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Introduction

Aim: To investigate the accuracy of measurements in verti-
cal and horizontal direction using an extra-oral calibration
object placed in different positions on the panoramic radio-
graph in JPEG and DICOM image format.

Methods: Digital panoramic radiographs of a purpose made
model with 32 removable teeth replaced with metal balls
were taken. The measurements of metal balls were per-
formed with and without the calibration object placed in
the middle or on the side of the radiograph in JPEG and
DICOM image formats.

Results: One sample t-test was used for the analyses of accu-
racy of measurements in vertical and horizontal direction.
The most accurate vertical measurements were achieved in
canine group in JPEG (6.02+0.04 mm, P=0.144) and DICOM
(6.03£0.07 mm, P=0.104) formats using calibration object
placed in the middle of the radiograph. The mean values of
measurements in horizontal direction differed significantly
from the real values (P<0.05) in all teeth groups regardless
of the image format.

Conclusion: The most accurate measurements in vertical
direction were achieved by placing the metal scale ruler
extra-orally in the middle of panoramic radiograph inde-
pendent of the image format. Reliable clinical accuracy for
measurements in horizontal direction was achieved only in
canine region (G2) in both image formats.

Panoramic radiography is commonly used imaging modality representing a valuable di-
agnostic tool in the dental clinical practice [1]. Widely available, at relatively low cost, it

allows visualization of dentoalveolar anatomy of both dental arches with low radiation
dose [2-5]. The panoramic radiograph also depicts numerous anatomic structures outside
jaws, creating further interpretation challenges for dental clinicians [1]. Additionally, pan-
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oramic radiographs are standard examination tools for the assessment of bone architec-
ture and are useful in planning of the initial diagnostic phase of the implant treatment
[5]. It may also be indicated for the purpose of postoperative assessment and periodic
review of implants [5]. Cone-beam computed tomography (CBCT) is required for preoper-
ative cross-sectional imaging when clinical conditions indicate a need for augmentation
procedures and bone reconstruction prior to the implant placement. In addition, CBCT
is indicated as postoperative imaging technique only if the patient presents the implant
mobility [5].

Dental clinicians in their daily practice are faced with different image formats: Joint
Photographic Experts Group (JPEG), Joint Photographic Experts Group 2000 (JPEG 2000),
Tagged Image File Format (TIFF), Graphics Interchange Format (GIF), Portable Network
Graphics (PNG), and Digital Imaging and Communication in Medicine (DICOM) [4]. Each
image format has characteristic advantages and disadvantages e.g. JPEG format can be
opened with different viewers while DICOM format can be opened with specific DICOM
viewer. Both image formats have to be considered while using images for clinical, edu-
cational or scientific purposes [6-8]. Panoramic radiography allows performance of mea-
surements on digital images using different software but users must be aware of their
characteristics (including certain imperfections).

Image distortion, due to variations in a degree of magnification in horizontal and vertical
planes, may affect the accuracy of linear measurements in panoramic radiographs [9, 10].

The aim of this study was to investigate the accuracy of measurements in vertical and hor-
izontal planes/directions using an extra-oral calibration object (metal scale ruler) placed
in different areas on a panoramic radiograph in two standard image formats (JPEG and
DICOM). We also investigated the distortion of images in different regions of the mandi-
ble and the maxilla. We hypothesized that the extra-oral calibration of digital panoramic
radiographs will improve the accuracy of measurements performed in dental practice in-
dependently of the image format.

