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Panoramic Radiography: Influence of Professional Training
and Patient Characteristics
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ABSTRACT: Panoramic radiography has clinical importance in several dental specialties. The objective of this study
was to evaluate the influence of professionals’ experience and patient characteristics (age group and dental absence) in the
prevalence of errors and the number of retakes in the panoramic radiography.771 panoramic radiographs were evaluated
and classified according to the group of patients (children, dentulous adults, total edentulous adults, and anterior edentulous
adults) and professionals who performed the technique (novice and experienced). The association between frequency and
type of error, group of patients, professionals’ experience, and number of retakes was performed by the Chi-square and
Fisher’s exact test (a=0.05). There was no significant association between the frequency of errors or retakes of the radiographs
and the professionals’ experience or patients’ characteristics (p<0.05). The errors “turned head” and “tongue not against the
palate,” “chin tipped low”, “chin not resting on the support,” “patient movement during exposure,” and “lead apron artifact”
showed significantly higher frequency of retake (p<0.05). The most frequent type of error was due to the failure to position
the tongue against the palate for all patients and both groups of professionals. The frequency of errors in the panoramic
radiography occurs regardless of the professionals’ experience, and age and dental absence of the patients. Error occurs
mainly due to the lack of patient collaboration, and the examination is rarely repeated by the professionals.

KEY WORDS: radiography; diagnosis; radiology.

INTRODUCCION

The panoramic radiography has clinical
importance in several dental specialties (Ramos et al.,
2016), since it allows professionals to comprehensively
visualize the dental arches and hard tissues of the
maxillofacial region in a single image (Granlund et al.,
2012; Devlin & Yuan, 2013; Ekstrémer & Hjalmarsson,
2014; Suomalainen et al., 2015). In this radiographic
technique, the two-dimensional projection of the curved
structures of the jaws can be observed, due to the
reciprocal movement of the X-ray source and the image
receptor following a center of rotation that continuously

moves according to the shape of the jaws (Langland &
Langlais, 2002; Boeddinghaus & White, 2006; Ramos
et al.). During this movement, a three-dimensional
curved focal plane (image layer) is created, similar to
the dental arch (Langland & Langlais; Akarslan et al.,
2003; Ramos et al.), and only objects positioned in this
region are sharp. In this sense, to ensure that all regions
of interest appear in the image, the correct positioning
of the patient is important (Boeddinghaus & White;
Dhillon et al., 2012; Ekstrémer & Hjalmarsson; Rondon
etal., 2014).
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Thus, to correctly guide the professional when
positioning the patient in the focal plane, panoramic
units are equipped with a bite block and laser lights,
as well as devices for stabilizing the patients’ heads
during the exposure (Akarslan et al.; Boeddinghaus
& White; Devlin & Yuan; Ekstromer & Hjalmarsson).
However, the lack of experience of the professional
(Boeddinghaus & White; Granlund et al.; Dhillon et
al.; Ekstromer & Hjalmarsson), the age of the
patients, and the presence of anatomical differences,
such as short neck, overweight, facial asymmetries,
and dental absence, may influence the correct
positioning (Akarslan et al.; Peretz et al., 2012;
Dhillon et al.; Ekstromer & Hjalmarsson). In addition,
errors related to the lack of patients’ cooperation may
occur (Granlund et al.; Dhillon et al.; Ekstromer &
Hjalmarsson; Cordesmeyer et al., 2016).

In such situations, it is important for
professionals to know how to recognize errors and
the need for retake (Loughlin et al., 2017). Several
studies have shown that the difficulty of positioning
in panoramic radiography cannot be underestimated
(Granlund et al.; Dhillon et al.; Ekstromer &
Hjalmarsson; Rondon et al.; Loughlin et al.).
However, to the authors’ knowledge, there is a gap
in the literature regarding the frequency of errors in
patients of different age groups and with dental
absences, which could be factors that compromise
the correct performance of the technique.

Thus, our aim was to evaluate the influence
of professionals’ experience and patients’
characteristics (age group and dental absence) in
the prevalence of errors and the number of retakes
in the panoramic radiography.

MATERIAL AND METHOD

The study was approved by the local
Research Ethics Committee (CAAE:
93632518.4.0000.5418).

Sample. The sample consisted of 771 panoramic
radiographs, randomly selected from the Oral
Radiology clinic of our Dental School. This sample
was obtained by sample size with a <4 % estimation
of sample error and test power above 80 % in tests
regarding the association between error in the
panoramic radiography and patients’ age and
professionals’ experience.
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Images with insufficient sharpness and/or
contrast were excluded from the study. All of them
were obtained from either the OP100 or OP300 unit
(Instrumentarium Dental, Tuusula, Finland) with
exposure factors selected according to the patients’
characteristics by the professional, who were
categorized into two levels of experience of clinical
practice in oral radiology: novice (1 to 2 years) or
experienced (3 to 6 years). In this study, all of the
professionals were dental practitioners pursuing
their postgraduate degree (Master’s or PhD).

