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Recently, different portable hand-held and battery-powered dental X-ray units have become available.
Especially for forensic odontological purposes, they offer diverse advantages such as for use in disaster
areas and crime-scene locations as also in autopsy rooms and mortuaries. For any application, the most
important feature of these hand-held devices is the delivered image quality. The aim of this study is to
evaluate the radiographic image quality acquired by two portable X-ray devices in combination with
two types of image receptors and to compare the findings with the image quality of a standard intra-
oral X-ray device.

Eleven samples consisting of eight teeth, two dry skeletal specimens and one formalin-fixed
mandible part were mounted on blocks for standardised (re)positioning. Radiological images were
acquired with two hand-held (AnyRay®™ 60 kVp, 0.02-4.00 mAs and NOMAD®™ 60 kVp, 0.023-
2.277 mAs) and one wall-mounted (MinRay® 60/70 kVp 0.14-22.4 mAs) X-ray device combined with
two image receptor systems (VistaScan® phosphor storage plate (PSP) and SIGMA® M CMOS Active
Pixel technology sensor). The effect of X-ray source-to-object distance (SOD) was checked at 20 cm in
conjunction with object to image receptor distances (OIDs) of 0.8 and 2.5 cm. For each parameter setup,
the exposure times were run from low till high. An expert consent statement was achieved by
agreement of four expert observers selecting the optimal images based on a developed four point
quality rating system. Next, a selection of the images was assembled in a set of 198 observation screens
and scored by seven observers. The observation screens were designed to compare observer scores,
relations between devices, receptors and OIDs and images obtained from the different devices at equal
exposure levels (mAs). All results were statistically analysed.

Radiological image quality was significantly higher for phosphor plate compared with the CMOS
digital receptor system (p < 0.0001). Furthermore, a significantly superior image quality was obtained
for OID = 0.8 than for OID = 2.5 (p = 0.039). A significant difference in image quality between the three
devices was also established (p = 0.02). The present study demonstrated the feasibility of portable X-
ray systems for forensic odontological applications based on rendering optimal image quality,
provided an in vitro guideline of optimal parameter settings and offered a radiological image database
usable in further research.

Keywords:

Forensic odontology

Dental identification
Hand-held dental X-ray units
Radiological image quality

© 2009 Elsevier Ireland Ltd. All rights reserved.

Dental radiographs constitute crucial information that plays
an important role in the registration, detection, collection and
preservation of forensic evidence [1-3]. These records are of major
significance during comparative dental identification [2,4],
postmortem profiling [5,6] and certain age estimations [7-12].
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Portable X-ray units are developed to ease radiological imaging in
welding, industrial, veterinary and military applications. In
particular, for forensic odontological purposes, different portable
hand-held and battery-powered dental X-ray units became
available. These light-weight, small and autonomic working
devices can easily be brought in the proximity of recovered body
remains and simply positioned in the radiologically required
geometric setups [13]. This avoids transportation as well as
unnecessary movement of the remnants and allows, on occasions,
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a complete and immediate forensic odontology examination
before the start of the rigor mortis period, excluding body-
mutilating interventions [14,15]. The integrated battery furnishes
the unit power for continuous and multiple image collection.
Furthermore, this wireless power supply makes the devices more
independent of fixed electric current sources [16]. Although all
units can expose classical film, phosphor storage plate (PSP),
charged-couple device (CCD) as well as complementary metal-
oxide-semiconductor (CMOS) image sensors, most efficient ad
hoc X-ray images can be obtained using the hand-held device(s)
in combination with digital imaging and management systems
[17].

Evaluation of the general image quality of dental radiographs is
based on their brightness, contrast and intensity and on the
appearance of noise [13,18]. Especially for forensic odontological
investigations, clear distinction of the cemento-enamel junction,
the pulpal outline and the root apex contour, together with the
ability to discriminate different restoration types, are essential
quality requirements.

