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Abstract: Demand for the esthetic dentistry has abundantly increased and due to that metal free ceramic became very popular.
That is why most of the practitioners started using CAD/CAM technology, so that they can save time and get a reliable product
which has pleasing esthetic and functional results. Most of the researchers have focused on dental practitioners and not many
studies on undergraduate dental students. Hence, our aim was to find out the knowledge and awareness among the dental
undergraduate students and interns regarding CAD/CAM technology and objective was to provide platform for the undergraduate
dental students regarding utilization of CAD/CAM Technology in the future. A cross-sectional, Questionnaire based study was
conducted among dental students, covering various Dental colleges in Makkah region. The non- probability convenience sampling
technique will be used for calculating the appropriate sample size. Total sample for this study was 303. The closed ended
questionnaire was constructed by the authors consisting of 19 questions. Pilot study was conducted on 20 dental undergraduate
students. Statistical Package for Social Sciences version 20 was used to perform the statistical analysis. Data was entered in the
excel spread sheet. Inferential statistics like Chi-square test was applied for qualitative variables to find the association. The level
of significance is set at 5%. This study included 303 participants, out of which78 (25.7%) participants were dental interns and 225
(74.3%) dental students. Among the dental students, 65 (21.5%) participants were 4th year students, 66 (21.8) participants were
5th year students and 94 (31%) participants were 6th year students. Among the participants, 67 (85.9%) of the interns and 215
(95.6%) of the students were aware of the CAD/CAM technology. The majority of study participants were in the favor that
CAD/CAM fabricated restorations are much better than those conventionally fabricated restorations and advised to include
CAD/CAM technology in the curriculum.
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. INTRODUCTION

Fixed partial dentures have become a wide spread treatment
option for many partially edentulous patients because these
prostheses are indirectly fabricated in a dental laboratory.'
Digital dentistry has evolved rapidly since the last two decades.
The use and application of CAD/CAM (Computer aided design
and computer aided manufacturing) technology has been
rapidly developed and widely used in the world, which has
brought revolutionary changes to the field of design and
manufacturing. The higher demand for rapid but effective
esthetic dental treatment and metal-free restorations have led
dentists to adopt dental procedures that save time and
produce reliable and pleasing esthetic and functional results.>
*Historically, The CEREC system is the first chair-side
CAD/CAM system in digital dentistry.* This system has
successfully connected a milling machine to a digital oral
scanner and allowed production of dental restorations such as
crowns and bridges in a single appointment. The E4D
Dentist™ system was first introduced in the year 2008 and
similar to CEREC system, provided in-office dental
restorations in a single visit°> According to methods of
production, the CAD/CAM systems can be classified into
three categories, such as the chair-side system, the laboratory
system and the centralized production.® Because of the
introduction of the laboratory system and centralized
production system, the responsibility of fabrication of the
dental prosthesis is assigned to the dental technician by the
support of CAD/CAM milling unit. For completion of dental
prosthesis utilizing previous CAD/CAM systems, a minimum
of two visits to the dental clinic was required, whereas, the
chair-side system allows the dentist to complete the whole
procedure of fabricating the dental restorations in a single visit
including cementation or insertion of the dental prosthesis.
Basically, CAD/CAM systems involve three elements. The first
element is a digitalization instrument/scanner that transforms
geometry to digital data which can be processed by the
computer. The second element is Software that processes the
data obtained from the digital scanner. The third part of the
CAD/CAM system is a milling machine that receives the
information from the Software to produce a dental restoration
with specific characteristics and design. Till date, the
CAD/CAM technology has been implemented to produce
various types of dental restorations including inlays, onlays,
crowns, veneers, multi-unit fixed partial dentures, maxillofacial
prosthesis and implant abutments.> ® CAD/CAM technology
has many advantages compared to the conventional techniques
of fabricating dental prosthesis, such as the application of new
materials, cost-effectiveness, increased quality control, and
reduced labor. Increasing the quality of dental prostheses
through standardized production processes increases the
efficacy of quality management possible. * '° Some of the
authors have advocated to include CAD/CAM technology in
the dental curriculum, so that all the dental students will be
familiar with this system at the earliest. The introduction of
these systems into the dental curriculum is advocated for their
ability to facilitate individual learning by providing objective and
immediate feedback but also for their potential to reduce the
workload of faculty and increase cost-effectiveness. However,
there are still many schools hesitant to adopt this new
technology. There is a large financial investment followed by
an ongoing commitment of time and effort to integrate new
systems into the curriculum. Schools may be unwilling to make
such daunting commitments when they see that there are few
published studies, which have evaluated the role of this
technology in the attainment of clinical skills and in their ability
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to objectively assess students’ performance in pre-clinical
dentistry. '™ Today’s students are tomorrow’s doctors and
the knowledge they are going to acquire at present will be
reflected in the future during their practice. Being the
upcoming field, the undergraduate students should be made
aware of CAD/CAM technology academically as well as
practically as the future of dentistry is going to be digitally
driven. '*'® Exploration of literature reveals that only few
studies have assessed awareness among undergraduate dental
students regarding CAD/CAM technology. Therefore, a
questionnaire survey was done to assess the basic knowledge
about CAD/CAM technology among undergraduate students.

