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The Effect of Filters to Subjective Image
Quality in Different Dental Regions
in Digital Panoramic Images

Dijital Panoramik Goriintiilerde Filtrelerin
Farkli Dental Bolgelerdeki Subjektif Goriinti
Kalitesine Olan Etkisi

ABSTRACT Objective: The aim of this study was to compare the effect of different filters on sub-
jective image quality of the alveolar crest and periapical region of maxillary and mandibular teeth
on direct digital panoramic images. Material and Methods: Direct digital panoramic images taken
from 56 patients with the Orthoralix 9200 DDE (Gendex Dental Systems, Milan, Italy) panoramic
unit who required panoramic radiographic investigation. The original images were filtered with
the emboss, structure enhance, sharpen and smooth filters. The subjective image quality of the alve-
olar crest and periapical regions of the anterior, premolar and molar teeth were assessed on the
original and filtered images according to a scale. The intra-and inter-observer agreement levels
were analyzed with the weighted kappa test. Any difference in the subjective image quality of the
original and filtered images was analyzed with one-way ANOVA and Dunnett’s t-test. Results: For
all assessments the intra-observer reliability was found to be almost perfect. The subjective image
quality of digital panoramic images differed according to filter type and examined dental region. In
general, the application of the emboss and structure enhance filters led to a significant increase in
subjective image quality in the most of the examined dental areas while the smooth and sharpen fil-
ters did not show a similar effect. Conclusion: The effect of filtering on the subjective image qual-
ity of direct digital panoramic images differed according to filter type and dental region.

Key Words: Radiography, panoramic; radiography, dental, digital;
image processing, computer-assisted

OZET Amag: Bu galismanin amaci direkt dijital panoramik goriintiilere farkli filtreler uygulanma-
sinin maksiller ve mandibular bélgedeki dislerin alveolar kret ve periapikal bolgelerindeki subjek-
tif goriintii kalitesi {izerine olan etkisinin incelenmesidir. Gereg ve Yontemler: Caligmada panoramik
radyografik degerlendirme gerektiren 56 hastadan Orthoralix 9200 DDE (Gendex Dental Systems,
Milan, Italya) panoramik cihaz ile direkt dijital panoramik goriintiiler gekildi. Daha sonra orijinal
gorintiler kabartma, yapiy1 artir, keskinlestir ve yumusat filtreleri ile filtre edildi. Bu gortintiiler
iizerinde de maksiller ve mandibular anterior, premolar ve molar dislerin alveolar kret ve periapi-
kal bolgelerinin subjektif goriintii kalitesi bir skalaya gore degerlendirildi. G6zlemci igi ve gozlem-
ciarasiuyum diizeyleri agirlikli kappa testi ile analiz edildi. Orijinal ve filtre edilmis goriintiilerdeki
subjektif goriintii kalitesi arasinda herhangi bir fark olup olmadig: da tek yonlit ANOVA ve Dun-
nett’s t-testi ile analiz edildi. Bulgular: Ttim degerlendirmeler i¢in gozlemci i¢i uyum hemen hemen
miitkemmel olarak bulundu. Dijital panoramik goriintiilerde subjektif goriintii kalitesi farkl: dental
bolgelerde uygulanan filtre tipine gore degiskenlik gosterdi. Genel olarak, hemen hemen tiim den-
tal bolgelerde kabartma ve yapiy1 artiran filtrelerin uygulanmasinin subjektif gériintii kalitesini ori-
jinal panoramik goriintiilere gore anlamli olarak artirdigi, buna karsin keskinlestir ve yumusat
filtrelerin aymi sekilde bir etkisinin olmadig: bulundu. Sonug: Filtre uygulanmus dijital panoramik
goriintiilerde subjektif goriintii kalitesinin incelenen dental bélge ve kullanilan filtre tipine gore
degiskenlik gosterdigi saptandi.

