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ABSTRACT

AIMS: Digital dentistry is not the wave of the future, it is happening now. Whether a dentist embraces the new
technology determines the quality of treatment and possibly his future; for this reason, dentists and medical
centers have no choice but to use and become familiar with digital dentistry. The present study aimed to
investigate the cost-effectiveness of setting up a digital dental laboratory for a dental clinic and ultimately use
its results to make better decisions about setting up this department.

MATERIALS AND METHODS: The present cross-sectional-analytical study was conducted with the
participation of 10 dental laboratory technicians and dental equipment stores, as well as 108 dentists and
other dental department staff of several military centers in Tehran in 2024. In the first stage, a briefing plan for
a prosthetic department with a digital approach was developed. Then, a questionnaire was developed based
on the study of Bowen et al. to assess the opinions of dentists and dental department officials, and its validity
and reliability were evaluated by 10 general dentists or dental prostheses specialists. Then, after reading the
summary of the briefing plan, the participants answered the questions of the standardized questionnaire.
Data were analyzed using SPSS 27.0.01 software and independent t-test. Before performing statistical tests,
the assumption of normality of the total score distribution was examined using Shapiro-Wilk and Kolmogorov-
Smirnov tests.

FINDINGS: In the prepared justification plan, the investment cost required to launch a digital dental
department was estimated at 10 billion Tomans, and then profitability indicators were calculated, and all
indicators were assessed as appropriate (accumulated profit and loss of the first to fourth year in terms of
million Rials, 16,096 and 58,059 and 140,239 and 276,621, respectively, as well as an internal rate of return
of 60 percent and a payback period of 3 years). In the survey, participants predicted a high need for this
department (76.8 percent of people) and a high use of the services provided by dentists in this center (86.4
percent). On the other hand, based on the participant’s perspective, technical ability (65.7 percent of people),
the ability to provide the necessary environment (60.9 percent of people), and the ability to provide financial
resources for the initial investment (52.8 percent of people) were the limitations in launching a digital dental
department, respectively.

CONCLUSION: Based on the developed plan, a review of service statistics, and then calculating the cost-income
ratio, financial indicators assess the appropriateness of establishing such a center.
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INTRODUCTION

Digital advances in dentistry have three main
focuses: CAD/CAM systems, digital imaging, and
data management and storage systems [1]. The
history of digital dentistry can be traced back to
the 1970s when the first computed tomography
(CT) scanner was introduced [2]. Digital
radiography, first introduced in the late 1980s,
revolutionized the imaging field, increasing image
quality and evolving from phosphor plate imaging
to cone beam computed tomography (CBCT) and
new generations of intraoral scanners [3]. With
intraoral scanners and images on the screen,
explaining treatment options to patients has
become simpler. The patient and dentist are more
comfortable in the data collection process. Plaster
casts/spatial models are replaced by digital files
that are easily archived, and the data can be reused
at any time for various reasons [4].

In the 1980s, the first CAD/CAM system for
dental prostheses was introduced, allowing for
computer-aided design (CAD). CEREC was the
first commercial CAD/CAM system that allowed
for the delivery of restorations on the same day
of treatment in the office [5]. CAD/CAM systems
revolutionized the design and manufacture of
prostheses, models, and other devices. Early
systems could only produce inlays. Today, there
seems to be no limit to the types of prostheses that
can be produced, from simple inlays to complete
edentulous dentures, orthodontic appliances,
implant-related components, and simple and
complex surgical guides [6].

Office and clinic management software allows
for recording patient demographics, scheduling
appointments, interacting with insurance
companies, initiating and tracking billing, and
generating reports. In parallel, electronic patient
records provide a digital version of patient-
centered clinical information, changes, and
tracking of patients’ health, facilitating care
assessments, and extracting data for research [7].
Mirani et al. conducted a study to examine the
barriers to establishing and expanding electronic
health records in Iran. According to respondents,
technical barriers are the most important of
all barriers to establishing and implementing
electronic health records. Financial barriers and
ethical-legal barriers are ranked second and third,
respectively, and individual and organizational
barriers are ranked fourth and fifth, respectively
[8]. Prager et al. studied digital workflows in
dental schools in the United States and Canada. In
this study, which included 54 schools, 50 schools
used CAD/CAM, while all schools used intraoral
scanners. The extent of CAD/CAM use varied
among students, largely due to the limited number

of these machines [9].

