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ABSTRACT

Objective: TThis study aimed to assess the knowledge
level of Iranian dental practitioners about digital
radiography (DR) and cone-beamcomputedtomography
(CBCT). Material and Methods: In this cross-
sectional study, a researcher-designed questionnaire
was administered among 180 general dentists and
specialists. The questionnaire had three main domains
of demographic information, fifteen questions about
knowledge of DR (advantages, disadvantages, physical
properties) and twenty six questions about knowledge
of CBCT (indications, applications, advantages, route
of knowledge acquisition). Data were analyzed using
descriptive statistics, t-test and Pearson’s correlation
coefficient. Results: Of 180 participants, 76 (42.2%)
were females. The minimum, maximum and mean=+
standard deviation scores obtained in DR were 4,
14, and 9.031 *= 1.85 and in CBCT were 0,26 and
18.56 = 4.81, respectively. In the CBCT domain, the
participants had maximum knowledge about “low
radiation dose” (72.8%) and minimum knowledge
about the “role of CBCT in determination of bone
density” (45%). In DR domain, the participants had
maximum knowledge about “no need for radiographic
films” (75.6%) and minimum knowledge about “not
requiring manual processing” (15.6%). Overall,
participants had higher level of knowledge about CBCT
than DR. An inverse correlation was noted between
age and work experience with the number of correct
answers. However, no significant difference was noted
in the knowledge level of males and females regarding
CBCT or DR (p = 0.233 and p = 0.227, respectively).
Conclusions: further education seem imperative for
dentists in this respect for more efficient diagnosis and
treatment planning, minimize patient radiation dose
and save time and cost.

KEYWORDS

Digital radiography; Cone-Beam computed tomography;
Knowledge; Dentists.

RESUMO

Objetivos: Avaliar o nivel de conhecimento de dentistas
iranianos sobre radiografia digital (RD) e tomografia
computadorizada de feixe conico (TCFC). Materiais e
métodos: Neste estudo transversal, um questionario,
elaborado por pesquisadores, foi aplicado a 180 dentistas
clinicos geral e especialistas. O questiondrio tinha
trés dominios principais de informacdo demografica,
quinze questdes sobre conhecimento de RD (vantagens,
desvantagens, propriedades fisicas) e vinte e seis questdes
sobre conhecimento de CBCT (indicacoes, aplicacoes,
vantagens, protocolo de aquisicdo). Os dados foram
analisados por meio de estatistica descritiva, teste t e
coeficiente de correlacdo de Pearson. Resultados: Dos
180 participantes, 76 (42,2%) eram do sexo feminino. Os
escores minimo, maximo e média + desvio padrao obtidos
na RD foram 4, 14 € 9,031 + 1,85 e na CBCT foram 0, 26
e 18,56 = 4,81, respectivamente. No dominio CBCT, os
participantes tinham conhecimento maximo sobre “baixa
dose de radiacdo” (72,8%) e conhecimento minimo
sobre o “papel da CBCT na determinacédo da densidade
dssea” (45%). No dominio RD, os participantes possuiam
conhecimento méximo sobre “ndo hd necessidade de
filmes radiograficos” (75,6%) e conhecimento minimo
sobre “ndo requer processamento manual”’ (15,6%).
No geral, os participantes tinham maior nivel de
conhecimento sobre CBCT do que RD. Foi observado
correlacdo inversa entre idade e experiéncia de trabalho
com o nimero de acertos. No entanto, nenhuma diferenga
significativa foi observada no nivel de conhecimento de
homens e mulheres sobre TCFC ou RD (p = 0,233 ep =
0,227 respectivamente). Conclusdo: Parece imperativo
para os dentistas iranianos, mais educacéo nesse aspecto
para diagnéstico e planejamento de tratamento mais
eficientes, minimizar a dose de radiagdo para paciente,
economizar tempo e custos.

PALAVRAS-CHAVE

Cirurgido-dentista; Conhecimento; Radiografia digital;
Tomografia computadorizada de feixe conico.
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INTRODUCTION

I n the past century, conventional
radiography was the only available image
acquisition tool in medicine and dentistry. In
the recent years, conventional radiography
is being replaced with digital radiography
both in dental schools and in private offices.
Digital radiography has advantages over
conventional radiography such as shorter
exposure time, lower patient radiation dose,
and elimination of the film processing steps,
fast image acquisition and processing, easy
image transfer through the Internet and
better instruction of patients [1,2].

