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Distortion and Magnification of Four Digital Cephalometric Units
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Objectives: To assess the validity of using the calibration ruler for correcting
magnification of linear measurements and to explore and compare the vertical and
horizontal magnification of four digital cephalometric units. Methods: An acrylic
box was imaged at seven sagittal positions using four digital cephalometric units:
Orthopantomograph OC100, Orthopantomograph OC200, Sirona Orthophos CD,
and Sirona Orthophos DS. The true linear lengths of the phantom, corrected, and
uncorrected linear lengths on the images were measured and compared. The validity
of measurements using the calibration ruler was assessed. The magnification
values and distortion indices were calculated and compared among the four

ABSTRACT

PR China cephalometric units. Results: For linear measurements on the mid-sagittal plane
and averaged linear measurements on bilateral symmetric sagittal planes, the bias
1.96 STD of the calibration ruler ranged from 1% to 2% for the four cephalometric
testing units. For linear measurements on the single lateral sagittal plane, the bias
Received: 1.96 STD ranged from 3% to 6%. The vertical scanning charge-coupled device
03-Apr-2019; cephalometric unit produced the greatest distortion, ranging from 1.029 to 0.964.
Revision: Conclusion: The metal millimeter calibration ruler is an accurate reference for
22-May-2019; linear measurement magnification correction. Because of unpredictability and
Accepted: machine specificity, the magnification and distortion of a cephalometric unit should
21-Jun-2019; be calibrated for the estimation of cephalometric measurement error.
g:?;:::chgegm Keyworbps: Cephalometric measurement, distortion, magnification
INTRODUCTION image-receptor, distortion always exists as an inherent

. ) “mitation. 3]
invention of the Broadbent-Bolton limitation.

ince the
cephalometer in 1931,l) lateral cephalometric
radiographs have become virtually indispensable to

Two types of distortion have been identified, namely, size
distortion (magnification) and shape distortion.! Size

orthodontists in orthodontic treatment. A cephalometric
film is a relatively standardized representation of the
human skull which allows precise measurement and
comparison of oral and craniofacial structures, so as to
predict and evaluate growth and maturation, make an
orthodontic diagnosis and a treatment plan, and assess
orthodontic treatment outcomes.['?) Cephalometric
measurements are performed using a two-dimensional
image of a three-dimensional object. Ideally, for
a lateral cephalometric radiograph, measurements
should be performed with all anatomical landmarks
projected onto the mid-sagittal plane of the patient.
However, because of the divergent pattern of the
x-ray beam and the distance between the object and
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distortion refers to an accurate and proportional expansion
of the image, which only influences linear measurements
instead of angular measurements. Shape distortion
refers to an inaccurate and unequal-ratio enlargement,
resulting in distortion errors both in linear and angular
measurements.>®! Because of the variance in x-ray
geometry shapes among different cephalometric systems,
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magnification and distortion may be machine specific.
Dibbets JM and Nolte K studied the effect of radiographic
magnification in five longitudinal cephalometric
databases.®”! Their results showed that cephalometric
tracing was corrected to the natural size in the Groningen
and London study and magnified 6% in the Cleveland
and Philadelphia and 12.9% in the Ann Arbor studies.
This indicated that the error inherent in magnification
was too great to be ignored. Chadwick JW and Schulze
RK compared the distortion and magnification of four
cephalometric units. They reported the conventional
cephalostat and Sirona orthophos DS systems produced
the greatest magnification and distortion while the OC
100D and Kodak 8000C systems produced the least. The
distortion indices varied from +1% to £5%!"* among the
four cephalometric units.

When comparing cephalometric data from different
sources in a multi-center study, it is of great significance
to make an accurate magnification correction for linear
distance. At present, most cephalostats have a metal
millimeter calibration ruler attached to the nosepiece.
The ruler is generally designed for linear measurement
correction on digital imaging.[*” Through identifying
two endpoints on the ruler, it is convenient to correct
all the linear values according to the ratio of the pixel
distance to the actual length of the ruler. However, with
the calibration ruler being positioned vertically, it is
unclear whether linear measurements in the horizontal
orientation could be correct when obtained using a single
ruler. For tracing bilateral structures, some researchers
took an average as a presentation!!®'"! and others traced
the image of the single side near the receptor, which was
less magnified and could be the left sidel'” or the right
side.®! For the two methods mentioned above, it is not
fully known to what extent the estimation affects the
accuracy of cephalometric measurements. Furthermore,
since cone beam computed tomography (CBCT)
was first introduced in dentistry in 1998,'3 recently,
it has been used widely in orthodontics for clinical
and research purposes. Many studies compared the
measurements from three-dimensional reconstructed and
synthesized lateral cephalograms obtained using CBCT
with those from two-dimensional images obtained from
conventional lateral cephalometric radiographs.['416!
However, it remains unclear whether we should use the
averaged image of both sides or the unilateral image less
magnified in conventional cephalograms.

