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Val ues for di ag nos tic ref er ence lev els are pro posed for intraoral den tal ra di og ra phy in the Re -
pub lic of Ser bia. Pro posed num bers for di ag nos tic ref er ence lev els were based on mea sure -
ments on 119 intraoral units in clin i cal set tings for an adult pos te rior bitewing X-ray. Val ues
of 3.17 mGy, 3.11 mGy, and 1.58 mGy in ci dent air kerma were found for im age re cep tors
film E class, charge-cou pled de vice, and photostimulable phos phor plate, re spec tively. Sim i -
larly, 89.6 mGycm2, 88 mGycm2, and 44.6 mGycm2 air kerma-area prod ucts were found for
the same de tec tors. All val ues are greater than those pub lished in sev eral other sim i lar stud ies.
This is es pe cially true for charge-cou pled de vice im age re cep tors since this tech nol ogy en ables
lower pa tient doses as re ported be fore. This calls for ur gent ac tion to op ti mize intraoral den -
tal im ag ing, so we pres ent the ra dio graphic tech niques used and equip ment de scrip tion to
help guide  op ti mi za tion ac tions.
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INTRODUCTION

It is well-known that the X-ray ra di a tion used in
med i cine is the larg est source of ar ti fi cial ion iz ing ra -
di a tion to the hu man pop u la tion. In the Re pub lic of
Ser bia, more than a quar ter of the X-ray sources used
in ra di ol ogy are used in den tal med i cine. This is con -
sis tent with the United Na tions Sci en tific Com mit tee
on the Ef fects of Atomic Ra di a tion (UNSCEAR) re -
port where more than 25 % of all ra di ol ogy pro ce dures
are den tal ra di ol ogy pro ce dures [1]. Among all den tal
X-ray de vices, intraoral X-ray de vices make up the
vast ma jor ity. Al though ra di a tion doses re ceived by
pa tients dur ing ex po sure of this type are low [1], im -
proper use can still cause un wanted ef fects (risk) to the 
pa tients and pro fes sion ally ex posed work ers.

There is a le gal ob li ga tion to carry out reg u lar
qual ity con trol (QC) of the men tioned de vices an nu -
ally [2]. The QC can be per formed only by au tho rized
le gal en ti ties, among which is the Ser bian In sti tute of
Oc cu pa tional Health Dr. Dragomir Karajovic. Reg u -
lar an nual QC of intraoral de vices dur ing a pe riod
from the year 2018 to 2023 en abled the col lec tion of
data re lated to pa tient doses, as well as other rel e vant
in for ma tion on ra di a tion pro tec tion op ti mi za tion [3].

A suf fi cient num ber of data col lected in a large num ber 
of in sti tu tions en abled the es tab lish ment of the em pir i -
cal for mula for cal cu lat ing the in ci dent air kerma (Ka,i)
in intraoral ra dio graphic im ag ing [4]. The for mula
pro vides in for ma tion on pa tient doses based on ac qui -
si tion pa ram e ters which is use ful on de vices that do
not in di cate pa tient doses. The di ag nos tic ref er ence
lev els (DRL) [5] are one of the tools that have proven
to be very use ful in op ti miz ing pro tec tion dur ing the
med i cal ex po sure of pa tients in di ag nos tic and
interventional ra di ol ogy (ac cord ing to the ex pe ri ences 
of neigh bor ing coun tries and many other coun tries, in -
clud ing the coun tries of the EU, Ja pan, Ko rea, and
Amer ica [6, 7]). The DRL are de fined as a level used in 
med i cal im ag ing to in di cate whether, in rou tine con di -
tions, the dose to the pa tient or the amount of
radiopharmaceuticals ad min is tered in a spec i fied ra -
dio log i cal pro ce dure for med i cal im ag ing is un usu ally 
high or un usu ally low for that pro ce dure [6]. Mea sure -
ments of Ka,i at the cone tip (the point at which X-rays
are in ci dent on the skin), us ing stan dard set tings as in
clin i cal prac tice is a con ve nient method for set ting The 
DRL val ues for den tal ra di og ra phy [6]. DRL should be 
es tab lished sep a rately for adults and chil dren [6].

This pa per pres ents the meth od ol ogy and re sults
of the pro posed val ues for es tab lish ing na tional DRL
for adult pa tients in intraoral den tal ra di og ra phy in the
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Re pub lic of Ser bia. The re sults were also an a lyzed for
ev ery im age re cep tor sep a rately and com pared to the
pre vi ously pub lished val ues. In ad di tion to DRL es tab -
lish ment, data on per son nel train ing, QC, and main te -
nance of the units are col lected and pre sented.

