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Abstract 20 

Background 21 

Patient-specific intraoral positioning stents enable targeted positioning of the jaws and soft tissues during 22 

radiotherapy for head and neck tumors. Combining functional molding with digital manufacturing extends the 23 
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scope for adaptation to the patient’s dental status, including complete edentulism and postoperative anatomical 24 

changes. This study aimed to present a hybrid stent fabrication workflow and evaluate its clinical application 25 

and effects on the calculated dose distribution. 26 

Methods 27 

A retrospective descriptive case series examined fabrication and clinical use of individualized intraoral stents 28 

in 16 adults with head and neck tumors. Functional silicone templates were molded intraorally, digitized by 29 

extraoral optical scanning, and reproduced in polylactic acid by three-dimensional printing. Manufacturing and 30 

clinical records were reviewed descriptively. Whole oral-cavity mean dose was evaluated in seven paired 31 

comparisons with and without the stent. Serial sagittal kV-CBCT images from three illustrative patients were 32 

assessed qualitatively. 33 

Results 34 

Patient-specific intraoral positioning stents were used for caudal tongue displacement in 13 patients, lip 35 

retraction in two, and cheek retraction in one. Two patients were completely edentulous in both jaws. Whole 36 

oral-cavity Dmean decreased in five of seven paired comparisons; the average decreased from 44.11 to 42.94 37 

Gy, a mean paired reduction of 1.17 Gy. The largest reduction was 5.2 Gy (9.3%) in patient 12, whose 38 

uninvolved oral-cavity Dmean also decreased by 3.3 Gy (7.3%). Reported PTV coverage was unchanged in all 39 

three detailed pairs. Dose changes in other organs were heterogeneous, including increases in selected 40 

structures. Serial images showed broadly similar jaw opening and tongue–palate separation across the 41 

illustrated fractions. Eleven patients completed radiotherapy with the stent. No device breakage or intolerance 42 

was reported; one stent was reworked before treatment for comfort. 43 

Conclusions 44 

The hybrid workflow enabled individualized tissue positioning across diverse dental and postoperative 45 

conditions, including complete edentulism. The paired comparisons support a selective dosimetric benefit: 46 

lower average oral-cavity exposure in most evaluated pairs, with no decline in reported target coverage in the 47 

three detailed comparisons. These findings, together with the illustrated anatomical separation and clinical 48 
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usability, support prospective evaluation of patient-specific stents as an adjunct to treatment planning. 49 

Reduced clinical toxicity and superiority over independently optimized plans were not established. 50 

 51 

Keywords: patient-specific intraoral positioning stent; maxillofacial prosthetics; radiotherapy; head and neck 52 

tumors; digital dentistry; three-dimensional printing; dosimetry. 53 

Background 54 

Radiotherapy for head and neck tumors requires adequate target dose coverage while limiting irradiation of 55 

adjacent healthy tissues. The anatomical proximity of the tongue, palate, cheeks, lips, and salivary glands to 56 

the tumor or postoperative bed creates a need for patient-specific spatial separation of these structures. 57 

Intraoral stents allow the required tissue relationships to be established during treatment planning [1]. Device 58 

design is determined by the target location, the intended direction of displacement, and the anatomical 59 

conditions available for support. 60 

Positioning stents maintain the jaws and soft tissues in a defined configuration and, depending on the clinical 61 

objective, provide tongue depression or lateralization, lip retraction, or cheek retraction [2]. In the present 62 

series, the devices were used for caudal tongue displacement and retraction of the lips or cheek away from the 63 

dentoalveolar arch. The dosimetric effect of this approach is primarily associated with changes in the spatial 64 

relationship between the tissues, the target, and the dose distribution. 65 

Customization of the supporting surfaces is particularly important in patients with partial or complete tooth 66 

loss and postoperative anatomical changes. When the dentition is preserved, its contours provide landmarks 67 

for stent placement. In edentulous patients or after resection, support is designed around the alveolar regions, 68 

mucosa, and reconstructed tissues. The use of dental and alveolar support highlights the role of clinical fitting 69 

in the development of a patient-specific intraoral positioning stent [1]. 70 

Digital technologies allow anatomical data to be transferred to a virtual model and subsequently used to 71 

manufacture a stent by three-dimensional printing. Published approaches involve diagnostic computed 72 

tomography (CT) imaging, optical scanning, or clinical adaptation of prefabricated devices [2, 3, 4]; digital 73 

and manual methods have also been compared in clinical studies [5]. Our proposed hybrid workflow begins 74 
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with chairside functional molding of a silicone pattern directly within the oral cavity. This pattern provides the 75 

geometry for stent design and is subsequently scanned extraorally for digital modeling and three-dimensional 76 

printing. The fabrication pathway does not require direct scanning of the patient’s jaws or involvement of an 77 

external dental laboratory, supporting a mobile clinical workflow with access to an optical scanner and a 3D 78 

printer. In the study by Li et al. [5], 12 patients were compared using 3D-printed and conventional stents; oral-79 

cavity mean doses were 33.31 and 34.72 Gy, respectively (P = 0.15), and reported fabrication times were 4.5 ± 80 

0.5 and 25.2 ± 2.4 h. These different workflows and endpoints do not establish equivalence or permit direct 81 

comparison of their total fabrication times with the printer run times reported here. 82 

Bruno et al. designed a stent from a direct intraoral scan in a patient with tongue cancer and compared 83 

calculated doses on planning scans with and without the appliance [6]. Dağdelen et al. evaluated a printed 84 

positioning stent specifically for edentulous patients [7]. In our workflow, a removable silicone pattern records 85 

how the selected teeth, ridge, or reconstructed mucosa support the stent while the target tissue position is 86 

established. The pattern is then scanned outside the mouth. 87 

This study aimed to describe a hybrid workflow for fabricating patient-specific intraoral positioning stents and 88 

to evaluate its application in terms of anatomical adaptation, fabrication characteristics, and dosimetric 89 

changes. The multidisciplinary approach integrates the expertise of a prosthodontist, a radiation oncologist, 90 

and a medical physicist. An additional objective was to illustrate stent seating and maintenance of the intended 91 

tissue configuration across selected treatment fractions. 92 

Methods 93 

Study Design and Data Sources 94 

A retrospective descriptive study was conducted in a series of 16 adult patients with head and neck tumors 95 

entered into the clinical registry of the Department of Radiation Therapy, National Cancer Institute, Kyiv, 96 

Ukraine, with patient inclusion from June to October 2026. The patient was the unit of the descriptive case 97 

series; device variants and paired imaging studies were considered within the corresponding clinical case. 98 

