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Featured Application: It is highly unlikely that the operator would reach occupational dose
limits when using iRay D3 and EZRay Air. The Epix radiographic device allows for fewer
daily radiographs.

Abstract: This study aimed to investigate the scattered radiation dose using three portable dental
radiographic units: iRay D3, EZRay Air, and Epix. The absorbed dose was measured at 0.5 and 1 m
distances, every 15° in the horizontal plane, using an ionization chamber. The maximum number of
radiographs per day using the portable units was calculated considering a dose limit of 50 mSv /year
and 20 mSv/year. The doses were higher in the Epix unit compared to the other two devices. Anterior
exposure was generally higher than the sides or posterior exposure. With a dose limit of 50 mSv/year,
considering a distance of 0.5 m between the operator and the X-ray unit, a maximum of 961, 565, and
38 radiographs are permitted daily using iRay D3, EZRay Air, and Epix, respectively. Considering
a dose limit of 20 mSv/year, with a distance of 0.5 m between the operator and the radiographic
device, a maximum of 384, 226, and 15 radiographs are permitted daily using iRay D3, EZRay Air,
and Epix portable units, respectively. It is highly unlikely that an operator would reach occupational
dose limits when using iRay D3 and EZRay Air. The Epix radiographic device allows for fewer daily
radiographs and should be avoided for daily use.

Keywords: radiation; radiation protection; radiation dosage; dental radiography

1. Introduction

Ionizing radiation is widely used in dentistry for several dental purposes such as
diagnosis, prognosis, and treatment. Several radiographic devices are used for dental
radiography. Guidelines recommend a minimum distance of 2 m from the dental X-ray
source when use of barriers is not possible [1]. Portable handheld dental X-ray devices are
currently used for forensic purposes and instances in which access to dental facilities is
difficult or not possible, such as distant and deprived locations, nursing homes, and patients
under general anesthesia. In addition, portable X-ray units can be used in mass disasters
and for post-mortem analysis and identification [2-6]. These handheld dental radiographic
devices are equipped with a protective shield attached to the device [7]. The proper method
of use for these devices is exposure with the device being held with stretched arms far
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from the body parallel to the floor. Nevertheless, concerns exist regarding the operator’s
dose during exposure with handheld dental X-ray devices [8]. In addition, these portable
radiographic units can also be equipped with a remote exposure button, allowing the
operator to place the portable device on a stationary tripod and stand farther away from
the X-ray source. However, the principal difference between portable and conventional
wall-mounted units is the fact that the operator often touches the X-ray generator during
the action of taking radiographs [9].

Several studies have evaluated radiation safety and dosage of portable X-ray de-
vices [7,10]. Danforth et al. conducted a study to measure the radiation dose received
by operators using the Nomad portable device and reported that the whole-body annual
dose amounted to 0.047 mSv, which corresponds to only 0.09% of the annual dose limit
of 50 mSv [11]. In another investigation, Leadbeatter et al. utilized the Rextar X handheld
dental radiography unit. They reported absorbed doses resulting from a single adult
maxillary molar radiography: 0.69 uGy at the left hand, 0.78 uGy at the right hand, and
0.47 uGy at the operator’s eyes [12]. Additionally, Makdissi et al. studied operator doses
while using a portable radiographic device in various positions. Notably, the received
dose was higher when the operator’s arm was bent [8]. Lastly, Ghafari et al. employed a
Geiger Muller counter and found that the radiation dose near the Port-XII portable device
remained below the annual dose limit [13].

However, there are some concerns regarding various aspects of radiation safety, es-
pecially in newly developed radiographic units. Several organizations in different parts
of the world have set public and occupational dose limits per annum. The International
Commission on Radiation Protection (ICRP) has suggested an annual occupational dose
limit of 20 mSv (averaged over 5 consecutive years). In the United States, however, the Na-
tional Council on Radiation Protection and Measurements (NCRP) enforces an annual dose
limit of 50 mSv for radiology personnel, a limit higher than ICRP recommendations [13,14].
These occupational dose limits are established to ensure that operators do not encounter
any deterministic effects, while also minimizing the risk of stochastic effects. Therefore,
the exposure specifications claimed by manufacturers of different radiographic devices
must be tested in experimental settings to ensure their safety. This study aimed to measure
the absorbed radiation dose using three different portable dental radiographic units. In
addition, the maximum permitted radiographs per day were calculated considering the
operator dose limits.

