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The Application of Circular Boundary Overlapping
in 3-D Reconstruction of Neck Tumors
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Department of Otolaryngology Head and Neck Surgery, Sanggye Paik Hospital, College of Medicine,

Inje University, Seoul, Korea

Background and Objectives : Boundary detection and drawing are essential in 3D reconstruction of neck
mass. Manual tracing methods are popular for drawing head and neck tumor. To improve manual tracing, cir-
cular boundaries overlapping was tried. Materials and Methods : Twenty patients with neck tumors were re-
cruited for study. Representative frames were examined for shapes of outline. They were all single closed curves.
Circular boundaries were added to fill the outlines of the tumors. Inserted circles were merged to form single
closed curves (Circular boundary overlapping, CBO). After surface rendering, 3 dimensional images with vol-
umes and area data were made. Same procedures were performed with manual tracing from same cases. 3D im-
ages were compared with surgical photographs of tumors for shape similarity by 2 doctors. All data were evaluated
with Mann-Whitney test (p<0.05) . Results : Shapes of boundaries from CBO were similar with boundaries from
manual tracing. Tumor outlines could be filled with multiple circular boundaries., While both boundary tracing
gave same results in small tumors, the bigger tumors showed different data. Two raters gave the similar high
scores for both manual and CBO methods. Conclusion : Circular boundary overlapping is time saver in 3 dimen-

sional reconstruction of CT images.

KEY WORDS : 3D reconstruction - Neck tumor.
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Table 1. Diagnsis of cases

Diagnosis No of cases
Thyroid tumor 3
Tbc 1
SMG infection 2
Paroftid tumor 8
Meta 2
BCC 2
Hemangioma 1
Lipoma 1
Total 20
Table 2. Patients profile
Sex Number
Male 9
Female 11
Total 20

com3EA o7 Azl AREEIITE CT7152 Toshiba aquil-
lion® 2 #%2 Neck—helical-CE—3—phase® 120 KVP,
Exp 100, ST=2, Z=1, L=50, W=3009] =71& 7|& o
2 I3tk Axial frame J52lolA = (sternum) 734
G 7HA] 91 2mmitA 2 AR S it
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B2 o= Jakel HAL Gimp (freeware) = ]85t}
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o 71 A 7Fsdt st BE FEAM BAE FEIISI:
e T A S Yo Ao e Al &
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1. 329 Axial CT 24
CTAR 5 WEE, @4 T=, A3 dabd4, o
skl Fokelld Z42F 22491 axial CT AR sk 44 Al
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a9
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ko

(boundary editing) 7]%s-& ©|-&3st] F&2] AALE
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AL AL & UEF o7 27]8) ofe] /e Aol e

3
NEo] gles itk @er;“oi E9 AR gk A1
22 Ay Bl xdstA ARlE Ido]l dojxith
3D—doctor?] merge (3 7]s& olgste] xdstA A
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boundary overlapping, CBO)¢]g} F220t}, 244 457
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Fig. 1. A : Branchial cleft cyst. B : Manual tracing. C : Circular boundaries are overlapped inside the tumor shadow. D : Circles are
merged to form single closed curve. Final outlines are similar between B and D.

Fig. 2. A : Thyroid tumor. B : Manual tracing. C : Circular boundaries are overlapped inside the tumor shadow. D : Circles are merged
to form single closed curve. Final outlines are similar between B and D.

Fig. 3. A and B : Circular boundaries are overlapped inside the multiple tumor shadow.
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Table 3. Similarity score sheet between 3D and specimen

Case no Score table

Manual boundary
fracing

Circular boundary
overlapping

NV 00 N O hWN —

S

11
12
13
14
15
16
17
18
19
20
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Very different
Different
Vague
Same

Very same

Hato] 278 on|QlF} SJAtelA] B E AHdetes o
% tH(Table 3, Fig. 4).

