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Preface
Through this text, I hope to broaden your understanding of the science of ergo-

nomics and the impact of its practice in clinical dentistry. In my work as an 
endodontist, I have experienced the transformative nature of an ergonomic 

practice. When I first started my clinical practice, I used magnifying loupes for 
several years before making the switch to the optical microscope. Once I started 
using the microscope, the change in my posture was almost immediate. This 
inspired me to learn more about ergonomics and create a practice that was orga-
nized, efficient, healthy, and truly oriented to excellence. As I became certified in 
all levels of both occupational and dental ergonomics, I was able to improve all 
the details within the office. Not only did I incorporate the microscope, chairs, and 
other equipment, but I also made substantial changes in the management of clinic 
staff and patient care. As I acquired and applied this knowledge, I found that pain 
in my arms and body became reduced and eventually went away.

I began to travel, visiting clinics throughout the United States and Latin America, 
and saw that ergonomic principles were not being taught in dental school and 
therefore not applied in practice. Clinicians lacked the knowledge of proper posture, 
positioning, and organization, and as a result they were setting themselves up for 
future pain and disorders. The high incidence and prevalence of musculoskeletal 
disorders in dentistry is no secret, and pain often becomes part of the lifestyle. 
But it doesn’t have to. Understanding the physiology, anatomy, biomechanics, and 
anthropometric factors that go into designing and organizing an office, as well 
as the psychosocial and administrative factors, can put you on the right track to 
address—and even prevent—these disorders. Even better, if these concepts can be 
applied starting in dental school, dentists can learn correct habits from the start, 
thereby ensuring a healthy, efficient workflow for the rest of their career.

Ergonomics is a multidisciplinary science that seeks to determine the intellectual, 
conceptual, and physical changes needed within an office. Throughout this book, 
you will learn what ergonomics is and why it matters, the most frequent and painful 
syndromes associated with poor ergonomics, proper postures to prevent these 
syndromes, and the tools and modifications necessary to build an ergonomic office. 
The goal is to lay the groundwork for dentists and students to make the changes 
necessary to prevent musculoskeletal disorders within our profession.
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Introduction
For the dental worker, putting into practice everything mentioned in this text 

would be a very smart way to improve their quality of life and to succeed in 
their work. Few texts in the academic area touch on ergonomics and how it 

directly impacts health and efficiency. The dentist works long hours in awkward 
and static postures, performing multiple repetitive movements. Their responsibil-
ities are many, and precision is necessary for success.

Knowing what kinds of equipment industries sell and recognizing their short-
comings will go a long way in helping you modify equipment to improve ergonom-
ics. It is essential to recognize the postural and positioning errors that are made 
daily. This is the only way to correct them and prevent musculoskeletal disorders, 
which can cause pain and even incapacitate the dentist or dental staff. This entails 
serious problems—not only physical, but also financial, because pain prevents the 
dentist from doing a good job, and a day without work is a day without profit in 
this profession.

It is amazing how simply learning to sit correctly and what positions the human 
body is designed for can make all the difference. It should be emphasized that the 
operator’s stool is the most important piece of furniture to invest in, because the 
dentist spends more time in contact with it than with any other element in daily 
life. Therefore, the stool constitutes the starting point for good ergonomics while 
working.

Prevention is the best way to guarantee longevity. Therefore, it is crucial to plan 
time and space for breaks and stretching. Also, the incorporation of the surgical 
microscope is of utmost importance—there is no other technology that, in a single 
act, improves the visual capacity and posture of the user. Knowledge of this tool, 
its settings, and its proper use to enhance ergonomics is extremely important. 
Training in the use of the microscope in dentistry and its subsequent use in daily 
practice should be a priority.

The importance of training the assistant should be emphasized as well so the 
operator can work with their eyes in the microscope and thus eliminate unnecessary 
movements, increasing productivity and focus on the operative field. Furthermore, 
it is crucial to consider the assistant’s position to prevent them from experiencing 
the same musculoskeletal pain to which dentists are exposed. They should respect 
the same prevention laws as the dentist, as these directly influence the efficient 
workflow that all professionals want in their practice.

With this text, I hope to guide many colleagues to understand why we are a 
profession with a high risk of musculoskeletal injury. Only with this understanding 
can we succeed in preventing these disorders and make the necessary corrections 
that allow for painless and quality work.



1

1 General Aspects of Applied Ergonomics

1

1

Chapter objectives
•	 Learn the history of ergo-

nomics and concepts of 
work enhancement 

•	 Understand the importance 
of ergonomics in work 
processes within dental 
practice 

•	 Address ergonomic risks in 
dentistry

•	 Address benefits of applied 
ergonomics within dental 
practice

•	 Understand applied body 
biomechanics in dentistry

•	 Understand anthropomet-
ric factors in the design of 
equipment used

•	 Apply ergonomic interven-
tions to avoid musculoskel-
etal risk factors

General Aspects of Applied 
Ergonomics 

Background of Ergonomics 

Definitions
There are currently several definitions for this science. According to the 
Occupational Safety and Health Administration of the United States (OSHA), 
ergonomics can be defined as the study of work. More specifically, it is the 
science that deals with adapting work to the worker, rather than physically 
forcing the worker’s body to fit the job. It can also be defined as the devel-
opment and application of a human-system interface that is responsible 
for the interactions between the human and other elements of a system, 
such as hardware, software, environment, work, organizational structure, 
and processes.1

