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Evaluation of image quality parameters of representative intraoral

digital radiographic systems

Hema Udupa, BDS, MS," Peter Mah, DMD, MS.® Stephen B. Dove, DDS, MS, and William D. McDavid, PhD!

University of Texas Health Science Center at San Antonio, TX, USA

Objective. The aim of this study was to compare imaging properties of 20 intraoral digital systems objectively.

Study Design. Using a direct current x-ray source and a radiographic phantom, a series of radiographs was made from the
lowest exposure time until the sensor saturated. Images were captured and stored. Incident exposures were measured using
a radiation meter. Gray scale, spatial resolution, and contrast/detail detectability were evaluated. Presence of 7 distinct steps
spanning the gray levels from 0 to 255 was used to define the exposure latitude. An “optimal” exposure, the lowest exposure
where maximum spatial resolution and contrast/detail detectability were achieved, was determined.

Results. The systems varied greatly in latitude, “optimal” exposure, and image quality. This may not be readily apparent to the

naked eye or when clinical images are compared.

Conclusions. Objective assessment of image quality with a quality assurance tool makes it possible to evaluate and compare
the various intraoral digital systems. (Oral Surg Oral Med Oral Pathol Oral Radiol 2013;116:774-783)

Dental radiographs provide a useful aid in the diagnosis
and treatment of oral diseases, such as caries, periodontal
diseases, root fractures, and oral pathologies.l Until the
1980s, these radiographs were obtained using conven-
tional film-based techniques. However, with develop-
ments in computer technology and the introduction of
digital systems, digital sensors have started gaining
popularity in the dental field. The progress has been
toward a completely integrated digital environment
where digital images can be centrally stored and orga-
nized using database systems.”” Although digital x-ray
sensors are comparable to analog film for diagnostic
tasks, they have several advantages over film radiog-
raphy. These include immediate image production with
solid-state devices, interactive display on a monitor with
the ability to enhance image features and make direct
measurements, integrated storage with access to images
through practice management software systems, security
of available backup and off-site archiving, exact
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radiographic duplicates to accompany referrals, security
mechanisms to identify original images and differentiate
them from altered images, the ability to tag information
such as a patient identifier, date of exposure, and other
relevant details, and interoperability of the Digital
Imaging and Communications in Medicine file format.*”’

Digital intraoral radiography has been in a state of
constant change and rapid development since its intro-
duction into the dental market, and its growing accep-
tance has revolutionized intraoral radiography.®'’
Based on the image acquisition process, digital radio-
graphic systems are broadly categorized as direct and
indirect digital systems. Direct digital systems acquire
images with solid-state detectors that are connected to
a computer with a wire or wirelessly to produce an
image almost instantaneously after exposure. A charge-
coupled device (CCD) is a solid-state detector composed
of an array of x-ray-sensitive or light-sensitive elements
or wells on a silicon chip arranged in a rectangular
matrix. In the readout process, the electrons liberated in
each element are transferred from one row of wells to the
next in a sequential manner. The resulting current is
amplified, digitized, and stored as a digital image, which
is eventually displayed on a computer monitor."’
Complementary metal oxide semiconductors active

Statement of Clinical Relevance

Although various reports and standards (detailed in
the text) suggest that an optimization program is
necessary for digital radiographic imaging systems,
there have been no published protocols to achieve
this goal of producing maximum diagnostic infor-
mation while minimizing patient dose.
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Fig. 1. Schematic representation of the Dental Digital Quality Assurance phantom.

pixel sensors (CMOS-APS) are similar to CCDs except
they use an active pixel technology in which the pixels
are isolated from their neighbors and are directly
accessed individually. Through this technology, the
power requirement to process an image is reduced by
a factor of 100 compared with CCDs.'? Indirect digital
systems use photostimulable phosphor (PSP) plates.
These reusable imaging plates are coated with a radia-
tion-sensitive phosphor, which stores a latent image
following x-ray exposure.'” The plate is scanned using
a high-speed laser scanner, and the resulting light
emitted by the stimulated phosphor is digitized and
converted into displayable electronic information.'*

