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Fig 1. Image acquisition to compare accuracy of CBCT-generated frontal cephalograms between with and without
the use of Head Posture Aligner (HPA). The real frontal cephalograms serve as the gold standard in this study.
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Imaging Co., Tuusula, Finland)2] &4 xS #HF
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AR - AR A7 1,500 mm, =EAIZE 12 - 1.7

Fig 2. A, Head Posture Aligner: straight wire indicator is
attached in parallel with fluid spirit level equalizer; B,
Reference ear plug: titanium ball marker is located in
the center of ear plug; C, A subject with the HPA on
one side and a couple of ear plugs positioned in both
sides of the ear. A couple of ball markers in the ear
plugs are represented on volume rendering image to
simulate ear rods in conventional cephalometric
apparatus.
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Fig 3. This window shows procedure of virtual frontal cephalogram generated from 3D volume rendering image.
Virtual central ray is geometrized by using right and left ball markers of the reference ear plug (top left and right).
Then the vertical head rotation is determined with the help of the HPA; The image is rotated upward or downward
on the axis of virtual central ray so the wire indicator in the HPA is leveled horizontally (bottom left). Using the func-
tion of the program, virtual frontal cephalogram is created (bottom right).

Fig 4. Anatomic landmarks used in this study. Cg, crista
galli; ANS, anterior nasal spine; NC, right nasal cavity;
NC', left nasal cavity; Mx, right maxillare; Mx', left max-
illare; UM, upper right first molar; UM', upper left first
molar; LM, lower right first molar; LM', lower left first
molar; Ag, right antegonion; Ag', left antegonion; Me,
menton.
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Fig 5. A, Height measurements: 1, total facial height (Cg-Me); 2, upper facial height (Cg-ANS); 3, lower facial height
(ANS-Me); 4, right maxillary height (Mx to HR); 5, left maxillary height (Mx' to HR); 6, right ramus height (Ag to HR);
7, left ramus height (Ag' to HR). B, Width measurements: 1, nasal width (NC-NC'); 2, maxillary width (Mx-Mx'); 3,
maxillary intermolar width (UM-UM'); 4, mandibular intermolar width (LM-LM'); 5, mandibular width (Ag-Ag'). C,
Angular measurements: 1, £Cg-Me to MSR; 2, £ANS-Me to MSR; 3, £Cg-Mx to HR; 4, £Cg-Mx' to HR; 5, £
Cg-Ag to HR; 6, £Cg-Ag' to HR (the same abbreviation as Fig 4).
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% Total facial height, Ramus height (R), Ramus height
L) A G FAR felAE BAAL,
HPAE ©] &3 A 9ol BA14 foxg Kol
o] ot EAAZE oA E HPAS o] &8}
A 92 7d%- Maxillary width, Maxillary intermolar
width, Mandibular intermolar width, Mandibular width
4714 GEoA FAA frelakE BQl v HPAES
o] & AFole SAA FAE Kol FHol
AT A=ASIE g HPAE o] 8ok ¥
74§ ZCg-Mx to HR (R), £Cg-Mx to HR (L), £
Cg-Ag to HR (R), £Cg-Ag to HR (L) 47}#] 30
A BAA fFeakE el Wk, HPAE ©] 83 49
e BE FHolA SAA FAAE Heolx] &%t
t} (Table 2).

HPAE ©|&¢ H o] &atA] &S ZHICT A=

Table 1. Data from real and virtual cephalograms with/without the use of HPA

Real cephalogram

Virtual cephalogram

Without HPA With HPA
Height measurements
Total facial height 1226 £ 7.1 1238 £ 76 1227 £ 70
Upper facial height 533 + 43 538 + 44 529 + 42
Lower facial height 694 + 4.3 69.9 + 5.3 69.8 + 44
Maxillary hegiht (R) 548 + 53 55.9 + 65 549 + 55
Maxillary height (L) 542 = 4.1 543 + 49 542 + 4.0
Ramus height (R) 101.2 + 79 101.7 + 79 101.3 + 7.8
Ramus height (L) 999 + 69 101.5 + 6.3 96 + 71
Width measurements
Nasal width 355 + 35 357 + 35 354 + 36
Maxillary width 717 £ 44 704 + 49 715 + 45
Maxillary intermolar width 676 + 6.2 66.0 = 6.1 673 + 6.3
Mandibular intermolar width 656 * 55 644 + 76 652 + 54
Mandibular width 9H.2 + 4.3 938 £ 58 98 + 46
Angular measurements
£ Cg-Me to MSR 04 + 1.7 06 + 21 02+ 15
£ ANS-Me to MSR 0.7 £ 29 09 = 28 06 = 27
Z£Cg-Mx to HR (R) 5.8 + 3.0 977 + 34 572 +29
£ Cg-Mx to HR (L) 56.2 + 26 56.8 + 25 5.4 + 25
£Cg-Ag to HR (R) 65.1 + 26 66.1 + 4.7 652 + 25
£Cg-Ag to HR (L) 641 = 16 649 + 5.1 647 + 15

