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Participatory Ergonomic (PE) initiatives have widely been used to improve work environments. The aim
of this study was to develop a Participatory Ergonomic Intervention Program (PEIP) and assess its effects on the
work environment and health of hospital orderlies. A randomized control trial (RCT) was conducted at a tertiary
care hospital between July and December of 2014. 100 hospital orderlies participated in the study. 50 orderlies
were assigned to the intervention group and 50 were assigned to a control group. The PEIP program consisted of
multifaceted training sessions. Three workshops were conducted to address education, group training, supervised
onsite training, establishment of management support, participant capacity strengthening, patient transfer
techniques, and exercise programs. Data collection took place via self-reported questionnaires at baseline, two
months, and four months post-intervention. Comparative analysis of the work environment and health outcomes
was conducted through a t-test. Repeated measure analyses of variance, as well as Mann-Whiney U test, were

also used.

Results showed that physical work environment risk factors decreased in the intervention group when
compared to the control group at two and four months post-intervention (p < .02). With regards to the
psychosocial work environment: work pace, influence at work, possibilities for development, meaning of work,
commitment to the workplace, predictability, role clarity, role conflicts, quality of leadership, and social support
from supervisors all had p-values < .001; while social support from colleagues had a p-value < .05. The PEIP
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Two months after intervention, the PEIP program decreased risk exposure level scores including for the back
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to musculoskeletal problems. A slight increase in work ability in the intervention group was observed two months
post-intervention, with a decrease four months post-intervention. In conclusion, findings demonstrated that the
PEIP program contributed to a reduction of physical risk factors in the workplace. However, a longer-term study is

needed to properly evaluate effects on health outcomes.
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CHAPTER |

INTRODUCTION

1.1 Background and Rationale

Recently many studies have shown that work-related musculoskeletal
disorders (WMSDs) are a considerable concern for the healthcare workforce. A
number of studies over the past decades documented that healthcare workers
encountered WMSDs [1] often resulting in pain, sickness-related absenteeism and
disability leave.

Healthcare is a substantial and growing sector of the US economy consisting
of over 95,800 establishments that provide some 14.3 million jobs and accounts for
1in 11 US workers [2]. Healthcare professionals are at higher risk of suffering an
occupational musculoskeletal disorder (MSD) than most other workers. Nursing aides,
orderlies and attendants have an MSD rate of 252 cases per 10,000 workers, which is
7 times the national average for all occupations. The prevalence of self-reported
MSDs among healthcare professionals is related to the perceived physical demands
of tasks which are influenced by work postures, and tasks involving awkward
positions are most strongly associated with reported MSDs at all body sites. A survey
of 1,163 registered nurses in the United States (94% were female, 46% were hospital

nurses and 54% were staff nurses) found that tasks requiring moderate physical



demands raised the odds ratio (OR) for an MSD to between 1.4 and 3.6, and those
requiring a high physical demand raised the OR for an MSD to between 4.4 and 12.0
[3]. Research on 113 healthcare workers in 15 hospital wards in Italy found that 71%
reported at least 1 MSD, and the MSD prevalence was highly associated with work-
related awkward postures (71%) and greater than that observed among hospital
workers exposed to manual lifting (21%)[4].

In Asian countries, studies found that of 162 Korean female nurses working in
various hospital settings 56.8% reported an MSD symptom [5]. A study of 5,269
Taiwanese nurses reported that 91.6% experienced MSDs and pain in different body
parts was related to different ergonomic risk factors, especially bending, twisting of
the waist, and standing for extended periods of time [6]. A survey of 361 Chinese
doctors found that the 12 months MSD period-prevalence for any region of the body
was 67.5% and the prevalence by body region was lower back (43.7%); neck (42.3%);
shoulder (37.8%); and upper back (29.0%), and women were more susceptible to an
MSD than men (OR: 3.05) [7]. However, in the absence of ergonomics regulations at
the national level, limited financial support, and lack of numerous ergonomists
experts, practical ergonomics approaches that are built on local achievements and
that focus on participatory training methods have been confirm to be useful for
facilitating concrete workplace improvements to the existing conditions [8, 9]. Direct
participation of workers and employers has been promoted in ergonomics training

aimed at immediate solutions and continuous improvement [10].



Patient handling activities subject health workers to high biomechanical loads
[11, 12]. Frequent lifting has been shown to be associated with earlier onset of back
injury compared to infrequent lifting, irrespective of medical orderly occupation [13].
A meta-analysis reported that the annual incidence MSDs among patient handling
nurses was between 40% and 50% [14].

Ergonomic-related prevalent cases in Thailand during the years 2000-2012
were reportedly only 9% of the total injury cases [15]. According to the report of the
Social Security Office, Ministry of Labor and Social Welfare, Thailand there was an
ergonomic-related injury cases in the industrial sector. In 2008, 2,346 injury cases
were caused by manual material handling, which 1,547 cases in 2009, of which 2010
were caused by unnatural working postural in 5,047 and 3,246 in 2011[16-18]. It may
be that ergonomics-related injury cases caused by handling and unnatural working
posture were not welt known among employers and employees with consequently
less recognition or interest in this matter. Therefore reports of ergonomics-related
injury cases were considerably lower than expected

Consequently, this study was focus on effects of the intervention program
(PEIP) can reduce occupational risks among hospital orderlies called participatory
ergonomics intervention program (PEIP), based upon the principle of PE approach
expected the sustainable program driving by hospital orderlies themselves and all
levels of stakeholders. It is also expected that an effective of intervention will helps

to strengthen orderlies workforce ability to manage their work environment problems
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associated with MSDs and information obtained from this study was useful for other
hospital setting in order to develop an participatory ergonomics intervention program

can the occupational risks among hospital orderlies in the future.

1.2 Research Question

Does the participatory ergonomic intervention program can reduce the

occupational risks among hospital orderlies?

1.3 Research Objective
1.3.1 General Objective

1. To develop the participatory ergonomic intervention program (PEIP) for
reduce the occupational risks among hospital orderlies

2. To assess the effects of the participatory ergonomic intervention program
(PEIP) can reduce the work environments and health outcome among hospital
orderlies

1.3.2 Specific Objective

To evaluate the effect of work environments and health outcome among

hospital orderlies in regard to :
1. Reduce the mean scores of physical load index
2. Reduce the mean scores of workplace environment
3. Reduce the mean scores of psychosocial work environment

4. Reduce musculoskeletal disorders rate
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5. Reduce sick leave

6. Increased work ability

1.4 Research Hypothesis

The participatory ergonomic intervention program (PEIP) can effectively

reduce the occupational risks among hospital orderlies.

1.5 Scope of the Research

This study were conducted with the hospital orderlies of the tertiary care
hospital. Participants were males working at Siriraj hospital, residing in the center part

of Thailand.

1.6 Conceptual Framework

A literature review that included Krash’s [19] integrated model showed that
there were three dominant factors contributing to the development of occupational
risks. These contributing factors were individual factors, physical demands, and
psychosocial demands. Hospital settings, and the complexity of their tasks, make
hospital orderlies vulnerable to these risk factors. As a result, hospital orderlies are at
higher risk of presenting MSD complications. Interactions with patients and hospital
work environments present ergonomic risk factors that make hospital orderlies one

of the top ten professions most affected by MSDs. As such, implementing an efficient
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intervention model must be considered to curb the prevalence of MSDs among
hospital orderlies.

An approach that would mitigate risk factors and reduce WMSDs would be
Participatory Ereonomics (PE). PE has been characterized by multifaceted intervention
aimed at creating human centered work environments. PE also provides practical
measures that improve physical and psychosocial factors. Improving the work
environment will, in turn, positively affect worker health.

This study found that the PE pathways of change, and corresponding
evaluations, presented by Rivilis et al. [20] provide an applicable framework for
understanding the consequences of a Participatory Ergonomic Intervention Program
(PEIP). PEIP presents a targeted PE intervention program for hospital orderlies. PEIP is
comprised of a series of workshops built on Participatory Action-Oriented Training
(PAQT). The PAOT method focuses on establishing management support,
strengthening participant capacity, and work improvement evaluations. PEIP initiatives
are expected to reduce exposure to MSD risk factors and promote work environment
improvements. These changes would result in reduced sick leave, improved ability to
work, reduction of occupational risks, reduced exposure to individual risk factors, and
promotion of beneficial change. The conceptual framework of this study is shown in

Figure 1.
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1.7 Term definitions

Participatory Ergonomics Intervention Program (PEIP) refers to a process of
the intervention that the researcher provided to orderlies working at hospital setting
in order to improving their work environments and health outcomes. The program is
developed based on participatory ergonomics concept and literature review. The
PEIP comprised a series of training workshop including establishing management
support, strengthening participant’s capacity, and evaluating work improvement
achievements.

Hospital orderlies are male persons who work under the supervision of
nurses. In addition to assisting with everyday tasks, they help transport patients by
wheelchair or gurney to the operating room, x-ray department, dining room, and
other locations around the facility.

Health outcomes include musculoskeletal symptoms, sick leave and work
ability of hospital orderlies.

Occupational Risks are defined as factors that influence occupational risks
occurrence among orderlies including personal factors, psychosocial risk factors,
physical risk factors and environmental working conditions that can contribute to
either individual health outcomes and working environments or in combination to
the development of MSDs.

Musculoskeletal symptoms refer to a group of conditions that include

aches, pain, and discomfort which involve the nerves, tendons and muscles of
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orderlies measured by the Nordic Musculoskeletal Questionnaire (NMQ) which was
available from the original paper by Kuorinka et al. [21].

Sick leave refers to the amount of days which hospital orderlies away from
work resulting from musculoskeletal symptoms measured by self-report
questionnaire.

Farticipatory Action-Oriented Training (PAOT) refers to the training process
designed to encourage and help hospital settings to undertake low-cost measures to
improve work environments. The approach focuses on planning and practical
implementation. It focuses on achievements, builds on local practice, uses a learn-
by-doing method, encourages the exchange of experiences and promotes orderlies
involvement.

Physical risk factors are defined as factors associated with the use of force
in terms of pull, push, moving or transferring materials or patient and working
position of the hospital orderlies. This also included their perception on workplace
environment where they belong (e.¢. lighting, noise, temperature and odor).

Psychosocial risk factors are defined as conditions that influence work-
related stress, including demands at work, work organization, and interpersonal

relationship at work.
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CHAPTER Il

LITERATURE REVIEW

This study aims to evaluate participatory ergonomics intervention program
(PEIP) can reduce the occupational risks among hospital orderlies. The theories and

relevant researches are reviewed in the following topics:

2.1 Hospital orderlies

Hospital orderlies, directed by the nursing and medical staff, perform a wide
range of tasks. Orderlies comprise the front line of patient care. They perform
demanding tasks that include lifting patients and transporting patients between
hospital departments. Orderlies and nurses comprise a subsystem of the healthcare
workforce. Together, they provide numerous services that share common attributes
across the globe. Orderlies and nurses care for, comfort, and support clients; they
continuously assess and monitor health needs; they are advocates, educating clients
and the community; they identify care gaps and develop the appropriate responses.
In short, orderlies and nurses coordinate care services across the whole of the care
spectrum.