METHODS AND MATERIALS

Ac cord ing to the data re ceived by the reg u la tory
body Ser bian Ra di a tion and Nu clear Safety and Se cu -
rity Di rec tor ate, there are about 300 intraoral den tal
units in the Re pub lic of Ser bia. This pa per in cludes the
re sults of test ing 119 intraoral den tal units in Ser bia. A
list of den tal X-ray units is given in tab. 1. The de vices
given in the ta ble show di ver sity in terms of ar chi tec -
ture. The most im por tant dif fer ence is in the ar chi tec -
ture of de vices pro duced in Ser bia (Dent Ei Niš) which
are sin gle-phase, and all oth ers are high fre quency. An -
other  weak  point  of  these units is us ing fixed 50 kV
(60 kV to 70 kV is rec om mended for den tal intraoral
X-ray  sets  equip ment) [8] and a short fo cus-to-skin
dis tance  (FSD)  of  10  cm  while  a  min i mum  FSD  of
20 cm has been rec om mended [8]. The afore men tioned
de vices can be found in pub lic in sti tu tions only. Due to

their out dated ar chi tec ture (more than 30 years old),
they  are  ex pected  to be  re placed soon. In ter est ingly,
90 % of all intraoral de vices are owned by the pri vate
sec tor.

The  mea sure ment  was done for an adult man
(70 ±10) kg, in stan dard clin i cal set tings for mo lars of
the up per jaw. The pa ram e ters that were eval u ated
were col lected from 2018-2023. The pa ram e ters that
are ex am ined, ac cord ing to the reg u la tions [2], are
given in tab. 2. 

The mea sure ments are per formed us ing a reg u -
larly cal i brated multimeter with a semi con duc tor de -
tec tor, MPD Bar ra cuda (RTI Elec tron ics AB, Swe -
den). The es tab lished mea sure ment un cer tainty for Ka,i

mea sure ment is 7 %. Cal i bra tion of the unit is per -
formed in the Sec ond ary Stan dard Do sim e try Lab o ra -
tory (SSDL) Vinca In sti tute of Nu clear Sci ences, Ra -
di a tion and En vi ron ment Pro tec tion De part ment,
Bel grade, Ser bia. Each mea sure ment, for each mea -
sured pa ram e ter, is re peated at least five times.

The KAP val ues are ob tained by cal cu lat ing the
mul ti pli ca tion of Ka,i val ues with the area of the tube open -
ing [9]. KAP val ues are given (along with qual ity con trol
re sults) for each of the im age re cep tors (Class E film, CCD 
(charge-cou pled de vice), and PSP (photostimulable phos -
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Table 1. List of examined intraoral dental X-ray devices and their basic technical characteristics

Number
of units Model (Manufacturer) Nominal X-ray

tube potential [kV]
X-ray tube

current [mA]
The source-skin

distance [cm]
Collimators with a
diameter of [cm]

Total filtration
[mm Al]

1 FIAD (Trophy) 70 7 20 6 1.5

3 Heliodent Plus (Sirona) 70 7 20 6 1.5

9 Heliodent Vario (Sirona) 70 7 20 6 1.5

2 Heliodent DS (Sirona) 60 3.5 20 6 1.5

6 Vario DG (Sirona) 70 7 20 6 1.5

3 Xgenus (De Götzen) 70 8 20 6 1.5

7 Gnatus 70 7 20 6 1.5

1 EZ (Vatech) 70 7 20 6 2

1 CS 2100 (CARESTREAM) 60 7 20 6 2

2 CS 2200 (CARESTREAM) 70 7 20 6 2

13 Focus (Kavo) 70 7 22.3 6 2

19 Minray (Soredex) 70 7 20 6 2

3 Leadex 70 (Ritter) 70 7 20 6 1.5

3 ELITYS (Trophy) 60 7 20 6 2.0

2 Heliodent Vario DG (Sirona) 70 3.5 20 6 1.5

1 Imago 70 8 20 6 2

1 FUTUR X 2500 (New Life) 70 8 20 6 1.5

2 Heliodent 70 (Siemens) 70 7 20 6 1.5

3 CCX Digital (Trophy) Trex 70 8 20 6 2.5

10 Expert DC (Gendex) 65 7 20 6 2

1 Endos 65/70 5 20 6 2

5 Pro X (Planmeca) 60 8 20 6 2

1 RXDC (Myray) 60 7 20 6 2.0

1 RXDC extend (Myray) 70 7 20 6 2.0

3 Intra (Planmeca) 63 8 20 6 1.5

2 XDC (Fona) 70 7 20 6 1.5

1 SRL (Fona) 70 7 20 6 1.5

1 ANTHOS AC 70 7 20 6 1.5

2 Satelec X Mind 70 8 20 6 2

10 Dent (Ei Niš) 50 10 10 5 1.5



phor plate)). It has to be men tioned that as of 2018, class D
and F films are not used as im age re cep tors.