Panoramic images were classified according
to the level of experience of the professional, the
type of error and the following groups of patients
according to their age and dental presence/
absence:

1. Children: patients aging up to 12 years;

2. Total edentulous adults: total edentulous patients;
3. Partial edentulous adults (in the anterior region):
patients with absence of the upper and/or lower
incisors, which makes impossible the use of the
bite block;

4. Dentulous adults: patients older than 12 years,
who did not fit into groups 2 and 3.

Image Assessment. The panoramic radiographs
were exported in TIFF format and evaluated by
consensus by two oral radiologists in a 24-inch
high-resolution LCD monitor (MDRC 2124, Barco
Inc., Duluth, GA) under low light conditions using
the JPEG View software, who had to detect and
classify technique-related errors according to
Langland & Langlais. Zoom, brightness, and
contrast tools could be used. When a consensus
was not reached, a third evaluator assisted in the
decision. Figures 1 and 2 show some errors with
need or not for retake.

Data Analysis. Tables containing the distribution,
and absolute and relative frequencies of the types
of error, professionals’ experience, and group of
patients were compiled. The association between
the professionals’ experience (novice or
experienced), group of patients (children, dentulous
adults, total or partial edentulous adults), frequency
and type of error, and number of retakes was tested
by Chi-Square and Fisher’s exact tests. For all
analyses, a significance level of 5 % (a=0.05) was
considered. Statistical analyses were performed
by the SAS® software v. 9.2 (SAS Institute Inc.,
Cary, NC).
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RESULTS

Of the total radiographs, 246 (31.9 %) were
performed by novice professionals and 525 (68.1 %)
by experienced professionals, being 86 (11.1 %)
radiographs of children, 573 (74.3 %) of dentulous
adults, 46 (6.0 %) of edentulous adults, and 66 (8.6 %)

of partial edentulous adults (anterior region).The
frequency of radiographs containing errors was simi-
lar for novice (68.7 %) and experienced (69.1 %)
professionals; however, 72.8 % of the novice
professionals and 65.6 % of the experienced
professionals did not retake the radiographs containing
errors. Of the 532 radiographs with errors, only 171
(32.1 %) were repeated.

Table I. Absolute and relative number of panoramic radiographs containing errors and retakes, according to the professionals’

experience and patients’ age and dental absence).

Professionals’ experience p-value
Patient groups Total Patients - - (professional
Novice Experienced education)
Radiograph containing errors Children 59 (11.1) 13 (7.7) 46 (12.7) 0.9012
Adults 391 (73.5) 132 (78.1) 259 (71.3)
Edentulous 31 (5.8) 10 (5.9) 21 (5.8)
Partial 51 (9.6) 14 (8.3) 37 (10.2)
Total 532 (100.0) 169 (100.0) 363 (100.0)
p-value (patient group) 0.5069 0.1335 0.4107
Retake of radiographs Children 19 (11.1) 3(6.5) 16 (12.8) 0.2261
containing errors Adults 127 (74.3) 34 (73.9) 93 (74.4)
Edentulous 10 (5.8) 5(10.9) 5(4.0)
Partial 15 (8.8) 4 (8.7) 11 (8.8)
Total 171 (100.0) 46 (100.0) 125 (100.0)
p-value (patient group) 0.6283 0.1588 0.2799

Fig. 1. A, D and G - Schematic drawing of positioning errors (adapted from Langland & Langlais, 2002). A, B, and C - Error
type “chin not resting on the chin support.” D, E, and F - Error type “turned head”. E - Left side of the patient was slightly
magnified. F - Patient with accentuated asymmetry between the right and left sides; right side of the patient was magnified.
G and H - Radiolucent image in the apices of the upper teeth, corresponding to the “failure to position the tongue against the
palate.” | - The adjustment of brightness and contrast of Figure H allows the visualization of the apices of the upper teeth.
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In general, without considering the type
of error, no significant association was
observed between the frequency of errors or
retakes and the experience of the
professional or group of patients (p<0.05)
(Table I).

Considering the group of patients, a
significant association was observed
(p<0.05) between the error “patient
positioned forward the bite block” and partial
edentulous adult patients; “slumped position”
and total edentulous adult patients; and
“patient movement during exposure” and
children (Table II).

Considering the level of experience of
the professional who performed the
technique, novice professionals presented
significantly higher frequency of the error
“chin tipped low” (p<0.05) (Table II).

