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ABSTRACT

Purpose : The purpose of this study was to evaluate a new technique for localizing impacted mesiodens using its
horizontal magnification ratio on panoramic radiographs.

Materials and Methods : Location-magnification equation of a panoramic equipment was obtained from horizontal
magnification ratio of ametal ball which was located variable positions from the center of image layer at interval of
2mm. Panoramic radiographs were obtained from a skull phantom with a metal ball which was a substitute for im-
pacted mesiodens and was embedded 10 mm (Group 1), 15mm(Group 2), and 20mm(Group 3) posterior to the
central incisor. Each group obtained 7 panoramic radiographs at variable positions and one periapical radiograph.
Three methods were used to estimate the actual width of the incisors and the balls which were used to calculate the
magnification ratio. The methods included using the actual incisor width and the calculated ball width (Method 1),
using the actua incisor width and the ball widths measured on periapical radiograph (Method 2), and using the incisor
and the ball widths measured on periapica radiograph (Method 3). The location of the metal ball was calculated by
using the location-magnification equation.

Results: The smallest difference between the calculated and the actual distance was 0.1+ 0.7 mm in Group 1/ Method
3. Thelargest difference was —4.2+ 1.6 mm in Group 3/Method 2. In all groups, method 3 was the most accurate.
Conclusion : Quantitative localization of impacted mesiodens is possible by using panoramic radiograph. (Imaging

Sci Dent 2011; 41 : 63-9)
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I ntroduction

The term “mesiodens’ refers to a supernumerary tooth
located between maxillary central incisors." Mesiodensis
atype of supernumerary tooth that appears most frequent-
ly, between 47% and 67% of cases, with a prevalence of
0.15-1.9% in the general population.>* Most of the mesio-
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dentes are impacted.*

Asymptomatic unerupted mesiodens may be discovered
during aradiological examination of the premaxillary area.
Mesiodens may give rise to avariety of complications such
as impaction, delayed eruption and ectopic eruption of
adjacent teeth, crowding, diastema, axia rotation, radicu-
lar resorption of adjacent teeth, and dentigerous cyst.>®

There are radiographic localization methods for mesio-
dens such as tube shift technique,” right angle technique,
conventional tomography,® computed tomography (CT),
and cone beam computed tomography (CBCT).* The tube
shift technique is broadly used to verify the location of the
mesiodens, however it is impossible to confirm the exact
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location quantitatively.” The right angle technique using
lateral cephalometric radiograph provides the exact loca
tion of the mesiodens, however multiple teeth, especialy
in the mixed dentition state, can overlap the mesiodens. In
this situation, it is difficult to find the mesiodens.* The CT
and CBCT are the most accurate methods to obtain the
information of the location in millimeter scale since they
provide three dimensional information.® However, they
are expensive and emit high dose radiation. The radiation
dose of CBCT islower than that of conventional CT, how-
ever it is higher than that of conventional radiography.®

Panoramic radiography is a curvilinear variant of the
conventional tomography. The objects out of the image
layer are blurred and magnified or reduced in size. The
change of horizontal dimension is more severe than that of
vertical dimension. The horizontal magnification ratio in-
creases steeply with the distance from the center of the
image layer facing the rotation center.***™ The ratio dec-
reases as the distance toward the film increases. The hori-
zontal change is more severe on the anterior region than
on the posterior region."* Theoretically, it is possible to
localize the object if its horizontal magnification ratio in
the panoramic radiography is known.

The purpose of this study was to evaluate a new techni-
que for localizing impacted mesiodens using its horizontal
magnification ratio on the panoramic radiograph.

