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The Subjective Image Quality of Conventional and Digital Panoramic
Radiography Among 6 to 10 year old Children
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Opjectives: To compare the diagnostic quality of orthopantomographs made with the conventional unit Orthophos
Semens and the direct digital unit Planmeca 2000 cc Proline armong children 6-10 years old and to investigate poss-
ble differences on image interpretation between oral radiologists and pediatric dentists.

Methods: Sudy material included two independent groups of panoramic images (50 in each group) made with differ-
ent panoramic modalities (digital, conventional). Eight observers (four pediatric dentists and four oral radiologists)
evaluated all images for diagnogtic quality in 12 pre-determined areas using a 4-point rating scale.

Results: Digital and conventional panoramic radiography performed almost smilarly as far as it concerns the specific
diagnogtic tasks rated with the exception of the interproximal contacts of mandibular molars where digital panoramic
radiography was scored significantly higher and the periapical region of anterior mandible and anterior mandibular
tooth germs wher e conventional panoramic radiography was found to be significantly better. Both oral radiologists and
pediatric dentists graded smilarly digital and conventional radiographs for a variety of diagnostic tasks.

Conclusions: It can be concluded that diagnogtic image quality obtained with the digital orthopartomograph unit
Planmeca 2000 cc Proline was generally equal to image quality obtained with the conventional orthopantomograph
unit Orthophos Plus CD. Image inter pretation between oral radiologists and pediatric dentists was not substantially dif-
ferent
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INTRODUCTION

igital technology and use of personal computers are undeni-
Dably interlaced with the progress of modern sciences. This
technological revolution has aready influenced amost all
agpects of medical science. Over the last two decades efforts are
focused on exploring the potentias of the use of digital imaging in
dentdl radiography. The results are very promising and is expected
to become the standard of the 21st century as the technical develop-

ments are dready humerous.
The evolution from analog film to digita systems using either
storage phosphor (PSP) or charged-coupled device (CCD) technolo-
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gies is offering many perspectives. The up-to-date advantages are
the direct depiction and electronic processing of the digital image
and the avoidance of chemical processing, which istime-consuming
and sometimes, due to mistakes in the procedure, a reason for the
retake of the radiograph. Another reason for the retake of the radi-
ograph when using the analog film is the wrong choice of the expo-
sure parameters causing poor image quality, where in digital tech-
niques can be treated using different filters to produce an acceptable
image.* Also, digitalization of the radiographic images, offers the
ability of storing and adminigtrating the images in an electronic
patient file? as well as the possibility of a quick restoration and the
print of images on various hardcopy media and film.?

Nowedays, discussion is in process about the radiation doses
absorbed by the patients during radiographic procedures'’, especial-
ly invulnerable groups of patients such as children. Therelating bib-
liography®® reports that although dose reduction in extraord digital
radiography is not expected to be as effective as with intraoral sys-
tems, some papersreport that it may be achieved by means of inten-
tional radiographic underexposure and later adjusted with the soft-
ware features.**

Although dentd literature is rich in studies addressing digital
image quality for intreoral systems== our literature search yielded
only afew studies testing image quality of digital panoramic sys-
tans.24-27

The aim of the present study was to compare the diagnostic qual-
ity of orthopantomographs made with the conventiona unit
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Orthophos Siemens and the direct digital unit Planmeca 2000 cc
Prolineamong 6-10 year old children. Thiswas based on the observ-
er's ability to form a diagnosis upon investigating regions of inter-
est. Possible differences on image interpretation between oral radi-
ologists and pediatric dentists were also investigated.

MATERIAL AND METHODS

Two independent groups of panoramic images (50 in each group)
made with different panoramic modalities (digital, conventiona)
were compared for diagnostic image quality. All images were made
by the same operator on pediatric patients for orthodontic assess-
ment. Images that demonstrated any denta anomdies, clefts, syn-
dromes and neoplastic diseases were excluded from the study.

Direct digitd panoramic images were made with a Planmeca
2000 cc Proline (Planmeca Oy, Helsinki). Exposure parameters
were set at 60-64 KV, 4-6 mA and 15 sec. Digital panoramic images
were manipulated for optimal image quality using the Dimaxis soft-
ware (Planmeca Oy, Helsinki), based on the operator’s judgment.

