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ABSTRACT
Objective: The purpose of this study was to determine, if a dental panoramic tomograph (DPT) is
appropriate for every young adult due to third molars.
Materials and methods: The study sample consisted of 217 university students (20% men and 80%
women; mean age 20.7 years; SD ± 0.6 years) and included a questionnaire about symptoms caused
by third molars, clinical oral examination of third molars, and a DPT. Subjects were divided into the
following groups: subjects with a clinical indication for a DPT and subjects without such indication.
The DPTs were then examined for findings regarding third molars.
Results: Clinical indication for a DPT was observed in 64% of the subjects. Radiography revealed an
additional 1.4% of the subjects with �1 radiographic signs of disease in relation to their third molars.
Also, an additional 27% of the subjects had �1 other radiographic findings in relation to third molars
that may have affected the clinical decision making.
Conclusions: In our study population, clinically undetectable pathology cannot be considered as an
indication for a DPT. However, if prevailing clinical practice supports preventive removals and detect-
ing or monitoring of unerupted third molars, a referral to DPT can be considered as good clin-
ical practice.
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Introduction

Third molars frequently cause symptoms, particularly in
young adults. Accordingly, the majority of third molars are
removed by the age of 40 years [1]. As symptoms and extrac-
tions of third molars are common, it is a matter of debate
whether a radiological examination of all young adults
should be performed systematically after clinical
examination.

Based on the Cochrane review, it is unclear if asymptom-
atic and disease-free impacted wisdom teeth should be
removed [2]. Thus, there are differences in recommendations
of third molar treatment among countries. For example, in
2000, the National Institute of Clinical Excellence (NICE) intro-
duced guidelines against prophylactic removal of third
molars in the UK and listed specific clinical indications for
surgery [3]. On the other hand, according to the Finnish
Current Care Guidelines, in addition to the extraction of
symptomatic third molars, preventive removals of asymptom-
atic teeth are also recommended in certain cases [4]. Also,
according to a recent study, many of the organisational pol-
icy statements regarding third molar treatment in the US are
in favour of prophylactic removals, while also a critical view
is presented [5]. Thus, the differences in clinical practices

affect the radiographic examination protocols of
third molars.

The primary radiographic examination for third molars is
dental panoramic tomography [6–8]. Although the radiation
dose from a dental panoramic tomograph (DPT) is consid-
ered low (0.02 mSv) [9], a radiographic examination must
always be justified and the relevant risks and benefits for
every patient should be considered. This is particularly
important for children and young adults, as they are more
susceptible than adults to the carcinogenic effects of ionizing
radiation. Radiation exposure in young adults aged
20–30 years leads to a lifetime risk that is 1.5 times higher
than in adults >30 years [6]. Effective doses of 14.2–24.3 mSv
(corresponding to a risk of 0.8–1.3 fatal cancer cases per mil-
lion people) from panoramic radiographs have been
observed [9]. The benefits of the information obtained on
third molars in a DPT should outweigh the potentially harm-
ful effects of ionizing radiation to the patient.

A recent study reported that no evidence exists to sup-
port screening with DPTs of all new adult patients [10].
Furthermore, a recent review of the current literature does
not oppose the screening with DPTs at a national level, but
the authors recommend further investigations for selection
criteria and a quality management programme of DPTs [11].
However, a specific analysis related to performing a DPT on
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every young adult due to third molars has not been pre-
sented. This study aimed to determine if a DPT is appropriate
for every young adult even if the patient has no symptoms
or clinical signs of disease in the third molars.

