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Abstract

Objectives: The present study sought to identify the perceptions of CAD/CAM in dental hygienist students and the need to 
implement CAD/CAM education. Methods/Statistical Analysis: The Convenience sampling method was used to sample 
dental hygienist students in 3-year and 4-year colleges of four universities in the Chungcheong region. The mean (SD) was 
reported for each group. Student t-test and one-way ANOVA were used to assess the statistical significance of the results, 
with post hoc tests conducted via Tukey’s HSD. p<0.05 was considered statistically significant. All analyses were done us-
ing SPSS 22.0. Findings: A total of 254 students (40.0%) responded that they were aware of CAD/CAM, although the vast 
majority of students (528, 96.4%) had no experience of using CAD/CAM. Students who have had CAD/CAM education had 
better perceptions of CAD/CAM (p<0.5). Students who have had clinical training showed more positive perceptions of den-
tal CAD/CAM education (p<.05). There was a difference in the perception of dental CAD/CAM education among different 
grade levels (p<.05), with higher grades having more positive perceptions of dental CAD/CAM education (p<.001). Students 
with better perceptions of CAD/CAM were more inclined to take CAD/CAM courses (p<.05) and had more positive per-
ceptions of dental CAD/CAM education (p<.05). Improvements/Applications: Forward dental hygienist students in the 
theory and practical training will take place to help you get a more professional and specific knowledge of the CAD/CAM. 

*Author for correspondence

1.  Introduction
Computer-aided design/Computer-aided manufactur-
ing (CAD/CAM) technology was introduced in dentistry 
in the early 1980s. This new technology, which involved 
designing the prostheses on a computer and using sub-
tractive and additive processes for manufacturing, proved 
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a useful alternative to the traditional method. Growing 
demands for safe and aesthetically satisfying dental mate-
rials has led to the use of new, high strength ceramics 
for dental prostheses, which has in turn facilitated the 
introduction of more sophisticated dental processing 
techniques and systems. Because of these concerns, digi-

Keywords: CAD/CAM, Curriculum, Dental Hygienist, Perception



Perceptions of Dental Hygienist Students toward CAD/CAM

Indian Journal of Science and TechnologyVol 9 (43) | November 2016 | www.indjst.org2

tal dentistry using CAD/CAM is one of the major focuses 
of dentistry today.

The application of CAD/CAM in dentistry has 
opened the door to the use of new dental prosthetic mate-
rials such as zirconia1,2. Diagnosis and treatment using 
high tech digital systems improves a patients’ psychologi-
cal response to treatment and quickly provide imaging 
data for the patients to view, factors that are conducive 
to improving a patients’ understanding of their dental 
conditions3. For this reason, it is important for dental 
hygienists to keep abreast of new developments in den-
tistry, learning the clinical uses of digital equipment as 
well as theories and techniques involved with using digital 
equipment4. A CAD/CAM system comprises computer-
aided abutment scanning, restoration designing, and 
processing. Treatment with this integrated system con-
siderably reduces production time and costs and resolves 
problems linked to the traditional production of dental 
restorations (e.g. issues concerning accuracy in the size of 
prostheses). In addition, CAD/CAM can process metals 
as well as zirconia. However, one considerable disadvan-
tage is that highly expensive equipment may incur high 
maintenance costs. Nevertheless, the implementation of 
high tech digital systems is still on the rise in dentistry 
today.

There have been a few reports about the perceptions 
of CAD/CAM among dental hygienists and dental tech-
nicians in the field4,5. In5 conducted a study examining 
dental technicians’ perceptions of CAD/CAM in 230 den-
tal technical laboratories located in6 in Korea. The study’s 
results indicated that 60.7% of dental technicians were 
“well aware of CAD/CAM”, and most technicians have 
received education and actually have used CAD/CAM5. A 
study that examined 393 dental technicians to investigate 
their use of digital equipment found that perceptions of 
the use of digital devices were more positive in technicians 
who have received training regarding digital equipment. 
Moreover, the perception and experiences of the training 
were significantly more favorable when their laboratories 
were equipped with digital equipment6. As shown here, 
although researchers have examined the digital literacy of 
dental hygienists and technicians in the actual field, the 
views of prospective dental hygienists, that is, students 
in departments of dental hygiene (3-year and 4-year col-

leges), are lacking in the existing literature. This is despite 
the fact that about 80 schools nationwide produce more 
than 5,500 dental hygienists annually.

