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I mage quality“evaluation of eight CMOS (Complementary M etal-Oxide Semiconductor)
intraoral digital x-ray sensors

Abstract

Purpose: To evaluateghe image quality generated by eight commercially available intraoral

SEensors.

Methods: Eighteen clinicians ranked the quality of a bitewing acquired by means of eight
intraoral sensorBom one subject. Analytical methods fiie evaluation oflinical image
quality includedthe VisuabradingCharacteristics methoahich helps quantify subjective
opinionsin‘order tomake themsuitablefor analysis.

Results: The Dexis sensor was ranked significantly better than Sirona and CareKidakn
sensors;thenage captured with the Carestre&imdak sensor was ranked significantly worse
than those captured witbexis, Schick and XDR sensors. The EVA sensor image wasthated

lowestby all clinicians. Other comparisons resulted in-sa@mnificant results.
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Conclusions: None of thesensos wasconsidered to generate significantly better quality images
than the other sensors tested. Further research should be directed towards determining the

clinical significance of the differences in image qualédgortedn this study.

Key wordsi Imaging, Oral diagnosis, Digital Sensors, CMOS, Visual-Gradihgracteristics

I ntroduction

The use of computing and digital technologies is an emerging trend in dentistadyin the
1990's, 66.8%.0f theentists in the UniteBtates used computers in their practite 2000, it

was estimated.that 5% tife practitioners in North America used digital radiogrépiile in
2005, 25% of the surveyed dentists used some form of digital radiography arhdpfanned

to purchase'digital equipmenithin oneyear’. The percentage of ess was reported to be 30%
in 2010 and the expectation is thiais trendwill continueto increasé. Among thedigital
technologies predicted to be incorporated in practice, digital radiography isyqueckiming the
leadirg imagingstechnique in dentistrythe most significant factor in deciding whether to
include digitalimaging in the dental practice is availabgitglthe costof the compugr systen.
Dentists reported that in additionttee lack of chemicals, lower levels ekposure, image
storage antheperceived time saving, improved clinical image is a prime motive for integrating
digital imagingin practice®® Others have assertéuat the most significant advantages of digital
technologies argnage archiving and access, compitieled image interpretation and tools for
image enhancemeh©verall, the vasmajority of owners of digital imaging systems is satisfied

and bdievésthat productivity increaséd

Intraoral solidstate rigid sensors are based on either the CCD (Claargele Device) or the

CMOS (Complementary Met&xide Semiconductor) tenblogies. There is debate as to which
technologyris most advantageous; CMOS sensors have lower energy requirements, but both
CCD and CMOS sensors are capable of capturing 12 bit images and have clinically acceptable
spatial resolutior”” The CMOS technology isurrentlyincorporatedn the latest productsf

several leading manufacturers.
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It hasalreadybeenshown that intraoral digital sears provide diagnostic imagesarby digital
systems were usefirl evaluating endodontic file lengths upa®izeof 15°. A recent study
determined that the performancethiis regard is preciser files up toa sizef 6°. Thedetection
of primary_and recurrent caries is similar witigital images and filim®** In addition studies
have shown.that there is no significant difference in thsitbaty and specificityin the
detectionof.dentinalcaries using digital or film based bitewings*

The topic'ef image quality generated by intraoral digital sensors is complex. Thestis the fact
that“defining image quality is a complicated process....part of a longer chain of prosecshare
actions”.” Assstated “there is a continuous need for the evaluationvefdigital intraoral
radiography Systems that appear on the market, first and foremost for their imaiye 4tfal
Subjective.mage quality evaluation was reportedly performed by a small numberuaiters!

usingseveraldigital systems and usually “in vitrd®**

§.6-19

using prefabricated phantoms or
cadaver
Image quality also can be affected by placement of the rigid sensor in the mouthusienéme
is more challenging than placing regular firfurthermorecliniciansmustadapt to digital
imagesthat.have a smaller surface than; fionexamplethe total active area of a size 2 film is
1235 mni, whereas similar size digital sensors have active areas in the f88G290 mn?
only.

As with conventional radiography, lighting conditions are important for digital image
evaluatior®®?: byt observer performance was found to be independent of the visual

characteristics athe display monitofé2*.

In the present study we used a greater number of sensors than previously reported aige the ima
evaluaedwas captured Hvivo. Images acquired with eight digital intraoral sensors were
evaluated by faculty who teach undergraduate dental students. The null hypothesis was that no
differencewould be foundn the clinical image qualitpetweerthe sensors.