Muhlemann et al. conducted a study to investigate
the use of digital technology in dentistry in
Switzerland. After sending a questionnaire to all
dentists, 40% of dentists responded, of which
23% used CAD/CAM. The study found that the
use of digital technologies was directly related to
the following: the dentist’s young age, the time
of opening the practice, the extent of expansion
of the treatment area, and the size of the practice
or clinic [10]. Yoshiki Ishida et al. examined the
use of CAD/CAM systems in the fabrication of
complete and partial dentures at dental schools in
the United States. Of the 52 universities studied,
54% of the general department and 65% of the
specialized department used these systems for
complete dentures, while the percentages were
37% and 47% for partial dentures. The most
important limitations in the use of these systems
for these dentures were budget, resources, time,
and expertise, respectively [11].

In recent years, digital systems in dentistry have
advanced rapidly, to the point that some countries,
such as Japan, have included services provided
with these systems in insurance coverage since
2014 [12]. The move towards digital dentistry
will happen to every dentist sooner or later [13].
Since the use of digital systems does not conflict
with traditional systems and many dentists do
not currently provide their services with digital
systems, it was decided that in this plan, the
launch of a complete prosthetic department with
a digital approach that can also traditionally
provide services should be investigated. One of
the methods of measuring financial performance
is the use of key financial performance indicators.
Financial performance indicators are used to
ensure the performance of the company and also
to compare similar companies in the industry or to
compare industries or sectors in the entire market
[14].

Setting up a digital dentistry department in dental
centers requires a feasibility study and review
of the facilities and equipment required to set
up a digital department in a dental treatment
center, as well as an assessment of the cost-
effectiveness and cost-effectiveness of setting up
this department. A feasibility study is generally
referred to as a study that helps researchers enter
into a full-scale intervention based on it [9]. In
other words, a feasibility study shows whether an
intervention is suitable for the next stages or not.
In this study, to obtain the answer to this question,
8 basic dimensions were mentioned that should
be examined in a feasibility study: acceptability,
feasibility, demand, practicality, compatibility,
integration, scalability, and limited effectiveness
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[15].

Emilie Mgller et al. conducted an observational
feasibility study to investigate the feasibility
of implementing a new technology called OR
Black Box in Danish hospitals. In this study,
eight dimensions were examined: acceptability,
feasibility, demand, practicality, adaptability,
integration, scalability, and limited effectiveness
[16].

It seems that the launch and use of modern CAD/
CAM systems in the dental department of police
medical centers is not without merit and can help
improve the medical services provided and the
satisfaction of patients and therapists working in
these centers. In this study, a justification plan for
launching a digital dental department was written
based on the services provided in previous years.
The following questions are the basis of feasibility
studies: Is it technically possible to carry out the
project? Is it possible to implement the project
given the resources available or absorbable in the
organization? In economic terms, will the income
from research and implementation of the project
exceed its costs and the cost of not using other
projects, and is it fundamentally economical? Will
the organization be able to implement and benefit
from the project within the desired timeframe?
Therefore, it can be said that by asking these
questions, the feasibility of the selected projects
was assessed in terms of technology, economy,
legality, operation, and time.

MATERIALS & METHODS

This study is a cross-sectional study that was
conducted in an observational-analytical manner
in several military centers in Tehran in 1403. In the
first stage, with the help of prosthetic technicians
and dental equipment sales centers, a justification
plan for a prosthetic department with a digital
approach was written. Then, a questionnaire
based on the study by Bowen et al. [15] was
developed to assess the opinions of dentists and
dental department officials, and its validity and
reliability were conducted by 10 general dentists
and dental prosthetic specialists.

