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1  |   INTRODUCTION

Administration of radiation in the head and neck cancer pa-
tient can present with its own set of unique challenges and 
dilemmas. The goal of sparing critical structures, while still 
attempting to deliver therapeutic doses to target tissues, may 
be limited by tumor location, patient anatomy, and postsur-
gical defects. Treatment of superficial lesions in the head 
and neck is a particular obstacle because of the inherent 
contour irregularities which impact the ability to deliver a 
consistent dose of radiation. A bolus is a tissue equivalent 
material used to overcome irregular surfaces and provide a 
buildup of dose to the surface receiving the radiation ther-
apy. Custom-shaped boluses have successfully been applied 
in the treatment of postmastectomy, paraspinal muscle, and 
head and neck defects.1-3 Three-dimensional (3D) printers 
and computer-driven milling machines are popular methods 

utilized to create a customized bolus which conforms to 
the patient in a way that would alleviate any air gaps.4,5 
Although gaining popularity, these techniques require spe-
cial equipment, can be costly, and may take days to produce 
a customized bolus.

We present a case of a 71-year-old man with advanced 
squamous cell carcinoma of the maxilla with extension to the 
orbit and overlying skin who underwent composite craniofa-
cial resection and orbital exenteration without reconstruction. 
A bolus material was needed to help deliver adjuvant radia-
tion therapy to this large, irregular surgical defect of the mid-
face and orbital apex. Vinylpolysiloxane, a silicone elastomer 
traditionally used to craft ear impressions for hearing aids, 
was adapted to the defect and served as a consistent prosthetic 
throughout the patient's 6-week course of radiation. Here, we 
describe a novel method of fabricating a bolus for head and 
neck therapy that is both cost-effective and efficient.
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2  |   CASE REPORT

A 71-year-old man presented with a slowly enlarging, cuta-
neous lesion of his right cheek of several years' duration. A 
CT scan demonstrated a 7.5 cm mass of the right maxilla with 
infiltration into the soft tissue of the right cheek, extension 
into the masticator space, temporalis muscle, and the extra-
conal fat of the right orbit with destruction of the inferior 
and medial orbital wall. A biopsy of the lesion was consist-
ent with squamous cell carcinoma. He underwent composite 
craniofacial resection with maxillectomy and orbital exen-
teration and was found to have tumor extension well into the 
infratemporal fossa, pterygopalatine fossa, and lateral wall of 
the nasopharynx. A major reconstructive effort was not un-
dertaken so as to avoid covering residual tumor and to allow 
for expeditious healing in anticipation of likely chemoradia-
tion. His final pathology was consistent with squamous cell 
carcinoma measuring 4.6 × 3.5 × 2.6 cm in size and invading 
into the orbit, buccal mucosa, skin of the cheek, and skeletal 
muscle. There was neither perineural nor lymphovascular in-
vasion noted. Negative margins were obtained except on the 
deep aspect of the resection which had detached fragments 
of tumor, therefore limiting evaluation. There were no in-
volved lymph nodes. His final pathologic staging based on 
the American Joint Committee on Cancer (AJCC) 7th edition 
staging system was T4aN0M0.

The patient had an uneventful recovery and met with ra-
diation oncology and hematology oncology for discussions 
regarding adjuvant therapy. Following extensive discus-
sions at our multidisciplinary tumor board, and with the pa-
tient, the decision was made to undergo active surveillance. 
Unfortunately, three months postoperatively, the patient had 
evidence of early local recurrence. He underwent treatment 
with four cycles of cisplatin/docetaxel with a good clinical 
and radiographic response. Although the site of his previous 

index tumor and surgical defect presented unique challenges, 
multidisciplinary recommendations were to proceed with ad-
juvant consolidative radiotherapy.

