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Preface

Musculoskeletal disorders (MSDs) are injuries that affect the musculoskeletal
system of the human body, especially bones, spinal discs, tendons, joints, liga-
ments, cartilage, nerves, and blood vessels.

Work-related musculoskeletal disorders (WRMSDs) are often observed when there
is a discrepancy between the physical capacity of the human body and the physical
requirements of the work task. Along with personal factors such as personal medi-
cal history, the design of the physical and psychosocial working environment can
contribute to the formation of these disorders.

This book describes the human musculoskeletal system, including such topics as
anthropometry and posture, as it relates to accidents and injuries in the workplace.
Chapters discuss such subjects as job standards; risk assessment; direct and indirect
costs of WRMSDs; epidemiology, etiology, and pathology of WRMSDs; engineer-
ing and administrative controls; risk factor identification; injury management; and
education and training. It presents a holistic approach to identifying, intervening,
and preventing WRMSDs.

Orhan Korhan
Eastern Mediterranean University,
Famagusta, North Cyprus, Turkey
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Chapter1

Introductory Chapter:
Work-Related Musculoskeletal
Disorders

Orhan Korhan and Asad Ahmed Memon

1. Introduction

According to the National Institute for Occupational Safety and Health [1],
musculoskeletal disorder (MSD) is a damage that affects the musculoskeletal
system of the human body, especially at bones, spinal discs, tendons, joints, liga-
ments, cartilage, nerves, and blood vessels. Such injuries may result due to repeti-
tive motions, forces, and vibrations on human bodies during executing certain job
activities. Previous injuries, physical condition, heredity, pregnancy, lifestyle, and
poor diet are the factors that contribute to the musculoskeletal symptoms.

Work-related musculoskeletal symptoms can be observed at workplaces when
there is a discrepancy between the physical capacity of the human body and the
physical requirements of the task. Musculoskeletal disorders can be related to the
work activities and conditions, and they could significantly contribute to the devel-
opment of MSDs. However, these are not necessarily the only causes or significant
risk factors.

The World Health Organization recognizes conditions that result in pain and
functional impairment that affect the neck, shoulders, elbows, forearms, wrists,
and hands as work related when the work activities and work conditions signifi-
cantly contribute to the development of work-related disorders (Figure1).

Work-related musculoskeletal disorders (WRMSDs) are described as wide range
of degenerative and inflammatory conditions that affect the supporting blood
vessels, peripheral nerves, joints, ligaments, tendons, and muscles. Such conditions
could result in functional impairment and pain which are widely experienced at the
upper extremities and the neck [2].

At the workplace, the causes of musculoskeletal disorders are diverse but poorly
understood. Aptel et al. [3] stated that biomechanical factors such as repetitive
motion, strenuous efforts, extreme joint postures, and/or psychosocial factors
establish the key role in work-related musculoskeletal disorders. In [4], it is pro-
vided that certain psychological factors are associated with musculoskeletal dis-
comfort and may eventually provide one way to intervene to reduce MSDs.

This chapter aims to analyze the ergonomics, administration of occupational
health and safety, economic impact, prevalence, intervention, and prevention of
WRMSDs.

2. Risk factors

Hales and Bernard [5] cited the causes of work-related musculoskeletal symp-
toms in two categories: physical and psychosocial.

3 IntechOpen
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Figure 1.
Factors scheme.

2.1 Physical factors

These include intense, repeated, or sustained exertions; awkward, non-neutral,
and extreme postures; rapid work pace; repeated and/or prolonged activity; insuf-
ficient time for recovery, vibration, and cold temperatures.

2.1.1 Inappropriate postures

The muscles and joints involved in an activity and the amount of stress or force tol-
erated or generated are determined by the body posture due to the fact that as the back
bends, there is more stress exerted on the spinal discs during object lifting, handling,
or lowering than when the back is straight. The tasks requiring sustained or repeated
twisting or bending of the shoulders, wrists, hips, and the knees also increase the stress
on the joints. Therefore, prolonged or frequent work activities can be very stressful.

2.1.2 Repetitive motions

Frequently repeated motions (e.g., every few seconds) and prolonged periods
could end up in accumulated muscle-tendon strain and fatigue. If the time allocated
between the exertions is sufficient, the muscles and tendons can recover from force-
ful exertions and stretching effects. During inappropriate postures and forceful
exertions, the impact of repetitive motions due to performing the same work
activities can be increased. Risk factor such as repetitive actions can also depend of
the performed specific act and the body area.

2.1.3 Duration
The amount of time that someone is continuously exposed to a risk factor is

called duration. The job tasks that require the use of the same motions or muscles
for long periods increase the probability of general and local fatigue. Generally, if
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the period of the continuous work increases (for the tasks require extended muscle
contraction), more rest or recovery period is required.

2.1.4 Frequency

Within a given period of time, the number of repeated exertions by a person
is defined as frequency. In fact, if the exertion is repeated more often, the speed
of movement of the exerted body part increases. Moreover, the recovery period
decreases when more frequent exertion is completed, and this increases the prob-
ability of general and local fatigue with the duration.

2.2 Psychosocial factors

WRMSDs do not only result in the physical stressors. However, a set of multiple
factors determine the formation. Psychosocial risk factors such as stressful job,
social pressure at work, and job dissatisfaction are such factors which contribute
to the formation of WRMSDs. When an injury occurs, psychosocial factors, such
as incongruous pain and depression, are the main reasons for the development of a
disability and transition from acute to chronic pain [6].

These include monotonous work, time pressure, a high workload, unorganized
work-rest schedules, complexity of tasks, career concerns, lack of peer support, a
poor relationship between workers and their supervisors, and poor organizational
characteristics (climate, culture, and communications).

The way to structure and manage the work processes are called as organization
of work and it deals with the following subjects:

Work scheduling (work-rest schedules, work hours, and shift work).

Job design (task complexity, required effort and skill, and the degree of control
of work).

* Interpersonal facets of work (relationships with colleagues, subordinates, and
supervisors).

* Concerns regarding career (job security and opportunities to grow).

Style of management (teamwork and participatory management).

Characteristics of the organization (culture, communication, and climate).

Many of the above components are called as “psychosocial factors,” and they are
known as risk factors for psychological strain and job stress. Stress is a conceived
emotional and physical reaction of the human body to events or circumstances
which cause excitement, danger, confusion, irritation, or frightening. Particularly,
it is a transition from someone’s normal behavior according to a cause that results in
tear and wear on the body’s mental or physical resources.

There are internal or external stimuli that cause stress. The internal stimuli are
those stressors that involve self-expectations, impersonal barriers, and conflicting
desires. Apparently, internal stimuli depend on personal aspects. However, external
stimuli include situations where expectations, time limit, lack of resources, and lack
of vision and goals present.
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Stressors may be physiological, psychological, social, environmental, develop-
mental, spiritual, or cultural and represent unmet needs. Stress causes changes in
the human body that are usually centered on the nervous system and endocrine
system. Therefore, the human body’s internal environment is constantly changing,
and the body’s adaptive mechanisms continually function to adjustments in heart
rate, respiratory rate, blood pressure, temperature, fluid and electrolyte balances,
hormone secretions, and level of consciousness.

Intensive and extensive stress results in disorders in the musculoskeletal system.
Emotions like anger, frustration, irritation, confusion, tension, and nervousness cause
the stress. It is not only the experience and frequency of such feelings but also the rep-
etition of the activities and motions that induce injuries or musculoskeletal disorders.

In considering human emotions and feelings and applying the results of the
research to their impact on the musculoskeletal system, it is probably platitudinous
to make a statement that the greater the knowledge and understanding of the
human being, the better the result obtained. In order to identify and understand
the effect of the emotions on the musculoskeletal system, important risk factors for
musculoskeletal disorders should be recognized.

2.3 Psychological risk factors

Moreover, together with the above conditions, some other work aspects con-
tribute to both physical and psychological stress as well. The human body in fact
is limited in kinematic motions as it is a mechanism formed by biological char-
acteristics. Beyond this, it also includes a brain which thinks, reasons, and feels.
Thus, feelings such as joy, pain, anger, sadness, depression, frustration, outrage,
boredom, fear, jealousy, hate, love, and (even) schizophrenia are experienced by
human beings.

When exposed to stress, human beings show responses such as fear, frustration,
anger, fatigue, tension, depression, anxiety, helplessness, confusion, and lack of
vigor.

3. Common types of occupational MSDs
i. Tendonitis: it is the most common hand problem, which happens when the

tendons connecting the fingers to muscles in the forearms get inflamed.
Tendons help attach muscle to bone to allow movement of a joint [7].

ety

ii. Tenosynovitis: this is another common ailment, where the synovial sheaths
(sacks filled with fluid) swell which surround and protect the tendons.
Carpal tunnel syndrome (CTS) is the condition which is a result of this
swelling. The carpal tunnel is a small opening close to the bottom of the hand
which accommodates the tendons and the median nerve that provides sensa-
tion to the hand. In the case of swelling of the synovial sheaths, the carpal
tunnel cramps and puts pressure on the nerve. There are several syndromes
of the CTS, but the most frequent ones are numbness, tingling, or a burn-
ing sensation in the palms, fingers, and wrists. These conditions can lead to
strength and sensation loss in the hands in time [7].

iii. Nerve compression: throughout the body, there are several nerves that
transmit signals from the body parts to the brain. These often move in the
spine through small tunnels available between the vertebrae. There are
many conditions which cause the nerves to become compressed, pinched, or
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squeezed, which can result in weakness, numbness, severe pain, and loss of
coordination. The condition in which the sciatic nerve in the spine becomes
compressed is known as sciatica. The symptoms of this condition appear in
the back of the leg and at the side of the foot [7].

iv.Raynaud’s syndrome/disease: this is a loss of blood circulation, which results
in whitening and numbness of the finders. It is sometimes called “white
finger,” “wax finger,” or “dead finger” [7].

v. Reflex sympathetic dystrophy: this is a rare, incurable condition character-
ized by fry, swollen hands and loss of muscle control. It is consistently
painful [7].

vi. Ganglion cyst: this disorder arise when a swelling or lump in the wrist result-
ing from jelly-like substance leaks from a joint or tendon sheath [7].

—

vii. Cervical radiculopathy: this is the condition of an injury due to the extend-
ing out of those nerves that provide sensation and trigger movement from
cervical vertebrae which result in weakness, numbness, or pain in the hand,

wrist, arm, or shoulder [7].

viii. Lateral epicondylitis: this is a condition when the outer part of the elbow
becomes painful and tender, usually as a result of a specific strain, overuse,
or adirect bang [7].

ix. Rheumatoid arthritis: this is a disabling autoimmune disease which is
progressive and happens in a long term. It causes pain, swelling, and inflam-
mation in and around the joints and other body organs. Hands and feet are
affected mainly, but it can be seen in any joint as well. It usually occurs at the
same joints on both sides of the body [7].

4. Economic impact

Musculoskeletal disorders (MSD) are a major concern globally not just due to the
pain and disability suffered by the individual worker but also due to its economic
impact not just on the employer but also on the society as a whole. In 2013/2014,

8.3 million work days were lost in UK due to musculoskeletal disorders [8]. In the
European Union (EU), more than 40 million workers are affected by musculoskel-
etal disorders that translate to one in seven people [9]. In the USA, musculoskeletal
disorders accounted for 29-35% of the occupational injuries in private industries
which resulted in absence from work from 1992 to 2010 [10].

