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OzZET
Panoramik radyografide kalite degerlendirmesi

Amag: Bu calismada elde edilen panoramik radyografilerin kalitesi-
nin degerlendirilmesi ve tani icin yetersiz goriintiilere neden olan
hatalarin tespiti amaclanmistir.

Yontem: Calismada Oral Diagnoz ve Radyoloji AD arsivlerinde yer alan
150 adet panoramik radyografi incelenmistir (Morita Veraviewwopcs
model 550 ,Kyoto-Japan, en ylksek KVP of 80, mA=12, monitdr 17 in¢
TFT LCD, 100-240 VAC 60/50 Hz, Global Opportunities). Buttin grafi-
ler ayni radyografik ekipman ile yapilmistir. Gorlintller JPEG (Joint
Photographic Experts Group ) dosyasi olarak kaydedilmis ve kontrast,
parlaklik ve buyutme ve data kompresyonu agisindan herhangi bir
duzeltme yapilmamistir. Elde edilen goruntiler iki maksillofasiyal
radyoloji uzmani tarafindan Klinik Gortintt Kalitesi Degerlendirme
Gizelgesi kullanarak degerlendirilmis, panoramik radyografide genel
goriint kalitesi siniflandinimig ve goriintiileme hatalarinin nedenleri
incelenmistir. Veri tablolama ve tanimlayici istatistik SPSS 15.0 yazilimi
(SPSS Inc., Chicago. IL., USA) kullanilarak yapilmistir.

Bulgular: Klinik Gorintl Kalitesi Degerlendirme Cizelgesi ortalama
degeri 79.69+14.87 olarak dl¢uilmustiir. Gorlinti kalitesinin skorlama-
sinda 28 goriintlinlin tanisal bilgide en iyi goriintu kalitesine sahip
oldugu, 80 goriintiiniin tani icin yeterli oldugu, 37 gorlntindn tani
koyma agisindan zayif ama teshis edilebilir oldugu ve 5 goriintliniin
tani icin yetersiz oldugu belirlenmistir. Tim goriintiilerde izlenen
hatalarin nedenlerinin analiz sonuglari su sekildedir: 103 goriintiide
konumlandirma hatasi, 15 goriintiide islem sirasinda olusan hata, 4
gorlintiide Unite kaynakli hata goriilmis ancak hicbir radyografide
anatomik abnormaliteye bagli hata izlenmemistir.

Sonug: Panoramik radyografinin gériintiileme islemi sirasinda hasta
konumlandirma tarafindan kaynaklanan hatalar calismamizda en
yaygin izlenen hata tipi olarak bulunmustur. Ancak daha fazla hasta
grubu ile farkh radyografik yontemler kullanilarak goriinti kalitesinin
degerlendirildigi calismalara ihtiyag duyulmaktadir.

Anahtar sozciikler: Oral radyoloji, degerlendirme, goriinti kalitesi,
panoramik radyografi, dijital goriintiileme

ABSTRACT
Clinical image quality assessment in panoramic
radiography

Aim: This study was performed to assess the quality of panoramic
radiographs obtained and to identify those errors directly responsible
for diagnostically inadequate images.

Materials and Methods: This study consisted of 150 panoramic
radiographs obtained from the Department of Oral Diagnosis and
Radiology. All projections were made with the same radiographic
equipment (Morita Veraviewwopcs model 550 (Kyoto-Japan) with
the maximum KVP of 80, mA=12, monitor 17 inch TFT LCD, 100-240
VAC 60/50 Hz, Global Opportunities). The images were exported
and saved in Joint Photographic Experts Group (JPEG) file and no
adjustment of contrast, brightness and magnification was performed.
Two oral and maxillofacial radiology specialist evaluated the images
using the Clinical Image Quality Evaluation Chart and classified the
overall image quality of the panoramic radiographs and evaluated
the causes of imaging errors.

Results: The mean (SD)score was 79.69+£14.87. In the classification
of the overall image quality, 28 images were deemed ‘optimal for
obtaining diagnostic information;, 80 were ‘adequate for diagnosis,
37 were ‘poor but diagnosable;, and 5 were ‘unrecognizable and too
poor for diagnosis. The results of the analysis of the causes of the
errors in all the images were as follows: 103 errors in positioning, 15
in processing, 4 due to radiographic unit, and none of them was due
to anatomic abnormality.

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.