Indirect digital systems have some advantages and
disadvantages compared with the direct capture imaging
modalities. The advantages include wider exposure
latitude, flexibility of the plates, similar size and shape
as available with conventional film, and the absence of
the electric cord.” Bedard et al.'” found that with
repeated use of the PSP plates there was a need for the
plates to be replaced after only 50 uses to avoid degra-
dation of image quality owing to scratches and surface
irregularities. Scratching, fogging, and plate reversals
are some additional problems incurred with PSP plates
but not seen with direct capture sensors. The prevention
of plate reversal problems has been addressed by some
PSP systems; namely, the Digora Optime (Soredex,
Milwaukee, WI, USA) and Carestream 7600 (Care-
stream Health Inc, Rochester, NY, USA) systems.

Today a wide variety of intraoral digital systems is
available in the dental market."""'® The aim of this study
was to generate a comprehensive technical report that
will provide a detailed comparative analysis of dose,
latitude, spatial resolution, and contrast/detail detect-
ability of various intraoral digital systems available
commercially in the dental market.

MATERIALS AND METHODS

X-ray source

A Planmeca Intra direct current x-ray source (Plan-
meca, Helsinki, Finland) was used for the study. This
unit has an accelerating potential adjustable from 50 to

Fig. 2. Sample of a radiographic image of the Dental Digital
Quality Assurance phantom.

70 kV, tube current from 2 to 8 mA, and exposure time
from 0.01 seconds to 3.20 seconds. Manufacturer
presets used for intraoral imaging with the Planmeca
Intra are 63 kVp (kilovolt peak) and 8 mA, with
varying exposure times for different regions of the oral
cavity. Accordingly, this machine was set at 63 kVp
and 8 mA for this study.

Radiographic phantom

A Dental Digital Quality Assurance (DDQA) phantom
(Dental Imaging Consultants LLC, San Antonio, TX,
USA) was used to measure dynamic range, low-contrast
detectability, and high-contrast resolution (Figures 1
and 2)."” A step-wedge made of aluminum alloy of
radiologically standard 1100 grade and a piece of lead
at one end represents the entire range from no attenu-
ation to full attenuation. Low-contrast detectability is
measured using 2 series of 6 round wells (one of
varying depth and constant diameter and the other of
varying diameters and constant depth) in clear acrylic.
High-contrast resolution is measured with a gold foil
line pair gauge ranging from 5 to 20 line pairs per
millimeter (Ip/mm). A 7-mm block of 1100 grade
aluminum alloy overlies the line pair gauge and contrast
wells to obtain a mid-range exposure level. The
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Table 1. Overview of digital systems features

December 2013

System name Manufacturer Technology Interface Software
Direct capture
Carestream RVG 6000 Carestream Dental SCMOS USB Kodak Dental Imaging
Sensor (Rochester, NY, USA) software
Carestream RVG 6100 Carestream Dental SCMOS USB Kodak Dental Imaging
Sensor (Rochester, NY, USA) software
Carestream RVG 6500 Carestream Dental SCMOS USB Kodak Dental Imaging
Sensor (Rochester, NY, USA) software
XDR Sensor XDR (XDR Radiology, Los CMOS USB XDR Software
Angeles, CA, USA)
SuniRay Sensor SUNI (Suni Medical Imaging, CMOS APS Integrated USB Prof. Suni software

Visteo Sensor

Schick CDR Sensor
Schick CDR Elite Sensor
BelGold Sensor
Planmeca Prosensor
GXS-700

Dexis Platinum Sensor
Dr. Suni Plus Sensor

Dixi 3 (NR & HR)
Accent Barrier (LR & HR)

Indirect capture
Scan-X

Digora Optime (HR &
SHR)
DenOptix QST (NR & HR)

CS7600 (HS, HR, & SHR)

San Jose, CA, USA)

Owandy USA (Los Angeles,
CA, USA)

Schick Technologies (Long
Island City, NY, USA)

Schick Technologies (Long
Island City, NY, USA)

BelGold (Belmont Takara,
NJ, USA)

Planmeca USA (Roselle,
IL,USA)

Gendex Dental Systems (Des
Plaines, IL, USA)

Dexis LLC (Hatfield, PA,
USA)