Methods

In this test-model study the Transparent Demonstration Model (Hager&Werken GmbH,
Duisburg, Germany Ref: 355641) was used. The life size modelhad 32 removable teeth
which were replaced with 32 metal balls 6 mm in diameter. Each metal ball was embed-
ded in a block of silicone impression material (ExpressTM STD, 3M ESPE Deutchland
GmbH, Dental products, Neuss, Germany) and inserted in alveoli, in natural teeth posi-
tion. The model with 32 inserted metal balls was imaged in a digital panoramic X-ray unit
Orthopantomograph OP 200D (Instrumentarium Dental, Tuusula, Finland) in the Center
for Dental Radiology X-Dent, Split, Croatia. During imaging, the model was fixed on the
chin rest of the digital panoramic X-ray unit with the adhesive bandage to avoid any move-
ment (Figure 1). It was centered in the midline of the panoramic X-ray unit and was placed
horizontally perpendicular to the midline, using the laser light beam as a guide. The oil-
based clay (Plastelin, TOZ Penkala, Zagreb, Croatia) was placed on the inside front region
of the mandible to equalize attenuation of radiation. The X-ray tube was operated with
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settings of 66 kVp, 5.0 mA and an exposure time of 14.1 seconds. Panoramic examinations
were performed by the same radiographer.

A metal scale ruler of known length (50 mm) (Nasion Support ref, 6445 IMG,
Instrumentarium Dental, Tuusula, Finland) was used as an extra-oral calibration object. It
was placed on the holder of the chin rest in the middle of the model either in a vertical po-

sition or laterally on the side mark holder of the panoramic X-ray unit. It was fixed firmly
with the oil-based clay (Plastelin, TOZ Penkala, Zagreb, Croatia) (in the middle) or with the
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Figure 1. Transparent demonstration model with 32 inserted metal balls placed on the chinrest of the digital panoramic
unit with the metal scale ruler placed in the middle of the model (al); (a2) panoramic radiograph of the model with
metal scale ruler placed in the middle; A: metal ball; B: metal scale ruler; (b1) Transparent demonstration model with
32 metal balls inserted placed on the chin rest of the digital panoramic unit with the metal scale ruler placed laterally
on the side mark holder; (b2) panoramic radiograph of the model with the metal scale ruler placed on the side; A: metal
ball; B: metal scale ruler.

Three different images of the model were taken: without the calibration object, with the
calibration object placed in the middle of the panoramic radiograph, and one image with
the calibration object placed on the side.

The files were saved in DICOM image format in the center image archiving and communi-
cation database and converted in JPEG image format for later analyses. The images were
delivered through a Picture Archiving and Communication System (PACS) (DICOM) and
e-mailed (JPEG) to a personal computer (MacBook Pro 15.4%, Apple, Cupertino, USA) where
it was analyzed using the dental imaging software package CliniView 10.0.1.8 with the
DICOM viewer, version 2.6.2.1. (Instrumentaruim Dental, Tuusula, Finland), and integrated
calibration tool, which automatically calculated the distance between the selected points
to the nearest tenth of a millimeter. The same software was used for all measurements, in
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DICOM and JPEG image format with 100% image magnification and identical contrast and
brightness. Readings were recorded by the observer and stored as computer files.

Metal ball length evaluation

All panoramic radiographs were analyzed separately by three independent observers ex-
perienced in image interpretation and all three were blind to other observers’ results. One
observer was general dental practitioner with 15 years of clinical experience in dentist-
ry. The other two observers were radiographers, experienced in medical radiology and
trained in the field of dental radiography. Each image set (JPEG image format without the
calibration, JPEG image format with calibration object in the middle, JPEG image format
with calibration object on the side, DICOM image format with calibration object in the
middle and DICOM image format with calibration object on the side) was analyzed twice,
in a random order, in a different sessions at 2-week interval between viewing, to elimi-
nate memory bias. Prior to the official measurements, the observers practiced using the
software on the radiographs, which were not part of this study, in order to get familiar
with its functions. Each observer examined the largest horizontal and vertical distance on
each of 32 metal balls, randomly, on 5 different radiographs using a mouse-driven pointer
(Figure 2).

Figure 2. Measurements of the (A) vertical and (B) horizontal dimension of the metal ball on digital panoramic radio-
graph using dental imaging software.

Because of different image distortion in different panoramic radiograph regions, we di-
vided measurements in four groups according to the teeth position in dental arch (tooth
numbering): incisors (11, 12, 21, 22, 31, 32, 41, 42), canines (13, 23, 33, 43), premolars (14,
15, 24, 25, 34, 35, 44, 45) and molars (16, 17, 18, 26, 27, 28, 36, 37, 38, 46, 47, 48).

