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Abstract

Background Dental technologies have increasingly been implemented in orthodontic practice to offer better
experiences for orthodontists and patients, however, there is no scientific evidence yet whether which technologies
should be implemented into the postgraduate programs.

Objectives To investigate perceptions of orthodontic residents toward the confidence and importance of dental
technologies, as well as to determine their necessity in postgraduate programs.

Materials and methods The online questionnaire was designed to collect data from residents from all accredited
orthodontic postgraduate programs in Thailand. The questionnaire consisted of four sections, which were (1)
demographic data, (2) self-perceived importance of orthodontic technologies, (3) self-perceived confidence toward
orthodontic technologies, and (4) the necessity of orthodontic technologies in postgraduate programs. The data were
analyzed using descriptive statistics, Spearman correlation, and a chi-square test.

Results Intraoral scanner was found to be an orthodontic technology with the highest scores for both self-perceived
importance (4.37+0.59) and confidence (4.23+0.75), followed by cone-beam computed tomography, digital
treatment planning software, and lab-produced aligners. These orthodontic technologies were also considered as
mandatory in orthodontic postgraduate programs. CAD/CAM technologies appeared to be least important, and

their training may be arranged as short course training. There was no significant influence of training locations on

the necessity of all orthodontic technologies (P> 0.05), except CBCT. Self-perceived importance and confidence in all
technologies were found to have significant positive correlations (P <0.05), except teledentistry and in-office aligners.

Conclusion Orthodontic technologies were perceived as important in clinical workflow. Intraoral Scanners, CBCT,
digital treatment planning software, lab-produced aligners, and digital modeling software appeared to be necessary
for clinical practice and should be considered for orthodontic postgraduate programs, while other technologies
may be arranged as short course training. Further research should investigate how to arrange and organize training
sessions in orthodontic postgraduate programs.
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Introduction

Dental technology has been increasingly employed in
modern dentistry to improve the quality of treatment and
working performance, by offering a wide range of ben-
efits for both professionals and patients through faster
processing, higher precision, and greater efficacy [1, 2].
Dental procedures currently are modernized through
the implementation of technology such as digital radiog-
raphy, impression taking, and treatment planning soft-
ware [3-5]. These technologies have also been adopted
in orthodontic practice to offer better experiences for
orthodontists and patients, such as rapid result analysis
and accurate treatment outcomes [6, 7]. Therefore, there
seems to be an increasing use of technology-enhanced
dental procedures in orthodontic practice.

Not only cone-beam computed tomography (CBCT)
but also intraoral and facial scanning technology have
become essential in orthodontic diagnosis and treat-
ment planning, as these facilities can enhance a diag-
nostic workflow and patient communication through
tooth movement simulations in order to create a virtual
treatment plan [8-10]. They could offer 3D visualiza-
tion to take the place of 2D traditional methods, where
orthodontists could discuss virtual treatment outcomes
with their patients. In addition, 3D printing technolo-
gies can be employed in clinical practice for orthodontic
appliance fabrication [11, 12]. Clear aligners, robotically
formed archwires, and custom brackets could be fabri-
cated by computer-aided design/computer-aided man-
ufacture (CAD/CAM) and 3D printing technology
[13-17]. These orthodontic technologies can significantly
reduce chair time of orthodontists with the enhancement
of treatment quality.

Despite an increasing use of orthodontic technologies,
there are challenges to adopt them in clinical practice.
These barriers and difficulties may result from social and
personal perceptions of orthodontic innovation [18]. In
other words, technology adoption in orthodontic prac-
tice could be affected by the recognition of its impor-
tance among orthodontists and patients. In addition, the
competence and confidence of orthodontists could have
influence on how they would implement technology in
their practice [19]. Consequently, to promote the use
of orthodontic technologies, it is necessary to enhance
both self-perceived importance and confidence among
orthodontists.