Conventiond radiographs were made with Orthophos Plus CD
(Sirona Denta Systems GmbH, Bensheim, Germany) Exposure
parameterswere set at 60 KV, 9-12 mA, and 14.1 sec in accordance
with patient size. Films were processed immediately after exposure
using the same automated processing unit.

All images were evduated under standardized conditions (same
room, dimmed indirect light): on a super VGA monitor (1024x768
and 256 gray levels) for the digital images and on the same masked
viewbox for the conventiona ones.

Eight observers (four pediatric dentists and four oral radiologists)
evaluated al images for diagnostic quality using a 4-point rating
scale (Table 1-Lit.). To be more specific, each image was evaluated
in 12 pre-determined areas that included periapica bone sites, inter-

TABLE 1 ( Molander et al.”*-1995)

EVALUATION SCALE RATE 1-4

No clear image, no details visualized, no diagnosis possible |

Moderately clear image, broad details visualized, diagnosis doubtful

2
Clear image, details visualized, diagnosis probably possible 3
4

Very clear image, fine details visualized, diagnosis definitely possible

proxima sites and tooth
germs (Table 2).
There were two raing ses-

TABLE 2

Interproximal right region

1. fighl maxillary molar

2. right maxillary primary molar

3. right mandibular molar

4. right mandibular primary molar

Periapical bone region

5. anterior maxilla

6. anterior mandible

7. right posterior maxilla

8. right posterior mandible

Permanent teeth germs

9. anterior maxilla

10. anterior mandible

11. right posterior maxilla

12. right posterior mandible
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sions (one session for the dig-
ital panoramic images and
one for the conventiona
panoramic radiographs) with
a one-month interva in
between. The order of the
images was randomized for
every observer. The datawere
collected on data-sheets pro-
vided to therater prior to each
evaluation sessons.

Repeated measures ANOVA
and paired t-tests were used
for the datigical analysis of
the data collected (p=0,05).
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RESULTS

Table 3 reports means and SD of the scores of the two imaging
modalities per region of interest for al observers (ora radiologists
and pediatric dentists). Digital and conventional panoramic radiog-
raphy performed amost similarly as far as it concerns the specific
diagnogtic tasks rated with the exception of the interproximal con-
tacts of mandibular molars where digita panoramic radiography
was scored significantly higher and the perigpical region of anterior
mandible and anterior mandibular tooth germs where conventional
panoramic radiography was found to be significantly better.

TABLE 3
MEAN and STANDARD DEVIATION (S.D.) PER REGION OF INTEREST
REGION OF INTEREST DIGITAL | CONVENTIONAL P,<0,05
| Interproximal Region N(D) | Mean S.D. ' N(C) | Mean | S.D. Pvalue
| Maxillary Molar | 400 362 | 053 | 400 3,66 0,50 0,73
| Maxillary Primary Molars | 400 3,19 | 048 | 400 3,09 037 0,39
| Mandibular Molars | 400 | 362 | 042 | 400 | 335 | 054 | 0039%
Mandibular Primary Molars | 400 335 | 048 400 3,17 0,35 0,19
Periapical Bone Region | i i i
Anterior Maxilla | 400 3.03 073 | 400 321 0,52 0,57
Anterior Mandible | 400 2,56 0,55 | 400 3,35 0,38 | 0,0001*
Right Posterior Maxilla | 400 3,17 | 060 | 400 3,14 | 052 0,90
Right Posterior Mandible | 400 3.87 0,06 | 400 3,84 0,16 0,60
Permanent Teeth Germs
Anterior Maxilla | 400 344 0,66 | 400 3,63 041 0,51
Anterior Mandible | 400 3,30 049 | 400 3,82 0.16 0,019+
Right Posterior Maxilla | 400 341 056 | 400 3,52 0,49 0,69
Right Posterior Mandible | 400 397 0,03 | 400 3.99 0.01 0,13

When raw data were analyzed separately for the two groups of
speciadigts served as observers, no statisticaly significant differences
found between digital and conventiona panoramic images for the
radiologists regardless of the diagnostic task. On the contrary, pedi-
atric dentists found the image qudity of conventiona panoramic
images in the anterior mandible to be significantly higher than that
of digitd images. Tables (6) and (7) demongtrate that there were no
significantly dtetistical differences between ora radiologists and
pediatric dentists for neither digital nor conventiona panoramic
images. In other words, both graded digital and conventiona radi-
ographs similarly for avariety of diagnostic tasks.