Ergonomics and human factors are two scientific disciplines that have the 
common objective of minimizing the risks of injury and disease by optimiz-
ing human well-being and creating the holistic conditions for the worker 
to perform the work efficiently and well. The difference between the two 
terms is that ergonomics addresses the physical aspect of work and human 
factors addresses the psychologic aspect.2

History
Ergonomics is the integration of a number of diverse scientific disciplines, 
including physiology, biomechanics, psychology, anthropometry, industrial 
hygiene, and kinesiology, among others.3 This science studies musculoskeletal 
health and its effect on worker performance.4 With the Industrial Revolution, 
our society shifted from one based on manual/agricultural production to one 
based on industry. Accompanying this change was a shift of work from active 
and dynamic tasks to sedentary tasks thanks to innovations such as machine 
and computer power. 

The momentum of ergonomic advances was due to people such as Berna-
dino Ramazzini, better known as the father of occupational medicine, who 
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studied medicine with a particular interest in occupational diseases. He was the first 
to correlate work activities with musculoskeletal disorders. Another contributor to 
the development of ergonomics as a field was Frederick Taylor, who applied prin-
ciples of science to improve work efficiency (ie, the scientific study of work). Over 
the years, countless inventions and concepts have been developed to modernize 
processes, make them more efficient, and improve the quality of life of the worker.5

Since the Industrial Revolution, new ways of working have been imposed in 
the different societies of the world, accompanied to a great extent by technologic 
advances that have produced transformation and disruption in the entire labor 
market. Sedentary work has increased by 83% since 1950, and almost half of the 
jobs in the United States are currently performed in a sedentary manner.6

Applied Dental Ergonomics

Risks in dentistry
Numerous studies have been conducted on the prevalence of pain related to work 
in dentistry, and the results indicate that more than half of dental professionals 
experience some form of pain. This pain normally starts as early as dental school 
(or dental hygiene school), creating bad habits that promote a continuation of the 
problems throughout one’s career. More than 70% of dental students complain 
of musculoskeletal pain in their third year.7 Most musculoskeletal disorders are 
therefore inherited from years of ignorance and lack of training in ergonomics, 
which is why it is essential to recognize the benefits of an ergonomic dental prac-
tice in the early stages of training programs. Bad habits practiced for many years 
are difficult to eradicate; however, when we learn correctly, we create good habits 
from the beginning. 

In dentistry, it is very common to develop bad posture. Many dentists focus first 
on the patient’s comfort rather than that of the operator or the work team, which 
is not the best way to avoid work-related risks. Unfortunately, over time, these 
bad postures can cause some of the most common musculoskeletal disorders. 
According to the European Agency for Safety and Health at Work, if it is assumed 
that poor posture in the workplace is the initial factor or symptom developer at the 
musculoskeletal level, then these disorders are considered work-related muscu-
loskeletal disorders.8

It is important to use ergonomically designed equipment because this technology 
can minimize risk factors for developing musculoskeletal disorders.9 When building a 
dental office from the ground up, the ideal situation is to achieve harmony between 
furniture, dental equipment, technologies, space management, safety training, and 
prevention of musculoskeletal risks. Unfortunately, this is the exception, and many 
times we start working in places without space design or ergonomic criteria, for 
which modifications have to be made to achieve some degree of improvement in 
the ergonomic operation of the office. In this case, we must analyze what is adjust-
able, what can be redesigned, what must be moved, and what must be purchased 
or invested in to modify the nonergonomic and transform it to ergonomic.

More than 70% of den-
tal students complain of 
musculoskeletal pain in 

their third year.
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Benefits of ergonomics
Implementing ergonomics and techniques for prevention of injuries in the field of 
dentistry can have a profound impact on professionals, including the following10:

•	 Improved management and reduction of musculoskeletal pain
•	 Prevention of work-related injuries
•	 Increased productivity
•	 Reduction of stress at work
•	 Decreased employee turnover
•	 Decreased number of sick days 
•	 Safer work environment
•	 Increased quality of life and job satisfaction
•	 Increased career longevity 

Dental health care workers (dentists, assistants, hygienists) are predisposed to 
muscle imbalances and the resulting cascade of events. When dentists and their 
staff are forced to work above their physical limits, a spiral of poor performance 
begins, and accidents occur more frequently. This results in an increase in oper-
ating costs, including the hiring and training of new staff, increased medical costs, 
and worker’s compensation. To avoid the vicious cycle of musculoskeletal disor-
ders, dental professionals must take these risks seriously and take effective action 
throughout their career.7 If the dental staff and dentist ignore these consequences 
due to ignorance or neglect of ergonomic principles, there will be a risk of injury. 
Ergonomics is designed to minimize worker fatigue and reduce musculoskeletal 
stress through balanced neutral postures, control of working time movements, and 
provision and maintenance of healthy work environments. An ergonomic dental 
practice means an increase in productivity and a decrease of injury risk, which is 
the main objective of ergonomics.11

OSHA proposes standards that can be applied to any occupation and provides 
basic information on musculoskeletal health and safety; it is a simple guide to 
understand work standards, which in the same way can be applied to our profes-
sion.7 Because ergonomics is multifactorial, risk factors must be controlled when 
creating ergonomic intervention programs in any work practice. There are three 
ergonomic controls as described in Table 1-1. The preferred method to ergonomi-
cally control the risk factors is with engineering control because it produces more 
permanent and efficient results; however, it is also the most expensive method.12

