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Three-dimensional image analysis of the skull using variable CT scanning protocols- effect
of dice thickness on measurement in the three-dimensional CT images
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ABSTRACT

Purpose : To evauate the quantitative accuracy of three-dimensiond (3D) images by means of comparing distance
measurements on the 3D images with direct measurements of dry human skull according to dlice thickness and scanning
modes.

Materials and Mathods : An observer directly measured the distance of 21 line items between 12 orthodontic
landmarks on the skull surface using adigital vernier caliper and each was repeated five times. The dry human skull
was scanned with a Helical CT with various slice thickness (3, 5, 7 mm) and acquisition modes (Conventiona and
Helical). The same observer measured corresponding distance of the same items on reconstructed 3D images with
the internal program of V-works 4.0™ (Cybermed Inc., Seoul, Korea). The quantitative accuracy of distance
measurements were statistically evaluated with Wilcoxons' two-sample test.

Results: 11 line items in Conventional 3mm, 8 in Helical 3mm, 11 in Conventional 5mm, 10 in Helical 5mm, 5
in Conventional 7 mm and 9 in Helical 7 mm showed no statistically significant difference. Average difference
between direct measurements and measurements on 3D CT images was within 2mm in 19 line items of
Conventional 3mm, 20 of Helical 3mm, 15 of Conventional 5mm, 18 of Helical 5mm, 11 of Conventional 7 mm
and 16 of Helical 7mm.

Conclusion : Considering image quality and patient’s exposure time, scanning protocol of Helical 5 mm is
recommended for 3D image analysis of the skull in CT. (Korean J Oral Maxillofac Radiol 2004; 34 : 151-7)
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Fig. 1. Landmarks used in this study.
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Table 1. Landmarks used in this study
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No. Abbreviation Name
1 N Nasion : the most anteroinferior point on the frontal bone at the nasofrontal suture
2 Zyo Zygoorbitale : the point where the orbital rim intersects the zygomaticomaxillary suture
3 ANS Anterior nasal spine: the end point of skeletal anterior nasal spine
4 A A point : the deepest point on the curvature of the surface of the maxillary bone between ANS and Prosthion
5 PNS Posterior nasal spine : the most posterior point of palatal process
6 Ba Basion : anterior midpoint of foramen magnum
7 Go Gonion : apoint aong the rounded posteroinferior corner of the mandible between the ramus and the body
8 Cd Condylion lateral : the most lateral point on the mandibular condyle
9 B B point : the deepest point on the curvature of the anterior border of the mandible between infradentale and pogonion
10 Pog Pogonion : the most anterior midline point on the chin of the mandible
11 Me Menton : the most inferior point on the mandible at the symphysis
12 Zm Zygomaticomaxillare : the most inferior point on the zygomaticomaxillary suture

Table 2. Measurements used in this study

No. Abbreviation Name
1 N-Ba Cranial base length
2 N-Me Anterior facia height
3 N-ANS Upper facia height
4 ANS-Me Lower facial height
5 ANS-PNS
6 Cdl-Pog (Rt)
7 Cdl-Pog (Lt)
8 N-Go (Rt) Facial depth
9 N-Go (Lt)
10 A-B
11 B-Me
12 Go-Me(Rt) Mandibular body length
13 Go-Me(Lt)
14 Cdl-Go (Rt) Ramus height
15 Cdl-Go (Lt)
16 Cdl-Me(Rt) Mandibular length
17 Cdl-Me(Lt)
18 ZmL-ZmR Maxillary width
19 GoL-GoR Mandibular width
20 Zyo-Zyo
21 Cdli-Cdi

Rt: right, Lt: left

AZA 3} A== Cavalcantie} Vannier’7} A48k 7
¢ ZFmz sjglovn 1239 w44 ASA (Fg. 1, Table 1)
S o] 43t 21709] AE )= (Table2)S V-Works 4.0™)
o AF Zzaoz AZIU ASS 7H°1£~ Z5E
BUEAAelA 32k AAbstEed Aol A, w4
A AFA A TN ASA] At gAE
EQlgk Fof F ] AZAHS AAH A=t Avoez

rﬂ

i o

mmetel = 45 B AeAA Abde(Fig 2). 2el A
22 % 9o WAL 4 Puel Held 7Y BAe

A7} 349 AAsREAA A SA A

A 217¢] A= 5;%01] Haia dFdriAez su
= 1%1%4_ wuje] Aelwiast 23}
23le] MM 2 24 S4 A}

4) E]:” '='/\-I

Az FEAA A SAHT 3 33 HAE
Aol A EATE Fhe] BASH oz §-odgt Xol7) Sl
=X2 gdolrr| ¢sA] Wilcoxon's two-sample test2 A}