To quantitatively examine the content validity, two
coefficients of content validity (CVR) and content
validity index (CVI) were used. To determine the
CVR, the questionnaire was provided to 10 experts
and experts and they were asked to evaluate
each item based on a three-point Likert scale of
“necessary”, “useful but not necessary” and “not
necessary”. In this study, based on the number of
experts was 10, and questions with a CVR higher
than 0.6 were kept and the rest were deleted.
CVI was evaluated based on Waltz and Bausell’s
content validity index. The questionnaires were
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administered to 10 dental professionals and
experts on the research topic and they were
asked to rate the questionnaire questions on
three criteria (relevance, simplicity, and clarity)
and a four-point Likert scale (irrelevance,
somewhat relevance, relevance, and complete
relevance). To calculate CVI for each question,
first, the total number of agreeable scores (i.e.,
the sum of ratings 3 and 4) for each criterion
(relevance, simplicity, and clarity) was divided by
the total number of voters, and then the average
of the numbers obtained was calculated. Finally,
questions with CVI values higher than 0.79 were
kept and the remaining questions were removed
from the set of questions. To assess reliability,
Cohen’s Kappa coefficient method was used and
10 participants answered the questions one week
apart. Finally, questions that received a coefficient
of more than 0.6 remained in the answer sheet.
Finally, participants answered the standardized
questionnaire questions after reading the
summary of the explanatory plan. The present
study was conducted with the participation of 108
dentists and other dental department staff.
Ethical considerations: This project was reviewed
and approved by the Deputy of Health, Relief and
Treatment of the Police Command of the Islamic
Republic of Iran - Shahid Beheshti University of
Medical Sciences with the ethics code IR.SBMU.
TEB.POLICE.REC.1403.014, and all ethical
considerations were taken into account.
Statistical analysis: The data collected in the
feasibility study were analyzed using the Comfar
software. The data collected in the survey were
analyzed using the SPSS 27.0.01 program. The
independent t-test was used in inferential
statistics.

FINDINGS

Financial indicators of the investment plan

The total investment cost of the project was
estimated at 178,871 million rials, of which about
90,000 million rials were fixed investment and
about 88,871 million rials were working capital.
Of the total project cost of 178,871 million rials,
about 106,131 (the sum of the fixed investment of
the first 6 months of the project and the working
capital of the first year of operation) was required
at the beginning of the investment, and the rest
will be provided in the following years through the
accumulated profit of the project. The estimated
cost of this project is included in Table 1.
According to statistics, prosthetic services were
provided in 2023 in three dental centers affiliated
with this military center in Tehran, including
Imam Ali Dental Center, Ghaem Clinic, and the
dental department of Vali Asr Hospital, a total of 20
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thousand services were performed in these three
centers (Table 2). Services provided include: PFM
crowns for teeth or implants, zirconia crowns for
teeth or implants, post casting, cobalt-chromium
(Co-Cr) removable partial dentures, dentures, and
implant-based overdentures.

Table 1) Estimated investment costs of the project
(amounts in million rials)

Row Description Total investment
1 Office mortgage 30,000
2 Machinery and equipment 47,000
3 Vehicles 800
4 Office furniture and fixtures 1,700
5 Miscellaneous and unforeseen 8,500
- Total fixed assets 88,000
6 Before operation 2,000
- Total fixed investment 90,000
7 Working capital during operation 88,871
- Total investment 178,871

Table 2) Prosthetic services provided in dental

centers
Medical . Number of
Row Service Name .
Center Services
1 PFM veneer (base and pontic) 4635
2 Casting post 2914
3 . Dental half-handpiece 266
—— Imam Ali
4 Dental Clinic Cobalt chrome 307
5 Implant prosthe.51s (base and 2805
pontic)
6 Overdenture 28
7 PFM veneer (base and putty) 4018
8 Casting post 2064
9 Dental half-handpiece 186
10 Qaem Clinic Cobalt chrome plate 131
11 Implant prosthe_51s (base and 477
pontic)
12 Overdenture 3
13 PFM veneer (base and putty) 938
14 Casting post 631
15 Dental half-handpiece 36
Vali Asr
16 Hospital Cobalt chrome plate 24
17 Implant prosthe‘51s (base and 182
pontic)
18 Overdenture 0
19 Total 19645

The annual production period costs for these
services, including direct and indirect costs, for
the first year of operation at 40% of the operating
capacity were estimated at 72,355 million rials,
in the second year of operation at 58% of the
operating capacity at 125,338 million rials, and
finally in the fifth year of operation at 100% of
the operating capacity at 366,244 million rials, as
shown in Table 3.

