
Introduction

Fundamental to the practise of radiation protection is the
production of a radiograph of high diagnostic quality with
significance to treatment while exposing the patient to the
lowest practicable dose.1 However, it has been shown that
a considerable number of radiographs exposed in dentistry
are of marginal or non-diagnostic quality.2-8 The value of
a panoramic radiograph is reduced when it is of poor dia-

gnostic quality.9 Low quality radiographs can lead to mis-
interpretation, resulting in incorrect diagnosis and treat-
ment planning.10

A non-diagnostic quality image often requires a need for
supplementary images and a repetition of examinations.1,11

This repetition of panoramic radiography carries an asso-
ciated risk of inducing cancer which has been estimated as
0.21 or 1.9 cases per million examinations.12,13

A non-diagnostic quality image which leads to repetition
is not a result of an inherent limitation of the equipment
but rather is a result of errors made by the operator during
patient positioning and processing of the image.7,9,14,15 Com-
pared with intraoral radiography, panoramic radiography
poses particular challenges in both of these aspects of
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ABSTRACT

Purpose: This study was performed to determine the relative frequency of positioning errors, to identify those
errors directly responsible for diagnostically inadequate images, and to assess the quality of panoramic radiographs
in a sample of records collected from a dental college.
Materials and Methods: This study consisted of 1,782 panoramic radiographs obtained from the Department of
Oral and Maxillofacial Radiology. The positioning errors of the radiographs were assessed and categorized into
nine groups: the chin tipped high, chin tipped low, a slumped position, the patient positioned forward, the patient
positioned backward, failure to position the tongue against the palate, patient movement during exposure, the head
tilted, and the head turned to one side. The quality of the radiographs was further judged as being ‘excellent’,
‘diagnostically acceptable’, or ‘unacceptable’. 
Results: Out of 1,782 radiographs, 196 (11%) were error free and 1,586 (89%) were present with positioning errors.
The most common error observed was the failure to position the tongue against the palate (55.7%) and the least
commonly experienced error was patient movement during exposure (1.6%). Only 11% of the radiographs were
excellent, 64.1% were diagnostically acceptable, and 24.9% were unacceptable.
Conclusion: The positioning errors found on panoramic radiographs were relatively common in our study. The
quality of panoramic radiographs could be improved by careful attention to patient positioning. (Imaging Sci Dent
2012; 42 : 207-12)
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image production.9 Processing errors can be eliminated by
the use of digital processing, which has recently been in-
creasing in popularity among dentists. However, the appro-
priate positioning and preparation of the patient is essential
for a sharp, accurate, and undistorted image, which is not
affected by ghost images.2,7,9 Furthermore, panoramic radio-
graphs may contain radiopaque and radiolucent spots that
are reflections of various structures on the examined areas
as well as shadows of soft tissues and anatomical air spaces
making patient positioning even more important.9,16 Inac-
curacies in patient positioning lead to discrepancies between
horizontal and vertical magnification, with consequent dis-
tortion of the image.17

The aim of this study was to assess the quality of pano-
ramic radiographs and to evaluate common positioning
errors in order to prevent further occurrence in radiology
departments.

Materials and Methods

This study was carried out on 1,782 panoramic radiogra-
phs that were taken from January 2007 to March 2010 in
the Department of Oral and Maxillofacial Radiology. All
the radiographs were of patients referred from various de-
partments of the dental college for clinical and diagnostic
purposes. The radiographs of paediatric patients less than
18 years of age and edentulous patients were excluded from
this study. 

All projections were made with the same radiographic
equipment (Strato 2000D, Villa Sistemi Medicali, Milan,
Italy), operating at 50-80 kVp and 4-10 mA according to
the manufacturer’s instructions. The exposure time was 15
seconds with a magnification factor of 1.23. All radiographs
were taken by 2 qualified radiographers with more than 3
years of experience. The radiographs were viewed under
identical conditions without any modifications, on a 15-
inch, 1280×800 resolution, 32 bit color mode computer
monitor (Dell Inc, Round Rock, TX, USA), in a room with
subdued lighting. 

