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— Abstract

The aim of this study was to evaluate the accuracy of 3 different automatic landmark identification programs on lateral
cephalgrams and the clinical acceptability in pediatric dentistry.

Sixty digital cephalometric radiographs of 7 to 12 years old healthy children were randomly selected. Fourteen land-
marks were chosen for assessment and the mean of 3 measurements of each landmark by a single examiner was defined
as the baseline landmarks. The mean difference between an automatically identified landmark and the baseline landmark
was measured for each landmark on each image.

The total mean difference of 3 automatic programs compared to the baseline landmarks were 2.53 + 1.63 mm. Errors
among 3 programs were not significantly different for 12 of 14 landmarks except Orbitale and Gonion. The automatic
landmark identification programs showed significant higher mean detection errors than the manual method. The pro-
grams couldn't be used as the 1st tool to replace human examiners. But considering short consuming time, these results
indicate that all 3 programs have sufficient validity to be used in pediatric dental clinic.
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Table 1. Automatic landmark identification programs used in this
study and sample grouping

Group Manufacturer

| V-ceph, version 8.2

Programs

Osstem, Seoul, Korea

I Ceppro, version 2.1 DDHaim, Seoul, Korea

Il Laonceph, version 2.1 Laonpeople, Seoul, Korea




J Korean Acad Pediatr Dent 48(3) 2021

3

3

RAYSCAN & = - RAYSCAN &

D

Fig. 1. Lateral cephalograms of 4 different landmark identification methods. (A) The 14 landmarks used in this study on the
lateral cephalogram, detected by the manual method. The same 14 landmarks identified by the 3 automated landmark iden-
tification programs of (B) V-ceph, ver.8.2, (C) Ceppro, ver2.1, and (D) Laonceph, ver2.1.
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Table 2. The 14 cephalometric landmarks employed in the present
study

Landmarks Definition
Sella (S) Midpoint of the hypothysial fossa
Nasion () Most concave point of naso-frontal
suture
Porion (Po) Uppermost point of the external ear

meatus

Intersection of the posterior border
of the ramus with the base of the
occipital bone

Articulare (Ar)

Orbitale (Or)

A point (A)

B point (B)

Anterior nasal spine (ANS)

Lowermost point of the orbit
Deepest point of anterior maxilla
Deepest point of anterior mandible
The Tip of anterior nasal spine
Posterior nasal spine (PNS)  Posterior spine of the palatine bone
Pogonion (Pog) Most anterior point of the chin
Menton (Me) Most inferior point of the chin

Intersection of the lines tangent to
the posterior and inferior border of
mandible

Gonion (Go)

Upper 1st incisor tip (U1)  Tip of the upper first incisor

Lower 1st incisor tip (L1) Tip of the lower first incisor

o

HHEQAC) RE SA 42 SH Z2I(SPSS for Win-

=
dows, version 25.0; IBM Inc,, Chicago, USA)2 0| &3}2iCt.

m o Zut
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LEEFLH A CHTable 3). Sella (S), Porion (Po), Articulare (Ar), Pos-
terior Nasal Spine (PNS), Point B (B)2} Menton (Me)O| = 1.0
mm O|L{S| @X HRE LtEFRIC 7t Al QX7 @2 7
£ S2 T 074 £ 043 mmO|R{ 1, Gonion (Go)O| 1.46 +
137 mmZ 7ty =2 2AE LHEHHTE AR FN Ba Al

8 QXt= 1.30 + 0.72 mmO|RALCt.
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Y-axis

X-axis

Fig. 2. The vertical and horizontal reference lines and coor-
dinate system defined for this study.

