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2 CASE STUDY: ROBAR ET AL.

This study demonstrates the practical use of 3D printed bolus for postmastectomy radiation therapy. In a sample 

of 16 patients each treated at least 4 times with 3D bolus, the accuracy of fit of the 3D bolus to the chest wall 

was improved relative to standard sheet (SuperFlab) bolus, with the frequency of air gaps ≥5 mm reduced from 

30% to 13%. Surface dose, as measured using in vivo dosimetry, was within 3% for sheet and 3D printed bolus, 

and there was no significant difference between sheet and 3D printed bolus with regard to agreement with the 

treatment planning system. The setup time was reduced only marginally with 3D printed bolus (from 104 to 76 

seconds); however, this time saving must be weighed against the considerable time required for fabrication of the 

bolus (median, 10.8 hours; mean, 12.6 ± 5.4 hours) and related quality assurance, although the printing process 

was found to be largely automated. 

Results / Findings

Summary

1. 3D printed bolus in postmastectomy radiation therapy improves fit of the bolus and reduces  
     patient setup time (from 104 to 76 seconds on average in this study).

2. The accuracy of fit of the bolus to the chest wall was improved significantly relative to standard  
     sheet bolus, with the frequency of air gaps 5 mm or greater reduced from 30% to 13%  
     (P < .001) and maximum air gap dimension diminished from 0.5 ± 0.3 to 0.3 ± 0.3 mm on average.

Bolus of 5.0 mm thickness was defined in the treatment planning system and exported as a polygon file format 

object. This structure was then manipulated in 3D design software to apply smoothing and to crop at the inferior 

edge for subsequent adhesion to the 3D printer build plate. An example bolus is shown in Figure 1 (A). All 

boluses were 3D printed using fused deposition modeling of polylactic acid (PLA) filament. This material offers 

the advantages of being nontoxic, easily cleaned during the treatment course, and, compared with some other 

materials, faster during 3D printing.

Fabrication and Treatment

FIgure 1.
(A) Example of a 3-dimensional printed bolus
(B) locations of 7 OSLDs (labeled A to G) relative to patient and tangential fields
(C) embedded OSLD contained by in-printed pocket, where OSLD is flush with the skin side of the bolus surface.
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Why Choose Adaptiiv?

• Adaptiiv is a turnkey, regulatory cleared 3D printing solution with over 60 customers in 16 
countries worldwide. 

• We have FDA 510(k) clearance and our CE Mark while maintaining an ISO 13485 compliant 
quality management system. 

• Our solution provide cancer centers with software, a 3D printer, and filament materials – all 
of which have been fully validated for use in radiation oncology. 

• A major benefit of our software is its integration with the clinically commissioned TPS. This 
allows you to import the patient-specific bolus designed in our software back into your TPS 
for verification against the initial treatment plan that was created. 

• This reduces risk and ensures that the bolus being printed matches the bolus in the TPS plan. 

Direct Integration with 
Existing RT Workflow

Regulatory Cleared 
Software

Validated 3D Printers & 
Filament Materials 

https://www.youtube.com/watch?v=QE6Zp-OPL5s
https://youtu.be/72Z2nqMyZIg
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Simple Bolus Overview

Our Simple Bolus software module allows users to 
confidently create patient-specific accessories that 
significantly reduce air gaps, spare healthy tissue, 
and provide superior dose distribution compared to 
traditional methods.

Our regulatory cleared software converts patient 
DICOM data into a digital model which can be 3D 
printed, no matter the size or complexity.

What Customers Are Saying
An individual was already 2 weeks into their treatment plan and the clinic was struggling with the time 
required to fabricate the device using standard sheet bolus. Since the patient was already undergoing 
treatment, we wanted to make the bolus as fast as possible. Using Adaptiiv’s software solution 
we were able to print the entire bolus overnight, ensuring it was ready for the next day’s treatment.  

BRIAN OVERSHINER 
STAFF RADIATION THERAPIST 

INDIANA UNIVERSITY SCHOOL OF MEDICINE
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Simple Bolus
Improve treatment accuracy and comply with regulatory bodies with 
Adaptiiv’s patient-specific bolus. 

Adaptiiv provides a regulated 3D printing solution that is fully validated 
for use in radiation oncology. Adaptiiv’s solution eliminates the guesswork 
in plan verification because it integrates directly with the clinically 
commissioned TPS and allows users to verify their plan against the patient-
specific bolus prior to printing.

“3D printed bolus reduced total air gap volume by a factor 
ranging from 1.4 to 16.3.” (Robar et al. 2016)

Key Benefits
• The only regulated solution that allows users to customize a bolus, seamlessly export the modified structure 

back into their TPS and then use their clinically commissioned TPS to calculate dose.

• Patient-specific fit reduces air gaps and surface dose uncertainty providing superior fit compared to traditional 
sheet bolus while improving treatment accuracy.

• Adaptiiv eliminates the need for multiple, 3rd party software solutions that require excessive design time, 
can’t be easily verified in your TPS, and do not have regulatory clearance.

• Users can have confidence that what is planned in the TPS will result in a printed accessory that follows strict 
QA requirements used in the field of radiation therapy.

• Cleaving function allows users to easily cleave a bolus or applicator into two parts (at any angle) to treat 
complex patient anatomies, such as large extremities.

• In Vivo Dosimetry function allows users to automatically create and print dosimeter pockets directly within 
a bolus or applicator, enabling real-time recording of dose received by individual patients.

“Adaptiiv has enabled us to confidently tackle situations 
where we would normally struggle to apply bolus. The 
benefit has already been seen in reduced setup times, 
improved patient comfort and reproducibility. The 
ability to print the precise bolus required for electrons 
or photons is a powerful tool in an RT department.”

CIARAN MALONE, MEDICAL PHYSICIST

SAINT LUKE’S RADIATION ONCOLOGY NETWORK

DUBLIN IRELAND



Clinical Benefits

Radiation Oncologist Medical Physicist Radiation Therapist /
Dosimetrist 

Administrator

Patient Consult Highlight/demonstrate 
use of innovative 
technology to improve 
reproducibility and 
accuracy during 
treatment delivery.

Highlight/demonstrate 
use of innovative 
technology to promote 
center’s modern 
approach to treatment.

CT Simulation Improve patient 
comfort through 
simplified, faster setup 
during CT simulation 
and treatment.

Increased efficiency 
and confidence. Manual 
bolus fabrication is 
replaced by 3D printing 
bolus workflow. 
Workflow is simplified 
& objective vs. manual 
bolus fabrication.

3D printed bolus 
meets requirements 
for existing billing 
codes: can be billed 
as a patient-specific 
complex device.

 Image contouring Standard TPS 
contouring tools are 
used to design the 
patient-specific bolus 
based on the CT scan 
and body contour. 
This structure will be 
a fabricated patient-
specific bolus.

Treatment Planning Bolus shape during 
treatment planning 
accurately reflects 
bolus shape during 
treatment delivery. 
This is not true of 
conventional methods 
such as Superflab.

Seamless integration 
to existing TPS means 
faster, cheaper setup.

Plan Quality Assurance Rigorous pre-Tx QA 
of bolus is simple (CT 
scan) and verification 
of placement on patient 
does not need to impact 
patient workflow (CT, 
CBCT).

Improve the accuracy of 
treatment delivery.

Patient Setup at Tx 
Unit

Setup is simplified and 
objective versus manual 
bolus and provides 
increased confidence in 
the delivery of the plan.

Increased RT 
confidence, as a result 
of simplified setup, 
means less consult calls 
to the unit.

Shown to decrease 
setup time for complex 
cases by as much as 
30%.

Increases efficiencies 
leading to increased 
throughput and 
capacity.

Image Guidance CBCT assessments 
of conformity 
demonstrate improved 
reproducibility.

CBCT can be used to 
assess conformity.

CBCT can be used to 
assess conformity.



In Vivo Dosimetry
In Adaptiiv’s 3D printing software solution, users can automatically 
create and print dosimeter pockets directly within a bolus for real-time 
dose measurement. Appropriately-sized caps fill the printed pockets 
when dosimeters are not in use.

Key Benefits
• In vivo dosimetry (IVD) use in external beam radiotherapy (EBRT) helps identify potential errors in dose 

calculation, data transfer, dose delivery, patient setup, and changes in patient anatomy.

• IVD enables real-time recording of dose received by individual patients.

• Reference points made in a treatment planning system populate the list of available dosimeter types.

• New custom-sized dosimeter pockets are easily added in Adaptiiv software and configured depending on the 
type of dosimeters used.

• Corresponding pocket caps are printed for when the dosimeter is not being used.

“We 3D printed, then scanned the bolus on the patient. The bolus fit very well and the dosimetry 
was excellent, especially with regard to 90% dose conformity. All are pleased, including our 
Radiation Oncologist, Medical Physicist and Radiation Therapists involved. A plan like this 
wouldn’t be possible any other way.“ 

- NOVA SCOTIA HEALTH AUTHORITY

Figure 1. 3D Bolus software showing in vivo dosimeter marker 
selection on a Modulated Electron Bolus.

Figure 2. 3D Bolus software showing 
in vivo dosimeter pocket created, 
configurable to account for any size 
and shape of dosimeter.



Patient Case Study: Simple Bolus
University of Chicago Comprehensive Cancer Center   
Silver Cross Hospital, New Lenox, IL, USA

Overview 
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to develop low cost, high performing medical tools that supersede existing conventional technologies. The 
following case demonstrates the application of our technology used in clinical radiation oncology through the 
creation of simple bolus for electron radiotherapy. This case is a great example of how Adaptiiv’s software can be 
effectively used to create a custom-shaped bolus around the nose.

Patient History
A 57-year-old female was treated at the University of Chicago Comprehensive Cancer Center at Silver Cross 
Hospital for the management of basal cell carcinoma after Mohs micrographic surgery to the right nose. Her 
treatment options included skin graft procedure versus radiation therapy, and the patient elected for the latter.

Description
This case study demonstrates a clinical application of 3D printing in clinical radiation oncology through the 
creation of bolus to treat a 57-year-old female with basal cell carcinoma of the right nose. The plan was to do a 
mini CT scan first to create a 3D bolus, and then do a full CT simulation with the 3D printed bolus on the patient’s 
right nose and treat her disease with one electron field. The application of bolus was necessary to deliver the 
prescribed dose to the skin surface.



Results / Findings 
The custom bolus was designed by Adaptiiv software and fit perfectly. Based on the 
treatment planning computed tomography (CT), the size of the largest air gap at 
the interface of the 3D printed structure was 2mm. An acceptable treatment plan 
was obtained (90% isodose to 100% of GTV) (see Figure 3). The 3D printed bolus 
was rigid and could be reproducibly placed at the times of planning CT and daily 
treatments, without causing discomfort.

Summary 

• The Adaptiiv software solution was used to create a patient-specific bolus with superior fit compared to a 
wax bolus. 

• 3D printing was used to create a custom-shaped bolus to follow surface irregularities around the nose and fill 
in the air space, reducing air gaps to no larger than 2mm.

• An acceptable treatment plan was obtained (90% isodose to 100% of GTV).

• The 3D printed bolus could be reproducibly placed at the times of planning CT and daily treatments, improving 
patient experience and comfort.

Fabrication and Treatment 
The bolus was designed in order to achieve optimal dose distribution to the small target volume in the right nose 
and spare tissues distal to it. The width of the bolus was intended to cover the GTV with 20mm margins. Uniform 
thickness of 7mm was used. DICOM images of the bolus were converted to a stereolithography file. The end 
product was fabricated with the Airwolf 3D AXIOM 20 M printer, using Cheetah™ by NinjaTek™ TPU filament 
– both the printer and filament are fully validated for use with Adaptiiv’s solution. The printing duration was 
approximately 3 hours. The patient received 45Gy over 15 fractions @ 6 MeV.

Figure 2. Corresponding CT slices superior-inferior of the right nose with 
the wax bolus.

Figure 1. Axial CT slices superior-inferior of the right nose with the 3D 
printed bolus.

Figure 3. Acceptable 
treatment plan with the 3D 
printed bolus to the right nose.



Patient Case Study: Lymphoma Requiring Full Leg Wrap Bolus
Department of Medical Physics    
Saint Luke’s Radiation Oncology Network, Dublin, Ireland

Overview 
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centres with the hardware, software, and materials 
to develop low cost, high performing medical tools that supersede existing conventional technologies. The 
following case demonstrates the application of Adaptiiv’s 3D printing software solution used in clinical radiation 
oncology through the creation of a conformal, flexible full leg wrap bolus. This case is a great example of how 
Saint Luke’s Radiation Oncology Network (SLRON) was able to effectively use Adaptiiv’s solution to create bolus 
that can be placed quickly and consistently on a daily basis.

Description
Due to the complexities of bolusing extremities, treatment setup times are typically long and laborious, potentially 
resulting in inconsistent coverage with large air gaps. For these reasons, a 3D printed bolus approach was 
undertaken. The 3D printed bolus was generated with a slit using contouring tools available in Varian’s Eclipse 
TPS. Due to the flexible nature of the 3D printed material, the slit width could be adjusted using Leucoplast tape 
when a tighter fit was required.  This ensured that the bolus could be easily fitted on a day-to-day basis and was 
able to adapt to account for any edema that occurred during treatment. 

Patient History
Patient presented with multiple palpable lesions on the right lower leg, which were found via biopsy to be 
cutaneous T-cell non-Hodgkin’s lymphoma. Due to the superficial nature of the lesions, the clinical team opted to 
bolus the entire lower leg with 0.5cm bolus.



Summary 
 

• SLRON’s experience using the Adaptiiv solution for 3D printed bolus has improved their ability to bolus 
extremity regions.

• By using the Adaptiiv solution instead of standard sheet bolus, SLRON was able to save setup time and improve 
treatment accuracy through the reduction of air gaps that occur when treating extremities.

• SLRON now uses a 3D printed approach for all extremities requiring bolus.

Fabrication & Treatment
Once the clinical team approved the plan, the bolus was exported to Adaptiiv’s 3D Bolus software where it 
was cropped, smoothed, and converted to a format suitable for 3D printing. The bolus was printed using an 
AirWolf Axiom 20 3D printer with WolfBend, which is a thermoplastic polyurethane (TPU) filament.  Printing 
was undertaken using a 0.5mm nozzle with 100% infill selected. The printer speed was set at 30mm/s, which 
resulted in a print time of approximately 23 hours to print the entire leg wrap. The final bolus could simply be 
pulled open to fit around the leg and naturally returned to its original position once the leg was in place (Figure 
1). Tape was used to secure the bolus closed and the entire leg and bolus were immobilized using a thermoplastic 
immobilization device.

Results & Findings
The bolus conformed to the skin surface well at all levels and ensured a consistent and efficient placement for 
each treatment fraction (Figure 2). This approach was vastly superior to using sheets of standard bolus from both 
a conformity and efficiency perspective.

Figure 1. Left: 3D render in Adaptiiv’s 3D Bolus 
software. Right: Final 3D printed bolus ready to 
use for patient’s treatment. 

Figure 2. Top: Planning CT scan of 3D printed bolus in 
the treatment position. Bottom: CBCT image verification 
showing consistent setup during treatment.



Patient Case Study: Two Site External Beam Electron Treatment 
with 3D Printed Modulated and Simple Bolus
Department of Radiation Oncology, Lehigh Valley Health Network  
Allentown, Pennsylvania

Overview

Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories. 

