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Displaced Premolars in Panoramic Radiography—Fact or Fallacy?

Nasila Nohadania; Yango Pohlb; Sabine Rufc

ABSTRACT
Objective: To test the null hypothesis that there is no difference between premolar position vi-
sualized on panoramic radiographs (PRs) and lateral headfilms (LHs).
Materials and Methods: The prevalence of differences in the direction of crown angulation be-
tween PR and LH was assessed. Furthermore, brass wire markers with different sagittal and
transverse angulations were placed in a dry skull. With the markers in place, LHs and PRs were
taken.
Results: A difference in the direction of crown angulation of unerupted second premolars between
PR and LH occurred in 19.5% of patients. The reason for the angulation differences is a bucco-
lingual orientation of the tooth, which appears as a mesiodistal angulation on the PR.
Conclusion: The null hypothesis was rejected since in one-fifth of the patients premolar projection
differs between the panoramic radiograph and the lateral headfilm.

KEY WORDS: Displacement; Second premolar; Tooth angulation; Panoramic radiography; Lateral
headfilm

INTRODUCTION

Lower second premolars rank third in the frequency
of impacted teeth,1 while upper second premolars are
less frequently impacted.2,3 Abnormal tooth germ po-
sitions or angulations of lower second premolar tooth
germs are frequently seen on panoramic radiographs
(PRs),4 while no corresponding data exist for upper
second premolars.

Wasserstein et al4 reported that at an early devel-
opmental stage the majority of lower second premo-
lars (56.5%) are distally inclined on the PR and move
to an upright position spontaneously with progressing
development. They could not find any morphological
reason for this uprighting. A deviation from an upright
tooth germ position might be of genetic origin because
it has been shown that a distal angulation of lower
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second premolars is more pronounced in patients with
agenesis of the corresponding antimere.5 The spon-
taneous uprighting could be a result of normal chang-
es in tooth position during eruption,6 or it could only be
simulated due to radiographic distortion following po-
sitioning errors.7–11 The latter might be especially true
because the largest amount of angular distortion has
been reported to occur in the canine and premolar re-
gions of both arches.7,9,10

During treatment planning of mixed dentition cases
we noted a discrepancy in inclination of premolars be-
tween PRs and lateral headfilms (LHs). It was, there-
fore, the aim of the present study to assess the prev-
alence, reason, and possible clinical implications of
such tooth inclination discrepancies between PRs and
LHs. The null hypothesis was that there is no differ-
ence between premolar position visualized on PRs
and LHs.

MATERIALS AND METHODS

E-mail Survey

An e-mail was sent to 20 orthodontic practitioners
from 11 different European countries; 20 orthodontic
university teachers from Austria, Germany, and Swit-
zerland; and 20 dentists working at the dental school
of the University of Berne. All were asked for cooper-
ation in the study by examining the attached radio-
graph (Figure 1) and answering the e-mail stating the
‘‘most relevant sign on the PR.’’ As several clinicians
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Figure 1. Panoramic radiographic section that was attached to the
e-mail survey. The area of the condyles had been omitted intention-
ally in order to force the clinicians to concentrate their diagnosis on
the dentoalveolar area.

Figure 2. Location of the brass wire markers placed in the maxilla and mandible of a dry skull. (A) Buccoapical to palatocoronal direction and
straight position; (B1, B2) buccocoronal to palatoapical direction with mesial inclination; (C) buccoapical to linguocoronal direction with distal
inclination; (D) buccocoronal to linguoapical direction and straight position; (E) on buccal surface of tooth 14 with mesial inclination; (F1, F2)
on buccal surface of the teeth 24 and 25 in a straight position. Note: The position of the pins A and C were outlined as due to their orientation;
they are not visible in this view of the skull.

named more than one sign, the frequency of answers
per sign was evaluated. Only signs stated three or
more times were included in the evaluation. The re-
sponse rate was good, amounting to 75% for the or-
thodontic practitioners, 80% for the university teach-
ers, and 100% for the dentists.

Clinical Investigation

The radiographic material was selected from 350
patients who started treatment at the Department of
Orthodontics of the University of Berne in 2003. Of the
350 patients, 144 (73 female, 71 male) patients were
selected based on the presence of a mixed dentition
with at least one second premolar still unerupted. Their
average age was 10 years and 10 months (�13.5
months SD).