Table 3. Mean detection errors for manual landmark identification

Landmark Mean Difference + SD (mm)

S 0.74 + 043

N 1.09 + 0.63
Po 091 + 0.56
Or 115 + 0.65
Ar 0.84 + 049
ANS 1.06 + 0.64
PNS 0.90 + 0.58
Point A 1.11 £ 0.69
Point B 094 + 0.59
Pog 1.11 £ 0.69
Go 146 + 1.37
Me 098 + 0.68
U1 112 + 0.75
L1 1.01 + 0.69
Mean 130 £ 0.72

S = Sella, N = Nasion, Po = Porion, Or = Orbitale, Ar = Articulare, ANS =
Anterior Nasal Spine, PNS = Posterior Nasal Spine, Pog = Pogonion, Go =
Gonion, Me = Menton, U1 = Upper 1st incisor tip, L1 = Lower 1st incisor
tip
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Table 4. Comparing difference of mean detection errors between automated identification programs and human examiner

Mean Difference (mm) between Examiner and Groups

Group | - Examiner

Group Il - Examiner

Group Il - Examiner

Landmark Net Difference p Net Difference P Net Difference p
Sella -0.59 -0.75 -0.72
Nasion -1.13 -1.06 -0.98
Porion -1.60 -1.80 -2.21
Orbitale -1.17 -2.26 -1.96
Articulare -1.17 -1.03 -1.19
ANS -1.09 -1.51 -1.38
PNS -1.35 -1.59 -1.79
, 0.000 0.000 0.000
Point A -1.85 -1.50 -1.60
Point B -1.25 -1.52 -1.75
Pogonion -0.90 -143 -1.28
Gonion -1.92 -5.21 -2.72
Menton -0.99 -1.32 -1.3
U1 -1.25 -1.39 -1.28
L1 -1.05 -1.29 -1.39

p value from Student’s t-test

ANS = Anterior Nasal spine, PNS = Posterior Nasal Spine, U1 = Upper 1st incisor tip, L1 = Lower 1st incisor tip
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Table 5. Comparisons of landmark detection errors among three automated identification programs

Statistic Comparisons between Groups

Landmark Detection Errors (Mean + SD) p value
Landmark

Group | Group |l Group Il -1l -1l [1-111
S 1.32 £ 0.81 1.68 £ 0.92 145 + 087 0.059 0.798 0374
232 £ 129 225 £ 113 217 £ 143 0.986 0.890 0.982
Po 253 £ 1.21 272 £ 125 313 £ 200 0.854 0.068 0.346
Or 224 + 131 334 £ 147 304 £143 0.000 0.003 0.545
Ar 203 + 133 1.88 £ 1.16 2.05 + 155 0.883 1.000 0.841
ANS 215+ 1.28 256 + 1.39 244 + 143 0.252 0.566 0.945
PNS 226 +1.29 249 + 1.26 269 + 136 0.669 0.167 0.788
A 3.02 + 1.60 2.68 + 1.46 277 + 139 0.495 0.740 0.980
B 223 +130 2.50 + 167 273 + 148 0.669 0.162 0.779
Pog 2.09 +1.28 263 + 1.24 247 + 139 0.061 0.288 0.882
Go 313 £ 200 642 + 2.94 393+ 230 0.000 0.186 0.000
Me 203 £ 1.27 235+ 129 234 £ 130 0415 0.455 1.000
U1 240 £ 1.68 253 £ 155 242 £ 139 0.950 1.000 0.969
L1 209 + 117 234+ 132 244 + 134 0.653 0.699 0.967

p value from One-way ANOVA, Tukey's Post Hoc test. The bonferroni-corrected p values were reported to correct significance tests to adjust for multiple
testing.

S = Sella, N = Nasion, Po = Porion, Or = Orbitale, Ar = Articulare, ANS = Anterior Nasal Spine, PNS = Posterior Nasal Spine, A = Point A, B = Point B, Pog
= Pogonion, Go = Gonion, Me = Menton, U1 = Upper 1st incisor tip, L1 = Lower 1st incisor tip

Table 6. The percentage of the landmarks identified in the range of different thresholds of errors in different automatic cephalometric
analysis programs

Landmarks, n (%)

Mean Error Range (mm) Group | Group I Group Il
<10 0 (0.00) 0 (0.00) 0 (0.00)
<20 1(7.14) 2 (14.29) 1(7.14)
<30 12 (85.71) 12 (85.71) 11 (78.57)
<40 14 (100.00) 13 (92.86) 14 (100.00)

Group | : V-ceph version 8.2, Group Il : Ceppro version 2.1, Group Il : Laonceph version 2.1
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