The scope of work conducted by nurses also benefits other healthcare

services. Nurses ensure the successful implementation of interventions that welcome
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life and promote or restore health. They also assist in providing the means to a
peaceful, dignified, and pain-free death. Alongside nurses, hospital orderlies conduct
various physically demanding tasks that must be completed without delay,
regardless of how physically demanding the task may be. Physical constraints are not
only limited to heavy loads, awkward postures and movements also affect the work
of orderlies. The nature of their work means that nurses and orderlies are constantly
in awkward positions, standing for prolonged periods of time, and lifting heavy loads
[22]

Emergency situations pose added challenges to the work of nurses and
orderlies. These professionals are often working alone and exerting extreme effort
under stressful conditions. Working with disabled patients, in intensive care units, or
emergency units further compounds these stresses. All these factors make the
challenges faced by nurses and orderlies clear. Considering these risk factors, along
with poor work environments in hospitals with poor equipment and challenging
architectural features, it is clear that nurses and orderlies are at high risk of work

related illness and injury.

2.2 Information on ergonomics

2.2.1 Concepts of ergonomics
Erconomics as a science, a technology, and an art must be used in

developmental process of industrializing countries. Ergonomics is a multidisciplinary
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science with four major areas of specialization; anthropometry, work physiology,
occupational biomechanics, and human factors engineering (sometimes call
engineering psychology).

The principal objectives of ergonomics are as follows

1) To enhance physical and mental we-being, in particular contributing to the
prevention of occupational injuries and diseases, reducing physical and mental
workload, and promoting the acceptability work and job satisfaction.

2) To promote social well-being by improving the quality of social contracts
and the way in which work is organized.

3) To increase the efficiency of the human/machine system by contributing to
a rational balance between technical, economic, anthropological and cultural
aspects of the system.

To obtain those objectives, ergonomics should deal with the following issues:

1) Energy (nutritional status): adequate nutrition as the source of a worker’ s
energy to complete his or her tasks throughout the working period is a must.

2) Application of forces: exerting muscular force in an optimal and efficient
way, by designing work and training of workers to keep the stress on the worker to a
minimum.

3) Posture: poor working postures and too much overtime work can lead to
musculoskeletal strain and negative effects on health. To prevent such a situation,

the positioning of the head, body and limbs needs to be considered in relation to
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work and the work space.

4) Environmental conditions: heat, light, noise and vibration need to be
assessed to prevent physical and mental strain.

5) Time-related conditions: to minimize fatigue and its effects on workers’
well-being, studies must be carried out, including rest pauses, holidays and shift
patterns.

6) Social conditions: the reward for work, how the work is organized, and the
quality of social interactions among workers often need to be reconsidered because
of changing technology. Work that deprives the worker of self-esteem and
satisfaction leads to psychological stress and consequent health problems.

7) Information conditions: the amount and quality of information needed by a
work in order to perform his or her job satisfactorily can be evaluated. Physical and
mental strain can develop if the information demands of a job exceed a worker’s
capacity.

8) Man/machine interactions: determining exactly what the worker and the
machine should be doing, how the worker affects the machine by the use of
controls, and how the worker reacts to the machine’s operations can be analyzed. A
mismatch between the work’s capacities and the demands placed on the worker by

the machine can led to adverse health consequences.
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2.3 Occupational Risk Factors and Ergonomic Risk Factors in Hospital Orderlies

2.3.1 Musculoskeletal Disorders

Musculoskeletal disorders (MSDs) refer to a group of conditions that involve
the nerves, tendons, muscles, and supporting structures of the body such as
intervertebral discs [23]. Often attributed to, or exacerbated by, the work
environment, these disorders are also referred to as work-related musculoskeletal
disorders (WMSDs) and are most commonly reported in the lower back, neck, and
upper extremities [23]. These disorders can cause symptoms such as aching, pain,
numbness, discomfort, and tingling. WMSDs also lead to reduced worker productivity,
lost time from work, and temporary or permanent disability [23]. Nelson, Fragala, and
Menzel (2003) indicated that the prevalence of work-related back injuries in orderlies
is among the highest of any profession [24].

When discussing MSDs, back injuries are the primary concern as they can be
severely debilitating to healthcare workers. However, other musculoskeletal injuries
are also concerning. Injuries can present themselves in other body parts such as the
neck, shoulders, wrists, and knees [25]. Having studied Korean healthcare workers,
Kee and Seo (2007) [5] found that the prevalence of MSDs in one body part over a
12-month period ranged from 45.7 to 56.8%. Furthermore, they found that shoulders
were the most susceptible body part, followed by the knees, lower back,
hands/wrists, neck, ankles/feet, and fingers. These findings were consistent with those

of Tongpoon (2009) [26] who found that shoulder pain was the most common
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among healthcare worker, followed by knees and back pain.

2.3.2 Occupational Risk Factors in Hospital orderlies

Karsh’s (2006) [19] integrated model helps explain the complexities
associated with intervention efforts to curb the prevalence of WMSDs. A literature
review showed that there were three dominant risk factors contributing to MSDs;
individual factors, physical (biomechanical) factors, and psychosocial demands [19,
27]. Assessing the deeper roots of MSDs it becomes apparent that these disorders
encompass a wide variety of conditions related to ergonomic risk factors [28]. The
word ‘ergonomics’ is derived from the Greek ‘ergos,” meaning work, and ‘nomos,’
meaning laws, thus, the laws of work [29, 30]. While several authors have provided
definitions for ergonomics, Keysling [31] defined ergonomics as the study of humans
at work to understand the complex interrelationships among people, their work
environment (such as facilities, equipment, and tools), job demands, and work
methods. Warren [30] provided a succinct definition by stating that ergonomics is the
study of how to fit work to the worker. Ereonomics is concerned with matching work
and job design to fit the capabilities of most workers by adapting the product to fit
the user. However, the design of work environments should be flexible enough to
consider the need for individual variation [29].

The focus regarding ergonomics has been constructing human-centered work
environments that account for physical and psychosocial work demands [10]. The

intricacies associated with these relationships means that clearer definitions are
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needed to better understand the linkages between ergonomics and MSDs.

2.3.2.1 Physical Work Demands

Ergonomics, particularly as regards physical (biomechanical) work, can present
various risk factors that include physical stresses and workplace conditions that
increase the risk of musculoskeletal related injury or illness [32]. Several
biomechanical tasks have been recognized by various organizations to increase the
risk of injury. These tasks are those characterized by awkward postures, forceful
exertions, repetitive motion, localized contact stress, vibration, and extreme
temperature changes caused by poorly designed workstations, tools and equipment,
and improper work methods [29, 31-33]. Details of each factor are presented below.

1) Awkward Postures

Awkward posture at any joint may cause transient discomfort and fatigue.
Sustaining awkward postures for a prolonged period may contribute to debilitating
injuries and disorders resulting from damage to musculoskeletal tissue and/or
peripheral nerves. Awkward trunk postures increase the risk of back injuries. Elbow
movement above the shoulder or reaching for objects located behind the torso can
lead to musculoskeletal problems in the neck and shoulders. Overextension when
reaching down into bins or up to high shelves, or reaching overhead or in front of the
body to operate machines and equipment may all result in awkward body postures.

Muscle and joint use is determined by body posture. Posture will also

determine the force or stresses that will be generated and how the body will
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tolerate them. Lifting, lowering, and handling objects is more arduous, and places
more stress on spinal discs, when done with a bent or twisted back. Bending and
twisting is also a concern when considering wrists, knees, hips, or shoulders, as these
movements place added stress on the joints. Conducting tasks that require frequent
work over shoulder height also result in added stress. Finally, holding a position for a
prolonged period may also result in muscle damage and restricted blood flow.

2) Forceful exertions

Muscles, tendons, lisaments, and joints are exposed to increased forces when
conducting tasks that involve exertions such as lifting, pushing, and pulling. These
tasks require an increased effort that results in a higher degree of muscle exertion.
Forceful exertion of the hand may occur from tasks that involve using knives,
scissors, securing electrical connections, and manipulating small object like screws.
These activities can lead to disorders such as tendonitis or carpal tunnel syndrome.
When these tasks are combined with a lack of rest and/or recovery periods the result
can be fatigue and musculoskeletal disorders.

3) Repetitive Motion

Tasks that require constant repetition over prolonged periods of exertion are
associated with ergonomic risk factors. Conditions including fatigue, irritation, muscle
and tendon strain, and nerve pressure are more likely to occur when conducting
repetitive tasks over a long period such as a work shift. These conditions tend to

improve with recovery periods. However, repetition, combined with awkward posture
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and forceful exertion, make recovery more challenging.

4) Localized Contact Stress

Concentrated pressure due to contact with an object or tool can result in
local mechanical stress. Constant, repetitive, contact of this nature with sharp work
surfaces or hard tool handles can lead to increased pressure on specific body parts
like the forearms or fingers. Pressure arising from localized contact stress can reduce
blood flow and damage nerves, tendons, and tendon sheaths.

5) Vibration

Powered hand tools and other machinery can expose the body to local
vibrations. Localized vibration from powered hand tools can lead to certain hand-
arm vibration syndromes, such as vibration white finger. Standing or sitting on
vibrating surfaces or objects, such as heavy-duty machinery, can be a factor
contributing to back pain.

6) Extreme temperature

Temperature plays a modifying role in the biomechanical risk factors
discussed above and their linkages to MSDs. This is especially true of cold
temperatures. Of particular interest is the role temperature plays in vibration related
MSDs complications. Cold temperatures lead to hand and foot discomfort. Exposure
to cold temperatures for an extended period leads to decreased manual dexterity.
Exposure to cold temperatures is also known to affect tactile sensitivity and reaction

time, thus reducing the ability to perform complex tasks. Research has found that
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exposure to cold at 15.5°C for several hours leads to loss of flexibility and dexterity
in workers’ hands; after exposure to cold at 7°C workers lost up to 20% dexterity.

Lorusso, Bruno and Abbate 2007 [34] concluded that physical workload was
found to be significantly associated with low back pain in most studies that
investigated physical risk factors. It should be noted that physical exposure levels
were assessed by measuring the frequency of the execution of high-risk tasks
involving manual handling and fixed or awkward postures, or ascertained based on
work category and working area. Hospital orderlies often conduct heavy physical
work activities such as lifting heavy loads, working in awkward postures, transferring
patients, and operating hazardous equipment.

2.3.2.2 Psychosocial Work Demands

Psychosocial work demands refer to stressful conditions that are thought to
be threatening, harmful, or bothersome. These are also conditions that result in
physiological adaptation responses from employees [35]. Psychosocial factors include
quantitative work demands, availability of social support, job ambiguity, conflict, job
control, job strain, job satisfaction, and job security [36].

The importance of linkages between psychosocial variables and work-related
injuries and illness was identified in Karasek et al.’s demand control model [37].
When viewed through this model, high levels of psychological job demands may
contribute to the development of WMSDs in settings where workers have little ability

to decide what tasks to perform, or how to perform them. The issue is compounded
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when workers are not given an opportunity to use existing, or develop new, job skills.
These adverse effects are thought to occur more frequently in work environments in
which there is little social support from co-workers or supervisors [23].