Therefore, the present study seeks to examine the 
current perceptions of CAD/CAM in dental hygienist 
students to provide preliminary data for developing an 
appropriate curriculum for this topic. To this end, the 
perceptions of CAD/CAM in dental hygienist students 
in four 3-year colleges and four 4-year universities in the 
Chungcheong region were examined. The results confirm 
the need for CAD/CAM courses to be implemented in the 
major curriculum.

2.  Materials and Methods

2.1  Research Subject and Method
The present study used the non-probability convenience 
sampling method to develop a sample comprising dental 
hygienist students in two 3-year and two 4-year colleges 
in the Chungcheong region. The survey was conducted 
via a structured self-report questionnaire; the survey was 
anonymous for the ethical protection of the subjects. After 
excluding 18 questionnaires for incomplete or unreliable 
responses, 635 questionnaires were included in the final 
analysis. The study proceeded only after explaining the 
purpose and procedures of this study to the subjects 
and receiving their consents. We developed a structured 
questionnaire for this study and modified it based on that 
used in the studies by researchers4,5. The questionnaire 
comprised 6 items concerning general characteristics, 
9 items concerning perceptions of utilization of digital 
equipment among dental hygienist students, and 6 
items concerning the educational curriculum. A 5-point 
Likert scale was used for the perceptions of utilization of 
digital equipment, with higher scores indicating better 
perceptions. The data analyzed the reliability of the 
questionnaire items, and found that they were appropriate 
for this study (Cronbach’s alpha of 0.921).

2.2  Data Analysis
Statistical analyses were performed using SPSS (Chicago, 
IL, USA) 22.0. We performed descriptive statistics for 
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demographic traits, types of digital systems, and utili-
zation, and a chi square test for comparing educational 
experience with general characteristics, digital uses, and 
intent to receive education. A Student t-test and a one-
way analysis of variance were performed to examine the 
differences in perceptions of dental hygienist students 
against general characteristics, experience of digital edu-
cation, and intent to receive education (Scheffe’s post hoc 
test was performed).

3.  Results

3.1 � General Characteristics of Subjects
The subjects comprised more female students (618, 
97.3%) than male students. Most of the subjects were 
in their twenties (542, 98.9%), with only a few students 
in the 18-19 age group (3, 0.5%) or older than 30s 
group (4, 0.6%). A total of 382 students (60.2%) were in 

3-year colleges, and 253 students (39.8%) were in 4-year 
universities. In terms of grade-level, 208 (32.8%) were 
second-year students, followed by 182 (28.7%) first-year 
students, 186 (29.3%) third-year students, and 59 (9.3%) 
fourth-year students. A total of 310 students (48.8%) 
answered “yes” to the item asking if the student had an 
experience of clinical training, while the remaining 325 
(51.2%) answered “no” as seen in Table 1.

3.2  Perception of CAD/CAM
In terms of perception of the importance of CAD/CAM, 
254 students (40.0%) answered “I am aware of the impor-
tance”, followed by 188 students (29.6%) answering, “I am 
not aware of the importance”, and 193 (3.6%) answering, 
“I have no opinion”. The vast majority of the subjects had 
no experience of using CAD/CAM (612, 96.4%) and only 
a minority had used CAD/CAM (23, 3.6%) as seen in 
Table 2.