DISCUSSION

The purpose of this study was to assess the subjectiveimage qud-
ity of thetwo different panoramic modadlities (direct digitd and film-
based) and to investigate the performance of two different observer
groups (pediatric dentists and oral radiologists). The two different
groups were chosen in order to evaluate possible differences
between the “expert” and the “clinica” image interpretation. The
materiad of this study consisted of radiographs taken from pediatric
patients, asthey are more vulnerable to absorbed radiation dosesand
they require more frequently modifications of standard intra-ora
techniques®

The results of this study show that the two different panoramic
techniques are at least equa and adequate for clinicd use as the
results of the satistical analysis of scorings between the two groups
of imageswere not substantially different. Theseresultsarein accor-
dance to most previous smilar studies that support this conclusion
athough different hardware, material and methodology were
used#2#% whereas one study found that image quality of conven-
tional panoramic radiographs was superior to image quality of digi-
tal images”

There was no statigtical difference between the ratings of the two
different groups of observers. Other studies® have demonstrated that
Radiologists performed significantly better than less experienced
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groups, but thisis not supported from the results of our study. Both
groups scored the two systems consistently high (3-4) but the lack
of agold standard cannot support the implying high validity of the
panoramic techniques for pediatric purposes. The use of a 4-point
rating scale was chosen in order to evaluate image qudity, asitisa
smple, well-documented index that has been previoudy used in
smilar studies>?"* The lowest scorings were recorded at the peri-
apical bone region of the anterior mandible for the digital images
and at the interproximal region of the primary maxillary molars for
the conventional radiographs.

The main dilemma encountered was the presentation and manip-
ulation of direct digital images. Direct digital panoramic radiographs
were shown on a norma resolution monitor usually found in com-
mon clinica practice avoiding the potentia influence of printer out-
put on image quality®#, dthough this meant that observers were not
blinded. Direct digital images were manipulated by a skilled opera
tor in order to take full advantage of the digital system, while the
observerswere not alowed to manipulate or magnify theimages, as
individua adjustments would be difficult to record. Previous studies
have shown that such adjustments do not seem to lead necessarily to
better image interpretation and diagnosis.*+*# Studies concerning
the processed images report that wrong adjustments of brightness
and contrast may either cause non-existent lesionsto be produced or
present lesions to fade awvay* and that an increased rate of true pos-
itive diagnosis can be neutralized by an increase in the false positive
rate* Therefore, users should carefully apply the appropriate filters
in order to avoid the possible misinterpretation of the processed
images.

TABLE 4
MEANS and STANDARD DEVIATIONS (5.D.) of digital and conventional radiographs
examined by Oral Radiologists
REGION OF INTEREST DIGITAL CONVENTIONAL P,<0,05

Interproximal Region N(D) | Mean | S.D. N(C) | Mean | S.D. Pvalue
Maxillary Molars 200 387 0.07 200 3.84 0,04 0,61
200 [ 326 | 022 | 200 | 301 | 029 | 009
200 3,83 0,18 200 364 | 000 | 0101
200 360 | 030 200 328 0,20 0,25

