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Radiographic localization of unerupted mandibular anterior teeth

Stanley G. Jacobs, BDSc (Melb), FDSRCS (Eng), DOrthRCS (Eng)at
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The parallax method and the use of 2 radiographs taken at right angles to each other are the 2 methods gen-
erally used to accurately localize teeth. For the parallax method, the combination of a rotational panoramic radi-
ograph with an occlusal radiograph is recommended. This combination involves a vertical x-ray tube shift. Three
case reports are presented that illustrate: (1) how this combination can accurately localize unerupted mandibu-
lar anterior teeth, (2) how a deceptive appearance of the labiolingual position of the unerupted tooth can be
produced in an occlusal radiograph, (3) how increasing the vertical angle of the tube for the occlusal radiograph
makes the tube shift easier to discern, (4) why occlusal radiographs are preferable to periapical radiographs for
tube shifts, and (5) how localization can also be carried out with 2 radiographs at right angles to each other,
one of which is an occlusal radiograph taken with the x-ray tube directed along the long axis of the reference

tooth. (Am J Orthod Dentofacial Orthop 2000;118:432-8)

he use of arotationa panoramic radiograph with an

occlusal radiograph has been advocated to localize
unerupted maxillary anterior teeth.12 This radiographic
localization technique is based on a shift of the x-ray tube
in the vertical plane. The aims of this article are to
demonstrate the combined use of panoramic and occlusal
radiographs to localize mandibular anterior teeth, and to
discuss mandibular occlusal radiographs in some detail.

RADIOGRAPHIC LOCALIZATION

The 2 accurate means of radiographic localization
generally used are the parallax method (image/tube
shift method, Clark’s rule, buccal object rule) and the
right angle technique.3* Computed tomography (CT) is
the most precise method of radiographic localization.
However, its relatively high radiation dose limits the
indications for its use.

Principle of Parallax

In radiologic terms, parallax isthe apparent displace-
ment of the image of an object to be localized, relative to
the image of a reference object, caused by changing the
angulation of the x-ray beam. The change in angulation
of the beam is caused by a change in the x-ray tube posi-
tion. Normally, the reference object is the tooth closest to
the object to be locdized. The image of the object closer
to the x-ray tube moves in the opposite direction to the
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tube, while the image of the object that is farther away
moves in the same direction as the tube. The acronym
SLOB can assist in recalling the principle of tube shift:
Same-Lingual; Opposite-Buccal (if the image of the
impacted object moves in the same direction the tube
moves, then the object islingud; if it movesin the oppo-
site direction, then the object is buccal).>

Fig 1 illustrates in diagrammatic fashion the princi-
ple of parallax. The lateral incisor (the reference object),
when viewed from the anterior tube position, is hidden
by the canine. However, when viewed from the posterior
tube position, the canineis farther from the tube than the
lateral incisor, ie, the labial canine has moved in the
opposite direction to the shift of the tube. The anterior-
to-posterior shift of the tube is a shift in the horizontal
plane. This technique was introduced by Clark.6 Later,
Richards’ introduced the concept of a vertical shift of
the tube, which is also demonstrated in Fig 1, with infe-
rior substituted for anterior and superior for posterior.

Clark® and Richards’ both used periapical radi-
ographs in their discussion of the parallax method.
Keur®? introduced 2 major improvements in the tech-
nique: the use of occlusal radiographs and the com-
bined use of panoramic and occlusal radiographs.

Occlusal and Panoramic Radiographs

Keur used occlusal radiographs rather than periapi-
cal radiographs for a tube shift because occlusal radi-
ographs cover alarger area. This has 2 advantages: (1)
the tube can be moved much more between exposures,
resulting in the shift of the image of the impacted
tooth being greater and therefore easier to determine
(as discussed below); and (2) the impacted tooth is
shown initsentirety, which isusually not the case with
1 periapical radiograph.
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Keur also introduced the combined use of
panoramic and occlusal radiographs for a vertical tube
shift. Because a panoramic radiograph is often taken as
an initial radiograph, this combination requires only
one additional exposure, the occlusal radiograph.