2, MATERIALS AND METHODS

A cross-sectional, questionnaire based study was conducted
among dental students, covering various dental colleges in the
Makkah region. This study was conducted to assess the
knowledge, awareness, and perception regarding Computer
aided design and computer aided machining technology in
Makkah region. Ethical clearance was obtained from the
Institutional research review board with approval number IRR-
05-17102021. A specially designed questionnaire consisting of
close ended questions was used. The questionnaire was pilot
tested for validation on a small group of ten dental students,
who were requested to complete it and to indicate any
question that they found unclear. The necessary modifications
were made in the final questionnaire, which was divided into 2
parts based on knowledge and attitude. The knowledge
questions helped to know about the awareness and relevant
information whereas the attitude questions give us information
about their attitude towards prosthodontic treatment and no
prior knowledge is assumed. The study population was
selected using cluster random sampling. The Cronbach’s alpha
value has ranged from 0.75-0.85. The closed-ended
questionnaire of 19 questions was constructed by the authors.
First part had four questions pertaining to sociodemographic
details of participants like age, gender, designation and name
of the institute respectively. Second part of the questionnaire
had 15 questions towards knowledge and perception among
the dental students and interns respectively regarding
CAD/CAM technology. The completed questionnaire was
proofread by a group of dentists to check for clarity
and meanings of the statements. Target group for this study
was fifth year, sixth year and interns of dental universities
around the Makkah  region of Saudi Arabia. Consent of the
participants was incorporated into the on-line survey form in
such a manner that once the participant approves and could
proceed to take the survey. The study population was selected
using convenience sampling. Dental students not willing to
participate in this study were not included. This questionnaire
was sent online to 350 dental students and interns who were
randomly selected and the purpose of the study was explained
to them; out of which 303 dental students and interns
responded. Their names were not recorded in the data entry
to ensure anonymity. The study was completed in 2 months.
Link for the questionnaire for the dental students and dental
interns: https://forms.gle/bw2xijeUk5q5cWhué.

3. STATISTICAL ANALYSIS

SPSS (Statistical Package for Social Sciences) version 20. (IBM
SPASS statistics [IBM corp. released 2011] was used to
perform the statistical analysis. Data was entered in the excel
spreadsheet. Descriptive statistics of the explanatory and
outcome variables were calculated by mean, standard
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deviation for quantitative variables, frequency and proportions test was applied for qualitative variables to find the association.
for qualitative variables. Inferential statistics like Chi-square The level of significance is set at 5%
4. RESULTS

Table I: Mean age distribution of the subjects based on designation

Interns 78 25.7 22 27 2527 907
Students 225 74.3 2| 26 2341 1.087
Table | illustrates the estimation of the mean age distribution of the subjects based on designation. This study included 303

participants, out of which78 (25.7%) participants were dental interns and 225 (74.3%) dental students. Mean age for the interns
were 25.27 and 23.41 for the dental students respectively.

