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Reproducibilities of cephalometric measurements of three-dimensional CT images

reconstructed in the personal computer

Kug-Jin Jeon, Hyok Park, Hee-Cheol Lee, Kee-Deog Kim, Chang-Seo Park

Department of Oral and maxillofacial radiology, College of Dentistry, Yonsei University

ABSTRACT

Purpose : The purpose of this study was to report the reproducibility of intra-observer and inter-observer consistency
of cephalometric measurements using three-dimensional (3D) computed tomography (CT), and the degree of differ-

ence of the cephalometric measurements.

Materials and Methods : CT images of 16 adult patients with normal class I occlusion were sent to personal com-
puter and reconstructed into 3D images using V-Works 3.5™ (Cybermed Inc., Seoul, Korea). With the internal pro-
gram of V-Works 3.5™, 12 landmarks on regular cephalograms were transformed into 21 analytic categories and
measured by 2 observers and in addition, one of the observers repeated their measurements. Intra-observer differ-
ence was calculated using paired t-test, and inter-observer by two sample test.

Results : There were significant differences in the intra-observer measurements (p < 0.05) in four of the categories
which included ANS-Me, ANS-PNS, Cdl-Go (Lt), GoL-GoR, but with the exception of Cdl-Go (L.t), ZmL-ZmR,
Zyo-Zyo, the average differences were within 2 mm of each other. The inter-observer observations also showed sig-
nificant differences in the measurements of the ZmL-ZmR and Zyo-Zyo categories (p< 0.05). With the exception of
the Cdi-Me (Rt), ZmL-ZmR, Zyo-Zyo categories, the average differences between the two observers were within 2
mm, but the ZmL-ZmR and Zyo-Zyo values differed greatly with values of 8.10 and 19.8 mm respectively.
Conclusion : In general, 3D CT images showed greater accuracy and reproducibility, with the exception of suture
areas such as Zm and Zyo, than regular cephalograms in orthodontic measurements, showing differences of less
than 2 mm, therefore 3D CT images can be useful in cephalometric measurements and treatment planning. (Korean

J Oral Maxillofac Radiol 2003; 33 : 171-8)
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Table 1. Landmarks used in the study
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o B AR 04 P ulEE dA 139, 97
370l gleh.

o] % XIHESE A CTE #4313} CT HiSpeed
Advantage HAFgl 28] A (GE medical System, Mil-
waukee, USA)Z o] 8-3}¢] high-resolution algorithm, 512 X
512 matrix, 120kV, 200 mA 223} 3mm F7 & &3
A A AAsHEEE Al on table
feed= 6 mm/seceol it o)A #3g 7] 2 JA} A8 E 2
mm F7 8] At ow 2743k

2) At da M7 & A=

CT ket A 44 A2EE Ade BFH2 V5T
& V-Works 3.5™ (Cybermed Inc., Seoul, Korea) A3 € 9]
o2 olgsied 3R WASEEAAE AT,

V-Works 3.5™ &) 22 A& zz L o] gsle] o
WHee FIPAAFALANN ALgFolxE 123
oA AZH (Table 1, Fig. )& o| &3l 217}4] A= &
= (Table 2)& A&t AS2 2 AellA 3304 A
bEhh o akS Auk, Sk A s 5 sk Wekew
Azt F ASHE AAHA F A Ateld] At A
Fo2 mm 2 & BA AR Ak ste
(Fig. 2). 3314 3ol F ASAE AAE & A5
A} (axial view), FAFH A} (coronal view), B <HH A} (sagittal
view)2| thd ] FAAA A X2 A &elsld o} (Fig. 2).
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No Abbreviation Name
1 N Nasion : the most antero-inferior 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 : a point along the rounded posteroinferior corner of the mandible between the ramus and the body
8 Cdl Condylion laterale : 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
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Table 2. Measurements used in the study

No Abbreviation Name
1 N-Ba Cranial base length
2 N-Me Anterior facial height
3 N-ANS Upper facial 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 Cdi-Me (Lt)
18 ZmL-ZmR Maxillary width
19 GoL-GoR Mandibular width
20 Zyo-Zyo
21 Cdl-Cdl

Rt : right, Lt : left

=7l 2

Fig. 1. Landmarks used in the study.
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t-test3 A}R38}ed AW X} o] (intra-observer difference)
& aohusich
% o) waAe) 13 2YAY e o B BA)
24507k FARHes Fo20R Holrh A=A two
sample testZ Al&-8}o] FFA}7E =)o (inter-observer differ-
ence)E Yolrtch

d =
A 162 3 Azt Eodate]l Aoz
7} 20 ABGRE BAAIL 23, BAARE 13
- o7 AZ3}c)(Table 3).
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Fig 2. Measurements on 3D image.
(a) B point on axial, sagittal, coro-
nal plane, (b) measurement of A-B

on 3D is 46.55 mm.