Recorded multidisciplinary consultation dates ranged from 8 July to 23 September 2026. These dates are 99 

distinguished from the subsequent radiotherapy and follow-up dates. Patients were considered for stent 100 
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fabrication when the radiation oncologist identified a need for tongue positioning or lip or cheek retraction. 101 

Exclusion criteria for device use were severe pain, a pronounced gag reflex, and psychiatric disorders, as 102 

specified by the clinical team. Characteristics of the series and individual treatment records are summarized in 103 

Tables 1 and 2. 104 

The study documentation included clinical records and complete photographic documentation for all 16 105 

patients. Dental and clinical characteristics, tissue positioning objectives, and stent fabrication parameters 106 

were analyzed. Whole oral-cavity mean dose analysis included seven paired comparisons within the series; 107 

geometric features were assessed using CT images with linear measurements and isodose displays. The most 108 

illustrative photographs were selected for publication to demonstrate fabrication stages, design solutions, and 109 

device application. These selected images form part of the complete documentation for the clinical series. The 110 

three detailed dosimetric comparisons comprise registry patients 1, 2, and 12. 111 

Patients are identified by study numbers 1-16. The detailed dosimetric pairs 1, 2 and 3 correspond to patients 112 

1, 2 and 12, respectively. Seven patients had paired whole oral-cavity mean dose measurements. Three 113 

patients were selected to illustrate serial imaging and are identified separately as S1–S3. 114 

Dental Assessment and Template Molding 115 

The radiation oncologist defined the clinical objective, specifying the structure to be displaced, the direction of 116 

displacement, and the position to be stabilized. Dental examination included assessment of the remaining 117 

teeth, retained roots, dental prostheses, edentulous regions, oral mucosa, and postoperative changes. These 118 

findings determined the configuration of the supporting surfaces and the path of stent insertion. 119 

A functional template was molded directly in the oral cavity using condensation silicone (C-silicone) 120 

impression material to register the intended jaw relationship and soft tissue position. Tooth contours were 121 

reproduced in dentate regions, whereas the available alveolar contours and mucosal surfaces were recorded in 122 

edentulous regions. The template was digitized extraorally using a Medit i600 intraoral optical scanner. The 123 

resulting geometry served as the basis for the digital design of the final device. The silicone pattern itself was 124 

the scanned design input; direct scanning of the patient’s jaws and an external dental laboratory were not 125 

required for this fabrication workflow. The fabrication sequence is illustrated in Figure 1. 126 
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Fit and mandibular stabilization were assessed clinically by evaluating whether the stent returned to its defined 127 

supporting position on reinsertion and restricted visible lateral and anterior mandibular movements. Tissue 128 

relationships were also assessed on planning CT images. 129 

Assessment of Stent Seating and Tissue Position 130 

Reproducibility was considered at two levels: return of the stent to its supporting position after reinsertion, and 131 

maintenance of the intended jaw and soft tissue configuration during repeated use. Clinical assessment of 132 

reinsertion was complemented by a qualitative review of 12 sagittal images from three illustrative patients 133 

(S1–S3), with four images per patient documented for fractions 1, 10, 28, and 30. The visible jaw relationship, 134 

oral opening, and tongue–palate separation were compared within each set. The serial sagittal images were 135 

obtained from kilovoltage cone-beam CT (kV-CBCT). 136 

The serial images were reviewed separately from the paired dosimetric comparisons. Interfraction positioning 137 

was assessed qualitatively at the documented fractions 1, 10, 28, and 30. 138 

Digital Fabrication 139 

Digital design was performed in Meshmixer version 3.5.474. During this stage, contact surfaces and undercuts 140 

were smoothed, occlusal indentations and lingual and lateral support areas were refined, and a through-channel 141 

for breathing was incorporated. The digital model was retained to allow potential refabrication, provided that 142 

the anatomy of the supporting tissues remained unchanged. 143 

Stents were fabricated from polylactic acid (PLA) using fused deposition modeling (FDM). According to the 144 

manufacturing documentation, Bambu Lab PLA Pure material and a Bambu Lab X2D printer were used. The 145 

printing profile specified a layer height of 0.12 mm, an initial layer height of 0.20 mm, two wall perimeters, 146 

five top and five bottom solid layers, and 8% gyroid infill. The outer wall printing speed was 60 mm/s, and the 147 

infill speed was 150 mm/s. The recommended temperature ranges for the material were 190–230 °C for the 148 

nozzle and 35-65 °C for the build plate. The same printer and unchanged 0.12 mm High Quality profile were 149 

used across cases. Material documentation included SGS reports CANEC26004736501, 150 

CANEC26004736503, and CANEC26004736505 (11 March 2026), reporting that orange, pink, and white 151 
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PLA Pure samples, respectively, passed EN 71-3:2019+A2:2024 testing for migration of certain elements. The 152 

documentation also listed UL GREENGUARD certificate 429084-410 (23 March 2026–23 March 2027). 153 

Manufacturing characteristics were assessed using print job duration and stent mass. Fourteen single-device 154 

print jobs were summarized separately from two batch jobs, each producing two design variants 155 

simultaneously. The duration of a batch job was not treated as the printing time of one device. The reported 156 

clinical workflow spanned three days from silicone pattern fabrication to delivery and fitting of the stent. On 157 

day 1, the silicone pattern was formed intraorally, scanned extraorally, and used for digital modeling. Printing 158 

and sterilization were performed on day 2. On day 3, the stent was fitted to the patient and adjusted for 159 

comfort as needed before delivery for clinical use. This three-day turnaround describes the clinical schedule 160 

and is distinct from printer run time and hands-on operator time. Printing times and masses are reported in the 161 

manufacturing table (Table 3). 162 

Sterilization 163 

Following fabrication, completion of post-processing, and cleaning, each patient-specific intraoral 164 

radiotherapy stent underwent a single cycle of low-temperature hydrogen peroxide (H2O2) gas-plasma 165 

sterilization in a STERRAD 100NX system (Advanced Sterilization Products), using the STANDARD cycle, 166 

before its first insertion into the patient’s oral cavity. In addition to initial fitting and any comfort adjustments 167 

before radiotherapy, intraoral contact occurred during radiotherapy treatment sessions. Adjustments were 168 

performed at initial fitting. Between fractions, stents were washed with water and stored in dry conditions with 169 

continuous air circulation, away from direct sunlight, heat sources, and access by animals. 170 

Dosimetric Comparison 171 

Paired dosimetric comparisons were performed using CT datasets acquired with an intraoral positioning stent 172 