Variables Category Frequency(%)

Gender
Male 17( 2.7)

Female 618(97.3)

Age(year)

18 ~ 19 3( 0.5)

20 ~ 29 628(98.9)

30 < 4( 0.6)

School system
College(3 years) 382(60.2)

College, University 253(39.8)

Grade

Grade 1 182(28.7)

Grade 2 208(32.8)

Grade 3 186(29.3)

Grade 4 59( 9.3)

Clinical Practice 
Experience

Yes 310(48.8)

No 325(51.2)

Table 1.  General characteristics of study subjects(N=635)
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3.3 � Perception of CAD/CAM in Accordance 
with Clinical Training/School 
Curriculum

There were significant differences in the perception of 
CAD/CAM depending on whether the subjects had 
clinical training. More specifically, when subjects had 

experience of clinical training, they were more likely 
to answer, “Dental CAD/CAM would contribute to 
advances in dental medicine” (p<.001), and had posi-
tive perceptions of education pertaining to dental CAD/
CAM (p<.05). In addition, there was a significant differ-
ence in the items “receptive attitude toward CAD/CAM” 

Variables Category Frequency(%)

CAD/CAM
Importance

Know 254(40.0)

Usually 193(30.4)

Unknown 188(29.6)

CAD/CAM
Operating Experience

Yes 23( 3.6)

No 612(96.4)

Table 2.  Perception of CAD/CAM

Variable Item P

CAD/CAM
Experience

It has a receiving attitude with respect to the Dental 
CAD / CAM .011

Think positively and for training in Dental CAD / CAM. .002

Dental CAD / CAM are helpful in the development of dental 
industry .000

Have interest in high-tech medical equipment. .437

If given the opportunity I want to go completed the training for the 
Dental CAD / CAM. .029

Table 3.  Difference of the perception of CAD/CAM according of the experience & School 
system
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and “I want to take CAD/CAM courses if I have the 
opportunity” depending on whether the subjects had an 
experience of clinical training. In terms of the effects of 
school curriculum on the perception of CAD/CAM, there 
was a significant difference in the item “I want to take 
CAD/CAM courses if I have the opportunity” (p<.05) but 
not in other items as seen in Table 3.

3.4 � Grade-Specific Perception of CAD/
CAM

We examined the difference of perceptions of CAD/
CAM depending on the subjects’ grade level. The findings 
showed that there were significant differences in the item 
“I have positive opinions about CAD/CAM education” 

CAD/CAM
School system

It has a receiving attitude with respect to the Dental 
CAD / CAM .054

Think positively and for training in Dental CAD / CAM. .077

Dental CAD / CAM are helpful in the development of dental 
industry. .425

Have interest in high-tech medical equipment. .070

If given the opportunity I want to go completed the training for the 
Dental CAD / CAM. .007

Table 3 Continued

Item Description Grade(I) Grade(J) *M.D(I-J) P

Think positively and for training in 
Dental CAD / CAM.

1
2
3
4

.020
-.179
-.403

.994

.092

.001

2
1
3
4

-.020
-.199
-.423

.994

.052

.001

3
1
2
4

.179

.199
-.224

.994

.052

.001

4
1
2
3

.403

.423

.224

.994

.052

.001

Table 4.  Difference of the perception of CAD/CAM according of grade
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between first-years and fourth-years (p<0.05), second-
years and fourth years (p<0.05), and third-years and 
fourth-years (p<0.05). Furthermore, there were signifi-
cant differences in the answers of first-years, second-years, 
and third-years compared to fourth years, in the item “I 
will take CAD/CAM courses if I have the opportunity” 
(p<0.05), indicating a grade-specific difference in percep-
tions of CAD/CAM as seen in Table 4.

3.5 � Perception of CAD/CAM in Accordance 
with Whether Subjects Received CAD/
CAM Education

When we examined the perceptions of CAD/CAM 
depending on whether the subjects received CAD/CAM 
education, we found that subjects who have had an expe-
rience of CAD/CAM education show a more receptive 
attitude toward CAD/CAM (p<0.05) and perceive that 

If given the opportunity I want to go 
completed the training for the Dental 

CAD / CAM.