Control of work practices, on the other hand, focuses on the way work is devel-
oped. In this way, procedures and practices are modified to ensure neutral work 
positions and safe techniques. To obtain the best possible result, it is necessary 
to create an ergonomic work protocol in which (1) the work environment (what we 
use to work), (2) the task being performed, and (3) the focus on the comfort of the 
operator who performs the work are integrated. This will guarantee an efficient work-
flow that favors the health of the body parts of the professionals involved (Fig 1-1). 
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TABLE 1-1  Ergonomic controls

Type of control General examples Dental examples

Administrative control •	Equipment maintenance
•	Job rotation
•	Rest times

•	Organization of agenda
•	Distribution of procedures
•	Rest time scheduled with 

and between patients

Engineering control •	Workstations and work 
areas

•	Materials and objects and 
how these are handled

•	Office equipment

•	Office counter
•	Surgical microscope
•	Dental chair delivery system
•	Ergonomic operator stool
•	Physical space
•	Horizontal distances to 

instruments and tools

Control of work practices •	Focus on the way work is 
developed

•	Modification of procedures
•	Safe working postures
•	“Ergo breaks”

•	Four-handed dentistry
•	Seated work
•	Postural education
•	Transfer of instruments

WORKER

TA
SK

EN
VIRO

N
M

EN
T

Ergonomic risk factors

FIG 1-1  Integration of task, 
worker, and environment. 
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Foundations of dental ergonomics
Much of the information in this book is based on the experience and result of a 
broad scientific search on how to improve my own dental practice. In the process, 
I identified four foundations of ergonomics as applied to dental practice: 

•	 Knowledge of body biomechanics
•	 Ergonomic operator’s stool
•	 Four-handed dentistry 
•	 Surgical optical microscope

The integration of these four foundations within our clinical practice (Fig 1-2) 
will make our profession one that is productive, simplified, and efficiency-oriented. 
The key to ergonomic success and the maintenance of healthy systems within our 
offices is to rely on all four foundations; a deficiency of just one of these prevents 
the office from being truly ergonomic. 

Biomechanics of Posture
Dental work is designed to be carried out in a sitting position, with the dentist 
remaining sedentary for long working hours. From a biomechanical point of view, 
this is no different from an office worker; people who work in an office spend 
approximately 89% of their working time sitting, increasing the risk of developing 

Dental ergonomics

Knowledge 
of biome-
chanics

Ergonomic 
stool

Four-handed 
dentistry

Optical  
microscope

FIG 1-2  The foundations of 
dental ergonomics include 
knowledge of biomechanics, 
an ergonomic stool, four-
handed dentistry, and an 
optical microscope. Without all 
four pillars, the support is not 
adequate.



6

1 General Aspects of Applied Ergonomics

pathologies such as obesity, high blood pressure, increased cholesterol levels, 
and heart disease.13

In a comprehensive approach to ergonomics, a knowledge of occupational biome-
chanics is essential to understand the behavior and function of the human body. 
In this specific case, anthropometrics is a fundamental concept, because dentists 
often work with equipment, instruments, and technologies that must be selected 
according to individual anthropometric parameters and physiology. Dentistry is 
a job with an important physical component, so recognizing the anatomy and 
physiology of body parts can help us understand the risks of different situations 
in our profession. 

Occupational biomechanics studies the movements and the effects of the forces 
on objects, applied to living systems within work environments. These forces include 
gravity, external loads and resistances, and internal forces that act on the skele-
ton, on the muscles, and in other tissues while performing a job. Ergonomists use 
their knowledge of biomechanics to understand and improve conditions that may 
currently be challenging in a work environment.14

Personally, when conducting ergonomic assessments and consults in dental 
offices and dental schools, I refer to the biomechanics of the human body as the 
missing link within the chain of ergonomics—it is not taught in dentistry. The lack 
of information and application of clear and simple concepts of ergonomics has a 
long-term impact on the professional lives of students, and beginning their careers 
with this knowledge in hand could be very beneficial to their health.

Two of the most important biomechanics concepts in this book are posture and 
positioning. It is essential to understand body biomechanics in order to apply ergo-
nomics at work. In a profession such as dentistry in which the worker is seated for 
long hours in awkward positions (ie, improper posture and positioning), injuries 
can occur over time.

Biomechanics is taken very seriously in other professions that require mental 
and physical demand, where performance depends on the state of proper use 
of the human body. For example, athletes train and stretch methodically with 
specialized equipment to prevent injury and result in peak performance; dentists 
should treat their profession in the same way. After all, the goals are the same: 
to avoid injuries and to perform the work to a high standard in the long term 
without pain. Mental and bodily fatigue—and of course pain—will restrict the 
performance of any job.15

The discipline of ergonomics teaches us the proper way to use our bodies in 
dentistry. As we incorporate this knowledge, we will learn to avoid the cycles of 
poor posture and positioning to which dentists, hygienists, and assistants are 
subjected. Becoming aware of how the various body parts move, rest, and position 
themselves during long working hours is a starting point to prevent musculoskel-
etal disorders and irreversible injuries. In a profession where the worker is seated 
for long hours, such as dentistry, a proper understanding of the biomechanics of 
the human body should raise questions such as the following: 

Mental and bodily 
fatigue—and of course 

pain—will restrict the 
performance of any job.
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•	 How do I move my different body parts during dental work? 
•	 How many times do I execute and repeat the same movements? 
•	 Am I aware of the neutral sitting posture?
•	 How am I using my equipment according to my physical parameters?

