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ABSTRACT
BACKGROUND: Robotics is a rapidly evolving area, especially in medical education, where robots improve the results of training 
and professional qualification of physicians. Dental anthropomorphic robot (DARs) are valuable tools that assist dentistry 
students in acquiring practical skills, expanding theoretical knowledge, and improving nonverbal communication skills. Given 
the current practical training issues, the use of such robots becomes increasingly relevant. However, high production and 
implementation costs require a detailed economic evaluation to assess the practicality of such devices.
AIM: To perform a socioeconomic assessment of investments in DARs for practical training of dentistry students.
MATERIALS AND METHODS: A socioeconomic assessment of the use of DARs for practical training of dentistry students at 
a medical college was performed. The assessment focused on the cost-benefit analysis of implementing DARs for practical 
training. Cost-effectiveness was assessed using the net present value (NPV), profitability index (PI), internal rate of return (IRR), 
and payoff period. The data were acquired from the Dentistry training program of the Russian University of Medicine. The data 
included training costs, robot purchase and maintenance costs, and organization of studies. 
RESULTS: The use of one robot per 10 students results in a positive NPV of 54,279,963 rubles, with a PI of 5.52, an IRR of 
70.79%, and a payoff period of approximately one and two years, respectively. These findings confirm the economic efficiency of 
the project. When using one robot per one student, the values are negative, indicating the economic inefficiency of this scenario. 
CONCLUSION: The study showed that the use of DARs for practical training of dentistry students results in a high economic 
efficiency. High NPV, PI, and IRR values confirm the profitability of the project. Moreover, the robot improves practical skills by 
increasing the accuracy and speed of dental procedures.
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АННОТАЦИЯ
Обоснование. В настоящее время стремительно развивается робототехника, особенно в области медицинского обра-
зования, где внедрение роботов способствует улучшению результатов учебных процессов и повышению уровня подго-
товки специалистов. Антропоморфные стоматологические роботы (АСР) представляют собой эффективные инструмен-
ты, которые помогают студентам-стоматологам приобретать практические навыки, углублять теоретические знания 
и развивать невербальные коммуникативные навыки. В условиях существующих проблем практико-ориентированной 
подготовки использование таких роботов становится актуальной задачей. Однако высокие затраты на производство 
и внедрение подобных устройств требуют тщательной экономической оценки целесообразности их использования.
Цель исследования — экономическая оценка инвестиций в использование АСР для практико-ориентированной под-
готовки студентов-стоматологов.
Материалы и методы. Проведена экономическая оценка использования АСР для практико-ориентированной под-
готовки студентов-стоматологов на базе медицинского вуза. Основное внимание уделялось анализу затрат и выгод 
от внедрения АСР в образовательный процесс. Для оценки экономической эффективности использовали показатели 
чистой приведённой стоимости (net present value, NPV), индекса рентабельности (profitability index, PI), внутренней 
нормы доходности (internal rate of return, IRR) и сроков окупаемости. Данные были собраны из программы обучения 
«Стоматология» в Российском университете медицины и включали стоимость обучения, затраты на робота и его об-
служивание, а также организацию учебного процесса. 
Результаты. Использование одного робота на 10 студентов обеспечивает положительную NPV в размере 
54 279 963 руб., PI при этом равен 5,52, IRR составляет 70,79%, а сроки окупаемости — около одного года и двух лет 
соответственно. Эти показатели подтверждают экономическую рентабельность проекта. Для сценария с одним сту-
дентом на робота показатели отрицательные, что указывает на экономическую нецелесообразность такого подхода. 
Заключение. Проведённое исследование показало, что использование АСР для подготовки студентов-стоматологов 
обеспечивает хорошую экономическую эффективность. Высокие значения NPV, PI и IRR подтверждают рентабельность 
проекта. Кроме того, робот способствует улучшению практических навыков студентов, включая повышение точности 
и скорости выполнения стоматологических манипуляций.

Ключевые слова: антропоморфный стоматологический робот; образовательные технологии; практико-ориентирован-
ная подготовка; робототехника в медицине; стоматологическое образование; экономическая рентабельность.
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INTRODUCTION
In recent years, the robotics industry has been 

experiencing rapid growth, including in the field of 
medical education. This trend reflects a drive to optimize 
training processes and enhance the quality of professional 
education [1]. Advanced technologies, including artificial 
intelligence and high-precision mechanisms, facilitate the 
integration of robots into the training of future healthcare 
professionals [2]. Robots have proven to be effective in 
dental education, helping students practice clinical skills, 
deepen theoretical knowledge, and improve nonverbal 
communication, an essential component of successful 
clinical practice [3, 4]. 