The following patient case demonstrates the application of Adaptiiv’s technology used in clinical radiation 
oncology through the design and fabrication of both modulated and uniform thickness (simple) bolus. This case is 
a great example of how Adaptiiv’s software can be effectively used for unique external beam electron treatments 
to significantly improve a patient’s treatment plan through accurate dose delivery, better target conformity and 
PTV coverage while reducing dose spill, hot spots, and air gaps.

Description
Basal cell carcinoma on the nasal tip and squamous cell carcinoma of the medial cheek and zygomatic arch.



Patient History
A 78-year-old patient with a history of immunosuppression developed three cutaneous malignancies in close 
proximity to one another.  He was seen by his dermatologist who performed biopsies of the following lesions:

1. 6 mm crusted pink papular squamous cell carcinoma on the left medial cheek.

2. 7 mm crusted pink papular squamous cell carcinoma on the left zygoma (15 mm between them). 

3. 12 mm basal cell carcinoma on the tip of the nose.

The squamous cell carcinomas were in close enough proximity that they could be treated effectively with one 
electron beam field. They were too far from the nasal tip, however, to use one field for all three lesions using 
conventional techniques and a single electron energy.  Using two conventional electron fields for the squamous 
cell carcinoma lesions would have required matching the fields and using skin collimation/blocking to reduce the 
risk of overlap.  

Fabrication and Treatment
1 modulated electron bolus and 1 uniform thickness bolus were fabricated to treat the two different sets of lesions. 
The nose bolus was modulated in order to conform the prescription dose to the tumor and avoid OARs, dose spill, 
and overlap with the cheek field. The modulated nose bolus allowed a significant increase in the coverage to the 
PTV while reducing the overall maximum dose and prescription dose outside of the PTV. The bolus also allowed 
for modulation of the overlap area between the nose and cheek electron fields. A traditional electron plan with 
sheet bolus or wet gauze bolus would have resulted in significant overdosing outside of the PTV to the lateral 
portions of the nose and face.

The modulated bolus plan is on the left and the uniform thickness bolus plan is on the 
right. Improved conformity and reduced dose spill can be observed. Dose in the bolus is 
non-consequential. 



A uniform thickness 3D printed bolus was used for the cheek. The bolus was extended over a portion of the nose 
in order to use the nose as an anchor point for daily setup accuracy and consistency. 

The bolus structures were sent to Adaptiiv software to prepare a stereolithography (STL) file for 3D printing. The 
STL file was then sliced with Airwolf’s Apex software (Airwolf 3D, Las Vegas, NV) and uploaded to the 3D printer. 
An Airwolf Axiom 20M 3D printer with standard Polylactic acid (PLA) filament (3DFuel Inc., Fargo, ND) was used 
to simultaneously print both files overnight.

This DVH shows the PTV for modulated (square) and uniform 
thickness (triangle) plans. The modulated plan has better 
coverage and lower hot spots.

These images show the uniform thickness bolus which uses the nose as an 
anchor point for setup accuracy and consistency. 

Dose
The prescription dose for both treatment sites was 5000 cGy in 20 fractions. A 12 MeV electron beam was used 
for the modulated (nose) plan and a 6 MeV electron beam was used for the uniform thickness (cheek) plan.

Fabrication and Treatment (continued)



Summary 

The modulated electron bolus plan used for treatment is on the left and the uniform 
thickness bolus plan is on the right. Better PTV conformity along with a reduction of hot 
spots and overlap doses are achieved in the treated plans.

Results and Findings

The use of 3D printed bolus allowed for better PTV coverage, less overlap dose between the two treatment 
fields, and reduced hot spots. A similar summed planned dose would not be possible with traditional techniques. 

Patient-specific 3D printed bolus significantly reduced air gaps between the bolus and patient surface. The 
custom bolus conformed better than its sheet bolus counterpart while yielding a consistent density that wet 
gauze cannot provide. 

This CBCT shows the conformity of 
the nose bolus and alignment with the 
planned bolus volume (in purple). 

This CBCT shows the conformity of 
the cheek bolus with the nose anchor 
point. There are virtually no air gaps.

• Improved target conformity through electron    
modulation

• Improved PTV coverage

• Reduced hot spots

• Reduced dose spill

• Reduction of field overlap dose

• Reduced air gaps

• Provides consistent density for accurate dose  
delivery



Case Study: Creation of 3D Printed Bolus for Complex Cases
Department of Medical Physics  
Saint Luke’s Radiation Oncology Network, Dublin, Ireland

Overview 
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centres with the hardware, software, and 
materials to develop low cost, high performing medical accessories that supersede existing conventional 
technologies. The following case illustrates the application by Saint Luke’s Radiation Oncology Network (SLRON) 
of Adaptiiv’s technology to create a bolus for a VMAT H&N case which required bolus both over and under the 
patient’s immobilization device. This case is a great example of how Adaptiiv’s 3D printing software solution 
can be effectively used in a clinical setting to create a customized bolus for complex situations where standard 
approaches would fall short.

Description
As the immobilization mask is fixed at points on the treatment couch away from the body, there were significant 
gaps between the patient surface and mask at the posterior aspects of the treatment volume. Due to this gap, two 
bolus pieces were required, one outside and one inside the mask.  Affixing bolus to the patient surface underneath 
immobilization equipment can be challenging due to the difficulty accessing the region and ensuring the bolus 
remains in place for treatment. To overcome this issue, we decided to fill the gap entirely using a 3D printed bolus 
(see Figure 1). The bolus was contoured to fit in the cavity and conform to the fixation screws present to hold the 
headrest in place. The external bolus was also 3D printed to ensure precise placement with the desired amount 
of overlap.



Figure 1. 3D render of both the bolus inside 
the immobilization mask (pink) and outside 
the immobilization mask (white). Figure 2. Left: Planned bolus both inside and outside the treatment 

mask. The inside bolus was designed to fit within the cavity and 
immobilization resulting in good contact with the patient skin. Right: 
CBCT imaging showing the resultant fit on-treatment.

Patient History 
An 87-year-old patient was referred to SLRON for adjuvant radiotherapy following the excision of a pT1N0 SCC 
of the left tragus. His management included excision of this primary lesion along with a superficial parotidectomy 
and rhombic flap, this showed a pT1N0 SCC, depth of invasion 5mm and closest radial margin 3mm. 

Dose Prescription
Due to the location of the primary lesion and margin status, the case was planned to a dose of 50Gy/20# to the 
primary site with bolus and elective nodal treatment to a dose of 40gy/20#.

Results / Findings 
The resultant 3D printed bolus was efficient to place during patient setup and resulted in an effective alternative 
to affixing wet-gauze or other custom bolus using medical tape. CBCT imaging verified that the 3D printed boluses 
achieved the desired result, fitting to both the body contour and head rest fixations ensuring a consistent and 
secure placement (see Figure 2). 3D printed bolus is now our default treatment option for H&N cases requiring 
bolus in difficult to reach locations. 

Summary 

• 3D printing can be implemented effectively in the clinical setting to create highly conformal bolus in difficult 
to reach areas

• The use of medical tape was eliminated as the 3D printed bolus was designed to support itself and fill the 
cavity

• The customized 3D printed bolus was reproducibly placed for each daily treatment fraction, without causing 
discomfort



Patient Case Study: Comparing 3D Printed Bolus Versus 
Standard Vinyl Gel Sheet Bolus for Postmastectomy Chest Wall 
Radiation Therapy
Nova Scotia Health Authority, Halifax, Nova Scotia, Canada

1 Robar, et al (2018). Intrapatient study comparing 3D printed bolus versus standard vinyl gel sheet bolus for postmastectomy chest wall radiation 
therapy. Practical Radiation Oncology, 8(4), 221–229. https://doi.org/10.1016/j.prro.2017.12.008

Overview 
This patient study evaluated the use of 3-dimensional (3D) printed bolus for chest wall radiation therapy 
compared with standard sheet bolus with regard to accuracy of fit, surface dose measured in vivo, and efficiency 
of patient setup. It demonstrates 3D printed bolus in postmastectomy radiation therapy improves fit of the bolus 
and reduces patient setup time compared with standard vinyl gel sheet bolus. More details can be found in the 
published article listed below. More details can be found in the published article listed below.1

Patient Selection 
16 eligible breast cancer patients receiving postmastectomy chest wall radiation therapy were selected for the 
study, where criteria included (1) anticipated use of tangential fields in treatment planning and (2) requirement 
for bolus on alternate treatment fractions. Of the 16 eligible patients, 12 and 4 were treated for right- and left-
sided disease, respectively. The median age of the 16 patients with breast cancer was 61 years (range, 38-83), 
and the median body mass index was 26.1 kg/m2 (range, 18.7-34.9). By alternating bolus type over the course of 
therapy, each patient served as her own control.

Description 
There is growing interest in the application of 3-dimensional (3D) printing to the radiation therapy process, and a 
natural application of this developing technology is the generation of treatment accessories based on computed 
tomography (CT) image data. This work presents the findings of a study of 16 patients in which a 3D printed 
chest wall bolus was compared directly to the status quo sheet bolus (SuperFlab) in the same individuals, with 3 
main goals: (1) to determine whether a 3D printed bolus provides a more accurate fit to the patient surface based 
on cone beam CT (CBCT) imaging, (2) to compare the 2 bolus types with regard to in vivo dosimetry of dose to 
surface of skin, and (3) to provide comparative data regarding efficiency of patient setup at the treatment unit.

https://www.practicalradonc.org/article/S1879-8500(17)30384-3/fulltext
https://www.practicalradonc.org/article/S1879-8500(17)30384-3/fulltext
https://doi.org/10.1016/j.prro.2017.12.008


To schedule a demo of Adaptiiv’s software, please contact us at info@adaptiiv.com

Results / Findings 
This study demonstrates the practical use of 3D printed bolus for postmastectomy radiation therapy. In a sample 
of 16 patients each treated at least 4 times with 3D bolus, the accuracy of fit of the 3D bolus to the chest wall 
was improved relative to standard sheet (SuperFlab) bolus, with the frequency of air gaps ≥5 mm reduced from 
30% to 13%. Surface dose, as measured using in vivo dosimetry, was within 3% for sheet and 3D printed bolus, 
and there was no significant difference between sheet and 3D printed bolus with regard to agreement with the 
treatment planning system. The setup time was reduced only marginally with 3D printed bolus (from 104 to 
76 seconds); however, this time saving must be weighed against the considerable time required for fabrication 
of the bolus (median, 10.8 hours; mean, 12.6 ± 5.4 hours) and related quality assurance, although the printing 
process was found to be largely automated. 

Summary

• 3D printed bolus in postmastectomy radiation therapy improves fit of the bolus and reduces patient setup 
time (from 104 to 76 seconds on average, in this study).

• The accuracy of fit of the bolus to the chest wall was improved significantly relative to standard sheet bolus, 
with the frequency of air gaps 5 mm or greater reduced from 30% to 13% (P < .001) and maximum air gap 
dimension diminished from 0.5 ± 0.3 to 0.3 ± 0.3 mm on average.

Fabrication and Treatment 
Bolus of 5.0 mm thickness was defined in the treatment planning system and exported as a polygon file format object. 
This structure was then manipulated in 3D design software to apply smoothing and to crop at the inferior edge for 
subsequent adhesion to the 3D printer build plate. An example bolus is shown in Figure 1 (A). All boluses were 
3D printed using fused deposition modeling of polylactic acid (PLA) filament. This material offers the advantages 
of being nontoxic, easily cleaned during the treatment course, and, compared with some other materials, faster 
during 3D printing.

Figure 1. (A) Example of a 3-dimensional printed bolus. (B) locations of 7 OSLDs (labeled A to G) 
relative to patient and tangential fields. (C) embedded OSLD contained by in-printed pocket, where 
OSLD is flush with the skin side of the bolus surface.



Simple Bolus Software Demo
 
Adaptiiv provides a regulated 3D printing solution that is fully validated for use 
in radiation oncology. Our solution eliminates the guesswork in plan verification 
because it integrates directly with the clinically commissioned TPS and allows 
users to verify their plan against the patient-specific bolus prior to printing.

Ready to Learn More?
Our FDA 510(k) cleared software solution enables the design and creation of 3D printed RT accessories that 
improve treatment accuracy and patient experience. 

Book a demo or contact us to find out how Adaptiiv can fully integrate with existing clinical workflows, allowing 
you to create patient-specific RT accessories on demand.

Get a Demo Contact Us

https://youtu.be/Y8dcoxybMcc
https://youtu.be/Y8dcoxybMcc
https://youtu.be/Y8dcoxybMcc
https://youtu.be/Y8dcoxybMcc
https://www.adaptiiv.com/get-a-demo/
https://www.adaptiiv.com/about/contact-us/


Modulated Electron Bolus Overview

Our Modulated Electron Bolus (MEB) software 
module automates the design and fabrication of 
patient-specific and plan-specific modulated thickness 
electron bolus. Deliver MERT dose distributions that 
provide superior sparing of healthy tissues and distal 
OARs compared to simple bolus electron plans

What Customers Are Saying
“Adaptiiv has enabled us to confidently tackle situations where we would normally struggle to apply bolus. The 
benefit has already been seen in reduced setup times, improved patient comfort and reproducibility. The ability 
to print the precise bolus required for electrons or photons is a powerful tool in an RT department.”  

Ciaran Malone 
Medical Physicist 

Saint Luke’s Radiation Oncology Network, Dublin, Ireland

2 CASE STUDY: ROBAR ET AL.

This study demonstrates the practical use of 3D printed bolus for postmastectomy radiation therapy. In a sample 

of 16 patients each treated at least 4 times with 3D bolus, the accuracy of fit of the 3D bolus to the chest wall 

was improved relative to standard sheet (SuperFlab) bolus, with the frequency of air gaps ≥5 mm reduced from 

30% to 13%. Surface dose, as measured using in vivo dosimetry, was within 3% for sheet and 3D printed bolus, 

and there was no significant difference between sheet and 3D printed bolus with regard to agreement with the 

treatment planning system. The setup time was reduced only marginally with 3D printed bolus (from 104 to 76 

seconds); however, this time saving must be weighed against the considerable time required for fabrication of the 

bolus (median, 10.8 hours; mean, 12.6 ± 5.4 hours) and related quality assurance, although the printing process 

was found to be largely automated. 

Results / Findings

Summary

1. 3D printed bolus in postmastectomy radiation therapy improves fit of the bolus and reduces  
     patient setup time (from 104 to 76 seconds on average in this study).

2. The accuracy of fit of the bolus to the chest wall was improved significantly relative to standard  
     sheet bolus, with the frequency of air gaps 5 mm or greater reduced from 30% to 13%  
     (P < .001) and maximum air gap dimension diminished from 0.5 ± 0.3 to 0.3 ± 0.3 mm on average.

Bolus of 5.0 mm thickness was defined in the treatment planning system and exported as a polygon file format 

object. This structure was then manipulated in 3D design software to apply smoothing and to crop at the inferior 

edge for subsequent adhesion to the 3D printer build plate. An example bolus is shown in Figure 1 (A). All 

boluses were 3D printed using fused deposition modeling of polylactic acid (PLA) filament. This material offers 

the advantages of being nontoxic, easily cleaned during the treatment course, and, compared with some other 

materials, faster during 3D printing.