The digital radiographs were evaluated by a professor of
oral and maxillofacial radiology with more than 12 years
of experience. The observer evaluated all the images once,
and a randomly selected sub-sample (comprising 25% ima-
ges i.e. 446 images) after 3 months’ time had elapsed, for
the second time. The frequency of positioning errors was
recorded. The assessed errors included the chin tipped high,
the chin tipped low, a slumped position, the patient posi-
tioned forward, the patient positioned backward, failure to

position the tongue against the palate, patient movement
during exposure, the head tilted, and the head turned to one
side (Figs. 1-9). The criteria for including a radiograph in
a particular positioning error group are given in Table 1.

As the images were viewed on the monitor, processing
and handling artifacts did not need to be taken into consi-
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Fig. 2. The patient’s chin is too low. The occlusal plane is “smiling”
and the apices of the mandibular incisors are fuzzy. 

Fig. 1. The patient’s chin is too high, causing a flat occlusal plane,
splayed condyles, and loss of sharpness of the maxillary incisors.

Fig. 3. The cervical spine is slumped, appearing as a pyramid shap-
ed opacity, centred at the lower half of the film.



deration. In the end, the observer deemed the diagnostic
acceptability of each radiograph to be ‘excellent’, ‘diagnos-
tically acceptable’, or ‘unacceptable’ according to previous-

ly published guidelines.12 The term ‘excellent’ was appli-
cable where there were no errors of positioning. In any case
where the observers were unable to reach a consensus, the
radiograph was scored as ‘diagnostically acceptable’. In
cases in which the radiograph was found to be non-diag-
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Fig. 4. The central incisors are in front of the bite groove, causing
them to appear thin and fuzzy. The cervical spine is in the focal
zone, causing it to be superimposed on the mandible.

Fig. 5. The anterior teeth are positioned behind the bite groove
causing them to appear wider than normal.

Fig. 6. Panoramic radiograph shows the patient failure to position
the tongue against the palate leading to a dark shadow over the
maxillary teeth between the palate and dorsum of the tongue.

Fig. 7. Radiograph shows image distortion due to patient move-
ment during exposure.

Fig. 8. The head is tilted to one side, causing one condyle to appear
higher than the other and the inferior border of the mandible is
slanting.

Fig. 9. The head is turned to one side, causing an asymmetry of the
condyles, and wider teeth and ramus on one side than the other. 



nostic and required repetition, it was categorized as diag-
nostically unacceptable. The repeated images were not in-
cluded in the study. In case multiple panoramic images
were taken for a patient, only the first image was included
in the study.

Data tabulation and analysis was processed using SPSS
15.0 software (SPSS Inc., Chicago. IL., USA). Repeatabi-
lity was calculated both in terms of percentage agreement
and by calculation of the kappa (k) statistic.18 Intra-exam-
iner variability was assessed according to Altman19 where
poor was k⁄0.21, fair was k==0.21-0.40, moderate was
k==0.40-0.60, and good was k¤0.60.

Results

Out of the 1,782 panoramic radiographs viewed, 196
(11.0%) radiographs had no errors while 1,586 (89.0%)
radiographs showed one or more positioning error. The
most common positioning error observed in the radiogra-
phs was failure to position the tongue against the palate
(993, 55.7%) whereas the least common error recorded
was patient movement during exposure (28, 1.6%). Table 2
shows the frequency distribution of common errors observ-
ed in the sample studied.

Only 196 (11.0%) of the radiographs were free of posi-
tioning errors and therefore classifiable as ‘excellent’ using
the recommended criteria. 1,142 (64.1%) were ‘diagnosti-
cally acceptable’, containing errors which did not detract
from the diagnostic utility of the radiograph. The remain-
ing 444 (24.9%) were ‘unacceptable’ (Table 3). 

