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1. Thin-plate-spline Deformation

In this section, we provide a detailed explanation of thin-
plate splines (TPS) [1], including its unraveled non-matrix
definition and the optimization of TPS coefficients by solv-
ing a linear equation subject to several constraints. As per
convention in computer vision, we call the three coordinate
axes in R the h, w and d-axis.

Given an object P in R3, we wish to alter its shape by
warping the coordinate axes. This can be done by construct-
ing a warping function D : R? — R2, and reconstruct the
new shape Y by

(W, w',d')=D(h,w,d), Y(h,w,d) =P v, d).

That is, the value of the targer object Y at the coordinate
point (h,w, d), is given by the value of the source object P
at the warped coordinate point (h',w’,d’) which is calcu-
lated by the warping function D. We call points associated
with the target object Y target points, and points associated
with the source object P source points.

The thin-plate-spline deformation is a method to con-
struct the warping function D. Given a sequence of tar-
get control points {p;}» and a corresponding source con-
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trol points {p}};', the warping D maps exactly p; — p;
with minimal bending energy. Given a general target point
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p = (h,w, d), its image under D is given by
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where U(r) —  2logr? is the kemel func-

tion, (a(1)7 o al (b(l), ... ,b(N+4)), and
(W, ... N+ are TPS coefficients that are deter-
mined by mapping the control points. The TPS coefficients
can be obtained by solving a linear equation.

N+4))’

Here, we use the h-coordinate coefficients as an exam-
ple, and the calculation of the w and d coordinate coeffi-
cients are done in a similar manner. The function (1a) has
N + 4 coefficients to be computed, which can be calculated
by a closed-form solution.

Let v = (h}, - ,h/\]0,0,0,0)T, where A is the h-
coordinate of the i-th source control point. Also, define
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where U; ; = U(|p; — p;l), ki, wy, and d; are the h-, w-
, and d-coordinates of the target control point p;, and O
is a zero matrix of size 4 x 4. Then the coefficients a =
(@M, aN+Y) are given by

a=M"1v. 3)

The additional last four rows of M guarantee that the coef-
ficients a(”) sum to zero and that their cross-products with
the points p; are likewise zero. These extra conditions are
regularization terms used in TPS formulation.

In our implementation, we keep the target control points
fixed, and use neural networks to propose the source control
points. By doing so, we only need to calculate M~ once,
and we do not have numerical instability problem.

2. Extended Results

We present the class-wise performance of AIC-Net models
with the UNETR-Swin backbone on all tasks in Tabs. 1 to 3.
Notably, AIC-Net not only achieves better mean scores but
also generally exhibits lower standard deviations, indicating
more consistent and reliable performance. We have omit-
ted the segmentation results for kidney_cyst_left and kid-
ney_cyst_right from the Organ task, as both AIC-Net and
the baseline models failed to predict these classes.
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Table 1. Organ Segmentation Comparison on UNETR-Swin Backbone

adrenal_gland_left
adrenal _gland_right
colon

duodenum

esophagus
gallbladder

kidney _left
kidney_right

liver
lung_lower_lobe _left
lung_lower_lobe_right
lung_middle_lobe_right
lung_upper_lobe_left
lung_upper_lobe_right
pancreas

prostate

small_bowel

spleen

stomach
thyroid_gland

trachea
urinary_bladder

mean

NSD 1 Hausos | Dice 1
AIC-Net Baseline AIC-Net Baseline AIC-Net Baseline
95.0+ 139 96.2 +10.2 222 +234 529+ 26.0 822+ 152 8344153
96.9 £9.41 96.8 +9.50 1.65+ 147 155+ 1.46 832+ 14.1 8374152
87.1 £15.5 82.0+£25.1 10.6 £ 13.7 12.6+ 17.6 86.1 = 11.5 85.1 £15.6
869 £ 16.1 85.0£22.6 556 +647 8.02+174 782+ 189 78.6 +21.0
96.1 £ 13.1 957+ 13.3 2.82+6.06 2.69+6.04 89.5 £570 89.0 + 6.59
742 £38.0 78.1 +£35.0 712+ 168 6.12+17.5 80.2 £25.3 81.1 +£24.0
940+ 14.8 91.5+219 5.05+ 132 4.68+13.2 912+ 156 91.3+16.8
90.1 252 89.7 +25.8 3.63+6.58 3.67+7.35 922+ 16.1 91.8+17.7
929 +17.3 87.9+27.0 6.40 +14.7 9.30 £+ 30.8 95.0+ 123 952+ 123
932+ 11.1 8744251 292+3.12 7.85+259 929+ 127 9274133
90.4 +20.0 86.5+26.3 290+ 338 10.8+37.5 923+ 143 924+ 14.6
88.5+ 155 84.54+1239 4374496 6.85+18.0 90.6 £9.94 90.6 +9.70
91.1 £ 17.1  90.0 &+ 20.0 395+7.28 540+ 14.1 93.5+6.86 93.6 +6.03
72.7+384 6451436 5.17+924 548 +9.83 8734+224 8734251
88.1 £22.3 88.6+21.5 3.57 £3.58 529+ 13.5 82.7+194 833+ 19.1
444 +455 403 £43.1 3.75+3.36 4.60+6.07 79.1+£20.6 79.6+ 134
82.6 £229 83.5+23.0 126 £17.7 1254259 848+ 129 857 +13.0
95.8+ 129 91.1 £234 315+ 6.72 681 +224 96.6 =236 96.6 +18.6
89.6 £20.1 82.0£30.8 759+ 141 11.8+19.3 90.2 +£15.8 90.5 + 15.0
92.7+21.6 7024443 574+ 169 4.80+ 19.6 873+8.14 87.1+11.0
899 +£279 828 £36.2 7.56 +34.8 524 +17.8 92.8 +£540 92.2+6.35
83.2+243 7504325 9.52 4219 17.0+£325 872+ 155 864+ 159
804 +£21.1 76.7+£25.7 6.18+ 119 7.89 +17.9 842+ 159 84.1+154