Fabrication and Treatment

FIgure 1.
(A) Example of a 3-dimensional printed bolus
(B) locations of 7 OSLDs (labeled A to G) relative to patient and tangential fields
(C) embedded OSLD contained by in-printed pocket, where OSLD is flush with the skin side of the bolus surface.
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THEIR RESPECTIVE OWNERS. ALL PRODUCTS MAY NOT BE LICENSED IN ACCORDANCE WITH CANADIAN LAW. 2019P1498 REV. A
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Modulated Electron Bolus (MEB)
Adaptiiv’s MEB solution allows single-beam electron treatments to deliver modulated electron radiation therapy 
(MERT) dose distributions that conform to an irregular distal PTV surface. Our regulatory cleared software, 
backed by patented algorithms, automates the design and fabrication of patient-specific and plan-specific 
modulated thickness electron bolus. Custom modulated thickness bolus, designed and fabricated with Adaptiiv’s 
MEB solution, has been shown to result in MERT dose distributions that provide superior sparing of healthy 
tissues and distal OARs compared to uniform thickness bolus electron plans (Figures 1A & 1B).

Figure 1A. Uniform thickness bolus 
provides coverage of the PTV, however, a 
high dose to underlying healthy tissue and 
OARs is evident.

Key Benefits
• Our software only takes minutes to determine optimal shape and 3D printing can be done in a matter of 

hours, producing a bolus with spatial accuracy on the order of 1mm.

• 3D printed bolus improves the following: integrity of the bolus (compared to wax), reproducibility of patient 
setup, and the accuracy of treatment delivery through a better, more consistent fit to the patient surface.

• Adaptiiv’s patented hotspot correction algorithm allows users to determine the appropriate balance of dose 
homogeneity versus conformity. No other commercial solution provides this capability.

• Adaptiiv provides the only regulatory cleared solution allowing users to customize a bolus, seamlessly export 
the modified bolus structure back into their TPS, and use their clinically commissioned TPS to calculate dose.

• Adaptiiv’s solution replaces the need to use multiple versions of open source software when transforming a 
structure within the TPS into a 3D printed accessory. 

• MEB plans created in Adaptiiv’s software demonstrate superior sparing of healthy tissues and distal OARs 
while significantly reducing hotspots compared to photon IMRT delivery, i.e. VMAT (Figures 2A, 2B, and 2C).

Figure 1B. Adaptiiv’s Modulated Electron 
Bolus is customized, changing the surface 
shape to allow for tailoring of dose 
distribution.

Figure 2B. Standard electron field with 
uniform thickness bolus delivers a high dose 
to underlying healthy tissue and has a high 
presence of hotspots.

Figure 2C. Same electron field as center 
image - however, using Adaptiiv’s MEB spares 
underlying healthy tissue and significantly 
reduces hotspots.

Figure 2A. Treatment plan using VMAT was 
rejected due to splay of intermediate dose.



Clinical Benefits

Radiation Oncologist Medical Physicist Radiation Therapist /
Dosimetrist 

Administrator

Patient Consult - Improve treatment quality 
through OAR sparing.

- Improve reproducibility and 
accuracy during treatment.

- Provide an improved 
standard of care.

- Use of innovative, 
regulatory cleared 
technology.

CT Simulation Improve patient comfort 
through simplified setup 
during CT simulation and 
treatment.

Increase efficiency and 
confidence. Manual 
bolus fabrication is 
replaced by a simplified, 
objective, and 
automated 3D printed 
bolus workflow.

- 3D printed bolus 
meets requirements 
for existing billing 
codes - can be billed as a 
patient-specific complex 
device.

-Eliminate the need to 
fabricate bolus in the CT 
suite, thereby increasing 
throughput.

Image Contouring 
/

Bolus Design

Use standard TPS contouring/structure generation tools to generate a uniform bolus 
covering the desired treatment area on the CT scan. This will be input into Adaptiiv’s 
MEB module for customization.

Treatment 
Planning

- Final MEB structure is 
exported back to the TPS for 
dose calculation.

- Final MEB structure will 
translate into a 3D printed 
patient-specific bolus with 
spatial accuracy on the order 
of 1mm.

- Use standard TPS process to generate a simple 
electron plan using the uniform bolus structure.

- Seamlessly export plan, structure set, and CT into 
Adaptiiv’s software and automatically optimize 
bolus thickness in just a few minutes.

- Further customize the bolus using post-processing 
tools (patient ID label, cropping, smoothing, etc.).

- Known bolus shape during treatment planning 
accurately reflects bolus shape during treatment 
delivery. This may not be true of conventional 
methods, such as wax and Superflab.

- Seamlessly integrate 
final bolus structures 
into existing TPS 
workflow following 
a regulatory cleared 
process.

- A faster, cheaper 
commissioning and QA 
process.

Patient-Specific 
Quality Assurance

- Simple pre-Tx bolus QA 
(CT scan of accessory).

- Verification of 
placement on patient 
need not impact patient 
workflow (CBCT).

Little overhead required 
for patient-specific 
accessory QA, without 
any impact on patient 
workflow.

Patient Setup at 
Tx Unit

Setup is simplified and 
objective versus manual 
bolus, provides increased 
confidence in accurate plan 
delivery, and can result in less 
consult calls to the unit.

Increase RT confidence 
as a result of simplified 
setup. This can result in 
less consult calls to the 
unit.

- Decrease setup time 
for complex cases by as 
much as 30%.

- Increased efficiency 
and confidence. Setup is 
simplified and objective 
vs. manual bolus 
fabrication.

- Decrease need for 
extended treatment 
delivery time slots.

- Increase setup 
efficiency and 
reproducibility.

- Increase treatment 
efficiency, throughput, 
and capacity.

Image Guidance CBCT assessment of conformity demonstrates reduced frequency and volume of air 
gaps and improved reproducibility.



In Vivo Dosimetry
In Adaptiiv’s 3D printing software solution, users can automatically 
create and print dosimeter pockets directly within a bolus for real-time 
dose measurement. Appropriately-sized caps fill the printed pockets 
when dosimeters are not in use.

Key Benefits
• In vivo dosimetry (IVD) use in external beam radiotherapy (EBRT) helps identify potential errors in dose 

calculation, data transfer, dose delivery, patient setup, and changes in patient anatomy.

• IVD enables real-time recording of dose received by individual patients.

• Reference points made in a treatment planning system populate the list of available dosimeter types.

• New custom-sized dosimeter pockets are easily added in Adaptiiv software and configured depending on the 
type of dosimeters used.

• Corresponding pocket caps are printed for when the dosimeter is not being used.

“We 3D printed, then scanned the bolus on the patient. The bolus fit very well and the dosimetry 
was excellent, especially with regard to 90% dose conformity. All are pleased, including our 
Radiation Oncologist, Medical Physicist and Radiation Therapists involved. A plan like this 
wouldn’t be possible any other way.“ 

- NOVA SCOTIA HEALTH AUTHORITY

Figure 1. 3D Bolus software showing in vivo dosimeter marker 
selection on a Modulated Electron Bolus.

Figure 2. 3D Bolus software showing 
in vivo dosimeter pocket created, 
configurable to account for any size 
and shape of dosimeter.



Hotspot Correction Algorithm
The new and improved hotspot correction algorithm makes it easier than ever to achieve specific dosimetric 
goals within modulated electron radiation therapy (MERT) treatment plans. It enables medical physicists, 
radiation oncologists, and radiation therapists to choose the optimal balance between dose homogeneity and 
dose conformity to the planning target volume (PTV). This can lead to improved quality of electron radiation 
therapy treatment plans that would otherwise be unfeasible or clinically unacceptable, ensuring patients receive 
optimal treatment modality.

Users can now adjust their desired hotspot correction peak search margin around the contoured area, plus the 
peak height value percentages to automatically adjust the peak-to-valley ratio and alleviate the designated 
hotspots in the plan. The new improvements reduce the time required to manually design the modulated electron 
bolus (MEB) from several hours to a few minutes.

Key Benefits
• Dose Conformity – Achieves improved conformity of the prescribed dose to PTV.

• Dose Homogeneity – Achieves clinically acceptable dose homogeneity to PTV.

• Optimal Balance – Allows medical physicists and radiation oncologists to choose the optimal balance between 
dose homogeneity and dose conformity to PTV.

• Reduced Fabrication Time – Shortens the time of an existing manual designing of the MEB plan several hours 
to just a matter of minutes.

“Adaptiiv has enabled us to confidently tackle situations where we would normally struggle to apply 
bolus. The benefit has already been seen in reduced setup times, improved patient comfort and 
reproducibility. The ability to print the precise bolus required for electrons or photons is a powerful 
tool in an RT department.” 

- CIARAN MALONE, MEDICAL PHYSICIST

SAINT LUKE’S RADIATION ONCOLOGY NETWORK

Figure 2. Original MEB yielding a hotspot of ~130%.Figure1. Hotspot corrected MEB reduces the hotspot to a 
clinically acceptable level of ~107%.



Patient Case Study: Modulated Electron Bolus - Leg
Indiana University Health Simon Cancer Center, Indianapolis, IN  
IU Health Radiation Oncology, IU Health 3D Innovations Lab  
Brian Overshiner, R.T.(T), Gregory Bartlett, CMD, R.T.(T)

Overview
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories. 

The following case demonstrates the application of Adaptiiv’s technology used in clinical radiation oncology 
through custom 3D modulated electron bolus creation. This case is a great example of how Adaptiiv’s software 
can be effectively used to create electron plans that conform to the target volume and provide superior sparing 
of surrounding normal tissue compared to conventional techniques.

Patient History
42 year old male with HIC, high viral load, and low T cell count of 7 that presents with a 2 year history of painful, 
dusky, and violaceous minimally scaling plaque on the right foot that is slowly enlarging.

Diagnosis
Subtle vascular proliferation in dermis with accentuation around eccrine glands, suspicious for Kaposi’s sarcoma. 



Fabrication and Treatment
The patient’s area of involvement was wired at time of simulation. A clinical target volume (CTV) was created 
from the CT based on the wires with a depth of 0.3 cm.

Bolus was created in Varian Eclipse treatment planning software and exported to Adaptiiv software to generate 
a modulated electron bolus. Shell mould STL files were generated and exported. The size of the 3D bolus mould 
exceeded the 3D printer build volume so it needed to be split into two parts for 3D printing. 3D printing was done 
on an Ultimaker S5 and Ultimaker 3+ in PLA, 0.2 mm layer height, 70 mm/s print speed, 5% infill, with no supports 
required. Print time was just over 24 hours.

Corresponding images from Autodesk Meshmixer showing splitting of bolus into 2 parts.

MEB leg bolus generated in Adaptiiv software and the resulting 3D printed MEB leg bolus.



Results and Findings
A plan comparison was performed using the modulated electron bolus and uniform thickness bolus. The 
conformity index (CI), as defined by the volume receiving 95% of the prescription divided by the target volume, 
was 2.47 with the modulated electron bolus and 3.25 with the uniform thickness bolus.

When the modulated electron bolus was used, target coverage was improved most at the edges of the target 
where the patient’s leg obliquity prevented adequate dose coverage with the uniform bolus. In the modulated 
plan, 92.8% of the target volume received the prescription vs. 87.1% in the uniform thickness bolus plan.

Normal tissue at a depth of 1 cm beyond the target volume was better spared with the modulated electron bolus 
compared to uniform thickness bolus. The maximum dose to this area was 73.5% of the prescription dose in the 
modulated electron bolus plan, versus 93.5% in the uniform thickness bolus plan. The volume of tissue at this 
depth receiving 50% of the prescription was decreased from 90 cc with the uniform thickness bolus to 15 cc with 
the modulated electron bolus.

Summary 

• The Adaptiiv software solution was used to create a patient-specific modulated electron bolus with superior 
fit compared to wax bolus. 

• In the 3D modulated electron bolus plan, the dose was more conformal, the lateral target coverage increased, 
and the deep normal tissues were better spared when compared to the same plan using uniform thickness 
bolus.

The above image sets compare the 95% isodose color wash. In each image set, the modulated electron bolus 
is on the left and the uniform thickness bolus is on the right.

This image shows the target volume (red) and the 
normal tissue avoidance (teal). Squares represent 
the uniform thickness bolus plan and the triangles 
represent the modulated bolus plan.



Case Study: Clinical Applications of 3D Printing in 
Radiotherapy 
Nova Scotia Health Authority, Halifax, Nova Scotia, Canada

1 Zhao et al 2017 – Clinical applications of 3-dimensional printing in radiation therapy. Medical Dosimetry 42 (2017) 150-155. https://www.
meddos.org/article/S0958-3947(17)30032-8/ppt

Overview 
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centres with the hardware, software, and materials 
to develop low cost, high performing medical devices that supersede existing conventional technologies. The 
following case illustrates the application of our technology used in clinical radiation oncology through the 
creation of 3D bolus for modulated electron radiotherapy (MERT). This case is a great example of how Adaptiiv’s 
software can be effectively used to create an optimized bolus to allow for the modulation of the electron fluence 
to spare distal structures. More details can be found in the published article listed below.1

Patient History
A 67-year-old female patient was treated at the Nova Scotia Health Authority with mycosis fungoides of the 
forehead, eyelid and nose. 

Description
This case study illustrates a clinical application of 3D printing in radiation oncology through the creation of a 
bolus for modulated electron radiotherapy (MERT) to treat the patient with mycosis fungoides of the forehead, 
eyelid and nose. The plan was to treat her disease with two separate electron fields: a superior field, with an 
anterior beam, was intended to cover the lesions in the regions of the bilateral eyebrows, eyelids, glabella, and 
nasal bridge; and a right lateral field, used to cover the right malar and cheek area. The application of bolus was 
necessary to deliver the prescribed dose to the skin surface. 

A uniform thickness material would not be suitable for the superior field, due to marked surface irregularities 
and complex curvatures of the body contours. 3D printing was therefore used to create an optimized bolus for 
the superior field, allowing modulation of the electron fluence to spare distal structures (see Figures 1 and 2). 
Adaptiiv software was used to determine the shape of the anterior bolus surface, whereby the thickness of the 
bolus modulated the electron fluence and energy. 



Results / Findings 
The custom bolus was optimized by Adaptiiv software and was modulated to be thicker over the ocular structures, 
allowing adequate delivery of the dose to the eyelids, but relative sparing of the eyes and optic nerves. It was 
relatively thinner in the periphery of the electron field, accounting for the lateral constriction of the higher level 
isodose lines. The inferior aspect of the 3D printed TPU bolus was conformal to the patient’s complex and uneven 
upper facial surface anatomy. Based on the treatment planning CT, the size of the largest air gap at the interface 
of the 3D printed structure was 2mm. An acceptable treatment plan was obtained (90% isodose to 92.5% of PTV) 
and compared with a plan with a uniform thickness bolus, the plan achieved relative sparing of all OARs distal to 
the target volume, while maintaining similar target volume coverage. The 3D printed bolus was rigid and could be 
reproducibly placed at the times of planning CT and daily treatments, without causing discomfort. 

Summary 

• 3D printing can be implemented effectively in the clinical setting to create highly conformal bolus for 
Modulated Electron Radiation Therapy (MERT). 

• 3D printing’s accuracy and high resolution make it best suited for MERT bolus, allowing precise dose 
modulation. 

• The customized 3D printed bolus could be reproducibly placed at the times of planning CT and daily 
treatments, without causing discomfort.

Fabrication and Treatment 
The bolus was designed with the aim of achieving dose distributions sparing tissues distal to the target volumes. 
The width of the bolus was intended to cover the PTV with 20mm margins. DICOM images of the bolus were 
converted to a stereolithography file. The end product was fabricated with a LulzBot TAZ5 3D printer, using 
NinjaFlex TPU. The printing duration was approximately 23.5 hours. The patient received 25Gy over 20 fractions 
@ 12 MeV.