Financial costs due to musculoskeletal disorders can be divided into direct costs
and indirect costs. Direct costs are the costs mainly comprised of medical expen-
ditures which are used to cure and/or prevent diseases. These include resources
such as hospitals, doctors, equipment, etc. Indirect costs are the hidden costs which
include costs due to loss of productivity, training, and hiring costs of new employ-
ees. These productivity losses occur when either the person is sick and does not
show up at work or his productivity is reduced while at work due to sickness. There
is also cost due to loss of unpaid work due to sickness when the person is not able to
do his household tasks.

In both manufacturing and service sector, productivity loss is one of the big-
gest and severe problems. Organizations suffer from decreased job productivity
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and employee absence which then creates significant economic burden not just

for them but for the economy as a whole. Despite significant indirect costs due to
musculoskeletal disorders, many economic evaluations done by countries exclude
these costs which are greater than the direct costs. Even the countries which do
include these costs significantly vary in their methodology from one another due to
disagreement over the current methods and the certain flaws in them.

Ignoring or including only some part of these costs in economic evaluations has
a twofold effect: firstly, health benefits as a result of a proposed health intervention
are underestimated and, secondly, not enough resources are allocated to research
in workplace safety and health as a result of under estimation of these costs. In
the USA, despite occupational injuries costing society up to $250 billion, a budget
of $0.3 billion was allocated to the National Institute of Occupational Safety and
Health (NIOSH) in 2013 [11]. This compared with budget of $5 billion for National
Cancer Institute which costs society up to $219 billion.

For businesses to remain competitive, it is important that research of safe work-
place practices is promoted and the businesses are given guidance about workplace
safety because without a healthy human resource, no entity can grow. This can only
happen when these costs are captured in economic evaluations and given their due
attention by both the employer and the society as a whole.

4.1 Costs of MSDs

Calculation of costs of MSDs is not straightforward as several factors need to be
considered before total costs are computed. The following components need to be
estimated to calculate the total costs of MSDs [12].

i. Direct costs: these are the costs spent on management of musculoskeletal
disorders, i.e., medical costs, administrative, compensation, and insurance
costs. These costs are visible, and estimation of these is straightforward.
These costs are not within the scope of this chapter and thus would not be
discussed further.

—-

ii. Indirect costs: these are hidden costs which include costs for lost productiv-
ity both paid and unpaid, lost earnings and tax revenues, lost opportunity
costs for careers, and costs of hiring and training new workers. These costs
are difficult to estimate, and in the literature, most of the debate is around

calculation of these costs. This will be discussed later in detail.

—-

iii. Intangible costs: this includes psychosocial burden such as job stress, family
stress, and economic stress which leads to reduced quality of life [12]. As
these costs are very difficult to express in monetary terms, they are rarely
considered for cost calculations. But intangible costs give useful informa-
tion about the quality of life of people with MSDs and help in measuring
effectiveness of the interventions. Intangible costs are usually expressed with
the help of a measure called quality adjusted life years (QALY). Even though
these costs are not the focus of this study, they have been mentioned in the

context of explaining methods of measuring indirect costs.
4.2 National data of costs due to MSDs

Coyte et al. [13] estimated that the total cost of musculoskeletal costs in Canada
in 1994 was $25.6 billion (Canadian) which equates to 3.4% GDP of Canada.
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Indirect costs were 2.4 times of the direct costs. Lost productivity cost due to dis-
ability was $13.9 billion dollars which is 54.3% of the total cost.

The French Government in a press release part of national Plan on Health &
Safety at Work (Plain Sante Travail 2005-2009) highlighted that 75% of all the
occupational diseases in 2005 were musculoskeletal disorders [14]. Thirty-one
thousand diseases were compensated which lead to loss of 6.5 million work days and
650 million EUR. Indirect costs are not included in this amount.

In the UK, 8.3 million days were lost due to MSDs in 2013/2014, which equates
to 15.9 days per case of MSDs [8]. It cost around £4.5 billion in lost productivity
to Britain due to work-related illnesses in 2012/2013 [15]. The direct cost of MSD
in Korea is estimated as $4.5 billion, whereas cost due to loss of productivity is
$2.28 billion [16]. The total economic cost was estimated to be $6.89 billion, which
amounts to 0.7% of the GDP.

In the USA, the economic cost of MSDs is estimated between $45 and 54 billion
[17]. These include costs such as compensation costs, lost productivity, and lost
wages. In the USA, work-related musculoskeletal disorders (WRMSD) account for
34% lost workdays; direct costs for worker compensations are estimated to be $20
billion, whereas indirect costs can be five times more than the direct costs [18].

Data which is available in a German national report on safety and health estimated
that 95 million days are lost due to MSD which costs €23.9 [14]. Wenig et al. [19] cal-
culated the total costs for back pain for Germany. The study indicated a cost of around
49 billion EUR. Average back pain costs were around 1300 EUR per patient per year.
46% of the total comprised of direct costs and 54% comprised of indirect costs.

Deloitte Access Economics calculated the indirect costs for people with arthritis
and other musculoskeletal conditions to be $11.2 billion in Australia in 2012 [20].
This amount is 55% of the total health cost. Out of this amount, productivity costs
accounted for $7.4 billion, which included costs associated with reduced employ-
ment ($6 billion), lost superannuation, absenteeism, and presenteeism.

In a French study commissioned by the national working conditions agency
(ANACT) to estimate cost of MSDs in three companies with more than 500 employ-
ees, it was found that indirect costs were 10-30 times higher than direct costs [14].
Total cost was between €6800 and €11,200 per employee.

5. Intervention and prevention

The European Agency for Safety and Health at Work (2008) suggested that it
is possible to draw the following conclusions about the different types of interven-
tions based on the randomized and non-randomized comparative studies in the
workplace, trials without a comparison group, and laboratory studies:

* Organizational and administrative interventions. Only a few studies were
conducted on these type of interventions. In physically demanding works, the
evidence is limited to show that the disorders at the neck and shoulder regions
can be reduced when there is a reduction in daily work hours (from 7 to 6 hours).
Also, it has been shown that without productivity loss, it is possible to introduce
extra breaks within repetitive work. However, the methods to be applied prevent
the occurrence of MSDs effectively are not clear and yet requires to be studied.

* Technical, engineering, or ergonomic interventions. The workload on the back
without any productivity loss can be reduced by applying certain technical
measures. Very few evidence is available to illustrate that these measures can
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reduce absenteeism due to illness and low back disorders. However, there is
strong evidence to show that the load on the shoulders, arms, and hands can be
reduced by ergonomic hand tools. Moreover, literature is limited to illustrate
the reduction of MSDs due to manual computer tasks or vibration.

* Protective equipment. It is not clear whether the use of back belts helps or hurts
the back pain. It could not be achieved scientifically that the use of back belt can
prevent back pain during manual material handling. Also, there is no evidence
on prevention of upper limb disorders by using other protective equipment.

* Behavioral modification. It is widely discussed in the literature that training
on work methods is not adequate if it is used as the sole measure to prevent the
back pain. Reduction in the relapses of shoulder-neck pain and back pain by
physical training is another issue which yet requires to be studied extensively.
Therefore, the training should involve dynamic exercises, which are to be
repeated three times a week at least, in order to be effective.

6. Discussion and conclusion

Occupational injuries pose costly health problems (direct cost) and lost productivity
(indirect cost) problems in workplaces where people are engaged in intensive, repetitive
action and long hours of work. Direct costs occupy only 25% of the total induced cost
of WRMSDs. Thus, ergonomic interventions in the workplace should be organized to
focus on the reduction of the lost productivity, as it occupies the majority of the costs.

Alone or in a combination, the risk factors that contribute to the formation of
WRMSDs can be physical, psychological, or psychosocial. Psychosocial and physi-
cal occupational risk factors should be analyzed in detail to understand the effect
on the organization. Primarily, the working conditions should be analyzed for
awkward postures and repetitive jobs.

WRMSDs may cause pain, slow responses, increased probabilities of accidents,
reduced quality of life, and working ability. Therefore, both the individuals and the
organizations should accept the fact that they are under a constant risk, and they
should get ergonomic training in which they should apply at every step of their lives
to be protected from WRMSDs.
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Abstract

A correct identification of ergonomic risks and their physical location in production
areas becomes vital for the prevention of work-related illnesses. The method proposed
for detecting musculoskeletal disorders (MSDs) in industrial workplaces has the
objective of identifying the relationship between the workplace design and the noner-
gonomic task content. A mapping of work conditions was implemented to develop a
diagnosis about hazards and ergonomic risk factors present in the work system. The
information collected was organized in an ergonomic risk map with the following
structure: inputs, information about risks and hazards, process, information about
how the risk exposure leads to MSDs and outputs, and information about the conse-
quences of risk factor exposure. The mapping results allowed determining the causes
of work-related illnesses in activities of polishing and screening metals, establishing as
amain cause of risk the barrel height (1.70 m) that forces the material handling above
the shoulders. Force demands required to perform the task (around 277 N in each lift-
ing) were determined. The work-related illnesses identified were low back injuries and
rotator cuff injures. The information contained in the map improves the understanding
of employers and workers about the origin of ergonomic problems and supports the
decision-making about improvement projects focused on risk elimination.

Keywords: ergonomics, musculoskeletal disorders, process mapping,
risk assessment, hazard identification

1. Introduction

The specialist designing workplaces, equipment, and tools and selecting work-
ers for a specific task must understand the purpose of designing activities and
devices that need muscular strengths. The human muscle strength measurement
is important for understanding human capabilities. Nevertheless, the knowledge
about strengths developed by an individual during work does not give the special-
ist enough information to solve ergonomic problems that lead to musculoskeletal
disorders (MSDs). Thus, a work-system elements assessment should be necessary
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to find hazards that cause microtraumas [1]. The microtraumas outrun the body’s
recovery system causing work-related injuries that result in musculoskeletal
disorders (MSDs).

From a mechanical point of view, when a machine repeats intensely specific
movements during its operation, the applied forces cause fatigue in its mecha-
nisms [2]. From a biomechanical point of view, the musculoskeletal system
suffers from fatigue and wears down in joints and muscle injuries [3], when there
are ergonomic risk factors at work such as employees’ prolonged exposure time to
awkward postures, excessive force exertion, repetitive movements, and manual
material handling, causing fatigue and impacting on the health and well-being of
workers [4, 5].

Consequently, a correct identification of ergonomic risks and their physical
location in production areas becomes vital for the prevention of work-related
illnesses.

1.1 Development of MSDs: Current situation in Mexico

In Mexico, MSDs were included in the work-related illness classification by the
Mexican Health Secretary (SSA) until 2008. The Mexican Institute of Social Safety
(known as IMSS) categorized the information about MSDs into seven diseases
and one injury. This catalog is named “MSDs classification according to a kind of
injury” and contains the following diseases [8]:

1. Other synovitis, tenosynovitis, and bursitis
2.Radial styloid tenosynovitis (Quervain)
3.Shoulder injury

4.Carpal tunnel syndrome

5.Epicondylitis

6. Other enthesopathies

7. Osteoarthritis/arthrosis

8. Dorsopathies

In 2009, the number of MSDs was recounted for the first time. Table 1 pres-
ents data of a nine-year period (2009-2017) [6, 7]. During that period, the IMSS
reported only 20,523 cases, showing an underreporting problem. Aspects like
authorities not properly reporting risk conditions or workers’ fear of being fired if
they notify symptoms, as well as employers’ evasion of mandatory law compliance
[8, 9], contribute to the problem of lack of information. Despite work related-
illnesses not being appropriately studied as MSDs yet, there was a data ascendant
tendency in the results; see Figure 1.