The errors “turned head”, “chin tipped
low”, “chin not appropriately resting on the
support’, “tongue not against the palate”,
“patient movement during exposure”, and
“lead apron artifact” presented significant
association with the number of retakes of the
radiographs (p<0.05) (Table II). For the error
“chin not appropriately resting on the
support”, the highest frequency was one
retake (Table Il and Figs. 1A, B, and C). For
the errors “turned head” (Fig. 1D, E, and F)
and “tongue not against the palate” (Figs. 1G,
H, and ), the need for two retakes was more
frequent (Table Il). For the errors “chin tipped
low” (Figs. 2A, B, and C), “patient movement
during exposure” (Figs. 2D, E, and F), and
“lead apron artifact” (Figs. 2G, H, and 1), the
highest frequency was for three retakes
(Table 1I).

The error “tongue not against the
palate” was the most frequent regardless of
the age group and the experience of the
professional, and, for children, adults, and
partial edentulous, the frequency was higher
than 70.0 %, 40.0 %, and 50.0 %,
respectively (Table Ill) for both groups of
professionals. Conversely, for the total
edentulous group, the frequency of this error
was 70.0 % for novice, and 38.1 % for
experienced professional students (Table IlI).
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Table Il. Absolute and relative number of the association of type of radiographic error with age and dental absence of the patients, the professionals’ experience,

and number of retakes.
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Table lll. Absolute and relative number of types of examinations containing errors) according to the level of professional experience (novice and experienced) and

- DISCUSSION
E . . —
Be® |2 g 2 2 2285 &5 g i ) , )
3 . “‘ o Panoramic radiography is a technique
sensitive to errors (Granlund et al.; Dhillon et al,;
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m = - w = . . . . . . . .
BE > © q .), whi i ,limit, ori i i i
§* e g et al.), which may hinder, limit, or impair the diagnostic
value of the resulting images (Ekstromer &
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Efas [T & © o5 T = i i
25E2 2 £ 1 228 & € prevalence of errors of such a widely used technique
- @S " e in dentistry, in addition to the need for retake, as a
way of contributing to better training of the
g 3 & & professional team.
225 I B [ R ] =1
§°8 N =
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- = = g 3 =) oy > = 1 o . . . )
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CgrRT(®E B N - & experience and the group of patients.
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m errors and the level of the experience of the
> B .
2 2 e &= s & professionals.
=] - = - ol =8
< £ o S - b
3 ° 5 Although we observed high frequency of
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I &a - T T 7 7 2l g receivedisafundamental factor to ensure the quality
5= . .
2 g E of the radiograph (Rondon et al.; Loughlin et al.).
c . . . .
% 3o _ _ 2| 8 Corroborating these findings, authors of a previous
] Q @ a s
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O = .
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Fig. 2. A, D and G - Schematic drawing of positioning errors (adapted from Langland & Langlais, 2002); dashed areas and
arrows indicate region altered in the image. A and B - Error type “chin tipped low.” C — Retake the radiograph of Figure B. D, E,
and F - Error type “patient movement during exposure.” E - Note the distorted image of the base of mandible on the right side,
but without need for retake. F - Impairment of the image due to movement artifacts, requiring retake. G, H, and | - Error type
“lead apron artifact.” H - Images of the lead apron superimposed on the base of the mandible and anterior teeth, requiring
retake. | - Image of the lead apron does not interfere in the anatomical structures of the image, without need for retake.

evaluating the group of adult patients, we observed
higher frequency for the error “patient positioned forward
the bite block” for partial edentulous patients, probably
due to greater difficulty in positioning these patients by
the absence of anterior teeth. In those cases, a support
for the chin is used for the positioning of the patient,
which provides lower intermaxillary stability than the bite
block for dentulous patients (Park et al., 2014).

Moreover, we verified higher frequency for the
type of error “slumped position” for total edentulous
patients. Since they are total edentulous, we may infer
that these patients were possibly older adults, and thus
this error was due to postural problems. The
pronounced radiopaque projection in the anterior region
of the panoramic radiographs due to postural problems
of the cervical spine usually occurs in patients with
reduced neck resulting from aging or obesity.

Despite the high frequency of errors, we noticed
that not all the radiographs containing them were
retaken. This is probably due to the fact that, prior to
the performance of a new radiograph, the evaluation
of the diagnostic value of the image and the indication
of the exam should be taken into account. There was
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no difference in the number of retakes in relation to
the group of professionals’ experience, demonstrating
a critical sense of radioprotection even for beginners.
For the error “chin not appropriately resting on the
support” retakes were observed when the image of the
condyles was partial (Fig. 1C), which did not occur
when these structures appeared in the image (Fig. 1B),
although the patient was not ideally positioned.