Figure B.  Adaptiiv’s Modulated Electron Bolus 
is customized, changing the surface shape to 
allow for tailoring of dose distribution.

Figure A. Patient with mycosis fungoides of 
the forehead, eyelid and nose. Standard bolus 
provides coverage of the PTV, however, a high 
dose to underlying OARs and normal tissue is 
evident.



Patient Case Study: Clinical Application of Modulated Electron 
Bolus
Nova Scotia Health, Halifax, Nova Scotia, Canada

Overview 
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to develop low cost, high performing medical tools that supersede existing conventional technologies. The 
modulated electron bolus (MEB) module in Adaptiiv’s software demonstrates superior sparing of distal organs-
at-risk (OARs) and underlying healthy tissue compared to photon IMRT delivery (e.g. VMAT) while also reducing 
the presence of hotspots. The following case is an example of how the Nova Scotia Health Authority (NSHA) was 
able to use Adaptiiv’s MEB module to create, modify, and optimize a custom-fit bolus based on patient CT data to 
treat complex anatomies such as the scalp.

Description of Study 
This case examines an adult patient with mycosis fungoides of the scalp. Three potential options are evaluated to 
determine the most optimal treatment plan:

1. Volumetric Modulated Arc Therapy (VMAT), Simple Bolus

2. Electron Therapy, Simple Bolus

3. Electron Therapy, Modulated Electron Bolus  

1)     Volumetric Modulated Arc Therapy, Simple Bolus

VMAT is a radiation therapy technique that continuously delivers the radiation dose as the treatment machine 
(linear accelerator) rotates. The goal with this technique is to accurately shape the radiation delivered to the 
tumor while minimizing dose to the organs surrounding the target area. However, as seen below, this initial plan 
was rejected by the NSHA due to the volume of normal brain receiving an intermediate dose.



2)     Electron Therapy, Simple Bolus

With the VMAT approach rejected, the next consideration was to use electron therapy (12 MeV electrons) and a 
simple bolus with uniform thickness. This plan was also rejected by the NSHA due to poor conformity of the 90% 
prescription isodose line and noticeable hotspots that would affect underlying healthy tissue. 

3)     Electron Therapy, Modulated Electron Bolus

To achieve better isodose conformity and sparing of 
healthy tissues and OARs, the NSHA elected to design 
a modulated electron bolus in Adaptiiv’s software to 
deliver modulated electron radiation therapy (MERT).

By importing each patient’s treatment plan through 
Adaptiiv’s software solution, the ray tracing algorithm 
in the MEB module evaluates the distance between the 
PTV and isodose line to create a custom-fit bolus that 
provides optimal dosimetry, as seen below.

The images below show the comparison of a hotspot 
corrected plan (left) with the original MEB (right). Dose 
conformity to the target volume was maintained while 
lowering the hotspots (maximum dose was lowered by 
5%, from 116.4% to 111.5%).



 Results / Findings 
In comparison to the VMAT plan, the MEB plan illustrates significant sparing of healthy tissue at various isodose 
levels. The images below show this at 90%, 50%, and 30% prescription isodose levels - the left column shows 
electron therapy with 3D printed MEB; the right column shows VMAT with 3D printed simple bolus.

Electron therapy, 3D printed MEB VMAT, 3D printed simple bolus

90%

50%

30%

Upon plan completion, the optimal MEB object was 
imported into the planning system with the correct 
radiological properties for final dose calculation. The 
MEB was then 3D printed and integrated into the 
immobilization mask (as seen below) for the patient 
without requiring an additional planning CT. A cone 
beam computed tomography (CBCT) image guidance 
was then performed for quality assurance of placement 
and fit.



To schedule a demo of Adaptiiv’s software, please contact us at info@adaptiiv.com

Results / Findings (continued) 
Custom-fit, modulated thickness bolus designed and fabricated with Adaptiiv’s MEB solution allows MERT dose 
distributions that provide superior sparing of distal OARs and reduce hotspots compared to electron treatment 
plans using simple bolus. The CBCT verification images shown below illustrate the superior fit and minimal air 
gaps.

Summary 
 

• Adaptiiv’s modulated electron bolus (MEB) significantly reduces air gaps and achieves excellent dosimetry by 
tailoring the 90% isodose to follow the exact contours of the PTV, while sparing critical OARs.

• Comparisons of the isodose levels of the MEB plan with the VMAT plan illustrate the significant skin sparing 
effect at various prescription isodose levels, as well as a significant decrease in dose to underlying healthy 
tissue.



Patient Case Study: Two Site External Beam Electron Treatment 
with 3D Printed Modulated and Simple Bolus
Department of Radiation Oncology, Lehigh Valley Health Network  
Allentown, Pennsylvania

Overview

Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories. 

The following patient case demonstrates the application of Adaptiiv’s technology used in clinical radiation 
oncology through the design and fabrication of both modulated and uniform thickness (simple) bolus. This case is 
a great example of how Adaptiiv’s software can be effectively used for unique external beam electron treatments 
to significantly improve a patient’s treatment plan through accurate dose delivery, better target conformity and 
PTV coverage while reducing dose spill, hot spots, and air gaps.

Description
Basal cell carcinoma on the nasal tip and squamous cell carcinoma of the medial cheek and zygomatic arch.



Patient History
A 78-year-old patient with a history of immunosuppression developed three cutaneous malignancies in close 
proximity to one another.  He was seen by his dermatologist who performed biopsies of the following lesions:

1. 6 mm crusted pink papular squamous cell carcinoma on the left medial cheek.

2. 7 mm crusted pink papular squamous cell carcinoma on the left zygoma (15 mm between them). 

3. 12 mm basal cell carcinoma on the tip of the nose.

The squamous cell carcinomas were in close enough proximity that they could be treated effectively with one 
electron beam field. They were too far from the nasal tip, however, to use one field for all three lesions using 
conventional techniques and a single electron energy.  Using two conventional electron fields for the squamous 
cell carcinoma lesions would have required matching the fields and using skin collimation/blocking to reduce the 
risk of overlap.  

Fabrication and Treatment
1 modulated electron bolus and 1 uniform thickness bolus were fabricated to treat the two different sets of lesions. 
The nose bolus was modulated in order to conform the prescription dose to the tumor and avoid OARs, dose spill, 
and overlap with the cheek field. The modulated nose bolus allowed a significant increase in the coverage to the 
PTV while reducing the overall maximum dose and prescription dose outside of the PTV. The bolus also allowed 
for modulation of the overlap area between the nose and cheek electron fields. A traditional electron plan with 
sheet bolus or wet gauze bolus would have resulted in significant overdosing outside of the PTV to the lateral 
portions of the nose and face.

The modulated bolus plan is on the left and the uniform thickness bolus plan is on the 
right. Improved conformity and reduced dose spill can be observed. Dose in the bolus is 
non-consequential. 



A uniform thickness 3D printed bolus was used for the cheek. The bolus was extended over a portion of the nose 
in order to use the nose as an anchor point for daily setup accuracy and consistency. 

The bolus structures were sent to Adaptiiv software to prepare a stereolithography (STL) file for 3D printing. The 
STL file was then sliced with Airwolf’s Apex software (Airwolf 3D, Las Vegas, NV) and uploaded to the 3D printer. 
An Airwolf Axiom 20M 3D printer with standard Polylactic acid (PLA) filament (3DFuel Inc., Fargo, ND) was used 
to simultaneously print both files overnight.

This DVH shows the PTV for modulated (square) and uniform 
thickness (triangle) plans. The modulated plan has better 
coverage and lower hot spots.

These images show the uniform thickness bolus which uses the nose as an 
anchor point for setup accuracy and consistency. 

Dose
The prescription dose for both treatment sites was 5000 cGy in 20 fractions. A 12 MeV electron beam was used 
for the modulated (nose) plan and a 6 MeV electron beam was used for the uniform thickness (cheek) plan.

Fabrication and Treatment (continued)



Summary

The modulated electron bolus plan used for treatment is on the left and the uniform 
thickness bolus plan is on the right. Better PTV conformity along with a reduction of hot 
spots and overlap doses are achieved in the treated plans.

Results and Findings

The use of 3D printed bolus allowed for better PTV coverage, less overlap dose between the two treatment 
fields, and reduced hot spots. A similar summed planned dose would not be possible with traditional techniques. 

Patient-specific 3D printed bolus significantly reduced air gaps between the bolus and patient surface. The 
custom bolus conformed better than its sheet bolus counterpart while yielding a consistent density that wet 
gauze cannot provide. 

This CBCT shows the conformity of 
the nose bolus and alignment with the 
planned bolus volume (in purple). 

This CBCT shows the conformity of 
the cheek bolus with the nose anchor 
point. There are virtually no air gaps.

• Improved target conformity through electron    
modulation

• Improved PTV coverage

• Reduced hot spots

• Reduced dose spill

• Reduction of field overlap dose

• Reduced air gaps

• Provides consistent density for accurate dose  
delivery



Patient Case Study: SCC of Right Index Fingernail 

Overview
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories.

The following patient case demonstrates the application of Adaptiiv’s technology used in clinical radiation 
oncology through the design and fabrication of customized bolus to improve the efficacy of treating complex 
target volumes with electron beams. This case is a great example of how a custom modulated electron bolus 
(MEB) allowed for a uniform dose distribution of a complex treatment volume, while sparing underlying critical 
structures.

SCRIPPS MD ANDERSON CANCER CENTER  
Department of Radiation Oncology   
San Diego, California, USA



Description
60 year old male who presented with a recurrent squamous cell carcinoma of the right index fingernail bed.

Fabrication and Treatment
The goal for the patient was to deliver a uniform dose to the tumor volume contoured by the physician, while 
sparing the underlying bone of the finger as much as possible. The solution chosen was to design a customized 
MEB. The use of standard bolus would have been able to treat the tumor volume, however, would result in treating 
the entire underlying bone to full dose. 

An additional challenge in this case was the non-standard patient setup, which is commonly required when 
treating extremities. When designing the modulated bolus, the support structures were included which greatly 
improved the ease and reproducibility of daily treatment setup.

Patient was simulated with hand on a piece of foam to provide a flat surface for the bolus. The contoured treatment 
volume is shown on the CT image, along with the inclusion of the foam support within the body contour to allow the 3D 
printed bolus to fit snugly against the support.

Dose
70 Gy in 35 fractions using a 9 MeV electron beam prescribed to the 90% volume.

Results/Findings
The use of custom MEB allowed us to treat the right index fingernail bed to a uniform dose, while sparing a large 
amount of the underlying bone. The use of standard bolus in this case would not have allowed us to conform the 
dose around the underlying bone while sparing a good portion of it. The entire volume of the underlying bone 
would have been treated to the full prescription dose. In addition, the shaping of the uniform prescription dose 
would not have been possible. The custom electron bolus also allows for the reproducible setup of the patient in 
this unconventional position.



Summary

The clinical advantages of the 3D printed custom modulated electron bolus are as follows:  

• Reproducible positioning for non-standard treatment techniques.

• The bolus conforms better to the patient than standard bolus, with minimal air gaps. 

• Uniform dose with minimal hot spots can be achieved. 

• Measurements to verify bolus placement and calculated dose are easily achieved.

Isodose distribution showing how the modulated electron bolus was able to conform the prescription isodose line to the 
PTV while sparing the underlying bone.



Patient Case Study: SCC of the Scalp

Overview
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories.

The following patient case demonstrates the application of Adaptiiv’s technology used in clinical radiation 
oncology through the design and fabrication of customized modulated electron bolus (MEB) to improve the 
efficacy of treating complex target volumes with electron beams. This case demonstrates how Adaptiiv’s 
software can create conformal bolus and accurately verify that the dose is delivered as planned through use of 
in vivo dosimetry.

SCRIPPS MD ANDERSON CANCER CENTER  
Department of Radiation Oncology   
San Diego, California, USA



Description
78 year old male who presented with a squamous cell carcinoma of the scalp.

Fabrication and Treatment
The challenge this case presented was to deliver a uniform dose to a relatively large target area on the vertex 
of the scalp. Treatment of the scalp has traditionally presented a challenge, as the convexity makes it difficult 
to use bolus that can be placed reproducibly with minimal air gaps. The presence of the air gaps and lack of 
reproducibility can lead to adverse effects on the resultant dosimetry. This case presented a challenge due to 
the nodularity of the skin surface, which would increase the likelihood of air gaps with traditional bolus methods. 

A MEB was designed to fit to the scalp surface and allow for the conformation of the prescription dose to the 
target volume. At our institution, we perform in vivo dose measurements with MOSFETs on the first fraction to 
verify the patient setup as well as the delivered dose. Traditionally, it is difficult to place the dosimeters and be 
able to correlate their location to the planned dose. Adaptiiv’s software is able to transfer points indicated by the 
physician in the planning system and create reference locations for the MOSFETS on the 3D printed bolus. This 
allows for easy and accurate in vivo dosimetry which helps us assure the bolus is correctly placed and delivering 
the intended dose.

Left: Physician placed points in treatment planning system. Middle: Dosimetry pockets created in Adaptiiv software 
from points imported from planning system. Right: Final 3D printed bolus with pockets.

Dose
70 Gy in 35 fractions using a 9 MeV electron beam prescribed to the 90% volume.

Results 
The use of custom 3D printed MEB illustrated the ability of the bolus to conform to a curved surface in a 
reproducible way with minimal air gaps. A uniform prescription dose was delivered to the indicated treatment 
volume. In addition, verification of the bolus position, and the calculated dose distribution is easily accomplished 
with use of custom MOSFET dosimeter pockets embedded within the bolus.



Modulated Electron Bolus Software Demo
 
Adaptiiv’s MEB solution allows single-beam electron treatments to deliver 
modulated electron radiation therapy (MERT) dose distributions that conform 
to an irregular distal PTV surface. Our regulatory cleared software is backed 
by patented algorithms which automates the design and fabrication of patient-
specific modulated thickness electron bolus, providing superior sparing of 
healthy tissues and distal OARs while significantly reducing hotspots.

Ready to Learn More?
Our FDA 510(k) cleared software solution enables the design and creation of 3D printed RT accessories that 
improve treatment accuracy and patient experience. 

Book a demo or contact us to find out how Adaptiiv can fully integrate with existing clinical workflows, allowing 
you to create patient-specific RT accessories on demand.

Get a Demo Contact Us

https://youtu.be/nNOC611SXPQ
https://youtu.be/nNOC611SXPQ
https://youtu.be/nNOC611SXPQ
https://youtu.be/nNOC611SXPQ
https://www.adaptiiv.com/get-a-demo/
https://www.adaptiiv.com/about/contact-us/


HDR Surface Brachytherapy
Our HDR Surface Brachytherapy software module 
allows users to automatically design a patient-specific 
applicator and 3D print it, resulting in customizable 
catheter trajectories that are specific to the patient’s 
anatomy and treatment plan with constant, user-
defined stand-off and separation distances.

What Customers Are Saying
The limitations of using wax are even worse in brachytherapy cases due to the added complexity of 
embedding the catheters. Because of the opacity of wax, it can be difficult to verify both the distance from 
the surface and the spacing between catheters. Fabrication is extremely time consuming and can be done 
only by the most experienced staff. The Adaptiiv solution addresses all of these problems and will increase 
our capacity to use surface brachytherapy. At present, this is the only commercially available solution.  