Dur ing reg u lar QC mea sure ments, a sur vey was
con ducted among em ploy ees in den tal prac tices. The
sur vey aimed to gain in sight into the den tal ra di ol ogy
prac tice us ing intraoral X-ray units and ac com pa ny ing 
equip ment. The fol low ing ques tions were asked:
– whether the em ploy ees were trained to work with

the X-ray units and ac com pa ny ing equip ment,
– whether reg u lar qual ity con trol of im age pro cess -

ing de vices is per formed (if the im age pro cess ing
de vice ex ists), and

– whether the X-ray units and im age pro cess ing de -
vices are reg u larly ser viced.

RESULTS 

Based on a sur vey con ducted among us ers of
intraoral X-ray de vices, it was found that:
– 60 % of us ers are not ad e quately or suf fi ciently

trained to work with intraoral den tal X-ray de -
vices and im age pro cess ing de vices,

– 70 % of us ers do not per form reg u lar QC of film
and im age pro cess ing de vices, and

– 75 % of us ers do not have their X-ray units and im -
age pro cess ing de vices main tained on a reg u lar
ba sis.

The re sults of KAP mea sure ments for each of the 
im age re cep tors found are given in tabs. 3-5.

A spe cial group of de vices con sisted of the men -
tioned de vices of do mes tic pro duc tion (pro duc tion
ceased 30 years ago). The re sults for this group are
pre sented in the tab. 6.

DISCUSSION

This work rec om mends na tional DRL (3rd

quartile) for intraoral den tal ra di ol ogy when ex pos ing
up per jaw mo lars to an adult. DRL were found to be

88.6 mGycm2, 89.0 mGycm2, and 44.6 mGycm2 for
E-class film, CCD, and PSP im age re cep tors, re spec -
tively. Ta bles 3-5 shows that dif fer ent pa tient doses are 
achiev able and should be used for dif fer ent im age re -
cep tor tech nol o gies. This is in line with re cent guide -
lines [5].

Nev er the less, DRL pro posed in this work do not
show any ad van tage in terms of pa tient doses when CCD
are used. Fur ther anal y ses, us ing the achiev able doses
given as me dian val ues lead to dif fer ent con clu sions.
Achiev able  doses  were  found to  be  77.7  mGycm2,
58.0 mGycm2, and 36.2 mGycm2 for E-class film, CCD,
and PSP im age re cep tors, re spec tively. It re veals that
units with CCD im age re cep tors are not al ways used in
an op ti mized way and pa tients would ben e fit from per -
son nel ed u ca tion and op ti miz ing im ag ing in den tal ra di -
ol ogy.

It has to be men tioned that the mea sure ment re -
sults of do mes ti cally pro duced de vices (EI Niš dent)
show al most three times higher KAP val ues when
com pared to de vices that use PSP as an im age re cep tor, 
tab. 6. These units are ob so lete and their re cent re -
moval and re place ment with newer ones is fore seen in
the near fu ture. This was the rea son that the re sults of
do mes tic de vices (EI Niš dent) were not in cluded in
the above-es tab lished DRL.

We found that films of class D are not in use any -

more, tab. 1, as rec om mended be fore [8]. Ta ble 1 also

shows that only cy lin dri cal collimators are in use for

intraoral den tal ra di ol ogy in the Re pub lic of Ser bia. This

con trib utes to re duc ing the pa tient dose since the dose for 

pa tients is lower in the case of rect an gu lar collimators be -

cause the ex po sure field is smaller and di ag nos tic in for -

ma tion is not lost as al ready shown [10-13].
Ta ble 7 pres ents a com par i son of DRL found be -

fore with the re sults of this work (with out EI Niš dent
re sults).

The com par i son in tab. 7 re veals that most of the
DRL val ues are greater than those es tab lished in sev -
eral other sim i lar stud ies. This is es pe cially true for
CCD im age re cep tors since this tech nol ogy en ables
lower pa tient doses as re ported be fore [14-16]. A sim i -
lar con clu sion can be drawn from mea sure ments of the 
in ci dence air kerma.