Periapical Bone Region

Anterior Maxilla 200 279 | 0,79 200 3,18 0,44 0,56
Anterior Mandible 200 234 0,29 200 3.34 0.33 0,008*
Right Posterior Maxilla 200 3,12 0,65 200 298 0.40 0,79
| Right Posterior Mandible | 200 | 3.94 | 011 | 200 | 3.89 | 008 | 061
Per t Teeth Germs
_Anterior Maxilla 200 325 | 063 200 341 0,14 0,79
| Anterior Mandible 200 3.07 | 049 200 3,74 0,14 0,11
| Right Posterior Maxilla 200 3,19 | 064 200 322 0,50 0,96
| Right Posterior Mandible 200 3.97 | 004 200 399 | 0.01 0,31
TABLE 5
MEANS and STANDARD DEVIATIONS (S.1.) of digital and conventional radiographs
examined by Pediatric Dentists
REGION OF INTEREST DIGITAL CONVENTIONAL P,<0,05
Interproximal Region N(D) | Mean | S.D. | N{(C) | Mean | S.D. Pvalue
Maxillary Molars 200 337 | 069 200 347 0.69 0.65
| Maxillary Primary Molars 200 3.13 0,69 200 3.17 0.46 0.85
Mandibular Molars 200 342 0,53 200 305 | 046 015 |
ndibular Primary Molars | 200 3,10 | 053 200 | 305 | 046 0,66
Periapical Bone Region
Anterior Maxilla 200 326 | 0.69 200 324 | 067 0,78
Anterior Mandible 200 2,78 0,71 200 3,36 0,49 0,039*
| Right Posterior Maxilla 200 322 | 064 200 330 | 064 0,67
Right Posterior Mandible 200 3,80 0,19 200 3,80 0,22 0,92
Per Teeth Germs
| Anterior Maxilla 200 363 | 039 200 388 | 017 0,15
Anterior Mandible 200 3.53 044 200 3,90 0,14 0,09
Right Posterior Maxilla 200 3,63 043 200 382 025 0,12
| Right Posterior Mandible 200 | 398 | 003 200 4,00 | 0,01 gy |
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TABLE 6
MEANS and STANDARD DEVIATIONS (SD) for digital radiographs among Oral
Rad and Pediatric i
REGION OF INTEREST Oral Radiologi Ped P.<0,05
Interproximal Region N{OR) | Mean S.D. NP} | Mean S.0D. Pvalue
Maxillary Molars 200 3,87 0,07 200 3,37 0.69 0,20
Maxillary Primary Molars 200 3,26 0,22 200 3,13 0,69 0,73
Mandibular Molars 200 3,83 0,18 200 342 0,53 0,1%
Mandibular Primary Molars 200 3,60 | 0,30 200 3,10 | 0,53 0,19
Periapical Bone Region
Anterior Maxilla 200 279 | 079 200 3,26 0,69 041
Anterior Mandible 200 234 | 029 200 2,78 0.7 0,30
| Right Posterior Maxilla 200 3,12 0,65 200 3,22 0,64 0,83
| Right Posterior Mandible 200 3,94 0,11 200 3,80 0,19 0,25
Per Teeth Germs
Anterior Maxilla 200 3,25 0,63 200 3,63 0,39 0,35
Anterior Mandible 200 3,07 | 049 200 3,53 | 044 0,22
Right Posterior Maxilla 200 3,19 0,64 200 3.63 0,43 0,30
Right Posterior Mandible 200 3,97 0,04 200 3,98 0.03 0,57
TABLE 7
MEANS and STANDARD DEVIATIONS (SD) for conventional radiographs among Oral
Radiologists and Pediatric Dentists
REGION OF INTEREST Oral Radiologi Pedod, P=<0,05
Interproximal Region N{OR) | Mean | S.D. | N(P) | Mean | S.D. Pvalue
Maxillary Molars 200 384 | 0,04 200 347 0,69 0,32
Maxillary Primary Molars 200 3.01 0,29 200 3,17 0,46 0,59
Mandibular Molars 200 3,64 0,10 200 3,05 066 | 013
Mandibular Primary Molars 200 328 | 020 200 3,05 046 | 040
Periapical Bone Region
Anterior Maxilla 200 3,18 | 044 200 3,24 067 | 091
Anterior Mandible 200 334 0,33 200 336 049 | 097
Right Posterior Maxilla 200 298 0,40 200 3,30 064 | 043
Right Posterior Mandible 200 3,89 | 008 200 380 | 022 | 046
Per Tecth Germs
Anterior Maxilla 200 341 0.48 200 3.85 017 | 013
Anterior Mandible 200 | 374 [ 044 | 200 [ 390 | 014 | 016
| Right Posterior Maxilla 200 322 | 050 200 3,82 025 | 008
| Right Posterior Mandible 200 | 399 | 001 | 200 | 400 | 001 | 054
CONCLUSIONS

It can be concluded that diagnostic image qudity obtained with
the digital orthopantomograph unit Planmeca 2000 cc Proline was
generdly equd to image quality obtained with the conventional
orthopantomograph unit Orthophos Plus CD. Image interpretation
between ord radiologists and pediatric dentists was not substantial-
ly different.