In Mexico City, during the first forum on safety and health at work carried out
in August 2015, it was determined that MSDs will be subjects of care because of
their impact on workers’ health [10]. To abate this health problem, the Mexican
Ministry of Labour and Social Safety Secretaria del Trabajo y Previsién Social
(STPS) issued a mandatory rule called Federal Rule for Safety and Health at Work
(Reglamento Federal de Seguridad y Salud en el Trabajo) in November 2014 [11].
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Year Work-related Work-related Percentage of MSDs with respect to work-
illnesses injuries related injuries

2009 266 4101 6.49

2010 513 3466 15.80

2011 788 4105 19.20

2012 1309 4853 26.97

2013 1893 6364 29.75

2014 2604 8301 31.37

2015 3722 12,009 30.99

2016 4273 12,622 33.85

2017 5155 14,159 36.41
Total 20,523 69,980 29.33

Table 1.

Total cases of MSDs developed by workers in Mexico reported by the IMSS [8, 9].

Cases of MSDs developed by Mexican Workers
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Figure 1.
Data ascendant tendency of MSD cases developed by workers in Mexico [8, 9].

It includes a new employer obligation for identifying, reporting, and reducing
ergonomic risks inside facilities. Now, ergonomic risk factors are highlighted.
Hence, the correct identification of MSDs becomes a big problem for the employ-
ers. Thus, the identification of ergonomic risk and musculoskeletal disorders
(MSDs) for their prevention is too important. The aim of identifying the risks is
to find process conditions that lead to musculoskeletal disorders and work-system
elements that need changes from an ergonomic point of view.

In this chapter, a methodology for detecting musculoskeletal disorders was
employed in a case study, and the diagnosis and analysis developed were used to
propose a mapping representation of risks inside the workplace. The mapping
resulted in a standardized representation of risks to ensure risk identification. The
method includes (a) reports of the employees’ complaints about workstation design
and symptomatology suffered by workers as input information, (b) a description
about the nonergonomic elements of the task and biomechanical studies on ergo-
nomic risk factors that cause MSDs, (c) risk assessment results and work-related
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injuries and illnesses as output information, and (d) the cost of nonergonomics
spent per year giving extra information that supports the decision-making about
future ergonomic interventions and workstation redesign.

2. Mapping process tool

There are representations of conditions from an ergonomic point of view, for
example, the empirical design of a human-machine system about the person-
process relationship designed by Lemon [12], which involves an analysis about job
organization, environment, and workplace; however, his model did not consider
the work-system inputs/outputs, that is, inputs, information about risks and
hazards that lead to MSDs and outputs, and information about the consequences
of risk factor exposure. Axelsson’s design [13] included work-systems and qual-
ity in a model of ergonomics. The model combined the concept of “fitness for
use” developed by Juran [14] and the concepts in the book “Fitting the Task to
the Man” developed by Grandjean [15]. His model based on Lemon’s proposal
considered only the work-system inputs, like interaction between the worker and
the process, inside work space but did not include the outputs. Delgado-Bahena
et al. proposed the Ergonomic Hazards Mapping System (EHMS). The model was
developed using a rough layout in which the body parts exposed to hazards or risk
factors were identified [16]. Nevertheless, their model only considers the work-
system outputs and did not provide information on what leads to MSDs. It is
important to consider that the models presented above contribute to understand-
ing the ergonomic process problem, but they do not add information for detecting
and preventing MSDs.

In the industrial context, a system comprises an interacting component collec-
tion that brings together common purposes; the system is limited by variables at
any moment in time and is subject to a cause-effect mechanism [17]. The process
mapping schematizes the system model using a pictorial relationship between
variables. It is composed of legends, symbols, and scales explaining the interac-
tions between system elements with the aim to identify the activities that add
value [18]. It is divided into three parts: input-process-output, where the input
connections or linkages among a selected part of a process (work system) trans-
form the resources into another valued form (output). The process map represents
the whole (end-to-end) work process [19]. Therefore, designs of ergonomic risk
map based on the process map concept can contribute to identifying the risk of
developing MSDs.

3. Case study

The workplace comprises three polish-screeners designed and built by company
personnel, and they were used for polishing pieces of metal. The three machines
polished around 50,000 pieces daily. The production time comprised three shifts of
8 h, with three operators per shift. The task was developed on a standing posture.
Workers took a lunch time of 0.5 h, at the middle of the work period. Ergonomic
risk factors like manual material handling, repetitive movements, awkward pos-
tures, and force exerted were to be identified as a part of task performance as is
observed in Table 2.
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Task description Repetition by shifts

Barrel filling with: 44 times
¢ Metal parts.

¢ Corn cob powder.

Sieve the corn cob powder from the 2295 times
metal parts.

¢ Metal parts.

« Fill a metallic bucket with metal
polish using a manual metallic
collector.

¢ Fill the cardboard container with
the polished metal.

Move the filled cardboard container to 310 times
the inspection area.

Table 2.
Work method.

4. Ergonomic risk map design

To design the mapping, an analogy between the process map elements and
ergonomic risks was developed. The relationship map regards the input/output
connections or linkages among selected work tasks, and workstations were defined.
The result is presented in Table 3.

The notations used for classifying the body segment affectation and the risk level
of developing MSDs were based on the concept used by the ergonomic standards ISO
11228-3 [20] where the color identification for each risk level was as follows:

* Green—there is no risk of developing musculoskeletal disorders; a change in
working conditions is unnecessary.

* Yellow—there is a risk of developing musculoskeletal disorders; a change in
working conditions is needed.

* Red—there is a high risk of developing musculoskeletal disorders; a change in
working conditions is needed immediately.

Information developed during the work-system assessment that can contribute
to identifying risks that cause MSDs was organized according to the connections or
linkages between ergonomic risk map elements as follows:

Inputs: work place conditions and human factors

* Work place design
* Nonergonomic task content

¢ Individual characteristics
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Process Ergonomic risk map
components
Input Information about risks and hazards that lead to MSDs

* Work place conditions

¢ Human factors

Process Information about how the risk exposure leads to MSDs
* Ergonomic risk factors present in the work place

¢ Force demands

Output Information about the consequences of risk factor exposure
* Simple risk assessment results
* Work-related injuries and illnesses

* Cost of nonergonomics

Table 3.
Analogy between the process map elements and the evgonomic risk map elements.

Processes: ergonomic risk factors that cause MSDs and force demands by shift
required to perform the task

* Weight manipulated
* Body segments affected
* Color identification of the risk level

* Force demands by shift required to perform the task measured in Newtons by
movement

* Number of repetitions of the exertion strength

Outputs: risk assessment results, work-related illnesses, and the cost of
nonergonomics

* Pain points in body segments
* Resume of task assessments
* Work-related injuries and illnesses

* Cost of nonergonomics

4.1 Method of construction
4.1.1 Inputs

Step 1. A list was made with risks or hazards that had been identified in a work-
place, using data from assessment checklists. It should include only the workstation

elements that limit the overall movement of the body or increase force require-
ments, causing pain or discomfort.
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Step 2. A list was made with nonergonomic task elements, like awkward pos-
tures, repetitive movements, force exertion, and insufficient time recovery, among
others.

Step 3. A list was made with individual characteristics that workers should
change to prevent MSD development.

4.1.2 Process

Step 4. Photographs were added to identify the manipulated weight in each task
element.

Step 5. Workstation layout was added. It represented machinery used for
developing tasks.

Step 6. Images of body segments affected with color identification of the risk
level were added.

Step 7. A list was made with force demands that caused pain/discomfort and
exceeded the permissible standard value. It included isometric strength, leg lift-
ing strength, grip strength, push and pull (initial force/kept force), and dynamic
back extension strength, among others, in Newtons. The analysts were free to
choose the measurement method that they consider most appropriate to complete
this section.

Step 8. The number of repetitive exertions developed by workers was included.

4.1.3 Outputs

Step 9. A drawing of a body segment that identifies a point of pain was added. It
represented the pain symptoms suffered by workers.

Step 10. All the simple risk assessments developed to determine the acceptability
of risk were provided in one table. Identification of results with a color according
to each risk level was obtained. REBA, NIOSH equation, and OCRA among others
were included.

Step 11. All the work-related injuries or illnesses suffered by workers were
categorized according to frequency in a Pareto chart.

Step 12. The cost of nonergonomics was estimated. It comprised workers with
work-related injuries or illnesses, the daily salary (it included allowance for tem-
porary inability and replacement worker salary), an average of lost workdays by a
worker, and the total lost workdays per year.

5. Results and discussion
5.1 Analysis of inputs: work place conditions and human factors
5.1.1 Work place conditions

The ergonomic risk map was implemented in three polish-screener machines
used for polishing pieces of metal; only nine workers were assigned to develop
this task. The machines were poorly designed and built by engineers from the
company. The workstation design did not consider basic anthropometric require-
ments, and this situation caused insufficient space for legs, incorrect working
height and inconvenient arm reach, producing awkward postures that cause pain
and discomfort.
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5.1.2 Nonergonomic task content

With respect to nonergonomic task content, the risks found were as follows:
exerting excessive force, similar task repetitively, doing work in awkward postures,
being in the same posture for a long period, coming into contact with vibration
surfaces, and manual handling—pushing and pulling loads and lifting and carrying
loads; these conditions caused microtraumas that affect the body’s recovery system
of the workers.

5.1.3 Human factors

Moreover, individual characteristics like poor work practices, poor fitness, poor
health habits, and poor work readiness add a probability of developing MSDs.
Thus, programs about healthy life and better practices of manufacturing should be
implemented.

5.2 Analysis of process: ergonomic risk factors that cause MSDs and force
demands per shift required to perform the task

5.2.1 Weight manipulated

The work method included three task elements with manual handling—lifting
and carrying loads:

1. Barrel filling with metal parts: a filled cardboard with 30 kg of weight is lifted
over the shoulder 44 times, exerting an excessive force of around 277 N in each
lifting,

2.sieving the corn cob powder from the metal parts: a filled metallic bucket
containing metal polish with 20 kg of weight is handled 2295 times, exerting
an excessive force of 77.62 N in each grip strength, and

3. moving filled cardboard containers with 80 kg of weight to an inspection area
310 times. Leg lifting strength of 143.20 N, dynamic back extension strength
of 245.15 N, and push and pull (initial force/kept force) of 291/236 N, respec-
tively, were considered in this force demands.

The task exceeds the biomechanical work load capacity of workers; this means

that the musculoskeletal system suffers from fatigue and wears down in joints and
muscle injuries. The workers have developed dorsopathies.

5.2.2 Body segments affected and color identification of the risk level

* Upper limbs—Red—there is a high risk of developing musculoskeletal disor-
ders; the repetitive movements need to be eliminated immediately.