Materialsand M ethods

A metal ball of 5mm diameter was attached along the
midline of the palatal region of an artificial skull phantom
(3B Scientific, Hamburg, Germany). The ball was fixed
with baseplate wax at a location 20 mm posterior to the
contact point of the two central incisors(Fig. 1). The crown
widths of the right and left central incisors were measured
using vernier calipers(Mitutoyo, Kawasaki, Japan), and
they measured 7.78 mm and 7.87 mm, respectively. This
skull phantom was used to obtain the distance-magnifica-
tion equation of the panoramic equipment. The metal ball
within the phantom was located at the distance of —16,
—-14, -12, -10, -8, -6, -4, —2,0, 2,4, 6, 8, 10, 12, 14,
and 16 mm from the center of the image layer (0mm), res-
pectively, and then panoramic radiographs were obtained
using Proline XC (Planmeca, Helsinki, Finland) at 60kV
and 4mA at the 17 positions according to the manufac-
turer’s instruction except for the anteroposterior location.
Therefore atota of 17 radiographs were obtained. To com-
pensate the radiopacity of cervical vertebrae, the 1.5 liter
Polyethylene terephthalate (PETE) bottle filled with water

Fig. 1. Metal ball as a substitute for mesiodens was placed on the
palatal area of the skull model.
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Fig. 2. Skull phantom is positioned for panoramic radiograph.

was used (Fig. 2). The computed radiography (CR) system
(FCR 5000, Fuji, Tokyo, Japan) was used as the imaging
system and the images were saved as DICOM files. The
horizontal width of the metal ball on the panoramic radio-
graph was measured using the measuring tool of the sys-
tem. The measurement was performed on each image
twice and the mean value of two separate measurements
was used as data. To obtain the magnification ratio accord-
ing to the location of the ball, the measured ball width was
divided by the actual ball width (5mm). The location-mag-
nification equation was obtained by applying simple re-
gression analysis to the location of ball ranging from —16
mm to 16 mm, and the magnification ratio according to
the location.
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In order to simulate the impacted mesiodens, the same
metal ball was fixed at locations 10 (group 1), 15(group 2),
and 20 mm (group 3) posterior to the contact point of the
central incisors, and 7 panoramic radiographs were obtain-
ed for each group at the normal patient position (position
0), 2, 4, and 6 mm anterior to the normal position (position
—2, —4, and —6, respectively), and 2, 4, and 6 mm poste-
rior to the normal position (position 2, 4, and 6, respective-
ly) (Figs. 2 and 3). The horizontal crown widths of the
right and left central incisors and the metal ball on the pa-
noramic image were measured using measuring device of
the CR system and the mean value of two separate mea-
surements was used as data.

Periapical radiographs using paralleling technique were
taken on all 3 sets of the skulls mentioned above (10, 15,

Fig. 3. Cropped panoramic radiographs. A. Group 1, B. Group 2,
C. Group 3.
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and 20mm). Heliodent DS X-ray generator (Sirona, Ben-
sheim, Germany) was used at 60kV. They were digitized
at 600dpi using film scanner (PowerLook 11, UMAX Data
System Inc, Taipei, Taiwan). The numbers of the pixels
corresponding to the width of central incisors and balls
were counted and then were converted to millimeter scale.
The average of two separate counting on each image was
used as data.

The actual width of the abject is essential in calculating
the horizontal magnification ratio of panoramic radiograph.
The width of a central incisor can be measured directly on
the actual tooth or indirectly on the dental model. How-
ever, that of an impacted mesiodens cannot be measured,
therefore it should be estimated. In this study, three me-
thods were used to obtain the widths of the incisors and the
ball, and then the widths were used to calculate the hori-
zontal magnification ratio of the panoramic radiographs.

Three methods were used to obtain the widths of the
incisors and the ball; the incisors - measured on the phan-
tom, the ball - calculated considering the magnification
ratio of the incisor on the periapical radiograph (Method
1), the incisors - measured on the phantom, the ball - mea-
sured on the periapical radiograph (Method 2), both of the
incisors and ball - measured on the periapical radiograph
(Method 3). These were considered as the actual widths
of theincisors and ball.

The distance from the center of the image layer to thein-
cisors and metal ball was calculated by using the distance-
magnification equation, and then the distance between the
incisor and metal ball was calculated by means of the dif-
ference from the center of the image layer. The calculated
distance was compared with the actual distance measured
on the phantom.