The overall kappa statistic for intra-examiner reliability
for positioning errors was 0.77, the proportional agreement

being 92% and for quality assessment was 0.63, the propor-
tional agreement being 83%. Overall, the intra-examiner
agreement was found to be good.

Discussion

The images evaluated in the present study were gather-
ed from inactive patient files from the Department of Oral
and Maxillofacial Radiology of a dental college for the pur-
pose of assessing positioning errors and quality in panora-
mic radiography. Since the subjects whose images were
assessed were randomly selected, and the dentists, at the
time when the radiographs were taken, were unaware of

─ 210─

Positioning errors and quality assessment in panoramic radiography

Table 1. Positioning errors and manifestations on panoramic radiographs

Positioning error Manifestation on panoramic radiographs

Chin tipped high Maxillary incisors blurry, hard palate superimposed on roots, flat occlusal plane, mandible is
broad and flat, condyles at edge of film

Chin tipped low Roots of lower incisors blurry, mandible shaped like a “V”, too much smile line, condyles at top
of film, spine forms arch 

Slumped position White tapered opacity in middle of image

Patient positioned forward Anterior teeth blurry, too small and narrow, spine visible on sides of film

Patient positioned backward Anterior teeth blurry and wide, ghosting of mandible and spine, condyles close to edge of film

Failure to position the tongue Large, dark shadow over maxillary teeth between palate and dorsum of tongue
against the palate

Patient movement during exposure Portions of radiograph are blurred; large step defects in inferior border of mandible

Head is tilted to the side Condyles are not equal in height, nasal structures distorted

Head is turned to one side Teeth are wide on one side, narrow on other side of midline; ramus is wider on one side than the
other; uneven pattern of blurring throughout arch; nasal structures not clear

Table 2. Ranking of positioning errors observed on the 1,782 pano-
ramic radiographs examined in the study 

Positioning errors Number %

Failure to position tongue against palate 993 55.7
Slumped position 624 35.0
Patient positioned backward 534 30.0
Patient positioned forward 326 18.3
Chin tipped high 319 17.9
Head is turned to one side 310 17.4
Chin tipped low 289 16.2
Head is tilted to the side 227 12.7
Patient movement during exposure 28 1.6

Table 3. Quality assessment of 1,782 panoramic radiographs exam-
ined in the study 

Quality Number %

Excellent 196 11.0
Diagnostically acceptable 1,142 64.1
Diagnostically unacceptable 444 24.9



this study, the sample may be regarded as representative of
everyday radiograph quality.

In our study, processing and handling errors were not
considered since the radiographs were taken from a digital
panoramic machine with digital printing. The study was
conducted on the digital images directly viewed on a mon-
itor, as in the present scenario most of the dental radiolo-
gists have started using digital machines despite the avail-
ability of manual machines. 

This study only included images of adult patients over
18 years of age. A greater incidence of certain positioning
errors might be expected with children, but no study app-
ears to have been carried out comparing panoramic film
quality for adult and pediatric patients.

The high frequency of positioning errors was striking.
The limited dimensions of the focal plane (image layer) in
panoramic radiography mean that minor errors in position-
ing manifest as distortions due to unequal vertical and hori-
zontal magnification, overlap of teeth, and a loss of image
sharpness. 

In this study, from the 1,782 panoramic radiographs eval-
uated, failure to position the tongue against the palate dur-
ing exposure was the most common error identified; this
result was in concordance with the results obtained in the
studies performed by many other investigators.7,20 The
possible explanation for this error might be a lack of com-
munication of the dental technicians instructing the pati-
ents to swallow and to keep the tongue on the roof of the
mouth. Another explanation was that the patients some-
times might misunderstand the instructions, putting only
the tip of the tongue on the palate, or the patients did not
pay much attention to the instruction given by the techni-
cian. In this study, this error was found in 55.7% of the ra-
diographs, which was less than what was found by Rushton
et al.7 The reason might be the fact that in their study the
radiographs were collected from different centers, unlike
ours where radiographs were taken from only one center.