¢ Shoulders—Red—there is a high risk of developing musculoskeletal disorders;
the height of the barrel need to be reduced immediately.

* Trunk (back)—Red—there is a high risk of developing musculoskeletal

disorders; the conditions of manual material handling need to be changed
immediately.
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5.2.3 Force demands by shift required to perform the task measured in Newtons by
movement and a number of vepetitions of the exertion strength

The method used for the classification and definition of human muscular
strength was proposed by Mital and Kumar [21], which divides the strength criteria
into two sections: characteristics of the effort that include static isometric muscle
strengths and isokinetic muscle strengths and characteristics of the application that
include static functional strengths and dynamic functional strengths. The results
obtained are summarized in Table 4.

5.3 Analysis of outputs
5.3.1 Pain points in body segments

In order to determine the pain points in body segments a questionnaire about
MSD symptoms was to apply to the 9 operators of the three polish-screener
machines. In the questionnaire the workers had to mark the body segment where
they felt pain or had any injury. The resume of their answers is shown in Figure 2.
The results do not correspond with the official information provided by the safety
and health department used for building the Pareto chart developed for determined
work-related injuries and illnesses (see Section 5.3.3).

5.3.2 Identification of task assessments

The results from the simple risk assessments were summarized in a table. In
all the cases, the resulting risk levels were unacceptable. It allowed identifying the
main unsafe and unhealthy task components. See Figure 3.

5.3.3 Work-related injuries and illnesses

The method employed to represent the work-related illnesses was the Pareto
chart. It is a frequency distribution (or histogram). It was used for arranging
injuries and illnesses by category. The Pareto method and rules of 70/30 (Pareto
principle) allow identifying the main MSDs developed by workers in the work area.
It can be used from the ergonomic intervention standpoint [22]. The information
to build the Pareto chart was proportioned by the safety and health department.
This official information indicates that all workers in the area (nine in total) have
been suffering from almost two work-related injuries or illnesses (see Figure 4).

It confirms the analysis developed in Section 5.2.1. However, it is contradictory
with respect to workers’ complaints. They identified the shoulder pain as the main

Classification Measurement by movement (N) No
repetitions
Isometric shoulder strength 277.00 44
Leg lifting strength 143.20 310
Grip strength 7762 2295
Push and pull (initial force/kept force) 291/236 310
Dynamic back extension strength 245.15 310
Table 4.

Force demands by shift required to perform the task.
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Figure 2.
Pain points in body segments selected by the workers through a questionnaire.
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Figure 3.
Identification of task assessments.
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Figure 4.
Pareto chart about work-velated injuries and illnesses.

symptom of MSDs. Thus, new studies to implement strategies to balance the differ-
ences of opinion are necessary.

5.3.4 Cost of nonergonomics

Workers with work-related injuries or illnesses: 18.

Daily salary: $34.63 USD (includes allowance for temporary inability).

Average of lost workdays by a worker: 35.

Total lost workdays per year: 630.

Total cost of nonergonomics: $392,704 USD ($7,461,380 MXP).

The resulting cost supports the suggestion to change the working method to
eliminate repetitive movements, reduce the barrel height, and improve conditions
about manual material handling.

5.4 Ergonomic risk map

All the information presented in previous sections was organized in a single
spreadsheet. The ergonomic risk map shown in Figure 5 summarizes result series
derived from an exhaustive work place evaluation. The map added evidence
necessary to determine that musculoskeletal disorders were caused by the work-
place and incorrectly designed tasks. The resulting ergonomic risk map allowed to
determine the causes of MSDs developed in activities in a three polish-screener,
establishing the barrel height as a main cause of risk. The excessive height forces
the material handling above the shoulders. This increases force demands required
to perform the task. On the other hand, the work method must be changed
in order to reduce repetitive movements. The map improves the employers’
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Figure 5.
Ergonomic visk map from three polish-screener machines.

understanding about the origin of ergonomic problems present in the polishing
area and supports the decision-making about improvement projects focused on
risk elimination.

6. Conclusions

The assessment and diagnosis method used for building an ergonomic risk map
was developed and implemented with the objective of identifying the relationship,
between the workplace design and the nonergonomic content task. The standard-
ized method allows obtaining relevant diagnosis about hazards and ergonomic
risks factors present in the work system that leads to musculoskeletal disorders. The
study shows that the ergonomic risk map (a) improves the understanding of the
workers and employers about the origin of ergonomic problems present in working
areas, (b) identifies the main unsafe and unhealthy areas and work-system compo-
nents, (c) supports the decision-making about improvement projects focused on
risk elimination. However, the complaints and employers” opinion in many cases
were contradictory with respect to official information. Thus, new studies to imple-
ment strategies to balance the differences of opinion are necessary.
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Abstract

An ergonomic intervention method based on QOC Matrix the workers’ voice
was implemented in a study case. The diagnosis and analysis developed are used
in improvement proposals for workstation redesign. The workers’ voice resulting
from reports of the employee’ complaints and symptomatology was the base for a
standardized method that comprises: (a) QOC questionnaire application, (b) risk
factor categorization, (c) determination of unsafe and unhealthy ergonomic metrics,
(d) figuring out the task content impact in the workers’ body, and (e) work system
diagnosis. Since workers’ voice, the risk identification made included: (1) the task
content linked to work method: repetitiveness associated with the sensor activation
using the fingers and the repetitive movements include twist and the stretch of wrist,
(2) workplace design regarding container height and injuries caused in wrists and
elbows due to hits, (3) task developed regarding risk time exposition and workers
position, and (4) workplace design regards to housing collector distance from filling
area linked to workers position adopted for reach bags. Improvements included
redesign of the workstation with a system of 90° exit discharge curve, one eleva-
tion system, and a photoelectric sensor in filling nozzle for automatic filling. Asan
improvement result, the activity called bags provision was eliminated from the task.

Keywords: ergonomics, musculoskeletal disorders, ergonomic intervention,
assessment, risk factors
1. Introduction

Physical and ergonomic risks cause musculoskeletal disorders (MSDs). Physical

risks are external loads associated with long periods of exposure during tasks per-
formed. The external loads are caused by awkward postures, manual material handling,
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repetitive motion, and force exerted. All of them are known as ergonomic risk factors
(ERFs), which impact on health and well-being of workers [1, 2]. Ergonomics com-
prises a set of techniques directed to adequacy of the work to the people, optimizing
human well-being and performing the overall system [3, 4]. Elements of work system
are: workplace, tasks performed, tools manipulation, products and materials manipu-
lation, work organization, and work environment [5, 6]. During the interaction of

a person with the work system, unsafe and unhealthy elements must be changed or
redesigned. The Mexican Ministry of Labor and Social Safety (STPS) defines that if
one of this interaction is incorrectly designed, the work task requirements will become
ERFs that can lead to musculoskeletal disorders and occupational illness [7].

In Mexico, the real number of musculoskeletal disorders (MSDs) developed
by workers is unknown due to three main causes: (1) workers are afraid of being
dismissed by employers if they report symptoms of illness [8], (2) employers have
historically evaded the law and they have not usually implemented safety and health
standards in workplaces [9], and (3) authorities have improperly followed up safety
inspections. Therefore, the negligence triggered apathy to assure abatement of risk
conditions and has caused omissions, contributing to under-reporting risk condi-
tions and work accidents [10]. Despite under-reporting risk factors, the concern of
Mexican authority is the upward trend of developing MSDs (within the industrial
and service sectors), as established in the First Forum on Safety and Health at
Work, carried out in Mexico City in August 2015, where the ergonomic risk factors
are identified as a main problem due to their impact on workers’ health and their
economic costs [11]. The increase in cases (73% on average) in 8 years (2009-2017),
informed by the Mexican Institute of Social Safety (IMSS) [12, 13], reported a
cumulative total of 20,523 cases, identifying dorsopathies as the most prevalent
work disease with 6752 cases (32.9%) followed by enthesopathies with 3490 cases
(17.01%) and carpal tunnel syndrome with 3280 cases (15.9%) (Figure1).

To abate this health problem, the government has issued a mandatory rule called
Federal Rule for Safety and Health at Work (Reglamento Federal de Seguridad y
Salud en el Trabajo) [14]. It includes employer obligations to find, to report, and
to reduce ergonomic risks presented inside facilities. Thus, the question is: how

Cases of M5Ds Recognized by the IMS5 in Mexico
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Figure 1.

Cases of MSDs reported by the IMSS during years 2009—2017 are organized according to the nature of injury.

32



How Poor Workstation Design Causes Musculoskeletal Disorders: Research from QOC Matrix...
DOI: http://dx.doi.org/10.5772/intechopen.80303

employers can follow the law taking in to count that (a) ergonomic aspects are
ignored for a long time, (b) ergonomic risks are seldom identified, and (c) an
ergonomic intervention is not commonly carried out.

Based on the latter, it is important to define that an ergonomic intervention
includes a diagnosis and analysis about the work system, which results in making
improvement proposals [15]. If a proposal is carried out (elimination of ergonomic
risk factors), a reduction of reports from employees’ complaints must be observed.

In this chapter, an ergonomic intervention method based on QOC Matrix the work-
ers’ voice is carried out in a study case, the diagnosis and analysis developed were used
to propose a workstation redesign as improvement proposals. Reports of the employees’
complaints and symptomatology suffered represent the workers’ voice. Improvement
proposal should be standardized, to warranty workers’ complaint reduction. Methods
include: (a) QOC questionnaire application, (b) risk factor categorization, (c) deter-
mination of unsafe and unhealthy ergonomic metrics, (d) figuring out the task content
impact in the workers’ body, and (e) work system diagnosis.

2. Methods and tools
2.1 QOC Matrix the workers’ voice (qocMWYV)

QOC Matrix-the workers’ voice (qocMWYV) [16, 17] is an interactive © Microsoft
Excel spreadsheet. It uses decision support system (DSS) [18] that helps people to
apply ergonomic parameters to identify and categorize the risk factors and fix them
through ergonomic intervention.

It involves a questionnaire that encloses in each question criteria from: ergonomic ISO
standards, Mexican safety and health standards, OSHA and NIOSH recommendations,
among others used as evaluation parameters. During an ergonomic risk assessment,
workers have to choose the option that answer questions according to their perception
about workstation and tasks developed; the results got are called workers’ voice.

The questionnaire was organized in to five sections: (1) work area with two
subdivisions: (a) workplace design and (b) task content, (2) manual material
handling, (3) work organization, (4) work environment, and (5) psychosocial
aspects. Metrics for intervention and specific risk factors are obtained because of its
implementation. Metrics are proportions (%) that define the level of risk. Specific
risk factors are dimensional relations worker-workstation, repetitiveness, load
manipulated, and exposition time. The results are represented in Pareto charts.