2. Materials and Methods
2.1. Devices and Equipment

The following equipment was used in the present study.

Three types of handheld dental radiographic units were investigated: (1) iRay D3 (Dex-
cowin Co., Ltd., Seoul, Republic of Korea); (2) EZRay Air (Vatech Co., Ltd., Gyeonggi-do,
Hwaseong-si, Republic of Korea); and (3) Epix (EPPCO, Isfahan, Iran). The characteristics
of the portable dental radiographic devices are mentioned in Table 1.

Table 1. Characteristics of the portable dental radiographic devices.

Model Tube Voltage Tube Current Exposure Time Focal Spot Total Filtration
iRay D3 60 kV (fixed) 2 mA (fixed) 0.05-1.35s 0.8 mm 2.3 mmAl

EZRay Air 60-65 kV 2.5-3 mA 0.05-1s 0.4 mm 1.5 mmAl (min)
Epix 60 kV (fixed) 2 mA (fixed) 1s 0.8 mm 1.6 mmAl

A CBCT image quality test phantom (DVTap, Quart, Zorneding, Germany) with a
diameter of 16 cm and height of 15 cm, with standard test objects of PMMA, Air, and PVC,
was used as the subject.

An ionization chamber (Piranha 657, RTI Electronics, Molndal, Sweden) with a dose
range of 1.3-650 Gy was used for dosimetry.
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2.2. Measurement of the X-ray Output

Due to the potential errors in the measurement of scattered radiation and different
dose measurements at the cone of the dental radiographic units, the output of each X-ray
unit was first determined, so that further measurements could be standardized by dividing
the measured scattered dose by the output of the radiographic unit. The measurement
of the X-ray output was performed by placing the dosimeter directly at the opening of
the cone of each radiographic dental unit and operating the device using the following
parameters: 60 kVp, 2 mA (for iRay D3 and Epix) and 2.5 mA (for EZRay Air), and 1 s
exposure time.

2.3. Measurement of the Scattered Dose

The opening of the cone of each portable dental radiographic device was placed in
direct contact with the side of the CBCT image quality test phantom in order for the central
X-ray emitted from the unit to pass through the center of the phantom. The exposure
parameters were set at 60 kVp, 2 mA (for iRay D3 and Epix) and 2.5 mA (for EZRay Air),
and 1 s exposure time.

On the horizontal and vertical planes, the direction of the central X-ray was set at 0°.
The dose was measured at 0.5 and 1 m distances, every 15° clockwise in the horizontal
plane. Based on a study by Iwawaki et al. [15], the following angles on the horizontal plane
were considered: 0° (the most anterior) was set as exposure to the surrounding personnel;
15-105° and 255-345° were designated as sides, and 120-240° posterior to the unit was
considered to cause exposure to the operator (Figure 1).

255°

240°

345°

15°

120°

105°

Figure 1. Schematic demonstration of the experimental settings (scales of objects are not realistic).

The measurements of the ionization chamber expressed in mGy were regarded as the
absorbed dose. The measured exposure in each angle and distance was then divided by
the output exposure, to standardize the measurements and obtain the air dose (uGy/Gy).
Next, the angular values in each distance (0.5 or 1 m) were averaged to obtain the air dose
for the anterior, sides, and posterior regions according to the values mentioned earlier, as
suggested by Iwawaki et al.

2.4. Measurement Based on the Operator Dose Limits

The equivalent dose was calculated considering a radiation weighting factor (Wt) of
1 for X-rays and expressed as mSv. According to the NCRP, occupational exposure must
not exceed 50 mSv annually. Therefore, a dose limit of 50 mSv/year must be considered for
radiology personnel [13]. On the other hand, the ICRP set an occupational dose limit of
20 mSv per year [14]. One year comprises 52 weeks and one week comprises 5 working
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days. Thus, one year comprises 260 working days. To prevent exceeding the dose limits set
by the NCRP and ICRP, exposure has to be 192.3 uSv or less and 76.9 uSv or less per day,
respectively. The limit of the number of radiographs acquired per day using the portable
units was calculated by dividing this daily dose (192.3 uSv for the NCRP dose limit and
76.9 uSv for the ICRP dose limit) by the operator dose (posterior region) for each portable
radiographic unit.

