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Purpose: This study evaluates the Augsburg Nasopharyngeal Applicator (ANA), a
novel nasal brachytherapy device designed for early-stage nasopharyngeal
carcinoma (T1-T2 stages). ANA leverages nasal anatomy to overcome limitations of
oral applicators, optimizing tumor targeting while sparing adjacent tissues, such as

the soft palate and oral mucosa.

Materials and Methods: ANA was developed using sagittal computed tomography
(CT)-based anatomical measurements and computer-aided design (CAD) modeling.
Structural integrity was validated through nonlinear finite element analysis (FEA),
mechanical stress testing (including Euler buckling tests), and displacement testing
(30 min vibration at 5 Hz with 2 cm amplitude). Dosimetry was verified using
radiochromic film with 3%/3 mm gamma analysis criteria, following the TG-43
formalism for dose calculation. Insertion feasibility was assessed in a postmortem

model under institutional autopsy protocols.

Results: ANA (with nylon 6/6 catheter) withstood displacements up to 30 mm without
failure. Simulated motion tests demonstrated positional stability (<1 mm
displacement). Dosimetry achieved a 97.5% gamma pass rate (clinical acceptability
threshold: 95%), with the 20 mm curvature configuration reducing soft palate doses
by >50% compared to standard oral applicators (e.g., Rotterdam design).
Postmortem insertion was completed in 10 min, with endoscopic confirmation of

positioning accuracy within 1 mm.

Conclusion: ANA demonstrates precise positioning, mechanical stability under
simulated physiological motion (<1 mm displacement), and clinically significant dose

sparing (>50% reduction to the soft palate with the 20 mm curvature configuration).
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Its nasal approach and anatomical adaptability position it as a promising alternative
to oral applicators. These proof-of-concept findings support the need for phase /Il

clinical trials to evaluate safety and efficacy in patients.

Keywords: Nasopharyngeal applicator, adaptive brachytherapy, finite element

analysis, dose sparing.

Purpose

NPC exhibits a bimodal age distribution (peaks: 15-24 and 65—-79 years) with global
incidence of 2.12/100,000 [1]. Brachytherapy is indicated for early-stage (T1-T2, NO—
N1), post-EBRT residual, or inoperable recurrent NPC [2-5]. However, conventional
oral applicators (e.g., Rotterdam) face critical limitations: procedural discomfort from
gag reflexes, suboptimal positioning accuracy, and inadequate sparing of adjacent

organs-at-risk (OARSs) like the soft palate [6,7].

To overcome these constraints, we developed ANA —a nasally inserted,
anatomically adaptive device exploiting the nasal passage's linear alignment with the

nasopharynx. ANA’s customizable curvature aims to:

(1) Enhance patient tolerability by avoiding gag reflexes,

(2) Improve tumor targeting through CT-guided positioning,
(3) Reduce OAR doses via optimized geometric configuration.

This study evaluates the technical feasibility of the ANA as a precision-guided

alternative with potential for clinical translation.
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Materials and Methods
System Overview:
Catheter:

The catheter is fabricated from flexible, biocompatible Nylon 6/6 tubing (French size
6, Zeus, USA) with a Shore hardness of D85 and certified to USP Class VI
standards. To ensure safety and mechanical performance during use, a visual
marker is integrated along the shaft to indicate the maximum allowable bending
curvature. This marker serves as a guide for clinicians during insertion, helping to
prevent overstressing the material and ensuring consistent, reproducible shaping of

the catheter.

The catheter’s radiation stability was evaluated by delivering a dose of 200 Gy at a
depth of 1 cm in a Plexiglas phantom. Post-irradiation analysis showed no
measurable degradation in mechanical performance: the catheter maintained its
flexibility, structural integrity, surface properties, hardness, and tensile strength.
Additionally, no discoloration was observed, suggesting excellent resistance to

radiation-induced oxidation or crosslinking at the applied dose.
Stopper:

A 3 cm segment of medical-grade polyvinyl chloride (PVC) tubing (French 8) serves
as the stopper, acting as a flexible connector between the catheter and the corpus,
and as a tip for the open-ended catheter. This glue-free design provides several
advantages: the stopper’s elasticity distributes stress evenly, reducing the risk of
localized failure, and offers controlled flexibility to accommodate anatomical
variations, thereby ensuring smoother contact. The absence of adhesive improves

device reliability and longevity by eliminating the risk of glue failure. Additionally, the
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soft, glue-free tip minimizes the risk of irritation or injury to the nasopharynx during

insertion and use.
Corpus:

The core structure, or corpus, is made from transparent, medical-grade PVC (French
16, Shore hardness A70). It houses both the catheter and the mandrel, providing

essential structural support. An adjustable perforation system allows for precise size
modifications, enabling the applicator to conform to individual patient anatomy within

the nasopharynx.
Loop:

The loop consists of a polyamide mandrel (French 3, Zeus, USA) shaped to apply
controlled force to the corpus for precise bending and orientation. This component
allows for fine adjustment of the applicator’s tilt (up to 22°), enabling targeted lateral
dose delivery to specific areas within the nasal cavity. The loop ensures secure
positioning and maintains a stable connection between the applicator and the vault of

the nasopharynx.

Additionally, a montage video (ANA-montage.mp4) demonstrating the assembly of

the device is provided as supplementary material.

Our approach to designing ANA is based on two key measurements [8] obtained

through sagittal CT imaging (Fig.2-1).

These measurements (S&C) are pivotal in determining ANA design and placement
strategy: The linear segment of the soft palate (S) serves as a critical positioning

reference for our applicator. We've identified the terminus of this straight portion as
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the optimal location for ANA tip. This anatomical landmark is strategically chosen

because it precedes the uvula, which guides the bending of ANA tip.

By utilizing this consistent anatomical feature, we can achieve reproducible applicator
placement after each therapy fraction. Additionally, the distance to the clivus (C)
provides important context for ensuring proper curvature and positioning of the
device. “S” guides the initial positioning, while “C” helps fine-tune the applicator's
curvature and final placement. This dual-measurement approach enhances the
precision and adaptability of our technique across various patient profiles (Fig. 2-

2,3,4) [9].

Design and Finite Element Analysis

We conducted a non-linear FEA using SOLIDWORKS (version 2023, Dassault
Systemes, Waltham, MA, USA) to numerically solve the differential

equations governing catheter bending under deformations [10].

A detailed description of the mathematical modeling of the bending mechanism is
provided in /Annex A, while the finite element analysis (FEA) setup is outlined in
Annex B. This approach discretizes the intricate catheter geometry into manageable

elements, enabling comprehensive analysis of its behavior under applied forces.

The FEA model confirms catheter safety at displacements <30 mm, directly ensuring

clinical durability during insertion.
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ANA Phantom Design and Validation

We developed a custom-designed phantom specifically for this study (Fig. 3D—F) to
replicate relevant nasopharyngeal anatomy and tissue characteristics. Its dimensions
were based on axial CT slices from a 49-year-old patient, ensuring anatomical
realism for accurate applicator testing. The phantom featured a layered construction:
two 2 cm sheets of water-equivalent polymethyl methacrylate (PMMA) on either side,
a central 2.5 cm tissue-equivalent bolus layer, and a radiochromic film embedded at

mid-depth for dose measurement.

Bending and stability Constraints

To assess the buckling resistance of the catheter, we developed a custom Euler
Buckling Test setup (Fig. 3A-C) [11]. Our modified configuration consists of two lead
blocks, each measuring 2.5 cm x 14 cm x 5 cm, positioned at adjustable distances to
simulate pinned-pinned boundary conditions. The catheter specimen is securely fixed
at both ends, ensuring axial alignment before applying compressive displacement. As
the linear displacement increases, the catheter undergoes elastic buckling, forming
characteristic curvature patterns until reaching the critical buckling load, after which
structural failure occurs. This setup allows for direct observation of the buckling mode
and quantification of maximum curvature and failure displacement, providing insights

into the catheter’s structural stability under axial compression.

(A—C) Sequential stress test illustrating the progression from rest (A), through
maximum curvature (B), to failure (C) for two catheter types: Lumencath (blue, 6F,
polyamide, Elekta, Sweden) and Nylon 6/6 (natural translucent, 6F, Zeus, USA). (D—

F) ANA positioning in the vibration apparatus for transversal (D), longitudinal (E), and
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lateral (F) orientations. (G—I) CT images comparing pre- and post-vibration ANA

alignment and displacement in lateral (G), transversal (H), and longitudinal (I) planes.

This process continues until the catheter begins to exhibit kinking behavior, which
signifies the limit of its maximum safe bending radius and flexural strength. Beyond
this threshold, the catheter cannot maintain its structural integrity, transitioning from
elastic deformation to permanent kinking. This critical point defines the maximum

allowable curvature Kmax as quantified by the minimal acceptable bending radius Rpmin.