1
2
3
4

.040
-.094
-.456

.964

.684

.001

2
1
3
4

.040
-.094
-.456

.964

.405

.000

3
1
2
4

.094

.134
-.362

.684

.405

.016

4
1
2
3

.456

.495

.362

.001

.000

.016

*M.D=Mean Difference

Table 4 Continued

Item Description Mean P

It has a receiving attitude with respect to the Dental 
CAD / CAM. .325 .016

Think positively and for training in Dental CAD / CAM. .205 .120

Dental CAD / CAM are helpful in the development of dental industry. .308 .029

Have interest in high-tech medical equipment. .101 .486

If given the opportunity I want to go completed the training for the 
Dental CAD / CAM. .197 .178

Table 5.  Difference of the perception CAD/CAM according of education status
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CAD/CAM will contribute to advances in dental field 
(p<.05). However, there were no significant differences in 
accordance with experience of education in other items 
as seen in Table 5.

4.  Discussion
Today, the application of computer-aided design/com-
puter-aided manufacturing (CAD/CAM) technology in 
digital dentistry significantly affected the dental labora-
tory and clinical practices. The objective of this study 
was to examine the perceptions of CAD/CAM in dental 
hygienist students in order to assess the need for major 
courses and to provide preliminary data for developing 
CAD/CAM curriculum in the future. Dental CAD/CAM 
technology has advanced remarkably in the past thirty 
years, rendering computer-aided production of dental 
restorations a norm in dentistry. CAD/CAM is utilized 
beyond dental clinics, constituting a critical technology 
in dental technical laboratories and production centers; 
applications include the production of various dental res-
torations, including inlays, onlays, crowns, fixed partial 
dentures, metal structures of removable partial dentures, 
complete dentures, dental implants, implant abutments, 
and maxillofacial prostheses7-10. With the rapid advances 
in the medical field, the medical knowledge of patients 
and their demands for quality of service have also grown. 
Although patient satisfaction can be improved in various 
ways, one way would be to implement high-tech equip-
ment to provide more accurate, but quicker, treatment for 
patients, to alleviate any inconveniences. Dentistry has 
mobilized CAD/CAM equipment in order to produce 
accurate and aesthetically outstanding dental prostheses 
more quickly and digital systems are increasingly being 
implemented to provide quality dental service to patients. 
The CAD/CAM system is particularly useful as it short-
ens the production time for anterior aesthetic restorations 
as well as for posterior prostheses using zirconia. Because 
of these benefits, a growing number of dental clinics are 
using CAD/CAM systems, despite the extravagant costs. 
CAD/CAM is a groundbreaking technology in dentistry. 
CAD/CAM has enabled the use of intra-oral digital 
scanners, which reduce patients’ discomfort, pain, and 
treatment duration. CAD/CAM also minimizes errors 

that arise from the chain of production processes and 
standardizes clinical and constructive techniques. Digital 
impressions resulted in a more time-efficient technique 
than conventional impressions. Patients preferred the 
digital impression technique rather than conventional 
techniques11.

Despite the growing availability of CAD/CAM in 
dental clinics, only a minority of dental hygienists utilize 
CAD/CAM in clinics4. Dental hygienists are professionals 
performing a critical role in dental treatment, and thus, 
it is essential that the profession adapts to the rapidly 
advancing high tech digital systems utilized in clinics. In 
a recent study, dental and dental hygiene students showed 
their strongest preference for e-resources that included 
3D graphics12. The requirement for improved education 
of dental hygienists in this field is clear, but such pro-
grams are rarely implemented in reality. One important 
reason is a discrepancy between the skills demanded in 
clinics and the current dental hygiene curriculum. For 
this reason, many dental hygienist students do not even 
know what CAD/CAM is, let alone use it. When these 
students graduate and begin working at clinics, they are 
challenged with mastering the advanced systems of CAD/
CAM, and this may hinder rapid adaptation to their work. 
Therefore, it is important to promote awareness of CAD/
CAM among dental hygienist students and to provide 
CAD/CAM education to foster the appropriately trained, 
technological adept dental hygienists demanded by den-
tistry today.