3. Results
3.1. Output Measurements

X-ray output exposures detected by the ionization chamber were 1.808 mGy, 3.597 mGy,
and 8.931 mGy for the iRay D3, EZRay Air, and Epix portable radiographic units, respectively.

3.2. Scattered Dose Measurements

The absorbed doses were generally higher in the Epix portable X-ray unit compared
to the other two radiographic devices. In all of the portable radiographic units, anterior
exposure was higher than side exposure or posterior exposure. Additionally, as predicted,
the exposure decreased at 1 m distance compared to 0.5 m distance (Table 2). Table 3
demonstrates the air doses in different regions using different portable X-ray devices.

Table 2. Absorbed doses of portable dental radiographic devices (uGy).

Radiographic Unit Region 0.5m 1m
Anterior 1.43 0.09

iRay D3 Sides 0.16 0.00
Posterior 0.20 0.00

Anterior 0.82 0.51

EZRay Air Sides 0.48 0.15
Posterior 0.34 0.24

Anterior 5.51 0.80

Epix Sides 4.22 1.30
Posterior 5.04 1.01

Table 3. Air doses of portable dental radiographic devices (uGy/Gy).

Radiographic Unit Region 0.5m 1m
Anterior 789.27 47.22
iRay D3 Sides 89.51 0.00
Posterior 93.43 0.00
Anterior 228.77 140.64
EZRay Air Sides 134.10 42.35
Posterior 95.33 67.33
Anterior 616.84 89.34
Epix Sides 472.22 145.31
Posterior 564.66 112.85

3.3. Dose Limit Considerations

According to NCRP guidelines, considering a distance of 0.5 m between the operator
and the X-ray unit, a maximum of 961, 565, and 38 radiographs per day are permitted using
iRay D3, EZRay Air, and Epix portable radiographic units, respectively (Table 4).
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Table 4. Maximum number of radiographs per day using portable dental radiographic devices
considering the National Council on Radiation Protection and Measurements (NCRP) dose limits
(50 mSv).

Radiographic Unit 0.5m 1m

iRay D3 961 -
EZRay Air 565 801
Epix 38 190

Considering ICRP guidelines, with a distance of 0.5 m between the operator and the
radiographic device, a maximum of 384, 226, and 15 radiographs per day are permitted
using iRay D3, EZRay Air, and Epix portable radiographic units, respectively (Table 5).

Table 5. Maximum number of radiographs per day using portable dental radiographic devices
considering the International Commission on Radiation Protection (ICRP) dose limits (20 mSv).

Radiographic Unit 0.5m 1m

iRay D3 384 -
EZRay Air 226 320
Epix 15 76

4. Discussion

Based on the findings of this study, the doses were generally higher in the Epix portable
dental radiographic unit compared to the other two dental radiographic devices. In all
of the portable radiographic units, anterior exposure was higher than side or posterior
exposure. Considering a distance of 0.5 m between the operator and the X-ray unit, a
maximum of 961, 565, and 38 radiographs per day are permitted using iRay D3, EZRay Air,
and Epix portable dental devices, respectively, to reach the NCRP dose limit of 50 mSv. To
reach the dose limit of 20 mSv set by ICRP, with a distance of 0.5 m between the operator and
the radiographic device, a maximum of 384, 226, and 15 radiographs per day are permitted
using iRay D3, EZRay Air, and Epix portable units, respectively. It must be pointed out
that due to the settings and specifications of the three portable dental radiographic units,
the EZRay Air radiographic device was operated at 2.5 mA, while the iRay D3 and EZRay
Air radiographic devices used 2 mA tube currents.