In Fig 2, for the purpose of illustration, the path of
x-rays from the panoramic radiograph machine tube
and the occlusal radiograph machine tubeis depicted as
asingle straight line. The panoramic radiograph tubeis
actually positioned behind the patient’s head (ie, lin-
gua to the arches) at an angle of —7° to the occlusal
plane, and the film isin front of the head. However, to
aid interpretation of the vertical tube shift, the tube
must be considered to be in front of the head (ie, facial
to the arches) at an effective angle of +7° (Fig 2A)
because the relationship of the image of the canine to
the image of the lateral incisor is unaltered.! The ante-
rior occlusal radiograph in Fig 2B is taken at an angle
of —55° to the occlusal plane,® ie, there is an effective
difference of 62° between the 2 radiographs. In the
panoramic radiograph, the image of the cusp tip of the
canine is superimposed on the apex of the lateral
incisor, whereas in the anterior occlusal radiograph the
image of the cusp tip of the canine is superimposed
much more coronally, ie, the image of the labially posi-
tioned canine, which is closer to the x-ray tube, moves
in the opposite direction to the shift of the tube.

Significance of Distances

The 2 distances that are important in localization are
the distance between the impacted tooth and its reference
tooth and the distance the x-ray tube is moved.12 The
greater the distance between the impacted tooth and the
reference tooth, the greater will be the shift of the image
of the impacted tooth with a given x-ray tube movement,
resulting in an easier determination of its position.

With a given distance between the impacted tooth
and its reference tooth, a greater movement of the tube
resulting from a greater change in the angulation of the
tube will result in a greater shift of theimage. Therefore,
by moving the tube over as great a distance as possible,
the clinician can facilitate interpretation of the position
of an impacted tooth located close to the dental arch.
This second distance is discussed further in case 3.

True and Cross-sectional Occlusals

The right angle technique uses 2 radiographs taken
at right angles to each other.

The literature is somewhat confusing about the def-
inition of true occlusal and cross-sectional occlusal
radiographs, radiographs commonly used in the right
angle technique. Mason? stated that the mandibular
anterior true occlusal view istaken with the x-ray beam
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Fig 1. Canine, when viewed from anterior (inferior) posi-
tion of tube, obscures lateral incisor. When viewed from
more posterior (superior) position, canine is farther from
the tube than is lateral incisor, ie, labial canine has
moved in opposite direction to tube.
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Fig 2. A, Panoramic radiograph tube effectively at +7°
to occlusal plane. Image of cusp tip of labial canine is
projected, on film, at apex of lateral incisor. B, Tube for
mandibular occlusal is at —-55°. Image of cusp tip of
labial canine is projected on lateral incisor three quar-
ters of its length above apex, ie, tooth closer to tube has
moved in opposite direction to tube.

directed up the root canals of theincisors, usualy at an
anteroinferior angle to the occlusal plane and film of
100° to 110°. Andreasen! wrote that the axial view of
the mandible, with a projection angle paralel to the
apices of theincisors, gives information about the posi-
tion of the crown of the impacted tooth in relation to
the apices of the adjacent (reference) teeth. However,
he warned that this projection should be a true axial
projection in relation to the incisors, otherwise the
radiograph will give false information about the posi-
tion of the impacted tooth. Beckerl? differentiated
between the angles of the tube to the occlusal plane
required to produce the mandibular true occlusal radi-
ograph for the canine/premolar region (—90°) and for
the incisor region of the arch (approximately —110°).
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Fig 3. A, Cropped panoramic radiograph shows both left
canines are unerupted. B, Mandibular anterior occlusal
radiograph suggests left canine may be lingual. C, Pos-
sible positions of unerupted left canine (3) in relation to
right central incisor (1).

In contrast, Langland et al3 illustrated a horizon-
tally impacted, mesially migrated mandibular canine
using a panoramic radiograph and 3 intraoral radi-
ographs, one of which was an occlusal radiograph taken
at —90° to the occlusal plane. They came to the wrong
conclusion concerning the position of the canine using
image magnification as the basis for their answer. They
made no mention of the vertical tube shift available
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between the panoramic radiograph and any of theintra-
oral radiographs. Alling et a4 aso illustrated a hori-
zontally impacted, mesially migrated mandibular
canine with a panoramic radiograph and an occlusal
radiograph. The x-ray beam was directed at —90° to the
film for the occlusal radiograph, which was termed a
cross-sectional occlusal radiograph. They did not men-
tion the vertical tube shift available between the
panoramic radiograph and the occlusal radiograph.
Goaz and White® wrote that a mandibular cross-sec-
tional occlusal radiograph is taken with the central ray
at aright angleto the film. Surprisingly, they a so stated
that a maxillary cross-sectional occlusal radiograph is
one taken with the central ray directed just below nasion
at avertical angulation of +65°. Brocklebank® did not
adequately define atrue occlusal radiograph. She stated
that cross-sectional occlusal radiographs are those
where the cental x-ray beam is directed aong the long
axis of the teeth, but then clouded the issue by saying
that the term true occlusal is also appropriate for
mandibular cross-sectional occlusal radiographs as the
central ray isdirected at 90°, or true, to the film.