During the examination, the patient can turn the
head, trying to follow the movement of the device
(Ekstromer & Hjalmarsson). In these cases, the
resulting image may be asymmetric between the right
and left sides (Rondon et al.) with enlargement of the
structures distant of the receptor and narrowing of the
structures on the contralateral side (Loughlin et al.).
However, this error may not affect the quality of the
image, if the turn is mild (Fig. 1E), but there is need for
retake when the image is severely asymetrical (Fig.
1F). Moreover, it is important for professionals to assess
whether asymmetries in the image are due to patients’
anatomical variations; if only some bone structure is
asymmetric is probably due to patient's asymmetry;
however, if bone and dental structures are asymmetric,
there is error during the radiograph acquisition.
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The image resulting from patients that do not
place the tongue against the palate can generate a
radiolucent band at the apex of the anterior upper teeth
(Granlund et al.; Dhillon et al.; Cordesmeyer et al,;
Loughlin et al.), which may be mild or more pronounced,
preventing the evaluation of this region. Nevertheless,
in some cases, with the use of digital systems, the
adjustment of brightness and contrast may be beneficial
(Figs. 1H and I) (Ekstréomer & Hjalmarsson). However,
when even with the use of these image enhancement
tools a good visualization of the region is not possible,
retakes are required. It is noteworthy that authors of
several studies indicate that this type of error is very
common (Granlund et al.; Dhillon et al.; Ekstromer &
Hjalmarsson; Cordesmeyer et al.; Loughlin et al.)
because it depends on the way the instruction is
received and applied by the patients (Akarslan et al.;
Dhillon et al.; Ekstromer & Hjalmarsson; Cordesmeyer
et al.). Therefore, for better understanding of patients,
reinforcements can be carried out through informative
leaflets, self-demonstration of positioning by
professionals, or even the use of strategies such as
requesting the patient to keep a cotton against the
palate with the tongue.

Thus, periodic monitoring of the occurrence of
errors is important to verify the need for educational
practices and to recycle the knowledge of
professionals, aiming at improving the image quality
(Peretz et al.; Dhillon et al.). In our study, despite the
high frequency of errors, most of them were related to
the patient (tongue not against the palate) instead of
the professional who performed the radiograph,
demonstrating that the instructions transmitted during
patient positioning are important (Rondon et al.;
Loughlin et al.). In addition, the occurrence of few
retakes indicate that the professionals were aware of
the errors and repeated the radiographs only when the
error interfered in the diagnosis.

CONCLUSION

The frequency of errors in panoramic
radiography occurs regardless of the professionals’
experience, and patients’ age and dental conditions.
Error occurs mainly due to the lack of patients’
collaboration, and the most common error is failure to
position the tongue against the palate. Despite the high
frequency of technical errors, the examination is rarely
retaken due to the remaining possibility of image
evaluation and diagnosis.
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RESUMEN: La radiografia panoramica es de impor-
tancia clinica en varias especialidades dentales. El objetivo
de este estudio fue evaluar la experiencia de los profesiona-
les y las caracteristicas de los pacientes (grupo etario y au-
sencia dentaria) en la prevalencia de errores y el numero de
repeticiones en la radiografia panoramica.771 radiografias pa-
noramicas fueron evaluadas y clasificadas segun la grupo de
pacientes (nifios, adultos desdentados, adultos desdentados
totales y adultos desdentados anteriores) y profesionales que
realizaron la técnica (novatos y experimentados). La asocia-
cién entre frecuencia y tipo de error, grupo de pacientes, ex-
periencia de los profesionales y nimero de repeticiones se
realizd mediante la prueba de Chi-cuadrado y exacta de Fisher
(a = 0,05). No hubo asociacién significativa entre la frecuen-
cia de errores o repeticion de las radiografias y la experiencia
de los profesionales o las caracteristicas de los pacientes (p
<0,05). Los errores "cabeza girada" y "lengua no contra el

paladar”, "menton inclinado hacia abajo", "mentén no apoya-
do en el soporte”, "movimiento del paciente durante la exposi-
cién" y "artefacto del delantal de plomo" mostraron una fre-
cuencia de repeticion significativamente mayor (p < 0,05). El
error mas frecuente se debié a la falta de posicionamiento de
la lengua contra el paladar para todos los pacientes y en am-
bos grupos de profesionales. La frecuencia de errores en la
radiografia panoramica ocurre independientemente de la ex-
periencia de los profesionales, edad y ausencia dentaria del
pacientes. El error se produce principalmente por la falta de
colaboracién del paciente, y los profesionales rara vez repiten
el examen.

PALABRAS CLAVE: radiografia, diagnéstico, radio-
logia.
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