Table 2: Distribution of the subjects based on designation

4th BDS students 21.5
5th BDS Students 66 21.8
6th BDS Students 94 31.0
Dental interns 78 25.7
Total 303 100.0

Table 2 illustrates that the estimation of distribution of the subjects based on designation. Among the dental students, 65 (21.5%)
participants were 4th year students, 66 (21.8) participants were 5th year students and 94 (3 %) participants were 6th year students
and total number of interns participated in this study were 78 (25.7%).

Table 3: Distribution of the subjects based on gender

Female 216 71.3
Male 87 28.7
Total 303 100.0

Table 3 illustrates that the estimation of the distribution of the subjects based on gender. Among the participants of this study,
216 (71.3%) were female participants and 87 (28.7%) were male participants.

Table 4: Distribution of the subjects based on designation

Intern 25.7
Student 225 74.3
Total 303 100.0

Table 4 illustrates that the estimation of the distribution of the subjects based on designation. Among the participants of this study,
78 (25.7%) were interns and 225 (74.3%) were students.

Table 5: Mean age distribution of the subjects based on gender

Females 216 24.03 1.255
Males 87 2 I 27 23.54 1.421

Table 5 illustrates that the estimation of the mean age distribution of the subjects based on gender. In this study, among 21 6 female
participants, age ranged from 21| to 27 at the rate of 24.03% and among 87 male participants, age ranged from 21| to 27 years at
the rate of 23.54.

Table 6: Cross tabulation of the responses based on designation

o ; Chi-
Designation-
. Total square
Questions Groups value
value
Interns Students
Count I 10 21
No % 14.1% 44%  69%
7 (<] . (<] B (<] . (<] *
QI Are you aware of CAD/CAM Technology? o Count 57 15 28 8.37 0.004
% 85.9% 95.6% 93.1%
Q2: Are you aware of Digital impression? No Count Il Il 22 7.3 0.007*
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% 14.1% 4.9% 7.3%
Count 67 214 281
Yes
% 85.9% 95.1% 92.7%
No Count 6 23 29
Q3: Are you aware of three-dimensional (3D) % 7.7% 10.2% 9.6% 0.42 051
printing technology? v Count 72 202 274 ’ ’
es % 923%  898%  90.4%
Count 50 6l 11
No % 64.1% 27.1% 36.6%
X ) ) A/ A% .0/ e
Q4: Have you ever seen a CAD/CAM unit? » Court 28 64 197 34.14 0.00
es % 359%  729%  63.4%
No Count 59 78 137
Q5: Did you attend any course in CAD/CAM % 75.6% 34.7% 45.2%
39.25 0.00*
Technology? Yes Count 19 147 166
% 24.4% 65.3% 54.8%
No Count 17 6l 78
Qé6: Do you think if CAD/CAM technology is % 21.8% 27.1% 25.7%
. . 0.85 0.35
more precise than conventional procedures? > Count 6l 164 225
s % 782%  729%  743%
No Count 33 60 93
Q7: Does your curriculum contain CAD/CAM % 42.3% 26.7% 30.7%
6.66 0.01*
technology? > Count 45 165 210
e % 57.7%  733%  69.3%
No Count 45 93 138
Q8: Is it difficult to learn CAD  /CAM % 57.7% 41.3% 45.5% 6.5 0.012*
Technology for dental students? > Count 33 132 165 ’ ’
e % 423%  587%  545%
No Count I5 60 75
Q9: Do you think CAD/CAM technique will % 19.2% 26.7% 24.8%
: ; .71 0.19
improve long term success of the prosthesis? Y Count 63 165 228
e % 808%  733%  752%
10:D hink “R | o N Count 14 29 43
QI10: Do you thin emo:/,ab e partial o % 17.9% 2.9% 40%
dentures/ complete dentures” can be done .21 0.27
. Count 64 196 260
using CAD/CAM technology? Yes
% 82.1% 87.1% 85.8%
1D hink “fixed il d N Count 9 33 42
Qll: Do you thin |x.e” partia enture:j:/ o % T5% 47% 3.9%
Dental implant prosthesis” can be done using 0.47 0.49
Count 69 192 261
CAD/CAM technology!? Yes
% 88.5% 85.3% 86.1%
QI12: Would you think using CAD/CAM No Count 12 30 42
technique will change the workflow which % 15.4% 13.3% 13.9% 02 0.65
affects  both clinicians and dental y Count 66 195 261 ’ ’
laboratory technicians  ? es % 84.6% 86.7% 86.1%
13:. D hink in the future CAD/CAM N Count 20 & >
Q 3:. Doyou t link in the future o % 75 6% 5.1% 17 8%
will replace all clinical and laboratory works 4.38 0.036*
: Count 58 191 249
related to prosthodontics? Yes
% 74.4% 84.9% 82.2%
Better Count 18 28 46
Aesthetics % 23.1% 12.4% 15.2%
Better Count 17 44 6l
Q14: What do you think are the advantages of Fitting % 21.8% 19.6% 20.1% 6.27 0.09
CAD/CAM Technology? Better Count 9 39 48 ’ ’
Strength % 11.5% 17.3% 15.8%
Time Count 34 114 148
Efficient % 43.6% 50.7% 48.8%
Count I 12 23
QIS5 Are you interested in using the CAD No 5 1% 539 7 6%
/CAM Technology in the future in your clinic? = = i — 2 6.35 0.012*
. Yes Count 67 213 280
i % 85.9% 94.7% 92.4%