Table 2. Vertebrae Segmentation Comparison on UNETR-Swin Backbone

NSD 1 Hausys | Dice 1

AIC-Net Baseline AIC-Net Baseline AIC-Net Baseline
sacrum 929 +22.1 782+ 38.7 145+ 056 16.6 +44.0 89.3+21.3 90.0+ 19.2
vertebrae.C1  93.6 =21.0 41.0 +48.7 148 +£0.77 127 +51.5 83.6 2202 84.1 209
vertebrae C2 97.3 +6.00 58.9 +48.9 2.04 +3.23 1.37+0.71 86.1 =142 87.6+ 128
vertebrae C3  97.7 £7.06 66.0 +=47.9 1.29 +0.57 1.24 +£0.49 86.8 +17.0 90.3 +8.12
vertebrae.C4 919 £25.6 56.7 £49.1 1.36 £ 0.64 9.03 £27.8 83.9+23.8 834+24.1
vertebrae C5 934 +222 70.5+43.1 1.38+0.96 1.81 +1.49 83.8+21.0 849+ 14.7
vertebrae . C6 92.5+24.3 82.7+352 1.15+ 046 179 +64.8 799 £253 824 +209
vertebrae C7 96.2 + 164 74.8 +43.1 142+ 1.68 3.53+14.5 92.8+290 938+ 1.81
vertebrac L1  93.6 +£22.1 92.7 +24.3 1.74 £2.83 2.48 + 6.98 909 +£204 933+155
vertebrae L2  96.6 + 14.0 90.8 4 27.0 1.73 £2.64 2.77 £8.28 92.8+13.6 95.1£5.79
vertebrae 1.3 984 +£497 924 +248 1.92 +282 144+ 1.77 94.6 £ 6.20 95.7 £ 3.00
vertebrae L4 97.1 £13.5 925+244 1.57 £2.40 8.77 +425 932+133 949 +6.19
vertebrae L5 99.0 £298 97.4 + 13.1 149 +2.10 1.224+0.72 947 +378 954+242
vertebrae S1  93.5 £22.8 92.0£25.4 1.35+1.36 1.321+0.93 89.8 +18.0 913+ 13.1
vertebrae . T1 99.5+ 145 64.9 +47.5 1.30£+£1.22 124 +£33.6 94.0 £23.0 94.6 = 1.69
vertebrae_ T10 96.1 +15.0 89.3 4+ 28.2 1.78 £ 2.66  2.00 + 3.06 914 +17.7 90.6 + 20.1
vertebrae_ T11 953 4+ 179 88.4 +30.3 1.70 £2.55 1.61 £2.26 926 +£14.7 93.1 £14.3
vertebrae T12 96.4 +15.6  90.0 4+ 28.5 1.92 +3.26 2.08 +3.78 923+ 17.1 92.1+19.0
vertebrac T2 985+ 5.17 747 +422 1.68 +1.90 8.49+273 93.0+6.70 935+7.21
vertebrae T3 97.0 £ 11.0 74.0 £42.8 2.05+256 142 +39.0 91.8+12.5 923+ 13.6
vertebrae T4 96.0 £ 16.1 73.7 £42.2 1.67 +£2.10 194 +494 90.0 £ 16.6 90.1 £ 18.0
vertebrae TS 950+ 164 727 +42.7 227+299 162 +41.7 89.54+ 159 903 +15.8
vertebrae T6  94.5 £ 16.3 80.3 £ 37.7 2.03+224 1.62+ 1.68 86.1 =209 87.7 +21.1
vertebrac T7 87.7 +£28.2 864+ 304 3.57+7.08 3.72 +7.09 81.9 +28.1 83.8+26.6
vertebrae T8 92.4 +22.8 88.9 4 28.3 271 £4.67 5334226 86.8 £23.9 859 +248
vertebrae T9 953+ 17.6 90.3 £+ 26.1 1.71 £2.36  2.11 +3.01 90.6 £20.1 89.9+20.2
mean 953 +£157 79.2+354 1.76 £2.25 6.59 +19.3 893+ 16.1 902+ 14.3