According to this study’s findings, 254 students 
(40.0%) were aware of the importance of CAD/CAM 
while 188 students (29.6%) were not. In addition, there 
were significant differences in perceptions of CAD/CAM 
depending on students’ grade level and whether or not 
they had received clinical training. For example, fourth 
grade students had the highest perception of CAD/CAM 
because of their clinical experience and more in depth 
knowledge.

Perceptions of CAD/CAM were also significantly dif-
ferent in accordance with education, with students who 
have had CAD/CAM education having better percep-
tions of CAD/CAM. It is presumed that this is because 
of students learning about the usefulness of CAD/CAM 
during their education. In addition, students with better 
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perceptions of CAD/CAM were more inclined to take 
CAD/CAM courses and had more positive perceptions of 
dental CAD/CAM education. These findings call for the 
development of major courses pertaining to CAD/CAM 
in accordance with the growing perceptions of CAD/
CAM in dental hygiene students.

According to4 and5, most dental technicians (60.8%) 
were “well aware” of CAD/CAM, but only 39.1% of den-
tal hygienist students were simply “aware” of CAD/CAM, 
showing a considerable difference of awareness between 
dental technicians and hygienists. Furthermore, while 
most dental technicians answered that they had experi-
ences with CAD/CAM and its education, most dental 
hygienist students (96.4%) answered that they have not 
been exposed to CAD/CAM or CAD/CAM education. 
In a study examining dental hygienists’ perceptions of 
the use of digital equipment, dental hygienists who had 
received education pertaining to digital equipment had 
significantly better perceptions4; in agreement with these 
findings, the present study also found that dental hygienist 
students who have had CAD/CAM education have better 
perceptions of CAD/CAM. Therefore, the theoretical and 
clinical portions of the current dental hygiene curricu-
lum, which fosters prospective dental hygiene clinicians, 
should be restructured to keep abreast with advances in 
the field; in particular, schools and clinics should collabo-
rate to establish an educational environment that trains 
dental hygienist students, using high tech medical equip-
ment such as CAD/CAM.

This study has a limitation in that it only exam-
ined dental hygienist students of four schools in the 
Chungcheong region, limiting the generalization of our 
results to all dental hygiene students. Furthermore, we 
did not compare our results with those of other various 
cases, and so, we were not able to obtain accurate results. 
Nevertheless, this study has shed some light on the per-
ceptions of CAD/CAM systems among dental hygiene 
students, and we hope that this information will provide a 
fundamental basis for devising a curriculum that includes 
CAD/CAM in the future. As argued by5, perceptions of 
CAD/CAM are significantly altered by the use of and 
by the knowledge of CAD/CAM; thus, schools should 
implement theoretical and clinical training to impart 
professional and specialized knowledge to dental hygien-

ist students, who will become dental clinicians in the near 
future. In addition, follow-up studies should investigate 
means to advance CAD/CAM so as to utilize this system 
in more diverse fields.

5.  Conclusion
The present study sought to identify the perceptions of 
CAD/CAM in dental hygienist students and the need to 
implement CAD/CAM education. The non-probability 
convenience sampling method was used to sample dental 
hygienist students in 3-year and 4-year colleges of four 
universities in the Chungcheong region. The conclusions 
are as follows:

•	 A total of 254 students (40.0%) responded that 
they were aware of CAD/CAM, although the vast 
majority of students (528, 96.4%) had no experi-
ence of using CAD/CAM.

•	 Students who have had CAD/CAM education had 
better perceptions of CAD/CAM (p<0.5).

•	 Students who have had clinical training showed 
more positive perceptions of dental CAD/CAM 
education (p<.05).

•	 There was a difference in the perception of den-
tal CAD/CAM education among different grade 
levels (p<.05), with higher grades having more 
positive perceptions of dental CAD/CAM educa-
tion (p<.001).

•	 Students with better perceptions of CAD/CAM 
were more inclined to take CAD/CAM courses 
(p<.05) and had more positive perceptions of den-
tal CAD/CAM education (p<.05).
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