Asking these simple questions could point to the origin of many of the musculo-
skeletal pains to which dentists are subjected (which are generally the result of a 
lack of understanding about how the body really works biomechanically). To result 
in a healthy long-term outcome, the biology of the body should be respected, and 
integrated work protocols, technologies, and equipment should be designed for 
ergonomic purposes.

Kinetics and kinematics
Kinetics and kinematics are two areas of biomechanics that name, evaluate, 
measure, and study the movement of the components of the body in a state of 
rest (static) or in movement. Kinetics examines the forces acting on the body 
during movement as well as the motion with respect to time and forces. These 
forces include gravity, muscles, friction, and external resistance. 

One example of a typical procedure in general dentistry is removing a caries 
lesion to later place a composite restoration. This procedure may be done using the 
naked eye or loupes, possibly without an assistant, and may take 1 hour or more 
depending on the size of the lesion. To perform the procedure, the operator must 
repeatedly perform multiple motions such as turning the head to the left; tilting to 
the side, forward, and down to focus on the tooth; moving the upper extremities 
to reach instruments; rotating the trunk sideways to pick up and put down equip-
ment and tools; and more. At the biomechanical level, the muscles and tendons 
are working all the time to maintain the neutral posture of the body during the 
procedure. The motions create internal stress and transmit loads and pressure 
between adjacent structures within or around a joint at the fulcrum points. The 
internal forces that are generated in the muscles produce voluntary movements. 
The efforts and loads necessary to complete the task are transmitted from the 
muscles to the tendons, ligaments, and bones as well as torque (forces) on the 
axial axes of rotation in the joints, tension, compression, torsion, or shear within 
the anatomical structures of the body.16

Specifically for the task of caries removal and restoration placement with the 
naked eye or loupes without an assistant, biomechanically, the internal forces 
are generated by the musculoskeletal components to keep the operator’s head 
raised and aligned with the spine. Then there are forces (torque) on the axial axes 
of rotation in the joints or fulcrum points, such as the cervical and lumbar from 
where the inclination is made to see in the patient’s mouth, and the movements 
from the shoulder joints outward and up to reach. These different inputs, frequently 
used for this type of activity, do not result in the best use of the operator’s body.

The joints and bones behave a certain way when moving the limbs, head, and 
back according to the axis of movement, axis of rotation in the joint, and the degree 
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of freedom of each joint. Motions create internal stress by (1) imposing loads on the 
involved muscles and tendons in order to maintain the position, (2) transmitting 
loads to underlying nerves and blood vessels, and (3) creating pressure between 
adjacent structures within or around a joint. Dentistry places the operator and staff 
in working positions with the head forward and down, with movements or esthetic 
postures that place the joints, muscles, and bones in situations of cyclical fatigue. 
Positioning like this day after day adds to the potential health issues. 

Gravity
Let’s address the fundamental force that acts on all body segments all the time: 
gravity. When they are in direct contact with a surface (eg, in the sitting posi-
tion), no forces are needed by muscles or ligaments to maintain the position of 
certain body parts. The surface of the support structure (floor, chair, back, armrest, 
etc) provides the required equal and opposite “reaction” so that movement does 
not happen.17 When there is no support structure, the body must exert force. For 
example, an endodontist must elevate their elbow over the shoulder at different 
angulations in the process of shaping root canals in molars. This is a repetitive 
and sustained posture, and in addition to the internal muscular forces and torque 
in the shoulder joint, the gravity forces remain, exerting forces on the extremity 
down and close to the trunk. Similarly with the shoulder, the thrust of gravity on 
the entire arm is usually passively opposed by the tissues of the joint. This can 
explain why working with the shoulder elevated or abducted—or even sitting on a 
stool with no armrest—may increase the possibility of pain and discomfort in the 
neck, shoulder, and arm.

Statics
Dentistry places the body in prolonged static postures, and this is one of the most 
dominant risk factors in the profession. Statics, a subdivision of kinetics, is the study 
of bodies when they are at rest and all forces are in equilibrium. The statics of the 
body are investigated by first reviewing forces, torques, and equilibrium and then 
applying these conditions to statics in a plane or lever. The principle that governs 
all static conditions, including static human postures, is that the sum of all forces 
in any direction (in this case, the vertical—gravity) must be zero. This means that 
there can be any number of forces acting in the body segment, but these have to 
sum to zero, with the forces up matching the forces down. 

There are several types of forces applied on the body tissues (bones, ligaments, 
and tendons; Fig 1-3):

•	 Compression: Equal and opposite load directed toward the surface 
•	 Tension (tensile stress): Equal and opposite load directed away (outward) from 

the surface 
•	 Bending: Tension and compression applied at opposite sides of a surface
•	 Shear: Load directed parallel to the surface
•	 Torsion: Shear applied along a surface, causing torque
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The way in which these forces are applied externally in static postures will gener-
ate an internal force effect on muscles, tendons, ligaments, and joints as a reac-
tion. Examples include shaping a dental canal with the dominant hand, suturing 
soft tissue, placing layers of composite, preparing a tooth for a veneer, grasping 
a mirror with the nondominant hand statically prolonged, and tilting the head 
down to focus on the tooth for minutes or even hours. In addition to these linear 
support situations, any posture requires an active muscular effort to maintain it. 
Depending on the posture, the forces can be considerable, and they are regularly 
accompanied by some unwanted but physiologically unavoidable consequences.