Dur ing the mea sure ments, we col lected in for -
ma tion on user opin ions of their train ing. Data col -
lected showed that 60 % of us ers think that they are not
ad e quately or suf fi ciently trained to work with
intraoral den tal X-ray de vices and im age pro cess ing
de vices. This can be one of the rea sons for higher pa -
tient dose val ues found in this study. A pos i tive out -
come of mea sur ing cam paigns and sur veys of pa tient
ra di a tion safety in ra di ol ogy is build ing a ra di a tion
safety cul ture [17]. It can be seen in this study also be -
cause the re sults on train ing, QC, and main te nance of
im age qual ity are im proved when com pared to the
study per formed be fore [3].
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Table 2. Performance testing of the dental X-ray units

Quantity
tested

Parameter
tested

Allowed
tolerance

limits

Probation
periods

X-ray tube
voltage

Repeatability ±10 % Annually

Accuracy ±10 % Annually

Exposure
time

Repeatability ±10 % Annually

Accuracy ±10 % Annually

Linearity ±10 % Annually

Output dose
at the tube top

Repeatability ±10 % Annually

Accuracy ±10 % Annually

Attenuation
half-thickness

For
 voltage < 70 kV ³1.5 mmAl Annually

For
voltage > 70 kV ³2.5 mmAl Annually

Field diameter at end of X-ray
cylinder N £ 6 cm Annually



CONCLUSIONS

We sug gest the fol low ing val ues for na tional DRL
in intraoral den tal ra di ol ogy when ex pos ing up per jaw
mo lars, for an adult: Class E film – 89.6 mGycm2, CCD
de vices – 88.0 mGycm2, PSP de vices – 44.6 mGycm2.

All val ues are greater than those es tab lished in
sev eral other sim i lar stud ies. This is es pe cially true for
CCD im age re cep tors since this tech nol ogy en ables
lower pa tient doses as re ported be fore [10, 13, 19]. A
sim i lar con clu sion can be drawn from mea sure ments
of the in ci dence air kerma. The re sults show that there

is room for im prove ments in op ti mi za tion, but also in
staff train ing to im prove aware ness of pa tient ra di a tion 
safety in den tal ra di ol ogy. This can be achieved by in -
volv ing med i cal phys i cists, or tech ni cal li censed in sti -
tu tions more closely in den tal ra di ol ogy clin i cal prac -
tice. Also, ad di tional ed u ca tion and train ing in med i cal 
ex po sure are spe cially de signed for this group of
work ers pro fes sion ally ex posed to ion iz ing ra di a tion.

Cur rent re sults re fer to adult pa tients, while data
for pe di at ric pa tients are miss ing. Since pe di at ric pa -
tients are a more sen si tive group of pa tients it is im por -
tant to es tab lish pe di at ric DRL as well. Fur ther more,
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Table 3. Measurement results of X-ray tube voltage and time compared to nominal values and measurement, film E image
receptors, with calculated values for KAP, standard deviation, median, and third quartile

Model

X-ray tube 
voltage [kV] Set it

[mAs]
Set
t [s]

Measure
t [s]

Measure
Ka,i [mGy]

Half value
layer (HVL)

measured
[mm Al]

Measured
total

filtration
[mm Al]

The
source-skin

distance
[cm]

Tube
opening 

[cm2]

KAP
[mGycm2]

Film
development

Set Measured

FIAD (TROPHY) 70 70.18 2.24 0.28 0.282 845.59 2.65 1.5 20 28.26 23.9 Manually

Heliodent Plus (Sirona) 70 70 0.56 0.08 0.08 869.94 1.77 1.4 20 28.26 24.6 Automatic

Heliodent Vario (Sirona) 70 66.11 3.5 0.5 0.484 880.77 1.69 1.3 20 28.26 24.9 Manually

Heliodent Vario (Sirona) 70 67.56 3.5 0.5 0.46 880.77 1.69 1.3 20 28.26 24.9 Manually

RXDC Extend (Myray) 70 69.19 1.4 0.2 0.2 1000 1.99 1.82 20 28.26 28.3 Automatic

Xgenus (De Götzen) 70 68.25 2.56 0.32 0.304 1010.94 1.74 1.6 30 28.26 28.6 Automatic

Gnatus 70 66.6 2.24 0.32 0.32 1037.96 1.7 1.4 20 28.26 29.3 Automatic

Xgenus (De Götzen) 70 68.98 2.8 0.35 0.323 1085.39 2.01 1.9 30 28.26 30.7 Manually

EZ (Vatech) 70 68.51 1.4 0.2 0.2 1200 2.2 2.19 20 28.26 33.9 Automatic

CS 2100 (CARESTREAM) 60 62.47 1.75 0.25 0.25 1558.97 1.57 1.4 20 28.26 44.1 Automatic

Focus (Kavo) 70 70.13 1.4 0.2 0.2 1570 2.12 2 23 28.26 44.4 Automatic

Minray (Soredex) 70 71.09 1.4 0.2 0.2 1580 1.96 1.68 23 28.26 44.7 Automatic

Heliodent Vario (Sirona) 70 69.87 3.5 0.5 0.5 1601.4 2.5 1.8 20 28.26 45.3 Manually

Xgenus (De Götzen) 70 69.84 4 0.8 0.83 1703.2 1.91 1.7 31 28.26 48.1 Manually

Leadex 70 (Ritter) 70 69.54 3.5 0.4 0.343 2057.78 2.28 1.2 20 28.26 58.2 Manually

