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Aim: This article aims to present the development of the concept, the design, and the 
implementation of the teaching of dental ergonomics in the program for undergraduate dental 
students within the process of reforming the dental curriculum at the Faculty of Dental Medicine 
of Sofia, Bulgaria. Methods: A documentary analysis covering the process of implementation 
and teaching of dental ergonomics to dental students, as a unique teaching module within the 
Department of Public Dental Health, was completed. The data analyzed was grouped as follows: 
(1) an overview of the new dental curriculum, organized to answer the European mobility 
context; (2) the development of the concept and introduction of the disciplines in the program of 
dental public health; (3) a module of dental ergonomics; and (4) the prospective fields of progress 
and improvement of teaching of dental ergonomics to undergraduate dental students. Results: 
The module of dental ergonomics was introduced into the program of public dental health as 
part of the reformed dental curriculum to conform with the EU membership of Bulgaria (2006-
2007). It comprises 4-5 major topics relevant to the dental practice and the dental profession. The 
teaching methods are still under development as lecturing is done outside the clinical settings 
and demonstrations are offered by trained volunteer students in clinical settings. Conclusion: 
The teaching of dental ergonomics at the Sofia dental school is still under development. The 
need for integration of dental ergonomics into the dental curriculum was identified by teachers 
and students. The position of the school board is important to facilitate the efficient cooperation 
between clinical and public health departments and to connect preclinical and clinical courses in 
the dental curriculum.
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INTRODUCTION

As long as the techniques applied in dentistry develop, 
the literature provides more evidence on work-related 
musculoskeletal disorders faced by the dentist.[1-3] 

Two out of every three dentists have musculoskeletal 
complaints or disorders, which vary in severity and time 
of onset. The most frequent injuries occur in the spine 
(neck and back), shoulders, elbows, and hands. It has 
been established that the new technologies do not 
prevent dentists from these harms. The risk of partial 
or complete disability is considerable. These injuries 
can lead to lower productivity and early retirement. 
There is evidence that a poor working area design and 
space organization affects the perception of quality of 
performance by the patients and the job satisfaction of 
the dentists.[4-7]

In addition, alarming data has been published on the 
occurrence of musculoskeletal discomfort experienced 
by students. Specific procedures performed with poor 
posture place the dentist at an increased risk for finger 
and hand injuries, as well as other injuries which start 
early during their undergraduate training. The percentage 
of students experiencing discomfort, measured from 
the first to the third year, increased to about 70%. The 
duration and the frequency of the pain also increased.[8-12] 
An increasing number of women have entered the dental 
profession in most countries, and it has been confirmed 
that women are more prone to develop a variety of types 
of chronic musculoskeletal pain.[13]

On the other hand, in the fast developing market of 
dental equipment, new technologies in dentistry, 
and dental practice management are proposing an 
adequate answer to this challenge. Sitting properly in 
a dental stool, using magnification for visualization, 
and selecting ergonomically friendly equipment, have 
proven to be beneficial for the health of the dental 
clinician.[14-18] The dental associations and the dental 
industry supported investigations have aimed to 
improve the dental practice working conditions and 
work efficiency.[1,9,19,20] 

Dental schools are considering the growing options 
to replace their dental equipment with advanced 
technology. Dental schools have shown a growing 
awareness of the need for providing students with 
adequate teaching and training in ergonomics. 
This ergonomic training is to achieve and keep an 
appropriate working posture and produce efficient 
organization of the workplace during the working 
process.[6,9,21] As a result, many dental schools have 
adopted specific training in dental ergonomics.[7,8,21,22]

In the dental school of Sofia, along with the introduction 

of the ergonomic module in the program of dental public 
health, a number of studies were carried out by the 
students’ research group of dental ergonomics.[23-27] Our 
task was to generate changes in the level of knowledge, 
awareness, and skills so that students can overcome 
the most common mistakes in the work setting.[12,22]

METHODS

This article aims to present the development of the 
concept, the design, and the implementation of a 
module of dental ergonomics into the program for 
undergraduate dental students at the Faculty of Dental 
Medicine (FDM) of Sofia, Bulgaria. To achieve this aim, 
the following tasks were formulated: (1) overview of 
the competency-based dental curriculum in the context 
of the European membership, and the introduction of 
the discipline into the program of dental public health; 
(2) development of the concept of dental ergonomics 
for undergraduate dental students; (3) essential topics 
and teaching materials into the course of dental 
ergonomics; and (4) research on the progress and 
the improvement of teaching the dental ergonomics 
course.