THE CLATTERBRIDGE CANCER CENTRE

LIVERPOOL, UNITED KINGDOM

2 CASE STUDY: ROBAR ET AL.

This study demonstrates the practical use of 3D printed bolus for postmastectomy radiation therapy. In a sample 

of 16 patients each treated at least 4 times with 3D bolus, the accuracy of fit of the 3D bolus to the chest wall 

was improved relative to standard sheet (SuperFlab) bolus, with the frequency of air gaps ≥5 mm reduced from 

30% to 13%. Surface dose, as measured using in vivo dosimetry, was within 3% for sheet and 3D printed bolus, 

and there was no significant difference between sheet and 3D printed bolus with regard to agreement with the 

treatment planning system. The setup time was reduced only marginally with 3D printed bolus (from 104 to 76 

seconds); however, this time saving must be weighed against the considerable time required for fabrication of the 

bolus (median, 10.8 hours; mean, 12.6 ± 5.4 hours) and related quality assurance, although the printing process 

was found to be largely automated. 

Results / Findings

Summary

1. 3D printed bolus in postmastectomy radiation therapy improves fit of the bolus and reduces  
     patient setup time (from 104 to 76 seconds on average in this study).

2. The accuracy of fit of the bolus to the chest wall was improved significantly relative to standard  
     sheet bolus, with the frequency of air gaps 5 mm or greater reduced from 30% to 13%  
     (P < .001) and maximum air gap dimension diminished from 0.5 ± 0.3 to 0.3 ± 0.3 mm on average.

Bolus of 5.0 mm thickness was defined in the treatment planning system and exported as a polygon file format 

object. This structure was then manipulated in 3D design software to apply smoothing and to crop at the inferior 

edge for subsequent adhesion to the 3D printer build plate. An example bolus is shown in Figure 1 (A). All 

boluses were 3D printed using fused deposition modeling of polylactic acid (PLA) filament. This material offers 

the advantages of being nontoxic, easily cleaned during the treatment course, and, compared with some other 

materials, faster during 3D printing.

Fabrication and Treatment

FIgure 1.
(A) Example of a 3-dimensional printed bolus
(B) locations of 7 OSLDs (labeled A to G) relative to patient and tangential fields
(C) embedded OSLD contained by in-printed pocket, where OSLD is flush with the skin side of the bolus surface.

info@CivcoRT.com | www.CivcoRT.com

COPYRIGHT © 2019. CIVCO IS A REGISTERED TRADEMARK OF CIVCO MEDICAL SOLUTIONS. ALL OTHER PRODUCTS ARE PROPERTY OF 
THEIR RESPECTIVE OWNERS. ALL PRODUCTS MAY NOT BE LICENSED IN ACCORDANCE WITH CANADIAN LAW. 2019P1498 REV. A

https://www.youtube.com/watch?v=GV-pyZuCGI8


HDR Surface Brachytherapy
Adaptiiv’s enhanced algorithms allow users to automatically design a patient-
specific applicator and 3D print it, resulting in hollow catheter trajectories with 
a constant user-defined stand-off and separation distances. This customizable 
module provides a superior tool for optimizing and delivering the prescribed dose 
to patients compared to other common techniques.

Key Benefits
• Point and click software functions enable the user to create customizable catheter trajectories that are 

specific to the patient’s anatomy and treatment plan.

• The module’s algorithm allows users to quickly and confidently create patient-specific applicators using tools 
which allow superior planning and delivery of the prescribed dose to patients compared to other existing 
methods.

• The only regulated solution that allows users to customize an applicator and seamlessly import the new 
applicator design back into the brachytherapy treatment planning system to conduct dose validation.

• Adaptiiv eliminates the need for multiple, 3rd party software solutions that require excessive design time, 
can’t be easily verified in your TPS, and do not have regulatory clearance.

• Software optimization eliminates time-consuming and labor-intensive manual fabrication methods,  replacing 
the need for expensive applicators (i.e. Freiburg Flap).

“The limitations of using wax are worse in brachytherapy cases due to the 
added complexity of embedding the catheters - it can be difficult to verify 
both the distance from the surface and the spacing between catheters. 
Fabrication is also extremely time consuming and can be done only by the 
most experienced staff. 

The Adaptiiv solution addresses all of these problems and will increase our 
capacity to use surface brachytherapy.”

 THE CLATTERBRIDGE CANCER CENTRE

LIVERPOOL, UNITED KINGDOM

*New* Features in Software Release v3.0
Brachytherapy 3D Structure Visualization

• 3D viewing of the PTV and OARs (or other underlying structures) when 
planning and creating custom brachytherapy tunnels.

Enhancements to Brachytherapy Tunnel Generation

• Enhancements made to the generation of brachytherapy tunnels such as the 
softening of entrance/exit points for easier catheter placement, stopping a 
tunnel midway through a trajectory, better tunnel positioning on highly 
curved surfaces, and numbering of tunnels. midway through a trajectory, 
and numbering of tunnels.

A 3D view of the brachytherapy 
applicator, PTV (in red), and 
underlying structures.

Complex iterations to applicator 
design can be achieved through 
point and click capabilities.



Clinical Benefits

Radiation Oncologist Medical Physicist Radiation Therapist /
Dosimetrist 

Administrator

Patient Consult Highlight/demonstrate 
use of innovative 
technology to improve 
reproducibility and 
accuracy during 
treatment delivery.

Highlight/demonstrate 
use of innovative 
technology to promote 
center’s modern 
approach to treatment.

Applicator 
Design and

CT Simulation

Improves patient 
comfort through a 
simplified, faster setup 
during CT simulation 
and treatment.

- Automated applicator 
design. 

- User-defined input 
specific to each patient. 

- Increased accuracy, 
safety, and reproducibility 
of design.

- Automated applicator 
design. 

- User-defined input 
specific to each patient. 

- Increased accuracy, 
safety, and reproducibility 
of design.

- Improves patient comfort 
through simplified, 
faster setup during CT 
simulation and treatment.

- 3D printed applicator 
meets requirements for 
existing CPT codes, can 
be billed as a patient-
specific complex device.

- Eliminate need to 
fabricate applicator in 
the CT suite thereby 
increasing capacity.

Treatment 
Planning

- Built-in tools for 
superior optimization of 
the RT treatment plan 
in TPS. 

- Larger potential for 
OAR sparing.

- User defined stand-off, separation, tunnel radius 
and minimum radius of trajectory curvature allow for 
superior optimization of the RT treatment plan in TPS. 

- Larger potential for OAR sparing.

Seamless integration 
with existing TPS 
means faster and 
cheaper setup.

Plan Quality 
Assurance

- Dedicated tools for plan 
QA. 

- Modified DICOM 
RT structure is easily 
exported back to TPS for 
dose verification. 

- Scanning of 3D printed 
applicator on a patient for 
set-up verification / TPS 
verification purposes.

 

Applicator 
Fabrication

Time efficient and 
increased throughput.

- Improved efficiency, accuracy, safety and 
reproducibility of fabrication. 

- Decreased labor requirements.

- Improved efficiency. 

- Increased throughput.

- Cost savings.

Treatment 
Delivery

- Improved accuracy of dose delivery using patient-specific applicators 
which easily conform to patient’s skin. 

- Decreased set-up times.



Summary

The clinical advantages of using 3D printed custom modulated electron bolus are as follows:

• In vivo measurements to verify bolus placement and the calculated dose are easily achieved.

• Reproducible positioning for non-standard treatment techniques.

• The bolus conforms better to the patient than standard bolus, with minimal air gaps.

• Dose sculpting can be achieved.

• Uniform dose with minimal hot spots can be achieved.

Isodose distribution showing how the modulated electron bolus was able to conform prescription isodose line to the 
PTV with minimal hot spots.

Results (continued)
These pockets directly correlate to the measurement points indicated on the treatment plan by the physician. 
The MOSFET measurements for this patient were within 1% at all 5 positions. The fit of the bolus, the uniform 
dose distribution, and the accurate placement of the MOSFET detectors would not be possible with standard 
commercial bolus.



Enhanced HDR Surface Brachytherapy v3.0
Adaptiiv’s 3D printing software solution enables cancer centers to quickly and confidently create patient-specific 
applicators that provide a superior dose distribution compared to other existing methods.

Version 3.0 of the HDR surface brachytherapy module includes numerous enhancements to tunnel generation, 
3D structure visualization, and customization options to ensure the applicator you create meets the needs of the 
planned treatment.

New Features in v3.0
3D Structure Visualization

• Users can now visualize RT structures in 3D view, allowing them to see the PTV and OARs (or other underlying 
structures) at any transparency level when planning and creating custom brachytherapy tunnels.

A 3D view of a brachytherapy applicator, PTV (in red), and underlying structures.

Brachytherapy Curvature Mode

• Useful when dealing with complicated anatomy that has a double curvature, such as a scalp. Simply activate 
the curvature mode and the advanced algorithm will accommodate for more complex cases.

Catheter tunnel trajectories with small curvature radius can be smoothed or straightened by enabling 
the ‘curvature mode’.



Trajectory Shortening

• Users can shorten and stop any tunnel as needed. Simply click on the green node at the end of each trajectory 
and continue to do so until satisfied.

Node removal process shown in Adaptiiv software.

Tunnel Countersinks

• Users can now add countersinks to the ends of each tunnel, where the height and radius can be manually 
adjusted. Adding countersinks to the ends of trajectories softens the tunnel entry and exit points for easier 
catheter placement.

Countersinks at the ends of each tunnel have been generated.

Trajectories are generated after selected nodes have been 
shortened.

Tunnel Labels

• Click anywhere on the applicator to place tunnel labels. Users can move or delete labels as required. Each 
label will be printed directly in the applicator to aid in catheter placement.

A preview of where tunnel labels have been placed on the 
applicator.

Tunnel labels shown printed directly in the applicator.



Halifax Vault Applicator 

A Patient-Specific IC and IC/IS Brachytherapy Solution
Adaptiiv software allows users to design and customize patient-specific IC and IC/IS vault applicators and 
3D print them. The Halifax Vault Applicator is fully customizable, providing better placement of needle and 
catheter paths and improved patient fit. This enables more optimal treatment planning in terms of dose delivery 
and OAR sparing.

Patient-Specific

• Ability to design, produce, and evaluate a clinically cleared IC and IC/IS brachytherapy 
applicator that is patient-specific in shape, size, trajectory orientation, and tunnel diameter to 
deliver more personalized treatment.

User interface of the design workflow for the Halifax 
Applicator in Adaptiiv’s IC/IS brachytherapy software 
module.

Design and create a patient-specific IC or IC/IS vault applicator with needle or catheter tunnels 
generated from an optimized RT plan in the brachytherapy TPS.

Compatibility

• Compatible with DICOM file formats (RT Structure Set, RT Plan) exported from the 
brachytherapy TPS.

• A specific fixation mechanism compatible with reusable accessories supplied by major vendors.

Regulatory Cleared

• The only regulated solution that allows users to seamlessly export a modified DICOM RT 
structure of the designed applicator back into the TPS for QA purposes.

• Eliminate the need for multiple, 3rd party software solutions that require excessive design 
time, cannot be easily verified in your TPS, and do not have regulatory clearance.

Reduce Risk

• Have confidence that what is planned in the TPS will result in a printed applicator that follows 
strict QA requirements.

Treatment ready, 3D printed Halifax Applicator fixed to a 
tandem tube which is clamped on a base plate.

NOT FOR CLINICAL USE



Production & Design Workflow

• Adaptiiv’s IC and IC/IS brachytherapy software module enables the design and fabrication of 
the Halifax Applicator via an STL file which is compatible with 3D printers.

• Patient-specific tunnels can go all the way through the applicator or stop at a certain user-
defined distance within the applicator.

• Needle/catheter tunnel diameters can be commissioned for use with existing brachytherapy 
equipment.

Applicator Features

“The limitations of preparing vaginal applicators from a mould are time-consuming and can only 
by done by experienced staff. Using Adaptiiv’s 3D Brachy software to create patient-specific 
personalized vault applicators reduced preparation time by 50%, from 8 days to 4 days.

Adaptiiv’s Halifax Vault Applicator software is a potential real-world solution for variable 
post-operative vaginal vault topography.”

Royal North Shore Hospital
Northern Sydney Cancer Centre

Sydney, Australia

NOT FOR CLINICAL USE



3D Printed Surface Mould Brachytherapy: Scalp Vertex Case
Northern Sydney Cancer Centre, Royal North Shore Hospital, Sydney, Australia  
Florence Ko, Andrew Dipuglia, Judith Martland, Cameron Stanton, Mark Stevens, Tony Lee

Overview 
The following case demonstrates the potential clinical application of a 3D printed high dose rate (HDR) surface 
brachytherapy mould of the scalp, which was planned in Elekta’s Oncentra Brachy 4.5.3 treatment planning 
system (TPS). The print was prepared by exporting the DICOM RT structure and CT data set directly from the 
TPS into Adaptiiv’s 3D bolus software application for conversion of the surface mould structure into the required 
.STL file.

Patient History
A 64 year old male was diagnosed with cutaneous melanoma of the scalp vertex. The lesion was initially resected 
by his general practitioner, and demonstrated a 8mm-thick non-ulcerated amelanotic BRAF-negative melanoma 
lesion with focally involved peripheral margins and close (0.3mm) deep margin. Mitotic rate was very high at 
15 per mm².  PNI (perineural invasion) was also present focally at the periphery of the tumour and further wide 
local excision was recommended 4.5 weeks after initial resection. A final specimen of 48mm x 33mm x 8mm 
to the level of periosteum was removed and disclosed 2(two) completely resected satellite melanoma nodules 
(BRAF-negative) measuring 1.5mm and 0.7mm, respectively with the latter involving an unnamed nerve. Surgical 
margins were again close at 0.5mm. The patient’s primary defect was closed with a scalp rotation flap with good 
healing.

Treatment Planning 
The patient’s 4-week post-operation positron emission tomography (PET) scan revealed no suspicious uptake 
locally or regionally. After initial consultation at North Coast Cancer Institute, the patient was referred to 
Northern Sydney Cancer Centre (NSCC) for surface mould brachytherapy. During consultation, the Oncologist 
explained that the treatment regime included a 3D printed surface mould, and the patient was informed that a 
side effect of the radiation exposure would be moist desquamation within 1-2 weeks after treatment. 



Figure 1. CT scan was imported into Oncentra, the body, skull and brain were contoured 
and CTV was contoured by RO .

Based on the Radiation Oncologist’s prescribed dose (34Gy in 10 fractions), and using the AAPM TG-43 dose 
algorithm, several different standoff and catheter separation values were tested to achieve the coverage 
constraints of CTV D98min > 90% at depth, CTV D90=100% and CTV 2cc max <125% at scalp surface. The 
optimal plan was achieved with 12mm standoff and 12mm between catheters (Figure 2).

Figure 2. Several different standoff and catheter separation values were tested to 
achieve optimal dose delivery.

Treatment Planning (continued) 
The treatment regime was a tumour reference dose of 30-40Gy in 10 fractions, bi-daily for 5 days (An EQD2 of 
approximately 35Gy at depth and 50Gy on the skin surface).

Prior to the patient’s computerized tomography (CT) scan, the Radiation Oncologist outlined the clinical target 
volume (CTV) on the patient’s scalp, and a CT marker wire was placed along the CTV. The patient was positioned 
in an inclined position on a breast board, with a cushion used to support the patient’s neck. The CT scan of the 
whole head was then completed with a high resolution 1mm slice thickness and 1024x1024 pixel matrix.