A number of literature reviews have concluded that work-related
psychosocial risk factors (such as high job demand, job dissatisfaction, stress, low
social support and perceived control at work) also play a significant role in
developing MSDs [34, 38-41]. Josephson and Vingard (1998) found that exposure to
adverse psychological work conditions, combined with physical demands, increased
the risk of MSDs [42]. Psychosocial factors like low job satisfaction and lack of social
support have been linked to lower back pain and neck/shoulder pain among nurses
[43]. Studies have indicated that psychosocial factors, such as high perceived exertion
and high job demand, may have a closer link to neck pain than lower back pain [1].

2.3.2.3 Individual Factors

Genetics, age, gender, smoking habits, length of employment and other
individual factors may also cause, or contribute to, MSDs [41]. Employee age and
length of employment have been shown to be among the most important individual
risk factors, with length of employment, regardless of age, being linked to lower back
pain. The risk of lower back problems was found to be equally high in both younger
and older nurses. Multiple logistics modeling showed that nurses ranging from 41 to
50 years old (OR 2.95, 95% Cl 1.02 - 8.52) were significantly associated with persistent

shoulder pain [25]. Studies investigating the relationship between gender and injury
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showed females to be at greater risk of lower back pain. Conversely, no association
was found between back pain and anthropometric variables, smoking, sporting
activity, and motherhood [34].

A study by Skillgate et al. (2009) suggested that smoking is a risk factor
contributing to long-term sick leave resulting from back or neck pain[44]. Tweedy
(2005) found that nurses working on 12 hour rotating shifts suffered from insufficient
sleep, conducted more frequent patient handling tasks, and experienced more
frequent pain or discomfort in the lower back, thigsh/knee, lower leg, and ankles/feet
[41]. Symptoms in over half of the body regions analyzed were significantly
associated with patient handling tasks and type of work conducted during a shift.

Physical (biomechanical) risk factors associated with work at the individual
level do not represent the full spectrum of possible risks [28]. Moreover, the effects
of physical and psychosocial risk factors may be amplified by extreme environmental
conditions. In addition, ergonomic hazards may arise from poor job design and faulty
organizational factors including excessive work hours, shift work, imbalanced work-to-
rest ratios, and a poorly adapted work environment [28, 32].

The amount of exposure to the various factors mentioned earlier, including
duration and frequency of exposure, and the scales of exposure all determine
employee risk levels [45]. Consequently, all risk factors encountered by employees

in hospital settings account for the prevalence of MSD complications.
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2.4 Basic system approach of ergonomics

The ergonomics perspective considers the industrial setting to be comprised
of four components:

1) Human: the person or group of people engaged in a purposive activity.

2) Task: the series of actions necessary for the human(s) to accomplish the
activity.

3) Machinery/equipment: the hardware and devices provided to the human(s)
to assist in preforming the activity.

4) Environment: the overall arena in which the purposive activity takes place,
including not only the physical factors temperature, lighting, noise, etc. but the
organizational and psychological factors that can affect human performance.

Any ergonomics evaluation considers the interaction of these four
components as a “human/task/machinery/environment” system. The primary
objective of ergonomics is to attain and maintain balance in the system seeks to
determine if imbalances exist between the elements of elements of the system and
to identify the sources of the imbalance.

Corrective measures can then be devised. If risks of physical injury are found,
the corrective measures generally focus on:

1) Improved postures
2) Reduced force demands

3) Reduced frequency of activity
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2.5 Approaches to system safety

System safety conditions can be controlled and improved by ergonomic,
organizational, and personal factors. Examples are as follows :
2.5.1) Ergonomic design:
2.5.1.1)Optimizing the physical work environment, such as
illumination, vibration, heat, noise, toxic material control.
2.5.1.2) Design of tools, machinery, workplaces and human-machine
interfaces.
2.5.2) Organizational factors:
2.5.2.1) Allocation, sequencing and scheduling of task, work, and shift
cycles.
2.5.2.2) Improving organizational attitudes and goals with respect to
safety performance, such as safety policy formulation, monitoring safety
performance, supervisory attitudes and practices concerning safety and
communication of safety information.
2.5.3) Personal factors:
2.5.3.1) Physiological and psychological conditions such as vision,
audition information processing, skill level, expertise, motor performance.
2.5.3.2) Person-environment fit: safety motivation, level of training

and practice, safe/unsafe performance, workload, types and levels of stress.
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2.6 Association with Strenuous Tasks on Healthcare worker

One problem NIOSH (2001) has identified in the health care industry is that
risks from transferring and moving patients are not well defined and quantified [46].
NIOSH’s Revised Lifting Equation has a disclaimer that it does not apply to “lifting
people” [47]. However, the equation does set the maximum amount that should be
lifted under ideal conditions at 51 pounds. Virtually all adult patients exceed this
weight limit. When Leighton and Reilly (1995) surveyed 1134 British nurses about
back pain, two-thirds of those reporting an annual back pain prevalence attributed
their injuries to patient handling or movement. Of nurses in this group, 48% identified
the precipitating incident involved “positioning a patient in bed as opposed to
performing a patient transfer task”. Through biomechanical studies and estimates of
perceived exertion, several individual patient handling tasks at high-risk for causing
WMSDs have been identified, such as turning a patient, pulling a patient up in bed,
and transferring a patient from bed to stretcher or bed to chair or toilet and back
again [48, 49]. As Kumar (1990) put it, “Considerable attention has been paid to the
peak stresses at which the injuries precipitate.” Owen & Garg (1989) and others have
looked at these tasks individually and determined that by themselves, some present
a risk to the caregiver by increasing compressive forces on the L5/S1 spine above the
3.4 kN level acceptable to NIOSH for spinal loading [46, 49, 50]. For example, Owen
and Garg (1991) found that transferring a patient from wheelchair to toilet exceeds

NIOSH action limits for L5/S1 spinal loading each time it is performed. This type of
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task puts the caregiver at-risk for a back injury every time he or she performs it [50].

Although WMSDs are considered cumulative trauma injuries/illnesses, there
has been only limited research on the risk associated with the frequency that these
activities are performed during the course of a hospital orderly workday, workweek,
work year, or career. Stobbe et al, 1988 demonstrated that frequency of lifting was
related to the incidence of back injury [13]. Kumar (1990) found a positive
relationship between cumulative load and back pain in nursing aides[51]. Kelsey, et
al. (1984) found a relationship between lifting frequency and prolapsed intervertebral
disc [52]. The hazardous weight threshold was 25 pounds if the lift was performed
more than 25 times a day. Nurses handle and move many times that weight, often in
an awkward posture. The nurse’s total workload, which encompasses the frequency
that he or she performs a variety of care giving tasks in a normal workday (8-12 hour
shift), increases the dose, over and above simply performing one hazardous patient
handling activity.

According to Smith and Carayon-Sainfort’s (1989) Balance Theory of Job
Design, the work system imposes physiological and psychological loads on the
individual, resulting in challenges to physical, psychological, and biological resources,
such as energy and strength [53]. Not only are the individual’s perceptions of the
load important, but also the load’s “objective physical properties independent of
the perception of the properties”. In a more recent article, the same authors

(Carayon & Smith, 2000) explain the cumulative trauma model this way: “When the
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load becomes too great, the person displays stress responses, which are emotions,
behaviors, and biological reactions that are maladaptive [53]. When these reactions
occur frequently over a prolonged time period, they lead to health disorders.” If the

workload of a nurse is higher than safe limits, this may lead to an imbalance.

2.7 Strategies to Prevent and Control Ergonomic Risk Factors

Frameworks for ergonomically based injury-prevention programs are
comprised of administrative, work practice, and engineering controls [29, 30, 32]
Administrative controls refer to changes in the methodology used to assign and
schedule work. These changes should aim to reduce the magnitude, frequency, or
duration of exposure to ergonomic risk factors. Administrative strategies that can be
implemented to mitigate MSD risk factors are employee rotation, broadening of tasks,
providing alternative tasks, and allowing for changes in work pace. These approaches
can act as effective measures to reduce work related injury.

Work practice controls refer to changes in the way employees perform
physical work activities. These controls include postural improvement, proper body
mechanics, pacing, timely rest stops, use of personal protective equipment,
economizing of movements, getting assistance from others, and on-the-job stretching
exercises. Job design and its associated processes determine how workers will
physically operate and move when conducting work related tasks. This area of risk

mitigation is viewed as the responsibility of the employee once proper training and
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engineering controls are in place.

Engineering controls include design of workstations, tools, proper
maintenance, environmental layout, mechanical assistance for material handling, and
alterations in processes. Properly designed working environments, tools, and
processes can act as the primary deterrents to workplace injury. Adequate design can
effectively exclude ergonomic hazards from the work environment. Increased
mechanization, automation, and safety campaigns have been effective in improving
safety in the workplace, particularly reducing the risk of traumatic injury. However,
MSD conditions continue to be problematic. Increased mechanization and
automation have resulted in an increased need of fixed positions, body stasis,
intense concentration, and highly repetitive movements. These physical and mental
stresses are well recognized and merit a strategic position in the concept of

ergonomics. For illustration, an ergonomics equation may be presented as follows.

Demands of job = Human functional capacity

Productivity and efficient outcomes are achieved when the psychophysical
demands of work are balanced with human psychophysical capacity. As such,
ergonomics should aim to achieve an optimum fit between work and worker. The
optimum fit and balance can be achieved through adjustments to the left side of the

equation that result from engineering improvements that include mechanization,
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hoists, lifts, conveyors, robotics, air quality, noise, temperature, lighting, walking
surface, etc. Expecting only changes to the right side of the equation through work
practice changes is unfeasible. Structural characteristics of the work environment
directly influence how workers use physical and mental resources. While engineering
interventions on their own can remedy existing hazards immediately, it is also the
case that expensive changes in the workplace may not reduce risk of injury. The right
side of this ergonomics equation also presents opportunities for improvement.

Work practice changes can have a positive effect on worker health and
productivity. These changes can sometimes prove to be less expensive than
engineering changes [30]. A study in the United States suggested that simple
ergonomic and engineering solutions could be adopted to improve the work
environment of healthcare workers. However, a successful ergonomic program
designed to prevent or reduce work-related musculoskeletal disorders must involve

a clear understanding of the work and responsibilities of healthcare workers [54].

2.8 Participatory Ergonomics

Participatory ergonomics (PE) is the use of various forms of workplace
participative techniques. PE was defined by Nagamachi (1995) as "the workers’ active
involvement in implementing ergonomic knowledge and procedures in their
workplace." Supervisors and managers support worker efforts in order to improve

their working conditions and product quality [55]. Kuorinka (1997) defined PE as
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practical ergonomics with the participation of the necessary actors in problem
solving. Regarding a systemic approach, Wilson and Haines (1997) defined PE as “the
involvement of people in planning and controlling a significant amount of their own
work activities, with sufficient knowledge and power to influence both processes and
outcomes in order to achieve desirable goals”[56, 57]. In short, PE refers to providing
workers with the opportunity and power to apply their knowledge and skills to
address ergonomic problems and find solutions relating to their own work activities.

PE has come to be viewed as a wide variety of methods and techniques
aimed at improving the workplace. While varied in scope and approach, these
methods are linked by active worker involvement. Fundamental ergonomic principals
are passed on to workers who in turn are able to draw from their own experiences in
order to achieve a healthier and safer work environment. PE not only requires that
workers be allowed to participate, workers must also be given the power to
influence decisions regarding their work environment.