Statistical analysis

Statistical analysis was performed with MedCalc for Windows, version 11.5.1.0 (MedcCalc
Software, Mariakerke, Belgium). Intra and inter-class reliability was assessed with the
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Bland-Altman method by calculating the Interclass correlation coefficient (ICC). Data were
presented as mean + standard deviation and as median with range (minimum - maxi-
mum) for each group separately. One sample t-test was used for the analyses of differ-
ences between measured and real values of 32 metal balls in different teeth groups and
measurement methods. The distortion ratio (DR) was calculated for measurements of each
metal ball for vertical and horizontal plane as follows:

DR= (radiological metal ball diameter (mm))

(real metal ball diameter (6 mm))
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in four groups of teeth positions (Incisors, Canines, Premolars, Molars) [11]. The signifi-

cance level was set at P<0.05.

Results

Inter- and intra-observer reliability

Overall Interclass correlation coefficient (ICC) revealed high degree of inter- and intra- re-
liability between the observers and measurement sessions for all results (ICC=0.997, 95%
confidence interval (CI) 0.996 - 0.997, P<0.001) (Figure 3). ICC between Observer 1 and
Observer 2 was 0.991, between Observer 1 and Observer 3 0.992 and between Observer
2 and Observer 3 0.989, showing acceptable inter-agreements. The interpretation of the
intra-observer agreement was similar to the inter-observer agreement.

Radius [mm]
Or

q

4

T T T
Obs1 Obs2 Obs3

Figure 3. Overall distribution of the measured metal balls’ diameters between the three observers (Obs).

Overall accuracy of vertical and horizontal measurements of 32 metal balls with or
without the calibration object in JPEG and DICOM image format
The accuracy of measurements of 32 metal balls (6 mm diameter) showed differences

related to the measurement method (with or without the extra-oral calibration object),
group of the teeth measured (incisors, canines, premolars, molars) and the plane of the
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measurement (vertical or horizontal). Overall results of the accuracy of measurements are
shown in Table 1.

Table 1. Overall results of vertical and horizontal measurements of 32 metal balls with or without thecalibrationobjectin JPEG
and DICOM image format

Vertical measurement
Canines (G2) Premolars (G3)

Incisors (G1) Molars (G4)
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Measurement
method (mm i i i i
ethod ( ) Meanz Medlan « Meanzt Mecﬂan Meanzt Medmn Meant Medmn
D (min;- P D (min;- p* D (min;- p* D (min;- p*
max) max) max) max)
5.90 5.85 5.90 6.05
JPEG 1 5861005 ¢ a5 ) <0.001 58580.05 (g gnegq) <0.001 5.9380.08 (g gn1g) <0.001 604007 (qg0'1g) 0.005
6.00 6.00 6.10 6.20
JPEG 2 6031006 gne1) 0.056 6026004 ¢ hoe1g) 0.166 611007 ¢ o0 90) <0.001 6212010 ¢ oo ag) <0.001
6.00 6.00 6.10 6.20
DICOM 2 604007 (¢ o690 0.017 6038007 (¢ 00 90) 0.104 6126007 (¢ 006 90) <0.001 6226009 (¢ i ag) <0.001
7.10 7.10 7.20 7.30
JPEG 3 709007 5 507 90) <0.001 709005 5 00790) <0.001 TIS008 5 003 <0.001 7298009 ;109 60) <0.001
7.10 7.10 7.20 7.30
DICOM 3 7.08:0.08 ;00730 <0.001 TOTR07 (5009 90) <0.001 TATR00 5 00730) <0.001 7268008 ;1675 <0.001

Horizontal measurement
Canines (G2) Premolars (G3)

Measurement Incisors (G1)