Anahtar Kelimeler: Radyografi, panoramik; radyografi, dental, dijital;
goriintii isleme, bilgisayar destekli
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anoramic radiography is a widely used radi-
Pographic technique for radiographic imag-

ing of pathologies.! Besides its advantages,
such as providing radiographic data of the maxil-
lary and mandibular teeth on a single image and
giving radiodiagnostic data at patients who could
not tolerate intraoral radiographic examination,? it
presents some diagnostic limitations due to insuffi-
cient image quality in specific dental areas resulting
from artifacts and ghost images.® These limitations
could be caused by the redundant shadows of the
mandibular ramus (on the opposite site of the
molar teeth and ramus regions), cervical vertebrae
(on the anterior teeth region)** and overlying bone
on the maxillary molar region (leading to low con-
trast in the periodontal ligament space region in
molar teeth region).?

Digital imaging systems have some advantages
compared to conventional techniques as they are
obtained as numeric data. One of these advantages
is image processing which helps the practitioner to
make modifications on the images.*”*

Diagnostic image quality of digital panoramic
images could be changed in areas having insuffi-
cient image quality due to superimposition
of surrounding structures with the aid of vari-
ous filters present on specifically written soft-
ware’s.?

The Orthoralix DDE 9200 (Gendex Dental
Systems, Milan, Italy) is a direct digital panoramic
machine working with a digital imaging software
named VixWin pro (Gendex Dental Systems) al-
lowing the practitioner different filters for image
enhancement. As redundant shadows and ghost
images could decrease the image quality in some
of the dental regions and the system (Orthoralix
DDE 9200,Gendex Dental Systems, Milan, Italy)
offer various filters giving the opportunity of
making modifications on the image, the aim of
the study was to assess the effect of different fil-
ters (VixWin pro software, Gendex Dental Sys-
tems) on the subjective image quality of the
alveolar crest and periapical regions of the maxil-
lary and mandibular anterior, premolar and molar
teeth.

THE EFFECT OF FILTERS TO SUBJECTIVE IMAGE QUALITY TO DIFFERENT DENTAL REGIONS IN...

I MATERIAL AND METHODS

PATIENT SELECTION CRITERIA

Fifty six patients attending to the Oral Diagnosis and
Radiology department of a dental school (30 females,
26 males, age range 18-55 years) requiring digital
panoramic radiographic investigation who had no
missing posterior and canine teeth in all quadrants
(except third molars) were included in the study.

IMAGE INTERPRETATION

Direct digital panoramic images were taken with
the Orthoralix 9200 DDE (Gendex Dental Systems,
Milan, Italy) machine by one trained radiologist to
prove radiographic consistency. The exposure pa-
rameters were set as 74-78 kVp, 4-10 mA, 12 sec
according to the manufacturer’s recommendations
for patient size in order to maintain consistent ra-
diographic density during image interpretation.
The images were taken at 16-bit gray scale levels
and saved as TIFF files.

Four different filters, consisted of emboss,
structure enhance, sharpen and smooth, present in
the VixWin pro digital imaging software (Gendex
Dental Systems version 1.5) were applied to the
original images separately. The emboss filter is a fil-
ter providing a simulated three dimensional (3D)
image, the structure enhance filter evidences mor-
phological structures by enhancing the edges, the
sharpen filter (a high pass spatial filter) enhances
the edges with an increased grainy appearance and
the smooth filter (a low pass spatial filter) provides
a smooth blurring on the image. The filtered im-
ages were exported in TIFF through MS paint (Mi-
crosoft®Paint version 5.1 Microsoft Corporation,
Redmond WA, USA) and saved in numbered files.