ANOVA for repeated measures was used with the fac-
tors for Group (3 groups) and Method (3 methods).

Results

The magnification ratios at locations 16 mm labia and
16 mm palatal from the center of the image layer were
83.8% and 270.3%, respectively. The location-magnifica-

Table 1. Widths of central incisors and metal balls on periapical
radiographs (mm)

Distance 10 Distance 15 Distance 20
#11 8.50 8.48 8.54
#21 8.50 8.54 8.48
Ball 5.40 5.27 5.27

#11: right central incisor, #21: left central incisor
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Table 2. Horizontal magnification ratios(%) of incisors and balls on panoramic radiographs by using Method 1

. Group 1 Group 2 Group 3
Position
#11 #21 Ball #11 #21 Ball #11 #21 Ball
-6 85.9 82.9 108.9 84.9 83.9 120.5 83.9 82.0 136.2
-4 89.8 87.8 1132 89.8 88.8 128.3 88.8 87.8 148.7
-2 92.7 90.5 117.5 93.7 93.3 139.3 92.7 90.5 170.2
0 98.6 97.1 124.2 99.4 97.1 150.3 98.6 97.1 189.1
2 104.1 102.0 1329 103.2 101.0 171.8 103.2 103.0 209.0
4 1110 108.8 145.1 109.0 107.8 189.1 108.1 109.7 239.9
6 1159 1133 164.6 117.9 114.3 220.0 113.9 112.3 278.6
#11: right central incisor, #21: left central incisor
Table 3. Horizontal magnification ratios(%) of incisors and balls on panoramic radiographs by using Method 2
. Group 1 Group 2 Group 3
Position
#11 #21 Ball #11 #21 Ball #11 #21 Ball
-6 859 82.9 100.2 84.9 83.9 110.9 839 82.0 1253
-4 89.8 87.8 104.2 89.8 88.8 1181 88.8 87.8 136.9
-2 92.7 90.5 108.2 93.7 93.3 128.2 92.7 90.5 156.6
0 98.6 97.1 114.3 99.4 97.1 138.3 98.6 97.1 174.0
2 104.1 102.0 122.3 103.2 101.0 158.1 103.2 103.0 192.3
4 1110 108.8 133.6 109.0 107.8 1740 108.1 109.7 220.7
6 1159 1133 151.5 117.9 114.3 202.4 113.9 1123 256.4

#11: right central incisor, #21: |eft central incisor

tion equation obtained was y=0.0000007x>—0.005x?+
1.1861x —84.982 (y: distance from the center of the image
layer; x: magnification ratio) with R?=0.9986 (Fig. 4).
Table 1 shows the widths of the central incisors and the
metal ball on the periapical radiographs. Tables 2, 3, and 4
show the horizontal magnification ratio of the incisors and

the ball on the panoramic radiographs according to Method
1,2, and 3, and Tables 5, 6, and 7 show the distance of the
incisor and the ball from the center of the image layer.
Table 8 and Fig. 5 show the calculated distances between
the incisor and the ball. Table 9 shows the differences
between the calculated and actual distances. The smallest
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Table 4. Horizontal magnification ratios (%) of incisors and balls on panoramic radiographs by using Method 3

. Group 1 Group 2 Group 3
Position
#11 #21 Ball #11 #21 Ball #11 #21 Ball
-6 78.6 76.8 100.2 779 77.3 110.9 76.4 76.1 125.3
-4 82.2 81.3 104.2 824 81.8 118.1 80.9 815 136.9
-2 84.9 83.8 108.2 86.0 86.0 128.2 84.5 84.0 156.6
0 90.2 89.9 114.3 91.2 89.5 138.3 89.8 90.2 174.0
2 95.3 94.4 122.3 94.7 93.1 158.1 94.0 95.5 192.3
4 101.6 100.7 133.6 100.0 99.3 174.0 98.4 101.8 220.7
6 106.1 104.9 1515 108.1 105.3 202.4 103.8 104.2 256.4