No studies have been accomplished on the radiological image
quality offered by the portable and hand-held X-ray device(s). In a
pilot setup performed previous to this research, exposure
parameters obtaining excellent radiological images depending
on the source-to-object (SOD) and object to image receptor (OID)
distances were detected. Based on these parameters, the portable
AnyRay® (VATECH Co., Ltd., Gyeonggi-do, Republic of Korea) and
NOMAD® (Aribex, Utah, USA) X-ray devices were evaluated in
combination with Vistascan® PSP (Diirr Dental, Bietigheim-
Bissingen, Germany) and SIGMA® M CMOS Active Pixel technology
sensor size 1 (Instrumentarium Dental, Tuusula, Finland) CMOS
image receptors and their obtained image quality was compared
with that of images obtained in similar experimental conditions
with a standard wall-mounted MinRay® (Soredex, Tuusula,
Finland) radiographic unit.

The aim of this study was first, to establish a database of
radiographic images acquired in forensic settings of two kinds of
portable dental X-ray devices combined with two different image
receptors and, second, to evaluate the obtained image quality.

1. Materials and methods
1.1. Parameters

To assemble radiological images containing details of all oral tissue
combinations a forensic odontologist encounters during his judicial investiga-
tions, the following human body parts were collected as test objects: eight
extracted teeth comprising, out of each jaw, an incisor, a canine, a premolar and a
molar, a dry maxillary and mandibular skeletal part including teeth and a tooth
containing formalin-fixed mandible part. The teeth out of this test sample were
intact, decayed, restored or showed a combination of the last two features. All
were mounted on LEGO®™ bricks (the LEGO Group, Billund, Denmark) with
radiolucent polyurethane spraying foam (Den Braven, Oosterhout, the Nether-
lands) allowing repeated standardised and parallel sample positioning. At the
base, all bricks had a corner cut-off to smoothen their removal from the bottom
plate with use of a lever (Fig. 1). The samples were stored in a water solution of 3%
chloramine at room temperature.

The radiological exposures were performed with two hand-held portable X-ray
devices: AnyRay®™ 60 kVp, 2 mA, 0.02-4.00 mAs and NOMAD®™ 60 kVp, 0.023-
2.277 mAs and one referenced wall-mounted X-ray unit: the MinRay®™ 60/70 kVp
0.14-22.4 mAs (Table 1). The images were activated on Vistascan®™ PSP size 3 and
captured by a SIGMA®™ M CMOS Active Pixel technology sensor size 1. The exposed
PSPs were scanned with the VistaScan® machine, processed with DBSWIN® (Diirr
Dental, Bietigheim-Bissingen, Germany) software and exported as 16-bit tagged
image file format (TIFF). The images collected on the CMOS device were visualised
with CliniView®™ (Instrumentarium Dental, Tuusula, Finland) software and
exported as 8-bit TIFF files.

Often, radiological examinations during a forensic odontological investigation
have to be performed in make-shift circumstances constraining the position of the
X-ray unit or the image receptor in inconvenient setups. To cover all these
positions in a pilot study, the short coned AnyRay®™ unit combined with
Vistascan®™ PSP was used to check the effect of X-ray SOD at 10, 15,20 and 30 cmin
relation with OID set at 0.8, 2.5 and 5 cm. The obtained results (Table 1) indicated
that the exposure times necessary to obtain excellent image quality at SOD 30 cm
are too high (>1.10s) for practical applications because of the extreme
occupational radiation doses and the high risks for operator movement during
the exposure. Furthermore, the overall excellent image quality was not reached in
all combinations with OID 5 cm mainly because of the lack of contrast and
sharpness. Moreover, a comparable SOD for long-coned unit applications was only
possible starting at 20 cm. Therefore, in this study, SOD was set at 20 cm and
combined with an OID of 0.8 and 2.5 cm.