When gravity does not act exactly on the center of a joint, as is generally the 
case, there is a tendency to rotation (moment or torque) on the axial axis of the 
joint. The moment and magnitude created in the joint when working will depend 
on the force and the perpendicular distance from the axial axis of rotation. For 
example, bending the head forward from the cervical spine is not the same as 
bending forward from the lumbar spine. The further the line of action of the force 
of gravity is found from the center of the joint, the greater the moment caused by 
the gravity. In the case of static posture, when there is no movement, the biome-
chanical law is applied: The moments that tend to cause rotation on the joint in 
one direction (clockwise) must be exactly counterbalanced by moments that tend 
to cause rotation of the joint in the opposite direction (counterclockwise). Leverage 
is everything. Following the same example, to maintain an upright position when 
leaning forward from the lumbar spine, torque is counteracted by tension in the back 
extensor muscles (Fig 1-4). It is easy to understand the nature of musculoskeletal 
pain in these areas, which will be described in later chapters. To summarize, the 
effect of postural deviation and the internal forces to sustain the posture combined 
with the gravitational forces place the different body parts in risk situations. This 
occurs even if no extra weight is carried on the limbs and is exacerbated when 
modifying factors (eg, duration, frequency, intensity) are present. 

Leverage is 
everything.

Compression

C
om

pression

Tension Tension

Tension

Bending Overbending
FIG 1-3  Applied forces acting 
on body tissues. 
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An example of static head and neck posture associated with forward head posture 
and leverage is when the force of gravity acts in the center of the mass of the head 
(Fig 1-5). Here, we assume that the axial rotation axis or fulcrum is the atlanto- 
occipital joint between the head and the first cervical vertebra, the force of control 
of which is provided by the muscles of the back of the neck. The moment for clock-
wise rotation is the distance from the thrust line of the muscular force to the axial 
axis of rotation (lever). In static posture, these two moments must sum to zero. For 
example, if we estimate that a person’s head represents 7% of their body mass, 
the gravitational force of a 68-kg (150-lb) person is 4.76 kg and, consequently, the 
force provided for the muscles of the cervical spine should be approximately 9.5 kg.  
It is important to note that the forces act in the downward direction on the first 
cervical vertebra.

The compressive strength in the atlantooccipital joint is not just the weight of 
the head but approximately three times that amount in a forward head posture. In 
the forward head posture example, if the user leans forward more than 25 degrees, 
the resistance of the lever increases. As a result, an increase in muscular effort 
is required, as well as a proportional increase in the compression of the joint. 
Conversely, if the posture is more erect, the muscle strain and compression in the 
joint is smaller. The same biomechanical principle applies to the posture of any 
segment of the body that is not in a relaxed vertical alignment, such as your lower 
back and shoulder-arm. In this case, we assume that gravity acts on the combined 
head-arms-trunk in the axis of rotation (L3, L4, and L5). To maintain this static work 
posture, an equal and opposite force must be provided by the paraspinal muscles 
of the lower back, in which the lever resistance is many times greater than the force 
of the lever. This indicates that the lumbar muscles must contract to maintain this 
posture continuously at a high level, increasing the chances of fatigue, pain, and 
reduction of blood supply to the region.18

FIG 1-4  (left) Applied forces 
acting on body tissues during 

naked-eye dentistry include 
forward head and lower  

back posture. 

FIG 1-5  (right) Static head and  
neck posture. R = resistance; 

F = force.
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Active sitting, 35
Acute back pain, 39
Adaptive shortening, of lower back muscles, 40
Adjustable fixed armrest, 75
Adjustable ranges, design for, 11–12
Anaerobic metabolism, 36
Annulus fibrosus, 20, 21f
Anthropometrics

applied, 11–13, 12f
definition of, 6
sitting posture affected by, 32

Arm(s)
abduction of, 43, 119, 119f
neutral posture of, 33–34

Armrest
of operator’s stool, 37, 69, 71f, 74–75, 119
of patient chair, 78

Assistant. See Dental assistant.
Atlantooccipital joint, 10
Average, design for, 11–12

B
Back pain, 35, 39–40
Backrest

of operator’s stool, 69, 71f, 74
of patient chair, 77–78, 81

Beach concept, 77
Bending, 8, 9f
Biomechanics

of caries removal procedure, 7
concepts of, 6
gravity, 8–9
kinematics, 7–8
kinetics, 7–8
occupational, 6
of posture, 5–11
statics, 8–11, 9f–10f

Blood flow, 97
Breaks

description of, 91–93
ergo, 94, 95f
importance of, 98

C
Cardiorespiratory fitness, 97–98
Caries removal, 7
Carpal bones, 52, 52f
Carpal tunnel syndrome, 52f, 52–53
Ceiling mount, microscope with, 110, 110f
Central fatigue, 91
Cervical spine, 20f, 31
Chair. See Patient chair.
Chest muscles, 46
Chin tucks, 96
Chronic pain, 25, 39
Coaxial lighting, 103, 103f, 105–106, 111
Cognitive central fatigue, 49
Cognitive ergonomic interventions, 14
Compression, 8, 9f
Compressive strength, in atlantooccipital joint, 10
Computer, 88
Constant horizontal reach, 13
Constant-use instruments, 62, 63f
Counters, at dental office, 85–86
Cumulative trauma disorders

carpal tunnel syndrome, 52f, 52–53
causes of, 23–26

de Quervain’s tenosynovitis, 51
fatigue as cause of, 23, 24f, 26, 29
lateral epicondylitis, 50, 50f
medial epicondylitis, 51, 51f
microtraumas as cause of, 24–25
prevention of, 28–29
risk factors for, 23–26
stress as cause of, 23
types of, 26–27
in upper limb, 50