The current study aimed to assess the validity of
the calibration ruler for correcting the magnification
of structures on the mid-sagittal plane and bilateral
structures outside the mid-sagittal plane, and also
to explore and compare the vertical and horizontal
magnification of four digital cephalometric units.

MATERIALS AND METHODS

Radiographic phantom and imaging

A radiographic phantom was designed and prepared
for this study. The phantom was created using a
custom-designed acrylic box with the following
dimensions: inside diameter, 25 cm in height, 25 cm
in width, and 25 cm in depth (thickness of the walls
of the acrylic box: 0.5 cm). 7 positions were designed
to simulate important bilateral anatomical structures.
Position 4 in the middle was considered as the
mid-sagittal plane of the skull. Positions 3 and 5 were
2.5 cm away from the mid-sagittal plane, corresponding
to molar sagittal planes; positions 2 and 6 were 4.5 cm
away from the mid-sagittal plane corresponding to the
mandibular sagittal planes; positions 1 and 7 were 6.0
cm away from the mid-sagittal plane, corresponding
to the condylar sagittal planes. Position 1 was located
closest to the image receptor, whereas position 7 was
located closest to the x-ray source [Figure la and b].
A single sheet of acrylic, measuring 25 cm in height by
25 cm in width by 0.5 cm in thickness, was embedded
with one steel ball of 0.5 cm diameter placed in the
center and 48 steel balls of 1.58 mm in diameter placed
on four concentric circles surrounding the center. The
four concentric circles were 3, 6, 9, and 12 cm in
diameter. The single acrylic sheet was designed with 2
sliding pieces (1.0 cm x 1.0 cm x 0.5 cm) on the outside
of both top angles in order to make the sheet plumb and
running along the central line of the x-ray beam, parallel
from one position to another [Figure 1c].

4  cephalometric units
Orthopantomograph
Dental, Nahkelantie,

were used in this study:
OC100 (Instrumentarium
Finland), Orthopantomograph
0C200 (Instrumentarium  Dental, = Nahkelantie,
Finland), Sirona Orthophos CD with multi-pulse
Cephalograph (Sirona, Munich, Germany), and the
vertically scanning Sirona Orthophos DS (Sirona,
Munich, Germany). The acrylic box was mounted on
a camera tripod (VCT-80AV; Sony, Tokyo, Japan). The
tripod head was placed horizontally so that the base
of the box was placed parallel to the floor, and the
lateral walls of the box were placed vertically. With
properly fixed inter-ear-rod distance, the ear rods were
in alignment with the central point of the acrylic sheet.
The acrylic sheet was placed parallel to the film to
ensure a normal incidence of the x-ray beam. For each
cephalometric unit, the acrylic sheet was placed at each
position in the acrylic box for one projection, yielding
28 x-ray films in total [Figure 1d and e].

Measurements

3 orthodontic residents identified landmarks on 28 digital
films and measured true distances of the acrylic phantom
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by using a vernier caliper (0.01 mm). Distances on the
digital films were measured using the customized software
calibrated for pixels/mm. By identifying two endpoints on
the calibration ruler, the magnified linear distances were
corrected according to the ratio of pixel distance to the
real length of the ruler. The measured distances, corrected
and uncorrected, were recorded in millimeters.

As shown in Figure 2, the four points on the circle were
defined and labeled clockwise from point A to point D.
Six linear measurements on each concentric circle, AB,
BC, CD, DA, AC, and BD, were recorded in millimeters.
Different subscript values of point labels represented
different diameters; for example, AC  referred to AC on
the circle 9.0 cm in diameter.

The magnification value was calculated according to the
following formula:

Magnification value = Radiographic length (mm)/True
length (mm)

The distortion index was defined as the ratio of
magnification values between the vertical direction
and horizontal direction. AC,, was regarded as the
vertical linear measurement and BD, was regarded as
the horizontal linear measurement. For each sagittal
position, vertical (AC, ) and horizontal (BD, ) lengths
were measured and the magnification values were
computed separately. The linear distortion index was
calculated as follows: Magnification value of AC, /
Magnification value of BD,,. On the mid-sagittal
plane (Position 4), four linear measurements (AB, BC,
CD, and DA) for each concentric circle were measured
and the magnification values were calculated.