(CT1) and without the stent (CT2). Both CT scans were acquired during the same simulation session at an 173 

interval of approximately 5 minutes, using a tube voltage of 120 kV and a slice thickness of 1 mm. The patient 174 

remained in the initial immobilization setup without repositioning between scans, allowing the treatment 175 

isocenter to be maintained at the same coordinates. 176 
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Treatment planning was performed using the Monaco treatment planning system (version 6.2.2, Elekta) for an 177 

Elekta Harmony linear accelerator with 6 MV photon beams. Volumetric modulated arc therapy (VMAT) was 178 

used, and dose distributions were calculated using the X-ray Voxel Monte Carlo (XVMC) algorithm with a 179 

dose calculation grid resolution of 0.3 cm (3 mm) and a statistical uncertainty setting of 1%. 180 

The initial treatment plan was optimized on CT1 (with the stent) and subsequently recalculated on CT2 181 

(without the stent), without reoptimization or changes to the radiation delivery parameters. The treatment 182 

isocenter, beam geometry, multileaf collimator configurations, monitor units, and plan normalization remained 183 

unchanged. This approach enabled comparison of the calculated dose distributions under different anatomical 184 

conditions while maintaining identical irradiation parameters. This fixed-plan recalculation assesses dose 185 

redistribution under unchanged delivery parameters; it does not compare two independently optimized clinical 186 

plans. 187 

The two CT datasets were registered using bony anatomical landmarks. A radiation oncologist performed 188 

contouring of the planning target volume (PTV) and organs at risk (OARs). Contours were transferred 189 

between the registered images, followed by visual review and manual adjustment by the radiation oncologist 190 

to account for anatomical differences associated with stent use. Consequently, PTV volumes were comparable 191 

but not identical between the two configurations because of differences in anatomical geometry. 192 

The dosimetric analysis reported nine dose parameters for the entire oral cavity, its uninvolved portion, the 193 

ipsilateral and contralateral parotid and submandibular glands, the lips, and the mandible (Table 4). Mean dose 194 

(Dmean) and maximum dose (Dmax) were determined from the treatment planning system data. The 195 

uninvolved oral cavity was generated by Boolean subtraction of the PTV from the entire oral cavity (oral 196 

cavity minus PTV). 197 

PTV coverage was assessed using V95% and V100%, defined as the percentages of the PTV receiving at least 198 

95% and 100% of the prescribed dose, respectively. The conformity index (CI) and homogeneity index (HI) 199 

were also recorded. CI and HI were obtained directly from the automatic calculations in the Monaco treatment 200 

planning system (version 6.2.2). 201 
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The conformity index was calculated automatically in Monaco using the Paddick formula [8] at a reference 202 

isodose of 95% of the prescribed target dose: CI_95 = (TV_95)² / (TV × V_95), where TV is the PTV, V_95 is 203 

the total volume receiving at least 95% of the prescribed target dose, and TV_95 is the portion of the PTV 204 

within that isodose volume. The index is dimensionless, ranges from 0 to 1, and has an ideal value of 1. The 205 

reference dose was specified through the Prescribed Dose parameter in the dose–volume histogram (DVH) 206 

statistics; this evaluation setting is distinct from the clinical treatment prescription. The same 95% reference 207 

level was used for all six configurations: 62.7 Gy for pairs 1 and 2 (66-Gy prescriptions) and 66.5 Gy for pair 208 

3 (70-Gy prescription). 209 

The homogeneity index was calculated automatically by the treatment planning system (TPS) as HI_ratio = 210 

D2% / D98%, where D2% and D98% are the doses received by at least 2% and 98% of the PTV, respectively 211 

(near-maximum and near-minimum target doses). This dimensionless ratio has an ideal value of 1, with larger 212 

values indicating greater heterogeneity. It differs from the ICRU Report 83 index [9], HI_ICRU83 = (D2% − 213 

D98%) / D50%, for which 0 is ideal and D50% is the median target dose. The HI values reported in this study 214 

use the D2%/D98% definition. 215 

The study medical physicist verified the reported dosimetric values against the source treatment-planning 216 

records and confirmed the index definitions and reference-dose settings. CI_95 was interpreted alongside 217 

V95%, which describes target coverage at the same dose threshold. In general, CI_95 ≤ TV_95/TV = 218 

V95%/100; with V95% = 100%, CI_95 reduces to TV/V_95. V100% describes target coverage at a separate 219 

dose threshold. 220 

Three regions of the stent were measured on CT, and the mean and standard deviation of the CT values were 221 

recorded in Hounsfield units (HU). Linear distances from the midpoint of the bony hard palate to the target 222 

location on sagittal planning CT were recorded in millimeters. These distances describe anatomy and do not 223 

directly measure mucosal dose. 224 
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Descriptive Analysis 225 

Quantitative variables were summarized using the median, first and third quartiles, and range. Quartiles were 226 

calculated by linear interpolation. Demographic, anatomical, and fabrication characteristics were described for 227 

the overall series of 16 patients. 228 

The paired difference was calculated as the value with the stent minus the value without the stent. Dose 229 

changes were expressed in gray, and changes in V95% and V100% in percentage points. The relative dose 230 

change was calculated by dividing the paired difference by the dose without the stent and multiplying by 231 

100%. Thirteen parameters were described for each of the initial three pairs. For the entire oral cavity, 232 

arithmetic means of Dmean with and without the stent and the mean paired difference were calculated across 233 

all seven pairs; the analysis was descriptive. 234 

Results 235 

Patient and Dental Characteristics 236 

The clinical series comprised nine men and seven women. The median age was 56.5 years, with first and third 237 

quartiles of 51.5 and 74.0 years and a range of 41-79 years. Tumor sites included the base and lateral surface 238 

of the tongue, the floor of the mouth, the lower lip, and the buccal mucosa. Six patients had previously 239 

undergone oncological surgery. 240 

In 13 of the 16 patients, the stent was intended for caudal tongue displacement, in two for lip retraction, and in 241 

one for cheek retraction. Two patients were completely edentulous in both jaws. Twelve patients had 242 

remaining teeth in both jaws; in one case, an edentulous maxilla was combined with individual remaining 243 

teeth or restorations in the mandible. In another case, the supporting conditions were characterized by the 244 

status of the mandibular teeth and retained roots. The main characteristics of the series are presented in Table 245 