SUNI (Suni Medical Imaging,
San Jose, CA, USA)

Planmeca (Roselle, IL, USA)

Air Techniques Inc
(Hicksville, NY, USA)

Air Techniques Inc
(Hicksville, NY, USA)

Soredex (Milwaukee, WI,
USA)

Gendex Dental Systems (Des
Plaines, IL, USA)

Carestream Dental
(Rochester, NY, USA)

CMOS induction

sensor

USB 2.0 compatible
USB 1

Owandy Vision Software

CMOS USB Schick CDR Software
CMOS USB 2.0 Schick CDR Software
CMOS USB Belmont XV Lite Software
CMOS USB/Ethernet Romexis

connection
CMOS USB 2.0 VixWin Platinum Software
CMOS USB Dexis Imaging software
CCD USB 2.0 Prof. Suni software
CCD USB Dimaxis 4.5
CCD USB 2.0 Visix Imaging Software
PSP USB Connection Visix Imaging Software
PSP Ethernet connection Digora software
PSP USB Connection Vix Win Software
PSP Ethernet connection Kodak Dental Imaging

software

SCMOS, super complementary metal oxide semiconductor; CMOS, complementary metal oxide semiconductor; CMOS APS, complementary metal
oxide semiconductor active pixel sensor; CCD, charge coupled device; PSP, photostimulable phosphor plates; Tiff, tagged image file format; USB,
universal serial bus connectors. NR, normal resolution; HR, high resolution; LR, low resolution; HS, high speed; SHR, super high resolution.

supporting structure utilized to hold the test objects has
a large acrylic base with adjustable spring-loaded
clamps to center the sensor and hold the sensor
perpendicular to the x-ray photon beam. In addition,
there are 4 plastic stops for the beam indicating device
(BID) to rest on. This assures a uniform source-to-
detector distance, which is representative of the clinical
situation and ensures a perpendicular alignment to the
image receptor.

X-ray meter

A Solo Dent meter (Unfors, Billdal, Sweden) was
inserted into the phantom from the top to record
entrance exposure. This meter has a sensitivity of 5% or
=+ 10 uGy (1 millirad) in the 40 to 150 kVp range with
a half value layer of 1.5 to 14 mm aluminum."®

Digital imaging systems

Sixteen direct digital systems with size 2 solid-state
sensors and 4 indirect digital systems with PSP tech-
nology were analyzed in this study. The solid-state
sensors used in the study were closest in size to the
American National Standards Institute’s published sizes
for “size 2” analog dental film. Table I shows the
manufacturer of each system, detector technology,
interface, and software.

Carestream Dental has incorporated anatomic filters
such as Perio, Endo, and DEJ (for periodontal,
endodontic, and dentinoenamel junction optimization,
respectively) in their dental imaging software in an
effort to manage the image contrast and facilitate the
diagnostic accuracy of the clinician. For Carestream
RVG sensors (6000, 6100, and 6500), the digital raw
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Fig. 3. The Dental Digital Quality Assurance phantom in use.

images were processed by applying these task-specific
filters individually to enhance the different zones of
interest in the image. For other systems, such as the
Planmeca Dixi 3, which has normal-resolution (NR)
and high-resolution (HR) modes; the Air Techniques
Accent Barrier, which has low-resolution (LR) and
high-resolution (HR) modes; and the Dexis Platinum
sensor, which has high-resolution (HR) and ultrahigh-
resolution (UHR) modes, images were acquired using
both of the system’s modes.

Digora Optime and DenOptix QST PSP systems
have 2 resolution modes, whereas the Carestream CS
7600 PSP system has 3 resolution modes as well as 3
task-specific filters, and the images in all these systems
were acquired using these modes.