REFERENCES

1. PaksET, Williamson GF. Digita radiography: an overview. J Contemp
Dent Pract 3: 23-39, 2002.

2. Chen SK. Integration of the digital imaging and communicationsin
medicine standard into an oral and maxillofacial image management
and communication system. Ora Surg Oral Med Oral Pathol Oral
Rediol Endod 91: 235-238, 2001.

3. GijbelsF, Sanderink G, Pauwels H, Jacobs R. Subjective image quality
of digital panoramic radiographs displayed on monitor and printed on
various hardcopy media. Clin Ora Investig 8: 25-29, 2004.

4. GijbelsF, Sanderink G, Wyatt J, Van Dam J, Nowak B, Jacobs R.
Radiation doses of indirect and direct digital cephalometric radiogra-
phy. Br Dent J 197: 149-152; discussion 140, 2004.

5. Berkhout WE, Beuger DA, Sanderink GC, van der Stelt PF. The
dynamic range of digita radiographic systems: dosereduction or risk of
overexposure? Dentomaxillofac Radiol 33: 1-5, 2004.

6. Berkhout WE, Sanderink GC, Van der Stelt PF. Does digital radiogra-
phy increase the number of intraora radiographs?A questionnaire study
of Dutch denta practices. Dentomaxillofac Radiol 32: 124-127, 2003.

7. Visser H, Rodig T, Hermann KP. Dose reduction by direct-digital
cepha ometric radiography. Angle Orthod 71: 159-163, 2001.

8. Visser H, Hermann KPR, Bredemeier S, Kohler B. [Dose measurements
comparing conventiona and digital panoramic radiography]. Mund
Kiefer Gesichtschir 4: 213-216, 2000.

9. Dannewitz B, Hassfeld S, Eickholz P, Muhling J. Effect of dose reduc-

The Journal of Pediatric Dentistry ~ Volume 31, Number 2/2006

220z 8unr Gz uo Jesn [ejdsoH g 869]100 [eyueq yeadeApiA neseyg Aq jpd LOXe8PALLZLIXI9Y 2 LE PAl/0Z08YLL/601/2/L€/4Pd-8joe/pdol/wodssaidusie uelpuawy/:dny woly pepeojumoq



The Subjective Image Quality of Conventional and Digital Panoramic Radiography

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

The Journal of Pediatric Dentistry

tionin digital dental panoramic radiography on image qudity.
Dentomaxillofac Radiol 31: 50-55, 2002.

DulaK, Sanderink G, van der Stelt PF, Mini R, Buser D. Effects of dose
reduction on the detectability of standardized radiolucent lesionsin dig-
ital panoramic radiography. Ora Surg Oral Med Oral Pethol Ordl
Radiol Endod 86: 227-233, 1998.

Kullendorff B, Nilsson M. Diagnostic accuracy of direct digital dental
radiography for the detection of perigpical bonelesions. I1. Effects on
diagnostic accuracy after application of image processing. Ora Surg
Orad Med Oral Pathol Ord Radiol Endod 82: 585-589, 1996.
Gijbels F, Bou Serhd C, Willems G, Bosmans H, Sanderink G,
Persoons M et d. Diagnostic yield of conventional and digita cephalo
metric images. a human cadaver study. Dentomaxillofac Radiol 30:
101-105, 2001.

Versteeg CH, Sanderink GC, van Ginkel FC, van der Stelt PF. An eva-
uation of perigpica radiography with a charge-coupled device.
Dentomaxillofac Radiol 27: 97-101, 1998.

Araki K, Endo A, Okano T. An objective comparison of four digital
intra-oral radiographic systems. sensitometric properties and resolution.
Dentomaxillofac Radiol 29: 76-80, 2000.

Naitoh M, Yuasa H, Toyama M, Shigjima M, NakamuraM, UshidaM
et al. Observer agreement in the detection of proximal carieswith direct
digital intraora radiography. Oral Surg Oral Med Oral Pethol Oral
Radiol Endod 85: 107-112, 1998.

Khocht A, Jand M, Harasty L, Chang KM. Comparison of direct digi-
tal and conventional intraora radiographsin detecting alveolar bone
loss. JAm Dent Assoc 134: 1468-1475, 2003.