A documentary analysis is used to cover the process 
of the implementation and the teaching of dental 
ergonomics to dental students as a unique module 
among the disciplines being taught by the department 
of public dental health.

RESULTS

Competency-based harmonized dental 
curriculum and the program of dental public 
health at FDM
The module of dental ergonomics was introduced 
into the program of public dental health as part of 
the reformed dental curriculum in the context of the 
EU membership of Bulgaria (2006-2007). A revised 
dental curriculum was adopted at the Faculty of 
Dental Medicine in Sofia. The programs of social 
medicine and dental public health were reshaped in 
by the recommendations for harmonization of dental 
education which follows the Bologna declaration 
statement.[25] This harmonization has occurred over 
the last ten years (2006-2016) in the dental education 
curriculum at the FDM of Sofia. The curriculum was 
improved primarily through covering a larger range 
of knowledge relevant to the successful professional 
career.[26,27]

In regard to the growth and improvement of the program 
of dental public health, the material was restructured 
into a “modular form", and was redistributed into 2 
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courses: “social medicine and medical ethics” for 
the 2nd semester of the 2nd year, and “public dental 
health” for the 1st and 2nd semesters of the 3rd year 
dental students. The total duration is 105 + 45 h over 
3 semesters. According to the program of dental public 
health, the dental ergonomic matters were structured 
as elements of the professionalization of dentists and 
were included in the 2nd semester of the 3rd year.[27]

Conceptualization for the teaching of dental 
ergonomics to undergraduate dental students 
The purpose of introducing ergonomics into the 
dental curriculum was to train dental students to 
maintain health and safety in the workplace while 
maintaining efficiency in their job performance. The 
implementation of ergonomic training was expected 
to become a long-term innovative approach in 
dental education. Preserving the harmony between 
the anthropometric parameters of the professional, 
the equipment design, and the arrangement of the 
operative field, is considered an important factor for 
the prevention of musculoskeletal disorders and other 
chronic occupational trauma. Application of ergonomic 
principles in a dental practice is also expected to 
improve the quality of work and increase the productivity 
of the dental team. This can also improve the overall level 
of satisfaction of work.[4,7,8,16]

The material includes an introduction which comprises 
the principles of ergonomics, the purpose and 
subject of ergonomics as a science, its methods of 
research, and the applied branches which include 
dental ergonomics and management of the workplace 
[Table 1]. The teaching of practical knowledge and 
skills adheres to the logic of the following principles: 
(1) “entering” the working station - describing the 
dental clinic and the dental operatory architecture 
with respect to the necessary motions and activities; 
(2) rationale of space, time and teamwork - describing 
the anthropometric characteristics, motion efficiency, 
access to tools and instruments, complementarities of 
team roles, and infection control; and (3) operator and 
environmental harmony establishment - describing the 
working posture and “stress free” work principles. 

The above approaches were proposed to facilitate 
the integration of the different types of knowledge and 
their appropriate application in the students’ practical 
assignment performance.[21,22,24,27]

The objectives of the teaching in ergonomics were 
formulated as follows: (1) raising the awareness of the 
need for knowledge and the practice of ergonomics in 
dentistry, as a tool to achieve productivity and improve 
the quality of life; (2) improving attitudes for identification 

and the avoiding of risk factors in the dental practice 
through self-assessment of the working posture 
and a critical view on the overall organization of the 
working process; (3) implementing (at the faculty level) 
a positive interest in establishing an ergonomically 
friendly learning clinical setting; and (4) the design of 
an educational module of dental ergonomics giving 
sound essential knowledge and tools for efficient and 
injury free work.