2.2 Pareto charts

Pareto chart is a frequency distribution (or histogram). It was used for arrang-
ing risk factors by category. Pareto method and rules of 70/30 (Pareto principle)
[19] can identify crucial areas from the intervention standpoint. When the Pareto
principle is determined, the common effect of workers’ answers that a relative few
of the contributors (risk factors)—the vital few—accounts for the bulk of the effect
(MSDs). The vital few identification is easier when the tabular data are presented in
graphic form that encloses the next main elements [20]:

1. Risk factors to the total effect, ranked by the magnitude of their contribution

2.Magnitude of each risk factor is expressed as a percentage of total

3.Sum of magnitude of all contributors is expressed as a total percentage.
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3. Case study

The qocMWYV survey was implemented in three automatic high-speed lines
designed for filling dialysis bags with a liquid mixture and produces 110,000 bags
daily. The production time comprised three shifts of 8 h, with 16 operators in each
line by shift. Activities were developed on standing posture. Workers took a lunch
time of 0.5 h, in the middle of the work period. Ergonomic risk factors like manual
material handling, repetitive movements, awkward postures, and force exerted
were identified as a part of task performance. In Table 1, the work method devel-
oped by a worker is presented.

Because of exceeding permissible exposure limits by operators, the company
has received a preaction for probable occupational disease ST-9 (official docu-
ment) issued by the IMSS, to the medical treatment for work-related injuries
and diseases. In a preanalysis, the following percentage of cases suffered by
workers was found: 30% epicondylitis, 20% hand tendinitis, and 10% shoulder
injury.

Activity Left hand Right hand

Bags provision (92 x shift) 1. Reach housing collector to 1. Wait for bags

grasp 30-50 bags (the amount of

. " d bags depend 1
grasped bags depends on worker
% ] skills) 2. Hold the bags
2. Move the bags to the container 3. Hold the bags

3. Arrange the bags and put in right
position 4. Release the bags

4. Release the bags in container

Take bag no. 1 from container

Position the bag pipe under filling
spout

Put up in filling spout

. Activate filling with the

little finger

3. Hold bag with fingers Take balloon port from
4. Hold bag with fingers until filling container

starts . Soak balloon port in glue
5. Wait Position balloon port
6. Hold filled bag with fingers . Put balloon port in filled
7. Position filled bag with fingers bag
8. Take bag no. 2 from container Release filled bag

Table 1.

Work method used to fill dialysis bag.

4. Method for ergonomic intervention

The method used for implementing the ergonomic intervention was applied as

follows:

Step 1: the workers’ voice was collected through applying QOC questionnaires.
Step 2: the results of workers’ voice were the base to categorize ergonomic risk

factors, through a Pareto chart in three cases of intervention:
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1. effects caused in workplace by unsafe and unhealthy elements,

2. effects caused in work task by unsafe and unhealthy elements,

3.task content impacts in the workers’ body.

Step 3: once the risk factors were identified, an ergonomic work system diagno-

sis was carried out.
Step 4: project improvements were determined to abate risk factors identified.

5. Results and discussions

5.1 Work system diagnosis

Questionnaire oo cMWYV was applied to 48 operators and three supervisors from
each shift. (In Figure 2, an example of part of assessment is shown.) Workers tested
the work system, and the task was chosen from options. Options were represented
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Figure 2.
Example of a questionnaire applied using the QOC matrix—the workers’ voice.
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Symbol Description Color Risk associated

S = Yes Comfortable Green No risk

NT = Not atall Not at all comfortable Yellow Risk

N = No Uncomfortable Red High risk
Table 2.

Options chosen during the evaluation using qocMWV.

by letters that symbolized a level of comfort, for example, “S” for comfortable.
Each option was associated with a color to show the risk [21], as shown in Table 2.

In Mexico, the workforce is people who have basic studies in the best case;
therefore, workers’ training is difficult in ergonomics issues. Therefore, the survey
made to the workers focuses in their filings, complaints, and motivations [16]. The
matrix results were organized through three Pareto chart.

5.2 Categorization of ergonomic risk factors
5.2.1 Unsafe elements of work system components

Figure 3 shows the work system elements evaluated. According to Pareto princi-
ple, the cumulated frequency symbolizes “the vital few” (see Section 2.2). Therefore,
this percentage was considered as the workers’ voice index. Unfortunately, the
Pareto principle was not presented in the first chart (rule of 70/30) as is observed in
Figure 3, due to which there were small differences between opinions about unsafe
and unhealthy work system elements. Workplace and task content received 18
complaints, each one representing only 37% of cumulate frequency, and materials
handling and psychosocial factors received 17 complaints, each one representing only
35.06% of cumulate frequency, the 70% was to reach until the fourth bar and not in
the first three bars, as established by the Pareto rule. Hence, there was no main work
system element identified as workers’ voice to be improved during the intervention.

Work System Components
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16.0 BO%
14.0 70%
-
g 10 B0%
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4.0 - 20%
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0.0 o
: @s& N
Figure 3.

Pareto chart resulted from work system components evaluation.

Cumulate Frecuency
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The unusual behavior got in the Pareto chart was explained by the workers’
complaints in this manner; workplace design: the workers suffered continuous little
hits in wrists and elbows, caused by the container height and the housing collector
distance from filling area, arm overstretching in the moment of taking set bags, and
awkward position during the filling bag process. Task content and materials handling:
as the speed of line was too fast, and they have to handle huge materials quickly and
exhaustively. Aspects were confirmed with the results got in the second Pareto chart.

5.2.2 Unsafe and unhealthy ergonomic metrics

In the second Pareto chart, the ergonomic metrics about the task were evaluated,
see Figure 4. The chart bars symbolize the task metrics, which was assessed by the
qocMWYV by comparing the process parameters vs. international standards. In this
chart, the Pareto principle was more clearly presented (rule of 70/30). Unfavorable
environment received 23 complaints, repetitiveness received 20 complaints, and
body position received 19, thus representing only 64% of cumulate frequency, close
to 70%. Hence, unfavorable environment, repetitiveness, and body position were
identified as workers voice to be improved during the intervention.

The chart results due to the unfavorable environment of the task were tied
with the workplace design, and then at least 41 opinions from the 48 workers had
complaints about work place design; in the same way, task content was linked with
repetitiveness; then, at least 40 from the 48 workers had complaints about task
content. Thus, workplace design and task content were identified as workers’ voice.

5.2.3 How task content impacts workers” body

In the third Pareto chart, the task content impact in the workers’ body was
assessed. The chart bars that represent the human body parts were exposed to injury
due to ergonomic hazards and unsafe conditions. Once again, the Pareto principle was
not presented in the third chart (rule of 70/30) as observed in Figure 5. However, the
upper limbs (as a whole) were identified as affected by the repetitive works developed.

Task Metrics
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Figure 4.
Pareto chart resulted from task metrics identified as risk.
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Body parts with probable MSDs development
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Figure 5.
Pareto chart representation of body parts identified that will probably be injured.

5.3 Diagnosis to determine the incompliances regarding ergonomic rules

The results of the diagnosis about incompliance of ergonomic rules inside the
work system are mentioned below.

5.3.1 Identification of risks
1. The task content about work method:
a.Repetitiveness associated with the sensor activation using the fingers
b.The repetitive movements include twist and the stretch of wrist
2. Workplace design regards to container height:
a.Injuries associated with wrists and elbows hits
3. Task content regards to task duration about workers’ position

4. Workplace design regards to housing collector distance from filling area about
workers’ position adopted for reach bags.

5.3.2 Symptoms found
1. Wrist pain and swelling caused by repetitive little hits
2.Elbow pain and swelling caused by repetitive little hits
3.Shoulder pain regarding arm overstretching position adopted to reach bags

4.Back pain regarding task duration and workers' position adopted to reach
bags.
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5.4 Improving proposal work station redesign
5.4.1 Transport system of bags

In order to eliminate the 92 repeated overstretching positions taken by the workers
during task performance (Table 1), redesign of the workstation was proposed (see
Figure 6). Improving proposal included a transport system of a 90° exit discharge
curve, which will position in the right way the bags are directed into the base container.
Regarding poor design of container height and the distance between the collector
and the worker, a slide elevator system was added, which included an optical sensor
with two main functions. First one consists in detecting each bag to move the elevator
system down when each bag is deposited in the container base, the second one refers
to moving up the container base added to the elevator system when a determinate
quantity of bags is counted, allowing the workers to reach without additional efforts
to the bags. Additionally, a synchronization of the conveyor system was suggested,
improving the productivity and decreasing the overwork driving to the human factor.

5.4.2 Photoelectric sensor implementation in filling nozzle

For reducing repetitiveness in the activation sensor (Table 1) during filling bag
(right hand), a photoelectric sensor was implemented. It will automatically activate
the filling nozzle. This implementation allowed eradicating the twist and stretch
movements generated at wrist (see Figure 7).

5.4.3 Work method improvements

After ergonomic intervention, “bags provision” activity (Table 1) was elimi-
nated, as well as the activation of filling with right-hand little finger. The work
method resulting is shown in Table 3.

907 Exit discharge curve

Elevador system

Figure 6.
Workstation proposed redesign. It includes a system transport of 90° exit discharge curve and an elevation
system.
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Figure?7.
Photoelectric sensor in filling nozzle for automatic filling.

Activity Left hand Right hand
Fill bag (5000 bags per person) 1. Takebagno. 1from 8. Putupin filling spout
container 9. Take balloon port from
2. Position bag under filling container
spout

10. Soak balloon port in glue

3. Hold bag with fingers 11. Position balloon port

4. Hold bag with fingers until
filling starts

5. Wait
6. Hold filled bag with fingers

12. Put balloon port in filled
bag

13. Release filled bag

7. Take bag no. 2 from
container

Table 3.
New work method for the task filling dialysis bag.

6. Conclusions

The assessment and diagnosis method based on qocMWV was developed and
implemented, with the objective of improving the labor relationship, between
workers and employers as well as their working conditions. The standardized
method allows obtaining relevant diagnosis about hazards and ergonomic risks
factors present in the work system, which leads to musculoskeletal disorders. The
study shows that the oo cMWV: (a) improves the worker-employer understanding
about origin of ergonomic problems present in working areas, (b) identifies the
main unsafe and unhealthy areas and work system components, (c) supports the
decision-making about improvement projects focused on risk elimination,

(d) the workers” fear of being dismissed by employers if they report symptoms of
illness was diminished because the survey was anonymous. However, the work-
ers’ voice (complains) and the employers” opinion in many cases were contradic-
tory. Thus, it is necessary for new studies to implement strategies to balance the
differences in opinion.
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Chapter 4

De Quervain’s Tenosynovitis:
Effective Diagnosis and
Evidence-Based Treatment

Jenson Mak

Abstract

De Quervain’s tenosynovitis (DQT) is a repetitive stress condition located at
the first dorsal compartment of the wrist at the radial styloid. The extensor pollicis
brevis (EPB) and abductor pollicis longus (APL) tendons and each tendon sheath
are inflamed and this may result in thickening of the first dorsal extensor sheath.
Workers who perform repetitive activities of the wrist and hand and those who rou-
tinely use their thumbs in grasping and pinching motions in a repetitive manner are
most susceptible to DQT. Conservative treatments include activity modification,
modalities, orthotics, and manual therapy. This chapter identifies, in an evidence
base manner through the literature, the most effective diagnostic measures for
DQT. It also examines the evidence base on (or lack thereof) the treatment or treat-
ment combinations to reduce pain and improve functional outcomes for patients
with DQT.

Keywords: De Quervain’s tenosynovitis, diagnosis, treatment, workplace,
evidence-based

1. Introduction

In 1893, Paul Jules Tillaux described a painful crepitus sign (Aie crépitant de
Tillaux)—tenosynovitis of the adductor and the short extensor of the thumb.