*significant
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Table 6 illustrates that the estimation of the Cross tabulation
of the responses based on designation. Among the
participants, |1 (14.1%) of the interns and 10 (4.4%) of the
students were unaware of the CAD/CAM technology, 67
(85.9%) of the interns and 215 (95.6%) of the students were
aware of the CAD/CAM technology. || (14.1%) of the interns
and |l (4.9%) of the students were unaware of the Digital
impression, 67 (85.9%) of the interns and 214 (95.1%) of the

Dental Science

the interns and 78 (34.7%) of the students did not attend any
course, 19 (24.4%) of the interns and 147 (65.3%) of the
students attended the course and 33 (42.3%) of the interns
and 60 (26.7%) of the students told their curriculum contains
CAD/CAM technology, 19 (24.4%) of the interns and 147
(65.3%) of the students told their curriculum contains
CAD/CAM technology which were found to be significant
(P<0.05).

students were aware of the Digital impression. 59 (75.6%) of

Table 7: Cross tabulation of the responses based on gender

Gender Total Chi-square value p value
Females Males
Count 13 8 21
No % 6.0% 92% _ 69%
. 7 ‘o . ‘o . (<] . (<]
QI: Are you aware of CAD/CAM Technology? » Count 03 79 78 0.97 0.32
e % 940% __ 908%  93.1%
Count 12 10 22
No % 5.6% 5%  7.3%
. Gl 8 i 2 o .67 D/ 37
Q2: Are you aware of Digital impression? » Court 504 77 8] 3.24 0.07
es % 944% _ 885% 927%
No Count 14 15 29
Q3: Are you aware of three-dimensional (3D) % 6.5% 17.2% 9.6% 8.29 0.004*
printing technology? Yes Count 202 72 274 ’ ’
€ % 93.5% 82.8%  90.4%
No Count 73 38 Il
% 33.8% 43.7% 36.6%
o e
Q4: Have you ever seen a CAD/CAM unit! o Court 75 YT 97 2.6 0.106
¢ % 662%  563%  634%
No Count 89 48 137
Q5: Did you attend any course in CAD/CAM % 41.2% 55.2% 45.2%
4.88 0.027*
Technology? Y Count 127 39 166
s % 588%  448%  548%
6:D hink if CAD/CAM technology i No Count 48 30 ’8
e or'ymiJ . tli? nI nvention Ite: nodoz I: mere % 22.2% 34.5% 25.7% 4.87 0.027*
precise than conventional procedures? - Court T¢8 57 535 d !
€ % 77.8% 65.5%  743%
No Count 66 27 93
Q7: Does your curriculum contain CAD/CAM % 30.6% 31.0% 30.7%
0.007 0.93
technology? Yes Count 150 60 210
% 69.4% 69.0%  69.3%
No Count 101 37 138
Q8: Is it difficult to learn CAD /CAM % 46.8% 42.5% 45.5% 0.44 05
Technology for dental students? y Count 115 50 165 ’ ’
es % 532%  575%  545%
No Count 44 31 75