Essential topics and teaching materials 
included in the module of dental ergonomics
The content of the module of ergonomics was 
organized to strengthen a link to the rest of the dental 
curriculum, and to establish a sound knowledge base 
for the entire process of professionalization of the 

Table 1: Content of the module and the relevant 
textbook material on “dental ergonomics”

Content of the module and the relevant textbook material
Dental ergonomics

Emergence and development of ergonomics
Dental ergonomics
Ergonomic standards in dentistry
Ergonomic principles and approaches in the dental office 
organization

Organization of dental treatment process
Working area design and space organization
Control of working motions’ efficiency
Organization of dental procedures’ performance
Staff support’ coordination
Time management

Dental auxiliary staff and dental team
Dental auxiliary staff
Dental team
Functions of the chair-side dental assistant with advanced 
functions
Four-handed dentistry

Infection control
Definitions and concepts
Professional risk for cross contamination in dental practice
Competent bodies for the prevention and control of cross 
infections in dental practice
Principles and methods of infection control

Occupational hazards and risks’ prevention
Review of occupational hazards
Review of occupational hazards in dentistry
Review of harmful effects per systems
Prevention of occupational harm
Recommendations for improvement of occupational health

Open a dental practice
How to practice?
Dentist’s registration
Practice’s registration
Signing a contract with National Health Insurance Fund

The dental practice
Furniture and equipment
Instruments and materials
Team building
Performance management
Professional standards framework (registration)
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dental graduates. Based on the shared experience of 
our esteemed colleagues, published investigations, 
programs, and respecting the framework of the subject-
oriented curriculum at the FDM of Sofia, the topics, 
and textbooks which include ergonomic matters were 
adopted.[7,8,11,12,17,21,24] Ergonomic topics were included 
in the program of “dental public health” during the 2nd 
part of the 2nd semester of the 3rd year are presented 
in Table 1. 

In the introduction to ergonomics, the dental students 
are made aware of the need for knowing and observing 
the laws of physics, referring to the work and energy 
required. The following paragraphs give an indication 
how we approach ergonomic principles in order to 
involve students and to assist them to understand the 
importance and objectivity of the issues.

Velocity and distance impacting the time of task 
performance(“at our fingertips”)
As the value of displacement is equal to the time 
multiplied by the velocity d = V*t, the time required for 
the relocation of an object is a function of velocity (V) 
and the distance (d). Therefore, the amount of time 
taken for the performance of an operation (t) can be 
reduced in two ways: (1) by increasing the speed of 
displacement of the object (tool, instrument); or (2) by 
limiting (optimizing) the distance between the hand and 
the object, and between the hand and the destination 
point of displacement. It is known that different people 
perform at different speeds, but the variation is relatively 
small. The only way to significantly reduce the time of 
performing a given operation is to optimize the distance 
between the operator and the necessary tools. This 
facilitates the access of the object to be transported 
and reducing the distance to the destination point. 
Therefore, we should be aware that “saving time”, when 
performing a work task, results from the organization 
of the workplace per accordance with anthropometric 
indicators. All the tools and devices must be located “at 
our fingertips”.

Weight and motion (gravity should "work for the 
operator")
In the process of performing a particular task, some 
amount of kinetic energy (Ek) will be exerted. The 
amount of work (W) is equal to the energy applied (Ek) 
to overcome the forces generated by the weight of the 
object moved and the maintenance of the posture of 
the operator (overcoming the forces generated by the 
operator’s body or his/her extremities’ weight). In turn, 
the perceived weight is a function of the mass of the 
object, the specific weight of the material, and the gravity 
constant. Like energy, mechanical work is a scalar 
variable. According to the work-energy theorem, if an 

external force acts on a rigid object causing its kinetic 
energy to change from Ek1 to Ek2, then the mechanical 
work (W) is given by the following equation: W = ΔEk 
= Ek2 - Ek1 = 0.5*m*(V2

2 - V1
2), where m is the mass of 

the item and v is the velocity of the item acquired when 
moved by the operator. Gravity is constant. Therefore, 
energy savings can be obtained at the expense of 
reducing the mass of the item (tool, instrument) and 
the appropriate choice of the item’s material (specific 
weight). The mass/size of the item (tool, instrument) 
may not be reduced impractically. This reduction in 
size would lead to difficult handling characteristics and 
the inability to sterilize the item. Hand pieces and hand 
instruments must be as light as possible, but also be 
an “anthropometric replica” of the operator’s hand. The 
instruments should be arranged in a logical sequence 
by order of their use. The operator has to keep a stable 
position on the horizontal (keeping the neutral working 
posture) and eliminate repetitive movements while 
“looking for” the appropriate tool. The assistant has 
to “drop” the instrument being positioned higher than 
the operator’s hand. Saving energy when performing 
a task will depend on the proper choice of the shape 
and material of the instruments, and their optimal 
arrangement in the horizontal and vertical planes. 