Statistical analysis

All  statistical —analyses were performed using
SPSS software (version 20.0; SPSS, IBM). An
analysis of variance with S-N-K (Student Newman
Keuls) testing was used to determine the differences
between true distances and the linear measurements
made on the images. Pearson correlation analysis was
conducted to analyze the correlation relationship between
magnification value and the subject-to-film distance.
Graphs were generated using MATLAB (R2011b;
MathWorks, USA), Visio (Microsoft Visio Premium
2010; Microsoft, Redmond, WA), and SPSS software.

RESULTS

The true measured distances of the phantom and the
uncorrected and corrected measured distances of AC,
and BD,  at each position on the image are shown in
Table 1. The results of S-N-K testing showed that all the
uncorrected measurements were significantly different
from the true measured distances. Except for the AC
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Table 1:

True in

0C 100 0C 200 Orthophos CD Orthophos DS

Corrected in mm Uncorrected in Corrected in mm Uncorrected in Corrected in mm Uncorrected in Corrected in mm Uncorrected in

Position Distance

mm

98.41+0.37*
95.94+0.42"
98.30+0.45"
96.75+0.47"
98.35+0.50"
97.67+0.527
98.43+0.38"
99.08+0.437
98.41+0.45"
100.35+0.38"

89.58+0.34N8

97.87+0.44%
97.54+0.42%
98.47+0.36"
98.07+0.42F
99.96+0.327
99.55+0.38"
100.69+0.437

87.10+0.39F
86.58+0.37°
87.56+0.32F
87.22+0.37F

98.88+0.421
100.01+0.357

86.37+0.37F
87.34+0.317

99.20+0.35%
100.51+0.37¢

86.95+0.30"
88.20+0.32F
87.63+£0.337
88.43+0.38"
88.27+0.33"
89.27+0.35%*

89.76+0.04
90.04:£0.05

AC,,
BD
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87.20+0.38"
89.41+0.41N8

9.0

100.26+0.38"

87.50+0.337
88.75+0.25F
88.12+0.39"
89.41+0.32%*
89.54+0.31N

99.85+0.38"
101.11+0.447

100.80+0.38"

89.76+0.04
90.04+0.05

AC,,
BD

87.89+0.43"
89.42+0.468

101.49+0.297

9.0

88.82+0.28"
88.43+0.33"
89.59+0.38N8

101.01+0.447
102.32+0.367

89.76+0.04
90.04+0.05

AC9.0

88.81+0.47"
89.51+0.35M8

102.10+0.407

102.12+0.287

BD,,
AC

102.42+0.357

89.54+0.25N

89.76+0.04
90.04:£0.05

9.0

103.27+0.357 90.30+0.40MNs 103.59+0.46" 89.77+0.29N8 100.39+0.337 90.08+0.39N8

90.23+0.31™8

BD9.0

89.57+0.41N8

102.15+0.397
101.54+0.477

90.72+0.34%
91.09+0.41%*
92.05+0.317

104.04+0.427

90.80+0.37¢
92.13+0.33"
91.84+0.39"
92.62+0.221
92.53+0.33"
93.55+0.28"

103.85+0.367

90.98+0.327
92.09+0.35%

89.76+0.04
90.04+0.05

AC,,
BD,,
AC

91.27+0.35%
89.34+0.34*

105.41+0.38"

105.16+0.407
105.07+0.357

98.36+0.37"
101.40+0.427
98.45+0.46"
102.43+0.47°

103.51+0.357
103.18+0.297
103.88+0.377

105.01+0.457
106.07+0.257

92.19+0.30"
93.25+0.37*
92.37+0.39"

93.40+0.327
0OC100, Orthopantomograph OC100 (Instrumentarium Dental, Nahkelantie, Finland); OC200, Orthopantomograph OC200 (Instrumentarium Dental, Nahkelantie, Finland); Orthophos CD,

Sirona Orthophos CD with multi-pulse Cephalograph (Sirona, Munich, Germany); Orthophos DS, Sirona Orthophos DS (Sirona, Munich, Germany). *P<0.05. /P<0.001

89.76+0.04
90.04+0.05

9.0

92.20+0.38"
89.59+0.51N8

91.79+0.25%
92.39+0.321
91.71+0.18"

106.46+0.427

9.0

AC,,

105.94+0.38"

105.41+0.447
106.59+0.37¢

89.76+0.04
90.04:£0.05

93.17+0.437

103.28+0.267

107.09+0.327

90
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Figure 1: (a) Acrylic box phantom mounted in the OC100 cephalostat. (b) Position 1 to position 7. (c) Acrylic sheet with two sliding pieces. (d) Scan

of acrylic box phantom. (¢) Image of acrylic box phantom
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Figure 2: Points and linear measurements on the circle

of Orthophos DS, all the corrected measurements
outside the mid-sagittal plane were also significantly
different from the true measured distances. The corrected
measurements at position 4 (mid-sagittal plane) were
comparable to the true measured distances.