IMAGE EVALUATION SESSIONS

The images were displayed on a 17 inch Super VGA
monitor, having 1024x768 pixels screen resolution
at the fit screen size of the program. The contrast
and brightness of the images were set to 100 and 0
respectively. The computer had an intel (R) Pen-
tium (R) with 256 MB RAM. The operative system
of the computer was Windows XP (Microsoft, ver-
sion 2002).
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A panel which consisted of three trained max-
illofacial radiologists were asked to score the sub-
jective image quality of the alveolar crest and
periapical region of the maxillary and mandibular
anterior, premolar and molar teeth according to a
4-point rating scale following as: 1-significant
structures are not visible, 2-only board details
could be seen, 3-small details could be visualized,
4-fine details could be visualized.'® Cases in which
score 1 was rated the reason for this score was
noted. Before the viewing sessions, all observers
were instructed on the definition of the rating scale
and the structures which they were going to ex-
amine. The images were numbered and viewed
separately in a randomized order during evaluation
sessions. Each time one image was evaluated under
subdued lighting at a viewing distance approxi-
mately 70 cm. One month after all of the evalua-
tions were completed, 20 of the images were
re-evaluated by all observers according the same
criteria used in the initial sessions to assess intra-
observer reliability.

STATISTICAL ANALYSIS

The intra-and inter-observer agreement levels
were analyzed with the weighted kappa test. The
scores rated for each images according to the rating
scale were converted into numeric data as follow-
ing: score 1: 1, score 2: 2, score 3:3 and score 4: 4.
This allowed the analysis of the data with compar-
isons of the mean of the scores between the origi-
nal and each filtered image. Any difference in the
subjective image quality of the original and filtered
images was analyzed with one-way ANOVA and
Dunett’s pairwise multiple comparisons t-test using
the SPSS statistical package program (version 10.0
SPSS Inc.).

I RESULTS

A total of 280 digital panoramic images consisted
of 56 original and 224 filtered were evaluated.

INTRA-AND INTER-OBSERVER RELIABILITY

The weighted kappa values for intra-observer reli-
ability were calculated as 0.89, 0.83, 0.95 for the
first, second and third observer, respectively.
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The weighted kappa values for inter-observer
reliability between the 1-2, 2-3 and 1-3 observers
were calculated as 0.86, 0.84 and 0.89, respectively.

INSUFFICIENT IMAGE QUALITY

The reasons given for insufficient subjective image
quality were overlapping (92.3%), blurring (5.1%)
and the combination of overlapping and blurring
(2.8%) in the maxillary, and blurring (80%), over-
lapping (15.4%) and the combination of blurring
and overlapping (4.6%) for the mandibular region.

SUBJECTIVE IMAGE QUALITY

In general, the highest subjective image quality
scores of the original images were calculated for the
periapical region of mandibular molar and lowest
for the crest region of maxillary premolar teeth.

All of the filters did not lead to a significant in-
crease in subjective image quality of the crest region
of anterior teeth for the maxillary arch. Only the
emboss and structure enhance filters led to a signif-
icant increase in the periapical region of anterior
teeth. None of the filters led to an increase in the
quality of the crest region, while the emboss and
structure enhance filters enhanced subjective image
quality in the periapical region of the premolar
teeth. The emboss and the structure enhance filters
significantly enhanced the subjective image quality
of both the alveolar crest and periapical region of the
molar teeth. Details of data are shown in Table 1.

Similar to the results obtained for the maxil-
lary arch all filters did not lead to an increase in sub-
jective image quality of the crest and periapical
region of the mandibular teeth. The emboss and
structure enhance filters enhanced the quality in
the crest region of anterior teeth, while a similar ef-
fect was not achieved with any of the filters for the
periapical region. Only the emboss and structure
enhance filters significantly increased the subjec-
tive image quality of the crest and periapical region
of premolar teeth. Similarly the emboss and struc-
ture enhance filters lead to a significant increase in
the alveolar crest region, but none of the filters sig-
nificantly aided subjective image quality of both
alveolar crest and periapical region of mandibular
molar teeth. Details of data are shown in Table 2.
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TABLE 1: Mean, one way ANOVA analysis and Dunnett’s pairwise multiple comparisons t-test of the scores
obtained for the maxillary alveolar crest and periapical region according to the ratings of three observers
for the original and filtered digital panoramic images