The PE approach can lead to a wide range of changes. PE promotes
participation in society and socio-technical organization of production principles. PE
can also spur the development of ergonomics from a ‘micro’ level, involving
individual design for a single user workstation, or a ‘macro’ level, which aims to
resolve issues through a holistic approach [58]. While we have working definitions for
PE, differences have emerged in the implementation of PE projects in various

countries. In the United States, the focus has tended to be on the macro level with
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PE aimed at the development and implementation of new technologies (Holden et
al,, 2008). In Europe, the focus for PE projects has been stakeholder inclusion at all
levels of ergonomic interventions [59]. Whereas in Asia, PE has been mostly applied
through the PAOT method for workplace ergonomic improvement. Participatory steps
that have been reviewed have been found to meet diverse ergonomic needs while
following good practice approaches that are easily adjustable to the needs of
workers while prioritizing low cost methods [9, 10, 60] There exist cultural and
regional differences with regards to PE. Culturally sensitive approaches need to be
developed to address these differences. However, the fundamental principles of
participatory approaches to addressing the prevalence of MSDs transcend these
differences and offers real possibilities to achieve improvements [59].

PE appears to be the most effective method of applying ergonomics in the
workplace[9, 61]. PE has become an increasingly popular tool for improving working
conditions, productivity, and product quality, without interrupting the work process
[59, 62, 63]. Moreover, PE has a positive impact on musculoskeletal symptoms and is
therefore used to reduce work related musculoskeletal disorders in the workplace,
including in healthcare settings[20, 59, 60, 64-72]

Carrivick, Lee, and Yau (2002) found that participatory workplace risk
assessment interventions were significantly associated with reductions in MSDs
among hospital cleaners. Results showed reductions of: two-thirds in the

musculoskeletal injury rate, 65% in workers’ compensation claims cost per hour
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worked, and 40% in work hours lost. Results also showed that cleaners experienced
a significant two-thirds post-intervention reduction in non-musculoskeletal injury
rates. However, the corresponding changes in severity rates were not significant.
These interventions support the adoption of a participatory approach to reducing the
rate and consequence of musculoskeletal injuries in the workplace [62].

PE, once applied to the workplace, has been found to have a number of
positive effects. Anema et al. (2003) found that PE intervention had a positive impact
on workers’ return rates following injury (HR=1.7 [95% ClI 1.2 to 2.3]; p=0.003).
Workers that participated in PE interventions improved their functional status and
saw greater reduction in pain intensity than workers who had not participated [73].

Ergonomic solutions have focused more on work and organizational design
(58.9%) than on workplace and equipment design (38.9%). Close to half (48.9%) of
implemented ergonomic solutions were completely or partially implemented within
three months after the first day of sick leave. Most workers were satisfied about the
PE program (median 7.8 on a 10-point scale).

PE initiatives did face some obstacles. According to ergonomists, the main
obstacles to implementation were technical or organizational difficulties (50.0%) and
the workers’ physical disabilities (44.8%). PE had a positive effect on workers suffering
from sub-acute lower back pain. These workers were able to return to work sooner
than had the PE intervention not taken place. The compliance, acceptance and

satisfaction related to the PE-program were good for all participants.
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A systematic review of Cole et al. (2005) on the effectiveness of PE
interventions found a wide variety of measures aimed at improving health conditions.
The authors described various ergonomic changes that were implemented with a
focus on the physical designs of equipment and the workplace. Changes that were
implemented included changing job tasks and/or job teams and reconsidering how
work was being organized. Other changes involved establishing new policies aimed at
improving health and safety training [74]. Nine of the ten studies reviewed reported
that PE interventions had positive effects on health outcomes including the
reduction of musculoskeletal symptoms, reduced workers’ compensation claims,
and a decline in absenteeism due to illness or injury. Furthermore, Tompa et al.
(2009) found that PE intervention was associated with a significant reduction (at the
95% confidence level) of weekly indemnity claims and the number of denied
workers' compensation claims which included claims for musculoskeletal injuries
[75].

Positive outcomes of PE initiatives have been observed in hospital settings.
Evanoff et al. (1999) conducted research to see if direct participation of orderlies in
problem solving PE initiatives would improve job satisfaction, injury rates, reduce lost
time, and lead to decreased musculoskeletal symptoms. The study found a 50%
reduction in relative risk of injury and a reduction in total work days lost. Their survey
found a statistically significant reduction in the proportion of workers with

musculoskeletal symptoms [71].
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A review of Hignett, Wilson, and Morris (2005) showed various achievements
regarding PE initiatives in the healthcare setting. The use of PE in risk management
projects for MSDs was found to show “promise as an approach which could be used
to evaluate changes in understanding and behavior of people at work as far as risk
management is concerned”[59]. The most successful strategies involved changes to
work organization programs, working practices, and the design of the work
environment. Positive results after implementing PE initiatives included an overall
reduction of 48% of patient transfer incidents, a 67% reduction in lost workdays, and
a 32% reduction in costs during the first year, and 44% in the second year.

Studies have shown that 12 month ergonomic intervention programs in a
home care setting improved working conditions and prevented declines the workers’
abilities to perform their jobs. Moreover, a study of a 5 year long PE intervention
program showed a 36% reduction in musculoskeletal disorders, a 33% reduction in
manual handling incidents, and an increase in risky action completion from 33 to
76%.

PE adds value to the work place well beyond the practical, and powerful,
contributions of traditional ergonomics. This value can be seen across a wide range
of situations, spanning many cultures and diverse problems. Imada and Nagamachi
(1995) stated that ergonomics alone can not solve all issues. Without improved
organizational support, team processes, team building, role definition, role clarity,

communication, management commitment, and a supportive culture, the successes
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of programs will be limited. There is no ‘best-one-and-only’ method to problem
solving [55].

Participatory practice speaks to the importance of the process rather than any
single event or approach. Participatory processes and expert consultant interventions
might result in similar outcomes. However, participatory processes have clearer
benefits and effects on those who participate. The most notable benefit can be said
to be the ownership of ergonomic ideas, the acceptance of the proposed solutions,
the confidence and competence to solve problems, satisfaction with the outcome,
and willingness to change. These outcomes are particularly beneficial in
environments where change is continuously driven by technology, changing
customer needs, quality initiatives, and competitive demands for continuous
improvement. Therefore, the scope needs to be expanded beyond the physical level
and should begin to address the psychosocial and organizational facets of work.

In the future, addressing injuries and improving productivity may come to
depend more on macro ergonomic variables. As a result, ergonomics must develop
as a multidisciplinary field, able to continuously expand and redefine its frontiers.
Hignett’s (2003) systematic review of interventions used to reduce musculoskeletal
injuries associated with patient handling tasks found that the best results were
obtained when multifactor intervention strategies included worker participation. The
review conducted a quality appraisal for each paper, ranking intervention strategies.

The most successful strategies involved changes in work organization, working
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practices and the design of the working environment [14].

Another area of concern is how best to involve employees in the decision
making process. A number of authors have suggested typologies for employee
participation. Approaches include: top-down approaches, with information flowing
from management to workers on action plans; gathering of information and
experience from workers; consultation where workers can make suggestions and
present points of view; negotiations in formalized committees; and, joint decision-
making involving all parties. These approaches highlight the importance of worker
involvement in decision-making as well as in all levels of an organization. It is
interesting to note that the longevity of ergonomic input was ranked as the lowest,
suggesting that ergonomic input is perhaps project specific rather than a permanent
organizational role [59].

Participatory ergonomics interventions generally involve the development of
ergonomics teams consisting of management and employees of an organization.
These teams seek ways to reduce workplace health risk exposure through a
redesigning of processes, tools, and equipment. The team should include participants
from various departments and various levels within the organization in order to
ensure that those who have first-hand experience about the issues being investigated
have a say in how to address them [56]. Furthermore, all stakeholders potentially
influenced by these changes should be included in the decision making process [75].

Hignett, Wilson, and Morris (2005) have found that most participatory
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ergonomics projects have both macro and micro dimensions and involve many
levels of staff [59]. PE programs can be multifaceted and their scope will be
determined by specific industry needs, problems being addressed, and geographical
location. Most workplace PE interventions involve forming ergonomics teams that
guide the intervention process. This group usually includes employees, managers,
ergonomists, health and safety personnel, and research experts. The team typically
undergoes training to familiarize them with ergonomic principles. Combining outside
expertise with the organization’s unique experience makes it possible to devise
ergonomic interventions tailored to the needs of that particular workplace, increasing
the likelihood that intervention will be successful [74]. Moreover, the success of PE
can be attributed to the involvement of workers in the entire process, from
identifying the risks and hazards, to recommending solutions, to implementing the

solutions and evaluating the outcomes [61].

2.9 Factors for success in participatory ergonomics

Effective participatory ergonomic (PE) programs require: the creation of teams
with proper representation, the identification of clear facilitators and barriers,
participation of appropriate stakeholders from the workplace, relevant ergonomic
training, appointment of a PE champion to guide the process, clear participant roles

and responsibilities, and decision making through group consultation [68] .
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1) Creation of teams

The literature recognized the relevance of teams when implementing PE
initiatives. Successful PE programs were typically characterized by the creation of
some form of team. Teams in PE programs can take on various forms depending on
the specific needs of each workplace. The type of team that is created, be it a
steering committee or cross-departmental team, is not necessarily relevant. However,
the members that make up the team must represent workers, supervisors, and
advisors. Creating a representative team can be a facilitator in PE programs. A good
team, in combination with a PE champion, can facilitate communication during the
implementation period.

2) Addressing key facilitators and barriers

Identifying potential facilitators and barriers to implementation was beneficial
when initiating a PE program. The most common facilitators and barriers included:
management support of the PE intervention, ergonomic training, resources such as
staff time, funds or materials, creating an appropriate team, communication levels,
and organizational training and knowledge in general areas such as team-building
skills. While these examples are common it is important to note that facilitators and
barriers will vary depending on specific workplace risk factors.

3) Participation of appropriate stakeholders from the workplace

PE teams will rely on the participation of other members of the workplace for

comments, suggestions, or advice regarding the PE program. Determining who will be
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involved in this consultation process is important. Workers alone are not sufficient,
bringing in supervisors and special advisors to assist in the consultation process will
aid implementation as they bring with them a wide set of skills and knowledge.

4) Ergonomic training

Ergonomic training was a key factor described as a facilitator, or a barrier
when training was not provided. Ergonomic training presents the opportunity to
identify facilitators in the PE process such as detailed plans of the initiative,
identifying simple changes, and establishing clear ideas regarding work responsibilities
and production priorities. Ergonomic training, provided by an ergonomist or other
specialist, can be tailored to specific workplace needs. Training makes it possible for
stakeholders to grasp workplace hazards and the associated ergonomic solutions
aimed at reducing risks and improving health conditions [29].

5) Appointment of a PE champion

PE champions were appointment in most PE interventions. The role was
typically given to an ergonomist, though others in the workplace can take on the
responsibility. The PE champion is tasked with providing guidance and monitoring the
PE intervention process.

6) Identify clear participant roles and responsibilities

Setting clear roles and responsibilities for participants in the PE process
promoted efficiency. Roles and responsibilities were varied but tended to include:

identifying the problems in the workplace, developing solutions, and implementing
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the necessary changes. Participants were less involved in initiating, guiding, and
monitoring the PE process as these were considered the responsibilities of the PE
champion.