A ghost shadow on the symphysis may be attributed to
patient slumping; there is a natural tendency for patients,
when holding the handles of the machine, to slump. The
dental technician needs to be certain before taking the radio-
graph that the patient’s back and spine are erect with the
neck extended. In this study, the slumped position was the
second most common error encountered. It was found in
624 radiographs (35%), which was more frequent than the
result obtained by Rushton et al7 and Akarslan et al.20

Our study demonstrated separately the positioning errors
caused by forward and backward positioning of the patient
on the notched bite block. In our study, backward position-

ing of the patient (30%) was more prevalent than forward
positioning (18.3%). These errors might be attributed either
to a misunderstanding of the patients or even to his/her
underestimation of the importance of proper positioning.
Rushton et al7 combined the backward and forward posi-
tion together, so they had a result of 58.8% in their study
sample, which was higher than the result obtained in this
study. There was agreement between this study and the
other studies7,20 in terms of other positioning errors. In
many instances, multiple errors occurred in one image; this
could be due to spending inadequate time for patient pre-
paration and positioning.

The Guidelines on Radiology Standards for Primary Den-
tal Care set quality standards for dental radiography, defin-
ing the terms ‘excellent’, ‘diagnostically acceptable’, and
‘unacceptable’.12 The basic standard was that the rate of
‘unacceptable’ radiographs should not exceed 10%. If the
current sample was a representative one, then this standard
would be a challenge for the majority of dentists. Good
quality radiography aids diagnosis. Furthermore, it maxi-
mizes the benefits to the patient, which must be balanced
against the radiation risk and the financial outlay. Thus, in
addition to being an issue of radiation protection, the pro-
duction of non-diagnostic radiographs becomes a consumer
issue for the patient and/or health service purchaser.

A target of not less than 70% ‘excellent’ (fault-free) films
was also suggested in the guidelines.12 Our results in this
study, similar to those in previous studies,2,7 suggested that
this standard might prove to be a considerable challenge.
Most of the radiographs (89%) exhibited some positioning
fault, usually several. In view of the results of this study,
it might be appropriate to re-think the quality standards set
in the guidelines, removing any mention of ‘excellent’ films
and concentrating upon achieving a significant reduction
in ‘unacceptable’ radiographs. It is likely that efforts to
improve quality and reduce rejection rates would coinci-
dentally lead to an increase in ‘excellent’ films thereafter.

The clinical situation was not considered in this study
while assessing a radiograph. Panoramic radiography might
not be suitable for some patients due to their physical sta-
ture, swelling/growth, facial asymmetry, or their inability
to properly follow the instructions. These factors might
hinder the proper positioning of the patients in the machine.
In such cases, panoramic error might be inevitable.

In our study, 24.9% of the radiographs were unaccepta-
ble, which fell between the results of studies conducted by
Brezden and Brooks (18.2%)2 and Rushton et al (33%).7

The percentage was probably low in the former study2 be-
cause the radiographs in that study were being submitted
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for claim purposes and it was likely that the dentist might
have repeated poor quality films to avoid risk of claim re-
jection. The percentage in the latter study7 was higher be-
cause the radiographs were collected from 41 dentists, and
it was previously reported that over one third of dentists in
a questionnaire survey used unqualified personnel to take
panoramic radiographs.21 In our study, radiographs were
taken by several trained technicians.

In conclusion, the value of any diagnostic procedure de-
pends upon the amount of information gained by its utiliza-
tion. In panoramic radiography, there are numerous factors
only pertinent to panoramic radiography, which can reduce
the diagnostic quality of radiographs. Foremost among
these factors is improper patient positioning. The dentist
should take care to monitor the quality of panoramic radio-
graphs, ensuring that they are free of positioning errors. In
light of our findings, it seemed that operator skill, better
communication with the patient, and spending time in pati-
ent positioning could decrease the number of errors and
help produce high quality radiographs. Carrying out this
film rejection analysis, which included the identification
of faults and what caused them, should contribute to indi-
vidualising quality control measures.
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