Molars (G4)
methods

Median Median Median Median
mm Meant ) Meant - Meant . Meant .
) D (min;- p* D (min;- p* D (min;- p* D (min;- p*
max) max) max) max)
4.80 5.05 5.35 6.00
JPEG 1 4.76£0.30 <0.001 5.08£0.30 <0.001 5.39£0.42 <0.001 5.90£0.23 0.012
(4.405.30) (4.705.60) (4.70;6.00) (5.50;6.20)
495 5.20 5.60 6.10
JPEG 2 4.9540.29 <0.001 5.2340.35 <0.001 5.5540.45 <0.001 6.090.21 0.021
(4.50;5.40) (4.80;5.80) (4.80;6.20) (5.70;6.40)
495 515 5.60 6.10
DICOM 2 4.97:0.30 <0.001 5.2110.36 <0.001 5.5810.45 <0.001 6.08:0.21 0.033
(4.50;5.50) (4.705.90) (4.80;6.20) (5.60;6.40)
5.60 6.05 6.45 7.20
JPEG 3 5.60£0.32 <0.001 6.05£0.34 0.618 6.43:0.49 <0.001 7.110.28 <0.001
(5.20;6.20) (5.60;6.60) (5.60.7.20) (6.60,7.50)
5.60 6.00 6.40 7.10
DICOM 3 5.5740.29 <0.001 6.03£0.36 0.817 6.3840.53 0.002 7.0640.27 <0.001
(5.20;6.00) (5.40;6.50) (5.40.7.10) (6.60,7.50)

SD - standard deviation

* One sample t-test between measured and real values of 32 metal balls in different teeth groups and measurement methods.
JPEG 1, JPEG image without calibration; JPEG 2, JPEG image with the metal ruler in the middle; DICOM 2, DICOM image with
thle metal rﬁler i(rj1 the middle; JPEG 3, JPEG image with the metal ruler over the side; DICOM 3, DICOM image with the metal
ruler over the side.

Results of measurements of 32 metal balls performed in vertical and in horizontal direc-
tions in non-calibrated JPEG format differed significantly from the real metal ball diame-
ter (6 mm) in all teeth groups (P<0.05).

When JPEG image format with the calibration object positioned in the middle of the ra-
diograph were assessed by performing vertical and horizontal measurements of 32 metal
balls (6 mm diameter), the mean vertical values were 6.03+0.06 mm (P=0.056) in incisor
group and 6.02+0.04 mm (P=0.144) in canine group, while vertical measurements in pre-
molar and molar groups differed significantly from the real metal ball diameter (P<0.05).
The mean values of horizontal measurements of 32 metal balls differed significantly
(P<0.05) from the real values (6 mm) in all teeth groups.

When using DICOM image format with the calibration object positioned in the middle
of the radiograph the most accurate vertical measurements were in the canine group
(6.03+0.07 mm, P=0.104).

st-open.unist.hr
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Vertical and horizontal measurements with the calibration object placed on the side of the
image differed significantly from the real values in all teeth groups and in both used image
formats (P<0.05) with the exception for horizontal measurements in canine group in JPEG
(6.05+0.34, P=0.618) and DICOM (6.03+0.36, P=0.817) image formats.

The overall differences from the mean values of ball measurements performed in both
directions with the calibration object placed in different extra-oral positions of the radio-
graph in JPEG and DICOM image formats are shown in Table 2.

Table 2. Overall results of vertical and horizontal measurements of 32 metal balls with or without thecalibrationobjectin JPEG
and DICOM image foOverall mean differences from the mean values of vertical and horizontal metal ball measurements with
or without the calibration object placed in different extra-oral positions of the panoramic radiograph in JPEG and DICOM
image formats

Vertical measurement

Image

format* Molars (G4)

Canines (G2) Premolars (G3)

Incisors (G1)

MD 95% Cl MD 95% Cl MD 95% Cl MD 95% Cl
JPEG 1 -0.14 -0.16,-0.12 0.15 -0.18,-0.12 -0.07 -0.10,-0.04 0.04 0.01,0.06
JPEG 2 0.02 0.00, 0.05 0.02 -0.01,0.04 0.1 0.08,0.14 0.21 0.18,0.25
DICOM 2 0.04 0.01,0.07 0.03 -0.01,0.07 0.12 0.09,0.15 0.22 0.19,0.25
JPEG 3 1.09 1.06,1.12 1.09 1.06,1.12 1.15 1.12,1.19 1.29 1.26,1.32
DICOM 3 1.08 1.05,1.12 1.07 1.03,1.11 1.17 1.13,1.21 1.26 1.24,1.29