1. Individual tumor diagnoses, histology, recorded TNM and stage, and treatment characteristics are presented 246 

in Table 2. The three detailed dosimetric pairs correspond, in order, to registry patients 1, 2, and 12: a patient 247 

with human papillomavirus (HPV)-unassociated base-of-tongue squamous cell carcinoma (SCC), a patient 248 

with HPV-associated base-of-tongue SCC, and a patient with surgically treated left lateral tongue SCC. The 249 

prescribed main-target doses for pairs 1 and 2 were 66 Gy in 33 fractions (2 Gy per fraction). For pair 3 250 
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(registry patient 12), the prescribed main-target dose was 70 Gy (Table 2). For patient 1, the multidisciplinary 251 

team (MDT) prescription was 66 Gy, and the stent was used in all 33 fractions. The positioning objective in all 252 

three cases was caudal tongue displacement. Tongue displacement, lip retraction, and cheek retraction 253 

represent three clinical applications of one fabrication workflow; their distinct positioning objectives should 254 

not be treated as a single uniform dosimetric intervention. 255 

The hybrid workflow enabled sequential transfer of the functionally established configuration from the 256 

silicone template to the digital model and the printed stent (Figure 1). In patients with complete edentulism 257 

and postoperative changes, broad supporting surfaces were adapted to the available anatomical structures 258 

(Figure 2). These examples demonstrate the scope for device customization under challenging tissue support 259 

conditions. 260 

According to the clinical records, 11 of 16 patients completed the radiotherapy course using the stent. No 261 

device breakage, device-related pain, or intolerance was reported. No pronounced gag reflex or trismus was 262 

reported during stent use in radiotherapy sessions. One stent was reworked before the start of radiotherapy to 263 

improve patient comfort. Fitting adjustments were required only at initial placement. Minimal tongue pressure 264 

was intentional where required by the radiation oncologist’s positioning prescription. Stent use was 265 

discontinued in two patients: one died, and another discontinued radiotherapy because of peritonitis and 266 

pneumonia. These reports do not imply absence of radiotherapy-related mucosal symptoms. Treatment-course 267 

outcomes were summarized for 13 patients. The course status of the other three was not reported. No stent-268 

related mucosal trauma was reported. No cases were reported in which mucositis prevented the patient from 269 

wearing the stent. 270 

Printing Time and Device Mass 271 

Printing parameters and stent mass are presented in Table 3. The 14 single-device print jobs had a median 272 

printing time of 153.5 min (range, 40-195 min). The two batch jobs, each producing two design variants 273 

simultaneously, took 200 and 230 min. The median stent mass was 21.0 g, with quartiles of 20.5 and 22.0 g 274 

and a range of 12.0-22.0 g. 275 
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The stent used to retract both lips had a mass of 15.0 g and was printed in 93 min; the cheek retraction stent 276 

had a mass of 12.0 g and was printed in 40 min. These durations describe the printing stage and do not 277 

represent the complete fabrication workflow. 278 

Dose Distribution 279 

Across seven paired comparisons, stent use was associated with a decrease in the average whole oral-cavity 280 

Dmean from 44.11 Gy without the stent to 42.94 Gy with the stent. The mean paired reduction was 1.17 Gy 281 

(approximately 2.7% of the mean without-stent dose). Dose decreased in five of the seven pairs, with a 282 

maximum individual reduction of 5.2 Gy. In one pair, the dose remained unchanged; in another, it increased 283 

by 0.9 Gy. The paired changes (with minus without the stent) were −0.6, −2.2, −5.2, +0.9, 0.0, −0.3, and −0.8 284 

Gy, respectively. The paired changes are listed in Additional file 1 and plotted in Additional file 2. 285 

In the three detailed pairs, contralateral parotid Dmean decreased by 1.6, 2.9, and 0.3 Gy. Pair 3 (registry 286 

patient 12; prescription, 70 Gy) showed the largest whole oral-cavity reduction: 56.2 to 51.0 Gy, a decrease of 287 

5.2 Gy (9.3%). Uninvolved oral-cavity Dmean decreased from 45.3 to 42.0 Gy, a decrease of 3.3 Gy (7.3%), 288 

while its Dmax changed from 73.3 to 73.1 Gy. Ipsilateral and contralateral parotid Dmean also decreased, 289 

from 25.5 to 25.0 Gy and from 22.3 to 22.0 Gy, respectively. These favorable changes coexisted with an 290 

increase in ipsilateral submandibular Dmean from 65.7 to 70.0 Gy and mandibular Dmax from 72.0 to 73.0 291 

Gy. The with-stent submandibular Dmean, uninvolved oral-cavity Dmax, and mandibular Dmax correspond to 292 

100.0%, 104.4%, and 104.3% of the 70-Gy prescription, respectively. Across pairs 1–3, ipsilateral 293 

submandibular Dmean increased by 0.7, 0.3, and 4.3 Gy; mandibular Dmax increased by 1.3, 0.4, and 1.0 Gy. 294 

Uninvolved oral-cavity Dmean changed by 0.0, +1.7, and −3.3 Gy, and lip Dmean by +0.9, −1.2, and +2.4 Gy. 295 

Thus, the observed benefit was selective rather than uniform across organs. Table 4 presents the complete 296 

reported profile. 297 

The recorded volumetric target coverage metrics were unchanged between configurations: PTV V95% was 298 

100%, and PTV V100% was 90% under both conditions in all three pairs. The Paddick conformity index at the 299 

95% reference isodose (CI_95) changed from 0.90 to 0.92, from 0.87 to 0.89, and from 0.89 to 0.90. These 300 

values are mathematically compatible with the reported V95% = 100% and indicate slightly greater 301 
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conformity of the 95% isodose volume with the stent in these descriptive comparisons. HI_ratio was 1.05 302 

under both conditions in the first and third pairs and changed from 1.06 to 1.05 in the second. Under the 303 

D2%/D98% definition, these values indicate a near-maximum to near-minimum target dose ratio of 1.05–1.06, 304 

consistent with relatively homogeneous target dosing. 305 

Mean CT values in the three measured regions of the stent were −804, −969, and −618 HU, with 306 

corresponding standard deviations of 500, 185, and 490 HU. These characteristics reflect the structure of the 307 

printed device, which combines polymer elements and air spaces. These region-of-interest measurements 308 

characterize the heterogeneous polymer–air structure rather than the intrinsic attenuation of solid PLA. 309 

Figure 3 shows the four serial sagittal images from patient S1. 310 

Planning CT geometry 311 

In two paired planning CT examples, the palate-to-target distances without and with the stent were 17.8 and 312 

30.7 mm in patient 1 and 7.5 and 15.1 mm in patient 12, respectively. These measurements describe anatomy 313 

at simulation. Figure 4 summarizes organ doses and target coverage across the three detailed dosimetric pairs. 314 