Running exposure times from the lowest image giving at first-step a too-bright
object image to the highest one providing a too-dark image resulted in all possible
parameter combinations in a 132-image series (11 objects x 3 devices x 2 image
receptors x 1 SOD x 2 OIDs) (Fig. 2).

To assure optimal radioprotection, a box covered with 1-mm-thick lead was
constructed to enclose all research devices during the radiological exposures.
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Fig. 1. Procedure diagram. During radiological image collection, the tubes of 3 different x-ray devices. (1) AnyRay, NOMAD and MinRay, were fixed at a reference point, allowing for
parallel (re)positioning of 11 separately on LEGO bricks foamed samples, (2) at source-to-object distance (SOD) of 20 cm combined with two types of image receptors, and (3)
Vistascan™ PSP and Sigma™ M CMOS, at object to image receptor distances (OID) 0.8 and 2.5 cm. For all 132 setup combinations an image series was obtained by running the
exposure times from the lowest to the highest image providing level. For radio protective reason all setups were surrounded by a 1 mm-thick lead box.
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Table 1
Exposure times and distance parameter settings providing excellent image quality
(valid for all kind of samples).

SOD
10 15 20 30
oID
0.8 0.20 0.35 0.55 1.10°
2.5 B 40 0.60 1.20°
5.0 b b b b

Exposure times in s, SOD source-to-object distance in cm, OID object to image
distance in cm.

2 Too long exposure time.

> No excellent image obtained.

1.2. Gold standard

As a gold standard and reference, an expert consensus statement was developed
based on agreement for the rating of optimal image quality out of each image series.
Observations were carried out by four expert observers (two oral radiologists and
two forensic odontologists) in a dimly lit room on a 19-inch SyncMaster 971p LCD
diagnostic screen (Samsung, Seoul, Republic of Korea). All images were scored using
a 4-point rating scale [19] developed by the four expert observers (Fig. 3) and
consensus was reached regarding the selection of the optimal image within an
image series if a minimum of two observers (and preferably three or even four)
rated the same image as superior to others in that series.

1.3. Observation screens

The observation screens (Fig. 4) comprised, in a blind setup, three parts of the
present study. First, for observer comparison, 132 observation screens were
composed of eight images chosen out of the corresponding image series including
its gold standard optimal image. Second, for device/receptor/OID comparison, 22
observation screens were developed that consisted of six gold standard selected
optimal images based on 11 objects and two OIDs from each combination of devices
(n=3) and receptors (n=2). Third, for equal mAs comparison, 44 observation
screens were constructed comprising three images based on each object, two OID
and two receptors taken with the different devices at equal exposure level (mAs).

1.4. Observers

Seven experienced clinical doctors in dental surgery observed the randomly
presented set of 198 (132 + 22 + 44) observation screens and scored independently
from each other and in the same conditions as the four expert observers.

1.5. Validation

In addition, four new types of teeth were chosen (incisor, canine, premolar and
molar) to acquire a new image series in the same condition as the original objects.
From these 48 image series (four samples, three devices, two image receptors, one
SOD and two OID) the optimal image was selected according to the procedure
discussed above. Furthermore, images with a 2 steps lower and 2 steps higher
exposure time were retained, enabling to check the exposure time with the results
of this study and to validate the findings.

1.6. Statistical analysis

1.6.1. Observer comparison

First, to study the agreement of the scores of the seven observers with the choices
of the four expert observers as the gold standard, the mean image quality score over
the observers was compared between the optimal exposure level and the non-
optimal exposure levels. These non-optimal exposure levels were grouped
according to their ranked distance from the optimal level (e.g., consider a screen
with images of the following eight exposure times: 0.08, 0.09, 0.10, 0.15, 0.20, 0.25,
0.30 and 0.35s). When the expert observers had selected 0.20 as the optimal
exposure level, 0.25 is considered in the group +1, 0.30 in the group +2, 0.15 in the
group (—1,0.10 in the group -2, ...). Mann-Whitney U-tests were used to compare
the image quality scores between each of these groups and the scores given at the
optimal level. This was done for all conditions together and separately in specific
conditions. Second, the agreement amongst the seven observers was explored in
two different ways. First, a weighted kappa was calculated for each pair of observers
and a mean weighted kappa was obtained for these 21 pairs of observers. Second,
for each observer, the exposure level that received the highest quality score was
verified per observation screen. The agreement between the chosen exposure levels
obtained within a screen was quantified using the standard error of measurement
(SEM).