Modern technological solutions have enabled 
the development of training systems that promote 
comprehensive skill development, addressing the 
limitations of current practice-based education in both 
undergraduate and postgraduate medical institutions 
[5]. Conventional dental simulators, which are static 
mannequins, fail to replicate a real-world clinical setting 
and do not offer immersive patient care experiences  
[6, 7]. This limitation contributes to a gap between 
theoretical instruction and clinical proficiency. In contrast, 
educational robots capable of simulating patient behavior 
and offering interactive feedback enhance engagement 
and support deeper learning [8, 9] (Fig. 1).

Given the high cost of developing and implementing 
such high-tech devices, a detailed economic evaluation 
is warranted. This allows institutions to assess the 
feasibility and potential benefits of adopting these tools 
and their impact on educational outcomes. The present 
study examines a case of practice-based training using 

Russian full-function dental anthropomorphic robots 
(DARs) [10–14].

AIM: To evaluate the economic feasibility of investing 
in DARs for practice-based training of dentistry students.

METHODS

Case Model
This study assessed the economic feasibility of 

incorporating DARs into the clinical training curriculum of a 
medical university. The analysis focused on evaluating the 
costs and benefits of integrating DARs into the educational 
process to enhance student motivation, training quality, 
and the level of dental care.

Training Parameters and Costs
The primary parameter used to evaluate cost-

effectiveness was the tuition cost per student, which 
serves as a proxy for assessing the financial efficiency 
of implementing DARs. The tuition fee for the Dentistry 
program at the Russian University of Medicine is 
500,000 rubles per year for a five-year curriculum, 
equivalent to 1,100 hours annually. This results in an 
hourly training cost of 455 rubles.

To assess implementation costs, the capital expense of 
a single DAR and its annual maintenance were analyzed. 
The robot, designed to substantially improve students’ 
clinical competencies, costs 12,000,000 rubles. Annual 
maintenance was estimated at 10% of the robot’s cost 
(1,200,000 rubles), based on reference data for high-tech 
equipment servicing [15].

A 12-year lifespan was adopted for long-term 
analysis of the costs and benefits associated with DAR 
implementation.

Training Process
For the economic analysis, it was assumed that 

students would train with the robot Monday through 
Friday, from 9:00 AM to 9:00 PM, totaling 12 hours per 
day, or 2,880 hours annually. Two educational models 
were considered: group training involving 10 students 
supervised by an instructor and one-on-one training 
sessions (Fig. 2).

Economic Indicators
To assess the cost-effectiveness of using the robot, 

the following financial metrics were applied:
Net present value (NPV): This metric represents the 

difference between the present value of projected cash 
flows and the total investment and maintenance costs. 
A positive NPV indicates that the project generates more 
value than it costs and is therefore considered profitable. 
A negative NPV suggests a financially unviable project. 
The NPV was calculated using the following formula:Fig. 1. Dental anthropomorphic robot.



DOI: https://doi.org/10.17816/dent634166

Russian Journal of Dentistry
637

DIGITAL DENTISTRY Vol. 28 (6) 2024

NPV = ,

where P is the cash flow, R is the discount rate, n is 
the time period, I is the initial investment, and C is the 
maintenance cost.

Profitability index (PI), also known as the benefit-cost 
ratio, serves as a supplement to NPV, offering insight into 
the efficiency of the investment. PI is expressed as a ratio 
of the present value of future cash flows to the initial 
investment.

Based on the PI value, the project’s feasibility can be 
interpreted as follows:
• PI > 1: the project is considered profitable and viable 

for implementation;
• PI = 1: the project requires further evaluation using 

additional efficiency metrics to determine feasibility;
• PI < 1: the project is deemed unprofitable and should 

not be pursued.
The PI was calculated using the following formula:

PI = ,

where NPV is the net present value, and IC is the initial 
investment.

Discount rate (R) was set to match the risk-free rate 
of Russian government bonds in 2023, which was 15.09%.

Internal rate of return (IRR) is the discount rate at 
which the NPV of future cash flows equals the initial 
investment, indicating the breakeven point.

The IRR was calculated using the following formula:

– I = 0, или  = I,

where P is the cash flow, n is the time period, and I is the 
initial investment.

The payback period (PP) was calculated using the 
following formula:

PP = ,

where IC is the initial investment, and P is the annual cash 
flow.

The discounted payback period (DPP) was calculated 
using the following formula:

DPP=min(n),   ,

where P is the cash flow, R is the discount rate, and I is 
the investment.