Q9: Do you think CAD/CAM technique will % 20.4% 35.6%  24.8% 775 0.005*
improve long term success of the prosthesis? Y Count 172 56 228 ’ ’
es % 796%  644%  752%
10: D hink “R I ial d / No Count 26 17 43
QI10: Do you t ink emovable partial dentures o 30% [95% 49%
complete dentures” can be done using CAD/CAM 2.86 0.09
Count 190 70 260
technology? Yes
% 88.0% 80.5%  85.8%
Count 24 18 42
QI I: Do you think “fixed partial dentures/ Dental No % 1% 207% 3.9%
implant prosthesis” can be done using CAD/CAM - i 2 22 4.76 0.029*
Count 192 69 261
technology? Yes
% 88.9% 793%  86.1%
Count 21 21 42
QI12: Would you think using CAD/CAM technique No % 97% 24 1% 39%
will change the workflow which affect both - = —— —— 10.79 0.001*
L L Count 195 66 261
clinicians and dental laboratory technician? Yes
% 90.3% 759%  86.1%
13:D hink in the future CAD/CAM will N Count 32 22 >4
QI3: Do you think in the future wi o o T48% 753% 7 8%
replace all clinical and laboratory works related to 4.64 0.031*
- Count 184 65 249
prosthodontics? Yes
% 85.2% 747%  822%
BetterAesthetics Count 28 18 46 7.83 0.05*
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% 13.0% 20.7% 15.2%

Better Fitting C?’/unt |83 ?7 252 §°/ 2: I| %

Q14: What do you think are the advantages of z == = e
CAD/CAM Technology? BEterStenh e oG 33 15 48

% 15.3% 17.2% 15.8%
. . Count 116 32 148

Time Efficient % 53.7% 368%  48.8%
No Count 14 9 23

QI5: Are you interested in using the CAD /CAM % 6.5% 10.3% 7.6% 132 025
Technology in the future in your clinic? Yes Count 202 78 280 ’ ’
% 93.5% 89.7% 92.4%

*significant

Table 7 illustrates that the estimation of the Cross tabulation that 67.1% dental students were aware of the CAD/CAM

of the responses based on gender. Among the participants, 89
(41.2%) of the interns and 48 (55.2%) of the students felt
CAD/CAM technology is less precise than conventional
technology, 127 (58.8%) of the interns and 39 (44.8%) of the
students felt CAD/CAM technology is less precise than
conventional technology and Among the participants, |16
(53.7%) of the interns felt time efficient, 33 (15.3%) felt better
strength, 39 (18.1%) of them felt better fitting and 28 (13.0%)
of them felt better esthetics. 32 (36.8%) of the students felt
time efficient, 15 (17.2%) of them felt better strength, 22
(25.3%) of them felt better fitting and 18 (20.7%) of them felt
better esthetics by using CAD/CAM technology which were
found to be significant (P<0.05).