Vector of power (posture and motion)
The power (F) applied during the time of the operation 
is a vector variable, characterized by the size and 
direction of the force. F = d(mv)/dt, W = F*d = F*d*cosΦ, 
where Φ is relevant to the angle between the force 
vector and the displacement vector. The simplest case 
is the force applied is perpendicular to the direction of 
the motion, making the integrand zero. 

Therefore, to use less energy when performing a 
particular task, the hand that holds the object must 
be in a position close to perpendicular towards the 
horizontal plane (floor of the room, the Earth's surface). 
The closer to the body the arms are placed during 
work; the less energy is exerted.

The “economic” working position of the body is the 
upright, symmetrical posture.[24]

Working positions, access to tools and the working 
field of the dentist 
1. The starting position for most treatment is at 
approximately 11-12 o’clock.

2. During most of the procedure, the dentist works 
seated behind the patient (11-12 o’clock).

3. In the treatment of the lower right or the upper left 
teeth, the dental practitioner works in the standing 
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position in front of the patient (8.30-10.00 o’clock).

4. Robust active stand combines with dynamic working 
methods: the alternation of work and traffic-alternating 
sitting and standing position.

5. When working on a seated patient with an upright 
body, it is better to ask the patient to rotate their head in 
order to obtain direct visibility into the patient's mouth.[28]

Working posture for the dental assistant, teamwork
The best sitting position for the dental assistant is 
sitting upright with the back straight and weight evenly 
distributed over the seat. Legs should be slightly 
separated with the feet flat on the ring around the 
base of the chair. Thighs should be parallel to the 
floor, and the front edge of the chair is even with the 
patient's mouth. Position the chair close to the side of 
the patient with the knees facing toward the patient's 
head. The height of the chair should be such that the 
assistant’s eye level is positioned at 4 to 6 inches (10-
15 cm) above the operator.[29]

Research of progress and improvement of 
teaching of the dental ergonomics module
The following goals for positive development in 
achieving correct working posture and an ergonomic 
workplace arrangement were formulated: (1) a 
competitive work environment and a vision for the 
dental practice; (2) patient safety and comfort; and (3) 
a team working efficiency and safely.

Observation through visualization of the working 
posture, surveys on the preparedness and motivation 
of dental students and teachers to work ergonomically, 
training involving different departments performed by 
volunteer students, were applied over a period of three 
years. Surveys were carried out before and after the 
implementation of correct posture demonstrations in 
the clinical environment by volunteers.[5,27]

By using self-directed questionnaires (distributed to 
260 students from a total of 685 and their teachers with 
130 responses), the need for ergonomic training was 
studied. The protocol includes pictures of the leg and 
arm positions, and the symmetry of the spine and neck 
position. The documented working posture of students 
demonstrated that most of the students (66.67% of 
male and 57.14% of female) do not sit properly, or work 
primarily in the standing position. The most frequent 
mistakes, when working in sitting position, consisted of 
severe torsion of the spine (76%), bending of the neck 
(47%), and inappropriate clock-face position (63%). 
Unexpectedly, it was noted that the 5th year students 
were making more mistakes than the 4th year students 

(73% of the 5th year vs. 62% of the 4th year). No 
significant difference by gender was detected.[12]