Key words: Oral radiology, assesment, image quality, panoramic
radiography, digital imaging

INTRODUCTION

Sinceitsintroductioninto the dental practise, panoramic
radiography has become a popular and valuable diagnostic

tool (1,2). A high quality panoramic radiography has been
used for routine screening of patients at various institutions
and private clinics because it allows examination of the
entire dentition, alveolar bone, temporomandibular joints,
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and adjacent structures easily (3,4). All radiation exposures
must be kept as low as reasonably achievable (ALARA)
while having all kinds of radiographs including panoramic
radiography. This could be achieved in three ways, using
physical methods of minimizing dose, applying selection
criteria, and consistently producing high quality radiograph
to avoid repeat exposure (5).

A non-diagnostic quality image often requires a need
for supplementary images and a repetition of examinations
(6,7). A non-diagnostic quality image which leads to
repetition is a result of errors made by the operator during
patient positioning and processing of the image (8-11).
Also, there are a number of factors inherent to panoramic
radiology, not applicable to intraoral imaging, which reduce
its diagnostic quality and which should be considered
when examining its diagnostic value. These include the
limitations imposed by the film/screen/cassette
combination, tomographic blur, superimposed soft tissue
and ‘ghost’ shadows, the overlap of adjacent teeth and
variations in magnification (5).

Among the various types of image quality evaluation,
clinicalimaging evaluationis the mostimportantinspection
that enables actual and comprehensive evaluation since it
reflects the entire quality assurance process, and it must be
performed continuously (11,12). Choietal. (11) investigated
the image quality of panoramic radiographs taken at dental
hospitals and clinics across Korea using a Clinical Image
Quality Evaluation Chart. As no appropriate guideline on
quality control has been prepared in Turkey, we investigated
the level of clinical image quality for panoramic radiographs
and to provide a basis for clinical image evaluation by using
very few differences on this Clinical Image Quality
Evaluation Chart. The aim of this study is to determine and
evaluate the frequency of common errors that could
happen in panoramicimaging and to identify the causes for
these errors in order to eliminate them to reach the most
diagnostic perfectibility.

MATERIALS AND METHODS

150 panoramic radiographs that were taken between
December 2012 and February 2013 were obtained from the
archives of the Department of Oral Diagnosis and Radiology,
Marmara University Faculty of Dentistry. All the radiographs
were of patients referred from various departments for

clinical and diagnostic purposes. All projections were made
with the same radiographic equipment (Morita
Veraviewopcs model 550 (Kyoto-Japan) with the maximum
KVP of 80, mA=12, monitor 17 inch TFT LCD, 100-240 VAC
60/50 Hz, Global Opportunities) and all radiography were
carried out by the same technician. The images were
exported and saved in Joint Photographic Experts Group
(JPEG) file and no adjustment of contrast, brightness and
magnification was performed; and all the images were
reviewed under identical conditions on the computer
screen.

Training of clinical image evaluators and clinical
image evaluation using a clinical image quality
evaluation chart

To ensure a professional and efficient evaluation, two
oral diagnosis and radiology clinicians working in the
Department of Oral Diagnosis and Radiology evaluated the
clinical images. During meetings for the pilot study, these
two clinicians were trained to evaluate panoramic images,
by a specialist who had been working in the Department of
Oral Diagnosis and Radiology for more than fifteen years.
An agreement on the objective criteria for the qualitative
evaluation of the images was forged among the evaluators.
We investigated the level of clinical image quality for
panoramic radiographs using a slightly modified version of
the Clinical Image Quality Evaluation Chart (Table 1) used
by Choi et al. (11) at a study investigating the image quality
of panoramic radiographs taken at dental hospitals and
clinics across Korea.

The chart was used to evaluate the image quality of a
panoramic radiograph while viewing the images; and if
there was any inconsistency between their evaluations, an
agreement was made through discussion. It was worked on
during multiple meetings of evaluators.

After evaluating images using the forementioned chart
the two clinician calculated the total score. The perfect
score in the clinical image evaluation was 100 points. The
image quality grade was classified into the following 4
grades:1. Optimal for obtaining diagnostic information
(100-80), 2. Adequate for diagnosis (80-60), 3. Poor but
diagnosable/unrecognizable (60-40), and 4. Too poor for
diagnosis (40-0) (Figure 1,2,3).