Materials and methods

Since screening radiography of subjects for research pur-
poses is unacceptable, we utilized existing material from a
previous study with questionnaires about symptoms, clinical
oral examinations, and DPTs [12]. The material was gathered
in 2002 at the Finnish Student Health Service (FSHS) in
Helsinki when there was a routine to invite all first-year stu-
dents to a free dental examination [12]. The data included a
questionnaire about symptoms related to third molars, clin-
ical oral examination including third molars, and DPTs. The
subjects were all students that were born in Helsinki in
1981–1982 and studied at the University of Helsinki for their
first year at the time of clinical and radiographic examina-
tions. Students were from all faculties. In total, of the 277
invited students, 232 (85%) participated voluntarily in a rou-
tine oral health examination [12]. The final sample consisted
of 217 subjects; 15 DPTs were not available for examination
as they had been sent to the patient or the private dentist.
Although the subjects were not in a queue for extraction,
after the examination they were given recommendations for
all required dental treatment including those for third
molars. In addition to age and gender, systemic diseases of
the subjects were also recorded.

A questionnaire was used to inquire about the symptoms
caused by third molars. The following choices were possible:
(1) I have had no pain or symptoms, (2) my wisdom teeth
have caused some pain or symptoms, but I haven’t sought
treatment, or (3) my wisdom teeth have caused pain or
symptoms that have made me seek for treatment.

The third molars were examined clinically with respect to
the state of eruption, state of occlusion, presence of dental
caries or a filling, and pericoronitis (Table 1). The state of
eruption was examined visually and with a periodontal
probe. The state of eruption was recorded according to the
size of the third molar crown that was visible in the mouth.
The following were classified as clinical signs of disease:

caries, filling (earlier caries), pericoronitis, over-eruption, and
buccally inclined maxillary third molars.

Film-captured DPTs were obtained mainly with Planmeca
Promax 2D (Helsinki, Finland) and some at the end of the
study period with Soredex Cranex (Tuusula, Finland). All
DPTs were examined by the first author with respect to the
third molar findings. In uncertain cases, the senior authors in
oral and maxillofacial surgery and oral radiology were con-
sulted. Examination of DPTs was performed at facilities of
the FSHS on a viewing screen and SDI X-ray reader in
dimmed room lighting.

Radiographs were examined for maxillary and mandibular
third molars (Table 2). Every third molar was recorded separ-
ately; several different recordings per subject were thus pos-
sible. Signs of disease were recorded separately for each
subcategory per subject and subjects with �1 signs of dis-
ease were recorded. The marginal bone level on the distal
surface of the mandibular second molar, next to the man-
dibular third molar, was recorded according to the most
severe finding per subject. The state of eruption was
recorded as unerupted if the tooth was clinically unerupted
but visible in DPT.

After 100 DPTs had been evaluated, the first 10 DPTs
were re-evaluated for harmonisation of recordings. After
examination of all DPTs, 20 (9%) DPTs were randomly
selected and re-evaluated to assess the intra-examiner reli-
ability of the measurements.

Data were analysed considering the subject as an obser-
vation unit. Subjects were divided into the following two
groups: subjects with a clinical indication for a DPT and sub-
jects without such clinical indication. Clinical indication for a
DPT included general health issues, symptoms with third
molars, partial eruption of at least one third molar or clinic-
ally recorded signs of disease in relation to at least one-third
molar. Radiographic findings of third molars were analysed
from all subjects and reported also separately for the sub-
jects without clinical indication for a DPT. Finally, clinical and
radiographic findings were combined and DPT’s possible
effect on clinical decision making for a subject was deter-
mined. Descriptive analyses were performed with the Excel
(Microsoft, Washington, USA) spreadsheet programme. Kappa
values were computed with IBM SPSS Statistics version 24
(IBM Corp., Armonk, NY, USA).

Table 1. Clinical measurements of all third molars.

Measurement Category Definition

State of eruption Missing Missing or unerupted
Partially erupted Detectable with a probe from the distal surface of the second molar

Part of the occlusal surface clinically visible
Occlusal surface fully visible
Crown partially visible

Erupted Crown fully visible
State of occlusion Above occlusal plane

At occlusal plane
Below occlusal plane
Maxillary third molar erupting buccally

Caries Intact
Restoration
Dentinal caries

Pericoronitis Yes
No
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The institutional review board at the FSHS approved the
clinical and radiographic examinations at baseline.
Permission to use the existing material for the present study
was obtained from the FSHS headquarters.