The Shorter Oxford English Dictionary definestrue
as “exact, accurate, precise” and as“exact in position.”
In contemporary dental radiography, the term cross-
sectional mandibular is used for tomograms taken at
right angles to the long axis of the mandible, eg, for
implant planning. Inthisarticle, theterm axial occlusal
radiograph is used rather than true or cross-sectional.
The mandibular axial occlusal radiograph does not
have the high radiation dose disadvantage of the max-
illary (vertex, true) axial occlusal radiograph. The x-
ray beam for the mandibular axial occlusal radiograph
only has to penetrate the mandible and the floor of the
mouth; the maxillary axial occlusal radiograph the
beam must penetrate the skull and its contai ned tissues.

Case 1l

The panoramic radiograph of a 14-year-old female
(Fig 3A) shows that both left permanent canines are
unerupted. The mandibular anterior occlusal radi-
ograph (Fig 3B) suggests that the unerupted canine
may be positioned lingually. However, a vertical tube
shift between the panoramic radiograph (Fig 3A) taken
at +7° to the occlusal plane and the occlusal radiograph
(Fig 3B) taken at —55° shows that the image of the
mandibular canine moves from below the images of the
apices of the mandibular incisors (the reference teeth)
up onto the roots of theincisors, ie, in a direction oppo-
site to the shift of the tube. Therefore, it can be deter-
mined that the canine is positioned labially.

The diagramin Fig 3C illustrates how the deceptive
appearance of the position of the left canine apparently
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being positioned lingual to the incisors in the anterior
occlusal radiograph (Fig 3B) arises. The image of the
cusp tip of the canine in either position, labia or lin-
gual to the incisor, would be projected on the identical
part of theincisor. As has been shown above, the canine
isactually labial to the incisor root.

Case 2

The panoramic radiograph of another 14-year-old
femae (Fig 4A) showsthat the mandibular permanent left
canine is unerupted and the superior margin of its crown
is 8 mm below the apex of the right mandibular central
incisor. In the anterior occlusa radiograph (Fig 4B), the
superior margin of the canine crown is above the gpex of
the right central incisor. The vertical tube shift between
the panoramic radiograph (Fig 4A) and the anterior
occlusal radiograph (Fig 4B) shows that as the x-ray tube
moved down from the position for taking the panoramic
radiograph (Fig 4A) into the position for taking the
occlusal radiograph (Fig 4B), the image of the unerupted
canine moved up. Therefore, the canineislabia. Theaxid
occlusa radiograph (Fig 4C) confirms this.

The axial occlusa (Fig 4C) and panoramic (Fig 4A)
combination of radiographs can be used for the right
angle technique of localization. Thisis the same combi-
nation of radiographs as for the parallax method, the
only difference is between the angulation for taking the
occlusal radiographs. The axia occlusal radiograph (Fig
4C) provides the labiolingual (antero posterior) position
of the canine, whereas the panoramic radiograph (Fig
4A) suppliesthe vertical position of the tooth. Both radi-
ographs show the mesiodistal (transverse) position of the
canine. The mandibular axial occlusal radiograph has
several limitations. It may present difficulties in posi-
tioning the x-ray tube precisely, and thereforeit may dis-
play amisleading position of the unerupted tooth, aswas
noted by Andreasen above. It does not show the fine
detail of the unerupted tooth or of the roots of the refer-
ence teeth and the alveolar bone, so a third radiograph,
an anterior occlusal or a periapical radiograph, is neces-
sary, resulting in greater radiation exposure and expense
for the patient. Finally, it may not show structures that
are markedly less radiopaque than the reference teeth,
€g, ah odontome or a supernumerary.

Other radiographs, if available, may assist in the
confirmation of the position of the unerupted tooth, eg,
alateral cephalometric radiograph may supply the ver-
tical and labiolingual positions of the unerupted
mandibular anterior tooth.