Original Emboss Enhance Sharpen Smooth

Mean SD Mean SD Mean SD Mean SD Mean SD One-way ANOVA
Maxillary crest 270 0.63 3.11* 0.76 3.16° 0.72 2.80 0.54 282 054 F=5.534, p=0.001
Anterior periapical 245 054 297 076 2.88* 0.73 259 (.56 259 0.8 F=9.740, p<0.001
Maxillary crest 1.94 0.90 226 1.17 227 120 215 1.09 219 1.12 F=1.243, p=0.292
Premolar periapical 269 049 3.04* 069 2.98* 0.66 282 054 2.80 054 F=4.997, p=0.001
Maxillary crest 267 046 3.09° 068 3.09" 0.68 276 050 278 051 F=9.699, p<0.001
Molar periapical 267 051 298" 0.66 2.90* 0.63 270 055 271 055 F=4.742, p=0.001

Note: * represents significant difference between means of the scores of the original and filtered images.
SD: Standart deviation.

Generally, the highest means of the rated
scores for subjective image quality were obtained
from images treated with the emboss and structure
enhance filters. The sharpen and smooth filters did
not lead to a significant increase in subjective image
quality in any of the examined dental areas com-
pared to the original image. Although all of the fil-
ters were different algorithms, the subjective image
quality scored for the emboss-structure enhance
and the sharpen-smooth filters were found to be
similar.

I DISCUSSION

The subjective image quality was found to be poor
for the alveolar crest in maxillary premolar and pe-
riapical region of mandibular anterior teeth due to

overlapping of teeth in the premolar and blurring
in the anterior region. Other errors such as under-
exposure, overexposure, low or high contrast were
not present because images having sufficient con-
trast and density were evaluated.

The subjective image quality of the original
digital panoramic images was found to be high for
the alveolar crest and periapical region of the
mandibular molar teeth. We think the main rea-
son for the high quality resulted from the differ-
ence in the curvature of the upper and lower jaw as
the panoramic unit is programmed for the shape of
the lower jaw, resulting in an adequate appearance
of alveolar crest and periapical regions. Gijbels et
al.!? assessed the subjective image quality of digital
panoramic images and reported the need of addi-

TABLE 2: Mean, one way ANOVA analysis and Dunnett’s pairwise multiple comparisons t-test of the scores
obtained for the mandibular alveolar crest and periapical region form the ratings of three observers
for the original and filtered digital panoramic images

Original Emboss Enhance Sharpen Smooth

Mean SD Mean SD Mean SD Mean SD Mean SD One-way ANOVA
Mandibular crest 254 086  311* 1.06 3.05% 1.02 277 1.01 279 1.02 F=4.515, p=0.001
Anterior periapical 200 079 225 0.94 223 097 209 085 209 087 F=1.197, p=0.312
Mandibular crest 315 0.68  3.64* 067 3.61* 0.69 322 073 326 0.73 F=5.482, p=0.001
Premolar periapical 332 051 357" 052 359" 0.54 340 051 341 051 F=4.199, p=0.002
Mandibular crest 350 050  3.69" 046 3.67" 046 3.57 0.49 3.60 049 F=2.206, p=0.068
Molar periapical 354 052  3.66 047 370 045 359 049 3.64 048 F=1.303, p=0.268

Note: * represents significant difference between means of the scores of the original and filtered images.
SD: Standart deviation.
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tional intra-oral radiographs to be very low for the
examination of the mandibular molar teeth region,
indicating a high number of the digital images were
adequate for radiographic assessment of the region.

The aim of filtering is to improve the visuali-
zation of small details on radiographs such as peri-
odontal ligament, alveolar crest and periapical
region.® Therefore, we evaluated the effect of dif-
ferent filters on the subjective image quality of the
alveolar crest and periapical region of maxillary
and mandibular anterior, premolar and molar
teeth.

Subjective image quality differed in different
dental regions and according to filter type. The em-
boss and structure enhance filters were found to be
useful for the evaluation of the alveolar crest and
periapical region of the maxillary anterior, periapi-
cal region of premolar and both alveolar crest and
periapical regions of molar teeth. The sharpen and
smooth filters did not enhance the subjective image
quality in none of the evaluated regions. The em-
boss and structure enhance filters led to a signifi-
cant increase only in the alveolar crest region of
mandibular anterior and molar teeth but both alve-
olar crest and periapical regions in premolar teeth.