The initial PR and LH of each patient were screened
for obvious discrepancies in second premolar projec-
tion between the two types of radiographs. To be in-
cluded in the study at least one second premolar had
to have a deviation in inclination of at least 20� mesi-
ally or distally from a perpendicular position relative to
the occlusal plane (ie, a line connecting the cusp tips
of the lateral teeth). The occlusal plane was defined
separately on the PR and LH. All radiographic images
were assessed in random order and a consensus on
the presence of an inclination discrepancy had to be
reached between two of the investigators (NN and
SR). The root length and the vertical position of the
tooth germs were used to identify the left and right
teeth on the LHs. The prevalence of projective dis-
crepancies and its direction was recorded for each un-
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Figure 3. Results of the questionnaire survey performed among 20
orthodontists (black), 20 university teachers (grey), and 20 dentists
(white). The frequency of all relevant signs (indicated �3 times) is
given. Compare with Figure 1.

Figure 4. Distribution and angulation of unerupted second premolars
as seen on panoramic radiographs and lateral headfilms of 144
mixed dentition patients.

Figure 5. An 11-year 9-month old boy exhibiting mesially inclined second premolars on both the panoramic radiograph and the lateral headfilm.

erupted second premolar. All PRs and LHs had been
taken the same day for each patient and were part of
the routine diagnostic procedures for treatment plan-
ning.

The PRs of the patients were taken with an analog
Cranex Tome (Soredex) using Kodak T-Mat-G RA
films. The LHs were taken with a cephalostat which
consisted of three different parts: the rack (Philips,
Holland), the generator (Varian HS, Canada), and the
emitter (Comet, Switzerland). AGFA Curix HAT 1000L
Plus films were used.

Experimental Investigation

A dry skull with complete maxillary and mandibular
dentition was selected. In order to simulate the effect
of different tooth positions on the radiographic image,
pieces of brass wire (0.9 mm diameter, 10–22 mm
length) were placed in varying positions and directions
in the premolar area of the maxilla and mandible (Fig-
ure 2). The different wire lengths allowed the accurate
identification of the left and right markers in the LHs.

With the brass wire markers in place, PRs and LHs
were taken with the skull in ideal position according to
the manufacturer’s operating instructions. A support-
ing device with a 3-D-Fluid head, which allowed for
free rotation of the skull around the horizontal, sagittal,
and transverse axes, enabled the exact positioning of
the skull in the panoramic unit and the cephalostat.
The incisal edge-to-edge position required for the PRs
was assured with a silicone record between the con-
dyles and the glenoid fossa. The mandible was se-
cured to the skull with elastics.

The PRs were taken with three different units: Gen-
dex Orth Oralix FD 5 Ceph (analog, Philips, Holland),
Cranex Tome (analog), and Cranex Excel D (digital,
Soredex). Identical exposure data were used (63 kV,
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Figure 6. An 11-year 3-month old girl exhibiting mesially inclined upper second premolars on the panoramic radiograph, but orthograde
premolars on the lateral headfilm. The section marked on the panoramic radiograph was used in the e-mail survey.

Figure 7. A 13-year 5-month old boy exhibiting orthograde lower second premolars on the panoramic radiograph but distally angulated lower
second premolars on lateral headfilm.

6 mA and 15–23 seconds) for all units. Kodak
T-Mat-G RA films were selected for the analog radio-
graphs and Fuji Dry Imaging Film blue base DI-AT for
the digital radiographs. The LHs were taken with the
same unit as in the clinical part of the study (see
above).

To compensate for the missing soft tissue x-ray ab-
sorption of the skull, a 1-mm copper plate was placed
in front of the x-ray aperture during all radiographs.

RESULTS

Questionnaire Survey

The results of the questionnaire survey are given
in Figure 3. A total of four different signs were indi-
cated three or more times by the 60 clinicians (com-
pare with Figure 1). The most frequent sign (60.0%–
81.3%) was a displacement or mesial angulation of

the teeth 15 or 25; followed by crowding or space
deficiency for the incisors or premolars (20.0%–
46.7%); aplasia of tooth 14 (18.8%–20.0%), and root
resorption at the mesial root of the tooth 16 or 26
(0%–20.0%).

