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Abstract

The purpose of this paper was to review the rationale for the
radiographic screening of asymptomatic pediatric patients
and to report the prevalence of selected pathologic and devel-
opmental conditions using panoramic radiographs. Three
observers participated in this retrospective study that utilized
panoramic radiographs from 849 subjects, aged 3-9 years,
chosen randomly from the School of Dentistry treatment
records of the University of North Carolina at Chapel Hill.
Findings indicated that 2.4% of the subjects had supernumer-
ary teeth, 7.8% were missing permanent teeth, 9.1% had
ectopic eruption, 0.1% had radiolucencies of the jaws, and
0.1% had radiopacities of the jaws. These prevalences are
discussed in light of recent evidence concerning the risk/
benefit ratio of the panoramic radiograph. We conclude that
the panoramic radiograph is a poor projection for screening
the dental needs of asymptomatic healthy children; alternative
screening protocols should be examined.

To provide a context for this investigation’s neces-
sity, results, and implications, this section will review: 1)
the utility of screening radiographs; 2) the utility of
screening panoramic radiographs in children; and 3)
selected pathologic and developmental conditions and
their treatment implications that may warrant screen-
ing panoramic radiographs in children.

Radiographs are vital in the treatment of pediatric
dental patients, but concern in the public and profes-
sional sectors recently has escalated because of the
unknown risks associated with ionizing radiation expo-
sure (Brooks and Joseph 1985). Human epidemiologic
studies (National Academy of Sciences-National Re-
search Council 1980) suggest that even at extremely low
doses, a positive relationship exists between ionizing
radiation dose and cancer induction. Of equal concernis
the possibility that the effects of ionizing radiation are
additive (Valachovic and Lurie 1980). It is important to
acknowledge that the minimum dose of radiation caus-
ing genetic or somatic damage has not been determined

(Fabrikant 1982). Pediatric populations warrant height-
ened concern, because children are more susceptible to
ionizing radiation than adults (Goepp 1982).

Radiographic Screening

Various radiographic protocols have been proposed
to screen for asymptomatic pathologic and develop-
mental conditions that are not apparent from a clinical
examination. The logic in screening radiographs is that
the radiation risk will be justified by the early identifica-
tion of a significant number of treatable conditions, and,
therefore, morbidity and mortality will be reduced. An
example of a widely used and accepted screening radio-
graphic protocol is the posterior bite-wing radiograph,
used to detect interproximal dental caries. Because we
assume the bite-wing radiograph has a low radiation
burden, and the discovery of dental caries usually is
followed by treatment, screening with bite-wing radio-
graphs appears sound and defensible.

Screening radiographs have been recommended for
asymptomatic dental developmental and pathological
conditions in the early mixed dentition years (AAPD
Conference Proceedings 1982; Joseph 1987). Regretta-
bly, the efficacy of this practice is unknown.

Radiographic screening is not accepted universally
without question. Valachovic and Lurie (1980) argued
that radiographic screening is an inappropriate, low-
yield procedure with an unfavorable risk/benefit ratio.
They argued that specific conditions should exist before
any projection can be justified. In many instances, a
positive finding on a screening panoramic radiograph
must be confirmed with a subsequent film, because the
original finding was poorly imaged due to inherent
distortion. Furthermore, they contend that a thorough
review of the patient’s medical and dental histories and
a clinical examination, would have revealed the indica-
tions for the subsequent radiograph initially.
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Similarly, Lervik and Cowley (1983) considered the
data available for numerous conditions together with
their treatment implications for children. They con-
cluded that the appropriate number and type of screen-
ing radiographs for children have not been established,
nor is there sufficient evidence to claim that radio-
graphic screening contributes to improved dental
health in a significant part of the population.

In summary, except for bite-wing radiographs, there
is no consensus that screening radiographs are justified
in pediatric patients, whether the target of the diagnos-
ticinquiry is occult pathology or developmental anoma-
lies.

