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Abstract 

Objec;ve: Ionizing radia;on in the form of rays interacts with maDer and has immediate and delayed 
impacts. Applica;ons in den;stry include extraoral and intraoral X-rays and machines can be portable 
and fixed. A portable X-ray machine is a mobile X-ray device that is smaller than a sta;onary one. The 
radia;on dose from portable devices to which exposure is allowed should not be higher than 20 mSv 
annually. The purpose of this study was to compare three portable dental X-rays to determine the 
quan;ty of dispersed radia;on that affects radiography operators.  

Methods: Three types of portable X-ray devices (portable X-ray system (Clarox, Eigh;eth, and QiN 
high-frequency microfocus dental X-ray units) were used. An extracted tooth was used for tes;ng. The 
tooth was X-rayed laying on a flat surface aVer pouring it into a stone base. Three different radia;on 
devices of different sorts were posi;oned in front of the tooth individually, with iden;cal dimensions 
for each device. More than one radiological image was obtained with each of the radia;on devices, 
and radia;on levels were recorded.  

Results: It was discovered that as radiological images were being taken, the scaDered radia;on 
readings for two devices (Clarox and Eigh;eth) progressively decreased. The recorded readings for QiN 
were lower.  

Conclusion: Comparing the radiometer 
results revealed that the portable X-ray 
equipment emits radia;on that has an 
impact on radia;on workers. Therefore, 
radia;on safety precau;ons must be 
followed, and radia;on shields must be 
employed.  

Keywords: Portable X-ray unit, scaDered 
radia;on, radia;on dose, occupa;onal dose, 
measuring radia;on device. 
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Introduction 

As it meets matter, ionizing 
radiation may take the form of 
rays, which are a subtype of this 
kind of radiation. Radiation is a 
natural occurrence that may also 
be produced artificially, and it can 
come from either natural or man-
made sources. 

The induction of cellular damage 
by radiation has a dramatic impact 
on living organisms and poses a risk 
to both healthy and sick tissues. 
There is a wide range of responses 
to radiation in humans, and these 
responses are determined by 
several factors. These factors 

include the radiation source, the 
radiation dosage (the amount of 
radiation energy received), the 
length of exposure, and, most 
importantly, the genetic and 
epigenetic makeup of the 
individual who was exposed to the 
radiation [1]. The German scientist 
Wilhelm Konrad Rontgen 
discovered X-rays in 1895 when he 
was researching the effects of 
electron beams, which were 
termed cathode rays at the time. 
Rontgen was observing the effects 
of electrical discharges passing 
through low-pressure gases [2]. A 
screen that was coated with 
fluorescent material and put 

outside of a discharge tube would 
glow even when it was insulated 
from the direct visible and 
ultraviolet light that was emitted 
by the gaseous discharge, which 
was a striking phenomenon that 
was discovered by Roentgen. After 
that, radiation that was not visible 
from the tube traveled through the 
surrounding air and caused the 
screen to fluoresce [3]. Roentgen 
was able to determine that the 
radiation that was responsible for 
the fluorescence came from the 
location where the electron beam 
contacted the glass wall of the disc 
fluorescence. This was made 
possible by the fact that Roentgen 
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was able to determine the origin of 
the radiation. Disc fluorescence, 
when put between the tube and 
the screen, was found to be 
transparent to the newly 
discovered kind of radiation. 
Rontgen vividly showed this by 
taking a photographic picture of 
the bones of the human hand [4]. 
Together with the discoveries of 
radioactivity and the electron 
(1897), it ushered in the study of 
the atomic world and the period of 
modern physics (1896). His 
discovery, which he termed 
Rontgen rays, was received with 
enthusiasm both in the scientific 
community and in the general 
public all across the globe [1]. In 
the beginning, the uses of X-rays 
were limited to medicine, given 
that these rays were a turning tool 
[1-5]. Areas of the body to look for 
any physical imbalance in the 
various areas of the self-Roentgen 
rays swept the world. Everyone 
took advantage of it, including the 
doctors who excelled and went to 
great lengths in depicting the 
disease’s skeletons. At that time, 
they considered that the long 
period of exposure to these 
photons may cause diseases, 
including cancer [6]. There are 
several applications of X-rays in 
Medicine [7], and dental 
radiographs, more often known as 
X-rays, are pictures that are used to 
assess dental health. Images of the 
inside of teeth and gums may be 

taken using these low-radiation X-
rays, which are used to examine 
patients' oral health. This may be 
useful in assisting dentists in the 
diagnosis of issues such as cavities, 
dental decay, and impacted teeth. 
While dental X-rays may seem to 
be complicated, they are rather 
frequent and are just as vital as 
regular teeth cleaning [8].  

