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Dosimetric effect of customized 3D-printed headrest in radiotherapy for head and neck tumor
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Abstract: Objective To evaluate the dosimetric effect of three-dimensional (3D) printed headrests made of different materials
in radiotherapy for head and neck tumor, and to evaluate whether the existence of customized 3D-printed headrest can be
neglected during planning phase by comparing differences in target area doses, homogeneity index (HI), conformity index
(CI), monitor units (MU), and organ-at-risk (OAR) dose. Methods Ten patients with head and neck tumors, including 5 cases
with nasopharyngeal carcinoma and 5 with other head and neck tumors, were enrolled. The headrest contours were outlined
using Monaco treatment planning system, and with the same calculation parameters, treatment plans were generated for
scenarios without a headrest, with a standard headrest, and with 3D-printed headrests made of 10% filled polylactic acid and
thermoplastic polyurethane. The target area doses, OAR dose, MU, and other results were recorded and subjected to
statistical analysis. Results No significant differences were observed among the 4 groups (ignoring headrest, standard
headrest, 3D-printed headrests with 10% filled polylactic acid and thermoplastic polyurethane) in parameters such as D,;, D;,
D HI, CI, MU, and OAR dose (the maximum dose to the spinal cord) (P>0.05). Considering the presence of the headrest,

significant differences were found in CI for nasopharyngeal carcinoma and other head and neck tumors (P<0.05). Conclusion

mean>

During the planning phase, the existence of customized 3D-printed headrest can be ignored, but it should be noted that the
presence of a headrest may reduce the MU in radiotherapy plans. When considering the headrest, the average CI of patients
with other head and neck tumors is significantly higher than that with nasopharyngeal carcinoma.
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Figure 1 Headrest design and photos
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Table 1 Parameters of the 3D—printed headrest with 10% filling for a patient

RIS /g em?  MEHTEE kMR R/g  SkMUAEB/em®  SkECEEE /g om? SR R
PLA 1.244+0.02 0.98 505.3 2033 0.249 0.197
TPU 1.12+0.02 0.88 459.9 2033 0.226 0.179
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R2 FEKMAEDTER (n=10, i+s)

Table 2 Analysis of variance results for different headrests (n=10, Mean+SD)

Skt MU Dys/cGy Dy/cGy D, ./cGy HI CI Dy, /Gy
PLA 957.07+164.29 5837.01+£539.57 6801.07+£962.53 6272.88+719.13  1.16+0.08 0.69+0.19  3670.77£794.15
TPU 960.70+179.81 5837.09+545.39 6803.38+974.71 6272.81£726.91  1.16+0.08 0.70+0.15  3696.97+798.79
WAL 963.71+180.28 5861.82+546.80 6806.74+976.10 6288.57+728.37  1.16+0.08 0.69+0.19  3657.86+767.93
2 Sk Bl 996.24+197.85 5840.79+£545.15 6811.524964.46 6274.05£717.80  1.16+0.07 0.70+0.19  3702.61£786.72
FAE 0.100 0.005 0.000 0.001 0.010 0.009 0.007
PE 0.960 1.000 1.000 1.000 0.999 0.999 0.999
®3 BRESHMLTEME ARBLER (n=15, v+5)

Table 3 t—test results for nasopharyngeal carcinoma and other head —neck tumors (n=15, Mean+SD)
it MU D,/cGy Dy/cGy D, /Gy HI CI D, /Gy
HAbL AP 956.354205.84  5804.57+602.11  6647.25+£982.58 6171.92+745.00 1.14+£0.07 0.76+0.04 3427.25+1012.42
A 964.64+128.99  5886.05+452.53 6960.21+£894.94 6384.25+658.88 1.18+0.07 0.62+0.22 3923.15+196.38
HH -0.132 -0.419 -0.912 -0.827 -1.410 2.370 -1.862
PAE 0.896 0.678 0.370 0.415 0.169 <0.05 0.082
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