In 1894, Fritz de Quervain, a Swiss surgeon, first described tenosynovitis on
December 18, 1894, in Mrs. D., a 35-year-old woman who had severe pain in the
extensor muscle region of the thumb, excluding tuberculosis.

“It is a condition affecting the tendon sheaths of the abductor pollicis longus,
and the extensor pollicis brevis. It has definite symptoms and signs. The condition
may affect other extensor tendons at the wrist” [1].

Patients with DQT have difficulty gripping objects and performing their daily
activities. De Quervain’s tendinopathy affects the abductor pollicis longus (APL)
and extensor pollicis brevis (EPB) tendons in the first extensor compartment at the
styloid process of the radius. It is characterized by pain or tenderness at the radial
side of the wrist. Although de Quervain’s tendinopathy is often attributed to overuse
or repetitive movements of the wrist or thumb, the cause is generally unknown.
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2. Epidemiology

De Quervain’s tenosynovitis (DQT) is a common cause of wrist pain in adults
and is the second most common entrapment tendinopathy in the hand following
trigger finger. It usually occurs in middle-aged individuals and is around 3x more
common in women (~80% of cases). It is most common among women between
the ages of 30 and 50 years of age, including a small subset of women in the
postpartum period [2]. These women tend to develop symptoms about 4-6 weeks
after delivery. In a large analysis of a young active population of military person-
nel, women again had a significantly higher rate of de Quervain’s tenosynovitis at
2.8 cases per 1000 person-years, compared to men at 0.6 per 1000 person-years
(almost 5x). Age greater than 40 was also a significant risk factor, with this age
category showing a rate of 2.0 per 1000 person-years compared to 0.6 per 1000 in
personnel under 20 years. There was also a racial difference, with blacks affected
at 1.3 per 1000 person-years compared to whites at 0.8, in this population [3].

With regard to work, Stahl found that in 189 patients surgically treated for DQT
vs. 198 patients with wrist ganglia (WG) (controls), there was no significant differ-
ence between DQT vs. WG found after subgrouping professional activities (manual
labor: 18 vs. 26%, respectively, p = 0.23). In addition, there was no asymmetric
distribution of comorbidities, wrist trauma, forceful or repetitive manual work,
or medication observed, and it was concluded that neither heavy manual labor nor
trauma could be shown to be predisposing risk factors for DQT (Figure1).

Most cases of DQT, however, are associated with overuse, and, local trauma can also
precipitate the condition [4].

Figure 1.
De Quervain’s tenosynovitis (DQT) is one of the most common work-related upper limb musculoskeletal
disovders especially in the age of smartphones, tablets and laptop devices.

3. Pathophysiology

The etiology of de Quervain’s tenosynovitis (DQT) is not well understood. In the
past, it was frequently attributed to occupational or repetitive activities involving
postures that maintain the thumb in extension and abduction. As an example, it
has been thought that new mothers are at risk postpartum due to repetitive motion
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of hands required to lift and hold newborns. Hormonal causes and fluid retention
are another plausible explanation. The evidence to support etiologic hypotheses

is limited and is largely based on observational data. The histopathology does not
demonstrate inflammation but rather myxoid degeneration (disorganized collagen
and increased cellular matrix) in patients referred for surgery [5].

DQT affects both the abductor pollicis longus (APL) and the extensor pollicis
brevis (EPB) at the point where they pass through a fibro-osseous tunnel (the first
dorsal compartment) from the forearm into the hand. These tendons are responsi-
ble for bringing the thumb away from the hand as it lies flat in the plane of the palm
(i.e., radial abduction). Similar to trigger finger (or stenosing flexor tenosynovitis),
this disease involves a noninflammatory thickening of both the tendons and the
tunnel (or sheath) through which they pass. The APL and EPB tendons are tightly
secured against the radial styloid by the overlying extensor retinaculum which
creates a fibro-osseous tunnel. Thickening of the retinaculum and tendons from
acute or repetitive trauma restrains normal gliding within the sheath. This causes
inflammation and further edematous thickening of the tendon exacerbating the
local stenosing effect. Microscopically, there are inflammatory cells found within
the tendon sheath.

Extensor poliicis brevis tendon
Abductor pollicis longus lendon

Soidl

Swelling

=,

;e L= ' ==
v ] . -
i L -

In ~10% of patients, there is an intertendinous septum between APL and
EPB. The absence of a septum is associated with very high rates (almost 100%)
of complete symptom resolution with conservative management. Presence of an
intertendinous septum increases the likelihood that surgical management will be
required.

Stahl et al. [6] reviewed in a meta-analysis of 80 articles of an association
between DQT and (1) repetitive, (2) forceful, or (3) ergonomically stressful
manual work suggesting an odds ratio of 2.89 (95% CI, 1.4-5.97; p = 0.004). The
analysis, however, found no evidence to support the Bradford Hill criteria for a
causal relationship between de Quervain’s tenosynovitis and occupational risk
factors.

4. Evidence-based review

While there have been several multidisciplinary treatment guidelines published
[7], they are consensus-based rather than evidence-based. This review seeks to
address this issue and identify any gaps in research for the investigation and treat-
ment of DQT.

Systematic search of MEDLINE, CINAHL and EMBASE for articles published
from September 2014 to August 2018, and the Cochrane Database of Systematic
Reviews (most recent issue searched—Issue 2, 2018). Randomized controlled trials,
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meta-analyses, and reviews of all aspects of diagnoses and treatment for DQT
among participants were limited to those aged 18 years.

All studies were reviewed independently by the author, who recorded individual
study results, and an assessment of study quality and treatment conclusions was
made according to evidence-based protocols.

Out of a total of 72 articles from PUBMED for DQT diagnosis, we found 10
articles satisfying the research criteria. There were no suitable Cochrane review
articles.

Out of a total of 95 articles from PUBMED for DQT treatment, we found 20
articles satisfying the criteria. There were no suitable Cochrane review articles.

5. Evidence-based DQT diagnosis

5.1 Clinical examination diagnosis

The Finkelstein test (Figure 2) is named after Harry Finkelstein (1865-1939), an
American surgeon who first described it in 1930. It is a clinical test used to assess the
presence of DQT in people with wrist pain. It is performed by grasping the patients
thumb and deviating the hand in the ulnar direction. If a sharp pain occurs along
the distal radius, this is considered to make DQT likely.

Eichhoff’s test (Figure 3) is often wrongly named as Finkelstein’s test. Eichhoff’s
test consists of grasping the thumb in the palm of the hand while the wrist is ulnar
deviated, and the test is positive in the presence of pain over the radial styloid
process during lunar deviation of the wrist.

The wrist hyperflexion and abduction of the thumb (WHAT) test (Figure 4)
revealed greater sensitivity (0.99) and an improved specificity (0.29) together with
a slightly better positive predictive value (0.95) and an improved negative predic-
tive value (0.67) compared with Eichhoff’s test in one study [8]. Moreover, the
study showed that the wrist hyperflexion and abduction of the thumb test was very
valuable in diagnosing dynamic instability after successful decompression of the
first extensor compartment.

Figure 2.
Finkelstein’s maneuver as described in 1930: the examiner pulls the thumb in ulnar deviation and longitudinal
traction to exacerbate the symptoms of de Quervain’s disease.
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Figure 3.
Eichhoff’s manewver described in 1927, commonly confused with Finkelstein’s test described in 1930.

Figure 4.
WHAT test: active testing by shearing the tendons of the first extensor compartment against the palmar distal
edge of the pulley.

5.2 Radiological diagnosis
5.2.1 Plain radiograph

Plain radiographs are nondiagnostic of the condition but may show nonspecific
signs and can help exclude other causes of pain such as fracture, carpometacarpal
arthritis, and osteomyelitis. Signs include [9]:

* Soft-tissue swelling over the radial styloid

* Focal abnormalities of the radial styloid including cortical erosion, sclerosis, or
periosteal reaction

5.2.2 Ultrasound
Ultrasound is very often diagnostic. Findings include:

* Edematous tendon thickening of APL and EPB at the level of the radial styloid
(compare with the contralateral side)

* Increased fluid within the first extensor tendon compartment tendon sheath
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* Thickening of overlying retinaculum and the synovial sheath
* Peritendinous subcutaneous edema resulting in a hypoechoic halo sign
* Peritendinous subcutaneous hyperemia on Doppler imaging

It is important to assess for an intertendinous septum which can usually be
identified if present. Ultrasound is often used to guide corticosteroid injections into
the tendon compartment to treat the condition [10].

* Using B-mode ultrasound as standard, shear wave elastography (SWE) as
diagnosis of de Quervain’s tenosynovitis has 95% specificity and 85% sensitiv-
ity in diagnosing DQT.

* In addition, ultrasonic characteristics including a cutoff value of the extensor
retinaculum for diagnosing DQT was 0.45 mm (sensitivity 96.3%, specificity
93.3%). Bony crests on the radial styloid were found in all cases of the presence
of the intracompartmental septum [11].

5.2.3 MRI

MRI is very sensitive and specific and useful for detecting mild disease where
ultrasound may be equivocal. The presence or absence of intertendinous septum
can be assessed. Findings include:

* Tenosynovitis
a. Increased fluid within tendon sheath (high T2, low-intermediate T1)
b.Debris within sheath (intermediate T1 signal)

c. Thickened edematous retinaculum

d.Peritendinous subcutaneous edema

e. Peritendinous subcutaneous contrast enhancement

e Tendinosis

a.Tendon enlargement maximal at radial styloid and often greater at the medial
aspect of the tendon

b.Slightly increased intratendinous T1 and T2 signal compared to other tendons

c. Striated appearance of tendons due to multiple enlarged slips

* Longitudinal tendon tear
a.Linear high T2 signal due to fluid within the split

b.More common in APL
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5.2.4 Ultrasound-guided injections and prognosis in DQT

When comparing ultrasound and clinical characteristics of the operated and
nonoperated wrists, it was found that patients with a high baseline visual analogue
scale, with all positive clinical tests and with a persistent intracompartmental sep-
tum, had a significantly higher risk of failure following conservative treatment [12].

6. Evidence-based DQT therapy

A recent review article by Huisstede et al. [13] found (1) moderate evidence for
the effect of corticosteroid injection on the very short term for DQT and (2) moder-
ate evidence that a thumb splint as additive to a corticosteroid injection seems to be
effective in the short term and midterm.

6.1 Ultrasound-guided partial release and simultaneous corticosteroid injection
of DQT

One prospective study of 35 patients found that ultrasound-guided partial
release and simultaneous corticosteroid injection using a 21-gauge needle was
feasible in current practice, with minimal complications [14].

6.2 Corticosteroid injection (CSI)/CSI + splint for DQT

Prospectively randomized patients treated with either corticosteroid injec-
tion (CSI) alone were compared with CSI with immobilization [15]. Radial-sided
wrist pain, first dorsal compartment tenderness, and positive Finkelstein test
were used to define DQT. Pain score of 4 or higher on a visual analogue scale
(VAS) was utilized for inclusion. Followed at 3 weeks and 6 months for further
evaluation, resolution of symptoms and improvements in VAS and Disabilities of
the Arm, Shoulder, and Hand (DASH) scores were assessed to evaluate treat-
ment success. This small prospective controlled study (on 20 patients) found
that immobilization of 3 weeks following injection increased costs, may hinder
activities of daily living, and did not contribute to improved patient outcomes in
this study.