#11: right central incisor, #21: |eft central incisor

Table 5. Calculated distance of incisors and balls from the center of image layer by using Method 1 (mm)

. Group 1 Group 2 Group 3
Position

#11 #21 Ball #11 #21 Ball #11 #21 Ball
-6 -15.6 -17.0 -6.1 -16.0 —16.5 -24 -16.5 -175 15
-4 -13.7 —14.7 -4.6 -13.7 —14.2 -0.3 -14.2 —14.7 39
-2 -12.4 -134 -33 -120 -12.2 21 -12.4 -134 6.6
0 -9.9 —10.5 -14 -9.6 —10.5 4.1 -9.9 —10.5 7.8
2 -7.8 -8.6 0.8 -81 -9.0 6.7 -81 -8.2 84
4 -54 -6.1 32 -6.0 -6.5 7.8 -6.4 -5.8 85
6 -38 -4.6 6.0 -3.2 -4.3 8.5 -44 -4.9 8.7

#11: right central incisor, #21: left central incisor

Table 6. Calculated distance of incisors and balls from the center of image layer by using Method 2 (mm)

o Group 1 Group 2 Group 3
Position

#11 #21 Ball #11 #21 Ball #11 #21 Ball
) —-15.6 -17.0 -9.3 -16.0 -16.5 —-54 -16.5 -175 -1.1
-4 —-13.7 —-14.7 -7.8 —-13.7 —-14.2 -31 —-14.2 —-14.7 16
-2 —-12.4 -13.4 -6.3 -12.0 -12.2 -0.3 —-12.4 -13.4 5.0
0 -9.9 -10.5 -4.3 -9.6 -10.5 19 -9.9 -10.5 6.9
2 -7.8 —8.6 -1.9 -81 -9.0 5.2 -81 -8.2 8.0
4 -54 -6.1 0.9 -6.0 —6.5 6.9 -6.4 -5.8 85
6 -3.8 —-4.6 4.3 -3.2 —-4.3 8.3 —-4.4 —-4.9 8.4

#11: right central incisor, #21: left central incisor

Table 7. Calculated distance of incisors and balls from the center of image layer by using Method 3 (mm)

. Group 1 Group 2 Group 3
Position

#11 #21 Ball #11 #21 Ball #11 #21 Ball
-6 -19.3 -20.2 -9.3 -19.6 -19.9 -54 -204 —20.6 -11
-4 —-17.4 -17.8 -7.8 -17.3 -17.6 -31 —18.0 -17.8 16
-2 -16.1 —16.6 -6.3 -155 -155 -0.3 -16.2 —16.5 5.0
0 -135 —13.7 -4.3 -131 -13.8 19 -13.7 -13.6 6.9
2 -11.3 -11.7 -19 -11.6 -122 52 -11.9 -11.2 8.0
4 -8.7 -9.1 0.9 -94 -9.6 6.9 -10.0 -8.7 85
6 -71 —-75 43 -6.3 —74 8.3 -79 =7.7 84