Initial simulation using gel in the right facial cavity did not 
create a uniform fit. Silicone Singles® from Westone (Figure 
1), traditionally intended to craft ear impressions for hearing 
aids, was trialed as an alternative space-filling device. The 
substance, known as vinylpolysiloxane, is packaged in two 
parts and costs $31.00 for a package of 24 units according 
to the vendor's website. When the components are mixed, 
the material hardens into a firm yet flexible silicone mold. 
Eight units were needed to gradually fill the defect and create 
the final prosthetic to be used as a bolus (Figures 2,3). This 
was accomplished during a single clinic visit in the matter of 
15 minutes. Planning was conducted, and treatment was un-
dertaken from November 2018 to December 2018. We used 
volumetric arc therapy (VMAT) utilizing two treatment arcs. 
The fields and doses used were considered a standard. The 
tolerances of the critical normal structures were observed. 
The patient underwent concurrent chemoradiation receiving 
a total of 60 Gy over 30 fractions. During treatment, the pros-
thetic was removed and tissues evaluated by an otolaryngolo-
gist, then reinserted. Throughout the course of treatment, the 
prosthetic was worn at all times with tape used overnight to 
prevent it from falling out. The patient was able to perform 
all activities of daily living, to include showering, without 
discomfort. On two occasions, the prosthesis fell out while 
the patient was sleeping, but it was replaced in clinic without 
issue. At one point, the patient lost the prosthetic and a new 
one was replicated with similar ease as described above. The 
total cost to create the prosthesis and the replacement was 
estimated to be about $20.00. After the initial replacement, 
the prosthetic remained in place throughout the course of ad-
juvant radiotherapy without causing any evidence of infec-
tion or inflammation. It was removed at the completion of 

F I G U R E  1   A, packaging from the 
manufacturer of Silicone Singles® composed 
of 2-part vinylpolysiloxane. B, each 
component of the silicone material is mixed 
together prior to creating the impression

(A) (B)
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therapy. The radiation toxicity observed was an expected de-
gree of mucositis in the tissues treated. The side effects were 
all manageable. The patient tolerated the treatment without 
any unplanned interruptions in care and remained an outpa-
tient for his entire treatment course.

3  |   DISCUSSION

The unique defect that remains after craniofacial resection 
with orbital exenteration is a challenge for the radiation on-
cologist for multiple reasons. First, the variable surface con-
tour creates an uneven dose distribution of radiation. Bolus 
material, which is placed directly over or within the defect, 
helps distribute the radiation dose homogenously. However, 
finding a bolus material that is capable of conforming to sur-
face irregularities of the orbital apex, contralateral nasal side 
wall, and nasopharynx while eliminating air gaps is an ob-
stacle. As shown in Figure 4, silicone bolus conforms to the 
inner surface of the cavity much better than gel bolus, leaving 
almost no air gaps between the bolus and the inner surface. 
This also led to a better target dose coverage using silicone 
bolus as shown in Figure 5. In fact, the V95 (defined as the 
target volume receives at least 95% of the prescribed dose) 

for the plan using gel bolus is 98.1% and that value increases 
to 99.9% for the plan using silicone bolus. The standard de-
viation of the planning target volume (PTV) dose decreased 
from 9.13  cGy/fraction in the gel bolus plan to 2.52  cGy/
fraction in the silicone bolus plan, indicating a more uniform 
target dose in the silicone bolus plan.

The ideal bolus material is capable of conforming to an 
irregular contour, is readily available, and inexpensive. It 
should be resilient enough to withstand ionizing radiation 
yet comfortable and safe for the patient.6 Common materials 
employed include synthetic gel sheets (eg, SuperFlab), wet 
gauze, wax, and moldable thermoplastic sheets. SuperFlab 
is uniform in thickness and flexible, but it does not easily 
conform into highly irregular concavities. Wet gauze would 
require repeated packing with each treatment, and the den-
sity of the gauze varies with the amount of water used 
thereby introducing inconsistencies with each treatment.7 
Thermoplastic sheets are highly shapeable and possess ideal 
tissue equivalent properties, rendering them useful as bolus 
materials.8 These materials often go through a molding pro-
cess which requires heating followed by a period of cooling 
to allow it to set in the desired configuration. Customized bo-
luses composed of modeling wax are frequently described in 
the literature; however, they are commonly fabricated using 
a milling machine which can take hours.1,2 Both thermoplas-
tic materials and wax are rigid, which is easily tolerated on 
external surfaces but would feel uncomfortable for a patient 
with a large craniofacial defect with highly irregular surface 
contour.