Danforth et al. measured the dose received by the operator while using a Nomad
portable device. According to their findings, whole-body annual dose was 0.047 mSv, 0.09%
of the annual dose limit of 50 mSv [11]. In another study, Leadbeatter et al. used the Rextar
X camera style handheld dental radiography unit. They reported that absorbed doses from
a single adult maxillary molar radiography were 0.69, 0.78, and 0.47 uGy at the left hand,
right hand, and eyes of the operator, respectively [12]. Makdissi et al. reported their findings
on operator dose while using portable radiographic devices in three different positions.
The received dose of the operator’s thyroid, eyes, and feet were higher in the bent arm
position [8]. In another study, Ghafari et al. used a Geiger Muller counter and stated that
the radiation dose in proximity to the Port-XII portable radiographic device was less than
the annual dose limit [13]. In a study conducted by Otaka et al., it was observed that when
acquiring more than 100 images per day using portable X-ray units, the use of 0.25 mm
lead protective clothing or screens was necessary to avoid reaching the 20 mSv dose limit
set by ICRP. These protective measures have been reported to reduce scattered rays from
60 kV X-rays by 99% [16]. In another study, Altindag et al. compared radiation doses of
Nomad Pro 2, Rextar X, and Diox 602 handheld dental radiographic units using calibrated
thermoluminescent dosimeters. Their results showed that, for most organs, the Nomad
dental X-ray unit led to higher equivalent doses, while for the right hand and left hand, the
Rextar X and Diox portable radiographic units had the highest equivalent dose, respectively.
Peak measurements without protection were as follows: gonad, 24.4 uGy; thyroid, 30.5 uGy;
right eye, 31.9 nuGy; left eye, 27.9 uGy; right hand, 111.6 pGy; left hand, 71.7 uGy [17]. While
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setting up a controlled area is not imperative for imaging a small number of subjects during
visiting care, protective actions—such as wearing appropriate clothing and maintaining
a 2 m distance—can mitigate the risk of exposure exceeding the dose limit. However, in
scenarios involving the imaging of mass disasters which may entail multiple radiographic
exposures by a single operator, both radiation protection and a controlled area become
crucial safety considerations. Additionally, it is worth mentioning that patients often
require several radiographs, and the number of permitted daily radiographs must not be
mistaken for the number of patients. Therefore, the Epix portable dental radiographic
system is not suitable for obtaining radiographs on a daily basis, particularly with shorter
distances between the operator and the portable dental radiographic unit.

Portable dental radiographic units are an indispensable tool in dentistry and forensics,
allowing for access to radiographic evaluation of the dentition and surrounding structures
in underprivileged zones, nursing homes, hospitals, and disaster scenes. Studies have
shown that radiographic images obtained by these units have comparable quality with
that of wall-mounted ones. Kim et al. have shown that the percentage average error value
of the tube voltage is lower than the standard. Therefore, they concluded that images
of appropriate quality can be taken with a portable unit, offering acceptable diagnostic
value [18]. In another study, Hoogeveen et al. examined the subjective quality of bitewing
radiographs obtained by handheld and stationary dental radiographic units. They reported
that subjectively assessed diagnostic image quality in bitewing radiographs acquired by
handheld and stationary X-ray devices did not differ significantly [19]. Another study
by Amani et al. revealed that while no significant difference existed between the wall-
mounted and portable dental radiographic devices in sharpness, contrast, and error in
vertical angulation, there is a significant difference between the two groups in cone-cutting
and error in horizontal angulation of intraoral radiographs. The images taken with portable
devices showed better image quality, as judged by five observers, compared to the stationary
device [20]. Concerns over the safety of portable dental radiographic units, as well as the
difficulty to ensure the correct geometry of the source, intraoral detector, and patient can be
considered as the main pitfalls of these handheld dental X-ray units. Therefore, a general
suggestion is that handheld intraoral dental radiographic units should supplement but not
replace conventional radiographic equipment for daily practice [9].