Types of dental X-rays include extra 
and intraoral X-rays. Extraoral X-
rays include: 

(a) Panoramic radiography is a kind 
of radiography that offers 
information in two dimensions on 
the teeth and the maxillofacial 
skeleton. It enables one-time 
imaging of all teeth, the mandible, 
and parts of the maxilla, including a 
large portion of the maxillary sinus, 
the hard palate, and the 
temporomandibular joints (TMJs), 
making it a useful adjunct for the 
diagnosis and planning of 
treatment [9]. 

(b) Tomograms highlight a specific 
layer, sometimes known as a 
"slice," of the mouth while blurring 
out the surrounding layers. This X-
ray investigates features that are 
difficult to detect because of the 
presence of additional structures in 
the immediate area that impede 
vision [10].  

(c) Cephalometry is an imaging 
method that is used in 

orthodontics to measure the size of 
the head, jaws, and teeth by using 
landmarks or points on the skull. 
This approach is used to determine 
the spatial connections between 
the head, jaws, and teeth. It is used 
for diagnosis, the planning of 
therapy, and the evaluation of 
dentofacial changes as treatment 
progresses [11].  

(d) Magnetic resonance imaging, 
often known as MRI, is a procedure 
that utilizes magnetism and radio 
waves to create pictures of a 
patient's anatomy that are cross-
sectional. This approach also takes 
a perspective in three dimensions 
of the oral cavity, showing the jaw 
and the teeth. This is perfect for 
assessing the condition of soft 
tissue [12].  

The use of radiographic film is 
being phased out in favor of e-
digital imaging. The patient is 
exposed to a lower radiation dose 
with this new technology, images 
are available almost instantly 
without the need for chemical film 
processing, and there is the 
possibility of image enhancement 
and computer-aided feature 
extraction. These advantages are 
all brought about by the 
advancement of technology. 
Traditional film-based imaging has 
its limitations as compared to 
digital radiography, which paves 
the way for novel diagnostic 
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techniques that were previously 
unavailable [13].  

The F-Dental cone beam computed 
tomography (CT) X-ray machine is a 
specialized sort of imaging device 
that is used in instances in which 
standard dental or face X-rays are 
not enough. Since the radiation 
dose from this scanner is 
substantially higher than that 
which is received through standard 
dental X-rays, it is rarely used daily 
[14].  

Intraoral X-rays include:  

(a) Periapical X-rays are those that 
show the whole tooth, from the 
crown down to where the tooth is 
attached in the jaw, which is 
beyond the end of the root. Each 
periapical X-ray displays this whole 
tooth dimension and includes all 
the teeth that can be seen in either 
the upper or lower jaw region 
where the image was taken. X-rays 
taken from the periapical region 
are examined for any 
abnormalities in the root structure 
and the bone structure that 
surrounds it [15].  

(b) Bite-wing X-rays focus on one 
region of the mouth and provide 
specifics about the upper and 
lower teeth there [16]. Each 
bitewing exposes a tooth from the 
top of the tooth down to a level 
approximately equivalent to the 
level of the supporting bone. X-rays 

taken with a bitewing are used to 
identify cavities between teeth as 
well as shifts in bone density 
brought on by periodontal disease. 
They may also be used to 
determine the correct fit of a 
crown (or cast restoration) and the 
marginal integrity of fillings, both 
of which are very important 
applications [17].  

(c) Occlusal radiography is 
described as those intraoral 
radiographic methods that are 
taken using a dental X-ray system 
in which the image receptor (film 
packet or digital phosphor plate - 
5.7 x 7.6 cm) is positioned in the 
occlusal plane. This kind of 
radiography is used to examine the 
teeth and jaws. There are no solid-
state digital sensors of an 
appropriate size that are presently 
available [18].  

The dentist will utilize X-rays to 
take photographs of the patient's 
teeth using film. This will allow the 
dentist to identify any damaged 
teeth and place an order for their 
repair. Unfortunately, film 
development takes some time. In 
addition to the difficulties of 
keeping and capturing such videos, 
there is a limited amount of space 
available [19]. 

 As a result, it pioneered the 
technique of photography using 
film and gradually started to phase 
it out in favor of digital 

photography with digital sensors. 
Throughout the imaging 
procedure, the patient will be 
subjected to a lower level of 
radiation exposure if this approach 
is used. The picture is shown in 
real-time on the display of the 
monitor [20]. 