costal_cartilages
rib_left_1
rib_left_10
rib_left_11
rib_left_12
rib_left 2
rib_left 3
rib_left 4
rib_left_5
rib_left 6
rib_left_7
rib_left_8
rib_left_9
rib_right_1
rib_right_10
rib_right_11
rib_right_12
rib_right 2
rib_right_3
rib_right_4
rib_right_5
rib_right_6
rib_right_7
rib_right_8
rib_right_9
sternum
mean

Table 3. Ribs Segmentation Comparison on UNETR-Swin Backbone

NSD 1 Hausgs | Dice 1
AIC-Net Baseline AIC-Net Baseline AIC-Net Baseline
94.5+16.7 84.9+32.2 6.83+23.5 8.43 +233 85.7 +£6.80 86.3 £ 6.30
99.1 +1.30 57.6+483 1.28 4+ 0.64 324+ 746 91.4+3.30 90.1 £4.90
949+ 11.7 80.1 +34.8 7.82 +23.0 22.14+48.087 89.5+ 13.0 859+ 19.3
93.8 +£16.8 79.2 £+ 36.1 4.65 + 7.65 28.9 +55.5 88.1 £17.0 852+21.8
92.8 +£223 8234326 292 +7.17 38.5+61.2 89.8 £9.60 87.4 +9.60
984+ 6.10 67.7+449 2.25 +5.00 21.1+57.3 90.7 +8.70 89.0+12.2
92.0+224 619 +455 3.63 £ 7.27 33.2 +59.2 85.7£21.5 824+23.6
90.2 +£23.0 74.4+38.1 4.67 £6.79 19.6 £ 42.1 84.8+222 84.0+18.6
86.9 +25.6 79.3+35.8 8.59 +27.9 17.9 +£43.3 839 +204 85.1+19.9
88.2+24.8 84.8+29.8 10.6 + 31.8 149 +41.9 82.0+24.1 84.7+19.0
91.7+ 169 822+ 325 5.57 £ 8.48 16.7 +43.4 859+ 18.0 86.5+18.2
939+ 11.6 82.0+299 6.50 + 14.0 24.0 +50.2 88.1 2129 859+ 144
96.2 +840 804 +324 397 +6.19 17.7 £39.2 90.5 +8.50 87.1 135
96.7+ 157 6244473 1.21 + 0.60 38.3 + 80.8 91.3+3.60 90.5+4.50
92.74+19.8 78.0+36.3 5.02 £+ 8.47 27.4 + 60.8 87.7+19.3 87.6+154
94.0 +18.8 8534303 392 +8.25 22.34+46.2 885+ 184 87.4+18.0
91.0+27.2 83.1 £33.7 2.16 + 7.60 12.0 + 31.5 894+ 143 87.8+12.0
984 +7.10 742 +419 1.54 +2.98 2.39 +4.39 91.3+8.30 89.5+10.7
96.8 £ 129 720+424 2.65 £+ 8.15 8.56 £+ 31.0 89.5 £ 134 86.7+17.5
93.8+17.4 753 +389 353+745 1644 +439 892+ 11.8 84.8+19.5
91.5+20.7 789 +34.6 6.54 +22.7 11.0 £+ 31.0 86.6 +17.5 85.1 +15.8
93.6 =154 82.6 +30.3 437 +5.74 11.7 £ 27.7 876 166 84.8+17.1
92.6 +18.7 83.2 +28.6 6.65 + 14.3 14.3 +£28.9 87.6 =182 86.3+13.5
90.9 +£22.3 83.6+284 4.90 + 8.63 12.8 +£22.9 864+ 189 86.2+13.9
914+ 199 762 +36.5 5.44 +7.86 22.1 +45.8 86.3 +204 87.0+ 14.7
958+ 129 859 +28.1 1.97 £ 3.14 23.2+57.6 89.8 £9.50 86.5+14.8
93.5+16.8 77.6+35.8 4.58 +10.6 19.9 +£44.3 88.0+ 145 86.5+15.0
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