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Study on dose evaluation of head and neck CT image with different
deformation registration

ZHANG Xueyang, WANG Yu* , WANG Mingquan, ZHANG Pengcheng, TAN Zhen
( School of Information and Communication Engineering ,» North University of China , Taiyuan , Shanxi 030051,
China)

Abstract ; Deformation image registration (DIR) is a key process of contour derivation and dose accumu-
lation in adaptive radiotherapy (ART). This study compares the changes of contour derivation and dose
accumulation in the process of adaptive radiotherapy with three different deformation registration algo-
rithms. The radiotherapy imaging data images of patients with head and neck cancer were selected for
this study. After rigid registration,B-spline elastic registration and LLCC-Demons registration algorithms
were used. The B-spline elastic algorithm studied two optimization indexes: normalization Cross-correla-
tion,normalized cross-correlation combined with bending energy penalty (BEP) regularization. Dose e-
valuation uses dose parameters Dy y D,;. s Dy s Do and uniformity index ( HI) to evaluate the difference
between cumulative dose and initial dose. Geometric evaluation uses Dice correlation coefficient (DCS)
and Hausdorff distance (HD) to evaluate the degree of overlap between volumes. After experiments, the
Dice coefficients of the planning target volume (PTV) target area, left parotid gland and right parotid
gland obtained by geometric evaluation are respectively 0. 82+0. 07,0. 83+0. 07,0. 86 40. 08 in the two
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optimization algorithms of B-spline elastic registration and the LCC-Demons algorithm. Among them, the

Dice coefficient obtained under the .CC-Demons algorithm reached the maximum value of 0. 91, and the

obtained Hausdorff distances were all between 1 and 3 mm. The DSC overlap result and the indicated

deviation distance were both within the clinically acceptable range. For dose evaluation, the corresponding
HI values are:1.089,1.082,1. 081,1.CC-Demons also reached the minimum value of 1. 081. In this ex-

periment , LCC-demons achieved good results in contour derivation and dose mapping,and it is also clini-

cal it provides a certain reference for the evaluation of registration quality in the environment.

Key words: deformation registration; B-spline elastic registration; LCC-Demons registration algorithm;

contour derivation; dose accumulation
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Fig. 2 The change between the contour line drawn
manually in the CT image of the head and neck and the
contour line derived by DIR: (a) Axial diagram;

(b) Sagittal diagram; (c¢) Crown diagram
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DVH PTV after dose accumulation
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Tab. 1 Correlation coefficient of DVH in PTV target area after registration
Structure doi‘)e‘?(gy) (i)n:;z g;‘;; (I();;) ( 8}’,> HI
(Gy) (Gy)
PTV 277.11 80.63 292. 39 262. 14 262. 14 1. 090
PTV BSpline 278.02 196.67 290. 39 266. 04 285. 81 1. 089
BSpliI;ZXBEP 277.74  175.55  290.99  263.04  285.99  1.082
LCCZTQ‘HQOJ.HS 278.01  196.84  292.00  274.41  286.15  1.081
FR2 BABLZARERN DVHEXSH
Tab.2 DVH related parameters of left and right parotid glands after registration
Structure Registration dosszgw dosDe"(Ey) X}G;) Xf;) <\(/;7§>
ParotideG ~ eeeeee 184.08 291. 82 89.18 85. 74 84. 36
BSpline 171.68 290. 29 87.43 83.38 81.76
BSpline+ BEP 170. 34 288.28 86.67 82.68 81. 14
LCC-Demons 184. 07 290. 29 89.18 85.77 84. 30
ParotideD oo 103.58 258.29 62.18 58. 04 56. 46
BSpline 113.77 271.6 68. 69 65.12 63.94
BSpline+ BEP 133.08 275.89 69.21 65. 65 64.52
LCC-Demons 128.01 268. 96 65.75 62.16 60. 92
#3 PIV.ERBRAMARRHITMER
Tab.3 Evaluation results of PTV,left parotid and right parotid glands
Registration
Structure . .
BSpline BSplin+BEP  LCC-Demons
PTV Average HD (mm) 1.78 1.77 1.75
95% HD (mm) 5.68 5.24 5.21
Dice coefficient 0. 89 0. 90 0.91
ParotideG Average HD (mm) 1. 88 1. 81 1.77
95% HD (mm) 7.28 6.61 6.58
Dice coefficient 0.76 0.77 0.78
ParotideD Average HD (mm) 1. 31 1.19 1. 38
95% HD (mm) 3.97 3.69 3.59
Dice coefficient 0. 82 0. 83 0. 86
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