The test results provide essential data for determining the catheter's mechanical
limits, ensuring that it can withstand the stresses encountered during clinical use

without failure.

Observations indicate that the nylon 6/6 catheter can bend to a curvature of
approximately 28 mm over a linear displacement of 30 mm, while the Lumencath

exhibits a curvature of 25 mm over a displacement of 20 mm.

The materials exhibit distinct mechanical properties—specifically, stiffness and
flexibility. These discrepancies arise from the difference in shore D hardness, with the

Lumencath being more rigid in this case.

This comparative analysis suggests the nylon 6/6 catheter achieves a more gradual
bend profile under equivalent displacement conditions. The test ensures the catheter

withstands bending stresses up to 30 mm displacement without kinking.

As ANA is intended for single-use intranasal application, repeated flexural cycles are
not anticipated in clinical practice. Therefore, the bending and buckling tests
conducted in this study are designed to simulate the maximum expected deformation

during a single insertion and positioning session. This approach ensures structural
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integrity under the most demanding one-time clinical use scenarios. Repeated fatigue

testing was deemed unnecessary for this single-use application.

To evaluate the positional stability of the ANA, a displacement test was performed
using a laboratory shaker (HS 260 control, IKA-Werke GmbH & Co. KG, Germany)
(Fig. 3D—F). The setup included a tissue-equivalent phantom with the ANA in situ,
positioned on the shaker platform. The shaker was programmed with a 2 cm
amplitude and 5 Hz frequency to simulate typical patient movements [12], such as

breathing, head tossing, head shaking, and speaking.

The experiment was performed over a total duration of 90 minutes, with 30 minutes
of agitation along each of the three principal axes (transversal, longitudinal and
lateral). The stability of the applicator was assessed by acquiring high-resolution CT
(Somatom, Siemens, Germany) scans (1mm slices) of the phantom before and after

the test.

Results thanks our treatement planing system(Pinnacle 16.2, Philips radiation
oncology , US) demonstrated minimal displacement of ANA, with measured

positional shifts equal to or less than 1 mm along all axes (Fig. 3G-I).

A video (ANA-vibration.mp4) recording of the test is provided as supplementary

material.
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Applicator Commissioning

To optimize the applicator's performance, we conducted initial validation using
radiochromic film (EBT3, Gafchromic™, Ashland Inc., Wayne, NJ, USA) (Fig.4-C-D)
[13]. This step was crucial in determining the precise offset and appropriate indexer
length for our high-dose-rate (HDR) afterloader (MicroSelectron, Elekta AB, Sweden),
which utilized an iridium-192 (Ir-192) source (initial activity: 370 GBq; source
dimensions: 3.5 mm length x 0.6 mm diameter) [14]. Dwell positions were optimized
for target homogeneity along the active catheter length. Dose calculations were

performed according to the TG-43 formalism.

Irradiation setup

The digitized films were analyzed to extract dose information, which was then
compared with the calculated dose distributions (Fig.4B). The combination of
calculated isodose maps, DICOM RT doses, and high-resolution film dosimetry

provided a comprehensive view of the dose distribution [15, 16].

Post-mortem Model

ANA was evaluated during a postmortem examination [17] conducted for clinical
purposes (Autopsy case 25/12: 67-year-old male, non-nasopharyngeal etiology
confirmed as cardiovascular failure). In alignment with institutional autopsy guidelines
and local legal statutes governing postmortem procedures, ANA testing was
performed under the condition that it posed no additional risk of harm, preserved

anatomical integrity, and did not interfere with diagnostic objectives.

ANA, designed for non-invasive tissue compatibility assessment, was tested

postmortem using methods indistinguishable from standard autopsy practice. Post-
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procedure verification confirmed that no anatomical structures were altered or
compromised. All findings related to the primary cause of death remained unaffected,

and no personal identifiers were retained in device testing documentation.

Single-cadaver validation establishes proof-of-concept; multi-subject trials are

planned for clinical translation.

Preparation

The deceased individual was positioned supine on the examination table (Fig. 71),
with the head tilted back to optimize access to the nasal passages. This positioning
provided a clear and unobstructed pathway for the instruments to reach the
nasopharyngeal cavity. Standard precautions were taken to ensure that the head
remained stable throughout the procedure, facilitating precise manipulation of the

endoscopic and applicator instruments.