Borg E, Attaelmanan A, Grondahl HG. Subjective image quality of
solid-state and photostimulable phosphor systems for digital intra-oral
radiography. Dentomaxillofac Radiol 29: 70-75, 2000.
Morner-Svalling AC, Tronje G, Andersson LG, Welander U.
Comparison of the diagnostic potentid of direct digital and convention-
al intreora radiography in the evaluation of peri-implant conditions.
Clin Ord Implants Res 14: 714-719, 2003.

Syriopoulos K, Sanderink GC, Velders XL, van der Stelt PF.
Radiographic detection of approximal caries: a comparison of dental
films and digital imaging systems. Dentomaxillofac Radiol 29: 312-
318, 2000.

Wallace A, Nair MK, Abomr D, Colaco MF, Kapa SF. A comparative
evaluation of the diagnogtic efficacy of film and digita sensorsfor
detection of smulated periapical lesions. Ord Surg Oral Med Ordl

Volume 31, Number 2/2006

21.

23.

24.

25.

26.

27.

28.

29.

3L

32

Pathol Oral Radiol Endod 92: 93-97, 2001.

Paurazas SB, Geist JR, Pink FE, Hoen MM, Steiman HR. Comparison
of diagnostic accuracy of digital imaging by usng CCD and CMOS-
APS sensors with E-speed film in the detection of periapica bony
lesions. Ord Surg Oral Med Oral Pethol Oral Radiol Endod 89: 356-
362, 2000.

. Lehmann TM, Troeltsch E, Spitzer K. Image processing and enhance-

ment provided by commercia dental software programs.
Dentomaxillofac Radiol 31: 264-272, 2002.

Li G. Comparative investigation of subjective image quality of digita
intraoral radiographs processed with 3 image-processing algorithms.
Ord Surg Oral Med Oral Pathol Oral Radiol Endod 97: 762-767, 2004.
Benediktsdottir 1S, Hintze H, Petersen JK, Wenzel A. Accuracy of dig-
ital and film panoramic radiographsfor assessment of position and mor-
phology of mandibular third molars and prevalence of dental anomaies
and pathologies. Dentomaxillofac Radiol 32: 109-115, 2003.
Benediktsdottir 1S, Wenzel A. Accuracy of digital panoramic images
displayed on monitor, glossy paper, and film for assessment of
mandibular third molars. Oral Surg Oral Med Ord Pathol Oral Radiol
Endod 98: 217-222, 2004.

Ramesh A, Tyndall DA, Ludlow JB. Evaluation of anew digital
panoramic system: acomparison with film. Dentomaxill ofac Radiol 30:
98-100, 2001.

Gijbels F, De Meyer AM, Bou Serhd C, Van den Bossche C, Declerck
J, Persoons M et d. The subjective image qudity of direct digital and
conventiona panoramic radiography. Clin Ora Investig 4: 162-167,
2000.

Kaeppler G, Axmann-Krcmar D, Reuter |, Meyle J, Gomez-Roman G.
A clinical evauation of some factors affecting image qudity in
panoramic radiography. Dentomaxillofac Radiol 29: 81-84, 2000.
Gijbels F, Sanderink G, Serha CB, Pauwels H, Jacobs R. Organ doses
and subjective image quality of indirect digital panoramic radiography.
Dentomaxillofac Radiol 30; 308-313, 2001.

. Farman TT, Farman AG. Clinicdl trial of panoramic dental radiography

using a CCD receptor. J Digit Imaging 11: 169-171, 1998.

Molander B, Ahlgwist M, Grondahl HG. Image quality in panoramic
radiography. Dentomaxillofac Radiol 24: 17-22, 1995.

Arnold LV. The radiographic detection of initid carious lesions on the
proximal surfaces of teeth. Part 11. The influence of viewing conditions.
Ora Surg Oral Med Ord Pathol 64: 232-240, 1987.

112

220z 8unf Gz uo Jasn [eydsoH @ 868|100 [elua@ yieadeApip neseyg Aq Jpd-LOXESYALLZLIXIOY ¢ LE PAo/0Z08Y.L/601/Z/1€/4Pd-81onie/pdoljwoo ssaidus)ie ueipuswy/:dpy woly papeojumoq