 The patient’s CT scan was imported into the Oncentra brachy TPS, where the body, skull, and brain were all 
contoured by the radiation therapist. The CTV was then delineated by the Radiation Oncologist based on the CT 
marker wire, extending the target volume to the depth of the skull (Figure 1).



Figure 3. Adaptiiv software allows users to customize trajectories.

Once the catheter trajectories were generated, each was checked and edited where required. As shown in Figure 
4, highlighted red sections on trajectories indicate locations with small curvature radius, which could potentially 
be too tight for the source to traverse. These sections can be smoothed (straightened) by simply clicking and 
dragging the red nodes on the yellow highlighted trajectory (turning them blue).

Figure 4. Catheter tunnel trajectories with 
small curvature radius can be smoothed or 
straightened by a simple point-and-click 
function in Adaptiiv’s software.

Fabrication 
The final surface brachytherapy mould contour was created with a 17mm thickness to provide 5mm of backscatter 
material in addition to the 12mm of standoff, and the DICOM RT structure set and CT imaging data were then 
imported into the Adaptiiv software. Specific to the scalp mould, the Centre noted the need to consider the 
tradeoff between having adequate backscatter in order to reduce the dose deficit at the skin surface created by 
an incomplete scatter environment and ensuring the weight of the final surface brachytherapy mould would not 
be too heavy.

Once the CT data and RT structure set were imported into the Adaptiiv software, the user selected the identified 
surface contour of the scalp, along with the surface brachytherapy mould structure. From there, the user was 
able to select the following criteria to customize their trajectories in accordance with the simulated plan: Inter 
Trajectory Distance (12mm), Number of Trajectories (patient specific), Surface Distance (12mm), and Tunnel 
Radius (Figure 3). For the 6F flexi-implant catheters, 4mm  diameter channels was found to be the tightest fit that 
prevented source obstructions due to the nature of the curved surface of the mould.



To schedule a demo of Adaptiiv’s software, please contact us at info@adaptiiv.com

Summary 

• The Northern Sydney Cancer Centre at Royal North Shore Hospital demonstrated that it is possible to 
produce a 3D printed high dose rate (HDR) surface brachytherapy applicator scalp mould using the Adaptiiv 
solution in a clinical setting.

• The process of customizing and fabricating the brachytherapy applicator scalp mould was less time consuming 
than other surface mould methods that are traditionally used.

Figure 5. Catheter tunnel trajectories can be checked in Adaptiiv software for 
equivalence to plan generated in TPS and amended if required, then the file can be 
exported seamlessly from the software to 3D printing slicing software to prepare 
print-ready file.

Results 
The Northern Sydney Cancer Centre at Royal North Shore Hospital demonstrated that it is possible to produce a 
HDR surface brachytherapy scalp mould using the Adaptiiv software solution. The Centre noted that special care 
should be taken during planning in the TPS to create a surface mould that will allow the Radiation Oncologist‘s 
prescription to be achieved, and that consideration should be given to the tradeoff between backscatter material 
and weight of the mould. The Centre found that using Adaptiiv’s software solution and a 3D printer to design and 
create the HDR surface brachytherapy applicator was less time consuming compared to other brachytherapy 
surface mould methods used previously.

Fabrication (continued)
When all the highlighted red sections on the trajectories had been adjusted, the Centre then double checked 
that the catheter positions were equivalent to the plan generated in the TPS (Figure 5).  They then proceeded to 
convert the contour of the surface applicator into a .stl file for print, with the final step being to convert the .stl file 
to .gcode (3D printer file format).



Patient Case Study: Design and Fabrication of Custom, 3D 
Printed HDR Surface Brachytherapy Applicators1

Department of Medical Physics, Nova Scotia Health  
Halifax, Nova Scotia, Canada

Overview
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories. 

The following case demonstrates the application of Adaptiiv’s technology used in clinical radiation oncology 
through the design and fabrication of a patient-specific HDR surface brachytherapy applicator for the treatment 
of a patient with bilateral shin skin cancer. This case is a great example of how Adaptiiv’s software can be 
effectively used to quickly create HDR surface brachytherapy applicators that provide excellent fit to patient 
contours and allow for simple daily set up.

Patient History
An 80 year old patient presented with bilateral basal cell carcinoma on their shins – three lesions on the right 
shin, two on the left shin. 

1 Chytyk-Praznik, K., Oliver, P., Allan, J., Best, L., & Robar, J. (2020). Design of Custom, 3D-Printed Surface Brachytherapy Applicators. 2020 Joint 
AAPM | COMP Virtual Meeting.



Description
Superficial photon or electron beams are typically used when treating skin cancer with radiation therapy. 
Treatment with these modalities is most consistent when the patient contour is normal to the treatment 
beam. If the treatment area is large or there is more than one lesion, multiple fields may be required to obtain 
adequate target coverage. Planning and treating many targets on a patient’s sloping contour can be particularly 
problematic. Additionally, the treatment of patients over several fractions creates another layer of complexity. 
Considering these challenges, the objective of this case was to design and fabricate patient-specific, surface HDR 
brachytherapy applicators that require simple daily set up for the treatment of multiple complex targets.

Fabrication and Treatment
The patient’s initial CT simulation was used for applicator design, with the targets wired by the physician, as shown 
in Figures 1 (a) and (b). The CT dataset was imported into the Eclipse TPS (Varian Medical Systems). Individual 
applicators for each shin were created as “bolus” structures, using the patient’s external body contour. Care was 
taken to control the applicator dimensions so that it would: fit on the 3D printer plate, would be shorter than the 
brachytherapy catheters, and would not need to be cleaved and then reattached to be placed onto the patient. 

Figure 1 (a) Figure 1 (b)

The Eclipse structures were imported into the HDR surface brachytherapy module of Adaptiiv software to take 
advantage of its automatic tunneling feature to design the catheter trajectories (see Figure 1 (c)).



Figure 1 (c)

The applicator designs were exported from Adaptiiv software and printed with a Lulzbot TAZ 5 3D printer. Flexible 
6F catheters were inserted through the tunnels and fastened in place with buttons to allow the HDR source to 
travel reliably through the applicator. A second CT simulation of the patient with the completed applicators and 
radiopaque markers inserted was required to:

• Ensure proper fit

• Verify print quality

• Create reference marks for daily setup on the patient

• Enable catheter reconstruction for treatment planning

The patient was planned in Oncentra Brachy (Elekta), with two treatment plans – one for each shin.

Figure 2 (a) Figure 2 (b)

Dose
The targets were prescribed 40 Gy in 15 fractions with HDR surface brachytherapy.



Summary 
 

• 3D printed HDR surface brachytherapy applicators designed in Adaptiiv software can be successfully used to 
treat patients with bilateral shin skin cancers. 

• The 3D printed applicator provided excellent fit to the patient’s contour, with simple daily setup and ease of 
use for treatment.

Figure 3

Results and Findings
Each applicator required 13 catheter tunnels to encompass the CTVs in all directions, with at least one catheter 
tunnel lateral to the wired targets. After minor adjustments during the second CT simulations, the applicator fit 
the patient’s body contour and matched the modelled applicator well, as shown in Figures 2 (a) and (b). The first 
CT dataset was co-registered to the second dataset to allow contouring (from the wired mark-ups on the first CT 
scan) and planning (with the radiopaque markers and completed applicators on the second CT scan) to occur on 
the second set of simulation images. 

The CTVs were designed to treat to a 3 mm depth, with a 3 mm PTV margin in the lateral and superior-inferior 
directions to account for daily setup variations. The resulting plan was able to cover greater than 98% of the PTV 
with 100% of the prescription, and mostly contained the 150% isodose to the applicator, minimizing the volume 
of target that receives the high dose (see Figure 3).
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Introduction
Intracavitary (IC) brachytherapy modality has been traditionally offering a vast number of commercially available 
generic applicators, i.e. one-size-fits-all-patients, thus there has been very little or no opportunity to customize 
shape, size and direction of source trajectory paths in respect to a specific patient anatomy [1]. 

Therefore, a novel software tool has been developed to design patient-specific IC brachytherapy applicators 
compatible with 3D printing technology and RT equipment. 

Purpose
1.     To design software with the following features:

• Importing of applicator contours from TPS via DICOM RT Structure Set file and displaying them over CT/MRI 
images.

• Importing of optimized source-trajectory paths from TPS via DICOM RT Plan file and subtracting catheter/
needle tunnels from the applicator employing user-defined diameters.

• Rendering and exporting of an STL file of the modified applicator compatible with 3D printing technology.

• Designing and exporting of DICOM RT structure set containing the modified applicator which can be imported 
back to TPS for commissioning and QA purposes.

2.     To 3D print and evaluate the spatial fidelity of the applicator in respect to the corresponding STL and RT 
structure and to inspect HU homogeneity and mass density of printed samples.

NOT FOR CLINICAL USE



Method
• A module was designed within the Adaptiiv software solution with the ability for DICOM import and DICOM/

STL file export, source trajectory tunnel subtraction with user-defined diameters, 2D/3D image viewing tools, 
2D ruler, and attachment post-processing. 

• A cylinder applicator was contoured in a brachytherapy TPS (SagiPlan 2.2, Eckert & Ziegler BEBIG) and 6 
straight, 1 oblique, and 1 curved source trajectories were re-created in the plan. The DICOM dataset was 
exported from TPS and imported into Adaptiiv Brachytherapy software where the applicator was designed 
and rendered with user-defined tunnel diameters. 

• The software output included the RT Structure Set file with the modified applicator and corresponding STL 
file which was used to 3D print the applicator on an SLA (Stereolithography) 3D printer (Form2, Formlabs) 
using 2 biocompatible resins: ‘Surgical Guide’ (Formlabs) and ‘Dental SG’ (NextDent) and 1 prototyping resin: 
‘Clear’ (Formlabs).

• Spatial fidelity of the 3D printed applicators was quantified and compared to the corresponding RT structure 
and STL file. 

• 3D printed samples were then CT-imaged, HU homogeneity was examined (automatically and manually), and 
mass density calculated.

• Tolerance levels were established for the spatial fidelity of the 3D printed applicator.

Results
• The accuracy of applicator diameter, length, inter-tunnel distance and catheter-tunnel diameter was 

measured on 3D printed applicators, corresponding STL and RT structure resulting in ±0.2mm relative to the 
reference geometry set in TPS and Adaptiiv’s Brachytherapy software. 

• The angle of the oblique trajectory measured on the modified RT structured showed the accuracy of 0.1 
degrees in respect to reference geometry set TPS.

• Comparing the RT structure with corresponding STL of the modified applicator showed submillimeter 
accuracy (~0.01mm) using CloudCompare software.

• HU homogeneity test of cured, 3D printed Surgical Guide sample showed 88 ± 28 HU (automatic analysis, 
Matlab) and 90 ± 9 HU (manual point-analysis, Eclipse v13.6). Mass density for Surgical Guide resin was 
calculated to be 1.180 ± 0.002 g/cc.

• For Dental SG resin, the HU analysis showed 96 ± 15 HU (Matlab) and 98 ± 8 HU (Eclipse). Mass density for 
Dental SG resin was calculated to be 1.210 ± 0.002 g/cc.

• Tolerance levels regarding dimensions of the printed applicator were set to 1CT (MRI) pixel size (in plane) and 
1CT (MRI) slice thickness (longitudinally).

• The workflow in Adaptiiv’s Brachytherapy software took ~5 minutes and the 3D printing of the applicator 
took ~3 hours to accomplish.

NOT FOR CLINICAL USE

[1] J. A. M. Cunha et al. Evaluation of PC-ISO for customized, 3D printed, gynecologic Ir-192 HDR brachytherapy applicators – Journal of Applied 
Clinical Medical Physics, volume 16, number 1, 2015

2   B. Basaric et al. Source Trajectory Generation Algorithm for3D Printed Surface Brachytherapy Applicators – presentation slides, Session no. TH-A-
301-10; AAPM 2019, San Antonio, USA.



CloudCompare measurements between RT 
structure and STL of the modified applicator

Spatial fidelity measurements of the modified applicator (‘Surgical Guide’ sample)

Automatic HU analysis 

Results (continued)

Adaptiiv’s brachytherapy software user interface
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Conclusions
• Adaptiiv’s brachytherapy software was designed to be compatible with DICOM and STL file formats, 

effectively bridging the worlds of radiation therapy and 3D printing technology.

• Design and production of the applicator was achieved quickly without the need for complex CAD software, 
specialized 3D modelling, or other mechanical engineering skills.

• Implemented software features including DICOM/STL import and export modules, user-defined tunnel 
subtraction, 2D/3D viewing tools, 2D ruler, and attachment post-processing provide tools necessary for 
clinical commissioning of Adaptiiv’s brachytherapy software in RT.

• 3D printed IC applicators showed a submillimeter level of spatial accuracy needed for clinical implementation.

• Radiological uniformity of 2 biocompatible applicator materials was demonstrated, with mass densities being 
close to water equivalent, implying the use of TG-43 protocol. Further dosimetric investigation of 3D printed 
materials needs to be performed.

• Clinical studies need to be conducted aiming at specific modifications of IC applicators in respect to shape/
size/source trajectory orientations, assessing the impact on applicator fitting, target volume, dose conformity, 
and sparing of OARs.

RT structure of the modified 
applicator - axial 2D view

3D printed applicator - prototype sample in ‘Clear’ resin (Formlabs)

STL of the modified 
applicator

3D view

Results (continued)
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HDR Surface Brachytherapy Software Demo
 
Adaptiiv’s enhanced algorithms allow users to automatically design a patient-
specific applicator and 3D print it, resulting in hollow catheter trajectories with 
constant user-defined standoff and separation distances. 

This customizable module provides a superior tool for optimizing and delivering 
the prescribed dose to patients compared to other common techniques.

Ready to Learn More?
Our FDA 510(k) cleared software solution enables the design and creation of 3D printed RT accessories that 
improve treatment accuracy and patient experience. 

Book a demo or contact us to find out how Adaptiiv can fully integrate with existing clinical workflows, allowing 
you to create patient-specific RT accessories on demand.

Get a Demo Contact Us

https://youtu.be/Uh-jRCCdGNw
https://youtu.be/Uh-jRCCdGNw
https://youtu.be/Uh-jRCCdGNw
https://www.adaptiiv.com/get-a-demo/
https://www.adaptiiv.com/about/contact-us/


3D Printed Moulds
For many applications, a rigid 3D printed bolus is 
effective and well tolerated by the patient. However, 
some clinical scenarios may benefit from a soft, highly 
flexible patient specific bolus. We have listened to 
valuable customer input and created a new technology 
that allows users to easily create moulds that can be 
3D printed and filled with flexible material to produce 
patient-specific bolus.

What Customers Are Saying
We 3D printed, then scanned the bolus on the patient. The bolus fit very well and the dosimetry was 
excellent, especially with regard to 90% dose conformity. All are pleased, including our Radiation Oncologist, 
Medical Physicist and Radiation Therapists involved. A plan like this wouldn’t be possible any other way.  

NOVA SCOTIA HEALTH

HALIFAX, NOVA SCOTIA, CANADA

2 CASE STUDY: ROBAR ET AL.

This study demonstrates the practical use of 3D printed bolus for postmastectomy radiation therapy. In a sample 

of 16 patients each treated at least 4 times with 3D bolus, the accuracy of fit of the 3D bolus to the chest wall 

was improved relative to standard sheet (SuperFlab) bolus, with the frequency of air gaps ≥5 mm reduced from 

30% to 13%. Surface dose, as measured using in vivo dosimetry, was within 3% for sheet and 3D printed bolus, 

and there was no significant difference between sheet and 3D printed bolus with regard to agreement with the 

treatment planning system. The setup time was reduced only marginally with 3D printed bolus (from 104 to 76 

seconds); however, this time saving must be weighed against the considerable time required for fabrication of the 

bolus (median, 10.8 hours; mean, 12.6 ± 5.4 hours) and related quality assurance, although the printing process 

was found to be largely automated. 