The cause of the errors observed on the image was

Marmara Universitesi Saglik Bilimleri Enstitiisti Dergisi Cilt: 4, Say: 3, 2014 / Journal of Marmara University Institute of Health Sciences Volume: 4, Number: 3, 2014 - http:/musbed.marmara.edu.tr 127




Clinical image quality assessment in panoramic radiography

Table 1: Clinical image quality evaluation chart

1. Identification Name of patient Sex Score
yes no
2. Artifacts Internal artifacts or artifacts of unknown origin: not present/present but don’t 4 2/0
interfere with diagnosis/ may interfere with diagnosis
3. Coverage area Top: include the inferior border of the orbit 2 0
Left: include outside of 0.5 mm to temporomandibular joint 2 0
Right: include outside of 0.5 mm to temporomandibular joint 2 0
Bottom: include underside of 0.5 mm to inferior cortical border of the mandible 2 0
4. Patient positioning a) Occlusal plane: appropriate/flat/steep downward V-shape/ inverted V-shape 6 4/2/0
b)Antero-posterior positioning: adequate/former or rear but diagnosis 4 2/0
is possible/ unclear anterior portion
¢) Right-left symmetry: symmetry/the discrepancy is less than half of the width in 4 2/0
M-D of mandibular 1st molar/ above half of the width in
M-D of mandibular 1st molar
d) Hyoid bone overlapped the mandible 4 0
e) Patient movement (right and left): none of dual images 4 0
f) Patient movement (right and left): none of disappeared images 4 0
g) No soft tissue movement (evaluation of the soft palate, tongue and hyoid bone) 4 0
5. Density, Sharpness,  a) Distinguishable dentinoenamel junction: distinguishable/ almost 6 4/2/0
image contrast distinguishable/indistinguishable in 2 of 6 of the regions/indistinguishable
in 4 of 6 of the regions.
b) PDL space and lamina dura: distinguishable/almost distinguishable/ 6 4/2/0
indistinguishable in 2 of 6 of the regions/indistinguishable in 4 of 6 of the regions
c) Accuracy of root shape: distinguishable/almost distinguishable/ 6 4/2/0
indistinguishable in 2 of 6 of the regions/indistinguishable in 4 of 6 of the regions
d) Metal artifact: distinguishable with secondary caries/indistinguishable 4 0
e) Extent of the proximal overlap: overlapped under the DEJ/over the DEJ 4 0
f) Homogeneity of the background density: homogeneous/heterogeneous 4 0
g) Distinguishable alveolar crest in alveolar bone: distinguishable/almost
distinguishable/indistinguishable in 2 of 6 of the regions/indistinguishable 6 4/2/0
in 4 of 6 of the regions
h) Distinguishable trabecular pattern in alveolar bone: distinguishable/ 6 4/2/0
almost distinguishable/ indistinguishable in 2 of 6 of the regions/
indistinguishable in 4 of 6 of the regions.
i) Regional contrast-TMJ area 4 0
j) Regional contrast-maxillary sinus 4 0
k) Regional contrast-mandibular area 4 0
1) Noise: not present/present 4 0
Total Score 100

6. Cause of the error

Positioning errors during the radiograph taking (patient preparation, position of the
mandible and maxilla, patient movement, and angle of the cervical spine)

Errors from the radiographic unit and other mechanical error accessories
(irregularity of the exposure roller and error of the sensor and reader)

Pre- and post-processing errors (enhancement errors, noise, and abnormal density
and contrast)

Errors due to anatomic abnormality (malformation of the mandible and maxilla,
and congenital dental anomaly)

determined and marked. The errors were classified into one
of the following class: positioning errors during radiography
(patient preparation, position of the mandible and maxilla,
andangle of the cervical spine); errors from the radiographic
unit and other mechanical errors (irregularity of the
exposure roller and error of the sensor and reader); pre- and

post-processing errors (enhancement errors, noise, and
abnormal density and contrast); and errors due to anatomic
abnormality (malformation of the mandible and maxilla,
and congenital dental anomaly). Data tabulation and
analysis was processed using SPSS 15.0 software (SPSS Inc.,
Chicago. IL., USA).
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Figure 1

Figure 2

Figure 3

RESULTS

There were 63 radiographs of male, 87 of female
patients. The age range of patients was 7 - 83 years. The
mean (standard deviation (SD)) age was 32.57+17.81 years.