Heliodent Vario (Sirona) 70 74 2.8 0.4 0.41 2176.16 1.58 1.3 20 28.26 61.5 Automatic

Gnatus 70 66.6 2.24 0.32 0.32 2192.51 1.72 1.6 20 28.26 62 Manually

Heliodent Plus (Sirona) 70 72.75 1.4 0.2 0.2 2200 1.68 1.18 20 28.26 62.2 Automatic

ELITYS (Trophy) 70 71.76 2.43 0.347 0.348 2334.4 1.9 1.6 20 28.26 66 Automatic

Vario DG (Sirona) 70 66.62 3.5 0.5 0.5 2371.39 1.82 1.8 20 28.26 67 Manually

IMAGO 70 64.17 4 0.5 0.47 2417 1.81 2.2 20 28.26 68.3 Manually

FUTUR X 2500
(New Life) 70 68.62 4 0.5 0.49 2737.18 2.23 2.23 20 28.26 77.4 Manually

Heliodent 70 (Siemens) 70 66.71 3.5 0.5 0.503 2761.36 2.07 2 20 28.26 78 Automatic

Gnatus 70 64 7 1 0.91 2786.7 2.5 1.9 20 28.26 78.8 Manually

Heliodent Vario (Sirona) 70 65.13 3.5 0.5 0.48 2845 1.59 1.3 20 28.26 80.4 Manually

Heliodent 70 (Siemens) 70 68.59 3.5 0.5 0.452 3029.2 1.88 1.8 20 28.26 85.6 Automatic

Vario DG (Sirona) 70 65.29 3.5 0.5 0.5 3056.2 1,89 1,7 20 28.26 86.4 Manually

CCX Digital (Trophy) Trex 70 63.43 4 0.5 0.47 3077.84 1.6 1.4 20 28.26 87 Manually

Heliodent Vario (Sirona) 70 68.07 3.5 0.5 0.5 3125.78 2,24 1,5 20 28.26 88.3 Automatic

Minray (Soredex) 70 70.22 3.5 0.5 0.5 3129 2 1.8 20 28.26 88.4 Automatic

Leadex 70 (Ritter) 70 70.54 4 0.5 0.48 3137.4 1.91 2.1 20 28.26 88.7 Manually

Gnatus 70 67.03 7 1 0.923 3143 1.73 1.8 20 28.26 88.8 Manually

Heliodent Vario (Sirona) 70 63.12 4.41 0.63 0.584 3155.8 1.54 1.3 20 28.26 89.2 Manually

Heliodent Vario (Sirona) 70 66.11 3.5 0.5 0.484 3220.56 2.51 1.2 20 28.26 91 Automatic

Expert DC (Gendex) 65 66.01 2.8 0.4 0.397 3391.92 1.68 1.5 20 28.26 95.9 Automatic

Endos 70 67.56 4 0.5 0.51 3492.8 1.82 1.7 20 28.26 98.7 Automatic

Gnatus 70 67.83 7 3756 1.96 2.4 20 28.26 106.1 Manually

Leadex 70 (Ritter) 70 69.46 5.04 0.63 0.584 3855.9 1.82 1.5 20 28.26 109 Manually

Minray (Soredex) 70 69.58 3.5 0.5 0.497 3956.05 2.02 1.8 20 28.26 111.8 Automatic

Minray (Soredex) 70 70.36 3.5 0.5 0.5 4070.99 1.96 1.8 20 28.26 115 Automatic

VARIO DG (Sirona) 70 3.5 4377.94 2,56 2,56 20 28.26 123.7 Manually

CS 2200 (Carestream) 70 71.58 4.41 0.63 0.63 5701.69 2.05 1.8 20 28.26 161.1 Automatic

Gnatus 70 63.85 7 1 0.93 5739.3 1.9 2.08 20 28.26 162.2 Manually

Pro X (Planmeca) 70 69.16 4 0.5 0.5 5852.16 2.48 2.7 20 28.26 165.4 Manually

  Standard deviation 37.0

  Median 77.7

  3rd quartile 89.6



intraoral ra di og ra phy is a low-dose pro ce dure when
com pared to pan oramic and es pe cially CBCT de vices. 
Es tab lish ing DRL in these pro ce dures is of par a mount
im por tance to help in fur ther op ti mi za tion of these
pro ce dures as well.
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Table 4. Measurement results of X-ray tube voltage and time compared to nominal values and measurement, CCD
(digital) image receptors, with calculated values for KAP, standard deviation, median, and third quartile

Model

X-ray tube 
voltage [kV] Set it

[mAs]
Set
t [s]

Measured
t [s]

Measured
Ka,i [mGy]