Digital image acquisition procedure

Each sensor to be evaluated was placed directly under
the central portion of the phantom and secured by
adjusting the 2 spring-loaded clamps. The BID was
placed in contact with the 4 plastic positioning tabs, and
a series of exposures was made of the DDQA phantom,
from the shortest exposure time of 0.010 seconds to
a setting where the detector reached saturation
(Figure 3). The digital images were acquired with the
manufacturers’ proprietary software on a 14.1” cali-
brated laptop (D620WXGA, Dell, Roundrock, TX,
USA; Windows XP operating system, Microsoft, Red-
mond, WA, USA) with the resolution set at 1280 x 800
pixels. The native software for each system was utilized
for acquiring and storing images in the uncompressed.
tiff format in order to avoid loss of information.
Entrance exposures were measured at the end of the
BID for each exposure time and converted to air kerma
values.
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Digital image assessment

The images were viewed on a desktop computer
(Ultrasharp U2410; Dell) with a 24” monitor (1920 x
1200 display resolution, 16:10 aspect ratio, and 8-bit
color depth). The monitor was calibrated prior to the
analysis of images using the Society of Motion Picture
and Television Engineers (SMPTE) test pattern. The
SMPTE test pattern was used to check for appropriate
contrast and brightness settings of the monitor by
checking that the 5% and 95% squares on the test
pattern were just distinguishable from the 0% and 100%
squares.'”*’ This pattern allows the viewer to deter-
mine if the linearity (spatial resolution) and aliasing
(distortion) of the viewing monitor is within acceptable
limits. The images were viewed in an environment with
subdued and indirect lighting. No image postprocess-
ing, such as adjustment of brightness or contrast, was
applied to the images during image assessment.

Spatial resolution (SR) and contrast/detail detect-
ability (C/D) were measured for all images using image
analysis software where applicable (UTHSCSA
ImageTool; University of Texas Health Science Center
at San Antonio, San Antonio, TX, USA).

Using the measured values of exposure, the exposures
at the intraoral imaging receptor were derived for the
thickness of aluminum in each step of the step-wedge.
The corresponding gray levels were measured for each
step of the step-wedge pattern in the image, and a dose-
response curve was obtained for each exposure time by
plotting the gray level as a function of the exposures as
calculated above (Figure 4). An “acceptable” range was
established in which all 7 steps of the step-wedge are
portrayed as gray levels between 0 and 255. The latitude
of each imaging receptor was calculated as the ratio of
highest exposure divided by the lowest exposure within
the “acceptable range.” An “optimal” exposure was
identified as the lowest exposure within the acceptable
range where the maximum SR and C/D were obtained.

Latitude and optimal exposure, as well as the spatial
resolution and contrast/detail detectability at the
optimal exposure, were tabulated for the systems
included in the study.

RESULTS

Table II shows the consolidated results: latitude,
optimal exposure, line pairs per millimeter, the number
of visible changing diameter wells, and the number of
visible changing depth wells seen in the images
acquired from the various digital systems.

Direct digital systems
Complementary metal oxide semiconductors (CMOS)
systems.

Carestream Health RVG 6000, RVG 6100, and RVG
6500. Three Carestream systems, RVG 6000, RVG
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Fig. 4. Sample of dose curves for a digital imaging system.

6100, and RVG 6500, were analyzed separately. Each
of these systems has 3 task-specific, predefined image
enhancement filters that can be applied at the acquisi-
tion stage. These are the periodontal (Perio) mode,
which is to optimize visualization of the periodontal
tissues, the endodontic (Endo) mode, which is to opti-
mize the contrast values over the entire range, and
finally the dentinoenamel junction (DEJ) mode, which
is to optimize the values at the crown, the dentinoena-
mel junction, and the roots. The Endo mode is set
by the manufacturer as the default mode of image
enhancement.

Consistently, Perio was a better task-specific
enhancement mode than the other modes, and the
RVG 6100 and 6500 were comparable with, but better
than, the RVG 6000 system. The “acceptable” expo-
sure latitude and “optimal” exposures varied widely
between the 3 systems and between the image en-
hancement types. Although the exposures required for
optimal image quality vary between the 3 sensors, all
the exposures are less than the National Council on
Radiation Protection and Measurements (NCRP)
Report 172 suggested value of 1.2 mGy for achievable
dose.”’

XDR Sensor, XDR Sensor with Updated Software, and
XDR System with a Fiberoptic Faceplate. There was no
difference in the overall low-contrast perception, and
optimal exposure was 0.95 mGy for all 3 systems. The

XDR sensor and the system with updated software both
had a highest SR of 13 Ip/mm compared with the XDR
Sensor with a fiberoptic faceplate, which had an SR of
12 Ip/mm. The latitude of the XDR sensor with
a fiberoptic faceplate was slightly higher in comparison
with the XDR sensor.