Figure 5 shows the paired isodose distributions in patient 12, whose whole oral-cavity mean dose decreased 315 

from 56.2 to 51.0 Gy (Table 4). The imaging appendix includes the other paired planning views from the same 316 

export (Additional file 3). 317 

Reproducibility of Positioning 318 

Sagittal cone-beam CT images were reviewed qualitatively for three illustrative patients at fractions 1, 10, 28 319 

and 30. Jaw opening and tongue–palate separation appeared broadly similar across the reviewed fractions 320 

within each patient. Figure 3 shows one of the three cases. 321 

Discussion 322 

Clinical Customization and Digital Reproduction 323 

The distinguishing feature of the proposed approach is a clinically led fabrication workflow that does not 324 

involve an external dental laboratory. A silicone pattern is formed directly in the patient’s mouth to establish 325 

the intended jaw relationship, soft tissue position, and supporting contours. Extraoral scanning of this pattern 326 



14 

provides the basis for digital stent design without direct scanning of the patient’s jaws. The chairside pattern-327 

making stage and the absence of a laboratory handoff support a mobile workflow that can be organized around 328 

available optical scanning and 3D-printing facilities. These are practical features of the fabrication pathway; 329 

comparative reductions in total production time or cost were not measured in this series. 330 

Herpel et al. described the clinical adaptation of a preprinted device to the dentition using silicone material [2]. 331 

In our workflow, the patient-specific functional template is created before scanning and printing. This 332 

sequence transfers clinically defined supporting surfaces to the digital model without requiring segmentation 333 

of the dentition on CT. Planning CT is used to assess tissue relationships and dose distribution. 334 

An important feature of this clinical series is the application of the method under different support conditions, 335 

including complete edentulism and postoperative anatomical changes. In these cases, the stent configuration 336 

was shaped according to the available alveolar and mucosal surfaces, extending the practical scope of patient-337 

specific positioning. A further advantage is retention of the digital model for refabrication when the anatomy 338 

remains unchanged. Comparative assessment of fabrication time, accuracy, and economic parameters is 339 

planned for the next stage of the study. 340 

In the lead-in phase of a multicenter trial, Tino et al. used direct intraoral scanning and stereolithographic 341 

fabrication. Fifteen of 18 enrolled patients received stents, and design and fabrication took an average of 8 h 342 

[10]. Their timing covers different stages from our interval between molding and clinical delivery, so it does 343 

not establish a difference in production speed. The prototype study in edentulous patients also used cone-beam 344 

CT to assess positioning [7]. Our two cases with complete edentulism illustrate how mucosal support can be 345 

incorporated during molding, but the series did not measure seating accuracy in this subgroup. 346 

Dosimetric Potential of Patient-Specific Positioning 347 

In the seven paired calculations, average oral-cavity exposure was lower with the stent. The reported target 348 

coverage metrics were unchanged in the three detailed comparisons. Whole oral-cavity Dmean decreased in 349 

five of seven paired comparisons, and contralateral parotid Dmean decreased in all three detailed pairs. In 350 

patient 12, the concurrent reductions in whole and uninvolved oral-cavity Dmean strengthen the evidence for a 351 

benefit extending beyond the composite contour that includes the target. The 5.2-Gy and 3.3-Gy reductions 352 



15 

represent 9.3% and 7.3% of the corresponding without-stent doses. These are descriptive patient-specific 353 

effects; the small series does not establish a population-level benefit or a reduction in toxicity. 354 

The biological rationale for reducing exposure of uninvolved oral tissues is supported by clinical literature on 355 

oral positioning stents. In an observational cohort of 462 oropharyngeal cancer survivors, stent use was 356 

associated with less severe selected long-term symptoms, with effects differing by stent type and irradiation 357 

volume [11]. This supports the clinical relevance of investigating tissue displacement, but does not establish 358 

the same outcomes in the present heterogeneous series. Here, the directly measured advantage is the 359 

dosimetric change; prospective assessment of mucositis, salivary function, swallowing, and patient-reported 360 

outcomes is needed to determine its clinical benefit. 361 

A scoping review by da Silva Figueiredo et al. identified differences in device design and materials and found 362 

that none of the studies assessed had a low risk of bias [12]. In a prospective comparison, Zaid et al. reported 363 

noninferiority of printed stents to manually fabricated stents on patient-reported outcomes [13]. The present 364 

series documents fitting and continued use. Its routine clinical records do not provide standardized scores for 365 

comparing comfort or symptom relief. 366 

For pair 3, the 70-Gy prescription places the uninvolved oral-cavity and mandibular maxima of 73.1 and 73.0 367 

Gy at approximately 104% of prescription. The uninvolved oral cavity was defined as oral cavity minus PTV. 368 

This removes geometric overlap but creates no physical separation from the target boundary, so high local 369 

doses can persist despite a reduction in mean dose. The essentially unchanged oral-cavity Dmax therefore does 370 

not negate the observed 3.3-Gy reduction in its uninvolved mean dose: the two metrics describe different 371 

aspects of exposure. Mandibular Dmax should be considered together with the irradiated bone volume and full 372 

dose–volume distribution when assessing osteoradionecrosis risk [14]. 373 

The ipsilateral submandibular Dmean of 70.0 Gy represents a limitation of organ sparing in this configuration. 374 

Published dose–response data associate mean submandibular doses above approximately 39 Gy with marked 375 

functional loss and limited recovery [15]. The present findings support selective oral-cavity and parotid dose 376 

reduction rather than preservation of all salivary structures. The rise in ipsilateral submandibular dose and 377 

mandibular maximum remains part of the overall benefit–risk assessment. 378 
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The paired comparison used the same irradiation parameters, with the plan optimized on the with-stent CT and 379 

recalculated on the without-stent CT. The observed changes are therefore compatible with dose redistribution 380 

associated with tissue positioning and contour differences rather than a change in the prescribed dose. This 381 

provides a controlled comparison of anatomical configurations under fixed delivery parameters, but does not 382 

establish superiority over a separately optimized without-stent plan. Reported PTV V95% and V100% were 383 

unchanged, HI_ratio was unchanged or slightly lower, and CI_95 was slightly higher with the stent. Together, 384 

these findings support selective OAR dose reduction without an observed deterioration in the reported target 385 

metrics. They do not establish optimal target coverage, statistical superiority, or an unavoidable trade-off in 386 

the organs whose doses increased. 387 

The direction of tongue displacement and the degree of mouth opening are determined by the target location, 388 

the anatomical conditions for support, and the patient’s functional capabilities. The relevance of mouth 389 

opening to dosimetric outcomes was examined by Nakazawa et al. [16]. In tumors of the tongue or floor of the 390 

mouth, particular attention is given to the relationship between the target and organs at risk, because tongue 391 

displacement may also alter the position of the target itself. 392 

In patient 12, the measured palate-to-target distance increased from 7.5 to 15.1 mm on paired planning CT 393 

scans, and both the whole and uninvolved oral-cavity mean doses decreased. This observation is consistent 394 

with repositioning tissues relative to the dose gradient. It does not quantify the dose to the palate or establish 395 

that the same separation was maintained at every fraction. 396 

Recalculation of a single plan on two CT configurations characterizes the dosimetric changes associated with 397 

tissue positioning. Qualitative serial kV-CBCT images at fractions 1, 10, 28, and 30 showed broadly similar 398 

jaw opening and tongue–palate separation at those fractions. Quantitative assessment of interfraction 399 

positioning would complement these observations and permit a more detailed comparison with published 400 

findings on digitally fabricated stents [17]. The reported dosimetric endpoints describe dose changes in the 401 

selected organs listed in Table 4. 402 
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Reproducible Seating and Stabilization of Tissues 403 