Since the introduction of digital
radiography, many advances have been made
in information technology that led to gradual
replacement of conventional or analog
radiography with digital radiography [3,4].
However, despite the advances in digital
technology, many dentists still prefer to use
the conventional radiography probably due
to the fact that digital radiography requires
costly equipment such as digital sensors. [1,2]
On the other hand, analog radiography has
long been used by dental practitioners as an
efficient diagnostic tool, and its replacement
with digital radiography require education
and training of dentists and enhancing
their knowledge about the advantages and
disadvantages of this modality [4].

Use of cone-beam computed tomography
(CBCT) enhances diagnosis in a wide range
of dental procedures. CBCT has a lower cost
than conventional computed tomography
(CT). It occupies less space, has a shorter
scanning time and lower patient radiation
dose. It also enables interactive analyses
and multiplanar reconstruction of images
[2,4]. The common applications of CBCT
in dentistry include evaluation of implant
site, assessment of dentofacial structures
for orthodontic treatment, evaluation of
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temporomandibular joints, localization of
impacted teeth, evaluation of the position of
third molars relative to the mandibular canal,
and evaluation of pathological conditions
(infection, cysts and tumors) involving the
jaw and facial bones. [5] Interpretation of
CBCT images by dental practitioners requires
a basic level of experience and skills. Thus,
unexperienced dentists may have significant
errors in interpretation of CBCT images,
resulting in a high percentage of misdiagnoses
or false positive results. The European
Academy of Dentomaxillofacial Radiology
has set guidelines for this purpose for the
European countries while such guidelines are
not available in many other countries [6].

In the recent years, CBCT has been
suggested as an accurate imaging modality for
many dental procedures, and related courses
have been added to the undergraduate and
postgraduate dental curricula. Moreover,
continuing education courses on this topic
are held for dental practitioners graduated
prior to addition of these courses to dental
curricula. However, it should be noted that
standard educational courses on CBCT are not
available for all dentists. In order to achieve
a satisfactory level of CBCT knowledge, it
is required to provide necessary training in
various forms, such as holding workshops
and seminars [7].

Despite the increasing use and
availability of these imaging modalities,
the knowledge level of dental practitioners
about these imaging modalities has not been
extensively evaluated. Thus, this study aimed
to assess the knowledge level of Iranian dental
practitioners regarding digital radiography
and CBCT.

MATERIAL AND METHODS

This study was approved by the
ethics committee of Hamadan University of
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Medical Sciences (IR.UMSHA.REC.1396.73).
In this cross-sectional study, a researcher-
designed questionnaire according to previous
studies was used [8-10]. this questionnaire
included three main domains of demographic
information (age, gender, general or specialty
practice, type of specialty, work experience),

knowledge about digital radiography
(advantages, disadvantages, physical
properties), and knowledge about CBCT

(indications, applications, advantages, route
of knowledge acquisition). Nine questions
were multiple choice and 18 questions were
dichotomous yes/no questions.

After  initial designing of the
questionnaire, its validity and reliability were
evaluated and confirmed. For this purpose,
the opinions of 10 experts were asked
regarding the conformity of the content of the
measurement tool with the study objectives,
both qualitatively and quantitatively. In
qualitative assessment of the content,
experts were requested to provide feedbacks
regarding the measurement tool, and the
questionnaire was revised accordingly. For
quantitative assessment of the content, the
content validity ratio (CVR) and the content
validity index (CVI) were calculated. CVI was
calculated by summing the positive scores
for the items that were considered “relevant,
but requiring revision” and “completely
relevant” divided by the total number of
experts. To determine the CVR, the experts
were requested to assess and score each
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item using a three-point scale of “necessary”,
“useful” and “not necessary”. Also, test-retest
reliability method was used to confirm the
reliability of the questionnaire.

The inclusion criterion was all dentists
(general and specialists) attending the
School of Dentistry of Hamadan University of
Medical Sciences and working in offices and
dental clinics of Hamadan city. The exclusion
criterion was unwillingness for participation
in the study.