Types of digital X-ray machines 
include portable, fixed and mobile 
X-rays [21]. Radiographers, 
veterinarians, and dental 
professionals can take X-ray 
images of patients without having 
to call them into a special lead-
lined room. Radiographs are an 
essential component of routine 
clinical dentistry. Equipment is 
typically either fixed (mounted to 
the wall, floor, or ceiling) or mobile 
(mounted on a tripod that is moved 
around on a set of wheels) [22]. 
The portable X-ray unit that can be 
carried in one's hand and is 
powered by a battery is a device 
that is relatively new to the market. 
In the past, the vast majority of 
handheld, portable X-ray devices 
were modified versions of existing 
equipment. These machines were 
designed for use in military 
medical, humanitarian missions, 
and training exercises. Moreover, 
they find uses in veterinary 
medicine, crime and catastrophe 
situations for forensic dental 
imaging, and archaeological 
excavation sites. Individuals in 
need of dental care who are 
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confined to their homes or 
institutionalized and have 
restricted mobility, as well as those 
who are receiving general 
anesthesia, may benefit from the 
use of these devices [23].  

When the effective dosage is 
computed directly, handheld 
portable X-ray machines emit 
radiation below the recommended 
dose. This was determined by 
comparing the amount of radiation 
to the effective dose [24].  

The distance away from the body 
varies, depending on the position 
of the hands and how the portable 
X-ray equipment is handled by the 
operator. This is because the 
distance away from the body is 
dependent on the position of the 
hands. In addition to this, a 
backscatter shield is the sole 
integrated protection that is 
provided for the operator [25,26]. 
Because of this, it is still debatable 
as to whether these precautions 
are enough to protect the operator 
from being unnecessarily exposed 
to radiation. Occupational dose 
monitoring is often advised for 
these operators [27]. When 
utilizing either stationary or mobile 
X-ray units, it is always 
recommended to keep a safe 
distance, remain outside the 
"controlled zone," and refrain from 
holding the X-ray equipment to 
reduce the risk of radiation 
exposure caused by radiation 

leakage from the X-ray tube head 
and backscatter [28]. There is a 
concern with handheld portable X-
ray devices regarding the exposure 
of the operator [29].  

When X-ray equipment is being 
used, it is customary to have a 
certain location that is known as a 
"controlled area" in the United 
Kingdom. This is done to protect 
the personnel and the public from 
any possible radiation exposure 
that may not be required. The 
"controlled region" is defined as a 
zone that is 1.5 meters away from 
both the patient and the head of 
the X-ray tube and is located 
anywhere along the path of the 
primary X-ray beam. Any radiation 
that occurs beyond the "restricted 
region" is adequately dampened by 
the combination of distance and 
shielding. In addition to this, the 
operator needs to be at a safe 
distance away from the "controlled 
region," at least two meters away 
from the X-ray source [30].  

The radiation dose resulting from 
the portable devices to which 
exposure is permitted should not 
exceed 20 mSv per year [31]. The 
permissible amount of radiation 
exposure during the radiation shot 
should not exceed 10 mSv per shot 
[32]. Any dose exceeding that is 
considered dangerous and 
threatens the life of the worker in 
the field of radiation [33]. The aim 
of this work was to compare three 

portable dental X-rays to 
determine the quantity of 
dispersed radiation that potentially 
affects radiography operators.  

Material and Methods 

We used three types of portable X-
rays devices: Clarox, Eighteeth, and 
QiN high-frequency microfocus 
dental X-ray unit (Figure 1 and 
Table 1).  

 

                       

 

 

              

Figure 1. The three portable X-ray 
devices used in the study. 
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Device 
Name 

Eightieth Portable 
X-ray 
system   

QiN  
high-frequency 
microfocus  
dental  
X-ray Unit  

Model  Hyperlight   Clarox 
vx-3DE  

Class IBF type  

Tube 
voltage  

70 kv  70kv  70kv  

Exposure 
time   

0.35  0.35  0.1_2  

Focal spot 
size  

0.4mm  0.4mm  0.3mm  

Tube current  2mA  2mA  1mA  

Manufacture  China Korea China 

Table 1: Information about the 
three portable X-ray devices used in 
the study. 

We also used a radiometer for 
measuring scattered radiation 
from the X-ray machines (Figure 2) 
and an Intraoral Digital Imaging 
Sensor model Pos-Ray1 (Figure 3). 

 

 Figure 2. Radiation measuring 
device used in the study. 

 

Figure 3. Intraoral digital sensor 
used in the study. 

We used an extracted tooth (lower 
left first molar), simulating a root 
canal treatment, fixed on stone to 
perform the analysis (Figure 4). 

 

  

  

  

 

  

Figure 4. Tooth used for testing. 

The tooth was placed and fixed on 
a stable horizontal surface, and the 
sensor was placed directly behind 
the sample. The tooth was fixed by 
making a small mold of wax 
connected to the electric wire as 
shown in Figure 5, to keep it stable 
throughout the work period. 