The required manpower of the project was
estimated as shown in Table 4. The number of
manpower required in the first year was estimated

to be about 7 people with a salary of 42,968 million
rials, and finally in the fifth year of operation,
about 14 people with a salary of 217,834 million
rials. The company’s sales plan forecast during
the years of operation is shown in Table 5.
Accordingly, in the first year of operation, about
96,200 million rials were estimated, in the second
year of operation, about 187,506 million rials, and
finally, in the fifth year of operation, about 619,921
million rials were estimated as shown in the table
below. The net profit from the operation of the
project was estimated to be about 16,096 million
rials in the first year of operation, about 41,964
million rials in the second year of operation, and
finally in the fifth year of operation, about 171,231
million rials as shown in Table 6. The accumulated
profit from the operation of the project in the third
year of operation was estimated to be 140,239
million rials and in the fifth year of operation, it
was estimated to be 447,852 million rials. Table 6
provides further details of the project’s profit and
loss over the years of operation.

Table 3) Estimated annual production costs
(amounts in million Rials)

Years of operation
1 2 3 4 5

Description

Cost of raw
materials,
auxiliary materials,
packaging
Cost of energy 1,000 1,200 1,440 1,728 2,074

Cost of
maintenance and 2,227 3,006 3,908 5,080 6,604
spare parts
Cost of personnel 42,968 76,898 124,124 181,528 217,834
Cost of other
unforeseen
expenses - 5
percent
Costs of production 63,754 115,524 189,468 284,728 350,904
Costs of
administrationand 1,511 2,374 3,479 4,789 6,484
organization
Costs of operation 65,265 117,898 192,947 289,517 357,389
Costs of
depreciation 6,090 6,090 6,090 6,090 5,890
Costs of financing

14,523 28,919 50,974 82,833 107,683

3,036 5,501 9,022 13,558 16,710

Total costs of

. 71,355 123,988 199,037 295,607 363,279
production

Costs of marketing
and advertising,
distribution and

sales

1,000 1,350 1,755 2,282 2,966

Total cost of

72,355 125,338 200,792 297,889 366,244
products

The results of the studies conducted on the project,
if the project construction operations are carried
out according to the schedule and the project
is commercially operated from the first to the
fifth year of operation, are presented in Table 7.
Table 7 below presents the economic indicators of
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and the perspective of shareholders’ investment.
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Survey findings
In this study, the respondents to the survey

Table 4) Human Resources

Row Description

Required educational

Salary and benefits per person per month - Rials

Average number of

Average number of monthly Average number

qualification monthly services services performed of annual services
performed performed
1 Technical Manager Bachelor of Prosthetics - 450
2 Pick Not important - 120

3 Small Molding Diploma and higher 1,000 25 thousand tomans per jaw 12,000

4 Investment and Casting Diploma and higher 1,000 50 thousand tomans per jaw 12,000

5 Ditch and Wax-Up (Design) Work Bachelor of Prosthetics 800 90 thousand tomans per jaw 9,600

6 Powdering Bachelor of Prosthetics 400 150 thousand tomans per jaw 4,800

7 Motion Technician Bachelor of Prosthetics 100 500 thousand tomans per jaw 1,200

Table 5) Revenue from sales
. Description . Number of services Total income
1 2 3 4 1 1 2 3 4 5

1 Dental PFM Veneer 8.0 3,500 5,250 7,000 8,750 8,750 28,000 42,000 56,000 70,000 70,000
2 Dental Zirconia Veneer 12.8 1,500 2,250 3,000 3,750 3,750 19,200 28,800 38,400 48,000 48,000
3 Implant PFM Veneer 12.5 1,000 1,500 2,000 2,500 2,500 12,500 18,750 25,000 31,250 31,250
4 Implant Zirconia Veneer 15.0 500 750 1,000 1,250 1,250 7,500 11,250 15,000 18,750 18,750
5 Casting Post 4.5 3,000 4,000 6,000 7,500 7,500 13,500 18,000 27,000 33,750 33,750
6 Half Dental Handpiece 27.5 200 300 400 500 500 5,500 8,250 11,000 13,750 13,750
7 Chrome Dental Handpiece 50.0 200 300 400 500 500 10,000 15,000 20,000 25,000 25,000
Aggregate - Non-inflationary 9,900 14,350 19,800 24,750 24,750 96,200 142,050 192,400 240,500 240,500
Aggregate - Inflationary 9,900 14,350 19,800 24,750 24,750 96,200 187,506 322,539 499,936 619,921