Material and M ethods

Of 12 companies contacted to provide equipmenthigrevaluation, eight vendors responded
and provided size 2 CMOS intraoral sensof8DR-- Cyber Medical Imaging, Los Angeles,
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CA, USA, RVG 6100 Carestream Dental LLC, Atlanta, GA, USA, PlatinanDEXIS LLC.,
Hatfield, PA, USA, CDR Elite--Schick Technologies, Long Island City, NY, USA, ProSensor
Planmeca,Helsirki, Finland, EVA- ImageWorks, Elmsford, NY, USA, XIOS PlisSirona,
Bensheim, Germany, and GXS-70Gendex Dental Systems, Hatfield, PA, USHR)e

Platinum sensor comes in a single size, and is consittebasize 2 since it is used for taking
radiographs for posterior teeth and for bitewiriegsch sensor was used to capture one left

bitewingfrom'the same subject (one of the authors).

IRB approval was sought howeveecausehis is a singlesubject studyCase Western Reserve
University InstitutionalReviewBoard (IRB)concluded that this study does not require further
review or @approvalThe faculty subjecfone of the authors) who volunteered, provided verbal
consent and.was informed about the effective radiation dose of bitewora)010 uSv for
eight posterior-bitewing8)

The volunteer was protected with a lead apron and a protéuyinad collar.Sensors were
positioned intraorally with a Rinn kit (model XCP-DS, Dentsply Rinn, Elgin, Il, USA) hed t
source was a Planmeca Intraay DC machine (Planmeca, Helsinki, Finland) with digital
exposureparameters (63 kVp, 8 mA and 0.064 secamdisjectangular collimation

The bitewingsS‘were taken by one of the authors who is an oral and maxillofacial radiologist

(WAR);‘Iin‘totaleight bitewings were taken with no retakes necessary.

The same sensors were used to capture the image of an Aluminum phantom (99% pure
aluminum gmanufactured according to our specs by Bien Air Dental SA, Biswiteerland)

sized 1.5 cm=x"1.5 cm. x 1 cm. (w x | x h) (Fig 1). This type of phantom was previously
describe®*°. The same xay machine and settings meeused for this purpose. The phantom is
divided into 25 squares (3 mm x 3 mm), of which 12 have a round well with a diameter of 1.5
mm and with a depth varying from 0.05 to 0.6 mm, in increments of 0.05 mm. The wells were
randomly distributed over the surface of the phantom. All dimensions had a siaadelef

+0.005 mm:

All sensors were operated with their native software installed on a 15" MacB&o@kgple Inc.,
Infinity Loop, CA, USA) with Core 2 Duo processor and 4GB of RAM. The computer was

equipped with a 32 bit version of Windows 7 Professional (Microsoft Corporation, Redmond,
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WA, USA) with the latest updates running under Boot Caoifpvarethat enables Apple

computers to emulate Windows similar to a PC environment.

The latest version of the fbwvare application (at the time of testing) was used to capture
radiographs-fream each sensor: XDR 3.0.5 Beta (XDR sensor), KDI 6.11.7.0 (Kodak RVG 6100),
Dexis 9.2(Dexis Platinum), CDR DICOM 4.5.0.92 (Schick Elite), Romexis 2.3.1.R (Btanm
ProSensor), ¥Asoft 1.0 (Imageworks EVA), Sidexis 2.5.2 (Sirona XIOS Plus), VixWin

Platinum 2.0 (Gendex GXS-700).

Images were saved in uncompressed TIFF format (Fig 2). For evaluation purposeagt® i

were displayed,on a Dell G2410 monitor at a resolution of 1920 x 1080 in a room without
ambient light. Clinical and phantom images were displayed in separate templates created in
Adobe Lightroom Ver. 3.5, 64 bit software (Adobe Systems Incorporated, San Jose, CA, USA).
When displayed in the Lightroom template, images were not labeled with the name of the
sensors (Fig 3). The phantom images were rotated randomly. The templatedrivobigh

allowed thesimages to be displayed side by,sienan image was double clicked, it was
enlarged. Double clicking again on the image, returned the display of the template. The
evaluators.were allowed to enlarge each image as deisuedere not allowed to adjust other
parameters'such as contrast or brightness

Image evaluation

Eighteen clinicians evaluated the clinical and the phantom images. All evaluators had at least one
year of experience with digital radiography in the undergraduate clinic. Foiritoalcdmages,

the clinicians were presented with the following instructions: “Arrange the images according to
the image_clinicaquality (best being®} worst being 8). Image quality parameters include but

are not limited to clarity, diagnostic value, contrast, sharpness, etce Pleagle your overall
evaluation of the clinical quality of the image*. The results of the evaluatiomne@eorded on a

separate form*for each clinician.

