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Comparison of measurement errors between conventional,
digital cephalographs and hardcopies.
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The purpose of this study was to evaluate the measurement error between conventional films, digital cephalographs and
hardcopy. The material consisted of 29 cephalographs which used image modality of Asahi CX-90SP in the Kyung Hee University
Dental Hospital. One observer measured fiducial measurements at an interval of four weeks. Measurement error was tested by
Dahlberg’ s formula. A paired t-test was used to detect it between each modality.

The results are as follows;

1. The monitor-displayed digital image showed enlargement compared with the conventional image. The cephalometric
measurements of the monitor-displayed digital image and conventional image were no statistically significant difference
except SNB.

2. In conventional image, measurement errors of linear and angular measurements were 0.23mm, 0.36°, respective. In monitor-
displayed digital image, measurement errors of linear and angular measurements were 0.63mm, 0.48°, respective.

3. The reduction ratio of hardcopy was 1.01% compared to the monitor-displayed digital image.

Based on the results, it indicates that the digital cephalographs and hardcopy using storage phosphor digital radiography showed
the same accuracy as the conventional films in clinical use.
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Fig 1. (A) Diagram of the acrylic template. Eight steel balls (2mm in diameter) are attached on it.
(B) Lateral cephalograph with eight fiducial points.

Table 1. Definition of the cephalometric landmarks and lines used in this study

Landmarks and lines

Definitions

Nasion (N)

Sella Turcica (S)
Point A (A)

Point B (B)

Articulare (Ar)

Gonial Intersection (Gol)
Pogonion Intersection (Pgl)

Menton (Me)
Anterior Nasal Spine (ANS)

Posterior Nasal Spine (PNS)
Upper incisor incisal edge (U1E)
Upper incisor apex (UTA)

Lower incisor incisal edge (LI1E)
Lower incisor apex (L1A)

Sella Nasion plane (SN)
Palatal plane (PP)

Mandibular plane (MP)

Upper incisor long axis (U1)
Lower incisor long axis (L1)

The junction of the frontonasal suture at the most posterior point on the curve at the
bridge of the nose.

The center of the pituitary fossa of the sphenoid bone.

The most posterior point on the curve of the maxilla between the anterior nasal spine and
supradentale.

The point most posterior to a line from infradentale to pogonion on the anterior surface of
the symphyseal outline of the mandible.

The point of intersection of the inferior cranial base surface and the averaged posterior
surfaces of the mandibualr condyles.

The intersection of the mandibular plane with a plane through articulare, posterior and
along the portion of the mandibular ramus inferior to it.

The point of intersection of the mandibular plane and a perpendicular tangent line to the
bony symphysis.

The most inferior point on the symphyseal outline.

The tip of the median, sharp bony process of the maxilla at the lower margin of the
anterior nasal opening.

The most posterior point at the sagittal plane on the bony hard palate.

The incisal tip of the maxillary central incisor.

The root tip of the maxillary central incisor.

The incisal tip of the mandibular central incisor

The root tip of the mandibular central incisor.

A line through Sella and Nasion

A line through ANS and PNS.

A line through Me and Gol.

A line through U1E and UTA

A line through L1E and L1A
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Table 2. Definition of the cephalometric measurements

Variables Unit Definitions

N-Me mm Anterior facial height: Distance between N and Me

S-Gol mm Posterior facial height: Distance between S and Gol

S-N mm Anterior cranial base length: Distance between S and N
S-Ar mm Posterior cranial base length: Distance between S and Ar
Ar-Gol mm Mandibular ramus height: Distance between Ar and Gol
Gol-Pgl mm Mandibular body length: Distance between Gol and Pol
SNA degree(®) protrusion of the maxilla: Angle between S-N and N-A
SNB degree(®) Protrusion of the mandible: Angle between S-N and N-B
SN to MP degree(®) Mandibular plane angle: Angle between S-N and Pol-Gol
SN to PP degree(®) Palatal plane angle: Angle between S-N and ANS-PNS

Ul to SN degree(”) Upper cental incisor inclination: Angle between S-N line and U1 long axis
L1 to MP degree(®) Lower central incisor inclination: Angle between MP and L1

Fig 2. Cephalometric landmarks and lines used in
this study.
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Table 3. Measurements of lateral cephalometric variables of conventional cephalographs and monitor-displayed digital image

C D C minus D
Mean = SD Mean = SD difference Sig
N-Me (mm) 134.06 £ 6.80 135.68 £ 7.19 -1.62 NS
S-Gol (mm) 92.31 £ 8.42 92.54 % 8.41 -0.22 NS
S-N (mm) 73.25 *+ 3.54 74.14 £+ 3.66 -0.88 NS
S-Ar (mm) 40.76 * 3.69 40.62 *+ 3.67 0.14 NS
Ar-Gol (mm) 54,98 + 6.76 55.30 + 6.93 -0.32 NS
Gol-Pgl (mm) 83.75 £ 584 83.79 + 6.57 -0.04 NS
SNA (°) 81.81 £ 3.19 82.61 = 3.37 -0.79 NS
SNB (°) 79.19 £ 3.61 79.51 £ 3.92 -0.32 *
SN-MP (°) 3255 = 7.76 3328 £ 7.73 -0.73 NS
SN-PP (°) 9.43 + 281 9.07 £ 2.92 0.36 NS
U1l to SN (°) 107.47 £ 6.67 108.67 * 6.01 -1.21 NS
L1 to MP (°) 98.00 £+ 6.59 100.25 + 7.37 -2.25 NS

NS : not significant level, *: p{0.05

C, conventional cephalographs; D, monitor-displayed image; SD, standard deviation;
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Table 4, Measurement errors of the cephalometric measurement from conventional image and monitor-displayed digital image

© D © D
N-Me (mm) 0.22 0.40 SNA (°) 0.33 0.43
S-Gol (mm) 0.24 0.75 SNB (°) 0.09 0.23
S-N (mm) 0.10 0.20 SN-MP (°) 0.17 0.13
S-Ar (mm) 0.21 0.30 SN-PP (°) 0.24 0.45
Ar-Gol (mm) 0.37 0.46 U1l to SN (°) 0.66 0.76
Gol-Pgl (mm) 0.23 168 L1 to MP (°) 0.69 0.90
average(mm) 0.23 0.63 average(®) 0.36 0.48

C, conventional cephalographs; D, monitor-displayed image

Table 5. Fiducial measurements and mean enlargement of the fiducial measurements between monitor-displayed digital image
and digital hardcopy

D H Enlargement of D compared with H

Mean + SD(mm) Mean + SD(mm) Ratio (%) Sig
al-a3 222.49 + 0.98 220.73 = 0.52 1.01 NS
b1-b3 224711 + 0.85 222.66 + 1.56 1.01 NS
c1-c3 22491 + 1.02 223.18 + 0.68 1.01 NS
al-cl 262.15 + 1.24 260.55 + 0.60 1.01 NS
a2-c2 262.27 £ 1.27 260.25 + 0.35 1.01 NS
a3-c3 262.73 £ 1.16 260.98 £ 0.58 1.01 NS
al-c3 345.42 + 1.58 34297 £ 0.59 1.01 NS
a3-cl 34453 + 1.52 342.32 £ 0.13 1.01 NS

D, monitor-displayed digital image; H, digital hardcopy.
SD, standard deviation; NS; not Significant *: p<0.05
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