Screening Panoramic Radiographs in

Children

The conference sponsored by the AAPD (1982) that
endorsed radiographic screening during the early
mixed dentition years suggested this examination could
consist of bite-wing radiographs plus a panoramic ra-
diograph. Several other investigators concur with the
conference’s position concerning panoramic radio-
graphic screening. Buenviaje and Rapp (1984) sug-
gested that the panoramic radiograph improved the
possibility of early detection of dental anomalies and
potentially reduced the number of intraoral films ex-
posed and radiation delivered. Khanna and Harrop
(1973) studied several alternatives to determine a satis-
factory radiographic survey for children ages 2-13
years. They recommended a 5-film radiographic exami-
nation consisting of 2 bite-wing radiographs, a maxil-
lary occlusal, a mandibular occlusal, and a panoramic
radiograph. Although Cherrick (1982) stated that
screening radiographs in children are generally non-
productive except for bite-wing radiographs, he advo-
cated that a child probably should have a screening
panoramic radiograph during the initial visit and an-
other when the permanent dentition erupted.

Further support for the screening panoramic radio-
graph was provided by Bergstrom (1976) who stated
that nearly 11% of children had anomalies or pathologic
conditions, and approximately 8% had conditions that
were important to diagnose using the panoramic radio-
graph. Rolling (1978) stated that the panoramic radio-
graph was used for diagnostic purposes and timing of
treatment planning in 84% of the 9 to 10-year-olds
examined. Unfortunately, only the presence or absence
of malocclusion was reported.

Not all clinicians favor the panoramic radiograph as
a screening survey. Barrett et al. (1984) examined
screening panoramic radiographs and found that only
4.8% of their sample required definitive treatment as a
result of this projection, and none had a serious condi-
tion. Approximately 25% of their sample was 10 years of

age or younger, but no analysis was performed to deter-
mine if age was a significant variable.

Other investigators have questioned the efficacy of
screening panoramic radiographs. Valachovic and
Lurie (1980) stated that in many cases a thorough history
and clinical exam could have eliminated the need for a
panoramic radiograph, and they contended that the
vast majority of panoramic radiographs taken in the
United States today are unnecessary, potentially inac-
curate, and confusing.

White and Weissman (1977) examined the rationale
often cited for exposing screening panoramic radio-
graphs; that is, the expectation that a significant number
of lesions will be revealed by the panoramic radiograph
that will not be revealed by intraoral projections. They
determined that in 3059 sets of panoramic and full-
mouthradiographs for patients of unidentified ages, the
panoramic radiograph revealed conditions not re-
vealed by the intraoral projections in only 5.3% of the
subjects. However, treatment was required for only
0.1% of the subjects. Similar low prevalences of positive
findings and need for treatment have been found by
Kogon and Stephens (1982) and White et al. (1982).

Zeichner et al. (1987) investigated the efficacy of
dental radiographs for the detection of intraosseous
lesions in asymptomatic patients. Their study utilized
health insurance records from 30 million adults and
calculated the prevalence of asymptomatic malignant
and benign intraosseous lesions to be less than 5 cases
per 1 million subjects per year and less than 100 cases per
1 million subjects per year, respectively. Zeichner et al.
(1987) concluded that dental radiography is not an
efficacious method for screening for occult intraosseous
pathology, emphasizing that panoramic radiography is
a particularly poor method for this purpose. Although
this study used adults, it is likely that these findings are
applicable to children.

In summary, the rationale for screening radiographs,
with the exception of bite-wing radiographs, appears
questionable. The panoramic radiograph appears to be
a particularly poor projection for screening.

Data Available from Panoramic Screening
in Children

This section will consider the data available concern-
ing developmental and pathological conditions in chil-
drenrevealed by panoramic radiographs. Special atten-
tion will be given to the prevalence of the condition and
the treatment implications following discovery of the
condition.

Supernumerary teeth have been reported by most
panoramic radiographic studies. These teeth are limited
almost exclusively to the maxillary anterior region and
have a low prevalence of 0.46-1.7% (Ravn and Nielsen
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1973; Bergstrom 1977; Alattar et al. 1980; Locht 1980;
Buenviaje and Rapp 1984; Pilo et al. 1987). Inverted
supernumerary teeth and those affecting the eruption of
adjacent teeth have treatment implications even prior to
permanent tooth eruption (Primosch 1981).