In the classification of the overall image quality by the
two evaluators, 28 images were deemed ‘optimal for
obtaining diagnostic information’, 80 were ‘adequate for
diagnosis, 37 were ‘poor but diagnosable, and 5 were
‘unrecognizable and too poor for diagnosis’ Seventy-two
percent (n=108) of the images were rated ‘optimal for

Table 2: Image quality grade classification

Image quality grade classification n %

Unrecognizable, too poor for diagnosis 5 33
Poor, but diagnosable 37 24.7
Adequate for diagnosis 80 533
Optimal for obtaining diagnosis information 28 18.7

Table 3: Causes of errors

Causes of errors n %

Positioning errors 103 84.4
Errors from the radiographic unit and other

mechanical errors 4 33
Pre- and post-processing errors 15 123
Errors due to anatomic abnormality 0 0

obtaining diagnostic information’ or ‘adequate for
diagnosis’ (Table 2). Twenty-eight percent (n=42) of the
images were ‘poor but diagnosable’ or ‘too poor for
diagnosis.

The results of the analysis of the causes of the errors in
all the images were as follows (Table 3). There were 103
errors in patient positioning; 15 errors in processing such as
an abnormal density, contrast, and resolution; 4 errors due
to the radiographic unit and other mechanical problems;
and none due to anatomic abnormality. The total number
of errors was not the same as the total number of images;
because some had no errors at all and some had multiple
errors such as “artifacts caused by external and internal
factors (3.3%), patient movement (2.7%), superposition of
shadows of soft tissues and surrounding air (62.7%) or hard
tissues (24.7%).

The most common errors encountered in the images
which were ‘optimal for obtaining diagnosis information’
were minor errors in positioning but these errors did not
affect the quality of the images as much as they did in the
other groups. The most common errors in the images
which were ‘adequate for diagnosis’ and ‘poor but
diagnosable’ were errors in positioning, followed by
processing errors and the mechanical errors of the
radiographic unit. The most common errors in the images
which were ‘unrecognizable, too poor for diagnosis’ were
errors in positioning and nonetheless there were errors in
patient movement, superposition of soft or hard tissues
(Table 4).

The mean of the scores given by two clinicians according
to the Clinical Image Quality Evaluation Chart was
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Table 4: Causes of errors according to image quality grades in each group

Image quality grades

Causes of errors

Positioning errors

Errors from the radiographic unit Pre- and post-processing

and other mechanical errors errors

n (%) n (%) n (%)
Unrecognizable, too poor for diagnosis 2 (%1.9) 0 (%0) 1 (%6.7)
Poor, but diagnosable 9 (%8.7) 1 (%25.0) 3 (%20)
Adequate for diagnosis 37 (%35.9) 2 (%50.0) 7 (%46.6)
Optimal for obtaining diagnosis information 55 (%53.5) 1 (%25.0) 4 (%26.7)
Total 103 4 15

Table 5: Representative values according to the overall image quality grade
Min Max Mean Std. Deviation

1 28 40 33.33 6.11
2 44 58 52.00 4.16
3 60 78 71.39 5.05
4 80 100 89.70 5.98
142 28 58 48.50 8.68
1+243 28 78 65.48 11.80
142+3+4 28 100 79.69 14.87

1: optimal for obtaining diagnosis information, 2: adequate for diagnosis, 3: poor, but diagnosable, 4: unrecognizable, too poor for diagnosis, min: minimum,

max: maximum, std: standard

79.69+14.87 (maximum possible: 100), with the highest
and lowest scores 100 and 28, respectively. The mean and
representative scores of each group based on the overall
image quality grade are shown in Table 5.

DISCUSSION

The value of a panoramic radiograph is reduced when
it is of poor diagnostic quality. Low quality radiographs
can lead to misinterpretation, resulting in incorrect
diagnosis and treatment planning, and it also leads to the
need for supplementary images exposing the patient to
additional radiation doses (6,7,13). Given the 2007
recommendations of the International Commission on
Radiological Protection (ICRP) which result in an upward
reassessment of fatal cancer risk from oral and
maxillofacial radiographic examinations, it is important
that retakes must be kept at a minimum (14). Other
consequences are increased cost and extended
examination times. However, it has been shown that a
considerable number of radiographs exposed in dentistry
are of marginal or non-diagnostic quality (4,15).