Results

The study sample consisted of 217 subjects (20% men, 80%
women). The mean age was 20.7 years (SD ± 0.6 years).
Regarding intra-examiner reliability of the measurements, the
agreement was 97% for the developmental stage of the root
end, 97% for marginal bone level on the distal surface of the
mandibular second molar, and 100% for other variables.
Kappa values were 0.94 for the developmental stage of the
root end, 0.95 for marginal bone level, and 1.00 for other
measurements. Kappa values between 0.81 and 1.00 were
considered very good.

At least one clinical indication for a DPT was observed in
139 (64%) subjects (Figure 1). General health indications
included diabetes in 2 subjects. According to the question-
naire, 132 (61%) subjects reported no symptoms, 51 (24%)
subjects have had some pain or symptoms but had not
sought treatment, and 34 (16%) subjects have had pain or
symptoms which have made them seek treatment. Clinical
signs of disease in at least one third molar included caries,
restoration, or both in 23 (11%) subjects, over-eruption in 23
(11%), pericoronitis in 10 (5%), and buccally inclined maxil-
lary third molar in 20 (9%) subjects. Several signs of disease
per subject were possible.

In the radiographic analysis of all subjects, at least one
radiographic finding in relation to at least one third molar
was found in 189 (87%) subjects (Figure 2). Signs of disease
were recorded in 49 (23%) subjects. No apical periodontitis
or root resorption was found. Marginal bone level consisted
of subjects with the most severe recording per subject being
at the cervical third of the root in 63 (29%) subjects, at the
middle third of the root in 30 (14%), and at the apical third
of the root in 1 (0.5%) subject. A close relationship between

the roots of the mandibular third molar and the inferior
alveolar canal (IAC) consisted of subjects with at least one of
the following findings in at least one mandibular third molar:
interruption of the white line of the IAC cortex in 167 (77%)
subjects, darkening of the mandibular third molar root in 58
(27%), bending of the IAC next to the third molar root in 10
(5%), and the apex of a mandibular third molar located infer-
ior to IAC in 21 (10%) subjects.

When the DPTs of the 78 subjects (36% of all) with no
clinical indication for radiography were analysed separately,
it was found that 62 (79%) of these subjects had at least one
radiographic finding in at least one-third molar (Figure 3).
Signs of disease were recorded in 3 (4%) subjects. Marginal
bone level consisted of subjects with the most severe record-
ing per subject being at the cervical third of the root in 22
(28%) subjects, at the middle third of the root in 20 (26%),
and at the apical third of the root in 1 (1%) subject. Close
relationship with the IAC consisted of subjects with interrup-
tion of the white line in 59 (76%) subjects, darkening of the
root in 14 (18%), bending of IAC in 5 (6%), and inferior to
IAC in 8 (10%) subjects. Concerning the development of the

Table 2. Radiographic measurements of the third molars.

Measurement Category Subcategory/definition

Signs of disease Caries Dentinal caries and/or restoration
Pericoronal radiolucency Width of the follicular space 3–5mm
Apical periodontitis Periapical radiolucency
Over-eruption Occlusal plane of third molar situated inferior (maxillary third molar) or

superior (mandibular third molar) compared to the curve of Spee and
the occlusal plane of the first and second molar

Root resorption Resorption of the root of the adjacent second molar
Tumour suspicion Changes in third molar region interpreted as tumours from

radiological literature
Cyst suspicion Changes in third molar region interpreted as cystic changes from

radiological literature or width of the follicular space >5mm
Other Marginal bone level Marginal bone level to cervical third of the second molar root

Marginal bone level to middle third of the second molar root
Marginal bone level to apical third of the second molar root

Close relationship with the inferior alveolar canal
(IAC) and the roots of the third molar [13]

Bending of IAC next to apex of the third molar root
Darkening of the third molar root
Interruption of the white line of the IAC cortex
Root of the third molar extending inferior to IAC

Developmental stage of the root end [14] Incomplete: apices of the roots not closed
Finished: apices of the roots closed

Supernumerary tooth in third molar region

Figure 1. Distribution (%) of clinical indications for a DPT among the 217 sub-
jects. Several indications per subject were possible.
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root, 42 (54%) subjects had at least one third molar with an
incomplete apex in close relationship with the IAC.