The prevalence of congenitally missing teeth has
been reported to be 7.4-8.6% (Ravn and Neilsen 1973;
Bergstrom 1977; Alattar et al. 1980; Locht 1980; Pilo et al.
1987). Depending upon the treatment philosophy of
either orthodontic space closure or prosthetic replace-
ment of the missing teeth, the relevance of the finding,
and therefore the treatment implications, can vary.

Fusion and gemination havea reported prevalence of
0.3% (Pilo et al. 1987). This prevalence makes screening
for these problems very difficult to justify, even though
discovery of the condition could lead to a treatment
decision.

Problems of abnormal shapes and their prevalence
havebeen reported as: hypoplastic teeth and microdon-
tia 1.6-5.7% (Locht 1980; Pilo et al. 1987), dens invagi-
natus 0.57% (Pilo et al. 1987), and taurodontism 1.0%
(Pilo et al. 1987). Pilo et al. (1987) determined that the
panoramic radiograph was inferior to periapical views
for detecting these problems. Treatment decisions are
rarely made prior to eruption but, rather, following
eruption when crown morphology can be evaluated.
Therefore, screening for these conditions may be irrele-
vant.

Ectopic eruption is another developmental anomaly
reported commonly. The prevalence of posterior (per-
manent maxillary first molar) ectopic eruption has been
found to be 3.1% by Pulver (1968) and Young (1957),
both of whom included teeth in the “jump” and “hold”
categories. Kimmel et al. (1982) reported ectopic erup-
tion of the permanent first molar to be 3.8% in a sample
of 5277 subjects. Bjerklin and Kurol (1983) noted that
prevalences have been reported ranging between 2 and
5.99%. Ectopic eruption of anterior teeth has been re-
ported by O'Meara (1962) and Byrd (1954) to be more
prevalent than for posterior teeth. None of these data
were obtained from panoramic radiographs but, rather,
bite-wing and periapical views. The panoramic radio-
graph never has been systematically used to detect
ectopic eruption. Ectopic eruption can have great im-
pact on treatment decisions regarding interceptive
tooth movement, primary tooth extraction, and evalu-
ation of mixed dentition crowding status.

The panoramic radiograph has been used to screen
for other asymptomatic conditions with more serious
implications including malignant or benign osseous
lesions, which can manifest as radiolucencies or radio-
pacities. The literature offers little information concern-
ing the prevalence of asymptomatic osseous lesions in
pediatric patients. Using oral examinations, full-mouth
intraoral radiographs, panoramic radiographs, and fol-

low-up diagnostic procedures (biopsy evaluation),
Balis (1981) determined the prevalence of osseous le-
sions in 711 subjects 9-11 years old. The panoramic
radiograph revealed 4 odontomas, 1 primordial cyst, 1
dentigerous cyst, 1 localized fibrous dysplasia, 1 radio-
pacity, and 2 “cysts,” or a prevalence of approximately
1.5%. Locht (1980) examined panoramic radiographs
from 704 apparently healthy Danish children age 9-10
years and reported less than 10 cases of odontogenic/
nonodontogenic tumors and nonodontogeniccysts, ora
maximum prevalence of 1.1%. He reported 42 cases of
dentigerous cysts in this population, or an approximate
prevalence of 6%. A dentigerous cyst was defined as a
space of more than 3 mm around the tooth germ visual-
ized on the radiograph, and no biopsy evaluations were
reported. Of interest, 79% of these conditions were
located in the anterior maxilla. These lesions can have
serious treatment and health consequences, but have a
low prevalence. The prevalence could be lower or
higher in the early mixed dentition, but no data from
panoramic radiographs are available.

This review of the literature has demonstrated that
radiographic screening, and specifically panoramic
screening, are not uniformly advocated or accepted. It
also is clear that only a handful of conditions merit
screening evaluation based on prevalence and/or treat-
ment implications. These include: supernumerary
teeth, congenitally missing teeth, ectopic eruption, and
radiolucencies and radiopacities of nonodontogenic
origin. Prevalences of the latter three conditions have
notbeen demonstrated in children using this projection.