HVL
Measured 
[mm Al]

Measured
total

filtration
[mm Al]

The
source-skin 

distance
[cm]

Tube
opening

[cm2]

KAP
[mGycm2]

Set Measured

Pro X (Planmeca) 63 63 1 0.125 0.125 1181.00 2.26 2.7 20 28.26 33.4

Heliodent Vario (Sirona) 70 66.43 2.24 0.32 0.305 1307.71 1.81 1.7 20 28.26 37.0

Heliodent DS (Sirona) 60 61.77 1.75 0.25 0.247 1361.85 1.67 1.6 20 28.26 38.5

CCX Digital (Trophy)
Trex 70 66.36 1.6 0.2 0.18 1607.65 2.1 1.7 20 28.26 45.4

XDC (Fona) 60 59.2 1.4 0.2 0.2 1670.00 1.79 1.98 20 28.26 47.2

Vario DG (Sirona) 70 2.24 1848.57 1.57 1.2 20 28.26 52.2

ANTHOS AC 70 70.43 2 0.25 0.28 1927.00 1.63 1.2 20 28.26 54.5

Minray (Soredex) 70 70 1.75 0.25 0.25 1991.39 2.02 1.8 20 28.26 56.3

EXPERT DC (Gendex) 65 66.84 1.75 0.25 0.245 2028.18 1.69 1.5 20 28.26 57.3

XDC (Fona) 70 70.2 2.52 0.36 0.361 2053.25 2.56 3 20 28.26 58.0

Heliodent Plus (Sirona) 70 70.53 1.4 0.2 0.2 2400.00 1.82 1.49 20 28.26 67.8

Heliodent DS (Sirona) 60 61.98 2.8 0.4 0.4 2609.99 1.9 2 20 28.26 73.8

Intra (Planmeca) 70 69.67 1.6 0.2 0.2 2927.85 2.19 2.1 20 28.26 82.7

SRL (Fona) 70 67.16 2 0.285 0.283 3093.80 2.1 2.06 20 28.26 87.4

Intra Prostyle (Planmeca) 63 63 2 0.25 0.25 3137.00 1.71 1.7 20 28.26 88.7

Minray (Soredex) 70 71.5 2.8 0.4 0.4 3164.56 2.11 1.9 20 28.26 89.4

Intra promax (Planmeca) 70 69.18 1.4 0.2 0.2 3180.00 1.78 1.47 20 28.26 89.9

Gnatus 70 3.5 3271.10 1.6 1.78 20 28.26 92.4

Minray (Soredex) 70 71.05 2.8 0.4 0.4 3360.67 2 1.7 20 28.26 95.0

   Standard deviation 21.0

   Median 58.0

   3rd quartile 88.0
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Table 5. Measurement results of X-ray tube voltage and time compared to nominal values and measurement, PSP (digital)
image receptors, with calculated values for KAP, standard deviation, median, and third quartile

Model
X-ray tube 

voltage [kV] Set it
[mAs]

Set
t [s]

Measured
t [s]

Measured
Ka,i [mGy]

HVL
measured
[mm Al]

Measured total
filtration
[mm Al]

The
source-skin

distance [cm]

Tube
opening

[cm2]

KAP
[mGycm2]