At position 4, the true lengths of the phantom and
corrected and uncorrected measured lengths of AB,
BC, CD, and DA on each concentric circle are listed
in Table 2. All the uncorrected measurements were
significantly larger than the true measured distances.
There were statistically significant differences between
some corrected measurements on the images obtained
with Orthophos CD and Orthophos DS compared with
the true measured distances. All the corrected measured
distances on the images obtained with OC 100 and OC
200 were comparable to the true measured distances.

In order to assess the validity of the calibration ruler
of each cephalometric system, Bland-Altman plots
were created to show the agreement between corrected
measured distances and true measured distances
in Figures 3-5. The Bland-Altman plots show the
difference against the average measurements for a
particular cephalometric method and physical method.
The average difference was calculated as the ratio of
two measurements to quantify the bias. The farther away
from 1, the greater the amount of bias, indicating that
the corrected measured distances were different from the
true measurements. The upper and lower lines on the
plots show £1.96 STD (standard deviation) respectively.

Figure 3 illustrates the chord measurements on the
mid-sagittal plane. The 1.96 STDs of OC 100, OC
200, and Orthophos CD were about 1%, while that
of Orthophos DS was about 2%. Figure 4 shows the
measurements of AC,; and BD, on each unilateral
sagittal plane. The 1.96 STDs of the four cephalometric
systems ranged from 3% to 6%, showing obvious
distortion. The average measurements of AC and
BD,, on the bilateral sagittal planes are graphically
demonstrated in Figure 5. The 1.96 STDs of the four
cephalometric systems were all less than 1%.

Magnification values of each position in Figure 6 were
calculated as the ratios of uncorrected measured distances
to the true measured distances from Table 1, and then
correlated with the distance from each position to the
mid-sagittal plane. All the magnification values increased
linearly from position 1 to position 7 (P < 0.05), except
that of the vertical length of Orthophos DS (P > 0.05),
which was almost a constant value of 1.096.
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Figure 3: Bland—Altman plots of chord measurements on the mid-sagittal plane (corrected measured distances vs. true measured distances of AB,
BC, CD, and DA on four concentric circles)
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Figure 4: Bland—Altman plots of measurements on the unilateral sagittal plane (corrected measured distances vs. true measured distances of AC9.0
and BD9.0)

The distortion indices were calculated as ratios of vertical ~ Figure 7 shows that at each position, the distortion
magnification values to horizontal magnification values.  indices are stable and close to 1.00 for OC100, OC200,
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Figure 5: Bland—Altman plots of average measurements on bilateral sagittal planes (corrected averaged measurements of position 1 and position 7,
position 2 and position 6, and position 3 and position 5 vs. the true measured distances of AC9.0 and BD9.0)
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Figure 6: Scatterplot comparing the association between the magnification values of AC9.0 (V)/BD9.0 (H) and positions (x: distance from each
position to mid-sagittal plane, y: magnification value of vertical and horizontal linear measurement. Pearson correlation: rOC100V = 0.997**,
rOC200H = 0.994*%*; rOC200V = 0.998**, rOC200H = 0.996**; rOrthophosCDV = 0.996**, rOrthophosCDV = 0.993**; rOrthophosDSV = 0.425NS,
rOrthophosDSV = 0.999%%)

Nigerian Journal of Clinical Practice | Volume 22 | Issue 12 | December 2019 @



[Downloaded free from http://www.njcponline.com on Wednesday, December 4, 2019, IP: 221.222.56.201]

Song, et al.: Distortion and magnification of four digital cephalometric units

100°0>d: "SO'0>d « “(Auewon ‘yorunjy ‘euons) S soydoyiQ euoars ‘s soydoypiQ <(Aueunan ‘yorunpy ‘euodis) ydeidoreydo) asind-ninw yum O soydoyiiQ euolls