Critical evaluation of the screening panoramic radio-
graph is warranted because it has been recommended
for use in the mixed dentition years (AAPD Conference
Proceedings 1982; Joseph 1987) and often is used for
screening younger children. Data collected from ran-
domly chosen active general practitioners in North
Carolina indicate that nearly 30% screen patients 6 and
younger using a panoramic radiograph (HW Fields and
DCH Dilley, unpublished data 1984). A national survey
of general dentists, pediatric dentists, and periodontists
found that 21% would obtain a panoramic radiograph
asaninitial filmin the primary dentition and 42% would
obtain this radiograph as an initial film in the transi-
tional dentitions (K Atchison, unpublished personal
communication, 1988). It is apparent that because of the
ease of obtaining a panoramic radiograph and the
global survey it provides, many practitioners have ex-
tended its use as a screening film beyond currently
recognized indications.

The purpose of this study was to determine the
prevalence of the conditions noted above in the pre-and
early mixed dentition age groups as revealed by the
screening panoramic radiograph and to review the
usefulness of this screening procedure asrecommended
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and practiced. Previous studies have not investigated
the usefulness of the screening panoramic radiograph
for this set of conditions in this age group or emphasized
conditions with treatment implications.

Methods and Materials

This retrospective study examined screening pano-
ramic radiographs from 849 subjects chosen randomly
from School of Dentistry treatment records of the Uni-
versity of North Carolina at Chapel Hill. Each subject
had an initial radiograph exposed without regard to the
treatment needs as institutional policy. Subjects ranged
in age from 3 years 1 month to 9 years 11 months. The
distribution of ages is displayed in Fig 1. All had atleast
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Fig 1. Agedistribution of the 849 subjects examined in this study.

1 panoramic radiograph available for inspection. These
radiographs were exposed on a Panorex (5.5. White
Dental Products International, Penwalt Corporation,
Philadelphia, PA, USA) unit.

A screening radiograph is defined as one that exam-
ines the field of exposure for problems not suspected
from history or examination. The conditions chosen in
this study were selected because they are discernable ra-
diographically and because of their treatment implica-
tions; they are of relevance to the clinician who treats
children. The conditions included supernumerary and
missing permanent teeth, ectopic eruption of perma-
nent molars and incisors with concomitant resorption,
and radiopacities and radiolucencies of the jaws not
attributable to an infectious process of odontogenic
origin.

Three observers participated in a training/calibra-
tion session in which 25 radiographs known to contain
the conditions of interest were viewed. Each observer
viewed the radiographs independently, and then all 3
observers viewed the radiographs together. The inde-
pendent sessions were scored, and standard diagnoses
were made during the group sessions. Two additional

sessions were held to determine intraobserver reliabil-
ity. In these 2 sessions (held 1 week apart), 40 radio-
graphs known to contain the conditions of interest and
control radiographs not including the conditions of
interest were viewed by each observer. Intraobserver
agreement was determined for each observer using the
Kappa statistic.

During the study each radiograph was reviewed
independently by two observers. All were examined for
the conditions of interest on a radiographic viewbox in
a dark room where extraneous light was eliminated.
Interexaminer discrepancies were resolved by a consen-
sus of the three observers.

Specific rules applied to specific conditions. Teeth
were considered missing bilaterally if complete crown
formations should have occurred by the identified
dental age of the patient. In instances when a single
tooth was suspected missing, it was considered missing
only when there was at least complete crown formation
of the contralateral tooth. Records of patients with
missing anterior teeth were reviewed to determine that
overlying primary teeth were present or that there was
no history of trauma. Radiopacities were considered
supernumerary when they had identifiable tooth form;
otherwise they were classified as radiopacities of the
jaw. Radiolucencies less than 5 mm in diameter associ-
ated with unerupted maxillary canine crowns were
considered normal developmental phenomenon
(Worth 1963) and were not counted as radiolucencies.
Ectopic eruption was counted only if the erupting tooth
was in contact with an erupted tooth that demonstrated
resorption. Residual effects of ectopic eruption were not
counted.

Prevalence values were calculated by dividing the
number of subjects with the condition of interest by the
total number of subjects.