B3kt

2 a1
Az Frzel A A= 33 3349 AALshehzel
A A= ghe Tabledsh 2ok 331 FAkshehzed e

A Az g A=
= Table4¢} 7o},
Conventional 3 mm<} Helical 3mm =54 N-Me, N-
ANS, ANS-Meg, CdI-Go (Lt), CdlI-Me(Lt)e] 57 3}&E =3]
Fel Az FAZAM A 24T gt FANHe= &
o]A] 9l x}e]7} ¢lglTh. Conventional 3 mmel| A= Cdl-
Pog (Lt), CdI-Go (Rt), N-Go (Lt), Cdl-Go (Rt), ZmL-ZmR
GoL-GoR®] 67} dEollA BAA o7 Afe]7}t glsl e
Helica 3mmeilx]= N-Go (Rt), A-B, Go-Me(Lt)] 37] 3
Bolx EARHoz o4 Gl Aelsk slsich =3
Conventional 3mmell | 37181 oJAfell Aol AZgta Az
SAZAM AAH A= G Alele] zole] kol
ANS-PNS, Zyo-Zyo 324 A £]3F 197] dE-ol|A 2mm o]

FAZAN AZT 3k Abele] Aol

ol em, Helicd 3mmel| A= Zyo-Zyo =2 A 2|3t 20
M) gFEel A 2mm o] et
Conventional 5mm¢} Helical 5 mm =3¢ A] Cdl-Pog

(Rt), Cdl-Pog (Lt), N-Go (Rt), A-B, Cdl-Go (Rt), Cdl-Me(Lt),
GoL-GoRe] 77 3= =A7ko] Az T Fox AAH =
A% @t FATAeE S04 o Al el

— 153 —



SohZo| 3xtel

Table 3. Mean vaue of measurement (mm)

i’ a2 24

Fig. 2. Measurements on 3D image.
(a) B point on axial, sagittal, coronal
plane, (b) measurement of A-B.

Items of Dry skull ~ Conventional 3mm Helical 3mm  Conventional 5mm  Helical 5mm  Conventional 7mm Helical 7mm
measurements Mean+ SD Mean+SD Mean+SD Mean+SD Mean+ SD Mean+SD Mean+SD

N-Ba 99.30+0.27 100.69+0.52* 100.77+£0.35* 10243+059* 101.79+0.41* 101.13+0.29* 100.63+0.43*
N-Me 115.55+0.21 115.89+0.77 115.06+0.69 116.31+056  117.10+0.52* 117.04+0.76* 115.04+0.82
N-ANS 50.40+0.21 50.76+0.90 49.69+0.70 51.01+0.55* 50.91+0.56 46.87+£0.89* 48.37+0.73*
ANS-Me 66.48+0.23  66.25+0.54 66.45+0.17 66.27+0.49 67.11+0.30* 71.44+031*  65.46+0.74*
ANS-PNS 49.70+0.10  47.54+0.49* 47.78+0.19* 46.07+0.57* 49.15+0.64*  47.74+0.31* 47.63+0.08*
Cdl-Pog(Rt) 112.96+0.27 113.76+0.75* 111.90+0.41* 113.03+1.38 11292+0.32 109.40+1.64* 112.70+0.77
Cdl-Pog(Lt) 115.12+0.17 116.65+0.93 11456+0.49* 11385+1.32  11530+051 111.12+1.00* 114.87+1.18
N-Go (Rt) 122.03+0.22 120.93+0.76* 121.40+0.74 121.87+0.73  122.23+054 121.52+041 122.80+0.92
N-Go (Lt) 120.46+0.13 120.96+0.65 121.54+037*  122.12+0.79* 122.26+0.60* 121.34+0.49* 122.06+0.80*
A-B 36.14+0.21  37.00+0.41* 36.31+0.74 36.51+0.95 36.86+0.66 34.19+097¢  3527+0.79
B-Me 22.65+0.12  23.72+0.95* 23.63+0.44* 24.08+1.13 24.93+0.48* 27.97+0.67*  23.60+1.24*
Go-Me(Rt) 83.48+0.21 84.63+0.71* 84.91+0.79* 86.23+0.66* 84.98+1.14* 88.03+0.61* 82.90+0.97
Go-Me(Lt) 85.89+0.12 87.34+0.64* 85.82+1.04 86.98+0.56* 86.66+0.72 88.02+0.50* 86.20+1.08
Cdl-Go (Rt) 50.71+0.08 50.56+0.64 49.41+0.37* 49.81+0.72 50.07+0.85 4534+1.24*  48.15+1.06*
Cdl-Go (Lt) 50.76+0.18 50.53+1.45 50.38+0.56 48.57+£0.84* 50.24+0.51*  4599+1.29*  48.08+0.92*
Cd-Me(Rt) 114.15+0.38 115.28+0.75* 114.87+0.43* 115.30+0.24* 114.33+0.77 114.46+1.34 111.63+1.15*
Cdl-Me(Lt) 116.53+0.20 118.45+1.43 116.56+0.43 116.03+0.49  117.01+0.49 117.21+058  115.15+0.26*
ZmL-ZmR 92.02+0.13  92.20+0.43 93.86+0.32* 88.98+0.84* 93.39+0.64* 91.54+0.32* 92.70+1.05
GoL-GoR 94.81+0.22 94.21+1.00 93.65+0.40* 95.26+0.70 93.93+0.68 94.51+1.39 96.76+0.30*
Zyo-Zyo 60.33+0.13  66.78+0.46* 62.82+0.78* 66.29+ 0.56* 62.42+0.54* 64.91+0.47* 59.38+0.75
CdI-Cdl 118.00+0.07 118.76+0.17* 119.01+0.08* 118.12+0.21 119.41+0.69* 117.80+0.42 118.20+0.05*