For the phantom images, the clinicians were presented with a form with a grid of 5 xéssqua
representing the phantom. The evaluators were requested to idenfifgsbace of the wells on
a grid of 25 possible locations and to mark the results on the form. The results of the
identification were used to determine if any of the evaluatorahede! of false results that
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wouldleadto theclinician beingan outlier; if a clinician was determinéalbe an outlier, the
protocolstatedthat the scores generated by that evaluator for the clinical imagelsl be

discarded from the analysis.

Analytical methods.

In order to.detect outliers, the frequency and the distribution of false posgpengs of the
evaluatordorithe phantom images were computed. A 95% confidence interval of the total

sample of‘the"evaluators was also computed for the total sample of the evaluators.

For theclinicalimages evaluation, a Visual Grading Characteristics (V@@lysis was
performed?®?’ This methodvas designed to determine the difference in image quality between
two modalities in cases of ordinal multipléing. In the currenstudy, the data consisted of
multiple ratings for each image on an ordinal scale. For each of the images to beedaimpa
frequency of the ratirgprovided by the evaluatoffsy each level of the scaleas calculated.
These frequenciaesere then transformed into cumulative proportions for each level of the
evaluation'scale and sedvas abasis for generating VGC curves.

The “Area.Under the Curve” (AUGKas utilized as a single measure of the difference in image
quality between twenodalitiescomparedi.e., each pair of sensdfsThe AUC representethe
difference inoverall rankings between the two imadeswhich the VGC curve was generated
(an area which significantly diffed by 50% represented significant difference between the

rankingsofthestwo images).

The VGC curves and the corresponding AUC values for each pair of sensors were calculated
usingthe ROCKITsoftware, ver. 0.9.1 Beta downloaded frbttp://metz
roc.uchicagoeredu/MetzROC/softwaf28] All other statistics were generated in SPSS for
Windows ver. 20 (IBM, Armonk, NY, USA).

Results

Eighteen faculty clinicians (evaluators) who teach in the undergraduate clinic at Case Western
Reserve University School of Dental Medicine (CWRU) evaluated the clinical and phantom
images. The average evaluator’s time since graduation was 25.12 years (SDt&.A3pwye of

11 to 39 years.
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In thedetecion of outliers from a total of 15 false positives, 9 were attributed to a one clinician
(four other clinicians had one false positive each and another clinician had two false positives).
The mean of true positives (“hits”) for the first clinician (1.92) waswithin the 95%

confidence interval limits of the total sample of the evaluators (3.23-4.07). In lidress t

results, theevaluations reported by this clinician were considered outliers and were nioteicicl

in the analysis.of the clinical imageSonsequentlyall theresultsreportedreflect the

evaluations provided by only XTinicians.

In order ta calculate the reliability of the rankings of the clinical images by the remaining 17
evaluatorsgwencalculated the intater reliability reflected by the Intraclass Correlation
Coeffiicent(ICC), based on the random effectsuamsption. The ICC was calculated using an
assumption of absolute agreement, i.e., we expected the exact same ranking frone all of t

evaluators. For this sample, we received an ICC of 0.92 (95% confidence interval: 0.80- 0.98).

The ranking provided by thevaluatorsof each sensor was compared between all possible sensor
pairs using the VGC methot?'Table 1presents the frequency of each rank (1=best, 8=worst)
and the cumulative proportions for each level of the evaluation. S¢seEVA sensor was not
included in thezanalysis since it was consistently ranked 8 (worst) by all thateva.
Thereforeysine@o other sensor except Eva was ranked 8, the analysis included only seven
levels of ranking. W calculated the AU@r each pair of the seven sensors (a total of 21 pairs)
and the 95% confidence interval for the calculated AUC (Table 2). The AUC isstherzder

the ROC curve that was generated for each pair of seasatisistratedn Figure 4. Significance
(p<0.05) is.determined when the confidence interval does not include the 0.5 value. In other
wordsif .the,calculated area undé&e curve is signiicantly different 50% or morethere is a
significant difference between the ranksngf the two sensors under consideration.