SuniRay Sensor. The newer SuniRay Sensor had lati-
tude of 6.56 and was better than the Schick CDR sensor
in terms of SR and C/D detectability with lower optimal
exposure of 0.38 mGy.

Owandy Visteo Sensor. The Visteo sensor had latitude
of 1.24 and an SR of 10 Ip/mm when all 7 steps of the
step-wedge could be clearly delineated. It never ach-
ieved the performance parameters seen with some of the
other newer CMOS systems.

Schick CDR Elite Sensor and CDR Sensor. The CDR
elite had better low-contrast perceptibility but lower SR
(7 Ip/mm), whereas the CDR sensor had lower optimal
exposure (0.38 mGy) with better SR (9 lp/mm).

Belmont Belgold Sensor. The Belgold sensor had
a latitude of 3.10 and poor low-contrast perceptibility,
with an SR of 11 Ip/mm.

Planmeca Prosensor. The Planmeca  Prosensor
with Ethernet and USB connection had the same SR of
10 Ip/mm as the Visteo and SuniRay sensors but had
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Table II. Overview of evaluated parameters from digital systems

Direct digital system  Sensor type  Image enhancement types

Latitude (highest exposure/

Optimal Ip/mm A Dia. ADep.

lowest exposure) exposure (mGy) (SR)  wells* wells'

RVG 6000 CMOS Perio Mode 6.38 0.74 14 5 2
Endo Mode 5.07 0.95 13 6 2
DEJ Mode 2.02 0.48 12 5 1
RVG 6100 CMOS Perio Mode 5.07 1.19 13 5 4
Endo Mode 5.07 0.48 10 5 2
DEJ Mode 1.00 0.74 11 5 3
RVG 6500 CMOS Perio Mode 3.18 0.95 15 6 4
Endo Mode 2.61 0.59 14 6 4
DEJ Mode 1.60 0.59 13 6 4
XDR Sensor CMOS 6.35 0.95 13 5 4
With updated software 6.35 0.95 13 6 4
With fiberoptic faceplate 7.80 0.95 12 6 4
SuniRay Sensor CMOS 6.56 0.38 10 4 3
Visteo Sensor CMOS 1.24 0.59 10 4 3
CDR Elite Sensor CMOS 2.51 0.74 7 5 1
CDR sensor CMOS 1.27 0.38 9 4 0
BelGold Sensor CMOS 3.10 1.47 11 5 0
Planmeca Prosensor CMOS With Ethernet and USB 10.26 0.48 10 5 3
connection
GX-S700 Sensor CMOS 50.83 1.19 14 6 4
Dexis Platinum Sensor CMOS High Resolution (HR) 50.83 0.95 13 6 4
Ultra High Resolution (UHR) 50.83 0.95 15 6 5
Dr. Suni Plus sensor CCD 10.00 0.74 8 4 0
Dixi 3 Sensor CCD Normal Resolution (NR) 12.84 0.48 7 4 2
High Resolution (HR) 6.22 0.48 12 5 3
Accent Barrier Sensor CCD Low Resolution (LR) 1.26 0.38 7 5 2
High Resolution (HR) 1.27 0.38 8 5 2
Latitude (highest exposure/ Optimal A4 Dia. ADepth

Indirect digital system Sensor type  Image enhancement types lowest exposure) exposure Ip/mm - Wells* wells'
Scan-X PSP Plate 24.80 1.47 7 5 3
Digora Optime PSP Plate  High Resolution (HR) 12.58 0.74 6 5 2
Super High Resolution (SHR) 12.58 1.19 8 5 2
Den Optix QST PSP Plate  Normal Resolution (NR) 63.79 1.19 7 5 3
High Resolution (HR) 63.79 1.19 8 6 3
CS7600 PSP Plate  ENDO/HS 3.96 0.74 6 5 0
ENDO/HR 4.93 0.59 7 5 3
ENDO/SHR 6.20 0.48 10 6 1
PSP Plate ~ PERIO/HS 248 0.74 6 5 3
PERIO/ HR 3.96 0.59 7 5 3
PERIO/ SHR 7.88 0.48 10 6 4
PSP Plate  DEJ/ HS 1.56 0.95 6 5 0
DEJ/ HR 2.48 1.19 8 6 1
DEJ/ SHR 3.96 0.74 10 6 1

DR, dynamic range; SR, spatial resolution; C/D, contrast-detail; Ip/mm, line pair per millimeter; HS, high speed.