7) Decision making through group consultation

Group consultation characterized most decision-making processes. As such,
groups would arrive at a decision regarding the PE process and later managers would
get involved to determine resources and implementation measures. Facilitators such
as communication, good working relations, and a positive workplace climate were
key to the decision-making process. Another two key components to consider in a
comprehensive ergonomic program, as identified by Clark (2004) were the safety
committee and ergonomics team [32].

1) Safety committee

PE interventions need strong safety committees capable of enforcing their
policies and procedures. This becomes particularly relevant when considering that an
organization’s focus on production can stand in conflict with its position on safety
matters. Weaker commitments to safety tend to formulate when safety measures are
recarded as less of a priority than either productivity or services. However, the costs
associated with workers’ compensation for musculoskeletal disorders (MSD) have
made organizations begin to look more towards finding a balance between
production and employee well-being. Process safety management, the process of

integrating safety with operations, has emerged as an approach to bridee the gap
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between manufacturing goals and employee health and injury prevention. Safety
committees, paired with an understanding of how to manage safety processes and
reduce risks, help reduce injuries in the workplace.

2) Ergonomics Team

Working as part of the safety committee, or independently, ergonomics teams
oversee all issues related to ergonomics and MSDs. As many factors play into
ergonomic science, the ergonomics team must consist of members of management,
labor, engineering, maintenance, human resources, health and safety personnel, and
consulting specialists. It is imperative that production workers play an active role, as
they are the stakeholders most affected by any outcome.

At its core, the ergonomics team must work to identify ergonomic risk factors
and hazards and develop processes to mitigate those risks. In some organizations it
might be necessary to contract an ergonomist consultant in order to ensure the
ergonomics team is set up properly. A consultant can provided training that would
allow the ergonomics team to become skilled in problem analysis, planning,
managing medical conditions, identifying risks, and become capable of providing
training to stakeholders.

PE processes have led to success in Asia. In view of these successes PE
initiatives should continue to: focus on local self-help initiatives based on good
practices; develop tools aimed at supporting local trainers; and promote facilitator

roles for ergonomists [76]. Trainers, acting in facilitator roles, have been found to
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initiate management and worker involvement, leading to immediate improvements in
the workplace [77]. Trainer led participatory approaches were most successful when
they incorporated local good practice, a wide range of basic ergonomics principles,
and feedback regarding progress.

Training and education formed the final essential component of PE
interventions aimed at reducing MSDs, with positive outcomes supported by the
literature [60, 63, 65, 78]. Wu, Chen, and Chen (2009) studied the effects of
ergonomics training to reduce MSDs among wafer handlers, calculating the risk factor
ratio (IRFR) and workers” MSD symptoms before and after the training [78]. Pre and
post training IRFR results indicated that training significantly increased safe behavior in
the workplace. The study also found a significant decrease of 19.3% (p < 0.05) in
MSDs in the legs post training. Other, not statistically significant, decreases in MSDs
were found in the lower back (12% decrease) and feet (6.5% decrease) post training.
The study concluded that one-year after training had been completed the only
significant decrease of MSDs was in the leg. The training intervention was considered
successful in reducing improper work postures and methods. However, little data
could be found that validated the effectiveness of training in reducing all MSD
problems. Some studies have suggested post intervention follow ups should occur
between four and 12 months after the intervention is completed [79], studies that
conduct follow-ups more than 12 months after intervention run the risk of workers

no longer being employed at a particular organization.
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In recent years several participatory approaches, including the Participatory
Action Oriented Training (PAOT) program, have emerged. Originally developed by
Thurman, Louzine, and Kogi (1988, cited in Khai, Kawakami, and Kogi, 2005), PAOT
emphasizes that both workers and employers that participate in trainings can
communicate lessons learned to the whole of the organization and field of work
[10]. This approach was designed to emphasize voluntary participation in
improvement programs through a system of active participation and dialogue
between management and workers. Effective PAOT programs can reach low-cost
solutions to problems causing workplace injuries [65, 77, 80, 81]. The features of
training tools are presented in Table 1.

Several successful programs have integrated PAOT, including WISE (Work
Improvement in Small Enterprises), WIND (Work Improvement in Neighborhood
Development), and WISH (Work Improvement for Safe Home) [81]. The WISE method
adopts a shop-floor approach focused on planning and practical implementation.
WISE promotes low cost approaches to increasing productivity and improving the
work environment by promoting worker participation, local good practices, and
responsiveness to feedback. The WISE method empowers trainees to identify
improvements to the work environment and increase productivity, all the while with

the aim of achieving low cost solutions.
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Table 1 Features of training tools and their merits for achieving workplace

improvements

Training tools

Features

Main Merits

1. Action checklists

Guide workers on how to
identify existing good points
and available low-cost

improvements

Help users rapidly select
locally practicable
improvements using local

resources

2. Local good practice

Present local good practices as
means of reducing
occupational risks in

healthcare work

Promote the use of low-cost
improvements for problem

solving

3. Group work methods

Prioritize immediate
improvements and help

amalgamate different ideas

Facilitate participatory steps to
plan and implement priority

low-cost improvements

4. Training manuals

Guide trainers and workers on
practical methods for
conducting participatory

action-oriented training

Support the organization of
participatory multifaceted
action training events by local

trainers

In their 2009 study, Tongpoon et al. presented an action checklist for

workplace improvements in healthcare settings [26]. Focusing on the Phattalung

Province of Thailand, the checklist consisted of 31 items divided into four categories:
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biological hazards, chemical hazards, ergonomic hazards, and job related stress.
However, the checklist was not designed to specifically address musculoskeletal
problems present among the sample nursing population.

Building on the PAOT approach, Koo et al. (2006) conducted a Participatory
Action-Oriented Approach Program (PAOAP). The PAOAP program was designed to
decrease the prevalence of MSDs among healthcare workers and proved to be a
successful intervention program to curb the rate of MSDs in hospital settings [82].

With a focus on preventing MSDs among hospital nurses, Kim and Lee (2010)
developed the Participatory Action Oriented Training for Hospital Nurses (PAOTHN)
[60]. PAOTHN brought together a multidisciplinary team to conduct workshops with
the aim of developing effective intervention strategies. The PAOTHN approach was
successful in yielding a series of practical and cost effective solutions to reducing
workplace risk factors. This approach developed a 43 item checklist divided into five
categories: patient care and treatment; safe handling of drugs, medical devices, and
equipment; workstation design; physical environment; and welfare facilities and
administration. The PAOTHN intervention program was successful in imparting nurses
with the self-help skills to assess risks and implement solutions. Ultimately, PAOTHN
aimed to create long-term solutions by increasing the amount of nurse participants

able to assess their workplace conditions and act as agents for positive change.
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2.10 Evaluation of Participatory Ergonomic Intervention

2.10.1 Process Evaluation

Evaluation of PE intervention processes is key to understanding how changes
occur in the workplace, and both qualitative and quantitative research has been
conducted on process evaluation[56, 83]. The literature also addresses the effectives
of PE interventions in improving work environments and reducing MSD risk factors.
Cole et al. (2005) indicated that detailed information on PE processes and
biomechanical exposure was necessary in order to better assess improvements to
health outcomes [74]. Randomized control trial testing has shown a reduction to
various biomechanical exposure indicators [84]. Economic evaluations have also
been conducted to assess the efficiency of workplace interventions in improving
worker health and production outcomes [85]. Economic approaches to evaluation
provide cost-benefit analysis of PE interventions, while scientific approaches focus on
specific aspects of PE interventions. Figure 2 presents the pathways of change that

can act to improve employee health and productivity [20].
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Figure 2 Participatory ergonomics pathways of change and corresponding evaluations

Participatory frameworks tend to advance through a progression of tools.

However, this progression is typically spurred on by an expert ergonomist capable of

identifying problems and testing possible solutions. The progression can be

characterized by quantitative and qualitative problem analysis and real world data

collection [59]. The Participatory Ergonomics Framework (PEF), developed by the

United Kingdom Health and Safety Executive, can act as the foundation for producing

actionable guidance for PE programs [86]. PEF, developed based on the work of

several ergonomists, is comprised of nine dimensions. These dimension are

presented in

Table 2.
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Table 2 The participatory ergonomics framework (PEF)

Categories Categories
Permanence Ongoing-Temporary
Involvement Full direct-Partial direct-Representative

Level of influence
Decision-making

Mix of participants

Requirement

Focus

Remit

Role of ergonomics
specialist

Specialist

Entire organization-Department/work group

Group delegation-Group consultation-Individual consultation

Operators-Supervisors-Middle Management Union Personnel-
Specialist/Technical Staff-Senior Management

Compulsory-Voluntary

Designing equipment or tasks-Designing jobs, teams of work
organization-Formulating policies or strategies

Process development-Problem identification-Solution
generation-Solution evaluation-Solution implementation-
Process maintenance

Initiates and guides process-Acts as a team member-Trains
participants-Available for consultation

participants-Available for consultation
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2.10.2 Outcome Evaluation

1) Work Environments

A variety of methods are currently used to assess work environments and
exposure to MSD risk factors. Among these methods are self-reporting, observational
methodologies, and direct measurements [87]. Diaries, surveys, and questionnaires
are three approaches to self-reporting that allow for the collection of physical and
psychosocial data in the workplace. Data collection of this kind has typically been
conducted through written methods to gather demographic, symptom, and exertion
variables for analysis. An advantage to these approaches is their low cost and wide
applicability [87].

Systematic recording methods have been developed to gather, and record on
pro-forma sheets, workplace exposure data for assessment, Differing techniques are
used to gather data on a number of exposure factors such as posture assessments
for various body parts or assessment of critical exposure factors. Among these
methods is the Quick Exposure Check (QEC). The QEC is used by occupational health
and safety specialists to assess work related musculoskeletal disorders (WMSD) risk
exposure and to later provide ergonomic intervention strategies. With its low impact
and low cost, QEC is applicable to a wide range of work environments and can be
used to evaluate intervention effectiveness [87]. QEC does present the drawback of
relying on highly technical support from trained practitioners. As such, QEC works

best when recording and analyzing simulated activities, not conducting practical
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workplace assessments [87].

The Dortmunder model and physical workload index has emerged as the
preferred self-report questionnaire for use in hospital settings [88]. This model was
designed based on biomechanical aspects as modified by Hollmann et al. [89]. The
main stumbling block with these self-report assessments is that workers can have
inaccurate, less than reliable, perceptions of their exposure to risks.

Created by Karasek (1979), the Job Content Questionnaire (JCQ) has been the
most widely used self-administered assessment tool, with its validity having been
assessed in many languages, including Thai [37, 90]. The basis for the JCQ is the job
demand-control-support (JDCS) model. The JDCS consists of three sections that aim
to describe the psychosocial work environment, these are: psychological demand,
job control or decision latitude, and social support. A series of factors comprise
psychological demands in the workplace including workload related stress,
organizational constraints, and conflicting demands. Job control, or decision latitude,
refers to the freedom workers are given with regards to how to perform their tasks
and is measured through a combination of skill discretion and decision authority. This
model has pointed out that workers with high skill levels have greater control over
how to accomplish tasks and make decisions that will reduce negative psychological
effects. Social support consists of the level of positive and helpful interaction that
exists between workers and their supervisors [91]. However, with its main focus on

task completion and quantitative demands, the JCQ is not best suited for use in
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hospital settings [92]. Needing a tool more suitable for a service environment in
which emotional demands were also relevant, Aust et al. developed the
Copenhagen Psychosocial Questionnaire (COPSOQ-1). While COPSOQ-1 was suited to
measuring the psychosocial work environment of hospital workers it failed to
account for rewards at work. COPSOQ-Il, developed by Kristensen et al. (2005)
addressed this issue[93].