The endoscope (N° 11101, Karl Storz) [18] was gently inserted through the right
nostril, providing a direct and clear view of the nasopharyngeal region. In postmortem
conditions, real-time endoscopic visualization was used to guide the placement of the
first applicator, which was introduced through the left nostril. It was secured in place
using the loop, and the catheter was precisely bent to align with the roof and
posterior wall of the nasopharynx. After removing the endoscope from the right
nostril, the second applicator was inserted at the same level as the first, replicating

the loop and catheter curvature.

In a clinical setting, CT imaging is mandatory for treatment planning and post-
insertion validation of ANA to ensure precise positioning and optimal dose delivery.

CT enables accurate delineation of the target volume and organs at risk, particularly
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when a second applicator is inserted in the contralateral nostril, where endoscopic
visualization is not feasible due to anatomical constraints. In contrast, during the
cadaver study, an endoscope was used solely to film the insertion process for

documentation.

A video recording of the ANA insertion procedure (ANA-insertion.mp4) is provided as

supplementary material.

Results

In both configurations shown in Figure 5A and 5B, stress is primarily concentrated in
the bending regions of the catheter. The highest levels are localized along the inner
curvature, where compressive forces dominate (red zones), while the outer
curvature, subjected to tensile forces, exhibits slightly lower stress levels. The blue
zones indicate areas of minimal stress, illustrating the catheter's ability to effectively

distribute mechanical loads along its length.

The surrounding corpus structure, which houses the catheter, plays a key role in
absorbing the mechanical energy generated during deformation. Its flexibility allows it
to accommodate catheter bending, thereby reducing stress on the catheter material
and mitigating the risk of mechanical failure. This effect is particularly notable in the
30 mm displacement scenario: despite a pronounced bend of approximately 25 mm,

the stress levels remain within the safe operational limits of nylon 6/6.
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The non-linear finite element simulation provides valuable insights into the

mechanical interaction between the catheter and its supportive corpus. The results
confirm the system’s ability to withstand repeated bending cycles without structural
compromise—demonstrating the device’s suitability for brachytherapy applications,

where flexibility is critical.

Figure 5C—E illustrate the progressive bending behavior of the ANA in three

configurations:

Configuration C (Fig. 5C) shows the ANA in a relaxed state, with a broad and gradual
curvature. The loop at the tip is minimally engaged—representing conditions typically

encountered during initial insertion along straight or mildly curved anatomical paths.

Configuration D (Fig. 5D) depicts an intermediate bend. The loop at the tip is more
actively engaged, resulting in a tighter curvature suitable for navigating around

anatomical obstacles, such as the nasal cavity.

Configuration E (Fig. 5E) demonstrates the catheter under maximum bending. This
configuration may be required when redirecting the catheter away from the soft
palate toward the region of the pharyngeal tonsils. Von Mises stress analysis
confirms that even under these extreme conditions, the applicator maintains

structural integrity.
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Dosimetric Accuracy

The 2D gamma analysis (Fig. 6) was performed using the VeriSoft® software
package (PTW, Freiburg GmbH, Freiburg, Germany) with criteria of 3 mm distance-
to-agreement (DTA) and 3% dose difference. To account for uncertainties, regions
failing the 3 mm or 3% criteria are highlighted in red. The overall gamma pass rate of
97.5% demonstrates excellent concordance, exceeding the 95% threshold
recommended for clinical acceptability. Notably, most discrepancies were confined to
low-dose-gradient regions at the periphery of the dose distribution. Dosimetric
discrepancies arose primarily from film alignment, not dwell positioning, minimizing

clinical impact [19].
Postmortem Evaluation

ANA was successfully inserted (Fig. 7A-F) and subsequently removed without any
complications. Through endoscopic visualization, it was confirmed that ANA achieved
precise positioning within the nasopharynx, with the catheter securely aligned along
the roof and posterior wall of the cavity. The loop maintained consistent and stable
contact with the mucosal surface, ensuring the correct curvature of the catheter while
preventing any obstruction or misalignment during the procedure. Both applicators
were symmetrically positioned, accurately replicating the intended trajectory for
optimal treatment delivery.

The entire procedure was completed in approximately 10 minutes. Once inserted,
ANA remained stable throughout the duration of therapy without requiring manual
support. For additional stability, fixation with a medical adhesive bandage is

recommended.
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Comparaison with Rotterdam Applicator configuration

ANA (Fig. 8) was configured with a 12 mm curvature to emulate the geometric profile
of the Rotterdam nasopharyngeal applicator, enabling a standardized comparative
framework. A prescribed dose of 3.5 Gy at 5 mm depth was delivered to the pseudo
pharyngeal tonsils, aiming for 100% target coverage while evaluating dose

distribution to adjacent organs at risk (OAR), notably the pseudo soft palate.