Orthodontists can become more confident and compe-
tent in adopting technology through a number of train-
ing formats. Conferences, workshops, and continuing
education courses can be arranged for orthodontists to
learn about new technologies and how to use them effec-
tively [20]. The implementation of technology training
in orthodontic postgraduate programs could be another
option, as it allows residents to feel more confident in
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their practice. However, no scientific evidence has yet
reported whether which technologies should be imple-
mented into postgraduate programs, where their time-
frame for graduation is limited. Therefore, this research
was conducted to investigate perceptions of orthodontic
residents toward the importance and confidence of den-
tal technologies, as well as to determine their necessity
in postgraduate programs. The findings retrieved from
this study would allow instructors or educators to design
appropriate content of technology trainings for orth-
odontic curriculum.

Materials and methods

This study employed a quantitative cross-sectional
research design, using an online questionnaire as a data
collection tool. The data collection process was con-
ducted between October 2022 and February 2023. The
ethical approval for the study was waived by the Insti-
tutional Review Board of Faculty of Dentistry and Fac-
ulty of Pharmacy, Mahidol University on 31st August
2022, the ethical approval number: MU-DT/PY-IRB
2022/040.3108.

The research participants were included if they were
residents from all accredited orthodontic postgradu-
ate programs in Thailand. However, they were excluded
if they had trained in their programs for more than five
years, as they might have had much experience with
those technologies, compared to other respondents.
The sample size was calculated using a formula for finite
population. To achieve the 95% confidence interval with
a margin of error at 4%, 108 orthodontic residents were
expected to complete and return the questionnaire. Two
reminders were sent at three-week intervals to enhance a
response rate.

The questionnaire was constructed, based on previous
literature regarding the use of technologies in orthodon-
tic practice [21-23]. The questionnaire consisted of four
sections, which were (1) demographic data, (2) self-per-
ceived importance toward orthodontic technologies, (3)
self-perceived confidence toward orthodontic technolo-
gies, and (4) the necessity of orthodontic technologies
in postgraduate programs. Parts 2 and 3 were designed
using a 5-point Likert scale, where 1 being not at all
important/confident and 5 being very important/confi-
dent, while Part 1 and 4 were checklists (Supplementary
material 1).

To assure the quality of questionnaire design, it was
piloted to confirm its validity and reliability. Content
validity was performed with three experts in orthodon-
tic technologies, where the questionnaire was iteratively
revised until each item achieved the index of item-objec-
tive congruence higher than 0.5. The validated version
of the questionnaire was then piloted in 30 respondents
to perform a test-retest reliability using an intraclass
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correlation coefficient (ICC), where the values of all items
ranged from 0.73 to 0.91.

The data retrieved from the questionnaire were ana-
lyzed with the Statistical Package for Social Sciences
software (SPSS, version 28, IBM Corp., Armonk, NY).
Descriptive statistics were conducted to demonstrate
an overview of the data. Spearman correlation was per-
formed to determine correlations between self-perceived
importance and confidence. The impact of training loca-
tions on the necessity of technologies in orthodontic cur-
riculum was investigated with a chi-square test.

Results

Research respondents

There were 112 orthodontic residents who completed
and returned the questionnaire, resulting in a response
rate of 86.15%. Of these, 36 were males (32.14%), and 76
were females (67.86%). The average age of responders was
26.97 (SD=0.28) years old. More than half of residents
(53.57%) were training outside Bangkok (the capital city),
while 46.43% were in Bangkok.

Self-perceived importance and confidence toward
orthodontic technologies

‘Intraoral scanner’ was found to be the highest score of
both self-perceived importance (4.3720.59) and con-
fidence (4.2310.75), followed by ‘CBCT, ‘digital treat-
ment planning software, and ‘lab-produced aligners!
The respondents also tended to considered these four
technologies to be trained as mandatory in orthodontic
curricula, rather than short course training. ‘CAD/CAM
brackets’ seemed to be the technology perceived by the
respondents as least important and confident. These
results were demonstrated in Table 1.
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Impact of training locations on necessity of dental
technologies in orthodontic curriculum

Training locations were not found to have significant
influence on the necessity of all orthodontic technolo-
gies in postgraduate curriculum (P>0.05), except CBCT
which was perceived by residents trained in the capital
city as more necessary in their programs (P<0.01), as
presented in Table 2.