Results

Using the Kappa statistic, intraexaminer reliability
during the prestudy sessions was calculated to be 0.88,
0.96, and 0.98 for the 3 reviewers. Mean intraexaminer
reliability was calculated to be 0.94.

The prevalence of the conditions of interest were:
supernumerary teeth—2.4%; missing permanent
teeth—7.8%; ectopic eruption by permanent incisors or
molars with concomitant resorption—9.1%; radiolu-
cencies in the jaws not attributable to an infectious
process of odontogenic origin—0.1%; and radiopacities
in the jaws—0.1% (Table 1). The conditions discovered
and the age of diagnosis are displayed in Fig 2.

Discussion

The Kappa values for training intraobserver reliabil-
ity (0.88-0.98) were well above the 0.76 level that indi-
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cates excellent agreement beyond the chance level. In-
terobserver reliability was not calculated, because all
interexaminer discrepancies were resolved by a consen-
sus of the 3 observers.

The prevalence values in this study compare favora-
bly with those reported in the literature. The literature
reports a prevalence of 0.46-1.7% for supernumerary
teeth in the pediatric population using the panoramic
radiograph (Locht 1980; Buenviaje and Rapp 1984). The
prevalence of congenitally missing permanent teeth has
been reported to range from 3.7 to 10.0% when deter-
mined radiographically (Pilo et al. 1987). Our preva-
lence findings for supernumerary and missing perma-
nent teeth, 2.4% and 7.8%, respectively, are near the
ranges of those reported by others. The higher preva-
lence of supernumerary teeth approximates the values
found by Parry and Iyer (1961) who surveyed a group of
patients referred for orthodontic care using intraoral
radiographs. Prevalence values for missing teeth in this
study would be expected to be low because the lower
one-third of the sample age group would not be ex-
pected to demonstrate missing premolars.

TaBLE 1. Prevalences of the Conditions of Interest
Discovered Using Screening Panoramic Radiographs (N
= 849)

Condition of Interest Prevalence (%)

Supernumerary Permanent Teeth 2.4
Missing Permanent Teeth 7.8
Ectopic Eruption (molars and incisors) 9.1
Radiolucencies 0.1
Radiopacities 0.1

Prevalence values for ectopic eruption of permanent
first molars in this study exceed those usually cited
(Young 1957; Pulver 1968; Kimmel et al. 1982; Bjerklin
and Kurol 1983). These reports do not include ectopic
eruption in the anterior area, so these prevalences are
expected to be lower than the 9.1% found in this study.

PREVALENCE OF CONDITIONS BY AGE

30

@ Supernumerary Teeth
D Missing Perm Teeth
Q Ectopic Eruption

n
o
T

n
(=]
T

. Radioluc/Radiopac

Prevalence (%)
3 o

(&)

i

Age (years)

8 7 8 9

Fig 2. Distribution of the conditions of interest among the ages
investigated in this study.

Interestingly, younger subjects could not demonstrate
this problem which should havereduced the prevalence
of ectopic eruption in this sample. It is an extremely
difficult task to diagnose ectopic eruption with a great
deal of confidence when viewing a panoramic radio-
graph. It is possible that the distortion produced by this
tomograph has inflated the prevalence of the ectopic
eruption.

The prevalence values for radiolucencies and radio-
pacities of thejaws, 0.1% for each, represent one positive
finding of each condition in a sample of 849 subjects. The
values for radiolucencies are lower than those previ-
ously reported by other studies (Locht 1980; Balis 1981).
Locht (1980) interpreted any radiolucency greater than
3 mm associated with an unerupted tooth to be a den-
tigerous cyst, while Worth (1963) would have consid-
ered aradiolucency less than 5 mm tobe anormal devel-
opmental phenomenon. Other explanations for this
difference may be that the sample examined in this
investigation had a low prevalence of intraosseous le-
sions; the age differences between the two studies may
account for the differences; or that the panoramic radio-
graph failed to image the lesions. Based on the data of
this investigation, it appears that occult intraosseous
lesions in children 3-9 years are rare.