Clinical Investigation

The majority (80.5%) of the 144 mixed dentition pa-
tients with unerupted second premolars exhibited no
discrepancy in premolar projection between the PRs
and LHs. In 28 patients (19.5%) discrepancies in pre-
molar angulation between the PRs and LHs (Figure 4)
were seen. Two types of discrepancies were noted. In
26 patients (18%) at least one second premolar was
imaged in a mesially or distally angulated position on
the PR, while on the LH the corresponding tooth ap-
peared straight. In the two remaining patients (1.5%),
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Figure 8. Superimposition of the left and right side of the dry skull with the brass wire markers in place with the corresponding lateral headfilm.

Figure 9. The panoramic radiograph of the dry skull with brass wire markers in place. It was taken with the Gendex Orth Oralix FD 5 Ceph
unit.

the opposite was the case (angulation on LH, but
straight position on PR).

The total number of unerupted second premolars in
the 26 patients with angulated premolar projections on
the PR amounted to 93. They were quite equally dis-
tributed among the four quadrants and the two jaws.
The majority of the teeth were projected with the crown

mesially inclined both in the upper (49%) and lower
(41.3%) jaw (Figure 4) on the PR as compared to LH.
Unerupted second premolars projected in a distally an-
gulated position were seldom found (4.2%) and were
only observed in the upper jaw.

Figures 5, 6, and 7 show three case reports dem-
onstrating the different possible premolar projections.
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Figure 10. Schematic illustration showing a common inclination of
an unerupted upper second premolar. Note the buccopalatal incli-
nation in relation to the deciduous molar. (Modified according to Van
der Linden and Duterloo.6)

Figure 11. Schematic illustration demonstrating the effect of a buc-
colingual inclination of a second premolar on its projection in the
panoramic radiograph. Note that the beam hits the buccal part of
the tooth (in this case the root) first, thus projecting it more poste-
riorly on the film compared to the lingual part of the tooth (in this
case the crown).

Experimental Investigation

Figure 8 shows a superimposition of the dry skull
with the brass-wire markers in place and its corre-
sponding LH. An exact superimposition of all brass
wire markers and their radiographic image was pos-
sible, thus indicating the projective reliability of the LH
for mesiodistal tooth angulations. In other words,
straight markers were projected in a straight position
and angulated markers in an angulated position irre-
spective of their buccolingual inclination.

In Figure 9 the PR of the dry skull with brass wire
markers is shown. When comparing the projection of
the different brass wire pins (A–F2) between the PR
and the LH, it can be seen that all pins with a bucco-
lingual difference between the position of the apical
and coronal part of the pin (pins A, B1, B2, C, and D)
differed in their mesiodistal projection between the two
types of radiographs. All pins without a buccolingual
inclination (pins E, F1, and F2), exhibited the same
mesiodistal angulation on the PR and the LH.

In case of a buccolingual orientation of the pin, its
buccal part was projected distally, and the lingual part

was projected mesially on the PR. The buccolingual
orientation had a greater impact on the mesiodistal
projection on the PR than the actual mesiodistal an-
gulation. This was most obvious in the pins B1 and B2
which were inserted in the buccocoronal to palatoap-
ical direction and at the same time inclined mesially
(Figures 2 and 8). On the PR (Figure 9), however, they
appeared distally inclined. There were no basic differ-
ences in the projection of the teeth and the angulation
of the pins between any of the three panoramic units.

DISCUSSION

In addition to the reported data several x- and y-
coordinates of the teeth were measured and analyzed
statistically in an attempt to identify a metrical interre-
lation. However, no such interrelation was found. This
appears logical because the experimental part of the
study revealed that the reason for the false-positive
inclination of second premolars on the PR was a buc-
colingual inclination of the tooth germ and thus, a dif-
ference in the z-axis.