As mentioned, there are currently two sets of occupational dose limits. The NCRP
enforces a dose limit of 50 mSv per year, while the ICRP recommends a more conservative
annual dose limit of 20 mSv averaged over 5 consecutive years. The ICRP was established
in 1928 following the initiative of the first International Congress of Radiology held in
1925. This organization has made general recommendations on limits of exposure for
radiation workers and public. The NCRP was established in the United States in 1929
as the national counterpart to the ICRP. Initially conceived as an advisory committee
for the United States members of these international bodies, the NCRP quickly gained
independence and began making recommendations for use within the United States,
starting in 1931. Over time, it evolved into a formal Council with a charter from the United
States Congress in 1964 [21]. The NCRP also offers dose limit recommendations which
closely resemble those set by the ICRP. However, there are occasional variations. The key
differences between recent limits lie in the greater flexibility that the NCRP allows when
formulating recommendations. The dose limits recommended by both organizations have
generally decreased in each recommendation, since their establishment [21,22]. The shift
in radiation protection guidelines has been driven by the recognition that deterministic
effects—those directly causing tissue damage and cell death—are not the primary limiting
factor. Exposure can be effectively controlled using recent advances in radiologic equipment
to stay below the thresholds for these effects. Instead, the critical concerns lie in stochastic
effects, such as cancer and genetic impacts. These effects, occurring later, have required
considerable time to fully understand, quantify, and contextualize. Even now, there is
great uncertainty about the biological effects of low-dose radiation (less than 100 mGy).
Currently, the radiological protection systems and recommendations operate under the
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assumption that the risk of radiation-related stochastic effects is directly proportional to
the dose received. Importantly, this model does not incorporate a dose threshold below
which there is no risk. Thus, it is commonly known as the linear no-threshold model. The
linear no-threshold model has been a topic of extensive scientific debate and controversy.
Some researchers propose that it may overestimate the actual risk and suggest the existence
of a dose threshold below which no risk exists or even the possibility of health benefits of
lower doses of radiation (hormesis effects). Other critics argue that the linear no-threshold
model underestimates the true risk at low doses of ionizing radiation. They propose that
the relationship between the received dose and undesirable effects is supra-linear, meaning
the risk increases more significantly than predicted by the linear no-threshold model [23].
In the absence of definitive supportive evidence, the regulatory organizations, such as the
ICRP and the NCRP, still use the linear no-threshold model as the basis for recommending
public and occupational dose limits.

Mobile and portable X-ray devices, as well as X-ray devices used during surgery, must
be operated at a distance of 2 m or more from the X-ray tube [8,15]. It has to be considered
that in several settings where the use of portable dental radiographic devices is indicated,
setting up the equipment in a radiation-controlled area becomes challenging, and operators
and surrounding workers may unavoidably acquire images within the 2 m range from the
X-ray tube. Therefore, it is important to study the exposure doses in distances less than 2 m
from the radiation source. In the present study, the 0.5 and 1 m distances were applied for
measurements of scattered dose of different portable dental radiographic units.

NCRP and ICRP guidelines provide whole-body occupational dose limits of 50 mSv
and 20 mSv (averaged over 5 consecutive years), respectively [21]. The presumption for this
study was that one operator is in charge of all of these exposures. In real situations, more
than one individual is usually in charge of exposures, thus the number of permitted daily
radiographs is even higher than the calculations in this study. On the other hand, some
patients may require several radiographs and the number of permitted daily radiographs
must not be mistaken for the number of patients. However, the NCRP reports that the
annual dose for dental radiology operators does not seem to exceed 1 mSv in each year.

Protective measures devised in portable dental radiographic devices include a plas-
tic shield providing a safe zone for the operator behind the device when the device is
held horizontally. Also, internal shielding material reduces the leakage of radiation from
the radiographic system [24]. Cho et al. presented approaches for radiation protection
while using portable devices such as protective tube shields, protective gloves, and longer
collimators [24,25]. The present study has some limitations. In vivo experiment was not
possible due to ethical concerns. However, efforts were made in order to replicate the
clinical situation for radiographic exposures. Additionally, although all the portable dental
units were operated at the same voltages and exposure times, EZRay Air used 2.5 mA
(the lowest mA setting in the device) while iRay D3 and Epix used 2 mA tube currents.
Further studies can use different portable devices and measure specific effective doses of
different organs, thus providing more detailed knowledge considering the organ sensitivity
factors. To the authors’ knowledge, no previous study has been performed comparing the
portable dental radiographic units employed in this study. Additionally, determination of
the maximum permitted number of radiographs using these three devices provides useful
and practical information for radiation technicians in healthcare.

5. Conclusions

It is highly unlikely that the operator would reach occupational dose limits set by
organizations when using iRay D3 and EZRay Air portable dental radiographic units. The
Epix radiographic device allows for fewer daily radiographs, and should be avoided for
daily use. Operator dose limits have to be adhered to for obtaining radiographs using
portable dental radiographic devices.
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