Set Measured

RXDC (Myray) 60 61.58 1.4 0.2 0.2 1247.18 1.71 1.7 20 28.26 35.2

RXDC (Myray) 60 62.45 0.7 0.1 0.1 238.80 1.54 1.4 20 28.26 6.7

Pro x (Planmeca) 60 58.61 1 / / 17.40 2.22 3 20 28.26 0.5

Elitys (Trophy) 60 60.76 4.41 0.63 0.633 3730.81 1.69 1.7 20 28.26 105.4

Intra (Planmeca) 63 60.25 2 0.25 0.25 1261.60 1.86 1.8 20 28.26 35.7

Expert DC (Gendex) 65 65.31 1.12 0.16 0.16 1196.25 1.78 1.5 20 28.26 33.8

Expert DC (Gendex) 65 65 1.12 0.16 0.16 1212.00 1.83 1.7 20 28.26 34.3

Expert DC (Gendex) 65 64.1 1.12 0.16 0.16 1195.64 1.75 1.6 20 28.26 33.8

Expert DC (Gendex) 65 65 1.12 0.16 0.16 1213.21 1.64 1.5 20 28.26 34.3

RXDC (Myray) 65 61.19 3.5 0.5 0.5 1780.52 1.77 1.8 20 28.26 50.3

Expert DC (Gendex) 65 65.12 2.24 0.32 0.316 2462.41 2 1.94 20 28.26 69.6

Expert DC (Gendex) 65 65 2.24 0.32 0.32 2445.81 1.81 1.7 20 28.26 69.1

Expert DC (Gendex) 65 65 2.24 0.32 0.32 2426.41 1.86 1.9 20 28.26 68.6

Vatech 65 64.79 2.1 0.3 0.3 902.71 1.77 1.7 20 28.26 25.5

Satelec X Mind 70 69.79 1.6 0.2 0.2 982.98 2.01 1.8 20 28.26 27.8

Focus (Kavo) 70 69.99 0.875 0.125 0.124 958.93 2.15 2.1 23 28.26 27.1

XDG (Fona) 70 74.49 0.84 0.24 0.244 1233.40 1.81 1.3 20 28.26 34.9

Vario DG (Sirona) 70 / 1.12 / / 1178.82 1.8 1.8 20 28.26 33.3

Focus (Kavo) 70 70.58 1.12 0.16 0.16 1285.40 2.07 1.9 23 28.26 36.3

Focus (Kavo) 70 70.27 1.12 0.16 0.16 1313.31 1.93 1.6 23 28.26 37.1

Focus (Kavo) 70 70 1.12 0.16 0.16 1265.73 2 1.8 23 28.26 35.8

Minray (Soredex) 70 70 1.12 0.16 0.16 1256.60 2.03 1.8 20 28.26 35.5

Minray (Soredex) 70 70 1.12 0.16 0.16 1292.79 2.5 2.5 20 28.26 36.5

Minray (Soredex) 70 70 1.12 0.16 0.16 1161.96 2.1 1.9 20 28.26 32.8

Extend (Myray) 70 68.99 1.28 0.16 0.159 826.27 2.01 1.9 20 28.26 23.4

Pro X (Planmeca) 70 70 1.4 0.2 0.2 1991.64 2.4 2.6 20 28.26 56.3

Minray (Soredex) 70 70 1.4 0.2 0.2 1522.40 2.09 1.9 20 28.26 43.0

Satelec X Mind 70 70.22 1 0.125 0.122 623.86 2.16 2.1 20 28.26 17.6

Minray (Soredex) 70 70.59 0.7 0.1 0.1 759.92 2.01 1.8 20 28.26 21.5

ELITYS (Trophy) 70 70.59 0.812 0.203 0.201 1381.42 2.16 2 20 28.26 39.0

Focus (Kavo) 70 69.34 1.4 0.2 0.2 1570.00 2.04 1.9 23 28.26 44.4

Focus (Kavo) 70 70.57 1.4 0.2 0.2 1270.00 2.04 1.83 23 28.26 35.9

Focus (Kavo) 70 71.08 0.7 0.1 0.1 790.00 2.01 1.76 23 28.26 22.3

Focus (Kavo) 70 69.74 1.4 0.2 0.2 1534.00 2.06 1.91 23 28.26 43.4

Focus (Kavo) 70 69.27 1.6 0.2 0.2 1290.00 2.07 1.96 23 28.26 36.5

XDC (Fona) 70 68.33 1.4 0.2 0.2 2355.00 2.11 2.07 20 28.26 66.6

Expert DC (Gendex) 70 70.04 1.12 0.16 0.16 1280.00 2.05 1.88 23 28.26 36.2

Focus (Kavo) 70 69.94 1.4 0.2 0.2 1620.00 2.09 1.96 23 28.26 45.8

Minray (Soredex) 70 71.20 1.4 0.2 0.2 1500.00 2.05 1.83 23 28.26 42.4

Pro X (Planmeca) 70 70.82 1.4 0.2 0.2 2230.00 2.60 2.84 20 28.26 63.0

Minray (Soredex) 70 69.45 1.12 0.16 0.16 1260.00 2.04 1.91 23 28.26 35.6

Minray (Soredex) 70 70.22 1.12 0.16 0.16 1280.00 2.02 1.82 23 28.26 36.2

Minray (Soredex) 70 71.09 1.4 0.2 0.2 1580.00 1.96 1.68 23 28.26 44.7

Minray (Soredex) 70 70.56 1.4 0.2 0.2 1570.00 2 1.77 23 28.26 44.4

Minray (Soredex) 70 72.53 1.4 0.2 0.2 1637.00 1.79 1.85 23 28.26 46.3

CS 2200 (Carestream) 70 70.87 1.4 0.2 0.201 1730.00 2.1 1.92 20 28.26 48.9

   Standard deviation 17.5

   Median 36.2

   3rd quartile 44.6
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Table 6. Measurement results (Dent Ei Niš) of X-ray tube voltage and time compared to nominal values and measurement,
film E image receptors, with calculated values for KAP, standard deviation, median, and third quartile

X-ray tube 
voltage [kV] Set it

[mAs] Set t [s] Measured
t [s]

Measured
Ka,i [mGy]

HVL
Measured
[mm Al]