1.6.2. Device/receptor/OID comparison

The mean image quality score over the seven observers was compared between
three X-ray devices, two image receptor types and two OIDs, using a general linear
model. Each of the samples contributed to 12 measurements. A constant correlation
between these measurements was assumed, and the variance of the scores is
allowed to be specific for each of the 12 combinations. The procedure PROC MIXED
in the statistical package SAS, version 9.1(SAS Institute Inc., Cary, NC, USA) was used
to fit the model. By including interactions in the model, it was verified if the effect of
one factor is different at the various levels of another factor.

1.6.3. Equal mAs comparison

A similar general linear model was used as in the previous section to compare the
mean image quality score over the seven observers between the three X-ray devices
set at the same exposure level (mAs).

Fig. 2. Image series. Three consecutive features related to the obtained radiological image quality emerged in each image series while running the exposure times step-by-
step from low (1) to high (12). At first the quality of the images improved stepwise getting better (1-9). Secondly optimal image quality was reached for one or maximally two
images (10). At last a smooth and fast decrease of the image quality features was remarked (11-12).
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Image quality properties

*Very poor:
- intensity

- pulpal outline
- visibility of CEJ

HOO0OT WAoo <
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- brightness/contrast (too bright or too dark/burned out)

- contour and definition (cannot correctly outline the tooth or apex)

- distinctive characteristic (cannot differenciate between enamel and dentin)
*Significant noise can be observed and interrupt ability to diagnose
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- brightness/contrast (too bright or too dark/burned out)
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- brightness/contrast
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*Little noise can be observed
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*Excellent
- brightness/contrast
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- contour and definition
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- visibility of CEJ
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B 0 ——0 M iT

Score 3

*Very clear image, without noise

Fig. 3. Four point image quality rating scale. For each scoring level (0-3) a corresponding image is shown and a description of the related standard image and forensic

diagnostic quality properties is listed. CEJ, cemento-enamel junction.

2. Results

During the preceding pilot study, the present research and its
validation, a database of approximately 6000 in vitro radiographs
taken from 15 samples with three different X-ray devices in
combination with two image receptors at possibly three OID and
four SOD was collected.

2.1. Observer comparison

The observed mean image quality score for the seven observers
was in line with the gold standard optimal image chosen by the
four expert observers (Fig. 5). The inter-observer agreement was
relatively low as quantified by the mean weighted kappa for
overall pairs of observers, namely kappa=0.24 with a within-
screen standard deviation of 0.09 s and a mean exposure receiving
the highest scores of 0.32 s.

2.2. Device/receptor/OID comparison

The result of the statistical analysis of the device/receptor/OID
comparison reveals that none of the 12 included combinations of
the analysed parameters gave a significant outstanding image
quality (Fig. 6). Yet, within each parameter, there was one
significant difference in image quality between the three devices
(p=0.02): image quality was significantly lower for AnyRay® than
for NOMAD® (p =0.007), while significantly higher for the PSP
than for the CMOS (p < 0.0001) as well as for OID = 0.8 compared
with OID = 2.5 (p = 0.039).