Recently, 3D printers are being utilized to create cus-
tomized patient-specific boluses with synthetic materials 
such as acrylonitrile butadiene styrene (ABS), polylactic 
acid (PLA), thermoplastic polyurethane (TPU), and poly-
vinyl acetate.9 Compared with milling machines which 
utilize a drill to carve an object from a solid block of ma-
terial, the 3D printer is capable of creating a more intricate 
product with material being added together in a layer-by-
layer fashion. Several studies have demonstrated the feasi-
bility and accuracy of using 3D printers for fabrication of 
high-resolution bolus materials.10-13 The drawback to this 
new technology is that it is not widely available and the 
upfront investment in a 3D printer can be fairly expensive. 
Most printers use rigid synthetic materials; however, Chiu 
et al described their process of creating customized, soft 
silicone boluses using a 3D printer. They suggested that for 
most head and neck cases, an entry level fused deposition 
modeling (FDM) commercial printer was adequate for use 
and ranged from $400 to $3000. The time required for pro-
duction was variable by subsite, but generally could be ac-
complished in 1 to 2 business days from the time the bolus 
design was received to delivery.13 This system would have 
the greatest utility in a high-volume cancer institute, but 
would be a considerable investment for smaller community 

F I G U R E  2   The orbital exenteration and maxillectomy surgical 
defect posed unique challenges for delivering external beam radiation 
therapy
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practices or institutions that do not capture the populations 
with the greatest need for customized boluses, such as in 
head and neck.

Alternatively, we describe an accessible solution for deliv-
ering adjuvant radiation to a complex defect of the head and 
neck using vinylpolysiloxane as bolus material. For years, 

F I G U R E  3   A-D, the silicone molding 
is gradually built into the defect to act as a 
space-filling device

(A) (B)

(C) (D)

F I G U R E  4   Comparison of the CT 
scans of the patient using different bolus 
materials. The left panel uses liquid gel with 
food wrap film; the right panel uses silicone. 
As shown in the left panel, the target 
includes the inner surface of the cavity
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vinylpolysiloxane has been used as an impression material in 
the field of prosthodontics, restorative dentistry, and audiol-
ogy. The material is packaged separately in two components, 
a base and an accelerator, which can then be mixed together 
in equal parts. Once mixed together, there are two minutes of 
working time and 6 minutes of setting time. From a patient 
perspective, the material is nontoxic, odorless, and tasteless 
which is advantageous when applied to mucous membranes 
of the upper aerodigestive tract. Polyvinyl siloxanes are an 
ideal impression material as they exhibit long-term dimen-
sional stability and are not susceptible to changes in humidity 
nor undergo further chemical reactions once set. Most impor-
tantly, they are accurate at recording fine surface details and 
have the best elastic recovery properties compared with other 
impression materials.14,15

It is critical to have a bolus material that conforms accu-
rately to the field of interest as increases in air gaps lead to 
reduction in the dose delivered to the treatment target.16,17 Not 
only did this impression material serve to minimize air gaps, 
but it was comfortable enough for the patient to remain in 
place throughout the duration of his therapy. Unfortunately, 
the bolus did inadvertently fall out on two occasions which 
required replacement in clinic. Additionally, the patient lost 
the prosthetic at one point which required us to make a second 
prosthetic. The process was easily reproducible and did not 
incur any significant financial burden. In the future, we could 
have patients wear something equivalent to a soft-band to en-
sure that the prosthetic remains in place. During the day, there 
were no issues with the prosthetic coming loose or falling out. 
We would still opt to have the patient keep the device in place 
at all times during treatment in the future. By circumventing 
replacing and removing the prosthetic for each treatment ses-
sion, we avoid distortion of the bolus and further avoid intro-
ducing inaccuracies to our radiation delivery system.

The homogeneity and moldable features of vinylpolysi-
loxane make it an ideal bolus material for delivering therapy 
to superficial areas of irregular contour in the head and neck 
region. The cost, simplicity, and efficiency of production 
using this material offer a distinct advantage over alternative 
substances or boluses requiring 3D printing. To our knowl-
edge, this case report is the first application of vinylpolysi-
loxane as a bolus material and represents a unique solution 
to delivering adjuvant radiation to complex head and neck 
defects.
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