Horizontal measurement

Molars (G4)

Canines (G2) Premolars (G3)

Incisors (G1)

MD 95% Cl MD 95% Cl MD 95% Cl MD 95% Cl
JPEG 1 -1.24 -1.37,-1.11 -0.92 -1.11,-0.73 -0.61 -0.79,-0.44 -0.10 -0.18,-0.02
JPEG 2 -1.05 -1.17,-0.93 -0.77 -0.99,-0.55 -0.45 -0.63,-0.26 0.09 0.01,0.16
DICOM 2 -1.03 -1.16,-0.91 -0.79 -1.02,-0.56 -0.43 -0.62,-0.23 0.08 0.01,0.15
JPEG 3 -0.40 -0.53,-0.26 0.05 -0.16,0.26 0.43 0.22,0.63 1.11 1.02,1.21
DICOM 3 -0.43 -0.56,-0.31 0.02 -0.21,0.26 0.38 0.16, 0.60 1.06 0.96,1.15

MD - mean differences; Cl - confidence interval

*JPEG 1, JPEG image without calibration; JPEG 2, JPEG image with the metal ruler in the middle; DICOM 2, DICOM image with
the metal ruler in the middle; JPEG 3, JPEG image with the metal ruler on the side; DICOM 3, DICOM image with the metal ruler
on the side.

Distortion ratio (DR) of 32 metal balls with or without the calibration in JPEG and
DICOM image format

Image distortion is a result of specific geometric projections of panoramic radiography.
The values of the calculated metal balls DRs are in accordance with the real measurement
values. Distribution of DRs with or without the calibration in different image formats are

shown in Table 3.
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Table 3. Distortion ratio of 32 metal balls with or without the calibration in JPEG and DICOM image format
Image format*

ﬂ Plane
O measure- . . . . .
— ment Meant Medlgn Meanzt Medla}n Meant Medlgn Meanzt Meqla.m Meant Medla}n
= D (min;- D (min;- D (min;- D (min;- D (min;-
=< max) max) max) max) max)
. 0.98 1.00 1.00 1.18 1.18
0.98+0.01 1.00£0.01 1.01£0.01 1.1810.01 1.1840.01
g - Incisors (0.97,0.98) (0.98,1.02) (1.00;1.03) (1.171.20) (1.17:1.22)
o © E C i 0.97+0.01 097 1.00£0.01 1.00 1.01£0.01 1.00 1.1810.01 118 1.1840.01 118
5 S D o anines e (0.97098) (1.001.02) (1.001.03) (171200 (1.17;1.20)
w E E ° P | 0.99:0.01 0.98 1.0210.01 1.02 1.0210.01 1.02 1.1910.01 120 1.20£0.02 120
IS:J E remolars R (0.97;1.02) o (1.00;1.03) T (1.00;1.03) T (1.17,1.22) T (1.171.22)
1.01 1.03 1.03 1.22 1.22
1.0120.01 1.0410.02 1.0410.02 1.2210.01 1.21£0.01
Molars (0.981.02) (1.0071.07) (1.001.07) (1.181.25) (1.181.25)
. 0.80 0.82 0.82 0.93 0.93
.7910. .8310. .8310. 19310, .9310.
o Incisors 0.79:0.05 (0.73;0.88) 0.83:0.05 (0.75;0.90) 0.830.05 (0.75,0.92) 0.93£0.05 (0.87;1.03) 0.93:0.05 (0.87;1.00)
(_*3 5 C i 0.85+0.05 084 0.8710.06 0.87 0.870.06 086 1.010.06 101 1.00£0.06 1.00
S g o anines o (078,093 (0.80;097) (0.78,098) (0931100 (0.90;1.08)
N =~
= 2 0.89 0.93 0.93 1.08 1.07
s .9040.07 .93+0.07 19340, 1.0740. 1.06+0.09
3 Premolars 09000 (0.78;1.00) 0.93:0.0 (0.80;1.03) 0.93:0.08 (0.80;1.03) 07:0.08 (0.93;1.20) 06£0.0 (0.90;1.18)
E 1.00 1.02 1.02 1.20 1.18
0.98+0.04 | 1.01+0.04 . 1.0110.03 | 1.1910.05 X 1.1840.04 |
Molars (0.92;1.03) (0.95;1.07) (0.93;1.07) (1.10;1.25) (1.10;1.25)