‘aD soydoyiiQ ¢(pueur] ‘onueayyeN ‘qeiued winLejuownysuy) 00zdO ydeiSowojuedoyrQ ‘00zD0 (PUeuI] ‘OnuEB[eyyEN ‘[eIud( wnLejuswnysuy) 001 DO yderSowoyuedoyiiQ ‘00100

0cl

€006 #1€0FCS'S8 P 0FSES6 s\8E0F08 78 TP 0FH0'86 sLEOFH6' T8 WP 0799°L6 w6E0FLOSS  POOFI6PS | vd
L0€°07€0'T6 LT OFTL'ES 8E0FTE Y6 NEE0FIC TS FE0FT896 NOE0FISHS JE0FHL96 wNLTOFPLES  80°0%65s+H8  “'ad
LEOFEY 16 « EC0FF6'SS WLEOFLL'S6 wNEEOFIOSS L£7°0F799°L6 LEOFEY'SS \8F0F0L'L6 TP OFLESS  01°0FCTss  '0od  mopwelq
9K 0FI1'26 LT OFLS €8 LT OFSY 76 ownLE0F86'ES SP0F8Y'96 NOE0FEE TS L1H0FEE96 SOCOFFTHS 90078 F8 gy wwo o'zl
L6€0FEE0L NSE0FE6'EY LY OFOT 1L ¥ 0F9€°€9 9 0F68°TL O0F 0F69°€9 LT 0FSSTL wLEOF6SE9  90°0F€S €9 “°va
P 0FIT°69 +6€ 0FT6'79 LLEOFES 0L #€€°0F68°79 SEOFPY'TL sNOE0FLY €9 WE0FISTL wOE0FLSE9 1107099 °ad
WEOFOL 0L wNIE0FI0H9 9P 0FSS'TL 0¥ 0F09°€9 8E0FSOEL sNEEOFSL'E9 L0F'0F00°€L NSEOFTSE9  T10F99°€9  “°Dd  1opowerq
TP OFET'69 +8€°0F16'29 L 0FSL 0L +8€°0F96'79 SPOFVTL N6E0F8TE9 LSE0FIETL wIE0F8EEY  900F8Y' €9 Ay wwo o6
8 0FOT 'L wNEVOFES T (EEO0FLS LY 6T OFITTY JH0FSL'SY w9E0FIL'TH L6 0FIL'SY wEFOFESTY  010FESTY  va
L OFST9p +6€ 0FES T V0T8T LY N9E 0788 T 9€°0F9Y' S wNIE0F8Y TH LV OFEY 'S «8E0FOY Ty LOOFIYTy T dD
W OFIE LY OV 0FL6'TH 9 0FSS Lt ¥ 0F0S T 9% 0FC8' 8 OV 0FL8 TH L6€°0FS8' 8 oFEOFSLTY  90°0F0LTy D09 xopwelq
FE0FSY'SH «1€0FPS TY £ 0F68°9F wN8E0FEY T 9E0FH0'SY wNIEO0FLE T J1¥0796'L NOC0FO6 Ty TI'0F00Ty AV wwo (9
P OFSY €T OV 0FCT 1T WP OFSLET N6E0F60 1T TV OFEE T wLEOFIETT \TY OFST YT wLEOFETIT  SO0FE T “va
\8E€0FL'TT wFE0FEL'OT JE0FLY €T LT OF8L0T FE0F0HT O 0FITIT 0¥ 0FH0'+T wSE0FT6'0T  LOOFCOIT  'dD
¥ 0FP9'€T wLEOFSETT LIF0FS6'€T NIE0FSTIT LY 0F6EHT swIF 0P 1T L6€°0F8EHT oFE0FICTIT  VOOFYIC  DE  ropwerq
\ST0FS0'ET «TV 0F06°0T FE0T99°€T NOE0FE6'0T 9€0FOTHT wWIEO0FITIT TP OFET YT wWLEOFSOTT  HO0FSETT AV wwo(E
(110001 wru wrua (110001
Ul PIJII.LIOJOU() WU Ul PIJIALIOD) Ul PIJIXLIOIU) WU Ul PIJIRLI0) Ul PIJIBLIOIU() UWIW UL PIJIALIOD) UL PIJIALIOIU) WU UI PIJNLI0) o
S@ soydoyyiQ an soydoyyiQ 002 DO 001 DO uroniy,  YP3ud SI[IID)

(x3youuryrux ur :y)Sud)) Jued [€)II3ES-PIU UO SI[IIID ILIIUIIUOD JUIIIPIP JO YISUI[ PIOYD JO SIUIWAINSLIUI IvIUIT T QR