Case 3

The panoramic radiograph of a 10-year-old boy
(Fig 5A) shows that the mandibular left central incisor
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Fig 4. A, Cropped panoramic radiograph shows
mandibular left permanent canine is unerupted. Supe-
rior margin of crown 8 mm below apex of right mandibu-
lar central incisor. B, Mandibular anterior occlusal radi-
ograph shows superior margin of left canine crown is
above apex of right central incisor. C, Mandibular axial
occlusal radiograph shows unerupted canine is labial.

is unerupted. The —90° occlusal radiograph (Fig 5B)
suggests that the unerupted incisor may be positioned
lingually. However, the vertical tube shift between Fig
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Fig 5. A, Cropped panoramic radiograph shows mandibular left central incisor is unerupted. B, —=90°
occlusal radiograph suggests central incisor may be lingual. C, Mandibular anterior occlusal radi-
ograph taken at —-55° shows unerupted left central incisor and erupted right central incisor (RC), left
lateral incisor (LL), and left canine (CN). D, Mandibular left lateral occlusal radiograph shows
unerupted incisor. There are overlap-free contacts between left canine (CN) and first premolar while
right central (RC) and right lateral incisors overlap. Distal of unerupted left central incisor barely con-
tacts mesial of left lateral incisor (LL). E, Periapical radiograph of left central incisor. F, Intraoral pho-
tograph taken after labially positioned left central incisor surgically uncovered.
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5A and 5B supply the correct answer about the position
of the incisor. The panoramic radiograph (Fig 5A) is
taken at an effective angle of +7° to the occlusal plane
and the occlusal radiographin Fig 5B at —90°, an angu-
lar difference of 97°. Asthe tube moved down from the
position for taking the panoramic radiograph (Fig 5A)
into the position for taking the —90° occlusal radi-
ograph (Fig 5B), the image of the unerupted incisor
moved up the images of theright central and left |ateral
incisors (the reference teeth) toward the crowns of
these teeth, (the left central incisor movesin adirection
opposite to the shift of the tube). Therefore, it can be
deduced that the unerupted tooth is labially positioned.

A vertical tube shift can also be carried out between
the panoramic radiograph (Fig 5A), taken at an effec-
tive angle of +7° to the occlusal plane, and the
mandibular anterior occlusal radiograph (Fig 5C) taken
at —b5°. Thereis an effective difference of 62° between
the 2 radiographs. It is more difficult to see the shift of
the image of the | eft incisor, in the opposite direction to
the shift of the tube, between the panoramic radiograph
(Fig 5A) and the anterior occlusal radiograph (Fig 5C)
than between the panoramic radiograph (Fig 5A) and
the —90° occlusal radiograph (Fig 5B).

Table | shows (1) the length of the right central
incisor (the reference tooth), and (2) the distances
between the incisal edge of the impacted incisor and
the apex of theright central incisor in the 3 radiographs
and the incisal edge of the right central incisor. In the
panoramic radiograph (Fig 5A), the incisal edge of the
left central incisor is approximately 33% of the length
of the right central incisor above the apex of that
incisor. In the anterior occlusal radiograph (Fig 5C), it
is 50% above the apex; in the —-90° occlusal radiograph
(Fig 5B), it is60%. The greater shift of theimage of the
left incisor that results with the panoramic radiograph
(Fig 5A) and —90° occlusal radiograph (Fig 5B) combi-
nation compared with the panoramic radiograph (Fig
5A) and anterior occlusal radiograph (Fig 5C) combi-
nation occurs because of the greater distance of move-
ment of the tube with the former combination, 97° and
62°, respectively.

Fig 5D is another occlusal radiograph of this case.
If the teeth are aligned normally in the mouth, as they
are here, then the direction of the central beam in the
horizontal plane on the occlusal radiograph is through
the teeth with no overlapping contact points. In Fig
5D, there are overlap-free contacts between the left
canine and first premolar, whereas the right central
and lateral incisors overlap. This indicates that the
occlusal radiograph is a left lateral occlusal radi-
ograph. In Fig 5C (the anterior occlusal radiograph),
the opposite situation exists with overlap in the left
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Table I. Length of reference tooth and distance of
incisal edge of unerupted tooth to incisal edge and
apex of reference tooth in 3 radiographs

Panoramic  Anterior -90°
radiograph  occlusal occlusal

Length (mm) right
central incisor 23 21 135
Distance (mm) incisal edge
left central incisor from
1. apex right incisor 8 10 8
2. incisal edge right incisor 15 11 55

buccal segment and no overlap anteriorly. A horizon-
tal tube shift is evident between these 2 occlusal radi-
ographs. In Fig 5C (the anterior occlusal radiograph),
the distoincisal line angle of the impacted left central
incisor isin contact with the pulp canal of the left lat-
eral incisor. In Fig 5D (the lateral occlusal radi-
ograph), the distoincisal line angle of the impacted
tooth barely contacts the mesial surface of the left lat-
eral incisor, moved distally from Fig 5C to 5D, the
impacted incisor moved mesially. Therefore, again it
can be concluded that the unerupted tooth is labial.

