radiation plan was created. 
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Material 
Hounsfield  

Units 
Density (g/cm3) 

ABS 10 HU 1.0486 

PLA 200 HU 1.1400 

NinjaflexTM 80 HU 0.9622 

Figure 2. Screen shots of the treatment plans created in EclipseTM.  Each plan is identically created with 9E electrons, 105 

SSD, with a 5 x 3 cm electron cutout on a 10 x 10 cm cone. Material from left to right is ABS, PLA and NinjaflexTM , 

respectively.  
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