T AN FE A9 SHoE whE 3AH 9
%8 volume¥} area®] zto|o} Ax1YEE] FAHI H7F A
479] 2po]= SAS, Enterprise Guide 4.2(SAS, USA)=
AFE3F] Mann Whitney test® 531331 41491 79
2 p<0.05% Ak

o
H

214 (Simple closed curve) @ Ejo]1 Ao} E}lL3
7he- KBeko] wekt) o] of# 7l (multiple) ?1 7
oA 77 FHA Q= AeE Aol el E AAES

2] 7l HA AREshd S8 Uﬂ%lovﬂr:}. 55t ek (Merge)

s olgshd ole] 8] 943 FBol shtel 9 AR
Jrlz wEolAN 1 %ko] oz A R R

frAkskolth(Figs. 1, 2 and 3)
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0.0073). % AA 5= A29 F¢ FA4L 6,074mm”

A3 LYPAAR 24 Ase] Bt THEAE 6,325mm Pl
EAA o7 Golnat o]z} 9tHp=0.0049) (Table 4).
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Fig. 4. 3D comparison chart. 1-20, Case number, Red ; manual fracing, blue ; Circular boundary overlapping, full color : surgical
specimen.
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Table 4. Volume and area of the 3D reconstructed masses (total cases)

Case No Vol_Man Vol_Cbo Area_Man Area_Cbo
1 489 505 327 328
2 2943 3016 1160 1147
3 3736 3863 1423 1497
4 5674 6581 1776 2035
5 8166 8744 2522 2702
6 9697 9403 2927 2755
7 10997 10236 3105 3011
8 12218 13542 3482 3792
9 22396 23778 5556 5990

10 23569 25047 8494 8760
11 25728 25980 5052 5146
12 28167 28567 5881 6121
13 30862 33050 6315 6963
14 31415 33302 7076 7113
15 34274 35059 8395 8897
16 35417 35715 11595 11929
17 36362 38801 8360 9229
18 46619 42809 14036 13298
19 58254 58888 9127 10238
20 71933 74128 14869 15550

Average 24946 25551 6074 6325

P=0.0073 P=0.0049

vol_man : volume of manual tracing, vol_cbo : volume of circular boundary overlapping, area_man : area of manual fracing,
area_cbo : area of of circular boundary overlapping. Units. volume=mm3, area=mm?

Table 5. Volume and area of the 3D reconstructed masses(case
1-11, increasing order of vol_man)

Table 6. Volume and area of the 3D reconstructed masses (case
11-20, increasing order of vol_man)

Case no Vol_man Vol_cbo Area_man Area_cbo Case no Vol_man Vol_cbo Area_man Area_cbo
1 489 505 327 328 11 25728 25980 5052 5146
2 2943 3016 1160 1147 12 28167 28567 5881 6121
3 3736 3863 1423 1497 13 30862 33050 6315 6963
4 5674 6581 1776 2035 14 31415 33302 7076 7113
5 8166 8744 2522 2702 15 34274 35059 8395 8897
6 9697 9403 2927 2755 16 35417 35715 11595 11929
7 10997 10236 3105 3011 17 36362 38801 8360 9229
8 12218 13542 3482 3792 18 46619 42809 14036 13298
9 22396 23778 5556 5990 19 58254 58888 2127 10238
10 23569 25047 8494 8760 20 71933 74128 14869 15550
11 25728 25980 5052 5146 Average 39903 40630 9071 9448
Average 11419 11881 3257 3378 P=0.0840 P=0.0488
P=0.0674 P=0.0674 vol_man : volume of manual tfracing, vol_cbo : volume of cir-

vol_man : volume of manual tracing, vol_cbo : volume of circu-
lar boundary overlapping, area_man : area of manual tracing,
area_cbo : area of of circular boundary overlapping. Units, vol-
ume=mms3, area=mm?2

o AAAE CTE FYshe

T QOVM o} wﬂw AA
Hi= Jrgnt 2ol 7hsd) Ho

cular boundary overlapping, area_man : area of manual trac-
ing, area_cbo : area of of circular boundary overlapping. Units,
volume=mm3, area=mm?2
A% Mg Ak Bed Aol
AAR ARG 2ZESOE AR skt 7
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Table 7. Similarity score by two raters

Caseno  Manual-1 CBO-1 Manual-2 CBO-2

1 4 5 4 4

2 5 4 4 4

3 5 3 3 3

4 4 4 4 4

5 1 2 2 1

6 5 4 4 4

7 3 2 2 3

8 4 5 5 4

9 5 4 4 5

10 5 5 5 5

11 2 4 4 2

12 4 5 5 4

13 4 4 4 4

14 4 5 5 4

15 5 5 5 5

16 2 3 3 2

17 4 5 5 4

18 4 4 4 4

19 5 4 4 5

20 5 4 4 5
Average 4 4,05 4 38

P=0.8469 P=0.3652
Manual-1 : score by rater1 for manual fracing CBO-2 : score by

rater1 for circular boundary overlapping, Manual-2 : score by
rater2 for manual tracing, CBO-2 : score by rater2 for circular
boundary overlapping
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