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Fig 1. The modified Head Posture Aligner used in this
study.
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Fig 2. A, Frontal and lateral cephalograms were taken without head rotation using biplanar radiography; B, an addi-
tional frontal cephalogram was taken with the head rotated 5° down from the ear rod axis.
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Table 1. Description of cephalometric landmarks used in this study

Landmark Name Definition

ANS Anterior nasal spine Tip of anterior nasal spine

Jrt Jugal process (Rt) Intersection of jugal process with maxillary tuberosity (Right side)

Jie Jugal process (Lt) Intersection of jugal process with maxillary tuberosity (Left side)

U6, Upper first molar (Rt) Most buccal point on the crown of upper first molar (Right side)

U61, Upper first molar (Lt) Most buccal point on the crown of upper first molar (Left side)

L6ge Lower first molar (Rt) Most buccal point on the crown of lower first molar (Right side)

L6r¢ Lower first molar (Lt) Most buccal point on the crown of lower first molar (Left side)

Ul Upper incisors Midpoint between upper central incisors at the level of incisor edges

L1 Lower incisors Midpoint between lower central incisors at the level of incisor edges

Goge Gonion (Rt) The most lateral and inferior point at the angle of the mandible (Right side)
Gort Gonion (Lt) The most lateral and inferior point at the angle of the mandible (Left side)
Agpy Antegonion (Rt) The deepest point in the antegonial notch (Right side)

Agry Antegonion (Lt) The deepest point in the antegonial notch (Left side)

Me Menton Point on inferior border of symphysis directly inferior to mental protuberance
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Fig 3. The horizontal reference line on frontal cephalogram was defined as a line passing through the two ear rod
ball markers, and the vertical reference line as a perpendicular line passing mid-point of the length of the horizontal
reference line. The horizontal reference line on lateral cephalogram was established by drawing a line parallel to the
horizontal wire incorporated in the Head Posture Aligner and passing through the ear rod ball marker, and the vertical

reference line as a perpendicular line passing through the ear rod ball marker.
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Fig 4. Simulation of positional change of a landmark before and after a 5° downward head rotation and represented
using an x, y coordinate system. Antegonion is used as an example. A, Frontal cephalometric tracings before and
after head rotation; B, lateral cephalometric tracings before and after head rotation.
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Fig 5. Method of calculating z,' from lateral cephalogram. z¢' is the actual horizontal distance from the ear rod axis
to midpoint between right and left antegonions. zor: is the horizontal position of right antegonion and zy.: is the hori-

zontal position of left antegonion on lateral cephalogram.
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Fig 6. Schematic representation of radiographic magnification. Magnification of frontal cephalogram can be calculated
using the lateral cephalogram, and magnification of lateral cephalogram can be calculated using the frontal

cephalogram.
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Table 2. Comparison of calculated change with real cephalometric change in the vertical direction (unit: mm)

Calculated Cephalometric . Absolute
Difference (A-B) .

Landmark change (A) change (B) difference (/A-B/) p value

Mean + SD Mean + SD Mean + SD Mean + SD
4 ANS 712 = 051 748 + 061 -0.36 + 0.35 039 = 0.24 0.000"
4 Jre 532 £ 045 528 + 047 004 £ 0.26 020 = 017 0.397
4 Ju 527 + 042 530 = 048 -0.03 £ 0.18 0.12 £ 0.13 0.362
4 Ubg 479 + 056 494 + 065 -0.15 £ 041 0.30 = 0.32 0.053
4 U6y, 472 + 047 469 + 055 0.03 + 0.27 013 + 0.29 0.557
4 Lbg 486 + 062 492 + 0.76 -0.06 + 0.37 0.24 + 0.29 0.378
4 L6y 475 + 052 485 + 065 -0.10 + 0.32 0.25 + 0.22 0.094
4 Ul 725 + 0.61 745 + 0.67 -0.20 = 0.35 031 + 025 0.005"
4 11 6.98 + 0.60 723 + 0.80 -0.25 + 048 0.35 = 0.40 0.009"
4 Gogg 094 + 046 1.02 + 056 -0.09 = 0.27 0.19 = 0.20 0.094
4 Gort 1.00 = 0.61 1.07 £ 0.74 -0.08 + 0.31 018 + 0.26 0.196
4 Agg 2.08 £ 059 214 £ 0.67 -0.06 £ 0.15 012 £ 0.11 0.030"
4 Agpe 217 £ 049 213 £ 056 0.04 £ 0.27 017 + 0.21 0.405
4 Me 586 + 0.81 621 = 097 -0.35 £ 0.38 0.39 £ 0.32 0.000"