The questionnaire was administered
among 180 dental practitioners and they
were requested to fill it out. They were also
informed that they had no obligation to
answer the questions and the results would
be used for educational purposes in dental
community.

After data collection, the knowledge
score of the participants was calculated.
Data were analyzed using SPSS version
21 via the descriptive statistics, t-test and
Pearson’s correlation coefficient. p < 0.05
was considered significant.

Questionnaire

This questionnaire aims to assess the
level of knowledge of dentists about digital
radiography and CBCT. Thank you for taking
the time to fill out this questionnaire. Please
note that there is no obligation to answer the
questions.
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Demographic questions
Gender: Age: general dentist or specialist:

Field of specialty: Graduation year: Work experience:

Please mark the reason(s) of using digital radiological techniques?
Decrease the patient radiation dose: Yes No

Higher spatial resolution than that of analog radiography: Yes No

Contribute to treatment planning: Yes No

Creation and archiving of electronic patient files and tele-radiology: Yes No
Requires less equipment than conventional radiography: Yes No

Decreases the consumption of radiographic films: Yes No

No image artefact: Yes No

Eliminates the need for manual film processing: Yes No

Larger dimensions of photostimulable phosphor plate (PSP): Yes No

Mechanical trauma causes artifacts on PSP sensors: Yes No

Immediate availability of image after exposure in CCD sensor: Yes No

High cost of replacement is the drawbacks of CCD sensors: Yes No

Analog radiography is still the best and cheapest imaging modalities available: Yes No
Better visualized on a negatoscope than on a display monitor: Yes No

Printing with a higher resolution would increase the final resolution of images: Yes ~ No

Please mark the reason(s) of using CBCT techniques?

A beneficial diagnostic tool in dentistry: Yes No

A useful modality for 3D assessment: Yes No

Assessment of Implant site: Yes No

Assessment of teeth and jaws for orthodontic treatment: Yes No
Evaluation of simple jaw traumas: Yes No

Evaluation of presence of cysts/tumors: Yes No

Localization of impacted teeth: Yes No

Evaluation of temporomandibular joints: Yes No
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Evaluation of root canal morphology: Yes No

Identifying root resorption areas: Yes No

Evaluation of root fracture: Yes No

Evaluation of the position of third molars relative to the mandibular canal: Yes No
Evaluation of soft tissue lesions: Yes No

Determination of bone density: Yes No

What is the difference between CT and CBCT?

CBCT has lower patient radiation dose than CT: Yes No

CBCT occupies less space: Yes No

CBCT is more expensive than CT: Yes No

The scanning time of CBCT is longer than that of CT: Yes No

CBCT image reconstruction can be performed by personal computers: Yes No

CBCT has less reconstruction ability than CT: Yes No

CBCT has higher applications than CT for soft tissue assessment: Yes No
Cephalometric images can be reconstructed using CBCT data: Yes No
Reconstructed cephalometry has lower quality than conventional radiography:Yes No

Education courses are required to acquire new information about CBCT? Yes No

Which of the followings is true about CBCT indications?
Indicate when conventional techniques cannot provide adequate information: Yes No
CBCT can be requested without clinical examination: Yes No

CBCT can be routinely requested for treatment planning: Yes No

How do you update your knowledge about CBCT?

Congress  Continuing education Books Journals Internet
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RESULTS

Of 180 participants, 76 (42.2%) were
females and 100 (55.6%) were males; 4
individuals did not report their gender. The
minimum age of participants was 23 years and
the maximum age was 57 years, with a mean age
of 35.08 years.

Minimum and maximum work experience
of participants was 1 year and 36 years,
respectively with a mean of 10.37 years.

Of all, 117 (65%) were general dentists,
54 (30%) were specialists and 9 (5%) did not
mention whether they were general dentists or
specialists. The minimum, maximum and mean+
standard deviation scores obtained in digital
radiography were 4, 14, and 9.031 = 1.85 and in
CBCT were 0, 26 and 18.56 * 4.81, respectively.