Table 6) Estimated profit and loss statement of the project during the years of operation (amounts in million Rials)

Total income

Description

1 2 3 4 5
Gross sales 96,200 187,506 322,539 499,936 619,921
Less: Variable costs 57,770 104,842 172,218 259,467 320,977
Profit margin 38,430 82,664 150,321 240,469 298,943
Less: Fixed costs 14,585 20,495 28,574 38,422 45,267
Operating profit margin 23,845 62,168 121,747 202,047 253,676

Less: Financing costs (facility interest)

Gross operating profit 23,845 62,168 121,747 202,047 253,676
Less: Corporate income tax 5961 15,542 30,437 50,512 63,419
Net profit 17,884 46,626 91,311 151,536 190,257
Less: Shareholders’ profit (10% of net profit) 1,788 4,663 9,131 15,154 19,026
Retained earnings 16,096 41,964 82,179 136,382 171,231

Percentage of gross sales 17 22 25 27 28
Annual earnings 16,096 58,059 140,239 276,621
Accumulated earnings 16,096 58,059 140,239 276,621 447,852

questions were dentists and other influential
staff in the decision to launch a digital dental
department. The survey was conducted in three
dental centers: Imam Ali Center (AS), Qaem
Clinic (AS), and Vali Asr Hospital (AS). Of the 108
participants, 88 (88.5%) were men. 80 (77.1%)
had a general dentistry degree, 7 had a doctorate
in dentistry, and the rest were non-dentists
(Table 8).

In examining the limitations of setting up a
digital dental department, 65.7% of participants
considered the technical ability to set up this
department to be average or lower. Also, 52.8%

of people assessed the ability to finance this
department and 60.9% of participants assessed
the ability to provide the independent space
required for this department as average or lower.
On the other hand, 56.5% of participants believed
that dentists’ adaptability to this department
would be high or very high. Regarding the
possibility of expanding the department after the
initial launch, 53.7% of participants in the study
selected the option high or very high. According to
the results obtained, the average of determining
the limitations was 16.44+3.10. The average of
determining the limitations in the dentist group
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was 16.56+3.20 and in the non-dentist group
was 15.90+2.60. The results of the independent
t-test showed that although the mean of setting
restrictions in the dentist group was higher than
in the non-dentist group, this difference was not
statistically significant (p=0.385) (Table 9).

Table 7) Profitability indicators

Results Basics Amount

0, i -
Net present value under 30% discount rate 30% 110,369

million rials
Internal rate of return - percent 60.60%
Adjusted rate of return wi.th 30% reinvestment 48.55%
rate and 38% borrowing rate - percent
Normal payback period - years 3.04
Discounted payback period under 30% rate - 4.03

years

Table 8) Comparison of the opinions of dentists and
non-dentists regarding the necessity of setting up a
digital dentistry department

Standard Independent

Description Number Average .
p 8¢  deviation  t-testscore

Total

Participants 108 6.95 121
Dentist Group 87 6.94 1.55
_ : -0.194 0.846
Non-Dentist 7.00 1.44
Group

Table 9) Comparison of the opinions of the two groups
regarding the necessity of setting up a digital dentistry
department

Standard  Independent

Description Number Average .
p g deviation t-test score

Total
Participants

Dentist Group 87 16.56 3.20

108 16.44 3.10

Non-Dentist 0.468 0.385

21 15.90 2.60
Group

The analysis of the collected data
shows that 62% of the participants assessed
the possibility of starting a digital sector in the
event of a lack of basic needs such as human
resources, the necessary environment, or the
required budget as medium or lower. Regarding
the possibility of limited starting of this sector
for further investigation, approximately 50% of
the participants assessed this possibility as high
or very high, and 50% as medium or lower. Based
on the results of the independent t-test, it can
be concluded that the difference in the mean of
providing the basic needs between the two groups
of dentists and non-dentists was statistically
significant (Table 10). In other words, according to
the evidence obtained, the mean of providing the
basic needs of starting in the dentist group was
significantly higher than in the non-dentists group
(p=0.04).