 For all X-ray units, they were 
placed 5 cm from the tooth then 
the radiometer was placed 20 cm 
from the field of work as shown in 
Figure 6. The X-ray machine was 
turned on and radiological images 
were taken at an exposure time of 
0.35 seconds and 70 Kv for all 
images. 

  

 

 Figure 5. Standardized position of 
the sensor. 
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Figure 6. Distance between sample 
X-ray device and radiation 
measuring. 

Descriptive statistics including 
minimum, maximum, mean, and 
standard deviation were calculated 
for the dye penetration obturating 
material for each group. The data 
were collected and analyzed using 
SPSS (version 23) for statistical 
analysis.  

One-way analysis of Variance 
(ANOVA) was used to determine 
whether there was a statistical 
difference in the radiation readings 
among the groups. Then, post hoc 
Duncan's Multiple range was used 
to determine the exact location of 
difference between groups. A P-
value of <0.05 was considered 
statistically significant. 

Results 

According to the results obtained 
after using the Clarox and Eightieth 
devices, there was a decrease in 
the readings of the X-ray, which 
meant the amount of radiation 
diffused from the X-ray device and 
reaching the operator decreased 
(Tables 3 and 4). The QiN high 
frequency microfocus dental X-ray 
unit showed lower readings 

compared to the other units, as 
shown in Table 4. 

Table 2. Recorded readings for Clarox.  

Radiograph Recorded 
readings 
(mSv) 

mSv 
Statistics 

1st  349 Mean: 
197.6 

Standard 
Deviation: 
90.97 

Median: 
195 

Minimum: 
50 

Maximum: 
349 

2nd  284 

3rd  260 

4th  243 

5th  202 

6th  188 

7th  170 

8th  123 

9th  98 

10th  50 

 
  Table 3. Recorded readings for Eightieth. 

Radiograph Recorded 
readings 
(mSv) 

mSv 
Statistics 

1st  350 Mean: 
231.4 

Standard 
Deviation: 
50.84 

Median: 
207.5 

Minimum: 
192 

Maximum: 
350 

2nd  286 

3rd  245 

4th  211 

5th  231 

6th  197 

7th  192 

8th  203 

9th  195 

10th  204 

 

Table 4. Recorded readings for QiN 
high frequency microfocus dental 
X-ray unit. 

Radiograph Recorded 
readings 
(mSv) 

mSv 
Statistics 

1st  93 Mean: 103.6 

Standard 
Deviation: 
17.49 

Median: 100 

Minimum: 
71 

Maximum: 
129 

2nd  129 

3rd  71 

4th  121 

5th  97 

6th  103 

7th  87 

8th  105 

9th  110 

10th  120 

 

Discussion  

The maximum occupational 
effective dose, according to ICRP 
(The International Commission on 
Radiological Protection), is 20 
mSv/year averaged over five years 
(i.e., a cap of 100 mSv in five years), 
with no annual effective dosage 
surpassing 50 mSv/year. The work 
dose limit is defined by NCRP 
(National Council on Radiation 
Protection and Measurements) as 
50 mSv in any one year and a 
lifetime limit of 10 mSv multiplied 
by the person's age in years and 
the permissible dose for daily use is 
2mSv [34]. 

 Patients and dental practitioners 
are constantly exposed to radiation 
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during diagnosis, but the 
percentage is small compared to 
medical staff.  Continuous 
exposure to radiation, even at low 
doses, may have long-term health 
effects on radiation practitioners 
[35]. 

It is important to evaluate and 
measure the radiation between 
the portable device and the doctor 
after taking the radiation, meaning 
that the focus is on the personal 
protection of radiation 
practitioners from dangerous 
doses [36]. 

 A handheld portable X-ray unit is a 
useful addition to the dental 
practice or public health sector 
when used appropriately. It has 
been showed that there is no 
additional radiation when 
compared to a conventional wall-
mounted unit [37].  

In accordance with previous data, 
we found that there is a potential 
effect of radiation [38].  

Routine radiology device 
calibration is thought to be 
important and has an impact on 
the accuracy of the device's 
readings [39]. 

Radiation-related workers who 
lack the proper training, may be at 
higher risk [40].  

The validity of the used 
instruments of this study may have 

an impact on the reading of the 
resulting rays [41].  

The radiation measurements are 
also impacted by the subpar 
aluminum filter, area locator, and 
cone in the X-ray machine [42]. 

Conclusion 

The radiation produced by 
portable x-ray machines 
potentially affects workers, but are 
still within permissible limits, and 
routine use of them may result in 
tissue damage. Therefore, it is 
especially important to follow 
radiation protection procedures 
and to wear a lead shield for daily 
use. This confirms the invalidity of 
the companies’ words about the 
absence of radiation emitted and 
the lack of the need to wear 
protective equipment. 
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