Contrasting this, Awan et al. [16] found in a randomized controlled trial of 30
patients with established DQT that the use of therapeutic ultrasound and spica
splint together is more effective than using therapeutic ultrasound alone in the
conservative management over 6 months.
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However, Cavaleri et al. [17] in an earlier review of six studies confirmed com-
bined orthosis/corticosteroid injection approaches are more effective than either
intervention alone. It was found that significantly more participants were treated
successfully when combined orthosis/corticosteroid injection approaches were
compared to (i) orthoses (RR 0.53, 95% CI 0.35-0.80) and (ii) injections alone
(RR 0.76, 95% CI 0.64-0.89).

6.3 Surgical treatment for DQT

A follow up of 89 patients who underwent surgical treatment with the Le Viet
technique with a follow-up of 9.5 years, were favorable, with total regression of
functional impairment in 85% of cases and a satisfaction rate of 97.5%, with no
cases of tendon dislocation, neuroma, or recurrence [18].

7. Conclusion

De Quervain’s tenosynovitis (DQT) is one of the most common forms of stenos-
ing tenosynovitis and is a common workplace injury. Diagnosis is usually clinical
using either the Finkelstein’s test, Eichhoff’s test, and/or the wrist hyperflexion and
abduction of the thumb (WHAT) test. If required, the single most useful and accu-
rate investigation is a high-resolution ultrasound scan. This evidence-based review
identified a clear approach to treatment of DQT including nonsurgical (therapeutic
ultrasound with or without orthoses) and surgical approaches. However, we found
that more high-quality RCTs are still needed to further stimulate evidence-based
practice, especially related to work-related disorders.
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Chapter 5

Lateral and Medial Epicondylitis:
Definition, Diagnosis, Screening
and Treatment Algorithms

Yusuf Evdem and Cagri Neyisci

Abstract

Medial/lateral epicondylitis is related to repetitive work activities which causes
loss of labor. It sometimes becomes a chronic painful pathology. The main effect
to protect the patients from such pathology should focus on avoiding repetitive
patterns of work actually; however, it is not possible generally. Traditional treat-
ment modalities such as physical therapies with the use of epicondylitis bands and
intralesional steroid injections should be combined with newer modalities such as
prolotherapy and prp injections in the treatment algorithm. In this chapter stages of
the disease will be explained and those newer techniques and the mechanism of the
healing would be detailed.

Keywords: elbow, tendonitis, forceful, rotation, forearm

1. Introduction

Work-related musculoskeletal disorder is an injury that occurs in the workplace
or during the work due to sudden exertion or prolonged use of tendons, muscles,
joints and nerves to physical factors such as repetitive movement, force or awkward
positions. Shoulder disorders, lateral-medial epicondylitis, wrist tendinitis, and car-
pal tunnel syndromes in addition to other nonspecific strains, sprains are classified
as common upper limb musculoskeletal disorders [1].

Epicondylitis is a common disorder of the arm that happens as a result of
resisted use of the flexor and extensor muscles of the wrist. The men and women
are affected equally, especially between fourth and fifth decades [2, 3]. Lateral
epicondylitis, termed as tennis elbow, commonly occur after repeated activities of
supination/pronation of the forearm while the elbow in extension, whereas medial
epicondylitis, termed as golfer’s elbow, mostly occur in athletes, tennis players, and
workers whose jobs (e.g., carpentry) require similar movements [4-7]. Lateral
epicondylitis is seen 5-10 times more than the medial epicondylitis [7, 8].

Treatment starts with conservative management including anti-inflammatory drug
administration, physical therapy, rest, and steroid injections with variable long-term
success.as soon as the diagnosis is confirmed, On the other hand the novel biological
therapies which includes injection of platelet-rich plasma (PRP), collagen-producing
tenocyte-like cells, various types of stem cells at the site of the tendon lesion, or
prolotherapy are used as the developing treatment strategies [2, 9, 10]. Other treat-
ment options include ultrasonographically guided tenotomy, extracorporeal shock-
wave therapy, and iontophoresis and phonophoresis to obtain deep penetration of
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topical medications into the soft tissues [11]. Surgery is performed if there is no clinical
response after 6-9 months of conservative treatment. Surgical techniques include open
and arthroscopic approaches with dissection, release, and debridement of the degen-
erated and calcified tendons [12]. In our experience, we prefer a mini-open approach
which allows a shorter recovery time and early postoperative mobilization therapy.

2. Elbow anatomy
2.1 Lateral elbow and epicondylitis

The extensor carpi radialis brevis, extensor digitorum communis, extensor
carpi ulnaris, brachioradialis, extensor digiti minimi, supinator and extensor carpi
radialis longus are called the wrist extensors, which allow the hand to move upward
and extend. The wrist extensors form a strong conjoined tendon which is attached
at the lateral epicondyle and lateral supracondylar ridge [13] (Figure 1). Repeated
use of these tendons can cause microscopic tears and degeneration at the origin that
can result forearm muscle weakness along with swelling and pain at the elbow. The
ECRB forms the deep and anterior aspect of this common tendons and slides along
capitellum’s lateral edge during elbow extension and flexion. This contact and slid-
ing may play a role in the pathophysiology of epicondylitis [4, 8, 14]. The essential
lesion of lateral epicondylitis involves the ECRB mostly, followed by the extensor
digitorum communis and to a lesser extent, other muscles and tendons of the lateral
compartment. Capsular injury, thickening and tearing of the lateral ulnar collateral
ligament (LUCL) and radial collateral ligament (RCL) have been also identified as
another cause of lateral epicondylitis [14].

The lateral collateral ligament complex consists of the RCL, annular ligament,
accessory lateral collateral ligament, and LUCL (Figure 2). Moreover, the LUCL
runs along the lateral and posterior aspects of the radius to insert on the tubercle
of the supinator crest of the ulna and disruption of which results in posterolateral
rotatory instability of the elbow [14].

Figure 1.

Illustration shows the lateral elbow musculotendinous anatomy, close to the site of the tendon origin on the
lateral epicondyle. ECRB = extensor carpi radialis brevis, CET = common extensor tendon, ECU = extensor
carpi ulnaris, ECRL = extensor carpi radialis longus, and EDC = extensor digitorum communis [8].
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LUCL

Figure 2.
Illustration shows the ligamentous anatomy of the lateral aspect of the elbow. AL = annular ligament,
LUCL = lateral ulnar collateral ligament, and RCL = radial collateral ligament [8].

2.1.1 Etiology and pathophysiology

Lateral epicondylitis most commonly occurs between the ages of 30-50 years
old. This pathology is caused by chronic stress to the forearm muscles with the
repetitive activities of gripping and wrist extension. The most common movement
that results with epicondylitis is radial deviation, extension of wrist, and forearm
supination [15]. Many individuals develop lateral epicondylitis for no identifiable
reason; however, poor mechanics or technique may be a reason in athletes.

As it is mentioned above, this condition is an overuse degenerative process of
tendons of external carpi radialis brevis and extensor digitorum communis primar-
ily. Beside clinical symptom of prolonged pain at the elbow, histological findings are
granulation tissue, micro-rupture, an abundance of fibroblasts, vascular hyper-
plasia, unstructured collagen, and notably a lack of traditional inflammatory cells
(macrophages, lymphocytes, neutrophils) within the tissue. In ultrasonographic
evaluation calcifications, intrasubstance tears, thickening and heterogeneity of the
common extensor tendon is mostly revealed [5, 15].

2.1.2 Physical examination

Provocative testing is done by performing the Cozen’s test which is also known as
resisted wrist extension test. During this test, the patient’s elbow is stabilized in 90°
of flexion by the examiner’s thumb, while palpating over the patient’s lateral epi-
condyle. The patient is then asked to make a fist, pronate the forearm, and radially
deviate and extend the wrist while the manual resistance of the examiner. The test
is considered positive if the test produces pain or reproductive of other symptoms in
the area of the lateral epicondyle. Tenderness is usually seen over 5 mm. distal and
anterior to the lateral epicondyle [15].

Mill’s test is an alternative to Cozen’s test, where the patient is asked to close the
hand, with the wrist in dorsiflexion and the elbow extended. During the test, the
wrist is forced into flexion, while palpating over the lateral epicondyle. The patient
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denies to do any motion, if he/she feels any pain on lateral epicondyle, and the test
is considered positive [16].

On the other hand, the differential diagnosis is broad (Table 1), and imaging is
often necessary when refractory or confounding symptoms are present. In a report,
5% reason of lateral epicondylitis is related with radial tunnel syndrome [17].

2.1.3 Diagnostic testing

Imaging of lateral epicondylitis not only confirms the clinical suspicion but also
allows assessment of the injury severity and location. Multiple modalities such as
magnetic resonance imaging (MRI), computed tomographic (CT) imaging, ultraso-
nography and EMG have been described following initial elbow radiography.

An initial x-ray evaluation should be taken in three views: anterior-posterior (AP),
lateral, and lateral oblique view. The AP graphy is performed with the elbow fully
extended, palm of the hand pointing upward (exorotation) and forearm supinated
to display medial and lateral epicondyles as well as radiocapitellar and ulnotrochlear
articular surfaces. The lateral view should be obtained with the hand is turned verti-
cally, elbow in 90° of flexion, palm of the hand pointing toward patient and forearm
in neutral position. Articulation between the distal humerus and proximal forearm
is seen on these X-rays. Moreover the lateral oblique view is similar to the AP view,
however the hand and forearm are fully externally rotated to obtain the views of the
radiocapitellar joint, medial epicondyle, radioulnar joint and coronoid process.

X-rays can be helpful in evaluating bony structures’ pathology, such as osteo-
phyte formation secondary to arthritis, as well as calcifications that may be present
in tendon or muscle tissues as a result of injury. Radiographic evaluations show
normal results in most cases, and are mainly useful for ruling out other abnormali-
ties such as arthrosis, osteochondritis dissecans and intra-articular free bodies.
When X-ray is inconclusive, further studies such as MRI, ultrasound, or CT scan
may be ordered.

Sonography is an inexpensive, accessible and radiation-free test. Moreover
high-frequency probes has an advantages of improved resolution, allowing applica-
tion to extraarticular soft tissues for which it is increasingly used as an alternative
to MRI [18]. Additionally, dynamic imaging can be performed in flexion/extension,
supination/pronation, or under valgus/varus stress. Dynamic sonography is also
an ideal method of image-guided intervention and can be used to provide real-
time guidance of injections of local anesthetic, steroids, or platelet-rich plasma.
However, its value is debatable because it is examiner-dependent.

In many cases MRI can be useful in evaluating the soft tissues for tears, fluid,
inflammation, or other changes within the joint or surrounding tissues. It is a great
tool to evaluate soft tissue damage due to chronic overuse injuries of the elbow.
However the bony cortex is not as well evaluated at MR imaging compared with CT,
but the ability to detect subtle signal intensity changes in the marrow and periosteal
soft tissues increases sensitivity to early stress changes in bone. Patients positioning

Posterolateral rotatory instability, LUCL injury

Osteochondritis dissecans of the capitellum

Occult fracture

Radial tunnel syndrome

Osteoarthrosis

Table 1.
Differential diagnosis of lateral elbow pain.
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can be either prone or supine, with the arm held at the side in anatomical position.
Initial evaluation includes the assessment of the radiocapitellar, ulnohumeral and
radioulnar articulations of the elbow. The following examination steps are tendons,
muscles, ligaments, and the three major nerves of the elbow [19, 20].