The Guidelines on Radiology Standards for Primary
Dental Care set quality standards for dental radiography,

defining the terms ‘excellent’, ‘diagnostically acceptable,
and ‘unacceptable’ The basic standard was that the rate
of‘'unacceptable’radiographs should not exceed 10% and
not less than 70,0% ‘excellent’ (fault-free) films was also
suggested (16). In our study we investigated the image
quality of panoramic radiographs using the Clinical
Image Quality Evaluation Chart, where the images were
also classified into four grades, and 72% of the images
had an acceptable or optimal quality. In contrast to our
study, Choi et al. (11) who investigated the image quality
of panoramic radiographs taken at at local dental clinics,
found out that 59% of the images had a normal or higher-
level image quality. Akesson et al. (17), reported lower
image quality in panoramic radiographs obtained from
various external clinics than radiographs taken in hospital
environment. In each of these two studies samples were
collected from external clinics and the patient positioning
was not uniform during the image taking; the radiology
technicians were not same; and this situation could led to
differences in error frequencies. Nonetheless different
machines with varying ages were used to produce the
radiographs in previous studies and radiographs
produced with older machines might increase error rates
because of the extended usage of the focal through in
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such a case recalibration could be needed (18). Similar to
our study, Dhillon et al. (19) assessed the quality of
panoramic radiographs in a sample of records collected
from a dental college and found out that 75.1% were
diagnostically acceptable and optimal.

The radiographs evaluated in the present study were
gathered from patient documents that were requested
from other clinics for radiographic examination in our
department. During the time period when the radiographs
were being taken, the department technician was
permanent and unaware of this study so the samples may
be regarded as representative of everyday radiograph
quality. The most common error in our samples was
incorrect positioning of the patient, and it was followed by
pre-processing and radiographic device errors. On
panoramics, the most frequent faults were in patient
positioning, and in density and contrast; this finding
complied with the findings of Brezden and Brooks et al. (20)
and Akesson et al. (17). Likewise, in a large sample of
panoramic radiographs, Rushton et al. (8) found that errors
in patient positioning and faults in film density and contrast
most frequently contributed to diagnostic inadequacy of
films. Schiff et al. (21) evaluated a variety of films taken by
dental students, faculty members and technicians in a
hospital environment. They found that 80% of radiographs
showed some degree of fault; the number of faults being
reduced to 53% by using only one and trained technician to
position all patients. In this study superposition of shadows
of soft tissues and surrounding air (62.7%) during exposure
was also common.

Superimposition of this shadow results in difficulty in
interpretation of the periapical region of maxillarry teeth.
The possible explanation for this error might be a lack of
communication of the dental technicians instructing the
patients to swallow and to keep the tongue on the roof of
the mouth. Another explanation was that the patients
sometimes could find it difficult and might misunderstand
the instructions given by the technician. This result was in
concordance with the results obtained in the studies
performed by many other investigators (8,22). Therefore,
following technical points is also fairly important when a

panoramic radiograph is taken: (1) The patient should be
seated or should stand fully upright, with the head
immobilized, utilizing a chin rest and a radiolucent bite
block. (2) Spectacles, neck chains, earrings, and dentures
must be removed before the exposure. (3) The patient
should place the tongue against the palate during the
exposure in order to prevent a radiolucent stripe above the
maxillary teeth. (4) Because of the relatively long exposure,
the machine movement should be explained to the patient
toensure cooperation especially with children (23). Despite
all the proper instructions, sometimes optimal positioning
of the patients for imaging could not be achieved due to
the facts that either patients were unable to follow the
instructions or they had abnormal physical structure,
swelling/growth, facial asymmetry. In such cases,
panoramic scanning errors are mostly inevitable, however,
in our study, there was not any error caused by an anatomic
abnormality.

Our study faces some limitations: the sample size was
relatively small and images with different age groups have
been evaluated. Studies on a larger population, with a
patient group aged >18 are needed to enhance the strength
oftheresults.Nevertheless, ourfindings point outimportant
issues of panoramic radiography procedure. Also further
studies on the quality of panoramic radiographs of children
would be interesting, as many panoramic films are taken for
ortohodontic purposes and concerns over radiation
protection are much more important in children.

In conclusion, there are numerous factors only pertinent
to panoramic radiography, which can reduce the diagnostic
quality of radiographs. The panoramic radiographs taken at
our department generally have a normal or higher level
image quality. Therefore, when images are taken, patient
position should be adjusted with great care. In light of the
literature, it can be suggested that operator skill, better
communication with the patient, and spending time in
patient positioning could decrease the number of errors
and help produce high quality radiographs. Using a clinical
image quality evaluation chart which helps identification of
faults and what caused them, would contribute to
individualising quality control measures.

Marmara Universitesi Saglik Bilimleri Enstitiisti Dergisi Cilt: 4, Say: 3, 2014 / Journal of Marmara University Institute of Health Sciences Volume: 4, Number: 3, 2014 - http:/musbed.marmara.edu.tr 131




Clinical image quality assessment in panoramic radiography

REFERENCES

Park TW, Lee SR, Kim JD, Park CS, Choi SC, Koh KJ, et al. Oral and
maxillofacial radiology. 3 ed. Seoul: Narae Publishing Inc; 2001.
p.138-145.