Table | - Frequency of responses to knowledge questions
about digital radiography

Numberand Numberand Numberand
percentage percentageof percentage of

Question topic of correct wrongan-  unanswered
answers swers questions
Reduction of patient
i 60(33.3%) 116 (64.4%) 4(22%)
Image resolution 38(211%) 139(72.2%) 3(17%)
g g};ﬁ}ﬁgem B8(767%)  39(217%) 3(17%)
Tele-radiography 123 (68.3%) 55(30.6%) 2 (11%)
Less equipment 170 (94.4%) 7(39%) 3(17%)
Decreased
radiographic film 136 (75.6%) 42(23.3%) 2 (11%)
consumption
No image artifacts 126 (70%) 49 (27.2%) 5(2.8%)
5! r‘:fr‘(‘)‘icrg;gi%a““a' 2B(56%  148(822%) 422%)
POPersordimen — gg(agas)  84(467%) 7(39%)
PSP damage 158 (87.8%) 12(6.7%) 10 (5.6%)
Mencharaclersic 6@ 2(67% 10(56%
Drawbacks of CCD 164 (911%) 10 (5.6%) 6(3.3%)
S“p‘igggg’rgaﬁ;a"’g WO(778%)  33(183%) 7(39%)
Radiographic
negatoscope or 57 (34.7%) 118 (56.6%) 5(2.8%)
monitor
Printing with a higher
resolution printer 100 (55.5%) 76 (42.2%) 4(2.2%)
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Table Il - Frequency of responses to knowledge questions
about CBCT

Numberand Numberand Numberand
percentage percentageof percentage of

Question toplc of correct wrongan-  unanswered
answers swers questions
CBCT is a beneficial
Al 167(928%) 5(28%) 8(44%)
Need fg;]i?]fsses' 16 (88.9%) 9(5%) 11(6:7%)
'mp'*:)'l‘;rtm;"‘e”t 171(95%) 2 (11%) 7(39%)
Orthodontic treatment 59 (32.8%) 110 (611%) 11(61%)
Simple jaw trauma 141(78.3%) 25(13.9%) 14(7.8%)
Assessment of SIS ypraom) 290619 9(5%)
Posmontgg'r?pacm 126(70%) 44(24.4%) 10(56%)
Te"‘p°’l%ri'r‘]f3”dib”'ar 115(639%) 56 (311%) 9(5%)
Root canal morphology 89 (49.4%) 81(45%) 10(5.6%)
F‘"di”ggggrption 94 (522%) 75 (417%) 11(61%)
Evaugmg 0t joas7e%)  64(356%) 2(67%)
Evaluation of third
et e 155 (861%) 18(10%) 7(39%)
S"ﬂt'sﬁ:fn?s“s' P0667%)  49(272%) 11(6:7%)
De“”mg‘:rf;’t’ff bone  47(61%)  125(694%) 8(44%)
Radiation dose 144(80%) 27 (15%) 9(5%)
0°°“p§g‘agcgma"er 131(728%) 30(16.7%) 19106%)
More expensive 85 (471%) 81(45%) 14(7.8%)
Scanning time 114.(63.3%) 51(28.3%) 15(8.3%)
Reconstruction with
vl computr | 52844%) 15(83%) 13(72%)
Less rgg‘iiﬂisg;”"“"" 113(628%) 42(233%) 25 (139%)
S"ﬂtisrs#:n*t‘ssess' 97 (529%) 67 (372%) 16(89%)
Cephalometricimage
i 145(80.6%) 20 (111%) 15(83%)
Quality of reconstruc-
tedcephalometric 103 (572%) 50 (278%) 27 (15%)
image
Needfor continuing a7 cor) 36(20%) 8(44%)
education 070 0 an
Indication 153 (58%) 19.(10.6%) 8(4.4%)
With°#]tirfg?iigﬁ' eX& 150 (883%) 11(6:1%) 10(56%)
Routine prescription 136 (75.6%) 35(19.4%) 9(5%)
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The number of correct answers was 9.031
+ 1.85 in the digital radiography (Table I) and
18.56 * 4.81 in the CBCT domain (Table II).
The number of correct answers in the digital
radiography domain was 9.51 = 1.69 in females
and 9.17 = 1.77 in males (p = 0.227). Number
of correct answers in the CBCT domain was
19.21 + 4.82 in females and 18.38 + 4.48
in males (p = 0.233). Also, t-test showed no
significant difference in the mean number of
correct responses in digital radiography and
CBCT domains between males and females.