Physical work demands and their assessment have also been considered.
Hollman et al. (1999) tested the validity of using questionnaires to assess physical
work demands [89]. Acceptable test-retest reliability when used in a healthcare
setting (r = 0.65) was found and convergent and discriminant validity was satisfactory.
This questionnaire had also been used in numerous studies [88]. COPSOQ was tested
as a method for assessing the psychosocial work environment with the majority of
the scales showing satisfying results in internal consistency (a> 0.70). Only two
scales, possibilities for development (a= 0.65) and demands for hiding emotions (a=
0.47) had alphas of less than 0.70 [92]. COPSOQ was determined to be a suitable
instrument for measurement of the psychosocial work environment of hospital
workers. This study, to ensure that all risk and positive factors have been accounted
for, will develop a work environment questionnaire based on the physical workload

index, COPSOQ-I, COPSOQ-II and literature reviews.
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Health Outcomes

A systematic review on the effectiveness of PE interventions to improve
health outcomes was carried out by Rivilis et al. (2008) who identified three
categories of health outcomes: symptoms of MSD-related pain and/or discomfort,
injury records in-plant or lost time claims for workers’ compensation, and general
sick leave or lost workdays specifically due to MSDs [20]. The most commonly taken
measurements were those related to MSD symptoms. This was likely the result of
high frequency, as all participants reported a symptom score, and the increased
sensitivity for scores to change following PE intervention. A series of questionnaires
was used to collect data on a variety of MSD related symptoms such as frequency,
severity, intensity of pain, and location of pain on the body. Administrative databases
were used to collect data on changes in injuries and lost time from work. Few
studies included more than one health outcome, both symptoms and injury data, or
both symptoms and sick leave, or all three.

Additional studies indicated that common chronic conditions affect employee
ability to work. Of the chronic conditions analyzed, mental disorders and coronary
heart disease were found to most affect ability to work. Depression, back and neck
problems, and hypertension were found to have less significant effects on
individuals, however, as these conditions were common they were found to result in
more population wide decreases in ability to work. Studies have found that MSDs

affect perceived abilities to cope at work [94].
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In this study, as regards literature reviews, health outcomes, including MSD

rates, sick leave, and ability to work among hospital orderlies will be considered.

The Instrument for Measuring MSDs

A popular tool for assessing MSD prevalence in work environments is the
Nordic Musculoskeletal Questionnaire (NMQ). Originally developed by Kuorinka et al.
(1987), the NMQ is a questionnaire that can be self-administered or used in
interviews and is used to screen for MSD related ergonomic risks. The NMQ is suitable
for studying MSD prevalence and disabilities in occupational settings [21]. The
questionnaire focuses on the most common symptoms, including Lower back, neck,
and shoulder symptoms . While the questionnaire has been found to be reliable, the
NMQ is susceptible to recall bias, particularly as questions focus on a 12-month
period prior to the questionnaire. Yet, the validity and reliability of the questionnaire

was found to be acceptable [21, 95].

Quick Exposure Check (QEC)

This exposure tool has been designed to assess the change in exposure to
musculoskeletal risks before and after an ergonomic intervention. Before making the
risk assessment, a preliminary observation of the job should be made for at least one

work cycle. Record all information as listed at the top of the exposure tool form [87].
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The Instrument for Measuring Work Ability and Sick Leave

Work Ability consists of the relationship between work demands and the
resources of the individual [94]. The concept of ‘work ability’ used in this case must
be seen in a preventive context in which interventions ensure proper
accommodations, minimal alienation, reduced disability, and decrease premature
retirement. It is important to determine how factors such as work conditions affect
employability, where ‘employability’ is understood as “the behavioral tendency
directed at acquiring, maintaining and using qualifications that are aimed to enhance
the ability to cope with a changing labor market during all career stages” [96].

Costa and Sartori (2002) found that nurses had lower work ability mean
scores in all age groups when compared to biologist-technicians and physicians [97].
This effect became clearer with aging. In line with these findings, the work ability
index predicts the risk of work disability or the future ability to cope and remain at
work, especially in ageing people [98]. Outcomes related to these factors in this
study’s sample of nurses were alarming. Declining health and its consequences on
managing work responsibilities are a major concern for nurses, regardless of age.

The Work Ability Index (WAI) was developed in the early 1980’s by
researchers from the Finnish Institute of Occupational Health (FIOH). The WAI
evaluates worker performance levels and how performance will be affected by
future demands, health, and mental resources [99]. The WAI model consists of four

factors: job demands and environment (28% of explanation rate), work organization
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and work community (20%), professional competence (15%), and life style (13%)
[98]. These factors significantly influence performance and how workers use
resources available to them. Feedback mechanisms are set in place to model and
improve employee motivational factors.

The WAI can be used as a monitoring tool for both individuals and groups
and is suitable in healthcare settings. The WAI has been proven to be helpful in high
stress level detection and prevention [100]. Additionally, the WAI is a predictor for
disability pension and mortality [98, 99] and a good indicator of occupational risk
factors for early retirement. The WAI consists of seven dimensions each of which
presents one or more question. The seven dimensions are: current work ability
compared with the best during one’s lifetime, work ability in relation to the demands
of the job, number of diagnosed diseases, subjective estimated work impairment due
to diseases, sickness absence or sick leave during past year, own prognosis of work
ability two vyears later, and mental resources. It has been translated into 15

languages including Thai and is highly applicable for cross-cultural comparisons
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CHAPTER IlI

METHODOLOGY

This chapter focuses on the methodological approach description including
research design, population sample, protection of human rights, intervention

protocol, research instruments, and procedures for data collection and analysis.

3.1 Research Design

This study was participatory ergonomic (PE) approach with a randomized
controlled trial (RCT), two-group pretest-posttest design and measurement was taken
before and after the experimentation to evaluate the differences in work
environments and health outcomes of hospital orderlies who received and not
received the participatory ergonomic intervention program (PEIP). Timeframe and
flow chart of study from recruitment for data collection and intervention are shown

as below and Figure 3.
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Baseline Posttest at 2 months  Posttest at 4 months
Post intervention Post intervention
Intervention Group On X Oy, O3
Control Group Ocl Oc2 Oc3

Oj1 and OcC1

Oj2 and O¢c2

O3 and Oc3

refer to scores of work environments and health outcomes
prior to participating in the PEIP program for the intervention
(O11) and the control (Oc1) participants, respectively.

refers to the PEIP program which will be given to the
intervention group.

refer to scores of work environments and health outcomes at
2 months after the completion of the intervention for the
intervention group (Oj2) and the control (OC2) participants,
respectively.

refer to scores of work environments and health outcomes at
4 months after the completion of the intervention for the
intervention group (Oy3) and the control (OC3) participants,

respectively.
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189 Participants available for the study

Excluded (n =89)

Not meeting inclusion criteria
(n =87)

Refused to participate (n =2)

Randomized (n =100)

Allocated to control(n =50)
Not Received allocated intervention
(n = 50)

Allocation
Allocated to intervention(n =50)
Received allocated intervention
(n=50)

Follow-up

Assessment baseline immediately, at

month 2 and month 4

Lost to follow-up (n =0)

Discontinued intervention (n = 0)

Assessment baseline immediately,

at month 2 and month 4

Lost to follow-up (n =0)

Discontinued intervention (n = 0)

Analysis

Analyzed (n = 50)
Participants at baseline, month-2

and month-4

Analyzed (n = 50)
Participants at baseline, month-2

and month-4

Figure 3 Flow chart of study from recruitment of participants during the study
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3.2 Study size

3.2.1 Design of study size
The study was conducted at the tertiary care hospital setting at 13
unit of patient transfer service department Siriraj hospital (2,221-beds hospital). The
study size as follows
3.3.1.1 Station of patient transfer service
- Center of building outpatient department
- Center of building outpost patient department
- Center of building outpatient department, floor 2-7
- Center of inpatient department service
- Center of diagnostic imaging centers.
- Center of building Chaofah Maha Chakri
- Center of building 72 year, floor 1
- Center of emergency service
- Center of building Syamindra, floor 1
- Center of building Syamindra, operating room floor 1
- Center of building 100 years Somdet Prasrinagarin
- Center of building Atsadang

- Center of building 10 years


https://foursquare.com/v/%E0%B8%95%E0%B8%81%E0%B9%80%E0%B8%88%E0%B8%B2%E0%B8%9F%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%88%E0%B8%81%E0%B8%A3-chaofah-maha-chakri-building/4bf74ef55efe2d7f03e46834/lists
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3.3 Study subject

The study were base consisted of all the orderlies and they were chosen for
the study because historical data showed high rates of back, knee, and shoulder
injuries associated with lifting, moving, and transporting patients throughout the
hospital. At baseline (in all the orderlies were invited to complete a self-administered
questionnaire). The work environment and job content also seemed to be similar
and comparable between the groups. To control the threat of internal validity, only
male orderlies were selected in order to achieve similarity of participants’ work task
characteristics and environments.

3.3.1 The duties of a hospital orderly

Lift Patients

« Transport Patients

«  Delivery messenger center lab
«  Coordination of each point

«  Oxygen withdrawal

«  Machine maintenance

+  Messenger
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3.3.2 General work activity
The general work activity of hospital orderlies department in patient transfer
service Siriraj hospital of the year 2013 see in Table 3 (Department of patient

transfer service Siriraj hospital, 2013).

Table 3 The General work activity of hospital orderlies

No. of hospital orderlies

Description Morning shift Afternoon shift Night shift
Shift work 154 21 14
Total 189

3.3.3 General equipment’s for work activity
The general equipment’s for work activity of hospital orderlies department in
patient transfer service Siriraj hospital of the year 2013 see in Table 4 (Department

of patient transfer service Siriraj hospital, 2013).
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Table 4 The general equipment’s for work activity of hospital orderlies

No. of Equipment/Day

Description wheeled stretchers Wheelchairs
Equipment’s 310 503
Total 813

3.4 Inclusion Criteria

The selection criteria were as follows:

- 18 years of age or older

- Healthy

- Fullstime working and working for at least 1 year on working at
the hospital before receiving the intervention and willing to
participate in this research

- Had the moderate disability of the position and the muscular
faticue section base on an outline diagram of the body to
indicate the body areas that currently discomfort or fatigued
section (Corlett and Bishop, 1976) [101] (Appendix A).

3.5 Exclusion Criteria

Participants with any of the following conditions were ineligible:
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- Had a medical history of serious injury, spinal surgery or severe

disability by physician.