If one were to screen in the pre- and early mixed
dentition years for pathologic or developmental prob-
lems with a panoramicradiograph, supernumerary and
congenitally missing teeth would bediscovered. Ectopi-
cally erupting teeth may be difficult to diagnose accu-
rately and may demonstrate an inflated prevalence.
Based on their prevalence, asymptomatic radiolucen-
cies and radiopacities probably would not be worthy
screening objectives in this age group.

Another point to note is that the data from this study
seem to suggest that the prevalence of the conditions of
interestare not the same atall ages (Fig 2). This may have
occurred either because the sample sizes for each age
were not equal, or the conditions do not have equal
prevalence at each age. It is almost certain that the
diagnostic yield of radiographs changes with age;
however, the size of our data set did not allow further
investigation of this point.

Another significant issue to be considered is the
radiation burden associated with the panoramic radio-
graph. Because of their shorter head height, children
may have certain radiosensitive anatomic structures
(thyroid gland and the hematopoietic tissues of the
mandible) positioned directly within the radiation
beam (Myers et al. 1978). The panoramic radiograph
(using high-speed rare earth screens and orthochro-

matic green-sensitive films) was compared to a 21-film,

full-mouth series and to 4 bite-wing radiographs (using
rectangular collimation and E speed film) in terms of
risk (probability of stochastic effect) for young adult

PepIATRIC DENTISTRY: DECEMBER, 1989 ~ VOLUME 11, NUMBER 4 283



females by Gibbs etal. (1988a; 1988b). Stochastic effect is
defined as a lethal cancer or mutation expressed in the
first two postirradiation generations. These estimates
represent the state of the art in risk determination for
dental radiography. In essence they estimated patient
risk from a single panoramic radiograph to be “some-
what” less than that from a 21-film, full-mouth series,
but greater than 4 interproximal radiographs. Logic
would dictate that the risks would be increased when
these state-of-the-art exposure techniques are not util-
ized.

Other findings from the dosimetric literature esti-
mated the risk of causing a radiation-induced malig-
nancy with screening panoramic radiographs to be 2-17
cases per 1 million subjects per year (Zeichner et al.
1987). More importantly, these authors calculated the
prevalence of asymptomatic benign intraosseous le-
sions to be less than 100 cases per 1 million subjects per
year and the prevalence of asymptomatic malignant
intraosseous lesions to be less than 5 cases per one
million subjects per year. Thus, the possibility exists that
the benefits of screening for occult malignant pathology
in adult patients may be outweighed by the damage
imparted by ionizing radiation. Because children are
more susceptible to ionizing radiation, these findings
are especially relevant.

Itis possible that other projections or combinations of
projections are more efficacious in terms of their diag-
nostic capability and radiation burden. The bite-wing
radiograph will be used to screen for interproximal
caries in many of these pre- and early mixed dentition
children. Coincidentally, the bite-wing radiograph also
appears tobe the best projection to screen for permanent
molar ectopic eruption with no increased radiation
burden. Some bite-wing radiographs will provide cov-
erage of the unerupted premolars and will obviate the
need for panoramic or periapical radiographs to diag-
nose missing teeth in this region.

Substitution of a maxillary occlusal radiograph for a
panoramic radiograph may be a reasonable alternative
that should be examined. Most of the supernumerary
and anterior positional problems, including ectopic
eruption, are in the anterior maxilla and by our determi-
nation and others (Pilo et al. 1987) probably not best
viewed on a panoramic radiograph. Therefore, with
more clarity and less radiation than a panoramic radio-
graph (Gibbs et al. 1988a,b), the maxillary occlusal ra-
diograph is capable of revealing the most common
supernumerary teeth, the most commonly missing an-
terior teeth, anterior positional problems, and uncom-
mon occult pathology that exists in this region.

Further study is needed to corroborate the preva-
lence of radiolucencies and radiopacities found in this
investigation and to establish the location and age of

onset of these lesions. The objective of using radio-
graphs should be to maximize diagnostic information
while minimizing the radiation burden. This study sug-
gests that the panoramic radiograph is a poor projection
for assessing the dental needs of healthy asymptomatic
children and that other alternatives warrant objective
examination.
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