D
de Quervain’s tenosynovitis, 51
Deep cervical flexors, 45
Delivery systems

for dental assistant, 86–87, 87f
description of, 81–82
height of, 85–86, 86f
over-the-patient, 84, 84f
rear, 82, 82f
side, 83, 83f
utilities, 87–88
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delivery systems for, 86–87, 87f
duties of, 57–58, 58f
in-chair height of, 60, 60f
instrument delivery to operator, 107
muscle imbalances in, 3
positioning of, 59–60, 59f–60f, 61b, 62f, 78
posture of, 58–60, 59f–60f
stool for, 61, 76
tool positioning for, 62–63, 63f

Dental chair
armrest on, 78
backrest on, 77–78
description of, 61, 76–78
headrest on, 77
length on, 78
spittoons with, 78
swivel feature of, 78
utilities placement, 87–88

Dental health care workers, 3
Dental microscope, 101. See also Microscope.
Dental office

counters at, 85–86
delivery system height in, 85–86, 86f
ergonomic considerations for, 2
layout and design of, 84–88, 86f–87f
microscope considerations in designing of, 

108–109
Dental technology, 88
Dental unit, 61
Dentistry

ergonomic risk factors in, 2–3
four-handed. See Four-handed dentistry.
musculoskeletal pain in, 2, 24
posture in, 2

Depth of focus, 102
Design, workspace

for adjustable ranges, 11–12
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Discs. See Intervertebral discs.
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measurement, 13
Dynamic maximal contraction, 25
Dynamic movement, 25–26
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Dynamic work, 26

E
Elbow to fingertip measurement, 13
Endodontics, 101
Engineering controls, 3, 4t
Epicondylitis

lateral, 50, 50f
medial, 51, 51f

Equipment. See Ergonomic equipment.
Erector spinae, 45
Ergo breaks, 94, 95f
Ergonomic chair, 33
Ergonomic equipment

delivery systems. See Delivery systems.
dental technology, 88, 89f
office layout and design, 84–88, 86f–87f
operator’s stool. See Stool.
patient chair. See Patient chair.
selection of, 67–68
stool. See Stool.

Ergonomic injury, 25
Ergonomic interventions

cognitive, 14
description of, 13–14
organizational, 15–16
physical, 14
in work practices, 3

Ergonomic movements, 107, 107f
Ergonomic stool. See Stool.
Ergonomic trainings, 15
Ergonomic work protocol, 3
Ergonomics

benefits of, 3, 4f
controls, 3, 4t
definition of, 1, 16
dentistry risks, 2–3
foundations of, 5, 5f, 15–16
history of, 1–2
purpose of, 3
scientific disciplines included in, 1
workplace assessment and evaluation of, 

15–16
Exercises, 96f, 96–97
Extension, 118
Extraoral fulcrums, 53
Extremes, design for, 11
Eyepiece extender, 111, 112f

F
Fatigue

central, 91
cognitive central, 49
cumulative trauma disorders and, 23, 24f, 

26, 29
mirror use for prevention of, 118
muscle, 40
musculoskeletal, 91
overuse as cause of, 91

Field of view, 102
Finger rests, 53
Fitness, 97–98
Flexion

neck, 118, 119f
wrist, 51, 53, 53f

Focal length, 102
Focal plane, 102
Foot stand, with microscope, 109f, 109–110
Force, 36
Forward head posture

description of, 10
muscles affected by, 45–46
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Forward tilt posture, 59
Forward trunk flexion, 120, 120f
Four-handed dentistry

definition of, 57
dental assistant in. See Dental assistant.
equipment selection based on, 68
mirror technique, 64f–65f, 64–66
over-the-patient delivery system for, 84, 84f
rear delivery system for, 82
summary of, 66
systematic workflow for, 61b
tools, 62–63, 63f
working environment for, 60–63

Frequent horizontal reach, 13
Fulcrum point, 65

G
Glenohumeral joint, 46
Golfer’s elbow. See Medial epicondylitis.
Gravity, 8–9
Grip, mirror, 64–65, 65f

H
Halogen light, 111
Hamstring stretch, 95f
Handle controls, on microscope, 113–114
Handpiece, 63, 64f
Head

forward posture of, 10, 45–46
static posture of, 10, 10f
tilt of, 36
torque generation caused by, 36

Headrest, of patient chair, 77
Height

of operator’s stool, 70f, 76, 76t
of patient chair, 78, 116

Herniated discs, 37–39, 38f
Hip angle, 33
Horizontal reach of instruments, 13
Human factors, 1
Hyperextension, neck, 118–119, 119f
Hyperkyphosis, 21, 21f