The reason for the false-positive projection in pan-
oramic radiography is due to the principles of the ra-
diographic technique itself. The canine and premolar
regions of both arches are most susceptible to angular
distortion because of the orientation of the beam in
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Figure 12. Intraoral occlusal photographs of the girl exhibiting me-
sially inclined upper second premolars on the panoramic radiograph,
but orthograde premolars on the lateral headfilm (see Figure 6). The
comparison of the photos taken at 11 years 3 months and 12 years
0 months shows a normal eruption of the upper second premolars
within the dental arch. No interceptive extraction of the deciduous
predecessors was performed.

relation to the dental arch.7,9,10 In case of a buccolin-
gual inclination of a tooth (Figure 10), the angulated
orientation of the beam will result in a smaller, blurred
and distal projection of the buccal part of the tooth,
while the lingual or palatal part will be projected wid-
ened, blurred, and mesially.

In the present study the buccolingual inclination of
the pins had a greater impact on the mesiodistal incli-
nation in the PR than the actual mesiodistal inclination
of the pin. This was true for all three panoramic units
tested (Gendex Orth Oralix FD 5 Ceph, Cranex Tome,
and Cranex Excel D). The finding is in concordance
with the results of Lucchesi et al,12 while Tronje et al8

maintained that a buccolingual inclination of an object
only influences the mesiodistal projection slightly.

The fact that the LH image is not affected by buc-
colingual tooth inclinations is due to the more perpen-
dicular orientation of the beam relative to the dental
arches. Other studies on the discrepancy in tooth an-
gulation between PR and LH have been conducted by

Gavel and Dermaut.13 They concluded that positional
changes of maxillary canines on LHs approximate the
real position, whereas the information obtained from
PRs are not always easy to understand and must be
interpreted with caution. Also Lucchesi et al12 came to
the conclusion that plane-film techniques are more ac-
curate for assessing mesiodistal root angulation than
panoramic radiography. And, Peck et al14 stated that
panoramic images do not accurately show the mesio-
distal root angulations of patients, and therefore rec-
ommended the use of cone beam CT. However, the
latter is not yet readily available to all orthodontists.

Although the fact that panoramic radiography does
have an inherent error of creating distortion as the
3-D bone structure is reduced to a 2-D image is well
known, there are still many misinterpretations of tooth
angulations. Correspondingly, the questionnaire re-
vealed that the majority (60.0%–81.3%) of the clini-
cians indicated the mesial inclination or displacement
of the premolars to be the most relevant sign on the
PR. In reality, however, the panoramic radiograph sec-
tion sent to the 60 clinicians displayed a false-positive
mesial crown angulation of both upper premolars. This
demonstrated that the interpretation of tooth germ po-
sitions using the PR exclusively has high clinical im-
pact and might lead to possibly unnecessary thera-
peutic decisions such as extractions of deciduous mo-
lars or surgical exposure of crowns.

The clinical part of the investigation revealed that
second premolar angulation discrepancies in terms of
a false-positive mesiodistal inclination of the premolars
on the PR in comparison to the LHs occurred in almost
every fifth patient (18.0%), while a false-negative me-
siodistal inclination was seen in only 1.5% of the pa-
tients. The fact that the majority of the premolars in
both jaws were inclined mesially on the PR is in con-
trast with the findings of Wasserstein et al,4 who re-
ported a prevalence of 56.5% distally and 25% mesi-
ally inclined unerupted lower premolars on PRs.4 The
lower overall prevalence of inclined premolars in the
present study is most likely due to the fact that only
teeth with discrepancies in angulation between PR
and LH were evaluated and not the absolute amount
of teeth with angular deviation.

But why is such a high percentage of premolars in
both jaws buccolingually inclined? For the upper sec-
ond premolar, such a buccolingual inclination during
the eruption path (Figure 11) seems to be within nor-
mal variation.6 For the lower second premolar, no cor-
responding data could be found.

In case of a displacement of a premolar an inter-
ceptive extraction of the corresponding deciduous mo-
lar is thought to facilitate the normal eruption.15,16 How-
ever, 91.5% of the lower premolars become upright
during development,4 and an early loss of the corre-
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sponding deciduous molar does not influence the in-
clination of the premolar significantly.17 Furthermore,
the present results demonstrated that in 18% of the
children with unerupted second premolars the dis-
placement seen on PRs is a false-positive finding.
Therefore, we need further information to decide more
precisely when patient interceptive extractions are
beneficial to patients because many patients might not
require any interceptive treatments at all (Figure 12).

CONCLUSION

• The null hypothesis was rejected since in one-fifth of
the patients the premolar projection differs between
the panoramic radiograph and the lateral headfilm.
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