The image quality strongly depends on the corresponding
interactions of the used parameters (i.e., devices and receptors, OID
and receptors and devices and OID). Concerning the interaction
between device and receptor, it was found that the difference
between the devices was not the same for the PSPs and the CMOS
(p =0.0005). With the CMOS, there was no significant difference
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Fig. 4. Observation screens. For observer comparison (A) seven images were randomly chosen out of the corresponding image series and the gold standard optimal image out
of the same image series was added. For device/receptor/OID comparison (B) six gold standard optimal images were gathered from the same object at two OID taken by the

three devices on two receptors. For equal mAs comparison (C) three images from the same object at two OID on two receptors taken by the three devices at the same exposure
level (mAs) were compared.
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Fig. 5. Box plots of image quality at ranked distances within the observation screens
for observer comparison. The observed mean image quality score given by the
observers is the highest for the exposure levels selected by the experts as the
optimal level (ranked distance 0). The different graft tendency at ranked distances 5
and 6 can be explained by the uncommon amount of observations.
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Fig. 6. Mean image quality score compared between the three devices, two
receptors and two OID for all exposure settings. There is an overall lower mean
quality score for CMOS receptors and for OID = 2.5. There are mean image quality
differences between the three devices. Vertical lines refer to the 95% confidence
interval for the mean.

between the devices (p=0.49) as compared with the PSPs
(p=0.0001). With the PSPs, the image quality was lower for
AnyRay® than for MinRay® (p =0.002) and lower for AnyRay®
compared with NOMAD® (p < 0.0001). There was no significant
difference between MinRay® and NOMAD® (p =0.11). Related to
the interaction between distance and receptor, the difference
between OIDs was not the same for the PSP and the CMOS
(p=0.046). There was no significant difference between the
distances for the PSP system (p=0.94). However, with CMOS,
the image quality was lower for OID 2.5cm than for 0.8 cm
(p=0.007). There was no significant interaction between the
devices and OID (p = 0.42).

2.3. Equal mAs comparison
There was a significant difference in image quality between

the three devices (p = 0.021) (Fig. 7). The image quality was lower
for NOMAD® than for MinRay® (p=0.007). There was no

CMOS
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Fig. 7. Mean image quality score compared between the three devices, two
receptors and two OID for same mAs exposure settings. Only a significant lower
mean image quality score is detected for Nomad®™ compared to Minray™®. Vertical
lines refer to the 95% confidence interval for the mean.

evidence of a difference in image quality between the receptors
(p=0.14) and between the OIDs (p=0.30). None of the
interactions was significant.

2.4. Validation

The result from the validation project performed on four teeth
was in agreement with the exposure times selected by the four
expert observers and the seven observers on each type of tooth and
rendering optimal image quality.

3. Discussion
3.1. Observer comparison

The observers agreed with the experts’ choices of optimal
images. The image quality became better step-by-step in a series of
increasing exposure times until excellent quality was obtained and
then dropped steeply with few further increasing exposure times.
This finding implicates that the chance of obtaining acceptable
image quality is much higher using low exposure times.
Agreement amongst observers was relatively low. It is generally
known that observer agreement is fair even if there are some
preliminary observations [20]. Therefore, in this study, an expert
consensus statement was achieved to compare with the scores
from observers and to minimise this effect. Diverse reasons can be
found for the low inter-observer agreement. First, all observers had
a different dental specialisation. All were post-graduated dentists
with either a general dentist, a radiology or a surgical background.
Second, during the observation screen evaluation some observers
might focus on mutually varying, specific parts in the images,
resulting in different scorings. Third, at least in some image
screens, the difference of exposure time between various images
was very small and generated nearly equal radiological quality
such that observers might not see the clear difference between
consecutive images.

3.2. Device/receptor/OID comparison
The main research question: ‘What parameter setting yields the

most optimal image quality?’, cannot be answered without
discussing the interactions between parameters.
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For the interaction between devices and receptors, there were
significant differences only for the PSPs: the image quality was
lower for AnyRay® than for MinRay®™ and lower for AnyRay® than
for NOMAD®. The reason why the significant differences were only
detected in the PSP might be related to the inherent higher
resolution of its images compared with the CMOS images, which
allows enhancement of details.