I
Ideal sitting posture, 32, 32f
Image resolution, 102
In focus, 102
Indirect vision, 64–66, 65f, 105, 118
Industrial Revolution, 1–2
Instruments. See Tools.
Intervertebral discs

description of, 20, 21f, 31
herniated, 37–39, 38f

Inversion, 21, 21f
Isometric contractions, 22
Isotonic contractions, 22

K
Keyboard, 88
Kinematics, 7–8
Kinetics, 7–8
Knee height seated measurement, 13
Kyphosis, 20–21

L
Lactic acid, 27
Lateral epicondylitis, 50, 50f
LEAN method, 16
Leaning forward, 36
LED light, 111
Levator scapulae muscles, 46
Leverage, 9, 26, 37
Ligaments, 20, 22
Light, for microscope, 111
Lordosis, 20–21
Loupes, 103, 104t

Lower back
neutral posture of, 33
pain of, 39–40
stretching of, 95f

Lumbar spine
anatomy of, 20f, 31
herniated discs of, 38

M
Machinery, 88
Magnification

benefits of, 103–105, 104f
definition of, 102
improper, 118
learning how to use, 108
microscope, 34, 103–105, 104f, 118

Medial epicondylitis, 51, 51f
Micro focus system, 112, 112f
Microscope

accessories with, 111–114
arm abduction with, 119, 119f
balanced neutral position with, 106
benefits of, 103–108, 120
with ceiling mount, 110, 110f
coaxial lighting with, 103, 103f, 105–106, 111
dental assistant’s positioning, 60
designing office for, 108
in endodontics, 101
ergonomic benefits of, 103–108
ergonomic recommendations for, 116, 117b
eyepiece extender with, 111, 112f
eyepiece position, 116
foot controls for, 113, 113f
with foot stand, 109f, 109–110
forward trunk flexion positioning with, 120, 

120f
handgrips on, 113
handle controls on, 113–114
history of, 101–102
learning how to use, 108
light sources for, 111
loupes versus, 103, 104t
magnification using, 34, 103–105, 104f, 108, 118
micro focus system with, 112, 112f
mirror with, 118
mistakes in positioning, 117t, 117–120
movement classes, 107, 107f
neck flexion with, 118, 119f
neck hyperextension with, 118–119, 119f
neutral head position with, 29f
objective lens of, 111–112
operator position for, 114–116
patient chair tilting for, 80–81
patient position for, 115–116
pendulum movements of, 113, 113f
positioning for, 114–120, 117b, 119f–120f
postural benefits of, 105–106, 106f
posture with, 33f
safety barriers on, 114, 114f
selection of, 108–114
terminology associated with, 102
3D, 109
torsion/rotation of neck and trunk, 119, 119f
VarioFocus lens with, 111, 112f
visual ability affected by, 104
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Microtraumas, 24–25, 98
Mirror, 64f–65f, 64–66, 118
Mirror technique, 64f–65f, 64–66
Moment, 9
Monitors, 88, 89f
Movable cart

for dental assistant delivery system, 86, 87f
for side delivery system, 83, 83f

Muscle(s)
anatomy of, 22
dysfunction of, 23
fatigue of, 40
function of, 22
imbalance of, 26–27, 45

Muscle contractions, 22
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Musculoskeletal disorders

avoidance of, 3
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muscle fatigue and, 40
prevalence of, 40
retirement secondary to, 40
seated work as risk factor for, 31
work-related, 2

Musculoskeletal fatigue, 91
Musculoskeletal pain
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in dental assistant, 58
in dentistry, 2, 24

Musculoskeletal system
definition of, 19
disorders of, 26–27
dynamic movement of, 25–26
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static movement of, 25–26

Myalgia, trapezius, 48–49

N
Naked-eye dentistry, 27, 106f
National Institute for Occupational Safety and 

Health, 25
National Institute of Neurological Disorders and 

Stroke, 52
Neck

flexion of, 118, 119f
hyperextension of, 118–119, 119f
muscle tension in, 44f, 44–46
muscles of, 43, 44f
static posture of, 10, 10f
stretching of, 95f
syndromes involving, 43
tension neck syndrome, 40, 44–46
torsion/rotation of, 119, 119f

Neck pain, 43–45
Neutral posture

of arms, 33–34
of dental assistant, 59
herniated disc prevention with, 38
of lower back, 33
of shoulders, 33
tools to achieve, 34–35
of upper extremities, 33–34
of wrist, 53, 53f

Neutral sitting posture, 31–35, 32f
Nucleus pulposus, 20, 21f

O
Occupational biomechanics, 6
Occupational Safety and Health Administration

ergonomics as defined by, 1
objective of, 25
postural recommendations, 26

Office. See Dental office.
Operator

dental assistant’s position with, 61, 62f
instrument transfers to, 63
microscope position of, 114–116
patient positioning with, 79–80, 80f
stool used by. See Stool.
tool positioning for, 62–63, 63f
visual ability of, microscope effects on, 104

Operatory, 60–62, 62f, 108. See also Dental office; 
Workplace.