Dosimetric analysis revealed significant differences in OAR sparing between the 12
mm and 20 mm curvature configurations. For the 12 mm curvature, the pseudo soft
palate received a maximum dose of 3.4 Gy (97.8% of prescribed dose) confined to
0.10 cm? (1% of the structure), indicating a steep dose gradient. At larger volumes,
the dose decreased to 2.7 Gy (76.4%) for 10% volume (0.95 cm?) and 0.7 Gy
(21.1%) for the entire structure (9.5 cm?®). Notably, the 2 cm?® volume (21% of the

structure), a clinically critical region, received 2.3 Gy (65.7%).

In contrast, the 20 mm curvature configuration demonstrated superior sparing
efficacy. The maximum dose to the pseudo soft palate was reduced to 1.6 Gy (45%),

with progressive reductions across all volumes: 1.2 Gy (35.6%) at 10% volume,

0.3 Gy (9.3%) at 100% volume, and 1.1 Gy (30.5%) within the 2 cm? region. This
represents a 54-56% relative dose reduction in high-dose regions (1-10% volumes)

and a >50% reduction in the 2 cm?® volume compared to the 12 mm configuration.
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Discussion

The nasal approach to brachytherapy, as enabled by ANA, offers several significant
advantages over traditional oral insertion techniques. Anatomically, the nasal
passage provides a more direct and linear route to the nasopharynx, facilitating
smoother insertion and more accurate positioning. ANA’s nasal route may reduce
discomfort by avoiding gag reflexes (though clinical validation is pending) — a
frequent complication associated with oral applicators—thereby reducing procedural

risks that could compromise applicator placement accuracy [20].

To accommodate interindividual variability in nasopharyngeal anatomy, ANA features
an innovative, adjustable design with two distinct size configurations, compact and
standard (Fig. 1). This adaptability allows clinicians to tailor the applicator to a broad
range of patient anatomies without the need for multiple prefabricated models,

streamlining inventory and improving workflow efficiency in clinical practice.

An additional clinical benefit of the nasal route lies in its potential to reduce infection
risk. The nasal cavity generally harbors a lower microbial load compared to the oral
cavity, which may translate into a reduced incidence of post-procedural infections.
This is particularly relevant in immunocompromised patients or settings where strict
infection control is essential [21]. The associated reduction in prophylactic antibiotic
use may further simplify post-treatment management and lower overall healthcare

costs [22].

In line with current trends toward personalized oncology, ANA also supports a

patient-specific treatment paradigm through the integration of 3D printing.
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Customized applicators can be fabricated based on two reproducible anatomical
measurements (Fig. 2-1): (S) the linear length of the soft palate region and (C) the
perpendicular distance from the posterior nasal spine to the clivus. These parameters
inform a mathematical model that generates a digital design file, optimized for

additive manufacturing via stereolithography (SLA) [23].

This individualized manufacturing workflow is designed to comply with the EU
Medical Device Regulation ((EU) 2017/745, Article 2(3), Annex XllI) for custom-made
Class lla medical devices [24]. The use of a nylon 6/6 catheter (D85 Shore hardness)
provides mechanical flexibility, as demonstrated by finite element analysis and

buckling resistance testing under controlled laboratory conditions.

Repeated bending fatigue tests were not performed, as ANA is a sterile, single-use
medical device intended for one treatment fraction. In clinical practice, mechanical
stress is limited to initial insertion and minor positional adjustments. The bending and
buckling tests included in this study were specifically designed to simulate the
maximum mechanical deformation expected during such a single-use session. As
such, they provide sufficient assurance of structural safety within the intended clinical
context. Nonetheless, cyclic fatigue testing may be considered in future studies for

regulatory support or comparison with reusable systems.

While these initial feasibility results demonstrate the technical viability of the design
concept, comprehensive validation including biocompatibility assessment, clinical
performance evaluation, and multi-subject insertion studies will be required before
clinical implementation. The current findings support the rationale for advancing to
more extensive preclinical testing and eventual clinical trials to fully establish the

device's safety and efficacy profile.
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Despite its promise, the nasal route is not without limitations. Potential complications
include mucosal irritation and epistaxis, particularly in patients with narrow or fragile
nasal passages [25]. As such, careful patient selection and thorough operator

training will be essential to ensure safe clinical implementation.