Mean: mean value of measurement

SD: standard deviation of measurement
*: statistically significant difference at p<0.05

Conventional 5 mmel|4]= N-Me, ANS-Me, B-Me, CdI-Cdl
o) 47} F2elA FAFHo2 F24 A= Aelrt ¢lgl
o, Helical 5mmef| x]= N-ANS, Go-Me(Lt), Cdl-Me (Rt)
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Table 4. Mean value of difference between direct measurement on dry skull and measurement on 3D computed tomographic image (mm)

Items of Conventional 3mm  Helical 3mm  Conventional 5mm Helica 5mm  Conventional 7mm  Helical 7mm
measurements Mean+SD Mean+SD Mean+ SD Mean+SD Mean+SD Mean+SD

N-Ba 1.39+0.55 1.47+0.41 3.13+0.61 2.49+0.46 1.83+0.37 1.33+0.48
N-Me 0.35+0.75 —0.48+0.68 0.76+0.56 1.55+0.52 1.49+0.74 -0.51+0.80
N-ANS 0.36+0.87 —-0.71+0.68 0.61+0.55 0.51+0.56 —3.53+0.86 —2.03+071
ANS-Me —0.23+0.55 —-0.05+0.27 -0.21+0.51 0.63+0.35 4.96+0.36 —-1.02+0.72
ANS-PNS —2.16+0.47 —-1.92+0.20 —3.63+0.53 —0.55+0.60 —1.96+0.31 —-2.07+0.12
Cdl-Pog (Rt) 0.80+0.75 —1.06+0.46 0.07+1.32 —0.04+0.39 —3.56+1.56 -0.26+0.76
Cdl-Pog (Lt) 1.53+0.89 —0.56+0.49 -1.27+1.25 0.18+0.50 —4,00+0.95 -0.25+1.12
N-Go (Rt) —-1.10+0.74 -0.62+0.73 -0.15+0.71 0.21+0.54 —0.51+0.43 0.78+0.89
N-Go (Lt) 0.50+0.62 1.08+0.37 1.66+0.75 1.80+0.57 0.88+0.47 1.60+0.76
A-B 0.85+0.43 0.16+0.72 0.37+0.92 0.71+0.65 —1.95+0.93 —0.87+0.76
B-Me 1.07+0.90 0.98+0.43 1.43+1.06 2.28+0.47 5.33+0.64 0.95+1.17
Go-Me(Rt) 1.14+0.70 1.42+0.77 2.75+0.65 1.49+1.08 454+0.60 —0.59+0.93
Go-Me(Lt) 1.46+0.61 —0.07+0.98 1.09+0.54 0.77+0.69 2.13+0.48 0.32+1.02
Cdl-Go (Rt) —0.14+0.60 -1.36+0.36 —0.90+0.68 —0.64+0.80 —-5.37+1.17 —2.56+1.00
Cdl-Go (Lt) -0.23+1.38 —0.38+0.55 —-219+0.81 —0.52+0.50 —-4.76+1.22 —2.67+0.88
Cdl-Me(Rt) 1.13+0.78 0.72+0.53 1.15+0.41 0.18+0.80 0.31+1.31 —-252+1.13
Cdl-Me(Lt) 1.92+1.36 0.03+0.44 —0.50+0.50 0.48+0.50 0.68+0.58 —1.38+0.30
ZmL-ZmR 0.18+0.42 1.84+0.33 —3.04+0.80 1.80+0.43 —0.48+0.33 0.68+0.99
GoL-GoR —0.60+0.96 -1.16+0.42 0.45+0.69 -0.88+0.67 -0.31+1.32 1.94+0.35
Zyo-Zyo 6.45+0.45 2.49+0.75 5.96+0.54 2.09+0.52 458+0.45 -0.95+0.72
CdI-Cdl 0.76+0.17 1.01+0.10 0.12+0.20 1.41+0.65 —0.20+0.40 0.20+0.08

Mean: Mean value of difference between direct measurement on dry skull and measurement on 3D computed tomographic image (measurement on 3D

computed tomographic image - direct measurement)
SD: standard deviation of difference of measurement
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