*Change in diameter wells.
TChange in depth wells.
NOTE. Estimate of Error SR +/— 1 Ip/mm.

slightly better low-contrast perceptibility than the other
2 sensors.

Gendex GSX-700 Sensor. The GSX-700 sensor had an
overall better SR of 14 1p/mm, better C/D detectability,
and a wide latitude (50.83), very similar to Dexis
Platinum sensor (HR and UHR modes).

Dexis Platinum Sensor. Both the HR and UHR modes
of this sensor had a wide latitude of 50.83, with better

low-contrast perceptibility and an SR ranging from 13
to 15 Ip/mm.

CCD systems.
SuniPlus Sensor. The SuniPlus sensor performance

was poor in comparison with SuniRay, with optimal
exposure of 0.74 mGy and an SR of 8 Ip/mm.

Planmeca Dixi 3 Sensor. The Dixi 3 Sensor (CCD)
has 2 image capture modes: normal-resolution (NR)
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and high-resolution (HR). There was a clear difference
noted when images were captured in the HR mode,
with 12 Ip/mm, in comparison with 7 Ip/mm when
captured in the NR mode. In addition, the low-contrast
perceptibility was clearly greater with the HR mode
than with the NR mode. The optimal exposure was the
same 0.48 mGy in both modes.

Accent Barrier Sensor. The Accent Barrier sensor has
2 image capture modes: low-resolution (LR) and high-
resolution (HR). The SR was slightly better in the HR
mode than in the LR mode. There was no clear
difference noted in the C/D detectability between the 2
modes. The optimal exposure was the same 0.38 mGy
in both modes and was lower than those in the other
CCD systems, such as the Dixi 3 (0.48 mGy) and Dr.
SuniPlus (0.74 mGy) sensors.

Indirect digital Systems

Photostimulable phosphor plate systems. In this study,
we evaluated 4 different commercially available indi-
rect capture intraoral PSP plate systems. These included
the Scan-X system (Air Techniques); Digora Optime
system (Soredex); DenOptix QST system (Gendex),
and Carestream CS7600 (Carestream Dental).

Air Techniques Scan-X System. Although the Air
Techniques Scan-X had wide latitude (24.80) and good
low-contrast perceptibility, it performed poorly in terms
of SR at only 7 Ip/mm, similar to other PSP systems.

Digora Optime System. The Digora Optime has 2
image capture modes: high-resolution (HR) and super-
high-resolution (SHR). There was a clear difference
noted when images were captured in the HR mode, with
6 Ip/mm, in comparison with 8 Ip/mm in the SHR
mode. It had a latitude of 12.58, with the lowest
exposure being 0.19 mGy and the highest being 2.35
mGy, which is above the diagnostic reference level as
set out in NCRP Report 172 but still within the limits
set by most state regulations.

Gendex DenOptix QST System. The DenOptix QST has
2 image capture modes: normal-resolution (NR) and
high-resolution (HR). The SR was 7 Ip/mm at NR and 8
Ip/mm when images were acquired using the HR mode.
In general, it had the widest latitude (63.79) among the
4 PSP systems.

Carestream Health CS7600 System. The CS7600 has 3
image capture modes: high-speed (HS), high-resolu-
tion (HR), and super-high-resolution (SHR). In
addition, it also has 3 task-specific filter modes: Perio,
Endo, and DEJ (as explained earlier).

All 3 task-specific filters in the SHR capture mode
had highest SR of 10 Ip/mm with a highest C/D

December 2013

detectability in the Perio filter mode. The HS capture
mode had the lowest SR (6 Ip/mm) with all 3 task-
specific filters and an SR of 8 Ip/mm with HR capture
mode and DEJ filter. In general, the CS7600 had the
lowest latitude among the 4 PSP systems.