5. DISCUSSION

Dentistry has advanced from various earlier treatments such
as crude restorations made of wires and wood to the new
advancing world of digital dentistry'’. Digitization using
CAD/CAM technology has become popular and well-liked
over the past three decades. CAD/CAM technology is one of
them that has resulted in the precise and accurate fabrication
of prostheses with fewer chances of errors in the patient’s
mouth and required adjustments are done. This is
advantageous and important for both the dentist and patients.
Hence it had overcome the disadvantages of the conventional
methods especially in terms of quality, labor, and duration.'®
Hence, being the upcoming field, the undergraduate students
should be made aware of CAD/CAM technology academically
as well as practically as the future of dentistry would be
digitally driven. Therefore, a questionnaire survey was
conducted to assess the basic knowledge about CAD/CAM
technology amongst undergraduate students. In the present
study 303 dental students and interns participated, on the
other hand study by Nassani MZ ", reported that 225
undergraduate students participated. A study by Saponaro PC
et al.'"* reported that 70% of patients who received new digital
complete dentures claimed their new dentures were “better”
than their earlier set of complete dentures. The main
importance of knowing about digital technology is its
significant advantages which are patient compliance, quick and
aesthetic results. Present study showed that 85.9% of the
interns and 95.1% of the students were aware of the Digital
impression. This is in line with other studies where 68%
interns and 94.67% students are aware of digital
impression.” Modern dentistry is heading towards improved
technology which helps dental practitioners to improve the
skills and knowledge in their routine practice. Their upgraded
skills and knowledge helps them to treat the patient
proficiently.? In the present study, about 85.9% of the interns
and 95.6% of the students were aware of the CAD/CAM
technology. In contrast, a study by Maltar Todkar? reported

technology in dentistry which was little better than (64.4%)
the study conducted by the Mandar M et al in 2018. Among
the participants, 24.4% of the interns and 65.3% of the students
said  their curriculum contains CAD/CAM technology. With
slightly different results, by Palanisamy S et al in '® in 2019
reported that only 18.3% are shown  that their curriculum
contains CAD/CAM system in it. But in same study, 42% of
third year and 53.20% of final year students stated that their
curriculum contains CAD/CAM system in it, In the present
study, the majority  of the participants (43.6% of the interns
and 50.7% of the students), felt that using CAD/CAM was
more efficient. In contrast to this, study about 24.7% and
41.4% of the participants in this study have strongly agreed to
the fact that CAD/CAM fabricated crowns are far better than
the conventional fabricated crowns in all aspects, whereas
according to the survey of Nassani M Z et al, ' in 202l
reported that 28.1% of the participants agreed to the fact that
those CAD/CAM fabricated crown are much better than
those fabricated by conventional technique and 18.4%
participants stated that CAD/CAM fabricated crowns are
better and 34.3% participants stated CAD/CAM fabricated
crowns as good as those fabricated by conventional
technique. Study by Mensudar* R et al., concluded that
87.8% of the participants reported that CAD/CAM technology
has major advantages over conventional technique and
another study by Udhayaraja P* reported that 48% of the
participants revealed that time efficiency will be better and on
the other hand 20% of them felt it will be more precise.

6. LIMITATIONS OF THE STUDY
The present study had few limitations.

I. Limited sample size - For this study sample size was 303
dental students and restricted to the Makkah region of
Saudi Arabia and it is recommended to do further studies with
a larger sample size.

2. The present study was restricted to fixed prosthesis in
relation to the questionnaires and further study is required to
view the knowledge and awareness among dental students
regarding utilization of CAD/CAM technology in all aspects of
Prosthodontics.

7. RECOMMENDATIONS
I. As more Dentists are interested in learning CAD/CAM

technology, it should be added as a part of curriculum and
implemented in clinical practice too.
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2. Use of CAD/CAM technology for both chair-side and
centralized fabrication is highly recommended as it reduces
Dentist and patient contact, reduces number of appointments
and mainly the chances of cross contamination.

8. CONCLUSION

Based on the results of the study, it is observed that the dental
students and interns were aware of CAD/CAM technology,
but they lacked the clinical knowledge which can only be
imparted through hands-on experience. Hence, the
curriculum should be modified periodically to incorporate the
newer advances which will in turn improve the clinical practice
of the students.
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