Finally, when considering all the recordings of general
health, symptoms, and clinical and radiographic findings of
all subjects together, clinical indication for a DPT was
observed in 139 (64%) subjects. In addition to these subjects,
radiographic signs of disease were observed in 3 (1.4%) sub-
jects and 59 (27%) subjects had other radiographic findings
in relation to third molars, such as a difference in marginal
bone level, third molar and IAC closely related, or super-
numerary tooth in the third molar region (Figure 4). The
remaining 16 (7%) subjects had no clinical indication for radi-
ography or relevant radiographic findings in third molars. Of
these remaining 16 subjects, 1 subject had all mandibular

and maxillary third molars that were erupted, 9 subjects had
only unerupted maxillary third molars, and 6 subjects did
not have any third molars. Of these 16 subjects, 5 were men
and 11 were women.

Discussion

The main result of our study was that among the 21-year-old
adults, in addition to the 64% of subjects with a clinical indi-
cation for a DPT, only 1.4% had signs of disease in their third
molars that were disclosed from a DPT. However, an add-
itional 27% of the subjects had other radiographic findings
in relation to third molars. The relevance of these findings,

Figure 2. Distribution (%) of radiographic findings of third molars in all 217 subjects. Several findings per subject were possible.

Figure 3. Distribution (%) of radiographic findings in the 78 subjects with no clinical indication for radiography. Several findings per subject were possible.
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and thus the relevance of the DPT, depends on the policy of
third molar treatment, which varies among countries. This
finding is important and suggests that DPT of all young
adults cannot be supported nor opposed unambiguously but
should be weighed against the prevailing clinical practice in
each country.

To our knowledge, this may be the first published study
that considers the acceptability of taking a DPT due to third
molars in young adults. Similar studies are therefore not
available for comparison to assess the significance of our
results. Unlike in many other studies, our study sample con-
sisted of university students that participated voluntarily in a
routine oral health examination and were not referred to sur-
gical treatment prior to examination. For example, in a US
study on 249 patients at a surgical unit, a high occurrence of
subjects (88%) either with symptoms or clinical or radio-
graphic signs of disease in relation to third molars was
reported [15]. Recommendations for radiographic imaging
has also been made in the US: American Academy of
Paediatric Dentistry recommends radiographic examination
in late adolescence to assess the presence, position, and
development of third molars [16]. Radiographic examination
is also recommended as part of active surveillance of
retained mandibular third molars every 2 years [17], even
though there are no randomized controlled trials to support
this recommendation.

The use of DPT as an overall screening procedure has
been questioned in several studies [10,18–20]. The additional
diagnostic value of DPT is reported to be low or insufficient
to support screening, or the majority of screening DPTs had
no relevance to treatment [10,18–20]. On the other hand, in
a Korean study, a DPT was reported to be valuable in the
overall assessment of dentition from a diagnostic point of
view [11]. However, the populations in these studies con-
sisted mostly of age groups other than young adults and
specific analyses for third molars were not performed.

Regarding radiographic signs of disease, the prevalence of
caries and pericoronal radiolucency can be assessed from
studies where DPTs of subjects scheduled for third molar
removal are analysed. In such studies, caries in examined
third molars was observed at a prevalence between 5.3 and

13.6%, and pericoronal radiolucency in mandibular third
molars at a prevalence between 6.3 and 14.7% [21–23].
These numbers are compatible with our 6% of caries and 7%
of pericoronal radiolucency observed in all subjects, but
much higher than the 1% of caries and 1% of pericoronal
radiolucency observed in our subjects without clinical indica-
tion for radiography. In our study, the DPT disclosed only a
few additional signs of disease in subjects with no clinical
indication for a DPT. Thus, clinically undetectable pathology
cannot be considered as an indication for DPT in this
study population.