DISCUSSION

Since the early 1980s, digital imaging has become one
of the fastest-growing areas in dentistry. A wide variety
of newer intraoral digital sensors and PSP systems are
entering the marketplace at a startling rate. As new
technologies become available, they need to be evalu-
ated prior to being applied in the clinical setting. The
literature has proposed various procedures for evalua-
tion. One such proposal was put forth by Fryback and
Thornbury.”’ They proposed the adoption of the hier-
archical approach, starting at a technical level (image/
technical efficacy) and ending with the benefits to
society at large (societal efficacy).”’ However, the
scientific publications and unbiased data that are
available for the multitude of digital imaging systems
are still sparse. Clinicians have a limited amount of
knowledge regarding the relationship between the
imaging systems’ characteristics and clinical outcomes;
this creates a high demand for diagnostic efficacy
testing and quality assurance testing.”” In this study, we
evaluated the latitude and optimal exposure settings as
well as the C/D detectability and SR at the optimal
settings for 20 commercially available intraoral digital
systems. We also demonstrated a means of assuring that
exposure settings selected for clinical use provide the
maximal image quality with minimal exposure to the
patient, in keeping with the principle of “as low as
reasonably achievable” (ALARA), which is cited in
various reports of the NCRP, the International
Commission on Radiological Protection (ICRP), and
others,””’ including ICRP 73,”* ICRP 93,” NCRP
Report 145,”° and NCRP Report 172.%’

Latitude is the range of exposures that will produce
images within the useful gray level range.”® Using our
definition, the ratio of the highest exposure to the
lowest exposure within the “acceptable” range, all 4
PSP systems showed wide latitude. The DenOptix PSP
system (Gendex) had slightly greater latitude of 63.79.
Out of the 3 CCD systems tested, the Accent Barrier
sensor had the lowest latitude, at 1.26. Of the 11 CMOS
systems tested in this study, 2 systems showed wider
latitude: the Dexis Platinum (50.83) and the Gendex
GX-S700 sensor (50.83). The other CMOS systems
whose latitudes were good were the Planmeca Prosen-
sor; the XDR with a fiberoptic face plate; the RVG
6100, RVG 6500, and RVG 6000; and the SuniRay.
The Visteo, CDR, CDR Elite, and Belgold showed
narrow latitude. Studies conducted in the past have
shown that PSPs have the widest latitude in comparison
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with CCD and CMOS sensors, which allows a high
tolerance for variations in exposure techniques, often
requiring fewer retakes.””~" It is important to recognize
that high latitude is not necessarily desirable, because it
makes possible deviations from the optimal exposure,
which may appear acceptable to the clinician while
either overexposing the patient at the high end of the
scale or yielding noisy images lacking in diagnostic
quality at the low end.

Another factor of paramount importance when it
comes to assessing image quality is SR. It is the ability
for distinguishing the fine details in an image. This is
expressed as the number of line pairs per millimeter.*”
The SR of the 11 CMOS systems analyzed in this study
ranged from as low as 7 Ip/mm (CDR Elite) to as high as
15 Ip/mm (RVG 6500/Perio mode; Dexis Platinum/SHR
mode), whereas that of the 3 CCD systems ranged from 7
Ip/mm (Accent Barrier/LR) to 12 Ip/mm (Dixi 3/HR).
The 4 PSP systems ranged from 6 Ip/mm (CS7600/HS
mode; Digora Optime/HR mode) to 10 Ip/mm (CS7600/
SHR mode). The SR of the CS7600 DEJ, Endo, and
Perio task-specific filters and the various resolution
modes varied slightly from 6 lp/mm (HS) to 10 lp/mm
(SHR). Studies done for detection of proximal caries
have shown that higher-SR images do not improve the
detection of caries in a PSP system and also that caries
diagnostic accuracy seems to be little influenced by an
increase in SR and bit depth from 8-bit to 12-bit or 16-bit
within the digital radiographic system brands.**** On the
contrary; de Oliveira et al.” found that a combination of
endodontic filter with higher SR and higher contrast
resolution is recommended for determination of file
lengths when using storage phosphor plates. Another
subjective image quality comparison study between the
Schick CMOS and CCD detectors showed that the
radiographic images were of similar overall quality and
that the CMOS sensor outperformed its CCD prede-
cessor for depiction of cortical bone and root apices,
whereas the CCD detector was only rated superior for
depiction of root canal space.”® However, the results of
our study show that the application of the various reso-
Iution modes and task-specific filters produce objective
effects on image quality, which can have an effect on the
probability of accurately evaluating the most common
diagnostic tasks, such as caries detection, endodontic file
length determination, or root canal morphology visuali-
zation. However, most intraoral radiographic images are
not task-specific and are used for multiple diagnostic
tasks. For example, a posterior bitewing radiograph may
be used both for the detection of proximal caries and for
the assessment of crestal bone loss. Using task-specific
filter algorithms for image quality enhancements has
a potential to discard important data.