Future studies will assess in vivo stability and device behavior under physiological
conditions. Limitations of the present study include single-cadaver testing and

preliminary comfort assessments.
Conclusion

ANA represents a novel approach to nasopharyngeal brachytherapy that
demonstrates preliminary technical feasibility through finite element analysis,
dosimetric validation, and postmortem evaluation. The nasal insertion route has the
potential to offer theoretical advantages in patient tolerability and procedural workflow
compared to conventional oral applicators, while the adjustable design may enable

better conformance to individual patient anatomy.

This proof-of-concept study establishes the foundational engineering and dosimetric
characteristics of the ANA design. However, clinical benefits regarding patient
comfort, positioning accuracy, and infection control remain to be validated through
systematic clinical investigation. The 3D-printable, patient-specific design concept

aligns with emerging trends in personalized medical device manufacturing.

Given ANA's single-use design, the current mechanical assessments—focused on
maximum one-time deformation—are appropriate to ensure clinical safety during
insertion and treatment. These preliminary findings provide a strong rationale for

advancing toward more extensive preclinical validation and clinical trials.
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Figure 1: Components and configurations of ANA, including (A) CT view showing a

tilted position.
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Clivus

Figure 2. 1- (S: The section of the soft palate excluding the uvula. C: The distance
from the midpoint of S to the clivus), 2- A 24-year-old female, 158 cm, 46 kg. 3- A 49-

year-old male, 175 cm, 73 kg. 4) A 71-year-old male 190 cm, 107 kg.
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Figure 3. Mechanical and vibration testing of ANA with CT comparisons.
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Figure 4. A-Isodose map, B-Dicom rt dose, C-Radiochromic film, D-ANA in Phantom

with radiochromic film

Catheter displacement: +15mm + 30 mm
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Figure 5: Von Mises stress distribution in ANA during simulated bending for both
standard (A) and compact (B) configurations, shown under nylon 6/6 catheter

displacements of +15 mm (left) and +30 mm (right) und comparing [C, D, E] compact
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(below) and standard (above) configurations at varying levels of catheter

advancement.

Gamma 2D - Parameters

3,0 mm Distance- To- Agreement
3,0 % Dose difference with ref. to max. dose of calculated volume

Use increased tolerance of 5,0 % dose diff. for values below 0,1 Gy (or AU)
Suppress dose below 5,0 % of max. dose of calculated volume

Option "Use 2nd and 3rd pass” selected

Statistics
Number of Dose Points 2.760
Evaluated Dose Points 2.760 ( 100,0 %)
Passed 2,692 (97,5 %)
Failed 68 (2,5 %)
Result 97,5 % @ (Green)
Gamma 2D

thmetic Mean 0,396
Min (LR =-253mm; TG = -17,8 mm) 0,001
Max (LR =-31,3mm; TG = -19,8 mm) 4,139
Median 0,310
Settings
Passing cnteria Gamma = 1,0
Green 90,0 % to 100,0 %
Yellow 75,0 % to 90,0 %
Red 0,0% to 750 %

Figure 6. 2D gamma analysis: Comparison of irradiated vs. calculated dose

distribution.
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External nare
{ Applicator,

Figure 7. Steps of ANA insertion: A) Initial placement of device near the soft
palate/uvula, B) Positioning of ANA, C) Deployment of internal component, D) Device

locked into position, E) Bending the catheter, F) Final secured position of ANA.

G) Frontal View of Nasopharynx Applicator Placement, H) Sagittal View of ANA in

Position, 1) Endoscopic setup of ANA in postmortem trial.
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12 mm curvature 2 .
3 i : Soft palate -

Dose [%] Dose [Gy] Volume [%] Volume [ccm)

softpalate 97.85 34248 1.00 0.10
softpalate 76.41 2.6742 10.00 0.95
softpalate 21.07 0.7375 100.00 9.52
softpalate 65.69 2.2993 21,00 200

20 mm curvature

ROI Dose [%] Dose [Gy] Volume [%)]) Volume [ccm]

soft palate 45.03 1.5762 1.00 0.10
soft palate 35.59 1.2456 10.00 0.95
soft palate 9.29 0.3253 100.00 9.52
soft palate 30.50 1.0676 21,00 2.00

Figure 8. A) configuration standard applicator with 12 mm curvature B) 20 mm

curvature (phantom, isodose, 3d dose, DVH).
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