#11: right central incisor, #21: left central incisor

difference between the calculated and actual distancewas  Table 9. In al groups, Method 3 was the most accurate.
0.1+0.7mmin Group /Method 3. The largest difference  The three groups and three methods were significantly
was —4.2+1.6mm in Group 3/Method 2, as shown in different (P< 0.001).
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Table 8. Distance between incisors and balls (mm)
. Group 1 Group 2 Group 3
Position
M1 M2 M3 M1 M2 M3 M1 M2 M3
-6 10.2 7.0 10.4 13.9 10.9 14.4 185 15.9 194
-4 9.6 6.4 9.9 13.6 10.9 14.3 18.3 16.1 195
-2 9.6 6.6 10.0 14.2 11.7 15.2 195 17.9 214
0 8.8 59 9.3 14.2 12.0 154 18.1 17.1 205
2 9.0 6.3 9.6 15.3 13.8 17.1 16.6 16.2 195
4 9.0 6.7 9.8 14.1 131 16.4 14.5 14.6 17.8
6 10.2 85 11.6 12.2 12.0 15.1 134 13.1 16.2
M: Method
Table 9. Difference between calculated and actual distance (mm)
» Group 1 Group 2 Group 3
Position
M1 M2 M3 M1 M2 M3 M1 M2 M3
-6 0.2 -3.0 04 -11 -41 -0.6 -15 -4.1 -0.6
-4 -04 -3.6 -0.1 -14 -41 -0.7 -17 -39 -05
-2 -04 -34 0.0 -0.8 -33 0.2 -05 -21 14
0 -12 -4.1 -0.7 -0.8 -3.0 0.4 -19 -2.9 05
2 -10 -3.7 -04 0.3 -12 21 -34 -38 -05
4 -10 -33 -0.2 -0.9 -19 14 -55 -54 -22
6 0.2 -15 16 -28 -3.0 0.1 -6.6 -6.9 -38
average -05 -32 0.1 -11 -29 04 -30 —4.2 -0.8
stdev 0.6 0.8 0.7 0.9 11 1.0 22 16 17
abs mean 0.6 32 0.5 11 29 0.8 3.0 4.2 13
stdev* 04 0.8 0.5 0.8 11 0.7 22 16 12

M: method; stdev: standard deviation; abs mean: average of absolute difference value; stdev*: standard deviation of abs mean

Discussion

The purpose of this study was to evaluate a new techni-
gue for localizing impacted mesiodens using horizontal
magnification ratio on panoramic and periapical radio-

graph.

On the panoramic radiograph, vertical magnification
ratio can be calculated by dividing the distance from the
x-ray source to the film by the distance from the x-ray
source to the object. In the horizontal dimension, the rota-



tion center of the beam serves as the functional focus. If
the film is stationary, horizontal magnification ratio is
aways larger than vertical ratio. Instead, the film moves
in the same direction as the beam athough at a slower
speed. Therefore the horizontal magnification ratio is
decreased relatively. By carefully choosing the speed of
the moving film, it is possible to reduce the horizontal
magnification until it just matches the vertical magnifi-
cation for one particular curved layer which is called the
‘image layer’.™ The horizontal magnification ratio changes
steeply with distance from the image layer. Thisis a char-
acteristic of the panoramic radiography and it can be used
to localize the mesiodens.

The location-magnification equation obtained was y=
0.0000007x>—0.005x°+1.1861x —84.982 (y: distance from
the center of the image layer; x: magnification ratio). This
is the equation of the panoramic equipment that was used
in this study. The equation possibly depends on the location
of the film, the image layer, and the rotation center and
the speed of the moving film. Therefore it possibly varies
according to the equipments.

To localize an impacted mesiodens using the equation,
it is essential to know the actual width of it in order to cal-
culate the magnification ratio. It is difficult to know the
actual width of it without the aid of CT or CBCT before
extraction of the tooth. Therefore the actual width should
be estimated. Periapical radiographs were used to estimate
the actual width in this study.

The metal ball was not fixed at the labia side in this stu-
dy because the mesiodens is rarely located labialy. If it is
located labially, it is easily detectable because of the chang-
ed labia contour of aveolar bone. Severa studies using
CBCT reported that the labia location of mesiodens was
1.2-3.4%.5%

Among the groups, the result from Group 1 was the
most accurate. The farther away from the incisors the
metal ball was placed, the less accurate the distance was.
Among the Methods, the result from Method 3 was the
most accurate. To use Method 1 and 2, the actual widths
of the incisors should be known. It is difficult to measure
the teeth directly. Method 3 is relatively simple. It uses
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just the measured widths of the incisors and the ball for
the estimated width in the periapical radiograph. Using
Method 3, al but one of the differences between calculated
and actua distances were under 3mm. The one over 3mm
was the result of the most palatally located metal ball
(Group 3) and the most palatally positioned skull phantom
(position 6) in this study.

In conclusion, it is possible to localize an impacted me-
siodens quantitatively using panoramic and periapical ra-
diographs.
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