The results show that the clinical image acquired with the PlatDexis sensor was ranked
significantly better thathat captued with theXlOS PlusSirona and the RVG 6100arestream
(Kodak)'sensors; the image captured with the RVG gl1a@stream (Kodak) sensor was ranked
significantly worsehanthe images captured with tRéatinumDexis, CDR EliteSchick and

XDR-Cyber Medicalmaging. All other comparisons resulted in regnificant results.

Discussion
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Intraoral solidstate sensors have been tested in different settings. Nonethetdstudies

tested a small number of sensors that generated images that were evaluadativelst small
number of cliniciand**>?° This studydemonstrategreater validity over previous studies, all of
which used fewer types of sensors, fewer evaluators or a combination of both. Moreover, our
study utilized.images generated from a single human subject from the same hecaadth,

which enabled.us to standardize the clinical conditions while testing a broad rangeailavail

products.

Sincethe correlation between physical measures that can be determined by the use of phantoms
and clinicalimage quality is poor, there is no justification for extrapglairth measurements

to clinical jpefformane of the sensdrP?’*° However, use of phantoms suasthe aliminum

block used.in.this project, provides valuable information regamliadjty control and
standardizatio*

In the present study the clinicians weid limited to evaluating a single clinical parameter such
asthepresence of cariethe quality of a restoration, etc., but were instructed to rank the overall
guality of anlimage. Subjective quality estimations can serve as the baseline for objeaditye q
methodology.as long as there is no perfect model that would apply to a complex siugtias s
the quality of @an x-ray imagde This approach is consistent with image quality defined as the
degree to'whicltheimage satisfies the requirements imposed dhusrelevant to te end

user>® Image quality evaluation is considered to be a gk} interpretative process of
perception that cannot be dissected by analyzing only léeet’ physical image characteristics
such as sharpness, noisiness, brightness and coftfdstthis context, only a weak relationship
wasreportedbetween image fidelity (the ability to digminate between two images based on

the physical.characteristics) and image quality (the preference for one image over Ahother)

The VGC method used in this study is a relatively easy way to quantify subjective opintbns
make thensuitablefor analysis, while providing the opportunity to uke AUC as a single
measure to.guantify differences in image quality between two compared mod&itiResults
show that the Platinurdexis sensor image was ranked significantly better than two other
sensors (XIOS PluSirona and RVG 610Carestream), buh a comparison of other sensors

with PlatinumDexisno significant differencesere found. For example, the image generated by
the Planmeca senseas not found to bstatistically significantlydifferert thaneither the
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PlatinumDexis or the RVG 610@arestream image$his finding indicateshat even
differences that have been found to be statistically significant mayéd#e to the degrabat

their clinical significance is unclear.

In this study=many parametesgre standardized as muchpassible, such as using a single
clinical subject, captung the image from the same area of the mouth with each sensor, using a
device that aligns the-bay machine with the sensor, standardized evaluation conditions and the
profile of the evaluatordVe are aware of the fact that the sample size of the evaluators may be a
limitation inthis,studyUsing a single subjeat this studyand exposing one area of the mouth

not only contributed to standardization but also enabled the authors to ké¢pARA (As

Low As Reasonablychievablg principle of minimizing radiation exposure. AlthoughLARA
principles were.carefully observed and implemented and the amount of exposure waskept t
absolute minimumesearcherasing this kind of singlsubject surveghould carefully weigh

the benefits versus radiation hadar However this standardization midgd to a limitation as

in a recurrensimilar exercise on other subjeddf differentsizes, agesethnicites, systemic

bone pathologs etc.)anddifferentmouth areas, imagingay lead to different results.

Another potential limitation is that the clinicians were not required to justify the image ratings,
thus we could not analyze whethbkere is one perceived single factor that aanajor influence

on the image quality. €spite the facthat apositioning deiceto align the X Ray source with the
sensomwas usedthe subject may bite on it with various forces each time and the alignment may
be subject'to minor variations. It is also clear that because not all sensors have the same
dimension and/or physical configurations, different bitewing images may depict mess af |

the crestal. bongOne should also consider that using a standardized exposure from one machine
may affectithe.image quality of some sensors because the chosen panaagteogall within

the optimal-dynamic range of these devicEmally another possible shortcoming lies in the fact
that intrarater reliability over time was not assessed, therefore it is possibtaehaters’

results will be different if réested.