CT imaging is particularly useful in demonstrating intraarticular extension
of fractures, the distribution of small fracture fragments within and adjacent to
the joint space, as well as any associated bony malalignment. CT can also be use-
ful in evaluating chronic pain following injury and can readily identify abnormal
ossifications or calcifications which can be seen as a sequela of trauma, including
osteochondral bodies, heterotopic ossification, or myositis ossificans. Intraarticular
contrast material can be injected for improved visualization of joint bodies and
cartilage. Osseous manifestations of secondary degenerative change are also well
evaluated with CT. Less often, CT arthrography is performed for evaluation of
ligamentous integrity in patients with contraindications to MR imaging [18].

Aside from imaging, many elbow pain cases will require an electromyography/
nerve conduction study to investigate the function of forearm muscle in healthy and
diseased. This test consists of two parts, and utilizes needle EMG to test the muscles
in the extremity. It may be helpful in nerve compressive processes. The needle EMG
may reveal the differentiation between denervation versus nerve injury or compres-
sion [21]. However future diagnosing studies are essential for this test.

In case of significant swelling or fever, blood work should be indicated whether
the reason is systemic inflammation or not. This would help direct the treatment
toward a systemic, rheumatologic, or infectious etiology [21, 22].

2.2 Medial elbow and epicondylitis

The medial epicondyle is the common origin of the flexor and pronator muscles
of the forearm. Five muscles (flexor carpi radialis, palmaris longus, flexor carpi
ulnaris, flexor digitorum superficialis and pronator teres) share the same origin and
form the conjoined flexor tendons (Figure 3) [7]. The MCL, or known as ulnar col-
lateral ligament, is formed by anterior, posterior, and oblique bands, which creates
a triangular shape along the medial aspect of the elbow, deep to the pronator mass

Figure 3.
Illustration shows the medial elbow musculotendinous anatomy. FCU = flexor carpi ulnaris, FCR = flexor
carpi radialis, FDS = flexor digitorum superficialis, PT = pronator teres, and PL = palmaris longus [8].
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(Figure 4). MCL injury, specifically anterior band injury, is included in the dif-
ferential diagnosis of medial elbow pain, and therefore the MCL must be evaluated.
The MCL is also prone to concurrent injury with me- dial epicondylitis.

Medial epicondylitis is a tendinopathy of conjoined tendon due to overload
or overuse. This pathology is also called golfer’s elbow which mostly develops as
aresult of high energy valgus forces in athletes. However 90% of cases are not
sports-related.

2.2.1 Physical examination

Patients with medial epicondylitis typically present with medial elbow pain,
which often develops due to repetitive elbow use, gripping, or valgus stress. The
pain is worse with forearm motion, hand gripping and throwing. It usually resolves
with cessation of activity [4, 7, 23]. On physical examination, there may be tender-
ness, swelling, erythema or warmth. The tenderness is elicited by palpation over the
5-10 mm distal and anterior to the medial epicondyle [4].

Medial epicondylitis test involves an active and passive component where the
pain is exacerbated by resisted wrist flexion and forearm pronation at an angle of
90° [7]. Test is positive when the patient endorses pain with this maneuver. Due
to similar symptoms and associated valgus forces, C6-C7 radiculopathies, cubital
tunnel syndrome, ulnar neuritis, anterior interosseous nerve entrapment, tardy
ulnar palsy and MCL instability, as well as other causes of medial elbow pain
(capsulitis, arthrofibrosis, loose bodies, or medial epicondyle avulsion fracture)
should be considered in the differential diagnosis (Table 2). The Tinel sign
(distal pain and tingling during direct compression of the nerve at the elbow)
should be used to evaluate for ulnar neuropathy, and the ulnar collateral ligament
should be stressed especially in athletes [23]. The elbow valgus stress test is used
to assess the integrity of the medial collateral ligament by palpating the medial
joint line and stabilizing the distal humerus in 20 degrees of elbow flexion, [23].
The tests are considered positive if the patient experiences pain or excessive lax-
ity along the MCL compared to the contralateral side.

MO {erans)

Figure 4.
Picture shows the ligamentous anatomy of the medial aspect of the elbow. AL = annular ligament,
ant = anterior band, and post = posterior band [8].
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MCL injury

Little League Elbow

Osteochondritis dissecans (OCD)

Ulnar neuropathy (ulnar neuritis, entrapment)

Flexor-pronator strain

Occult fracture

Table 2.
Differential diagnosis of medial elbow pain.

2.2.2 Etiology and pathophysiology

Medial epicondylitis is generally considered to start as a microtear due to chronic
stress which is related with repetitive concentric or eccentric loading of the wrist flex-
ors and pronator teres, resulting angiofibroblastic changes. Angiofibroblastic changes
include mucoid degeneration of the tendinous origin and formation of reactive granu-
lation tissue [24]. As a result focal necrosis or calcification can occur with decreasing
collagen strength, scar tissue formation, and thickening of the tendons. Though it was
thought that the pronator teres and flexor carpi radialis were most commonly affected,
the studies suggest that all muscles except palmaris longus are affected equally [20].

Though the conservative treatment is a common intervention for the treatment,
surgical treatment is applied to remove the pathologic tissues around these origins
(the common flexor origin) to eliminate pain generators and decompression to
promote tissue regeneration in chronic pathology.

2.2.3 Diagnostic testing

As in lateral epicondylitis, imaging is not always essential in the initial evalua-
tion of medial epicondylitis. Radiographs are most useful to rule out other causes of
elbow pain and usually normal in this pathology. Especially, in children where the
diagnosis is uncertain, comparison to the unaffected arm may be necessary.

Sonography is also a quick, easy and cost-effective modality to evaluate tendon
pathology and distinguish from other etiologies. Moreover dynamic evaluation can
be done in areas of chronic degeneration.

MRI is the ideal diagnostic imaging modality in medial epicondylitis and rule
out other possible causes of elbow pain like MCL strain, osteochondritis dissecans,
or other soft tissue injuries.

Computed tomography, electromyogram and bone scan may be useful in refrac-
tory cases to rule out other etiologies as well [23].

2.2.4 Treatment

Once the diagnosis is clear, offending activities including decreasing the volume,
frequency, or intensity should be cascaded. Beside, patients may respond to non-
steroidal anti-inflammatory drugs and acetaminophen as an initial step. Also topi-
cal nitroglycerin patches have proven helpful in the treatment of tendinopathies.
Most cases of epicondylitis are managed conservatively. Though medial epicondyli-
tis is less common compared to lateral epicondylitis, the treatment is more difficult.

The primary goal of the first step of treatment includes pain and inflamma-
tion relief. Modification of life style is important. Physical therapy takes a great
role for the management of treatment simultaneously. Multiple physical therapy

65



Work-related Musculoskeletal Disorders

modalities including dry needling, etracorporeal shock wave therapy, iontopho-
resis, electrical stimulation and ultrasonography takes great role to overcome
this pathology [25-28]. Theoretically, eccentric strengthening efficiently induces
hypertrophy of the musculotendinous unit and increases it tensile strength,
thereby reducing strain of the tendon. Therapy was more effective than rest and
restriction of activities.

Counterforce bracing (forearm bands) inhibits full muscular expansion and
decreases the force on the muscular tissue proximal to the brace. Night splinting
with a cock up wrist splint and elbow kinesio taping may be helpful. In case of
non-compliance or when these treatment modalities are not available injections
are used. Currently corticosteroids (especially betamethasone sodium phosphate
and dipropionate) and local anesthetic mixture is the most common, however
recent studies have shown a new group of injectable substances such as botulinum
toxin, autologous blood, platelet-rich plasma, hyaluronic acid and prolotherapy
are being utilized [29]. Recent studies have shown that Visual Analog Scale (VAS)
pain scores and functional scores during the first 2-6 weeks (acute period) have
improved after the injections mentioned above [2]. However the dose and fre-
quency of the corticosteroids or others is still controversial. Moreover the cortico-
steroid injection may result with local skin atrophy, depigmentation and muscle
wasting [2].

Botulinum toxin A have been shown as an off-label treatment and have some
literature support in refractory cases. It has also has the ability to cause a partial
paralysis of the wrist flexors and extensors and allow the pathologic tissue to heal
while avoiding micro trauma to the tendon. In a study, 60 patients who received a
blinded injection of botulinum toxin or placebo have been evaluated with results of
significant lower VAS pain scores at 4 and 12 weeks in the botulinum toxin group.
On the other hand the major adverse effect seen with botulinum toxin injection is
finger and wrist extensor weakness [30].

Autologous blood injection has been described by Edwards and Calandruccio
[31]. Autologous platelet-rich plasma (PRP) have been shown to reduce pain and
improve function in refractory epicondylitis [31]. Mishra and Pavelko reported sig-
nificantly better VAS and functional scores at 8-week period compared to placebo
[32]. In conclusion, the effect of remaining injection modalities, which are known
as PRP and autologous whole blood, are about the chronic cases with a persistent
efficacy during long term follow up. At the end hyaluronic acid and prolotherapy
injections have also been studied for epicondylitis have been found to be effective in
refractory cases however the mechanism is not well known [33, 34].

Surgical indications for medial and lateral epicondylitis include persistent pain
and weakness of the forearm that persists after a period of at least 6 months of
conservative care, however it is usually not needed. These surgeries involve release
of the common flexor and extensor tendon at the epicondyle and debridement of
pathologic tissue. The mini-open muscle resection involves removal of degenerative
tissue of the flexor carpi radialis. Fascial elevation and tendon origin resection is
another available technique [34]. The prognosis for recovery is very good with relief
of pain, but often results in weakness of the forearm musculature [33].

3. Discussion
Medial and lateral epicondylitis is a chronic inflammation disease which results
in loss of labor. Moreover these pathologies are related with other upper extrem-

ity abnormalities most of which are accompanied with cervical disc pathologies.
Physician should be aware of other conditions which led to or mimics epicondylitis.
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The patients’ social status and job should be questioned at first intervention, thus
the treatment varies depending on the situation. If a pure epicondylitis is diag-

nosed the treatment algorithm is defined above beginning conservatively at first to
surgery at last. The aim of the treatment is directed to return to activity as well.
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Work-related musculoskeletal disorders (WRMSDs) refer to a wide range of
inflammatory and degenerative conditions that occur in the workplace or are caused
by work activities. WRMSDs affect the muscles, tendons, ligaments, joints, peripheral
nerves, and supporting blood vessels. These conditions can cause pain and functional
impairment and they often result in direct economic costs to both the workplace and
the worker. Injuries sustained at work can negatively affect a person’s physical and
mental health as well as a company’s bottom line. This book describes the human
musculoskeletal system, including such topics as anthropometry and posture, as it
relates to accidents and injuries in the workplace. Chapters discuss such subjects as
job standards; risk assessment; direct and indirect costs of WRMSDs; epidemiology,
etiology, and pathology of WRMSDs; engineering and administrative controls; risk
factor identification; injury management; and education and training. It presents a
holistic approach to identifying, intervening, and preventing WRMSDs.
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