HPA, Head posture aligner; MSR, midsagittal reference line; HR, horizontal reference line; R, right; L, left. Means and

standard deviations are shown (the same abbreviation as Fig 4, unit: mm).
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Table 2. Difference of virtual cephalograms with/without HPA measurements with real cephalograms

Without HPA With HPA
Mean SD Significance Mean SD Significance
Height measurements
Total facial height 12 41 T 0.2 1.0 NS
Upper facial height 05 24 NS —0.3 1.0 NS
Lower facial height 0.6 26 NS 05 0.8 NS
Maxillary hegiht (R) 11 48 NS 0.2 0.9 NS
Maxillary height (L) 0.2 3.6 NS 0.0 0.7 NS
Ramus height (R) 1.3 45 ) 0.1 07 NS
Ramus height (L) 15 41 ) —-0.3 09 NS
Width measurements
Nasal width 0.3 1.2 NS —-0.1 0.7 NS
Maxillary width —-12 2.4 T —02 0.6 NS
Maxillary intermolar width —16 3.3 * —-03 0.8 NS
Mandibular intermolar width —12 4.1 : —04 0.8 NS
Mandibular width —15 3.9 * —05 0.7 NS
Angular measurements
< Cg-Me to MSR 0.2 1.8 NS —02 05 NS
< ANS-Me to MSR 0.2 35 NS —0.1 0.6 NS
ZCg-Mx to HR (R) 09 2.2 ’ 0.4 1.0 NS
ZCg-Mx to HR (L) 1.1 2.1 i 0.2 0.7 NS
£Cg-Ag to HR (R) 1.0 4.6 ’ 0.1 0.7 NS
ZCg-Ag to HR (L) 0.8 56 ’ 05 0.8 NS

One sample t-test evaluating difference between real and virtual cephalogram with/without HPA; NS, Not significant;

p < 005

right; L, left (the same abbreviation as Fig 4, unit: mm).
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Table 3. Correlation of virtual cephalogram with/without
HPA with real cephalogram measurements

Without HPA With HPA

Height measurements

Total facial height 0.843" 09907
Upper facial height 0.836" 09727
Lower facial height 08767 09817
Maxillary hegiht (R) 0686 09837
Maxillary height (L) 06977 0.985"
Ramus height (R) 0.835" 099"
Ramus height (L) 0.814" 09927
Width measurements
Nasal width 09357 09817
Maxillary width 0.874" 09907
Maxillary intermolar width ~ 0.852" 0.993"
Mandibular intermolar width  0.855" 0.989 "
Mandibular width 0.748" 09837
Angular measurements
Z2Cg-Me to MSR 0566 09547
ZANS-Me to MSR 0.291 09777
Z2Cg-Mx to HR (R) 0.760" 09497
Z2Cg-Mx to HR (L) 0655 0.965"
2Cg-Ag to HR (R) 0.321 09637
Z2Cg-Ag to HR (L) 0.227 09237

HPA, Head posture aligner; MSR, midsagittal reference
line; HR, horizontal reference line; R, right; L, left. 'p <
0.01; Tp < 0.001 (the same abbreviation as Fig 4, unit:
mm).
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ORIGINAL ARTICLE

Use of Head Posture Aligner to improve accuracy of frontal

cephalograms generated from cone-beam CT scans

Min-Kyu Sun, DDS, MSD," Gi-Soo Uhm, DDS," Jin-Hyoung Cho, DDS, MSD, PhD,’
Hyeon-Shik Hwang, DDS, MSD, PhD‘

Objective: The purpose of the present study was to evaluate the effectiveness of the use of Head Posture Aligner
(HPA) during cone-beam computed tomography (CBCT) scan in generation of frontal cephalograms using 3D
CBCT images. Methods: CBCT scans and frontal cephalograms were made in 30 adult individuals. While a cou-
ple of CBCT scan was made for one subject, one was made with conventional method, without use of HPA,
the other was acquired with the use of HPA. After creation of virtual frontal cephalogram from each 3D CBCT
image, it was traced and compared with the tracing of real frontal cephalogram. Results: In the comparison of
the measurements, the virtual cephalograms with the use of HPA did not show statistically significant differences
with the real cephalograms whereas the virtual cephalograms without the use of HPA presented significant differ-
ences with real cephalograms in many measurements. In the correlation analysis with the measurements of the
real cephalograms, the virtual cephalograms with the use of HPA showed higher correlations in all measurements
than the virtual cephalograms without the use of HPA. Conclusions: Measurements from CBCT-generated cepha-
lograms become similar to those from real cephalograms with the use of HPA during CBCT scan. Thus, the use
of HPA is suggested during the CBCT scan in order to construct accurate virtual frontal cephalograms using 3D
CBCT images. (Korean J Orthod 2009;39(5):289-299)

Key words: Cone-beam CT, Virtual frontal cephalogram, Head Posture Aligner
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