The Pearson’s correlation coefficient
between age and work experience with digital
awareness scores were respectively, r=0.308 (p
= 0.002) and r=0.144 (p = 0.12). The Pearson’s
correlation coefficient between age and work
experience with CBCT awareness scores were
respectively, r= 0.153 (p = 0.133) and r= 0.036
(p = 0.698).

The results showed an inverse correlation
between age and work experience with the
number of correct answers. In other words, by
an increase in age (and work experience), the
knowledge level about digital radiography and
CBCT decreased.

The results of t-test showed a significant
difference in the mean number of correct answers
to digital radiography and CBCT questions
between general dentists and specialists.
Regarding the level of knowledge about digital
radiography, the mean number of correct answers
was 9.88 = 1.7 for specialists and 9.08 = 1.86
for general dentists (p = 0.009). Regarding
the level of knowledge about CBCT, the mean
number of correct answers was 17.76 = 4.75 for
general dentists and 20.79 + 3.72 for specialists
(p < 0.001). The ways to get information about
CBCT and the level of interest in using them are
summarized in Table III.
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Table lll - Frequency of responses to the question in CBCT
domain regarding methods to enhance knowledge about
CBCT

Numberand  Numberand mm:gf
percentage of percentage of
Yesanswers Noanswers uanswered

Question Answer
number choices

questions
1 Congress  53(29.4%) 125(69.4%) 2 (11%)
2 ‘é‘é’l‘]‘c'gfl‘c')‘r? 55 (30.6%) 124 (689%) 1(06%)
3 Book 36/(20%) 143 (79.4%) 1(0.6%)
4 Jounal  19(106%) 160 (88.9%) 1(0.6%)
5 Internet ~~ 52(28.9%) 127 (706%) 1(06%)

DISCUSSION

CBCT has advantages compared with
CT, the most important of which, is the lower
patient radiation dose and high resolution
(less than a millimeter). [11] According to our
results, participants had maximum knowledge
about the advantages of CBCT with regard to
image reconstruction in a personal computer,
cephalometric image reconstruction and lower
patient radiation dose while the participants had
minimum knowledge about the assessment of
bone density using CBCT.

In a study by Kamburoglu et al. [12]
participants had higher knowledge about dose
reduction and easier processing while the
participants had minimum knowledge about
the space occupied by the CBCT system, and its
lower cost. In a study by Gecgelen et al. [10]
orthodontists had maximum knowledge about the
advantages of CBCT over CT including its lower
patient radiation dose and shorter scanning time.
If dental practitioners have adequate knowledge
about the advantages of CBCT, and given that
CT and CBCT both provide similar diagnostic
information, the imaging modality with lower
patient radiation dose would be preferred.

In our study, the indications of CBCT
that were most commonly agreed upon were
preoperative evaluation for implant placement,
assessment of the position of third molars, and
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3D evaluations while the participants had the
lowest level of knowledge about the indications
of CBCT for orthodontic treatment planning,
morphological assessment of root canals and
evaluation of root resorption. Ghoncheh et al.
[13] reported that 72.2% of the dentists used
the CBCT technique to evaluate the location of
implants, whereas 19.7%, 3.2%, and 2.7% of the
subjects applied it to localize the inferior alveolar
nerve (IAN), evaluate the location of implants
and localize the IAN, and perform cephalometric
analysis, respectively. Mahdizadeh et al. reported
that the main indications of CBCT included
implant placement, assessment of cysts and
tumors, and trauma cases while CBCT was least
commonly prescribed for periodontal disease and
caries. Shetty et al. [14] reported that CBCT was
most commonly prescribed for implant treatment,
evaluation of impacted teeth and assessment of
cysts and tumors. At present, CBCT is the most
commonly requested imaging modality for
implant assessment [15] and also CBCT provides
detailed information about impacted teeth. [16]
This statement was also confirmed in our study.