Fig 5E, a periapical radiograph, is an example of
why Keur8? advocated taking occlusal radiographs
rather than periapical radiographs for tube shifts. In
Fig 5E, the whole of the impacted tooth has not been
captured on the radiograph. In this case, the periapi-
cal radiograph is not useful for carrying out a tube
shift or for seeing all the fine detail of the impacted
tooth or its reference tooth. Fig 5F, the intraoral pho-
tograph taken after the impacted tooth had been sur-
gically uncovered, confirms the deduction that this
tooth was labially positioned.

CONCLUSION

A rotational panoramic radiograph with an anterior
occlusal radiograph is the preferred combination of
radiographs to localize unerupted mandibular anterior
teeth. This combination uses a tube shift in the vertical
plane. The rotational panoramic radiograph is taken at
an effective angle of +7° to the occlusal plane, and the
anterior occlusal radiograph is usually taken at -55°, a
difference of 62°.

The literature is confusing about the terms true
occlusal radiograph and cross-sectional occlusal radi-
ograph. The two should be synonymous and used for
radiographs that have been taken with the central beam
of the x-ray tube directed along the long axis of the ref-
erence tooth. Preferably, for occlusal radiographs, the
descriptors true and cross-sectional should no longer
be used. Instead, a modifier should be added that iden-
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tifies the reference tooth, eg, an occlusal radiograph
axial to the mandibular left central incisor. If the
occlusal radiograph has been taken at —90° to the film
but the x-ray beam has not been directed along the long
axis of the reference tooth, then the radiograph should
be termed a—90° occlusal radiograph.

REFERENCES

1. Jacobs SG. Localization of the unerupted maxillary canine:
how to and when to. Am J Orthod Dentofacial Orthop 1999;
115:314-22.

2. Jacobs SG. Radiographic localization of unerupted maxillary
anterior teeth using the vertical tube shift technique: the history
and application of the method with some case reports. Am J
Orthod Dentofacial Orthop 1999;116:415-23.

3. Southall PJ, Gravely JF. Radiographic localization of unerupted
teeth in the anterior part of the maxilla: a survey of methods cur-
rently employed. Br J Orthod 1987;14:235-42.

4. Preda L, La Fianza A, Di Maggio EM, Dore R, Schifino MR,
Campani R, et al. The use of spiral computed tomography in the
localization of impacted maxillary canines. Dentomaxillofac
Radiol 1997;26:236-41.

10.

11.

12.

13.

14.

15.

American Journal of Orthodontics and Dentofacial Orthopedics
October 2000

. Goaz PW, White SC. Oral radiology: principles and interpreta-

tion, 3rd ed. St Louis: Mosby; 1994.

. Clark CA. A method of ascertaining the relative position of

unerupted teeth by means of film radiographs. Proc R Soc Med
Odontol Sectn 1910;3:87-90.

. Richards AG. Roentgenographic localization of the mandibular

canal. J Oral Surg 1952;10:325-9.

. Keur JJ. Radiographic localization techniques. Aust Dent J

1986,31:86-90.

. Jacobs SG. Localisation of the unerupted maxillary canine. Aust

Orthod J 1986; 9:311-6.

Mason RA. A guide to dental radiography, 2nd ed. Bristol:
Wright; 1982. p. 84-5.

Andreasen JO. Atlas of replantation and transplantation of teeth.
Philadelphia: Saunders; 1992. p. 182-3.

Becker A. The orthodontic treatment of impacted teeth. London:
Martin Dunitz; 1998. p. 14.

Langland OE, Langlais RP, McDavid WD, Del Balso AM.
Panoramic radiology, 2nd ed. Philadelphia: Lea and Febiger;
1989. p. 104, 108.

Alling CC 111, Helfrick JF, Alling RD. Impacted teeth. Philadel-
phia: Saunders; 1993. p. 112, 115.

Brocklebank L. Dental radiology. Oxford: Oxford University
Press; 1997. p. 21-2.

AAO MEETING CALENDAR

2001 — Toronto, Ontario, Canada, May 5 to 9, Toronto Convention Center

2002 — Philadelphia, Pa, May 4 to 8, Pennsylvania Convention Center

2003 — Hawaiian Islands, May 2 to 9, Hawaii Convention Center

2004 — Orlando, Fla, May 1 to 5, Orange County Convention Center

2005 — San Francisco, Calif, May 21 to 26, Moscone Convention Center

2006 — New Orleans, La, April 29 to May 3, Ernest N. Morial Convention Center