The interaction between OID and receptors revealed no
significant difference for the PSP system; however, with the
CMOS, the image quality was lower for OID 2.5 cm than for 0.8 cm.
The observation on OID is relevant for the short cone of the
AnyRay® hampering image quality and inducing enlargement
surely at 2.5 cm OID. The more-divergent beams resulted in greater
magnification in the images and possible blurring and low
contrast. Therefore, smaller OIDs are recommended for autopsies
as long as is practically possible [13,18].

Together with the knowledge that the third interaction
between devices and OID was not significant, the only possible
answer to the main research question could be that the ideal
parameter set up for obtaining excellent image quality disregard-
ing the OID was the phosphor plate system combined with the
MinRay® unit and if a hand-held device is needed, the NOMAD®
unit is available. Within the scope of the present research, it seems
that MinRay®, although impossible to apply in the disaster areas, is
still very useful in normal autopsy rooms or in the mortuary.

3.3. Equal mAs comparison

The quality of the images obtained from the different X-ray
units at similar mAs was compared to identify the machine with
the most optimal image acquisition at the same exposure level. It
should be however stated that ‘same’ was not fully obtained as
sometimes equal mAs could not be selected for the various images.
For example, the MinRay® had 7 mA while the exposure time
could be adjusted grossly as follows: 0.02, 0.03, 0.04, 0.05, 0.06,
0.08, 0.10, 0.12, 0.16, 0.20, 0.25, 0.32, 0.40 and 0.50 s. Comparing
the mAs calculated from these values, the images from the
NOMAD® usually look darker. This cannot be generally interpreted
as if the NOMAD® images were displaying less quality because, for
this device, lower exposure time(s) can be installed allowing to
take a larger image series that include images of better quality.

3.4. Additional considerations

The working circumstances during specific forensic investiga-
tions influence diversely the choice of certain image-gathering
devices and their mutual set ups, implementing an effect on the
quality of the obtained radiological images. This study implied that
the image quality from a PSP system was better than from a CMOS
receptor. It should be evaluated whether such plates are feasible to
use in disaster areas. The phosphor plates need to be scanned
immediately after capturing images to avoid deterioration.
Therefore, small and battery-operated phosphor plate scanner
should be developed for forensic applications. To maintain a
continuous work flow during mass disasters, several phosphor
plates should be in use at the same time. The scanning procedures
demand diverse manipulations and can include scanning errors,
possible mingling of images and loss of time. These disadvantages
are of less significance during single or small identification
assessments. For these applications and for use in conventional
autopsy rooms, mortuaries and dental practices, the phosphor
plate receptor should be applied for the acquisition of optimal
radiological image quality.

The evaluation of the image quality using the portable hand-
held X-ray devices should be studied in future. The influence of the
weight of the machine, the convenience of how to hold the unit,

aspects influencing operator fatigue and operator movement
might be considered as factors affecting the image quality.
Incorporating a (wireless) remote control, an easy-to-position
tripod or neck braces can solve these hand-held operating
problems.

Another important issue to be concerned is the occupational
radiation dose. The use of these devices in a hand-holding position
for a long period of time, as is the case in disaster circumstances, is
still controversial. There were a few studies about radiation dose of
dental hand-held X-ray devices [21,22] proving that NOMAD®
presents to the patient or operator measured doses well below
recommended levels with risks no greater than with standard
dental radiographic units. There is still no study available on the
occupational and patient radiation dose for the AnyRay® unit.
Besides factors related to the operator, the imaging object, the
working environment, and the operating time, the design and
location of the unit and the position of its on/off button, exposure
button and currently not available radiation shield should be
thoroughly studied.

4. Conclusions

The present study demonstrated the feasibility of portable X-
ray systems for use in forensic odontological applications, based on
optimal image quality. It also provided an in vitro guideline of
optimal parameter settings. Further radiation dose measurement
should be carried out to assess the radiation burden and determine
if hand-held machine setups are acceptable from an occupational
health point of view.
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