White SC, Weissman DD. Relative discernment of lesions by intraoral
and panoramic radiography. J Am Dent Assoc. 1977;95:1117-1121.

Rushton VE, Horner K, Worthington HV. Aspects of panoramic
radiography in general dental practice. Br Dent J. 1999; 186:342-344.

Rushton VE, Horner K, Worthington HV. Routine panoramic
radiography of new adult patients in general dental practice:
relevance of diagnostic yield to treatment and identification of
radiographic selection criteria. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2002;93:488-495.

Rushton VE. Horner K. The use of panoramic radiology in dental
practice. J Dent. 1996;24:185-201.

Horner K. Review article: radiation protection in dental radiology. Br J
Radiol. 1994;67:1041-1049.

Pitts NB, Kidd EA. Some of the factors to be considered in the
prescription and timing of bitewing radiography in the diagnosis and
management of dental caries. J Dent. 1992,20:74-84.

Rushton VE, Horner K, Worthington HV. The quality of panoramic
radiographs in a sample of general dental practices. Br Dent J.
1999;86:630-633.

Langland OE, Sippy FH, Morris CR, Langlais RP. Principles and practice
of panoramic radiology. 2" ed. Philadelphia(PA): WB Saunders; 1992.

. Nixon PP, Thorogood J, Holloway J, Smith NJ. An audit of film reject

and repeat rates in a department of dental radiology. Br J Radiol.
1995;68:1304-1307.

. Choi BR, Choi DH, Huh KH, Yi WJ, Heo MS, Choi SC, Bae KH, Lee

SS. Clinical image quality evaluation for panoramic radiography in
Korean dental clinics. Imaging Sci Dent. 2012;42:183-190.

. Lee SH, Choe YH, Chung SY, Kim MH, Kim EK, Oh KK, et al.

Establishment of quality assessment standard for mammographic
equipments: evaluation of phantom and clinical images. J Korean
Radiol Soc. 2005;53:117-127.

20.

21.

22.

23.

. White SC,Pharaoh MJ.Oral Radiology: principlesandinterpretation.5th

ed. Philadelphia(PA): CV Mosby;2004. p.200-217.

. Ludlow JB, Davies-Ludlow LE, White SC. Patient risk related to

common dental radiographic examinations. J Am Dent Assoc.
2008;139:1237-1243.

. Helminen SE, Vehkalahti M, Wolf J, Murtomaa H. Quality evaluation

of young adults’ radiographs in Finnish public oral health service. J
Dent. 2000;28:549-555.

. Royal College of Radiologists, National Radiological ProtectionBoard.

Guidelines on radiology standards for primary dental care. London:
NRPB; 1994:30.

. Akesson L, Hakansson J, Rohlin M and Zoger B. An evaluation of

image quality for the assessment of the marginal bone level in
panoramic radiography. Swed Dent J. 1991;78:101-129.

. Razmus TF, Glass BJ, McDavid WD. Comparison of image layer

location among panoramic machines of the same manufacturer. Oral
Surg Oral Med Oral Pathol. 1989;67:102-108.

. Dhillon M, Raju SM, Verma S, Tomar D, Mohan RS, Lakhanpal

M, Krishnamootr B. Positioning errors and quality assessment in
panoramic radiography. Imaging Sci Dent. 2012;42:207-212.

Brezden NA, Brooks SL. Evaluation of panoramic dental radiographs
taken in private practice. Oral Surg Oral Med Oral Pathol. 1987;63:617-
621.

Schiff T, D'’Ambrosio J, Glass BJ, Langlais RP and McDavid WD.
Common positioning and technical errors in panoramic radiography.
J Am Dent Assoc. 1986;113:422-426.

Akarslan ZZ, Erten H, Giingdr K, Celik 1. Common errors on panoramic
radiographs taken in a dental school. J Contemp Dent Pract.
2003;4:24-34.

Murray D, Whyte A. Dental panoramic tomography: what the general
radiologist needs to know. Clinical Radiology. 2002;57(1):1-7.

132

Marmara Universitesi Saglik Bilimleri Enstitiisti Dergisi Cilt: 4, Sayr: 3, 2014 / Journal of Marmara University Institute of Health Sciences Volume: 4, Number: 3, 2014 - http://musbed.marmara.edu.tr