Results / Findings

Summary

1. 3D printed bolus in postmastectomy radiation therapy improves fit of the bolus and reduces  
     patient setup time (from 104 to 76 seconds on average in this study).

2. The accuracy of fit of the bolus to the chest wall was improved significantly relative to standard  
     sheet bolus, with the frequency of air gaps 5 mm or greater reduced from 30% to 13%  
     (P < .001) and maximum air gap dimension diminished from 0.5 ± 0.3 to 0.3 ± 0.3 mm on average.

Bolus of 5.0 mm thickness was defined in the treatment planning system and exported as a polygon file format 

object. This structure was then manipulated in 3D design software to apply smoothing and to crop at the inferior 

edge for subsequent adhesion to the 3D printer build plate. An example bolus is shown in Figure 1 (A). All 

boluses were 3D printed using fused deposition modeling of polylactic acid (PLA) filament. This material offers 

the advantages of being nontoxic, easily cleaned during the treatment course, and, compared with some other 

materials, faster during 3D printing.

Fabrication and Treatment

FIgure 1.
(A) Example of a 3-dimensional printed bolus
(B) locations of 7 OSLDs (labeled A to G) relative to patient and tangential fields
(C) embedded OSLD contained by in-printed pocket, where OSLD is flush with the skin side of the bolus surface.

info@CivcoRT.com | www.CivcoRT.com
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3D Printed Moulds
An innovative and superior method to create flexible, patient-specific bolus.

For many applications, a rigid 3D printed bolus is effective and well tolerated 
by the patient. However, some clinical scenarios may benefit from a soft, highly 
flexible patient specific bolus. Adaptiiv has listened to customer feedback and 
created innovative new technology that now allows users to easily create 
moulds that can be 3D printed and filled with flexible material to produce 
patient-specific bolus.

Advantages of Adaptiiv’s 3D Printed Moulds:
• Allows the use of flexible materials, such as skin-safe silicone.

• Introduces a regulatory cleared process to create and produce flexible bolus with high accuracy.

• Preserves the superior patient fit provided by rigid 3D printed bolus compared to traditional methods – but 
offers the comfort and pliability of a soft material.

• Allows use of a bolus that copes with minor patient motion or changes between treatment fractions.

• Provides a solution particularly useful for head and neck or skin cases, or other complex anatomies requiring 
custom fit bolus.

“Adaptiiv has enabled us to confidently tackle situations where we would normally struggle to apply bolus. The 
benefit has already been seen in reduced setup times, improved patient comfort, and reproducibility. The ability 
to print the precise bolus required for electrons or photons is a powerful tool in an RT department.”

 CIARAN MALONE, MEDICAL PHYSICIST 
SAINT LUKE’S RADIATION ONCOLOGY NETWORK

DUBLIN, IRELAND

Flexible, patient-specific bolus 
has superior fit and significantly 
reduces air gaps.

This feature is now available in the Simple Bolus and 
Modulated Electron Bolus modules.

Flexible material validated by Adaptiiv:  Silicone*
For procurement of materials that have been validated for use with Adaptiiv’s 3D printed moulds software 
feature, please contact Adaptiiv or your local distributor.

*Silicone validated for use with Adaptiiv’s 3D printing software solution: Smooth-On, Inc. Ecoflex™ Series.

Traditional sheet bolus used on curved 
surfaces, such as a breast, can result in poor 
conformity and resultant air gaps.

Flexible, patient-specific bolus provides 
superior fit and adheres to the surface shape of 
complex anatomies, such as a breast.

air gap

air gap



Patient Case Study: Comparison of Flexible Silicone Bolus 
Versus 3D Printed Rigid Bolus1

Department of Medical Physics, Nova Scotia Health  
Halifax, Nova Scotia, Canada

Overview
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centres with the hardware, software, and 
materials to develop low cost, high performing medical tools that supersede existing conventional technologies. 
The following case demonstrates the application of our technology used in clinical radiation oncology through 
the fabrication of flexible silicone bolus that yields comparable plan metrics when compared to rigid 3D printed 
bolus for the treatment of an inner canthus tumor. This case is a great example of how Adaptiiv’s software can be 
effectively used to create patient-specific, silicone bolus using 3D printed moulds.

Description
This case study illustrates the fabrication process of designing and creating silicone bolus using the Adaptiiv 3D 
printing software solution. This flexible silicone bolus fabrication process was then compared to the fabrication 
process of rigid 3D printed bolus to determine whether it yielded a comparable or improved plan metrics for 
treatment of an inner canthus tumor.

1 Clancey, J., Best, L., Allan, J., Robar, J. (2020). Comparison of Flexible Silicone Bolus Versus 3D Printed Rigid Bolus for the Treatment of Recurrent 
Basal Cell Carcinoma of the Inner Canthus. 2020 AAMD Virtual 45th Annual Meeting.



Fabrication and Treatment
Target volumes were contoured in the Eclipse planning system (v13.6, Varian Medical). Electron plans were 
generated with a bolus contour that was modified to optimize dose distribution. The bolus contour was exported, 
and the rigid bolus was printed using a Taz 5 3D printer. For the silicone bolus, a 4mm outside wall structure 
(mould) was applied to the bolus contour and this was exported and printed. A two-part silicone rubber was 
mixed, then poured into the mould and allowed to cure. 

Figure 1. A) Customized bolus structure with preliminary target volumes 
GTV (red), CTV (orange), PTV (blue); and B) Customized bolus structure 
showing 4 mm wall structure (purple).

CT images were acquired with and without an internal eye shielding (IES) for both the rigid and silicone boluses. 
The rigid bolus included a soft bolus plug over the eye to allow placement of the IES. 

Figure 2. A) Internal eye shield and 3D rigid bolus placement; B) 3D 
rigid bolus with soft bolus plug; and C) Silicone bolus.

Dose
Electron plans were normalized at Dmax using 12 MeV with a dose of 6000 cGy in 30 fractions prescribed to 
100%. Evaluation metrics included: Dmax to 0.1 cc of the PTV, organ at risk (OAR) Dmax for the right/left lenses, 
optic nerves, eyes, and the left lacrimal gland.



Figure 3.  Maximum doses to organs at risk: 3D rigid bolus (blue) versus silicone bolus (orange) 

Results
The data export and preparation times prior to 3D printing of both boluses were identical, however more manual 
intervention was required for the silicone bolus. The rigid bolus required 4 hours to print. The bolus mould 
required 1.5 hours to print, 0.5 hours for preparation and pouring of the silicone rubber, and 6 hours for curing. 

Both showed good conformity to the body surface. The air gap volume over the inner canthus was 1.27cc for the 
3D rigid bolus (corresponding to the location of the soft bolus plug, which was not shaped to fit the skin surface). 
The measured air gap volume under the silicone bolus in this same region was 0.24cc. 

Both demonstrated good material homogeneity with Hounsfield units (HU) between 120-150 HU and 160-190 
HU for the rigid and silicone boluses, respectively. PTV Dmax for rigid bolus was 125.5% versus 116.6% for the 
silicone bolus. Dmax for OARs were comparable with maximum difference of 14 %. Dmax for the left eye was 
higher for the rigid bolus.

Discussion
The silicone required a net increase of 4 hours longer to create compared to the rigid bolus. The additional time 
required was within the workflow guidelines of the department for the fabrication of customized bolus.



Summary

• The minimal additional workflow requirements for fabrication of silicone bolus and comparable plan metrics 
with 3D rigid bolus make it a viable option for bolus application. 

• The soft and malleable nature of the customized silicone bolus allowed for a closer fit to the skin surface of 
complex patient anatomy, resulting in smaller air gaps and lower Dmax to the PTV and left eye. 

Figure 4. Axial and sagittal views showing air gap 
and 115% isodose wash. A) 3D rigid bolus with 
soft bolus plug; and B) flexible silicone bolus.

Figure 5. Axial images of silicone bolus on A) Planning CT 
image at simulation; and B) CBCT on treatment unit.

Discussion (continued)
While both boluses showed close fit to the skin surface, the generic bolus plug for the rigid bolus introduced an 
air gap producing a higher Dmax to the PTV distal to the air gap and a higher Dmax to the left eye. The soft and 
malleable nature of the customized silicone bolus allowed it to be placed over the internal eye shield without 
modification. Because the  silicone bolus maintained a better fit the air gap was smaller resulting in a lower Dmax 
to the PTV and left eye. 

Bolus plug

The  flexible and malleable nature of the silicone bolus required careful placement for daily treatment to ensure 
the proper fit.  A cone beam CT (CBCT) was taken daily to verify the bolus position.



Patient Case Study: 3D Printed Mould - Silicone Bolus
Nova Scotia Health  
Halifax, Nova Scotia, Canada

Overview
Adaptiiv Medical Technologies Inc. (Adaptiiv) provides cancer centers with the hardware, software, and materials 
to design and 3D print custom radiotherapy accessories. 

This patient case demonstrates the application of Adaptiiv technology in the creation of a patient-specific silicone 
bolus using a 3D printed mould. Silicone bolus provides a conformal and flexible solution to achieving required 
dose build-up in radiation therapy. 

This approach has shown to be feasible for head and neck radiation therapy¹ and when applied to treatment of 
non-melanoma skin cancer, has introduced both dosimetric and workflow advantages². However, the method 
requires detailed software design to provide a mould

Patient History
An 81-year-old patient was treated at Nova Scotia Health and presented with squamous cell carcinoma of the 
left ear and pre-auricular area. for fabrication of silicone bolus.  More details can be found in the published poster 
listed below³.

1 Canters et al. Clinical Implementation of 3D Printing in the Construction of Patient Specific Bolus for Electron Beam Radiotherapy for 
Non-Melanoma Skin Cancer. Radiother Oncol 2016 121(1):148-153.

2 Chiu et al. Three-dimensional Printer-Aided Casting of Soft, Custom Silicone Boluses (SCSBs) for Head and Neck Radiation Therapy. Pract Radiat 
Oncol 2018 8(3):e167-e174.

3 Robar et al. Use of a Novel Software Technology for Design and Production of Patient-Specific Silicone Bolus. 2020 Joint AAPM | COMP Meeting.



Fabrication and Treatment
The clinical target volume (CTV) and planning target volume (PTV) were defined based on CT in the TPS (Eclipse 
v13.6) to include the left ear and pre-auricular area (Figure a). An initial 1 cm thick bolus was defined in the TPS to 
cover the PTV with an approximate 2 cm margin (Figure b). The TPS integrates directly with Adaptiiv software to 
allow for the import of CT and structure data. Upon import, the bolus structure is smoothed adaptively to avoid 
CT slice artifacts.

With knowledge of the bolus and skin surface, Adaptiiv software automatically produces a two-part shell-type 
mould that includes a seam (Figure c) for subsequent separation and releasing of the bolus. The software can crop 
the mould with up to two planes, e.g., to create an opening for filling, and to provide a flat surface to support on the 
3D printer bed (Figure d). To ensure precise fitting of the two halves of the mould, alignment guides are included 
in the software, adding a set of hemispherical mortise/tenon interlocking features. These are configurable in 
number and dimension (Figure e). When the mould design is complete, the model of the digital object of the bolus 
(inside the mould) is exported to the planning system to confirm shape, location, and to calculate dose.



Fabrication and Treatment (continued)

Upon import to the TPS, the object is predefined with the relative electron density of the silicone material (Figure 
f), which is configurable in the Adaptiiv software. The planning approach for this case was delivery of 50 Gy in 
20 fractions, using three co-planar, ipsilateral 6 MV VMAT arcs. The mould object was 3D printed using Fused 
Deposition Modeling (FDM) printing technology and polylactic acid (PLA), a rigid filament. The mould object was 
printed with low infill (e.g. 15%) to reduce the print time required.



Fabrication and Treatment (continued)
For this case, printing required approximately 8 hours with 0.5 mm layer height but did not require user 
interaction during this time. When complete, the mould halves were assembled and sealed with caulking. A skin-
safe silicone (EcoFlex™ 30) was poured in the mould and allowed to set for 4 hours, then released (Figure g). No 
desiccation was used, e.g., for evacuation of air during the curing process. The final silicone bolus was then fitted 
to the patient (Figure h), held in place using a gauze mesh, and patient immobilization was formed over the bolus. 
A verification CT can be performed to check the fit and uniformity of the bolus, if required (Figure i). Although the 
step in Figure f can provide a final treatment plan with the assumption of accurate positioning, optionally, the plan 
can be recalculated on this CT dataset for comparison. On treatment, daily CBCT was used to assess positioning 
and fitting of the bolus (Figure j).

Dose
50 Gy in 20 fractions using three co-planar, ipsilateral 6 MV VMAT arcs.

Results and Findings
The Adaptiiv software application provided fast and largely automated design of a silicone bolus, requiring 
approximately 10 minutes at the software step. The manufacturing process required approximately 8 hours for 
3D printing, although this step requires no user interaction. The pouring/removal process required approximately 
4 hours. The verification CT confirmed accurate shape and positioning of the bolus (Figure i) relative to the 
designed object exported to the TPS (Figure f). The resultant silicone bolus was seen to be highly uniform on 
CT with a mean HU of 160 (approximate relative electron density of 1.13). No air voids were apparent. Daily 
CBCT showed consistent and accurate positioning throughout the treatment course (Figures k and l). Only 1 of 
20 fractions required a correction of bolus positioning (Figures m and n).



Summary

• The Adaptiiv software application introduces an efficient solution to design a 3D printable mould for silicone 
bolus, requiring approximately 10 minutes in the software.

• Dedicated software tools enabled necessary steps for mould fabrication, including cropping for 3D printing 
and silicone pouring, as well as the addition of alignment guides for the mould.

• 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.

• The manufactured bolus showed excellent uniformity and a mean relative electron density of 1.13, based on 
CT imaging.

• 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 CBCT required only once in 
20 fractions over the treatment course.



3D printing is an exciting technological advance in radiation oncology. Numerous studies have been published 
that demonstrate the benefits of using 3D printing to fabricate patient-specific accessories, such as bolus and 
brachytherapy applicators, compared to traditional methods.1 

Thanks to ongoing improvements in cost and reliability, 3D printing is becoming more common in cancer centers, 
allowing even the most difficult cases to be planned and treated within 24 hours. As with all new technologies, 
those considering implementing a solution should consider several factors as outlined below.

This document focuses on 3 common considerations our customers have regularly raised: Regulatory 
Considerations, Validation, and Reference Sites. 

Regulatory Considerations
3D printing has evolved from being an exploratory activity to now being a clinically viable and acceptable form 
of providing treatment. Software developed to 3D print accessories for use in radiation oncology falls under the 
category of medical devices. Centers that are considering a 3D printing solution should ensure the software they 
purchase is registered as a medical device.

In addition to the above, prior to investing in an in-house 3D printing software solution, centers should ensure 
the solution is properly validated and regulatory cleared to ensure treatment can be delivered as planned.