3.6 Sample Size

The sample size was determined based on a result from previous effects of
participatory ergonomics intervention study (Bradley, 1999), which indicated that 72%
of the subjects had a successful outcome of reducing MSDs symptoms. If we observe
a 30% (effect size) absolute improvement for those on this study intervention, with a
power (1-f) of 0.80 and a = 0.05 at two-tailed test, the sample sizes can be
calculated as follows (Kasiulevicius et al., 2006):

n (size per group) = P1(1- P1) + P2(1 - P2) X (Zq+_ZB)2_
(P1 - P2)’
Where P; = 0.72 and P, = 0.48, Zq = 1.96 when a = 0.05, and Zg = 0.84 when B =
0.20.

n/group = [072(1-0.72)+ 048 (1 - 0.48)] x (1.96+0.84)°

(0.72 - 0.48)°
- 2.8

~ 43 samples/group

A sample size of 86 was needed to test the effectiveness of the PEIP

program. However, we are also allow 20% drop-out rate following the total of 100
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voluntary participants who met the inclusion criteria were recruited into this study.
Fifty participants were assigned into the intervention and 50 participants were

assigned into the control group.

3.7 Research instruments

Data were collected by self-reported and face to face questionnaire which
separate into four part including participants’ demographic and working data,
muscular discomfort situation, musculoskeletal symptoms, work ability index and sick
leave (Appendix B,C).

Part 1. Demographic, occupational risks, prevalence exposures and working
data includes age, height, weight, marital status, educational level, income, smoking,
alcohol consumption, health status, job title, years of employment, working hour,
shift work, patient handling tasks/day and received ergonomic training.

Part 2. Work environments were measured by questionnaire which was
separated into two parts include physical and psychosocial work environment.

The physical work environment part was assessed by Thai version of physical
work load index (Songkham et al, 2011)[33] with developed based on the physical
workload index modified by Hollmann et al. (1999) and Janowitz et al. (2006) [88,
89]. A questionnaire with 19 items was presented as pictograms. Five of the items
described postures of the trunk: straight, upright (T1) (trunk bent 5 degrees forward),

slightly inclined (T2) (trunk bent 45 degrees forward), strongly inclined (T3) (trunk
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bent 75 degrees forward), twisted (T4), and laterally bent (T5). Three items were
asked for the following positions of the arms: 2 arms below shoulder height (Al), 1
arm above shoulder height (A2), and 2 arms above shoulder height (A3). Five items
were asked for positions of the legs: sitting (LS), standing (L2), squatting (L3) (trunk
bent 15 degrees forward), kneeling on one or both knees (L4), and walking or moving
(L5). Six items were described the lifting of weights. Three were concerned lifting with
the trunk upright (Wul-Wu3) and 3 with the trunk inclined 60 degrees (Wil-Wi3). Each
set of 3 items were asked for lifting, pushing, pulling or carrying of light weights (<10
kg; Wu2 & Wi2), medium weights (10-20 kg; Wu2 & Wi2) and heavy weights (> 20 kg;
Wu3 & Wi3).

Participants were asked to record their physical work environment with an
average frequency of occurrence of body positions or the handling of loads during
ordinary daily work. The answers were given on a 5-point rating scale ranging from
"never" to "very often". The weighting factors from a biomechanical model were
multiplied by the item scores of the corresponding body postures reported in the
questionnaire and then added to an index of physical work load. Index of physical
work load = 0.974 x score of T2 + 1.104 x score of T3 + 0.068 x score of T4 + 0.173 x
score of T5 + 0.157 x score of A2 + 0.314 x score of A3 + 0.405 x score of L3 + 0.152
x score of L4 + 0.152 x score of L5 + 0.549 x score of Wul + 1.098 x score of Wu2 +
1.647 x score of Wu3 + 1.777 x score of Wil + 2.416 x score of Wi2 + 3.056 x score of

Wi3. The item scores were coded as follows: "never" = 0, "seldom" = 1, "sometimes"
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= 2, "often" = 3, "very often" = 4. Total yield score is between 0 (the best physical
work environment) and 56.2 (the worst physical work environment). Moreover, the
perception on workplace environment (e.g. noise, lighting and temperature) were
given on a 5-point rating scale ranging from "never" to "very often". Total yield score
of workplace environment is between 0 (the best physical work environment) and 4
(the worst physical work environment).

The questionnaire on psychosocial work environment part were developed
based on the Copenhagen Psychosocial Questionnaire (COPSOQ version | and II)
modified by Kristensen and Borg (2003) and Aust et al (2007) [92, 93]. The 57-item
questionnaire, 17 scales, cover three main areas of the psychosocial work
environment: 1) demands at work, 2) work organization, and 3) interpersonal relations
at work. For the demand at work area, quantitative demands (3 items), work pace (1
item), cognitive demands (4 items), emotional demands (4 items) and demands for
hiding emotions (3 items) was used. The work organization area includes influence at
work (4 items), possibilities for development (4 items), meaning of work (3 items) and
commitment to the workplace (4 items). Whereas the interpersonal relations at work
comprises predictability (2 items), rewards (5 items), role clarity (3 items), role
conflicts (4 items), quality of leadership (4 items), social support from supervisor
(3items), social support from colleagues (3 items) and social community at work (3

items).
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The scale was built on 1-5 items (questions). All items had 5 response
categories. There are two kinds of categories set depending on the direction of each
question: 1) always, often, sometimes, seldom, never/hardly ever and 2) to a very
large extent, to a large extent, somewhat, to a small extent, to a very small extent.
Scales were built by summing up the numerical values attached to the response
categories of the items. All scales were transformed to a range from 0 to 100: the
weights are 0, 25, 50, 75, and 100, to make the scoring on the different scales
comparable. Directions of the scores follow the label of the scale; i.e. a high score
on the emotional demand scale indicates high emotional demands, a high score on
the predictability scale indicates high predictability, and so on.

Part 3. Musculoskeletal symptoms were measured by questionnaire which
was modified from the Nordic Musculoskeletal Questionnaire (NMQ) (Kourinka et al.,
1987) and Quick exposure check (QEC) technique [21].

3.1 Nordic Musculoskeletal Questionnaire (NMQ) 45-item
questionnaire provides the workers to identify areas of the body causing
musculoskeletal problems. Completion is aided by a body map to indicate nine
symptom sites being neck, shoulders, upper back, elbows, low back, wrist/hands,
hips/thighs, knees and ankles/feet. Respondents are asked if they have had any
musculoskeletal trouble (such as ache, pain, discomfort and numbness) in the last
12months, 3 months, and 7 days which has prevented normal activity. The

prevalence rate of musculoskeletal symptoms could be computed by using the



73

following equation:

MSDs rate = all new and pre-existing MSD cases during a time period x 100

Population during the same time period

3.2 Quick exposure check (QEC) technique (David ; 2005) were used
to assess the level of exposure to MSDs risk factors [87]. The technique includes the
assessment of the back, shoulder/arm, wrist/hand, and neck in regard to their
postures and repetitive movement. This exposure tool has been designed to assess
the change in exposure to musculoskeletal risks before and after an ergonomic
intervention. Before making the risk assessment, a preliminary observation of the job
should be made for at least one work cycle. Record all information as listed at the
top of the exposure tool form.

Exposure assessment for the back

Back posture (A1-A3)

The assessment for the back posture should be made at the moment when
the back is most heavily loaded. For example, when lifting a box, the back may be
considered under highest loading at the point when the person leans or reaches
forward to pick up the load.

+ The back can be regarded as “Almost neutral” (Level Al) if the person is
seen to work with his/her back flexion/extension, twisting, or side bending less than

20°, as shown in Figure 4.
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J

Standing Sitting Twisting

Figure 4 The back is “almost neutral”

The back can be regarded as “Moderately flexed or twisted” (Level A2) if the
person is seen to work with his/her back flexion/extension, twisting or side bending
more than 20° but less than 60°, as shown

in Figure 5.

c0e

Standing Sitting Twisting

Figure 5 The back is “flexed or twisted”
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The back can be regarded as “Excessively flexed or twisted” (Level A3) if the
person is seen to work with his/her back flexion or twisting more than 60° (or close

to 90°), as shown in Figure 6.

Standing Sitting Twisting

Figure 6 The back is “excessively flexed or twisted”

Back movement (B1-B5)

For manual material handling tasks, assess B1-B3. This refers to how often
the person needs to bend, rotate his/her back when performing the task. Several
back movements may happen within one task cycle.

For tasks other then manual handling, such as sedentary work or repetitive

tasks performed in standing or seated position, ignore B1-B3 and assess B4-B5.
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Exposure assessment for the shoulder/arm
Shoulder/arm posture (C1-C3)

Assessment should be made when the shoulder/arm is most heavily loaded
during work, but not necessarily at the same time as the back is assessed. For
example, the load on the shoulder may not be at the highest level when the person
bends down to pick up a box from the floor, but may become greater subsequently
when the box is placed at a higher level. Shoulder/arm movement (D1-D3)

The movement of the shoulder/arm is regarded as

“Infrequent” if there is no regular motion pattern.

“Frequent” if there is a regular motion pattern with some short pauses.

“Very frequent” if there is a regular continuous motion pattern during work.

Exposure assessment for the wrist/hand
Wrist/hand posture (E1-E2)

This is assessed during the performance of the task at the point when the
most awkward wrist posture is adopted, include wrist flexion/extension, side bending
(ulnar/radial deviation) and rotation of the wrist around the axis of the forearm. The
wrist is regarded as “almost straight” (Level E1) if its movement is limited within a
small angular range (e.g. <15°) of the neutral wrist posture (Figure 7). Otherwise, if an
obvious wrist angle can be observed during the performance of the task, the wrist is

considered to be “deviated or bent” (Figure 8).
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Figure 7 The wrist is almost straight Figure 8 The wrist is deviated or bent

Wrist/hand movement (F1-F3)
This refers to the movement of the wrist/hand and forearm, excluding the
movement of the fingers. One motion is counted every time when the same or

similar motion pattern is repeated over a set period of time (e.g., 1 minute).

Exposure assessment for the neck
The neck can be considered to be “excessively bent or twisted ” if it is bent

or twisted at an obvious angle (or more than 20°) relative to the torso.

Worker’s assessment of the same task
After the observer’s assessment is made, ask the worker to answer the
questions as shown on the second page of the tool. Explain the meaning of the

terms to him/her when necessary.
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Calculation of the total exposure scores

The total exposure scores can be obtained by combining the assessments
from the ‘observer’ (A-G) and the ‘worker’ (a-e). Ensure that the correct combined
scores have been determined before adding them into the total.
Additional points:

« For group work, ensure a sufficiently representative number of individual
workers are assessed.

« Workers whose daily pattern of work and job demands are variable, should
be observed more than once

The exposure level standards for back, shoulder, wrist and neck are

presented in Table 5.



Table 5 Exposure level standards for back, shoulder, wrist and neck
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Exposure level

Score Low Moderate High Very high
Back (static) 8-15 16-22 23-29 29-40
Back (moving) 10-20 21-30 31-40 41-56
Shoulder/arm 10-20 21-30 31-40 41-56
Wrist/hand 10-20 21-30 31-40 41-56
Neck 4-6 8-10 12-14 16-18

Part 4. Work ability and sick leave was measure by the work ability index

(WAI) which has been developed by the Finnish Institute of Occupational Health

(FIOH) [99]. The WAI questionnaire entails seven dimensions, each covered by means

of one or more questions: current work ability compared with the best during one’s

lifetime, work ability in relation to the demands of the job, number of diagnosed

diseases, subjective estimated work impairment due to diseases, sickness absence or

sick leave during past year, own prognosis of work ability two years later and mental

resources. The result of the work ability level is being a score of 7-49 (the worst

rating is 7 and the best rating is 49). The scoring of the responses is shown in table 6-



Table 6 Items covered by the work ability index, the number of questions used to

evaluate each item, and the scoring of the responses.