Nigerian Journal of Clinical Practice | Volume 22 | Issue 12 | December 2019



[Downloaded free from http://www.njcponline.com on Wednesday, December 4, 2019, IP: 221.222.56.201]

Song, et al.: Distortion and magnification of four digital cephalometric units

1.03
1.02
1.01

1.00

stortion

5 099 — S — e ey ™™

0.98 -

0.97

]

1 2 3 4 586 7 1
0C100 0C200

2 9 4 & 6 7

T T T T T T T T T T T T T T
1 2 B8 4 & 6 7 1 2 8 4 5 6 7
Orthophos CD Orthophos DS

Figure 7: Distortion indices (H/V) of seven positions for four cephalometric systems

and Orthophos CD. However, for Orthophos DS, from
position 1 to position 7, the distortion indices vary from
1.029 to 0.964, showing a significant linear correlation
between the distortion index and the distance from each
position to the mid-sagittal plane (P < 0.05).

DiscusSION

Distortion of cephalometric images has been discussed
since the 1960s. Eliasson S and Ahlqvist J discussed
in their serial basic mathematical studies that distortion
could be caused by misalignment between the x-ray
source, the cephalostat, the film, and the object. Their
works provided a mathematical theoretical foundation
for the explanation of image shape distortion.!!”:!8!
Gron P, Yoon YJ, and Malkoc S reported the distortion
errors introduced into linear and angular measurements
on cephalometric films by the patient’s head
rotation.">2!1 Moreover, distortion is unavoidable for
bilateral structures outside the mid-sagittal plane. Several
studies focused on the distorted and non-superimposable
images of bilateral symmetrical anatomical structure
caused by differences in magnification.”>?* Bergersen
EO reported that for two lateral structures 12 cm apart,
and the magnification difference was about 7%.7
In our study, this magnification difference for two
sagittal planes 12 cm apart was machine-specific: the
average values for the Orthopantomograph OC100,
Orthopantomograph OC200, Sirona Orthophos CD,
and Sirona Orthophos DS were 6.8%, 7.9%, 6.5%, and
3.6%, respectively.

Furthermore, image distortion could also be influenced
by x-ray beam geometry. After originating from the
x-ray source in the tube, the x-ray beam travels in
a divergent pattern with the field size limited by a
collimator consisting of adjustable lead attenuators or
shutter. The collimator and shutter control the size of
the x-ray beam by absorbing peripheral x-rays. Among
the four cephalometric systems used in this study, the
Orthopantomograph OC100, the Orthopantomograph
0C200, and the Sirona Orthophos CD were operated
with a traditional divergent pattern of x-ray beams. For

the Sirona Orthophos DS, with a fan-shaped x-ray beam
coupled to a linear charge-coupled device (CCD) sensor
array and x-ray beam collimator, the three parts scanned
the object linearly in a vertical direction during image
acquisition. Because of its special x-ray beam geometry,
we expected the system to produce greater distortion
error than the other three systems.

In previous studies, the magnification value could
be calculated using the formula of proportion
introduced by Adams JW in the 1940s, which
specified that the distance from the x-ray source
to the image-receptor/distance of the x-ray source
to the patient’s mid-sagittal plane = size of image/
size of the object.’> At present, a calibration ruler
is used routinely to correct the magnification of
cephalometric measurements, but its validity is
seldom verified. There are several questions that
merit further study as previously mentioned.

In the present study, to assess the wvalidity of the
calibration ruler, the corrected measured distances
were compared with the true measured distances on
the mid-sagittal plane and bilateral structures outside
the mid-sagittal plane. The results of S-N-K testing
listed in Table 1 show that at position 4, the corrected
measured distances of AC, and BD,, are both
comparable to the true measured distances of AC,
and BD, . All the corrected measurements outside
the mid-sagittal plane were statistically significantly
different from the true measured distances, except for
AC, , on the images made with Orthophos DS. Table 2
shows that at position 4, the validity of the calibration
ruler varied among the four cephalometric units. The
corrected measured distances of AB, BC, CD, and DA
on the images made with OC 100 and OC 200 were
all comparable to the true measured distances. There
were statistically significant differences between some
corrected measurements on the images made with
Orthophos CD and Orthophos DS compared with the
true measured distances, whereas all the differences
between corrected measurements and true measured
distances were less than 1.00 mm.
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Bland-Altman plots in Figure 3 illustrate the differences
between the measurements of images made with each
cephalometric unit and the true measurements at position
4. For OC 100, OC 200 and Orthophos CD, the bias was
limited to +1%. For Orthophos DS, the bias was about
2%. Bland-Altman plots in Figure 4 show the difference
in every single position. The bias £1.96 STD ranged
from 3% to 6% among the four cephalometric units,
demonstrating a large measurement error. Bland-Altman
plots in Figure 5 show the difference between averaged
measurements on bilateral sagittal planes with the true
measurements. The biases of the four cephalometric
systems were all less than 1%. The result showed that the
four cephalometric units have a high degree of accuracy
in predicting the true value of vertical and horizontal
linear measurements, both on the mid-sagittal plane
and the bilateral symmetric sagittal planes. Therefore,
splitting the bilaterally separated images as an averaged
representation on the patient’s mid-sagittal plane is a
valid approach. The error caused by this splitting could
be ignored in clinical research.