Based on the results from the studies, valuable 
facts had been detected about the teachers’ and the 
students’ perceptions, attitudes, and expectations. It 
was shown that training should include an improved 
direct communication between the professors and the 
students, and efforts have to be made to enhance the 
preparedness of student. The focus of interest for the 
students and teachers was directed toward the earlier 
discussion of the working posture, as it takes time to 
incorporate proper working habits. As shown by the 
answers of 78.6% of teachers, they expect that the 
demonstration sessions anticipate the clinical training. 
Almost all of the students (90.2%) and more than 
half of the teachers (61.1%) consider that ergonomic 
training is necessary and should be initiated at the 
stage of the mannequin course. Both students and 
teachers understand the need for ergonomic training 
and appreciate the improvement of the clinical settings 
dictated by the ergonomic principles. Students and 
teachers believe that the integration of ergonomics into 
the dental clinical training is possible and necessary.[5]

Visualization of the need for ergonomic training
Pictures taken before and after the training demonstrated 
the extent of the improvement. Review of the pictures 
showed that the knowledge is not always applied in 
practice. About 15% of students work in a standing 
position. Less than 45% of the students work from 
behind the patient. Demonstration of the appropriate 
working posture is the preferred method of introducing 
ergonomics into the clinical dental education (43.1% of 
students and 78.6% of teachers).[12]

Demonstrations and practical training
Explanations about the potential harm of an incorrect 
working posture, as an occupational risk, are given in 
the “dental practice management” module lectures.[24]

DISCUSSION

There are several publications discussing the need 
for an ergonomically organized working environment, 
especially in the latter decades of the 20th century. The 
scientific investigations proposed the development of 
normative guidelines for the occupational safety and the 
improvement of work efficiency. Eminent investigators 
have published dental ergonomic recommendations 
on the internet as well.[28,29] Multiple research papers 
have shown that the lack of respect for ergonomics 
in a dental practice ends in the loss of efficiency and 
increases professional harm to the dentists’ health. 
The ergonomically friendly working environment is a 
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requirement for efficiency and safety.[14,18,20]

Dental practitioners and dental ergonomic specialists 
agree that it is necessary to train people to achieve 
a proper working posture and develop healthy 
stereotypes. In many countries of the EU and North 
America, the course of “dental ergonomics” is taught 
by the clinical departments, or through specific training 
which introduces students to the dental equipment and 
the working environment.[21] Therefore, models of open 
infrastructures and flexible collaboration, rather than 
differentiation of rigid departmental organization, has 
become common and beneficial to the introduction of 
a course in dental ergonomics.[9,10,16]

The Department of Public Dental Health of the Medical 
University of Sofia, Faculty of Dental Medicine, 
founded in 1991, in many aspects is a pioneer in dental 
education. The elaboration of an academic program 
and its integration into the accredited undergraduate 
dental curriculum was the reason, and predisposing 
condition, for the development of a particular module of 
dental ergonomics.[27] The flexibility and cooperation in 
upgrading the program of “public dental health” were of 
paramount importance for maintaining dynamics within 
the subject-oriented dental curriculum. Led by this 
idea, and assisted by our esteemed colleagues from 
the dental schools of Europe, the USA, and especially 
from the European Society of Dental Ergonomics, we 
structured a comprehensive module of ergonomics 
for dental professionals. These modules are open for 
update and are fitting with the new learning environment 
and new learning technologies.[5,21,23]

This ergonomic training plans to include both students 
and teachers to start as early as possible, i.e. during 
the pre-clinical mannequin courses.[22,24,27] As the pre-
clinical and clinical training are more or less separate, 
the introduction of ergonomics during mannequin 
courses would be a bridge to link instrumental control 
with the skills of treating patients.

In conclusion, the answer to the question “why include 
dental ergonomics into the undergraduate curriculum” 
is consistently positive. The question “how to achieve 
full integration of ergonomic training into the process 
of professionalization” is still pending. The inclusion of 
modules of ergonomics into the dental curriculum may 
take on different forms, time of inclusion, and volume 
of the training. However, it needs special attention 
and comprehensive efforts of clinical, technical, and 
administrative staff. Therefore, the position of the 
school, especially within a subject-oriented curriculum, 
is imperative to facilitate the efficient cooperation 
between students, educators, and departmental staff. 
This incorporation has many components - humanistic, 

logistic, and marketing. Conceptual, contextual, and 
performance improvement of ergonomic courses 
and their close integration within the theoretical and 
practical clinical training represent an important task 
to fulfill. 
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