SD - standard deviation; DR - distortion ratio

*JPEG 1, JPEG image without calibration; JPEG 2, JPEG image with the metal ruler in the middle; DICOM 2, DICOM image
with the metal ruler in the middle; JPEG 3, JPEG image with the metal ruler overside; DICOM 3, DICOM image with the metal
ruler over side.

Discussion

In this study we used the metal scale ruler placed extra-orally so that it appears in the
middle of the panoramic radiograph as the most accurate calibration object [22]. In our
study vertical distortion ratio varied from mean of 1.00 in incisor and canine region to
1.04 in molar region on JPEG image format with calibration achieved by the metal ruler
being positioned in the middle of the panoramic radiograph, similarly as in DICOM image
format. When measurements were performed in horizontal direction, it was found that
differences could be related to the position of a specific tooth within each dental arch.
The most accurate measurements in horizontal direction with the calibration metal ruler
placed in the middle of the panoramic radiograph were registered in molar region (G4)
in both JPEG (6.09+0.21 mm, P=0.021) and DICOM image formats (6.08+0.21 mm, P=0.033),
while the same measurements in other three groups were less precise. Our results of
horizontal measurements of 32 metal balls on digital panoramic radiographs are in agree-
ment with similar measurements performed in other studies [16, 25, 26]. Vertical mea-
surements in both JPEG and DICOM image formats, regardless of the calibration object
position, were very different when compared to the horizontal measurements. The 95%
confidence interval revealed differences between horizontal and vertical measurements,
depending on the position of the calibration object. For vertical measurements, in JPEG
and DICOM image formats with a calibration object positioned sideways, there was sta-
tistical significance in all groups of teeth. However, in horizontal measurements, there
was no statistical significance within the groups of teeth. Although the differences of the
horizontally measured objects in our study were statistically significant, it is questionable
how it can be implicated in the clinical practice. Dental clinicians should be aware of the
distance overestimation between the upper limit of the alveolar ridge and the upper limit
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of the mandibular canal, as it can lead to the implant insertion in the mandibular canal
causing paresthesia [19, 24, 27, 28]. Also, the underestimation of the available bone height
may lead the choosing of the smaller implant than needed, which can compromise the
treatment success [24]. Therefore, in certain clinical cases it would be advantageous to
use more precise radiological techniques such as new generation of dental panoramic ra-
diographic equipment with tomosynthesis and cone beam computed tomography (CBCT)
[4-6, 29, 30].

Previous studies have shown that digital panoramic radiography is reliable method for
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vertical measurements, mainly in posterior region of the mandible [11-19]. Vazquez et al.
evaluated the measurement accuracy of digital panoramic radiographs using posterior

mandibular implants and metal balls as reference objects and showed reliable accura-
cy in both modalities [14]. They did not find any significant differences in the vertical
measurements of implants (the mean vertical DR=0.99) and metal balls (the mean vertical
DR=0.97), respectively, and the accuracy was unrelated to the mandibular sites [14]. Many
previous studies reported the accuracy of vertical measurements on digital panoramic
radiographs but there is limited evidence regarding the accuracy of horizontal measure-
ments [14, 19-25].

The limitation of this study was the lack of in vivo characteristics of our model. Since teeth
with different positions within the dental arch appear slightly different on radiographs,
mainly due to the distortion, we believe that extra-oral placing of the calibration device,
so that it appears in the middle of the image, can reduce measuring errors. However, our
results need to be confirmed in future in vivo studies.
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