However, to achieve maximum sharpness and reduce
magnification, some practitioners choose to place the
film cassette as close to the patient’s head as possible
and to trace the single image less magnified for bilateral
structures. This tracing method is not recommended
according to this study. The structures on the single side
being traced were less magnified than the mid-sagittal
structures as well as the ruler. Thus, if the ruler was used
to correct the magnification, the sizes of these structures
will be reduced. In contrast, on tracing with the splitting
method, the magnification of this “average” will be
almost the same as that of the ruler. Then the image
could be corrected to its natural size. Consequently, if
we intend to correct all linear measurements by using
the radiopaque ruler, it is important to trace the average
image for bilateral structures.

The magnification and distortion were measured and
compared among the four cephalometric units. Figure 6
shows the wvertical and horizontal magnifications
at 7 positions for each cephalometric system. The
magnification values increased approximately linearly
along with an increase in the object-to-film distance,
except for the vertical magnification of the scanning
system, which showed a nearly constant value of 1.096.
Vertical scanning during radiography might have changed
the original symmetrical divergence of the x-ray beam.
Figure 7 demonstrates the distortion between the vertical
and horizontal axes at the seven positions for each
cephalometric system. For 3 stationary cephalometric
systems, the distortion indexes were stable and close
to 1.00. The variations were all within 0.01. However,

for the vertical scanning system, with the acrylic sheet
moving further away from the mid-sagittal plane, the
distortion errors increased linearly. The linear distortion
errors varied from 1.029 to 0.964 for the vertical
scanning CCD machine. The results were similar to the
findings obtained by Chadwick JW and Schulze RK.I"*

In summary, when comparing cephalometric data from
different sources, the metal millimeter calibration ruler
attached to the nosepiece is an accurate reference for
linear measurement magnification correction on digital
imaging. The four cephalometric units showed a high
degree of accuracy in predicting the true value of the
distance on the mid-sagittal plane and the bilateral
symmetric sagittal planes. In contrast, the measurement
error for corrected linear distances on the unilateral
sagittal plane varied from 3% to 6%. For the three
stationary cephalometric units, the distortion indices
between the vertical direction and horizontal direction
are close to 1.00 on each sagittal plane. In contrast,
for the vertical CCD scanning cephalometric unit, the
distortion indices varied among different sagittal plane,
showing larger distortion than the other three stationary
digital cephalometric units.

Acknowledgements

We thank Capital Medical University School of
Stomatology, the Second Clinic and Department of
Oral and Maxillofacial Radiology of Peking University
School and Hospital of Stomatology for providing
the cephalometric machines. We are also grateful to
Dr. Siqi Liu, Xiaonan Yu, Rukai Shan, Chong Ren
and Hong Su for their kind help and suggestions.
This work was supported by grants from the National
Natural Science Foundation of China (51672009)
and the Program for New Clinical Techniques and
Therapies of Peking University School and Hospital of
Stomatology (PKUSSNCT-18B07).

Financial support and sponsorship

Capital Medical University School of Stomatology
and the Second Clinic and Department of Oral and
Maxillofacial Radiology of Peking University School
and Hospital of Stomatology provided the cephalometric
machines.

Conflicts of interest
There are no conflicts of interest.

Criteria for inclusion in the authors’ list

1. Concept and design of study or acquisition of data or
analysis and interpretation of data; 2. Drafting the article
or revising it critically for important intellectual content;
3. Final approval of the version to be published.

m Nigerian Journal of Clinical Practice | Volume 22 | Issue 12 | December 2019



[Downloaded free from http://www.njcponline.com on Wednesday, December 4, 2019, IP: 221.222.56.201]

Song, et al.: Distortion and magnification of four digital cephalometric units

Statement

I would like to declare on behalf of my co-authors that
the work described was original research that has not
been published previously, and not under consideration
for publication elsewhere, in whole or in part. All the
authors listed have approved the manuscript that is
enclosed.