Measured
total filtration 

[mm Al]

The
source-skin

distance
[cm]

Tube
opening

[cm2]

KAP
[mGycm2]

Film
development

Set Measured

50 48.27 5 0.5 0.48 4837.60 1.03 1 10 19.625 94.9 Manually

50 47.74 5 0.5 0.47 3047.40 1.6 1.5 10 19.625 59.8 Automatic

50 47.7 5 0.5 0.49 5426.80 1.69 1 10 19.625 106.5 Manually

50 50.84 8 0.8 0.87 5884.80 1.4 1.6 10 19.625 115.5 Manually

50 47.6 8 0.8 0.77 6365.28 1.79 3.7 10 19.625 124.9 Manually

50 47.7 8 0.8 0.82 4252.32 1.79 3.6 10 19.625 83.5 Automatic

50 42.1 8 0.8 0.8 4472.64 1.65 2.6 10 19.625 87.8 Manually

50 45.39 5 0.5 0.52 5715.60 1.54 1.6 10 19.625 112.2 Manually

50 52.12 5 1 1.13 7550.80 1.52 10 19.625 148.2 Manually

50 46.95 10 1 0.95 10380 1.68 10 19.625 203.7 Manually

  Standard deviation 39.9

  Median 109.3

  3rd quartile 122.6

Table 7. Comparative results of research in intraoral dental radiology with the results of this study
without EI Niš dent results

Researcher (country and year) Teeth (upper or lower jaw) Values (KAP in mGycm2 or Ka,I in mGy)

Looe et al. (Germany 2005) [20] Upper jaw, molars 48.8 mGy cm2

Poppe et al. (Germany 2007) [21] Upper jaw, molars 61.5 mGy cm2

KFDA report (Korea, 2009) [22] Lower jaw, molars 59.4 mGy cm2

Han S, et al. (Koreja, 2011) [23]
Upper jaw, molars

Upper jaw, premolars
Upper jaw, incisors

55.5 mGy cm2

46 mGy cm2

36.5 mGy cm2

Manousaridis et al. (Greece 2013) [24] Upper jaw, molars 2.9 mGy

Praskalo et al. (Bosnia and Herzegovina 2020) [14] Upper jaw, molars DRL for the film-screen system (3.5 mGy)
and for digital receivers (1.2 mGy)

Izawa et al. (Japan 2017) [18] Upper jaw, molars Local DRL Film-screen 1.59 ±0.20 mGy

Suliman, Abdelgadir (Sudan 2018) [15] Upper jaw, molars 1.45 mGy (DR), 4.45 mGy (film-screen) and
3.01 mGy (combined)

Christofides et al. (Cyprus 2016) [19] Upper jaw, molars 7.23 mGy

Storm et al. (Australia 2023) [16] Upper jaw, molars 2 mGy, 57 mGycm2

Z. Mirkov (2023) (present work) Upper jaw, molars

Film E 3.17 mGy 89.6 mGycm2

CCD 3.11 mGy 88.0 mGycm2

PSP 1.58 mGy 44.6 mGycm2
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Zoran M. MIRKOV, Neboj{a T. MILO[EVI], Dario FAJ

PREDLO@ENE  VREDNOSTI  ZA  DIJAGNOSTI^KE  REFERENTNE
NIVOE  U  INTRAORALNOJ  STOMATOLO[KOJ  RADIOLOGIJI  U  SRBIJI

U Republici Srbiji uspostavqeni su dijagnosti~ki referentni nivoi za intraoralnu
stomatolo{ku radiografiju. Dijagnosti~ki referentni nivoi postavqeni su na osnovu merewa na
119 intraoralnih rendgen aparata u klini~kim uslovima za rendgenske snimke zadweg ugriza
odrasle osobe. Vrednosti od 3.17 mGy, 3.11 mGy, i 1.58 mGy kerme u vazduhu na|ene su za film
receptora slike E klase, CCD senzor i fotostimulabilnu fosfornu plo~u, respektivno. Sli~no,
proizvod kerme i povr{ine prona|en je za iste detektore, kao 89.6 mGycm2, 88 mGycm2, i 44.6
mGycm2. Sve vrednosti ve}e su od onih utvr|enih u nekoliko drugih sli~nih studija. Ovo posebno
va`i za CCD senzor receptore za sliku jer ova tehnologija omogu}ava ni`e doze za pacijente kao
{to je ranije objavqeno. Ovo zahteva hitnu akciju za optimizaciju intraoralnog snimawa zuba,
tako da predstavqamo kori{}ene radiografske tehnike i opis opreme kako bismo pomogli u
pru`awu smernica za daqu optimizaciju.

Kqu~ne re~i: dentalna radiografija, za{tita od zra~ewa, dijagnosti~ki referentni nivo