With customers in 16 countries, Adaptiiv has FDA 510(k) clearance to market a software intended

3D Printing in Radiation Oncology: Considerations for  
Clinical Use



Validation
3D printing solutions present new opportunities to improve accuracy, reproducibility, and reliability in radiation 
therapy treatment delivery. To achieve these goals, the design and fabrication process must be properly validated. 
Centers investing in a 3D printing solution will require a means to perform an accurate dose calculation on the 
patient treatment geometry, including an accurate representation of the final accessory design. They will also 
require a validation procedure to ensure the fabricated accessory will result in the treatment being delivered as 
planned.

DIY solutions for designing and fabricating 3D printed accessories often involve multi-step accessory structure 
processing while requiring multiple versions of open-source software. As a result, DIY solutions typically involve 
convoluted validation procedures, particularly for ensuring the final accessory design is accurately represented 
in the treatment planning system (TPS). Without the ability to accurately represent the accessory in the TPS, 
issues can be missed such as bolus thinning due to over-smoothing or the visualization of hotspots caused by 
variability in intentionally modulated bolus thickness.

Adaptiiv’s 3D printing software solution seamlessly integrates with the clinically commissioned TPS through 
simple DICOM import/export functionality. The final modified accessory structure is sent to the TPS for viewing, 
dose calculation, and plan verification before printing. Should changes be required at this point, a single additional 
iteration of DICOM import/export between the TPS and Adaptiiv software can be made before printing. This 
simple workflow can reduce risk and prevent potential treatment delays compared to complicated DIY solutions.

Centers must also consider the 3D printer and filament materials. These are critical components when creating 
an accessory designed for clinical use and proper validation cannot be overlooked. When buying filament from 
sources without appropriate QA procedures in place, users may find that materials do not consistently produce 
clinically acceptable accessories that can be used in treatment. In addition, some 3D printers indicate they can 
print a solid accessory (at 100% infill), but are not able to consistently deliver on that promise.

Adaptiiv offers the only in-house 3D printing software solution backed by an ISO compliant QMS and has invested 
10,000+ hours validating a 3D printer and filament materials specifically for radiation therapy. In short, Adaptiiv 
has properly validated the complete system, including filament materials and a 3D printer, to ensure users are in 
compliance from design to print.

“If attempting to design and fabricate 3D printed accessories without using Adaptiiv’s solution, 
validation consists of a combination of visual inspection, caliper measurements, and CBCT scan 
on the patient. There is no efficient way to verify the accessory within the TPS, which can put the 
initial plan at risk.”

- BRIAN OVERSHINER, STAFF RADIATION THERAPIST

INDIANA UNIVERSITY SCHOOL OF MEDICINE

INDIANAPOLIS, IN, USA

Reference Sites
Experience counts and Adaptiiv is a pioneer in 3D printing for radiation therapy. Our solution is currently used 
clinically in 16 countries throughout the world – with some customers having more than 3 years of experience 
using it. Current customers include leading cancer centers such as Banner MD Anderson (USA), Cedars-Sinai 
(USA), Mayo Clinic (USA), Stanford Health (USA), Oxford University Hospitals (UK), St. Jude Children’s Research 
Hospital (USA), and Indiana University (USA) to name a few.



Conclusion
Using a regulatory cleared and properly validated 3D printing software solution eliminates any guesswork in plan 
verification because it integrates directly with the clinically commissioned TPS. This allows users to verify their 
plan against the patient-specific accessory prior to printing. Integrating a solution directly with radiotherapy 
workflows can reduce risk and prevent potential treatment delays compared to more complicated DIY solutions.

3D printed medical accessories are designed based on the patient’s exact anatomy and provide numerous benefits 
compared to traditional methods. As 3D printing becomes more prevalent in the field of radiation oncology, it 
presents new opportunities to improve accuracy, reproducibility, and reliability in treatment delivery – and most 
importantly, provide the highest standard of patient care.

References
1 Robar et al 2018 – Intrapatient study comparing 3D printed bolus versus standard vinyl gel sheet bolus 
for postmastectomy chest wall radiation therapy. Practical Radiation Oncology, 8(4), 221–229. https://doi.
org/10.1016/j.prro.2017.12.008

Zhao et al 2017 – Clinical applications of 3-dimensional printing in radiation therapy. Medical Dosimetry 
42 (2017) 150-155. https://doi.org/10.1016/j.meddos.2017.03.001

Canters et al 2016 – Clinical implementation of 3D printing in the construction of patient specific bolus for 
electron beam radiotherapy for non-melanoma skin cancer. https://doi.org/10.1016/j.radonc.2016.07.011

About Adaptiiv
Adaptiiv’s 3D printing software solution is designed specifically for radiation therapy and offers the following 
advantages over traditional methods, such as:

• Improved treatment accuracy by reducing air gaps that cause underdose.

• An integrated commercial solution that allows users to view the newly designed patient-specific bolus in 
their TPS to verify the plan prior to plan sign-off.

• The only turnkey 3D printing software solution backed by a regulatory cleared QMS. Radiation therapy 
accessories are created on demand without the need for a highly dedicated staff skill-set or the assumed risk 
associated with use of multiple versions of open source software.

• Adaptiiv’s software facilitates and amalgamates multiple radiation therapy specific post-processing features 
which saves time and eliminates the need for multiple versions of open source software.

FDA 510(k), CE Mark, TGA, WAND

ISO 13485: 2016 Certified

Adaptiiv Medical Technologies Inc.  
1344 Summer Street, Suite 405  
Halifax, NS   
B3H 0A8

info@adaptiiv.com 
adaptiiv.com

https://doi.org/10.1016/j.radonc.2016.07.011
https://www.linkedin.com/company/adaptiiv
https://twitter.com/AdaptiivCo
https://www.youtube.com/channel/UC11rt0dmBGMPfIVEWc4vASA

	Home
	Simple Bolus
	MEB
	Brachytherapy
	3D Printer Silicone Moulds
	Bolus - Overview
	Bolus - Brochures
	Bolus - Case Studies
	Bolus - Videos
	MEB - Overview
	MEB - Brouchures
	MEB - Case Studies
	MEB - Videos
	HDR - Overview
	HDR - Brouchures
	HDR - Case
	HDR - Videos
	Moulds - Overview
	Moulds - Brouchure
	Moulds - Case

	Simple Home: 
	MEB Home: 
	Brachy Home: 
	3d Moulds Home: 
	Home: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 

	Simple Bolus: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 

	Button 7: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 

	Brachy: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 

	Moulds: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 19: 
	Page 20: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 48: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 71: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 

	Bolus - Brouchures: 
	Bolus - Casse: 
	Bolus - Videos: 
	Bolus - Overview: 
	Bolus - Brouchures 2: 
	Bolus - Casse 2: 
	Bolus - Videos 2: 
	Bolus - Overview 2: 
	Bolus - Brouchures 3: 
	Bolus - Casse 3: 
	Bolus - Videos 3: 
	Bolus - Overview 3: 
	Bolus - Brouchures 4: 
	Bolus - Casse 4: 
	Bolus - Videos 4: 
	Bolus - Overview 4: 
	Bolus - Brouchures 5: 
	Bolus - Casse 5: 
	Bolus - Videos 5: 
	Bolus - Overview 5: 
	Bolus - Brouchures 6: 
	Bolus - Casse 6: 
	Bolus - Videos 6: 
	Bolus - Overview 6: 
	Bolus - Brouchures 7: 
	Bolus - Casse 7: 
	Bolus - Videos 7: 
	Bolus - Overview 7: 
	Bolus - Brouchures 8: 
	Bolus - Casse 8: 
	Bolus - Videos 8: 
	Bolus - Overview 8: 
	Bolus - Brouchures 9: 
	Bolus - Casse 9: 
	Bolus - Videos 9: 
	Bolus - Overview 9: 
	Bolus - Brouchures 10: 
	Bolus - Casse 10: 
	Bolus - Videos 10: 
	Bolus - Overview 10: 
	Bolus - Brouchures 11: 
	Bolus - Casse 11: 
	Bolus - Videos 11: 
	Bolus - Overview 11: 
	Bolus - Brouchures 12: 
	Bolus - Casse 12: 
	Bolus - Videos 12: 
	Bolus - Overview 12: 
	Bolus - Brouchures 13: 
	Bolus - Casse 13: 
	Bolus - Videos 13: 
	Bolus - Overview 13: 
	Bolus - Brouchures 14: 
	Bolus - Casse 14: 
	Bolus - Videos 14: 
	Bolus - Overview 14: 
	Bolus - Brouchures 15: 
	Bolus - Casse 15: 
	Bolus - Videos 15: 
	Bolus - Overview 15: 
	Bolus - Brouchures 16: 
	Bolus - Casse 16: 
	Bolus - Videos 16: 
	Bolus - Overview 16: 
	Bolus - Brouchures 17: 
	Bolus - Casse 17: 
	Bolus - Videos 17: 
	Bolus - Overview 17: 
	MEB - Brouchures: 
	MEB - Case: 
	MEB - Videos: 
	MEB Overview: 
	MEB - Brouchures 2: 
	MEB - Case 2: 
	MEB - Videos 2: 
	MEB Overview 2: 
	MEB - Brouchures 3: 
	MEB - Case 3: 
	MEB - Videos 3: 
	MEB Overview 3: 
	MEB - Brouchures 4: 
	MEB - Case 4: 
	MEB - Videos 4: 
	MEB Overview 4: 
	MEB - Brouchures 5: 
	MEB - Case 5: 
	MEB - Videos 5: 
	MEB Overview 5: 
	MEB - Brouchures 6: 
	MEB - Case 6: 
	MEB - Videos 6: 
	MEB Overview 6: 
	MEB - Brouchures 7: 
	MEB - Case 7: 
	MEB - Videos 7: 
	MEB Overview 7: 
	MEB - Brouchures 8: 
	MEB - Case 8: 
	MEB - Videos 8: 
	MEB Overview 8: 
	MEB - Brouchures 9: 
	MEB - Case 9: 
	MEB - Videos 9: 
	MEB Overview 9: 
	MEB - Brouchures 10: 
	MEB - Case 10: 
	MEB - Videos 10: 
	MEB Overview 10: 
	MEB - Brouchures 11: 
	MEB - Case 11: 
	MEB - Videos 11: 
	MEB Overview 11: 
	MEB - Brouchures 12: 
	MEB - Case 12: 
	MEB - Videos 12: 
	MEB Overview 12: 
	MEB - Brouchures 13: 
	MEB - Case 13: 
	MEB - Videos 13: 
	MEB Overview 13: 
	MEB - Brouchures 14: 
	MEB - Case 14: 
	MEB - Videos 14: 
	MEB Overview 14: 
	MEB - Brouchures 15: 
	MEB - Case 15: 
	MEB - Videos 15: 
	MEB Overview 15: 
	MEB - Brouchures 16: 
	MEB - Case 16: 
	MEB - Videos 16: 
	MEB Overview 16: 
	MEB - Brouchures 17: 
	MEB - Case 17: 
	MEB - Videos 17: 
	MEB Overview 17: 
	MEB - Brouchures 18: 
	MEB - Case 18: 
	MEB - Videos 18: 
	MEB Overview 18: 
	MEB - Brouchures 19: 
	MEB - Case 19: 
	MEB - Videos 19: 
	MEB Overview 19: 
	MEB - Brouchures 20: 
	MEB - Case 20: 
	MEB - Videos 20: 
	MEB Overview 20: 
	MEB - Brouchures 21: 
	MEB - Case 21: 
	MEB - Videos 21: 
	MEB Overview 21: 
	MEB - Brouchures 22: 
	MEB - Case 22: 
	MEB - Videos 22: 
	MEB Overview 22: 
	MEB - Brouchures 23: 
	MEB - Case 23: 
	MEB - Videos 23: 
	MEB Overview 23: 
	MEB - Brouchures 24: 
	MEB - Case 24: 
	MEB - Videos 24: 
	MEB Overview 24: 
	HDR - Brochures: 
	HDR - Case: 
	HDr - Videos: 
	Brachy - Overview: 
	HDR - Brochures 2: 
	HDR - Case 2: 
	HDr - Videos 2: 
	Brachy - Overview 2: 
	HDR - Brochures 3: 
	HDR - Case 3: 
	HDr - Videos 3: 
	Brachy - Overview 3: 
	HDR - Brochures 4: 
	HDR - Case 4: 
	HDr - Videos 4: 
	Brachy - Overview 4: 
	HDR - Brochures 5: 
	HDR - Case 5: 
	HDr - Videos 5: 
	Brachy - Overview 5: 
	HDR - Brochures 6: 
	HDR - Case 6: 
	HDr - Videos 6: 
	Brachy - Overview 6: 
	HDR - Brochures 7: 
	HDR - Case 7: 
	HDr - Videos 7: 
	Brachy - Overview 7: 
	HDR - Brochures 8: 
	HDR - Case 8: 
	HDr - Videos 8: 
	Brachy - Overview 8: 
	HDR - Brochures 9: 
	HDR - Case 9: 
	HDr - Videos 9: 
	Brachy - Overview 9: 
	HDR - Brochures 10: 
	HDR - Case 10: 
	HDr - Videos 10: 
	Brachy - Overview 10: 
	HDR - Brochures 11: 
	HDR - Case 11: 
	HDr - Videos 11: 
	Brachy - Overview 11: 
	HDR - Brochures 12: 
	HDR - Case 12: 
	HDr - Videos 12: 
	Brachy - Overview 12: 
	HDR - Brochures 13: 
	HDR - Case 13: 
	HDr - Videos 13: 
	Brachy - Overview 13: 
	HDR - Brochures 14: 
	HDR - Case 14: 
	HDr - Videos 14: 
	Brachy - Overview 14: 
	HDR - Brochures 15: 
	HDR - Case 15: 
	HDr - Videos 15: 
	Brachy - Overview 15: 
	HDR - Brochures 16: 
	HDR - Case 16: 
	HDr - Videos 16: 
	Brachy - Overview 16: 
	HDR - Brochures 17: 
	HDR - Case 17: 
	HDr - Videos 17: 
	Brachy - Overview 17: 
	HDR - Brochures 18: 
	HDR - Case 18: 
	HDr - Videos 18: 
	Brachy - Overview 18: 
	HDR - Brochures 19: 
	HDR - Case 19: 
	HDr - Videos 19: 
	Brachy - Overview 19: 
	HDR - Brochures 20: 
	HDR - Case 20: 
	HDr - Videos 20: 
	Brachy - Overview 20: 
	HDR - Brochures 21: 
	HDR - Case 21: 
	HDr - Videos 21: 
	Brachy - Overview 21: 
	Moulds - Brouchures: 
	Moulds - Case: 
	Moulds - Overview: 
	Moulds - Brouchures 2: 
	Moulds - Case 2: 
	Moulds - Overview 2: 
	Moulds - Brouchures 3: 
	Moulds - Case 3: 
	Moulds - Overview 3: 
	Moulds - Brouchures 4: 
	Moulds - Case 4: 
	Moulds - Overview 4: 
	Moulds - Brouchures 5: 
	Moulds - Case 5: 
	Moulds - Overview 5: 
	Moulds - Brouchures 6: 
	Moulds - Case 6: 
	Moulds - Overview 6: 
	Moulds - Brouchures 7: 
	Moulds - Case 7: 
	Moulds - Overview 7: 
	Moulds - Brouchures 8: 
	Moulds - Case 8: 
	Moulds - Overview 8: 
	Moulds - Brouchures 9: 
	Moulds - Case 9: 
	Moulds - Overview 9: 
	Moulds - Brouchures 10: 
	Moulds - Case 10: 
	Moulds - Overview 10: 
	Moulds - Brouchures 11: 
	Moulds - Case 11: 
	Moulds - Overview 11: 