The intended mechanical function of the stent is to provide a repeatable reference for the mandibular position 404 

and a defined surface against which the displaced tissue rests. In dentate regions, individualized tooth 405 

impressions guide seating; in edentulous regions, the available alveolar and mucosal contours provide support. 406 

In the present workflow, these relationships are recorded during functional molding and transferred to the 407 

printed device. Stable seating provides the mechanical basis for repeatable tissue displacement. 408 

Herpel et al. quantified reinsertion reproducibility using 10 repeated optical scans in one fully dentate 409 

volunteer and reported a mean geometric deviation of 98.1 ± 29.4 µm root mean square [2]. This result 410 

concerns their tooth-supported device and measured maxillomandibular relationship; it cannot be transferred 411 

directly to our PLA stents, edentulous support conditions, or internal soft tissue motion. Doi et al. compared 412 

183 setup observations in six patients using stents with 386 observations in 12 patients without stents and 413 

found smaller anterior–posterior and three-dimensional setup errors with stent use [18]. These findings support 414 

the positioning rationale, while distinguishing overall setup accuracy from the reproducibility of an individual 415 

tissue contour. 416 

Bø et al. evaluated tongue–palate separation using planning CT and daily cone-beam CT and generally found 417 

small interfraction variation; one patient showed greater variation associated with incorrect stent orientation 418 

[19]. Their observations emphasize the importance of checking insertion orientation and seating during 419 

treatment. Our serial images are consistent with maintenance of a similar configuration at selected fractions. 420 

Future evaluation should measure jaw and tongue displacement separately on registered volumetric images 421 

and assess changes in fit during treatment. 422 

Material and Printed Structure 423 

The radiological characteristics of the stent should be considered in relation to its internal structure. The 424 

combination of an outer shell, solid layers, and sparse gyroid infill produces a device containing both polymer 425 

elements and air spaces. The 8% infill value refers to the internal structure setting in the slicing software. The 426 

combination of polymer and air, together with partial volume effects, may explain the low mean HU values 427 

and their variability. 428 
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Kunert et al. described the dependence of the X-ray characteristics of printed materials on their structure [20], 429 

while Van der Walt et al. investigated the properties of PLA in the context of external beam radiotherapy [21]. 430 

In the present approach, the main functional effect of the stent is associated with tissue positioning. Further 431 

standardized assessment of CT characteristics and dose perturbations will provide a more detailed account of 432 

the contributions of the material and printing parameters. The material documentation concerns migration of 433 

selected elements from tested PLA samples and emissions from a specified printer–filament combination. 434 

These material-level results and the observed clinical tolerability address different aspects of device 435 

performance. Biological safety of the finished, processed and sterilized stent for repeated intraoral contact 436 

requires device-level assessment; clinical tolerability alone does not establish it. 437 

Directions for Further Research 438 

This retrospective case series provides descriptive evidence of fabrication, clinical use, and selective 439 

dosimetric benefit. The small heterogeneous cohort and seven paired dose comparisons limit generalizability. 440 

The fixed-plan recalculation isolates dose redistribution under unchanged delivery parameters; it does not 441 

compare independently optimized treatment strategies. Clinical tolerability was described from routine 442 

records. Prospective studies using standardized toxicity and patient-reported outcome measures are needed to 443 

establish the clinical effects of the observed dose changes. 444 

Further clinical evaluation will combine objective assessment of mucosal reactions with patient-reported 445 

symptoms and clearly defined treatment and post-treatment assessment points. This will allow the relationship 446 

between tissue positioning, individual dose changes, and clinical outcomes to be investigated. 447 

A promising direction is the inclusion of functional outcomes and quality-of-life measures. Stieb et al. 448 

reported an association between stent use and less severe long-term disturbances of taste and appetite after 449 

unilateral irradiation, and fewer difficulties with swallowing and chewing after bilateral irradiation [11]. In 450 

future work, we plan to combine mucosal assessment with standardized evaluation of swallowing, chewing, 451 

taste perception, and patient-reported comfort. 452 

Lee et al. described a randomized comparison of customized printed stents and standard care with clinician-453 

rated mucositis and patient-reported symptoms as primary endpoints [22]. Their 2026 conference abstract 454 
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described the study design without reporting outcome data. In our series, the calculated dose changes provide a 455 

rationale for measuring these clinical outcomes prospectively. 456 

This retrospective descriptive series characterizes the practical applicability of the workflow, its fabrication 457 

characteristics, and initial dosimetric findings. The study is ongoing, with expansion of the sample and 458 

continued collection of clinical and dosimetric data. In the next phase, we plan to compare patient-specific 459 

intraoral stents with a standard cork stent. The planned comparison will assess dosimetric parameters, 460 

positioning reproducibility, and clinical tolerability. Prospective follow-up will allow investigation of the 461 

relationship between individual dose changes and the incidence and severity of local reactions, accounting for 462 

tumor location and concomitant treatment. 463 

Conclusions 464 

The hybrid workflow of functional molding, optical scanning, and three-dimensional printing enables the 465 

fabrication of patient-specific intraoral positioning stents tailored to the patient’s anatomy and clinical 466 

objectives. In a series of 16 patients, its application was demonstrated for positioning the tongue, lips, and 467 

cheek, including in patients with complete edentulism and postoperative anatomical changes. Its main 468 

advantages are clinical customization of support, digital reproduction of the device, and the possibility of 469 

refabrication from a stored model. 470 

Across seven paired comparisons, mean whole oral-cavity dose decreased from 44.11 to 42.94 Gy, with 471 

reductions in five pairs and a maximum reduction of 5.2 Gy. Patient 12 also showed a 3.3-Gy reduction in 472 

uninvolved oral-cavity mean dose. In the three detailed pairs, reported target coverage was maintained and 473 

conformity at the 95% isodose was slightly greater with the stent. These fixed-plan comparisons illustrate how 474 

repositioning tissue can lower the calculated dose to selected structures. The benefit must be assessed 475 

alongside increased doses in some adjacent organs. Prospective studies with independently optimized 476 

comparator plans, quantitative positioning assessment, and clinical toxicity endpoints are needed to establish 477 

the magnitude and clinical value of these effects. 478 
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Figures and legends 620 