Table 10) Comparison of two groups regarding
the preliminary needs for launching a digital sector

Standard Independent

Description Number Average .
p 8¢ deviation t-testscore

Total
Participants 108 6.36 1.39
Dentist Group 87 6.54 1.21
- i 0.003 0.04
Non-Dentist 21 562 185
Group
DISCUSSION

The purpose of this paper was to assess the
feasibility of setting up a digital dentistry
department in a dental clinic of a military
organization. After developing a feasibility study
and evaluating various financial indicators, the
customers’ opinions on the implementation of
this plan were also examined. The questionnaire
examined six dimensions of acceptance, need,
implementation,  adaptability, = development
possibility, and the possibility of implementing
the project with limited effectiveness. After
developing a feasibility study and evaluating
various financial indicators, the participants’
opinions on the implementation of this plan were
also examined. In the questionnaire questions, six
dimensions of acceptance, need, implementation,
adaptability, development possibility, and the
possibility of implementing the project with
limited effectiveness were examined. Mgller et
al. also conducted an observational feasibility
study to examine the feasibility of implementing a
technology called OR Black Box in Danish hospitals,
which examined eight dimensions of acceptance,
implementation, use, practicality, compatibility,
integration, development possibility, and the
possibility of evaluating limited effectiveness
[16]. From the participants’ perspective, the need
for digital dentistry departments in the center
and the acceptance of dentists were high, which
was consistent with the assumptions used in
the rationale, because based on the statistics of
the services provided, the need for clinics was
considered more and also within 4 years, the
majority of dentists wanted to use this department.
Prager et al. examined the digital workflow in
dental schools in the United States and Canada in
their studies. In this study, which was conducted
with the participation of 54 schools, 50 schools
used CAD/CAM. While all schools had intraoral
scanners. This study also shows the spread of these
centers [9]. For the post-implementation survey,
participants were asked about the technical,
financial and provisioning characteristics of the
required environments. In all three cases, more
than 50% of the participants predicted these
experiences to be average or below average.
Nader Miran and colleagues conducted a study to
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investigate the creation and expansion of electronic
health records in Iran, which included technical
and most important financial projects before the
projects [8]. Technical participation in this project
was mentioned as the most important limitation
before the implementation of the project. In this
regard, a software training course was developed
in the form of a video because the most important
technical aspect of this section was the use of
digital design software. Regarding the practicality
of setting up this section, participants agreed that
this section would be involved in the operational
aspects of human resources, environment, or
financial resources of this section. Also, from the
perspective of about half of the participants, the
possibility of developing this section of the setup
was high. Considering the prosthetic treatment
services provided in the dental study centers, the
need for an independent center to manufacture
these prostheses in this hospital center is felt.
Since these services have been digitized in recent
years and every medical center is moving towards
using this method, whether they want to or not,
it is better to consider setting up this center with
digital services. In developing the justification
plan, due to fluctuations in equipment prices
and also limiting the options for many digital
equipment, this study may be affected. Uncertainty
about the launch environment of this section was
another factor in developing the justification
plan. A summary of the justification plan was
attached to the questionnaire, and the full link
to the plan was also included so that survey
participants could answer the question with
complete information after studying this plan,
but less than 10 percent of participants viewed
the plan link. On the other hand, the conditions of
requiring survey participants to answer questions
during office hours and while performing medical
work, these two factors may reduce the accuracy
of the recorded answers. In the survey, the
most important link was stated to be technical
implementation. One of the most important
differences between the digital and traditional
sectors was in the software for designing
prosthetics in a digital way, which is why a video
training course is the most important software
for designing the use cases of centers. Financing
and the environment required for an independent
digital sector was something that the participants
in the survey in the publication were not entirely
favorable. In order to reduce costs, Faraja can first
launch this sector in a limited manner at a lower
cost in one center and then make decisions for
other centers by examining the efficiency of this
sector. If such a sector is measured, a better way
forward can be to compare digital and traditional,

Faghih Fard et al.

their differences and various studies. For a more
detailed study, it is suggested that a meeting
be held with the managers and dentists of the
prosthetics department of each center and their
opinions be heard in person.

CONCLUSION

According to the developed plan and review of
service statistics and then calculating the cost-
income of financial indicators, it is appropriate
to establish a digital dentistry department in this
military center.

Acknowledgments: We would like to thank the
staff of the study centers for their cooperation in
carrying out the research project.
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