In digital radiography domain, patients
acquired the maximum knowledge score
regarding the advantages of digital radiography
including lower patient radiation dose than film-
based radiography, aid in treatment planning
and tele-radiography. According to Yalcinkaya et
al. [8] the most common reasons for using digital
radiography were knowledge about its lower dose
than the conventional film-based radiography,
being fast and easy to use, and not requiring
manual processing. However, a large number
of dental practitioners still believed that this
modality is costly and were not willing to use it due
to the lack of equipment and unfamiliarity with
the computerized steps of digital radiography.
In another study, dental practitioners preferred
digital radiography to conventional radiography
due to its lower patient radiation dose, the ability
to change the contrast and brightness for better
visualization of image and the ability to save
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electronic images. The most common reason for
not using it was the high cost of equipment [17].

In our study, 49.4% of participants had
adequate knowledge about the size of PSP
sensors compared with the radiographic films,
and 87.8% knew that damage to PSP sensors
would cause image artifacts. Also, 86.7% knew
that CCD images would be available immediately
after exposure and 91.1% were aware of the
sensitivity of CCD sensors and high cost of their
replacement. In the study by Yalcinkaya et al, [8]
the level of knowledge about the advantages of
digital radiography was moderate (50.91%) while
the level of knowledge about its disadvantages
was little (47.2%). The level of knowledge about
the advantages and disadvantages of CCD was
little (respectively 50.9% and 52.8%).

In our study, participants had higher level of
knowledge about CBCT than digital radiography.
However, no significant difference existed in the
knowledge level of males and females regarding
the two imaging modalities.

Gijbels et al. [19] reported that male dental
practitioners had higher knowledge level and
tendency to use digital radiography. However,
similar to our study, Yalcinkaya et al. [8] showed
no significant correlation between the knowledge
level of endodontists and gender.

Our study revealed an inverse correlation
between age and work experience with the
frequency of correct answers. In other words,
the level of knowledge of participants about
digital radiography and CBCT decreased with
aging. Esmaeili et al. [1] found a significant
correlation between the knowledge level about
digital radiography and age and work experience
such that the level of knowledge decreased
by an increase in age and work experience of
participants. Similar to our findings, Giray et
al. [8] reported that Young pediatric dentists
(years of experience 1-9) had significantly higher
knowledge of CBCT than older professionals (10
years or more of experience). On the other hand,
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academic individuals and PhD students had the
highest information about CBCT. The knowledge
level of individuals decreases by aging and
distancing from the academic environments.
Participants who work in an academic
environment often have higher knowledge about
CBCT because they can easier interact with
radiologists in the academic environment. Older
dental practitioners generally tend to ignore
technological advances. High cost of equipment
is probably another reason for not using the novel
imaging modalities [17].

In this study, participants reported that
they mainly acquired knowledge about the
radiographic modalities through continuing
education programs, congresses and Internet.
In the study by Balabaskaran et al. [20]
participants reported that they mainly gained
knowledge through lectures, educational courses
and Internet. In the study by Gecgelen et al.
[10] participants acquired knowledge through
seminars. In their study, many participants stated
that they had graduated prior to the advent
of CBCT. They suggested that CBCT practical
courses should be included in dental curricula.

One reason for lower rate of participation of
dental practitioners in seminars and congresses is
the long commute between their city of residence
from the capital and larger cities where most
congresses are held. Thus, holding educational
programs in small cities can also increase the
knowledge level of dental practitioners practicing
in these areas [17]. Also, educational programs
should be provided in the form of seminars,
continuing education courses, congresses and
online courses; the latter is reportedly the most
efficient route of instruction. [10,20] Future
studies are required to assess the knowledge
level of dental practitioners about other imaging
modalities such as CT and magnetic resonance
imaging.

In this study, the number of participating
dentists was high. Also the questions in the

Knowledge Level of Iranian Dental Practitioners Towards Digital

Radiography And Cone-Beam Computed Tomography

questionnaire had validity and reliability and
sufficient number. But one limitation of this study
was that it was better to evaluate the dentists’
information in two stages, one before training
and one after.

CONCLUSION

Considering the inadequate knowledge
level of dentists about the advantages and
disadvantages of imaging modalities, further
education and training in the form of continuing
education programs, seem imperative for dentists
in this respect for more efficient diagnosis and
treatment planning ,minimize patient radiation
dose and save time and cost.
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