In conclusion, theull hypothesis was rejected becatisere vwerestatistically significant
differences betweetmeimages captured with different sensors. Clearly the E\fdvageWorks

sensor generated an image that was consistently rated worst by all clinicians; wheheas
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other side of the spectrum, sensorcould be identified as generating better quality images than
the other sensors tested. Further research should be directed towards determining the clinical

significance of the differences in image quality found in this study.
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Figures L egends

Figure 1. Alumihum Phantom with 12 wells with a diameter of 1.5 mm and with a depthgvar

from 0.05t0°0.6'mm, in increments of 0.05 mm.
Figure 2:Clinical images acquired with the tested intraoral digital sensors
Figure 3 Clinical images displayed in Adobe Lightroom for evaluation

Figure 4 Example of VGC curve comparinige RVG 6108Carestream (Kodak) and Platinum
Dexis. The empty square boxes represent the operating points corresponding to therg€valuat

ranking of the sensor.

Tables L egend:

Table 1: Frequency and cumulative proportions (by sensor) of clinical image qualitygranki
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Table 2 Visual Grading Characteristics (VGC) results for clinical images ranking. Each box
displays the AUC, SD an@b% confidence intervals. Significant differences between pairs are
denoted by an asterisk (p<0.05)
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Frequency | Cumulative Frequency Cumulative Frequency Cumulative Frequency Cumulative
Platinum-- Proportion | EVA-- Image Proportion GXS-700-- Proportion RVG 6100-- Carestream | Proportion
Rank DEXIS Platinum Works EVA Gendex GXS-700 (Kodak) RVG 6100
1 3 1 0 1 2 1 0 1
2 5 0.82352941 0 1 3 0.882352941 0 1
3 4 0.52941176 0 1 2 0.705882353 3 1
4 1 0.29411765 0 1 0 0.588235294 5 0.82352941
5 2 0.23529412 0 1 3 0.588235294 1 0.52941176
6 1 0.11764706 0 1 3 0.411764706 4 0.47058824
7 1 0.05882353 0 1 4 0.235294118 4 0.23529412
8 0 0 17 1 0 0 0 0
Total
17 17 17 17
RN
Frequency | Cumulative | Frequency Cumulative Frequency Cumulative Frequency Cumulative
ProSensor-- | Proportion CDR Elite-- Proportion XIOS Plus-- Proportion XDR-- Cyber Medical Proportion
Rank Planmeca ProSensor Schick CDR Elite Sirona XI10S plus Imaging XDR
1 3 1 2 1 2 1 5 1
2 2 0.82352941 3 0.882352941 0 0.882352941 4 0.70588235
3 3 0.70588235 1 0.705882353 2 0.882352941 2 0.47058824
4 0 0.52941176 5 0.647058824 5 0.764705882 1 0.35294118
5 2 0.52941176 3 0.352941176 4 0.470588235 2 0.29411765
6 4 0.41176471 3 0.176470588 2 0.235294118 0 0.17647059
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7 3 0.17647059 0 2 0.117647059 3 0.17647059
8 0 0 0 0 0 0 0
Total
17 17 17 17
9

Table 1 — Frequency and cumulative proportions (by sensor) of clinical image quality ranking
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AUC Platinum-- GXS-700-- RVG 6100-- ProSensor-- CDR Elite-- XIOS Plus--
DEXIS Gendex Carestream Planmeca Schick Sirona
sD (Kodak)
95% Cl
GXS-700-- 0.67
Gendex 0.094
0.475-0.83
RVG 6100-- 0.8279 0.595
Carestream 0.0756 0.104
(Kodak) 0.642-0.937* | 0.389-0.778
ProSensor- 0.6315 0.463 0.36
- Planmeca 0.097 0.101 0.100
0.433-0.80 0.277-0.658 0.189-0.566
CDR Elite== 0.6041 0.373 0.267 0.41
Schick 0.097 0.098 0.086 0.102
0.408-0.776 0.202-0.574 | 0.128-0.456* | 0.232-0.615
XI0S Plys—- 0.699 0.46 0.38 0509 0.598
Sirona 0.0895 0.100 0.097 0.101 0.098
0.507-0.847% 0.278-0.657 0.214-0.581 0.318-0.699 0.403-0.772
XDR-- 0.478 0.347 0.246 0.383 0.416 0.343
Cyber 0.103 0.096 0.094 0.098 0.101 0.096
Medical 0.287-0.674 0.183-0.546 0.102-0.460%* 0.250-1.446 0.236-0.616 0.180-0.543
Imaging
Table2=\Visual Grading Characteristics (VGC) results for clinical images ranking. Each box
displays the AUC, SD and the confidence intervals at 95%. Significant differences between
pairs are denoted by an asterisk (p<0.05)
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