SD, Standard deviation. ‘p < 0.05.
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Table 3. Comparison of calculated change with real cephalometric change in the horizontal direction (unit: mm)

Calculated Cephalometric Absolute
Difference (A-B) difference
Landmark change (A) change (B) (/A-B)) p value
Mean = SD Mean + SD Mean = SD Mean = SD

4 ANS 0.01 = 0.06 0.04 £ 0.23 -0.03 £ 0.23 014 + 0.18 0.472

4 Jre 0.06 = 0.06 0.08 = 0.21 -0.01 = 0.21 0.13 £ 0.16 0.738

4 Ji 003 £ 0.14 012 £ 0.22 -0.09 £ 0.23 014 + 020 0.04

4 Ubg 0.08 £ 0.06 015 + 021 -0.07 = 0.23 0.16 = 0.18 0.106

4 U6y, 007 = 0.11 0.10 £ 0.13 -0.03 = 0.13 012 = 0.10 0.298

4 Lbg; 0.09 + 0.07 0.06 = 0.16 0.03 = 0.16 012 + 0.11 0.388

4 16y, 0.08 = 0.10 0.10 = 0.18 -0.01 = 0.19 014 + 012 0.741

4 Ul 0.00 = 0.00 0.03 + 0.16 -0.03 = 0.16 011 + 012 0.289

4 11 0.01 + 0.04 0.03 + 0.18 -0.02 £ 0.18 013 + 013 0.532

4 Goge 0.19 + 0.15 0.10 + 0.09 009 + 0.14 0.19 + 0.10 0.051

4 Goyy 0.20 £ 0.20 0.16 £ 0.20 0.04 £ 0.26 0.20 £ 0.16 0.364

4 Agge 0.20 = 0.12 0.16 = 0.32 0.04 = 0.27 020 = 0.18 0.456

4 Agre 0.19 £ 0.09 0.13 £ 0.23 0.06 = 0.23 020 = 012 0.161

4 Me 0.01 = 0.05 0.03 £ 0.28 -0.02 £ 0.28 017 = 0.23 0.408
SD, Standard deviation.
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ORIGINAL ARTICLE

Correction of positional change of frontal cephalometric

landmarks caused by vertical head rotation

Mi-Young Kim, DDS, MSD," Kyung-Min Lee, DDS, MSD,* Jin-Hyoung Cho, DDS, MSD, PhD,’
Hyeon-Shik Hwang, DDS, MSD, PhD‘

Objective: Superimposition of frontal cephalograms cannot be performed when the cephalograms are taken with
different vertical head rotations. The purpose of the present study was to evaluate the validity of correcting the
positional change of frontal cephalometric landmarks caused by vertical head rotation. Methods: In 30 adult in-
dividuals, frontal and lateral cephalograms were taken at a 90° angle. Geometric principles of radiography were
used to calculate the possible vertical and horizontal landmark changes if the head should be rotated down 5°
about an ear rod axis. The calculated changes were then compared with cephalometric changes measured on
frontal cephalogram actually taken with the head rotated down 5°. Results: When the frontal cephalograms were
taken with the head rotated down 5° about an ear rod axis, significant changes in the vertical position of the
landmarks occurred, particularly in the landmarks located farther anteriorly from the ear rod axis. The comparison
of calculated changes and real cephalometric changes showed that the differences were less than 0.4 mm in
the vertical direction and less than 0.2 mm in the horizontal direction. The differences between calculated and
real changes were smaller in the landmarks less affected by vertical head rotation. Conclusions: Even when fron-
tal cephalograms are taken at different vertical head rotations, the concomitant changes in the position of the
landmarks can be corrected through calculation using the geometric principle of radiography as long as frontal
and lateral cephalograms are taken perpendicular to each other. (Korean J Orthod 2011;41(2):98-111)

Key words: Frontal cephalogram, Vertical head rotation, Correction
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