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INTRODUCTION METHOD, CONTINUED 7 — g mmen gtes CONCLUSIONS

Silicone boluses provide a conformal and flexible solution to

. . . . . . When the mold design is complete, the model of the digital object of the bolus * The novel software technology introduces an etficient solution for design ot a
achieving required dose build-up in radiation therapy. This

_ (inside the mold) is exported to the planning system to confirm shape, location, ‘ 3D printable mc_)ld for silicone bolu;, reguiring approximately 10 minutes for the
approgch has been shown to be feagble for head-and-neck and to allow dose calculation. Upon import to the TPS, the object is predefined i software steps in the 3DBolus application.
radiation therapy [1] and when applied to treatment of non- | ~

melanoma skin cancer, has introduced both dosimetric and \(/:vcl)t:ﬁthuerarte)llzt:\éetﬁéegtrol?cgﬁgi|ty of the silicone material (figure f), which is g = !Dedic_ated Softvyare tools en_ab_led necessary steps -for mold fabricatior_l,_
workflow advantages [2]. J PP ' ‘ including cropping for 3D printing and silicone pouring, as well as addition of

"he planning approach for this case was delivery of 50 Gy in 20 fractions, using | alignment guides for the mold.
nree co-planar, ipsilateral 6 MV VMAT arcs. |

However, the method requires detailed software design to provide
a mold for fabrication of silicone bolus. To date, no dedicated or
regulatory-cleared software solution has been available. This case "he mold object is 3D-printed using Fused Deposition Modeling (FDM) using (b) Initial bolus in TPSL
study evaluates a new module of a commercial solution facilitating polylactic acid (PLA). The mold object may be printed with low infill (e.g. 15%) for |
this technique. speed. For this case, the printing required approximately eight hours with 0.5

mm layer height but did not require user interaction during this time.

The workflow provides a closed-loop approach, exporting the designed object
back to the TPS, allowing verification recalculation of the plan, incorporating
the final bolus object.

(f) Dose calculation in TPS with final silicone bolus object

The manufactured bolus showed excellent uniformity and a mean relative
electron density of 1.13 based on CT imaging.
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When complete, the mold halves are assembled and sealed with caulking. A

AI M skin-safe silicone (EcoFlex 30) is poured in the mold and allowed to set for four
hours, then released (figure g). No desiccation was used, e.g., for evacuation of
air during the curing process.

The silicone bolus was easily positioned by therapists and well tolerated by the
patient.

The bolus showed acceptable accuracy, with repositioning and re-acquisition of

The aim of this study was to develop and evaluate a workflow CBCT required only once in 20 fractions over the treatment course.

using a novel, CE-mark and FDA 510(k)-cleared software
technology (3Dbolus, Adaptiiv Medical Technologies,

www.adaptiiv.com) facilitating design and production of a 3D A verification CT may be performed to check the fit and uniformity of the bolus
printed silicone mold bolus, interfacing directly with the treatment (figure i). Although the step in (figure f) can provide a final treatment plan with AC KN OWLE DG E M E NTS
planning system (TPS). The method is demonstrated in the the assumption of accurate positioning, optionally, the plan can be recalculated
treatment of an 81-year-old male patient presenting a squamous on this CT dataset for comparison. On treatment, daily CBCT was used to __-; N This work was supported by Adaptiiv Medical Technologies.
cell carcinoma of the left ear and pre-auricular area. assess positioning and fitting of the bolus (figure j).

The final silicone bolus is fitted to the patient (figure h). The bolus was held in
place using a gauze mesh. Patient immobilization is formed over the bolus.
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(c) Automated mold design in Adaptiiv 3DBolus
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METHOD RESULTS

« The new software application provided fast and largely automated design of

The clinical target volume (CTV) and planning target volume - . . . (d) Cropping for printing and filling /¢
(PTV) were defined based on CT in TPS (EClipSG V136) to a slicone bOIUS, requinng apprOXImater 10 minutes at the software Step. , ' ' ificati j) Da|Iy verlflcatlon on CBCT

include the left ear and pre-auricular area (figure a). « The manufacturing process required approximately 4 hours for 3D printing, 7 é A ,‘%H 'f’f f‘!'* ”\
} "“" f

An initial 1 em-thick bolus was defined in the TPS to cover the altho_ugh this ste_p requires ng user interaction. The pouring/removal process y \hf‘i, h\ m% L f REFERENCES
PTV with an approximate 2 cm margin (figure b). requires approximately 30 minutes. ! ”’” el )

The TPS interfaces with the 3DBolus application (Adaptiiv The verification CT confirmed accurate shape and positioning of the bolus 1. Chiu et al. Three-dimensional Printer-Aided Casting of Soft, Custom Silicone

Medical Technologies) to allow import of the CT and structure (figure 1) relative to the designed object exported to the treatment planning i A byl Boluses (SCSBs) for Head and Neck Radiation Therapy. Pract Radiat Oncol 2018
data. Upon import, the bolus structure is smoothed adaptively to system (figure f). ' gl . 8(3):€167-e174.

avoid CT-slice artifacts. The resultant silicone bolus was seen to be highly uniform on CT with a s
With knowledge of the bolus and skin surface, 3DBolus mean HU of 160 (approximate relative electron density of 1.13). No air voids 2. Canters et al. Clinical Implementation of 3D Printing in the Construction of Patient
automatically produces a two-part shell-type mold that includes a were apparent. Specific Bolus for Electron Beam Radiotherapy for Non-Melanoma Skin Cancer.

seam (figure c) for subsequent separation and releasing of the (k) CBCT on fraction one (I Fraction 20 (final) m) Fraction 15, mispositioned ion 15, Radiother Oncol 2016 121(1):148-153.
bolus. « Daily CBCT showed consistent and accurate i

_ positioning throughout the treatment course
The planner can crop the mould with up to two planes, e.g., to (figures k and I).

create an opening for filling, and to provide a flat surface to on - 00 . " f y v Gy | p i x. o | & | - W A T
support on the 3D printer bed (figure d). * Unly one Iraction o required a correction o ok ey Tn ' ReTA Y mTl | k - WL
o | bolus positioning (figures m and n). )& 3 & , ) CONTACT INFORMATION
To ensure precise fitting of the two halves of the mold, alignment : Ny ¥ James Robar, PhD. FCCPM
guides are included in the 3DBolus application, adding a set | f Y& | '

hemispherical mortise/tenon interlocking features. These are
configurable in number and dimension (figure e).
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