The manufacturers’ claims of theoretical resolution
based on the pixel dimensions were not confirmed on
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any imaging system. With direct digital systems, the
theoretical resolution is determined by the pixel size;
thus, to get a higher resolution, the pixel size needs to
be smaller. At the same time, the actual resolution is
considerably lower than the theoretical resolution,
owing to electronic noise and diffusion of photons
within the scintillator coating or to imperfections in the
coupling systems of the fiberoptics.””

Another important factor during the acquisition of
digital radiographic images is contrast resolution (CR).
CR is the ability to distinguish different densities within
a radiographic image. Most of the diagnostic tasks in
dentistry require a large degree of C/D perceptibility.
Diagnostic accuracy is influenced by kilovolt peak of x-
ray exposure and bit depth of the receptor of the digital
radiographic system.”’ The higher the bit depth, the
greater the CR, allowing for a greater display of the
subtle changes in the radiographic images. For
example, to diagnose the periodontal bone levels,
adequate contrast may be crucial for accurate visuali-
zation of the alveolar crest, which can be easily dete-
riorated by blooming artifacts.’** Earlier digital
systems produced 8-bit images; however, newer
systems are capable of generating 12-bit and 16-bit
images. Whereas standard computer monitors can only
image 256 gray shades, the human eye can also only
discern approximately 10 to 13 lp/mm or 60 shades of
gray at once without any aids.”' The results of our study
clearly showed that the Dexis Platinum, the XDR
sensor with a fiberoptic face plate, the RVG 6500, and
the GX-S700 sensor have higher low-C/D perceptibility
than the RVG 6100 (Endo), the Belgold sensor, the
CDR Elite, the Planmeca Prosensor (with both Ethernet
and USB interfaces), the SuniPlus, and the Dixi 3 (with
both NR and HR).

A previous study by Li et al.*” surveyed end-user
opinions on dental digital sensor characteristics in
preparation for the design of a new x-ray imaging
sensor and found that the most desired characteristic
for a new sensor was contrast resolution. This was
followed by imaging noise and SR, clearly indicating
that practitioners demand a new digital imaging system
that is capable of producing high-quality images. In
addition, caries, periapical and periodontal features,
and bone lesions in intraoral radiographs were the
most frequently mentioned dental features to be
enhanced by digital sensors, suggesting the require-
ment for a task-specific intraoral imaging system.
Although digital imaging systems cannot duplicate all
the image properties of film, they should be able to
provide sufficient information for accurate diagnoses.
In order to achieve this, both SR and contrast resolu-
tion need to be adequate, and patient doses should not
exceed those required with the fastest available film-
based systems.
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The present study provides data for assessing the
various characteristics desired in intraoral digital
radiography in systems presently on the market. It
also provides a methodology that may be applied in
the evaluation of future systems as they become
available.

CONCLUSION

An ideal intraoral digital system should have good
spatial resolution, good contrast detail detectability, and
a good dose-response curve over a wide range of
exposures. This study shows that the various intraoral
digital systems that come into the market vary markedly
from one another in these properties. Since this is not
readily apparent to the naked eye or when teeth are
radiographed, a quality assurance tool such as the
DDQA phantom serves as a useful aid for clinicians
who wish to derive this information for any intraoral
digital imaging system.
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