Correlations between self-perceived importance and
confidence

There were significant positive correlations between self-
perceived importance and confidence in all technologies
(P<0.01), except teledentistry and in-office aligners. Cor-
relation coefficients of all technologies demonstrated low
to moderate correlations (Table 3).

Discussion

Orthodontic technologies were considered as impor-
tant by residents in clinical workflow, as demonstrated
by self-perceived importance across all technologies, as
they could offer rapid result analysis and accurate treat-
ment outcomes [1, 18, 24]. Intraoral scanners were per-
ceived by orthodontic residents as most important and
confident. This technology has shown its efficiency in
terms of higher accuracy and patient comfort compared
to conventional approaches [6, 19, 25-27]. On the other
hand, CAD/CAM brackets achieved the lowest rating in
both perceptions. This technology was found to be rec-
ognized at a lower level compared to others due to their
high cost and insignificant impact on clinical practice
workflow [28-30]. In addition, there is evidence dem-
onstrating a longer treatment duration (a number of
visits) and questionable quality of treatment outcomes
for orthodontic treatment with CAD/CAM bracket
[31, 32]. Consequently, efficacy of clinical workflow and
patient experiences appeared to be key considerations for

Table 1 Self-perceived importance, self-perceived confidence, and necessity of orthodontic technologies

Technology Self-perceived Self-perceived Training
importance confidence Mandatory in curriculum  Short
Mean (SD) Mean (SD) n (%) course
training
n (%)
Intraoral scanners 4.37(0.59) 4.23(0.75) 98 (87.5%) 14 (12.5%)
CBCT 4.29(0.61) 3.77 (0.90) 100 (89.29%) 2(10.71%)
Digital treatment planning software 4.27 (0.63) 3.64 (0.83) 102 (91.07%) 10 (8.93%)
Lab-produced aligners 4.20 (0.64) 3.64 (0.85) 100 (89.29%) 2 (10.71%)
Digital modeling software 4.03 (0.82) 3.29(1.03) 91 (81.25%) 21 (18.75%)
3D printing 3.89(0.84) 3.41(0.95) 83 (74.11%) 29 (25.89%)
In-office aligners 3.88(0.74) 3.16 (1.00) 94 (83.93%) 8 (16.07%)
Teledentistry 3.66 (0.82) 3.13(0.87) 68 (60.71%) 44 (39.29%)
Extraoral scanners 3.49 (0.83) 3.24(1.02) 73 (65.18%) 39 (34.82%)
CAD/CAM wires 336 (091) 2.75 (1.06) 66 (58.93%) 46 (41.07%)
CAD/CAM brackets 3.29(0.94) 2.70 (1.05) 64 (57.14%) 48 (42.86%)
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Table 2 Impact of training locations on necessity of orthodontic
technologies
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Table 3 Correlations between self-perceived importance and
confidence

Technology Training Mandatory in Short P-
locations curriculum course val-
(n) training ue
(n)
Intraoral In the capital 43 9 0.152
scanners city
Outside the 55 5
capital city
Extraoral In the capital 29 23 0.052
scanners city
Outside the 44 16
capital city
CBCT In the capital 42 10 0.007
city
Outside the 58 2
capital city
3D printing In the capital 40 12 0.527
city
Outside the 43 17
capital city
CAD/CAM wires In the capital 31 21 0.891
city
Outside the 35 25
capital city
CAD/CAM In the capital 29 23 0.784
brackets city
Outside the 35 25
capital city
Digital model-  In the capital 46 6 0.069
ing software city
Outside the 45 15
capital city
Digital treat- In the capital 47 5 0.535
ment planning  city
software QOutside the 55 5
capital city
Teledentistry In the capital 30 22 0.542
city
Outside the 38 22
capital city
In-office aligner In the capital 44 8 0.854
city
Outside the 50 10
capital city
Lab-produced  In the capital 46 6 0.793
aligners city
Outside the 54 6
capital city

orthodontists to adopt new orthodontic technologies for
their practice.