REFERENCES

1.

10.

11.

Broadbent BH. A new x-ray technique and its application to
orthodontia. Angle Orthod 1931;1:93-114.

Jacobson A. Radiographic Cephalometry: From Basics to 3-D
Imaging. Quintessence Pub; 2006.

Wilks R. Principles of Radiological Physics. 2™ ed., vol. 39.
Clinical Radiology. Edinburgh: Churchill Livingstone; 1987. p.
549.

Bushong SC. Radiologic Science for Technologists: Physics,
Biology, and Protection. [Textbook]. 1975.

Dibbets JM, Nolte K. Effect of magnification on lateral
cephalometric studies. Am J Orthod Dentofacial Orthop
2002;122:196-201.

Cohen JM. Comparing digital and conventional cephalometric
radiographs. Am J Orthod Dentofacial Orthop 2005;128:157-60.
Chadwick JW, Prentice RN, Major PW, Lam EW. Image
distortion and magnification of 3 digital CCD cephalometric
systems. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2009;107:105-12.

Schulze RK, Gloede MB, Doll GM. Landmark identification
on direct digital versus film-based cephalometric radiographs:
A human skull study. Am J Orthod Dentofacial Orthop
2002;122:635-42.

Ross LL, Munn MR. Comparing digital serial cephalogram
images for growth or treatment changes. Am J Orthod
Dentofacial Orthop 2005;128:161-2.

Broadbent BHJ, Golden WH, Brown RG. Bolton standards
of dentofacial development growth. Plast Reconstr Surg
1977;59:115.

Bergersen EO. A cephalometric study of the clinical use of the
mandibular labial bumper. Am J Orthod 1972;61:578-602.

12.

20.

21.

22.

24.

25.

Martinelli FL, De Oliveira Ruellas AC, De Lima EM,
Bolognese AM. Natural changes of the maxillary first molars in
adolescents with skeletal Class II malocclusion. Am J Orthod
Dentofacial Orthop 2010;137:775-81.

Kapila S, Conley RS, Harrell WE, Jr. The current status of
cone beam computed tomography imaging in orthodontics.
Dentomaxillofac Radiol 2011;40:24-34.

Cattaneo PM, Bloch CB, Calmar D, Hjortshoj M, Melsen B.
Comparison between conventional and cone-beam computed
tomography-generated cephalograms. Am J Orthod Dentofacial
Orthop 2008;134:798-802.

Kumar V, Ludlow JB, Mol A, Cevidanes L. Comparison of
conventional and cone beam CT synthesized cephalograms.
Dentomaxillofac Radiol 2007;36:263-9.

Damstra J, Fourie Z, Ren Y. Comparison between
two-dimensional and midsagittal three-dimensional cephalometric
measurements of dry human skulls. Br J Oral Maxillofac Surg
2011;49:392-5.

Eliasson S, Welander U, Ahlqvist J. The cephalographic
projection. Part I: General considerations. Dentomaxillofac
Radiol 1982;11:117-22.

. Ahlqvist J, Eliasson S, Welander U. The cephalometric projection.

Part II. Principles of image distortion in cephalography.
Dentomaxillofac Radiol 1983;12:101-8.

Gron P. A geometrical evaluation of image size in dental
radiography. J Dent Res 1960;39:289-301.

Yoon YJ, Kim KS, Hwang MS, Kim HJ, Choi EH, Kim KW.
Effect of head rotation on lateral cephalometric radiographs.
Angle Orthod 2001;71:396-403.

Malkoc S, Sari Z, Usumez S, Koyuturk AE. The effect of
head rotation on cephalometric radiographs. Eur J Orthod
2005;27:315-21.

Van Aken J. Geometrical errors in lateral skull x-ray projections.
Ned Tidschr Tandheelkd 1963;70:18-30.

Bergersen EO. Enlargement and distortion in cephalometric
radiography: Compensation tables for linear measurements.
Angle Orthod 1980;50:230-44.

Slagsvold O, Pedersen K. Gonial angle distortion in lateral head
films: A methodologic study. Am J Orthod 1977;71:554-64.
Adams JW. Correction of error in cephalometric roentgenograms.
Angle Orthod 1940;10:3-13.

Nigerian Journal of Clinical Practice | Volume 22 | Issue 12 | December 2019 @