Image quality in panoramic images is nega-
tively affected due to the superimposition of the
ramus, overlying bone on the maxillary molar re-
gion and cervical vertebrae. When we look at the
effect of filters at these regions it was found that
the emboss and structure enhance filters increased
subjective diagnostic image quality in the radi-
ographic investigation of the crest and periapical
regions of the maxillary molar teeth by decreasing
the unfavorable effect of overlapping bone. A sim-
ilar effect was observed for the application of the
emboss and structure enhance filters in the
mandibular anterior crest region, but no such ef-
fect was observed at the periapical region with any
of the filters.

In general, the highest increase in subjective
image quality in most of the dental areas was
achieved with the application of the emboss and
structure enhance filters. The visual appearances of
the images treated with these filters are very dif-
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ferent from the original image. On the other hand,
the appearance of the images treated with the
smooth and sharpen filters are similar to each other
and to the original. In fact, all filters are different
algorithms acting on the pixels with different
mechanisms. We think the increase in the subjec-
tive image quality achieved with emboss and struc-
ture enhance filters could be due to the difference
in the appearance of the images.

Several studies have evaluated the outcome of
image processing on dental radiographs.!"* In pre-
vious research, controversial results have been re-
ported about the effect of filters on direct digital
panoramic images. Yal¢inkaya et al.® reported the
usefulness of the periodontal I, periodontal II, pe-
riodontal III, bone enhancement, standard and
noise reduction filters for digital panoramic images
obtained with the Diirr Vistascan system and sug-
gested the images should be filtered according to
the diagnostic task. On the other hand, Gijbels et
al."’ reported the use of smooth down and sharpen
filters present in the Orthophos digital panoramic
unit did not have a significant effect on subjective
image quality, but contrast enhancement resulted
in a significantly better diagnostic outcome. As
there is no such similar study made with the Or-
thoralix DDE 9200 direct digital panoramic ma-
chine and there is no standardized terminology in
the digital software programs, we could not com-
pare our results with other studies. Standardized
terminology of image processing should be pro-
vided in dentistry for a more accurate comparison
between the results of different research.'

The aim of the present study was to assess the
effect of filters on subjective image quality and not
to detect any pathologies hence, we made our as-
sessments according to a rating system which gave
information about subjective image quality. This
method has been used in similar studies also.>'°

The original and filtered direct digital
panoramic images were assessed by three maxillo-
facial radiologists with 16, 9 and 6 years of experi-
ence, respectively. Further studies could be
conducted among general dentists and experienced
observes in the other fields of dentistry.
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The image quality of radiographs could be de-
creased when the image enhancement algorithms
are not used properly."” To avoid this adverse effect
and to make the assessments under standard ex-
perimental conditions the observers were not al-
lowed to manipulate brightens and contrast of the
images themselves.

Also, the aim of this study was to assess sub-
jective image quality, not diagnostic accuracy.
Therefore, one could not assume that an increase
in subjective image quality also leads to an increase
in diagnostic accuracy. These are two different af-
faires. Further research could be conducted on this
aspect with different research design methods al-
lowing the comparison of the diagnostic accuracy

THE EFFECT OF FILTERS TO SUBJECTIVE IMAGE QUALITY TO DIFFERENT DENTAL REGIONS IN...

between original and filtered direct digital images
in different dental areas.

I CONCLUSION

In conclusion, the effect of filtering on subjective
image quality varied in the anterior, premolar and
molar teeth regions and according to the filter type
on the digital panoramic images. The application
of the emboss and structure enhance filters led to a
significant increase in subjective image quality in
the most of the examined dental areas while the
smooth and sharpen filters did not. Therefore, the
knowledge of the effect of filters on subjective
image quality in dental regions could be helpful for
the dentists when filters are going to be applied to
digital panoramic images.
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