Figure 1. Silicone pattern, extraoral scanning, and the finished intraoral stent 621 

 622 

A and B show the palatal and lingual surfaces of the silicone pattern molded in the mouth. C shows the optical 623 

scanner digitizing the pattern outside the mouth. D shows digital processing of the scanned geometry. E and F 624 

show the lingual and palatal surfaces of the finished printed stent. G shows the breathing channel from the 625 

distal end. 626 
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Figure 2. Silicone pattern and printed stent for a patient with complete edentulism 627 

 628 

Patient 7 had complete edentulism in both arches and had undergone resection and reconstruction of oral 629 

tissues. A and B show the contact surfaces of the functional silicone pattern. C and D show the corresponding 630 

surfaces of the printed stent. The broad contact areas follow the available anatomical support. 631 
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Figure 3. Jaw opening and tongue–palate separation across four fractions in patient S1 632 

 633 

A–D: serial sagittal kV-CBCT images from illustrative patient S1 at fractions 1, 10, 28, and 30, retaining the 634 

panel arrangement of the source images. Qualitative review showed broadly similar jaw opening and tongue–635 

palate separation at the displayed fractions. 636 
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Figure 4. Organ dose changes and target coverage in three paired comparisons 637 

 638 

Pairs 1-3 correspond to patients 1, 2, and 12, respectively. Bars show the calculated dose with the stent minus 639 

the dose without it (Gy). Negative values indicate lower doses with the stent. All three panels use the same 640 

scale. The table below the panels shows planning target volume coverage and the conformity and homogeneity 641 

indices. Absolute organ doses are reported in Table 4. 642 
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Figure 5. Paired sagittal isodose distributions in patient 12 643 

 644 

Planning CT without the stent (CT2, left) and with the stent (CT1, right) in dosimetric pair 3. The color key 645 

shows the displayed isodose levels in Gy. Table 4 reports the corresponding whole oral-cavity mean doses. 646 
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Tables 647 

Table 1. Characteristics of the case series of 16 patients 648 

Characteristic Value 

Number of patients 16 

Male / female 9 / 7 

Recorded age, median (quartiles), years 56.5 (51.5–74.0) 

Recorded age, range, years 41–79 

Previous oncological surgery 6 / 16 

Caudal tongue displacement 13 / 16 

Lip retraction 2 / 16 

Cheek retraction 1 / 16 

Complete edentulism in both jaws 2 / 16 

Tumor site: Base of tongue 5 

Tumor site: Lateral tongue 5 

Tumor site: Floor of mouth 3 

Tumor site: Lower lip 2 

Tumor site: Buccal mucosa 1 

Completed radiotherapy course with stent 11 / 16 

Discontinued use: death / illness 1 / 1 

Cases with a summarized treatment-course outcome 13 / 16 

Reported breakage / intolerance / device-related pain 0 / 0 / 0 

Pre-treatment stent rework for comfort, n 1 

Pronounced gag reflex during stent use 0 

Pronounced trismus during stent use 0 

Adjustment timing Initial fitting only 

Concurrent chemotherapy among eight cases with a yes/no entry: yes / no 6 / 2 

Tumor sites follow the principal diagnosis in the clinical registry. Treatment-course outcomes are summarized 649 

for 13 patients; concurrent chemotherapy yes/no status is summarized for eight patients. Device tolerability 650 

reflects the clinical records. Lack of device-related pain does not imply absence of radiotherapy-related 651 

mucositis or other symptoms. 652 
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Table 2. Individual tumor diagnoses and selected treatment characteristics 653 

ID Tumor site 
Histology / HPV 

status 

Recorded TNM and 

stage 
Treatment and prescription recorded 

1 Base of tongue 
SCC; HPV-

unassociated 

cT4aN0M0; stage III* 

(AJCC 8 recorded) 

Definitive RT; no prior tumor surgery. MDT 

prescription: 66 Gy in 33 fractions (2 Gy/fraction); 

stent used in all 33 fractions. Concurrent cisplatin 

100 mg/m² every 21 days. 

2 Base of tongue 
SCC; HPV-

associated 

T3N2M0; stage II (AJCC 

8 recorded) 

Definitive RT; no prior tumor surgery. Prescribed 

main-target dose 66 Gy in 33 fractions (2 

Gy/fraction). Concurrent cisplatin 100 mg/m² 

every 21 days. 

3 Floor of mouth SCC, G1 T3N2cM0; stage IVA 

Definitive RT; no prior tumor surgery. Prescribed 

70 Gy in 35 fractions (2 Gy/fraction). Concurrent 

carboplatin 100 mg/m² every 21 days, as recorded. 

Course not completed: patient died. 

4 
Left lateral 

tongue 
SCC 

pT3 pN0(0/18) cM0; LV1, 

Pn1, R0; stage III 

Postoperative adjuvant RT: tumor bed 60 Gy (2 

Gy/fraction); bilateral neck 50 Gy (1.67 

Gy/fraction). 30 fractions recorded. No concurrent 

chemotherapy. 

5 
Lower lip 

vermilion 
SCC cT2N1M0; stage III 

Definitive RT; no prior tumor surgery. Prescribed 

66 Gy in 33 fractions (2 Gy/fraction). No 

concurrent chemotherapy. 

6 
Right lateral 

tongue 
SCC, G2 

pT3 pN0(0/24) M0; Pn0, 

LV0*, R1; stage III 

Postoperative adjuvant RT: tumor bed 66 Gy (2 

Gy/fraction); neck 50 Gy (1.5 Gy/fraction), as 

recorded. 33 fractions recorded. Concurrent 

cisplatin 100 mg/m² every 21 days. 

7 Floor of mouth SCC 

pT4a pN1(1/13) cM0; 

LV1, Pn1, R1; DOI >10 

mm; stage IVA 

Prior surgery. 33 fractions recorded. Concurrent 

cisplatin 100 mg/m² every 21 days. 

8 
Right base of 

tongue 

SCC; HPV-

associated 
cT2N2M0; stage II 

No prior tumor surgery. Prescribed 66 Gy in 33 

fractions (2 Gy/fraction). Three prior DCF cycles; 

concurrent cisplatin 100 mg/m² every 21 days. 
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ID Tumor site 
Histology / HPV 

status 

Recorded TNM and 

stage 
Treatment and prescription recorded 

9 
Left base of 

tongue 

SCC; HPV-

associated 
cT2 cN3 M0; stage IVB* 

Three prior induction DCF cycles, with clinical 

complete response recorded. 

