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Abstract
Objectives To re-examine the reliability of distance
measurements on clinical panoramic radiographs by comparing them with computed tomography (CT) images, from
which the most accurate distance measurement is possible.
Methods Twenty pairs of images from patients examined
both with panoramic radiography and CT for dental
implant treatment planning in the premolar and molar
regions of the mandible were used. The vertical linear
distance between the alveolar crest and the closest mandibular canal was measured by three experienced oral
radiologists on both images. The distances measured on
panoramic radiographs were corrected for the magnification factor at the focal plane. Double-oblique cross-sectional images were used for CT. Pearson’s correlation
coefficient was calculated between distances obtained from
both images. The paired t test was performed for statistical
comparison. Error levels with the panoramic radiograph
versus the CT image were also calculated.
Results Pearson’s correlation coefficient showed a significant strong linear correlation (R = 0.90; p \ 0.01).
However, the corrected value of distance measured on
panoramic radiographs tended to be too small, and a significant difference was observed (p \ 0.05). The error level
was approximately 10% (9.6 ± 7.3%).

Conclusions Distance measurement on clinical panoramic radiographs is less reliable than CT images and
cannot be recommended.
Keywords Panoramic radiography  Distance 
Measurement  CT

Introduction
Assessment of available alveolar bone is essential in dental
implant treatment planning. Although computed tomography (CT) is considered to be the best preoperative imaging
technique to evaluate bone morphology and measure distances three-dimensionally [1–3], panoramic radiography
is frequently used as a simple, low-cost, and low-dose
diagnostic tool [4]. While the efficacy of CT for linear
distance measurements at implant recipient sites has been
demonstrated in many studies [1, 2, 5–8], many reports
argue that panoramic radiography is sufficiently reliable for
the evaluation of available bone height [9–11]. The purpose
of this study was to re-examine the reliability of distance
measurements on clinical panoramic radiographs by comparing them with CT images, from which the most accurate
distance measurement is possible.

Materials and methods
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Twenty pairs of images from patients examined both with
panoramic radiography and CT for dental implant treatment planning in the premolar and molar regions of the
mandible were used. All images were obtained with diagnostic stents to decide the position and the inserting
direction of implants, and were sequentially selected from

Oral Radiol (2010) 26:16–19

17

Fig. 1 Measurement of linear distance on a panoramic radiograph

image inspection records. Panoramic radiographs were
obtained digitally with a computed radiography system
(FCR5000R plus; Fuji Film Co., Tokyo, Japan) and a
panoramic X-ray unit (Veraviewepocs; Morita Co., Kyoto,
Japan). The CT images were obtained with a SOMATOM
Plus4 VolumeZoom (Siemens AG, Erlangen, Germany).
Slice thickness was set at 0.5 mm.
The vertical linear distance between the alveolar crest
and the mandibular canal was measured by three
experienced oral radiologists on both images. Two measurement points on each image were chosen, referring to
the position and the direction of the stent. Measurement
on the panoramic radiograph was performed by using a
DICOM viewer software (AOC; Array Co., Tokyo,
Japan), as shown in Fig. 1. The measured distance was
corrected for the magnification factor at the focal plane.
According to the manual provided by the manufacturer,
the magnification factor of the unit used at the focal
plane is constant, at 1.3. This factor was also verified
experimentally [12]. The value corrected with the
magnification factor at the focal plane was used as
the distance obtained from the panoramic radiograph.
Measurements on the CT image were performed threedimensionally, using 3D DICOM viewer software
(ExaVision LITE; Ziosoft Inc., Tokyo, Japan), which
enables multiplanar reconstruction to be carried out, as
shown in Fig. 2. Double-oblique cross-sectional images
were used for measurements.
Pearson’s correlation coefficient was calculated between
distances measured from CT images and distances obtained

Fig. 2 Measurement of linear distance on a CT image

with panoramic radiographs. The paired t test was performed for statistical comparison between them. Error
levels were also calculated with the following formula:

Error level ¼ Dc  Dp =Dc  100ð%Þ;
where Dc and Dp are distances measured on CT images and
distances obtained with panoramic radiographs, respectively. Calculations and statistical analyses were carried
out by using Excel 2007 (Microsoft Co., Ltd, Tokyo,
Japan).

Results
Figure 3 shows a scatter diagram between distances measured on CT images and distances obtained with panoramic
radiographs. Pearson’s correlation coefficient showed a
significant, strong linear correlation (R = 0.90; p \ 0.01).
The distances obtained, however, are not systematically
distributed on the same line. Also, the distances obtained
with panoramic radiographs tended to be too small. As
indicated in Table 1, a significant difference was observed
between them (p \ 0.05). The error level with panoramic
radiographs versus CT images was approximately 10%
(9.6 ± 7.3%; Table 2).
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Fig. 3 Agreement of distances measured on CT images and distances
obtained with panoramic radiographs

Table 1 Statistical analysis of distances measured on CT images and
distances obtained with panoramic radiographs (p = 0.04)

Mean (mm)
Standard deviation (mm)

CT image

Panoramic radiograph
(corrected value)

15.7

14.4

3.5

3.4

References

Table 2 Error level with panoramic radiographs versus CT images
Range (%)

0.1–28.3

Mean (%)

9.6

Standard deviation (%)

7.3

Discussion
Although distances measured on CT images and distances
obtained with panoramic radiographs showed a strong
correlation, the agreement was poor. The correlation
coefficient is an index representing only correlativity
between two data sets. A high correlation coefficient in
some comparison group versus a control group does not
mean consistency. Specifically, a high correlation coefficient between panoramic radiography and CT, with which
distance can be measured accurately, does not ensure the
reliability of panoramic radiography in terms of distance
measurement. In fact, the error level of about 10% is
generally unacceptable in measuring a physical quantity.
Thus, we do not recommend distance measurements with
panoramic radiography because they are not as reliable as
those with CT, which is recognized as the most reliable
method for distance measurement.
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This unreliability is due to two reasons, which can be
explained theoretically [13]. The first is the magnification
factor, which is position-dependent. The vertical and horizontal magnification factors are identical at the focal
plane, but the factors in both directions vary differently at
sites other than the focal plane. While the vertical magnification factor varies relatively slowly with distance from
the focal plane, the horizontal magnification factor varies
rapidly. That is, structures at sites other than the focal plane
are not only magnified with a different magnification factor, but are magnified differently in the vertical and horizontal directions. The second is the incident angle of
X-rays to structures. X-rays are not necessarily directed
perpendicularly to the straight line used to measure distance. In this case, the corrected value of distance becomes
smaller than the actual one. The unreliability caused by
these two factors cannot be remedied by any correction
method. Moreover, variation in positioning of patients
further complicates the effects and decreases the reliability
of distance measurement on panoramic radiographs
[14, 15]. Thus, we conclude that distance measurements
from clinical panoramic radiographs are less reliable than
those from CT images and are not recommended.
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available bone for interforaminal implant treatment using conebeam computed tomography. Med Oral Patol Oral Cir Bucal.
2008;13:E307–12.
8. Peker I, Alkurt MT, Michcioglu T. The use of 3 different imaging
methods for the localization of the mandibular canal in dental

Oral Radiol (2010) 26:16–19
implant planning. Int J Oral Maxillofac Implants. 2008;23:463–
70.
9. Akdeniz BG, Oksan T, Kovanlikaya I, Genç I. Evaluation of bone
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