| & ]

HOREE -

Table 3. Mean value of measurement (mm)

Observer 1 Observer 2
Items of 3 -
measurement L time 2 time
Mean SD Mean SD Mean SD

N-Ba 103.75 6.88 103.68 6.91 103.97 6.18
N-Me 127.29 5.73 127.36 5.32 125.71 5.16
N-ANS 55.08 345 55.32 3.05 55.06 3.38
ANS-Me 72.25 3.90 72.48 3.97 71.64 3.77
ANS-PNS 50.94 3.60 51.32 3.63 51.43 3.70
Cdl-Pog (Rt) 124.81 7.21 124.52 7.11 126.30 7.18
Cdl-Pog (Lt) 123.66 7.17 123.22 7.32 123.85 7.93
N-Go (Rt) 131.72 7.41 131.82 7.10 130.35 6.49
N-Go (Lt) 130.92 8.08 131.07 7.78 130.37 7.05
A-B 42.60 4.52 42.89 4.66 41.56 3.70
B-Me 23.73 3.71 24.38 341 24.30 2.64
Go-Me (Rt) 90.18 4.83 90.72 4.46 91.36 4.36
Go-Me (Lt) 91.17 3.39 91.86 3.17 91.52 4.17
Cdl-Go (Rt) 56.84 5.38 56.29 5.78 56.45 5.59
CdI-Go(Lyv) 55.41 6.56 53.24 6.46 54.80 6.13
Cdi-Me (Rr) 126.82 7.25 127.23 7.00 129.62 7.11
Cdl-Me (Lt) 126.06 6.79 125.72 7.07 127.22 7.57
ZmL-ZmR 111.34 7.20 112.35 7.14 104.78 6.69
GoL-GoR 100.20 5.42 100.92 5.79 102.82 5.84
Zyo-Zyo 51.90 3.94 49.71 3.91 69.52 9.07
CdI-Cdl 129.48 6.20 129.77 6.58 129.17 6.75

Mean : mean value of measurement

SD : standard deviation of mean value of measurement

1. ALY %O o] A dAmol) BA A oz Fol@Ust Ao (p<

0.05% X3 Table 4). & I z}elzre] HFX=
ANS-Me, ANS-PNS, Cdl-Go (Lt), GoL-GoR ¥ #|&3}= ) A (Table 4). 2t Felarsl 2



Table 4. Intra-observer difference (mm)

HIZ 2

Table 5. Inter-observer difference (mm)

Items of measurement Mean SD Items of measurement Mean SD
N-Ba 0.62 0.47 N-Ba 1.21 1.03
N-Me 0.84 0.61 N-Me 1.89 1.27
N-ANS 0.63 0.47 N-ANS 1.53 0.84
ANS-Me* 0.31 0.32 ANS-Me 0.96 0.47
ANS-PNS* 0.39 0.34 ANS-PNS 0.21 0.20
Cdl-Pog (Rt) 1.07 0.88 Cdl-Pog (Rt) 1.80 1.28
Cdl-Pog (Lt) 0.81 0.72 Cdl-Pog (Lt) 1.14 0.75
N-Go (Rt) 0.46 0.33 N-Go(Rt) 1.57 1.25
N-Go (Lt) 0.56 0.45 N-Go (Lt) 1.72 1.27
A-B 1.08 0.81 A-B 1.80 1.56
B-Me 1.15 1.02 B-Me 1.57 1.36
Go-Me (Rt) 1.97 2.36 Go-Me (Rt) 1.21 0.85
Go-Me (Lt) 1.58 1.31 Go-Me (Lt) 1.43 0.94
Cdl-Go (Rt) 1.88 1.52 Cdl-Go (Rt) 1.15 1.03
Cdl-Go (Lt)* 2.37 2.38 Cdl-Go (Lt) 1.93 1.75
Cdi-Me (Rt) 1.17 0.94 Cdl-Me (Rt) 2.38 1.22
Cdl-Me (Lt) 1.27 1.22 Cdl-Me (Lt) 1.85 1.21
ZmL-ZmR 3.44 3.76 ZmL-ZmR* 8.10 6.88
GoL-GoR* 0.92 0.79 GoL.-GoR 1.92 0.88
Zyo-Zyo 3.81 2.78 Zyo-Zyo* 19.8 8.56
CdI-Cdl 0.68 1.25 CdI-Cdl 0.68 0.40

* : statistically significant difference at p<0.05
Mean : mean value of difference of measurements
SD : standard deviation of difference of measurement

Cdl-G o(Lt), ZmL-ZmR, Zyo-Zyo A&&=& A9 stn:
2% 2mm oW ek

2.
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(Table 5). & & FHFA}e] ool HFA & Cdl-Me
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* : statistically significant difference at p<0.05
Mean : mean value of difference of measurements
SD : standard deviation of difference of measurement
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