Optical microscope. See Microscope.
Organizational ergonomic interventions, 15–16
OSHA. See Occupational Safety and Health 

Administration.
Out of focus, 102
Over-the-patient delivery system, 84, 84f
Overuse, 91
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P
Pain

armrests for prevention of, 74–75
lower back, 39–40
musculoskeletal. See Musculoskeletal pain.
neck, 43–45
referred, 49
shoulder, 43, 46

Parfocalization, 102
Passive sitting, 35
Patient chair

armrest on, 78
backrest of, 77–78, 81
description of, 76–77
headrest of, 77
height of, 78, 116
neck cushions on, 79
orientation of, 78–79
patient positioning in, 79–81, 79f–81f
spittoons with, 78
swivel feature of, 78

Patient position, for microscope, 115–116
Pendulum movements, of microscope body, 

113, 113f
Periodic stretching, 92–97
Persistent injury, 25
Physical ergonomic interventions, 14
Poor sitting posture

description of, 35–36
herniated discs caused by, 37–39, 38f
leaning forward as cause of, 36
lower back pain caused by, 39–40
problems caused by, 37–40
risk factors for, 36–37

Positioning
dental assistant, 59–60, 59f–60f, 61b, 62f, 78
description of, 6
microscope, 114–120, 117bg, 119f–120f
tools, 62–63, 63f

Postural awareness, 96f, 96–97
Posture

bad, prevention of, 66
biomechanics of, 5–11
in dentistry, 2
head. See Head.
microscope benefits for, 33f.105–106, 106f
neck. See Neck.
neutral. See Neutral posture.
proper, 28, 31
recommended, 33
sitting. See Sitting posture.
spinal curvatures caused by, 21, 21f
static. See Static posture.
working, evaluation of, 14

Power zone seated measurement, 12f, 13
Prolonged static posture, 36–38, 91
Proteoglycans, 20

R
Rear delivery system, 82, 82f
Rectification, 21, 21f
Referred pain, 49
Rest, 91–93
Rotational force, 36
Rotator cuff

anatomy of, 47f
impingement of, 46–48, 47f–48f
tendonitis of, 47

S
Sacrum, 20f
Saddle stool, 73, 73f
Seat, 69, 70f, 72–73
Seat contour, 73
Seat depth, 69, 70f
Seat pan tilting mechanism, 73

Seat texture, 73
Seat width, 72
Seated postural exercises, 96f, 96–97
Seated work, 31
Sedentary work, 1
Shear, 8
Shoulder blade retractors, 45
Shoulders

elevation of, 47, 47f
neutral posture of, 33
pain of, 43, 46
rotator cuff impingement, 46–48, 47f–48f
shoulder to grip measurement, 12f, 13
stretching of, 95f
syndromes involving, 43

Side delivery system, 83, 83f
Sitting

active, 35
deficiencies in, 37
passive, 35

Sitting posture
ideal, 32, 32f
neutral, 31–35, 32f
poor. See Poor sitting posture.
prolonged, 37
studies of, 39

Six-handed dentistry, 60
Skeletal muscles, 22
Skeletal system, 19
Spinal column, 19
Spinal nerves, 20
Spine

anatomy of, 19–20, 20f–21f
cervical, 20f, 31
curve/curvatures of, 20–21, 21f, 31
discs of. See Intervertebral discs.
dysfunction of, 22
function of, 21–22
lumbar. See Lumbar spine.
mechanical stress on, 38
thoracic, 20f
vertebrae of, 19, 20f
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Static contractions, 25–26, 36, 38
Static movement, 25–26
Static posture

description of, 27, 28f
fatigue caused by, 91
prolonged, 36–38, 91
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Statics, 8–11, 9f–10f
Stool, ergonomic

armrests on, 37, 69, 71f, 74–75, 119
backrest of, 69, 71f, 74
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description of, 33, 37
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height of, 70f, 76, 76t
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seat of, 69, 70f, 72–73
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benefits of, 91
breaks for, 92
chin tucks, 96
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periodic, 92–97
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Subacute back pain, 39
Suboccipital muscles, 31, 46
Supraspinatus tendon, 47
Surgical microscope, 101. See also Microscope.

T
Team systematic workflow approach, 57
Technology, 88, 108
Telescopic movable armrest, 75
Tendonitis, rotator cuff, 47
Tendons, 20
Tennis elbow. See Lateral epicondylitis.
Tensile stress, 8, 9f
Tension, 8, 9f
Tension neck syndrome, 40, 44–46
Thoracic spine, 20f
3D microscopes, 109
Tissue, forces applied on, 8–9, 9f
Tools
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placement of, 13
positioning of, 62–63, 63f

Torque force, 36
Torsion, 8
Trapezius myalgia, 48–49
Triangle of influence, 62–63, 63f
Trigger points, 27, 49, 93
Trunk

forward flexion of, 120, 120f
torsion/rotation of, 119, 119f

U
Upper back muscles, 44f
Upper extremities. See also Arm(s); Wrist.

functionality of, 54
neutral posture of, 33–34
pain syndromes in, 43–54, 118

Utilities, delivery system, 87–88

V
VarioFocus lens, 111, 112f
Vertebrae, 19, 20f
Visual ability, 104

W
Wall exercises, 97
Wall mount, microscope with, 110, 110f
Work practices

control of, 3, 4t
design considerations for, 15
ergonomic intervention programs in, 3

Working posture, evaluation of, 14
Workplace. See also Dental office.

assessment and evaluation of, 15–16
furniture in, 60–62
injury risk in, 35
layout and design of, 60–62, 84–88, 86f–87f

Work-related musculoskeletal disorders
description of, 2
ergonomic interventions for, 14
risk factors for, 15

Wrist
flexion of, 51, 53, 53f
neutral posture of, 53, 53f
stretching of, 95f

X
Xenon light, 111

Z
Zipper position, 61, 62f