RESULTS
The economic evaluation of investments in the use 

of DARs for practice-based training of dental students is 
presented in Table 1.

Based on the reported economic indicators, the 
following conclusions can be drawn about the profitability 
of investing in DARs for practice-based training of dental 
students:

Fig. 2. Clinical training using a dental anthropomorphic robot.
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1) NPV = 54,279,963 rubles;
2) PI = 5.52;
3) IRR = 70.79%;
4) PP = 1 year; DPP = 2 years.

DISCUSSION
Our findings indicate that investments in DARs for 

practice-based training of dentistry students are highly 
cost-effective. The project demonstrated a substantial 
positive NPV, a high PI, and an IRR significantly above 
typical discount rates, all coupled with a short payback 
period. These results validate the economic feasibility and 
attractiveness of the investment.

For the scenario involving one robot per 10 students, 
the NPV was 54,279,963 rubles. This positive value 
confirms that the project generates income exceeding both 
the initial and ongoing costs, underlining its profitability. 
This outcome can be attributed to efficient time utilization, 
as the robot ensures continuous training and access to 
hands-on skill development.

The PI of 5.52 implies that for every ruble invested, 
the project returns 5.52 rubles of discounted income.  
A PI > 1 affirms the financial benefit and rationality of the 
investment, reflecting its strong return, investor appeal, 
resilience to economic fluctuations, and optimal allocation 
of educational resources.

An IRR of 70.79% substantially exceeds standard 
discount rates, underscoring the project’s robustness 
and ability to generate stable cash flow even amid 
potential economic instability. This also explains the rapid 
investment recovery (PP≈1 year, DPP=2 years).

Although current sources lack direct data on the 
economic efficiency of anthropomorphic robots in medical 
education, trends in the robotics economy suggest 
significant potential. For example, Arduengo et al. [14] 
note that robotics adoption enhances productivity and 

reduces labor costs associated with routine tasks. Similar 
transitions have been observed in various economic 
sectors, where automation has minimized labor costs and 
reallocated human resources to more skilled roles. 

These principles can be extrapolated to education, 
where DARs can lessen instructor workload and improve 
cost efficiency by optimizing the teaching process.

A systematic review by Turchetti et al. showed that 
robotic systems such as the da Vinci surgical robot entail 
high acquisition and maintenance costs, rendering robotic 
procedures more expensive than traditional methods. 
However, as users gain experience, procedure times 
and costs tend to decrease [15]. Therefore, despite high 
upfront investment, long-term benefits from automation 
in precision-demanding environments can outweigh the 
initial costs, a notion applicable to medical education.

Ghani et al. explored various facets of using robots in 
education, highlighting both advantages and limitations. 
They concluded that, despite the optimization potential, 
constraints in social interaction and adaptive response to 
individual learners may limit the effectiveness of robotic 
systems. This underscores the need for careful integration 
of robotics in educational settings, especially in disciplines 
requiring interpersonal engagement [16].

Hence, the economic potential of using robots in 
education should be considered alongside their advantages 
and limitations, particularly in medical education.

Study limitations. This study used data from a single 
institution, the Russian University of Medicine, which may 
limit the applicability of the findings to other medical 
schools with different infrastructures and resources. 
Further research across multiple institutions is necessary 
to validate these findings.

Parameters such as robot maintenance costs and 
service life were estimated, which may impact the long-
term economic feasibility. Future studies should consider 
cost fluctuations and develop scenarios under various 
economic conditions.

While standard financial indicators (NPV, PI, IRR, PP, 
DPP) are widely accepted for investment evaluation, they 
may not fully capture the educational value and long-term 
benefits, such as improved training quality and enhanced 
clinical competencies.

This analysis focused on a mid-term horizon (up 
to 12 years). Future research should also assess the 
long-term effects of robotic integration on students’ 
professional growth.

CONCLUSION
The study confirms the high economic and educational 

efficiency of using DARs in the training of dental students. 
The project demonstrates favorable financial metrics, 
including a positive NPV and high PI and IRR values, 
indicating its profitability. Additionally, robotic use 

Table 1. Economic evaluation of investment in a dental 
anthropomorphic robot

Indicator 1 robot  
per 10 students

1 robot  
per student

Net present value 54,279,963 rubles 59,403,855 rubles

Profitability index 5.52 0.22

Internal rate of return 70.79% –4.24%

Payback period 1 year 9 years

Discounted payback 
period 2 years 12 years
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enhances practical skills such as procedural accuracy and 
speed, as reflected in student assessments and instructor 
feedback.
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