10 
Right floor-of-

mouth mucosa 
SCC cT4aN2bM0; stage IVA 

RT discontinued because of peritonitis and 

pneumonia. 

11 
Left lateral 

tongue 
SCC, G1 T2N2bM0; stage IVA 

Definitive RT; no prior tumor surgery. Prescribed 

70 Gy in 35 fractions (2 Gy/fraction). Concurrent 

carboplatin 100 mg/m² every 21 days. 

12 

Left lateral 

tongue; base of 

tongue / 

oropharynx also 

recorded* 

Keratinizing 

SCC, G2; HPV-

unassociated; 

p16-negative 

pT3 pN1(1/10) M0; LV1, 

Pn1, R0; DOI >10 mm 

(AJCC 8 recorded) 

Postoperative adjuvant RT. Main-target 

prescription: 70 Gy. 

13 
Left buccal 

mucosa 
Keratinizing SCC 

Initial cT4aN2cM0, stage 

IVA; postoperative ypT2 

pN0(0/24), LV0, Pn0, R0 

Three prior combination chemotherapy cycles plus 

cetuximab, followed by surgery; 30 fractions 

recorded. 

14 Base of tongue 

Invasive SCC, 

G2, basaloid 

subtype; HPV 

testing pending in 

the record 

cT3N0M0; stage III Definitive RT with cisplatin planned 

15 Right lower lip Invasive SCC 

Principal MDT record: 

cT2 cN1 M0, stage III; 

T1N0M0 also recorded* 

Definitive RT planned after surgery was declined. 

Proposed tumor dose 60–66 Gy and neck dose 50–

54 Gy 

16 
Left lateral 

tongue 

Keratinizing 

SCC, G1 

pT3 pN0(0/18) M0; LV1, 

Pn0, R0; DOI >10 mm; 

stage III 

Prior tumor surgery. Postoperative adjuvant RT 

planned 

SCC, squamous cell carcinoma; HPV, human papillomavirus; RT, radiotherapy; DOI, depth of invasion; 654 

MDT, multidisciplinary team. An asterisk marks a source entry requiring clarification. Histologic grades and 655 

LV, Pn and R descriptors follow the registry. Treatment entries distinguish prescribed or planned regimens 656 

from recorded delivery. Patients 1, 2 and 12 correspond to dosimetric pairs 1, 2 and 3, respectively. 657 
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Table 3. Printing time and stent mass in the case series 658 

Patient Time, min Mass, g Note 

1 170 22.0  

2 195 21.0  

3 175 21.0  

4 180 22.0  

5 93 15.0  

6 145 22.0  

7 132 21.5  

8 165 22.0  

9 162 21.0  

10 230 21.6 Two variants printed simultaneously 

11 190 20.5  

12 200 20.5 Two variants printed simultaneously 

13 40 12.0  

14 90 19.5  

15 130 21  

16 120 22.0  

Time is per print job. Two variants were printed together for patients 10 and 12. Mass refers to the registry-659 

recorded stent. Print time excludes hands-on work. 660 

Table 4. Paired dosimetric values and changes 661 

Structure or parameter Pair 1 (ID 1) Pair 2 (ID 2) Pair 3 (ID 12) 

Entire oral cavity - mean dose 
50.6 → 50.0 

Δ -0.6 

59.9 → 57.7 

Δ -2.2 

56.2 → 51.0 

Δ -5.2 

Uninvolved oral cavity - mean dose 
38.0 → 38.0 

Δ +0.0 

54.7 → 56.4 

Δ +1.7 

45.3 → 42.0 

Δ -3.3 

Uninvolved oral cavity - maximum dose 
73.6 → 72.2 

Δ -1.4 

64.8 → 64.0 

Δ -0.8 

73.3 → 73.1 

Δ -0.2 
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Structure or parameter Pair 1 (ID 1) Pair 2 (ID 2) Pair 3 (ID 12) 

Ipsilateral parotid gland - mean dose 
24.5 → 24.5 

Δ +0.0 

27.4 → 24.9 

Δ -2.5 

25.5 → 25.0 

Δ -0.5 

Contralateral parotid gland - mean dose 
24.5 → 22.9 

Δ -1.6 

26.6 → 23.7 

Δ -2.9 

22.3 → 22.0 

Δ -0.3 

Ipsilateral submandibular gland - mean dose 
62.7 → 63.4 

Δ +0.7 

61.5 → 61.8 

Δ +0.3 

65.7 → 70.0 

Δ +4.3 

Contralateral submandibular gland - mean dose 
61.8 → 57.8 

Δ -4.0 

55.2 → 55.6 

Δ +0.4 

60.9 → 59.0 

Δ -1.9 

Lips - mean dose 
12.7 → 13.6 

Δ +0.9 

32.5 → 31.3 

Δ -1.2 

14.7 → 17.1 

Δ +2.4 

Mandible - maximum dose 
71.5 → 72.8 

Δ +1.3 

62.9 → 63.3 

Δ +0.4 

72.0 → 73.0 

Δ +1.0 

PTV V95%, % 
100.0 → 100.0 

Δ +0.0 

100.0 → 100.0 

Δ +0.0 

100.0 → 100.0 

Δ +0.0 

PTV V100%, % 
90.0 → 90.0 

Δ +0.0 

90.0 → 90.0 

Δ +0.0 

90.0 → 90.0 

Δ +0.0 

Paddick conformity index (CI_95) 
0.90 → 0.92 

Δ +0.02 

0.87 → 0.89 

Δ +0.02 

0.89 → 0.90 

Δ +0.01 

Homogeneity index (HI_ratio = D2%/D98%) 
1.05 → 1.05 

Δ +0.00 

1.06 → 1.05 

Δ -0.01 

1.05 → 1.05 

Δ +0.00 

Entries show without → with stent; Δ = with minus without. Dose in Gy; coverage differences in percentage 662 

points. CI_95 and HI_ratio are defined in Methods. 663 



Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

CBCT1.mp4

CBCT2.mp4

Additionalfile1.png

Additionalfile2.pdf

https://assets-eu.researchsquare.com/files/rs-11598838/v1/e20091b8a152ddca0afd3378.mp4
https://assets-eu.researchsquare.com/files/rs-11598838/v1/8763e5714665c80a02ace349.mp4
https://assets-eu.researchsquare.com/files/rs-11598838/v1/a555ea43bb2fa398c491066c.png
https://assets-eu.researchsquare.com/files/rs-11598838/v1/f824e89fdbab9ada277f50c4.pdf