Regarding other radiographic findings in the third molars,
the clinical relevance of them has to be considered. The rele-
vance is mostly based on the assessment of preventive
extractions, monitoring of unerupted third molars, and
patient informing. The differences in clinical practices of third
molar treatment among countries affect the generalizability
of our results.

Slightly more than half of our subjects with no clinical
indication for radiography had a difference in marginal bone
level on the distal surface of at least one mandibular second
molar. Similar to our results, a Danish study of third molars
with cone-beam computed tomography revealed reduced
alveolar bone heights in almost half of the examined man-
dibular second molars [24]. Contrary to our findings, a radio-
graphic study from Turkey reported periodontal damage on
an adjacent tooth at a prevalence of only 8.9% [22]. Part of
the marginal bone levels in our study may have changed
later on due to the continuing eruption of the third molars
[25,26]. However, a US study suggests that eruption to occlu-
sal level does not necessarily improve the periodontal status
in the third molar region [27]. Also, impacted third molars
are at greater risk to develop periodontal pathology with
continuing retention over a long time [28]. It remains uncer-
tain, whether differences in marginal bone levels in our study
were only a temporary consequence of eruption, or a sign of
increased risk for a third molar associated periodon-
tal pathology.

The close relationship between the mandibular third
molar and the IAC is a well-known predisposing factor for
nerve injury in mandibular third molar surgery [29]. In a

Figure 4. Combination (%) of clinical indications for a DPT, signs of disease in radiography, and other radiographic findings in relation to third molars in all 217
subjects. Several findings per subject were possible.
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Chinese study, the possibility for early extractions of third
molars with incomplete root development is included to pre-
vent postoperative complications, especially nerve injury [30].
Of our subjects with no clinical indication for radiography,
over a half had at least one mandibular third molar with one
or several signs of a close relationship with the IAC and an
incomplete root end. However, it should be noted that when
a three-dimensional image is taken after a routine radio-
graph, the number of teeth with a close relationship with
the IAC decreases by 60% [31]. If preventive extractions due
to the close relationship with the mandibular third molar
and the IAC are considered good clinical practice, a DPT
would be necessary.

The mean age in our study (20.7 years) is noteworthy
because third molars undergo continuous positional changes
through young adulthood [25,26]. The number of erupted
and partially erupted third molars, clinical signs of disease,
and radiographic signs of disease would probably have
increased in the following years [27,32]. Also, increased age
(over 25 years) appears to be associated with a higher com-
plication rate for third molar extractions [33], which supports
the early assessment of third molar treatment.

The development of DPT imaging is far advanced, and it
is also possible to obtain a partial DPT. In a recent UK study,
full-width DPT was not required in most instances, and seg-
mental DPT was advised to be regarded on a more regular
basis [34]. The segments required were most often the molar
and premolar regions bilaterally, the same segments that
include third molars. Advanced imaging modalities, such as
segmental DPT, could prove beneficial in minimizing the
effective dose of ionizing radiation and risk for stochas-
tic effects.

A limitation of our study is that clinical data of probing
depths distal to second molars and around third molars were
lacking. Clinical probing depths combined with data from
DPTs could have given more specific knowledge of the cur-
rent periodontal status of third molars. Also, because the
questions about symptoms were general, the correlation
between symptoms and specific radiographic findings cannot
be concluded. Furthermore, our subjects were university stu-
dents born and living in the capital of the country. It may be
that their state of oral health was better than in the general
population of the same age. A strength of the study is that
the subjects were not from a surgical unit waiting for third
molar surgery. The subjects were also of the same age, as
the SD was only 0.6 years.

It is concluded that a DPT is appropriate only if it presents
further substantial information that has an impact on patient
diagnosis, treatment, or a comprehensive treatment plan.
Since the DPTs disclosed only a few additional signs of dis-
ease, clinically undetectable pathology cannot be considered
as an indication for a DPT in our study population. If the
emphasis is put on preventive removals, detecting and moni-
toring of unerupted third molars, and informing the patient
of the current status and treatment options for third molars,
a DPT of young adults can be considered as good clin-
ical practice.
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