Significant correlations between self-perceived impor-
tance and confidence were also revealed in most of the
orthodontic technologies except teledentistry and in-
office aligners. In other words, the respondents tended to
rate their self-perceived confidence of an individual tech-
nology higher when they perceived it as more important.

Correlations between
self-perceived importance
and confidence

Technology

r P-value
Intraoral scanners 0.362 0.000
Extraoral scanners 0.392 0.000
CBCT 0339 0.000
3D printing 0415 0.000
CAD/CAM wires 0428 0.000
CAD/CAM brackets 0481 0.000
Digital modeling software 0412 0.000
Digital treatment planning software 0279 0.003
Teledentistry 0.162 0.087
In-office aligners 0.154 0.102
Lab-produced aligners 0314 0.001

Teledentistry and in-office aligners have currently
become important in orthodontic practice [33-36],
however they might have not yet been implemented in
postgraduate programs. There is evidence reporting that
orthodontists tended to implement orthodontic technol-
ogies into their practices although they felt sensitive to
potential obstacles if they recognized their benefits [37].
Experiences and perceived values can drive the motiva-
tion of adopters and then influence their decision to
adopt a new technology [38]. Orthodontic residents with
higher level of confidence and competence tended to
implement digital technology in their practice [19]. Con-
sequently, training of orthodontic technologies should be
arranged in postgraduate curricula, allowing residents
have more competence and confidence.

The majority of technologies were perceived as neces-
sity in clinical practice, as residents tended to considered
them as mandatory in orthodontic curricula. Although
there is a possibility that participants who practiced in a
capital city tended to have higher importance and con-
fidence due to the disparity in technology accessibil-
ity between the city and remote areas [39, 40], training
locations were not found to have impact on the necessity
of all orthodontic technologies in this research, except
CBCT. The residents who were trained outside the capi-
tal city perceived CBCT as more necessary than those
trained in Bangkok. As there are very few dental offices
with CBCT outside the capital city, the residents who
were trained there might have been exposed to CBCT
experiences. Consequently, CBCT was perceived as more
necessary among orthodontic residents who were trained
outside the capital city.

In terms of orthodontic education, the findings would
allow instructors or educators to design appropriate
technology trainings for their curriculum. With a lim-
ited timeframe of three-year period, orthodontic tech-
nologies could be selected from most to least important,
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according to the concept of outcome-based education
[41]. For instance, intraoral scanners, CBCT, digital
treatment planning software, lab-produced aligners, and
digital modeling software appeared to be technologies
required for orthodontic postgraduate programs. Digital
treatment planning software or tooth movement simula-
tion can also be implemented as an interactive learning
tool [42]. These technological facilities can be considered
as educational resource in the evaluation of curriculum
quality [43]. Other technologies can be arranged as short
course training, where orthodontists or residents may
opt to attend based upon their interest.

This research purposed to gather information from
orthodontic residents rather than orthodontists, as they
were being trained in dental schools, so their responses
could directly reflect the current practice of orthodon-
tic curricula. However, orthodontic residents might not
have global perspectives and awareness to consider the
importance of these technologies, and therefore further
research should extend a survey to experienced ortho-
dontists. They would also be able to provide information
regarding the limitations and necessity of digital ortho-
dontics in clinical practice outside university settings. In
addition, due to the limitation of quantitative research,
qualitative studies should be further required to gather
in-depth information to enhance the understanding of
this topic. In addition, as this research revealed perceived
importance and confidence of residents toward orth-
odontic technologies, further research should investigate
appropriate training formats of these technologies.

Conclusions

Orthodontic residents tended to perceive technologies
as important in clinical workflow. However, each tech-
nology was not considered as important at the same
level. Intraoral Scanners, CBCT, digital treatment plan-
ning software, lab-produced aligners, and digital model-
ing software appeared to be necessary, and their training
should be arranged orthodontic postgraduate programs.
Other orthodontic technologies may be arranged as short
course training due to a limited timeframe of postgradu-
ate curricula. However, further research should inves-
tigate how to effectively arrange and organize training
sessions for residents to experience those orthodontic
technologies in their clinical practice.
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