No Item Number of Scoring of the responses
questions
1. current work ability compared 1 0-10 points
with the lifetime best (value circled in the questionnaire)
2. work ability in relation to the 2 score weighted according to the
demands of the job nature of the work (formula for the
calculation appears below Table 3)
3. number of current diseases 1 at least 5 diseases = 1 point, 4
diagnosed by a physician diseases = 2 points, 3 diseases = 3
points, 2 diseases = 4 points, 1
diseases = 5 points, No disease = 7
points
4. estimated work impairment due 1

to diseases

1-6 points (value circled in the

questionnaire; the worst value

should be chosen)

80
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Table 7 items covered by the work ability index, the number of questions used to evaluate

each item, and the scoring of the responses. (Cont’)

No Item Number of Scoring of the responses
questions
sick leave during the past year 1 1-5 points (value circled in the
(12 months) questionnaire)
own prognosis of work  ability 1 1,4 or 7 points (value circled in the
two years from now questionnaire)
mental resources (note: item 7 3 the points of the question series are

refers to the worker’s life in
general, both at work and

during leisure time)

added together and the sum is
modified as follows: sum 0-3 =1

point, sum 4-6 = 2 points, sum 7-9 =

3 points, sum 10-12 = 4 points

In item 2 work ability is assessed in relation to both the physical and mental
demands of the job. The response to the question is weighted according to whether
the work is primarily physical or mental. The term “work ability score” refers to the
number of the response circled in the questionnaire

Due to sick leave is one of the WAI dimensions, the amount of this variable
could be counted by this questionnaire. However, the number of sick leave within

the last three months was added in the demographic data form in terms of monitor
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short term effects of an intervention program.

Validity and reliability of the questionnaire in Thai version

Validity

The questionnaire was assessed for content validity by a panel of experts
who are the specialists in occupational health and safety including, one occupational
physician and two nurse professors who specialized in psychosocial work. The
contents were adjusted according to their comments and suggestions. The content

validity index (CVI) was 0.99

Reliability
The questionnaire was tested with 10 orderlies working in same hospital. The

internal reliability coefficient of the questionnaire (Cronbach’s alpha) was 0.80.

3.8 Participatory ergonomics intervention protocol

A participatory ergonomics intervention program was developed based on the
Participatory Action-Oriented Training for Hospital Nurses (POATHN) model. Drawing
from Kim and Lee’s extended work on PAOTHN, and the Healthy Unit Guidance
(HUG) program developed by Songkham et al. (2011), allowed for the creation of a
well-rounded Participatory Ergonomic Intervention Program (PEIP) [33]. The objective
of the intervention program was to encourage behavioral change among orderlies,

making them more aware of occupational hazards and work related musculoskeletal
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disorders (WMSD). The intervention program also educated orderlies on proper
posture, with the aim to reduce workplace risk factors. The intervention program was
divided into three phases. The first phase consisted of posture training and
techniques for lifting and moving patients. The second phase consisted of techniques
for safely transporting patients via gurney and establishing a basic exercise program.
Finally, work-related risk factors and WMSDs were addressed.

The PEIP consisted of series of workshops. Workshops were conducted to
address: education, group training, supervised onsite training, establishment of
management support, participant capacity strengthening, adjusting and improving
patient transfer techniques, and establishing a basic exercise program. The program
was conducted over a period of two months. Details on each component are
presented below.

1) Workshop 1: Establishing Management Support

The aim of the first workshop was to identify and train intervention
facilitators. A facilitator team was created consisting of ten volunteer orderlies. The
facilitator team received training on the basic principles of ergonomics in a
healthcare setting. The volunteers were introduced to Participatory Action-Oriented
Training (PAOT) methodologies and reviewed training on the use of a basic
ergonomics manual, simple and practical low-cost improvements, and the basic roles
of facilitators. Following completion of the educational segment of the workshop,

the orderlies were given time to discuss the development of a basic ergonomics
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manual with a focus on their line of work. Finally the orderlies discussed educational
materials that could be beneficial to participants.

2) Workshop 2: Participant’s Capacity Strengthening

A six-hour workshop, based on the PAOT approach, was conducted. The first
session of the workshop consisted of outlining the program and communicating the
pervasive nature of MSDs and the urgent need for intervention. In the second session
participants began to address items on an action checklist. The checklists were
customizable to best address participant needs. Session three consisted of
presenting improvement principles and local good practices by other hospital
orderlies. This was followed by a group discussion. Participants were asked to identify
three positive points and three areas for improvement in the action checklist. This
approach was used to address all five areas of concern. The final hour of the
workshop was used to develop short-term (one to two month) and long-term (three
to six month) improvement plans for each unit.

Researchers visited each working unit to monitor progress and encourage
improvements with the aim to make strategies developed during this workshop
sustainable. As the first set of improvements was completed within three months of
the workshop, follow up visits were conducted within the first to third month
following the workshop. This workshop stressed the importance of participant

involvement in identifying and mitigating risks in the workplace.
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3) Workshop 3: Evaluation of Improvements and Achievements

A three-hour follow-up workshop was conducted to assess the achievements
of workplace improvements. Participant representatives conducted presentations
outlining short-term improvements. Presentations helped foster communication and
knowledge sharing among participants. All relevant stakeholders were invited to
attend this workshop. The workshop was concluded with a contest to reward

achievements.

3.9 Training Program

The program was developed specifically for the orderlies with a focus on
what was relevant to workers in this tertiary care hospital. An important idea guiding
the program was that of learning through group conversation and acting within the
context of the work environment. Twelve sessions, with nine different subjects, were
held during a two-month period. The PEIP was conducted over a period of one hour,
consisting of 15 minutes of didactics, 15 minutes of discussion, and test time. The
didactic sessions focused on: knowledge regarding occupational risk factors;
musculoskeletal problems; physical, psychosocial, work-organizational and individual
risk factors; basic ergonomic principles; and, coping with musculoskeletal symptom:s.
The discussion session focused on both individual solutions and how to obtain an
optimal work environment both organizationally and technically. The PEIP was

covered in Table 8. (Appendix J)
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Category 1: Individual Health
This didactic session focused on the individual’s health in relation to

occupational risk factors.

Category 2: Task and Working Environments
This didactic session focused on task completion and working

environment.

Category 3: Promotion Factor
This didactic session focused on physical activity, and the work as a

positive factor and basic exercise program
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Table 8 The topic of the 9 session in the training program

| Individual Health

1. Occupational risks

2. Coping with occupational risks

3. Physical activity for a healthy life

4. Job demands, Job control and

Social support

Il Task and Working Environments

5. Work as a source of health

| Individual Health

6. Working technique

7. The work station

Il Promotion Factor

8.Work-a source of health

9.Work adjustment

Focused on risk factors and consequences for
occupational risks
Focused on what individuals can do to prevent
occupational risks and what type of support is
available at work
Focused on taking responsibility for one’s own health

Focused on Psychosocial factors as predictors of MSDs

Focused on the importance of hospital orderlies and

their work as a positive factor

Focused on working positions and working posture
(e.g. lifting, moving, and transporting patients)
Focused on the work , improvement of work station

and work environments

Focused on physical activity, and the work as a
positive factor

Focused on establishing a basic exercise program
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3.10 Research procedures

There were 3 step of carrying out the study :

Step 1 : Analysis of the problems and needs and planning participatory
ergonomic intervention program (PEIP) for reduce the occupational risks among
hospital orderlies

1. Coordinating with the Siriraj hospital, division of the patient transfer
service, Bangkok Thailand, to get the permission to study and to get the cooperation
from the personnel as well as getting the support in regard to materials and venues
for implementing the research activities.

2. Collaborating with the Director of the division of the patient transfer
service to inform the objectives and procedures of the research project.

3. Collaborating with the Director of the Institute of Working Safety to
get assistance and support of resource persons and materials for the training
program.

4. Meeting with the research assistant to inform the research assistant to
inform the research’s objectives, to demonstrate the steps of activities that will be
implemented in accordance with the participatory learning program developed and
to clarify the data collection methods for mutual understanding and practices.

5. Studying the problems regarding occupational risks that occurred in
the orderlies by interviewing and questionnaire.

6. Analyzing the data collected in order to find the problems with the
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officers and the workers.

7. Analyzing the program by considering the feasibility, orderlies’ needs
and being able to solve the problem.

8. Using the data derived from problem analysis and the guideline for
planning a program and implementing the activities in accordance with the
participatory ergonomics intervention program for improvement and reduce the
occupational risks among hospital orderlies

Step 2 : Building capacity of the orderlies by using participatory action
oriented training process.

After the analysis of the problems and needs were done the
researcher develop an intervention period of 2 months and measurements at
baseline and after 2 and 4 months of follow-up.

Step 3 : Summarizing the outcomes of the learning and evaluating
the participatory learning program organized.

After the program were implemented the researcher organized a
meeting with the orderlies in order to conclude the learning outcomes and to

evaluate the program. The data collected were analyzed by computing statistics.

3.11 Intervention Instruments for the Participatory Action-Oriented Training

A series of materials were used during the PAOT program to assess exposure

to risks and encourage problem solving. Workshops and several tools were used to
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evaluate the intervention process. Explanations for each instrument used during
training are presented below (Appendix D).

3.12.1 Basic Ergonomics Manual

The basic ergonomics manual consisted of a series of cartoons designed to
assist participants in the development of improvement methods. The manual
presented principles, a question and answer section, and remarks on the principles.
Local good practices were also included to further assist participants in
understanding principles. The manual is presented in (Appendix F).

3.12.2 Photographs

Multifaceted  Participatory  Ergonomics (PE) interventions result in
improvements that might not be the same for every workstation. As a result,
photographs have been found to play a key role in documenting improvements.
Photographs were taken before and after intervention to help properly document
evidence of change.

3.12.3 Participatory Ergonomics Evaluation Form

An evaluation form for use by the investigator was designed based on the
Participatory Ergonomics Framework (PEF) [86]. The form was used to determine the
degree to which PE initiatives were being implemented by each group of participants.
The form consisted of nine dimensions: permanence of initiative, involvement, level
of influence, decision-making, mix of participants, requirements, focus, remit, and role

of ergonomics specialist.
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3.12.4 Participant Comment and Evaluation Form
Comment and evaluation forms were used to collect participant thoughts on
the usefulness of each intervention initiative. Data collected through these forms

allowed the investigator to evaluate perceived usefulness of the intervention.

3.12 Participatory ergonomic intervention program implementation

3.12.1 Top management support
Prior to the implementation of the participatory ergonomic
intervention program (PEIP) with the orderlies, meetings with the top managers, the
head safety officer of the Human Resource Section, and the heads of the hospital
orderlies were held to obtain full support and to sustain the program. A brief
explanation of the potential participatory ergonomics intervention program (PEIP)
gives equal priority to health and wellbeing, production, quality, and safety
(Appendix K).
3.12.2 Training, and health out come
The training and health outcome begins with a meeting of the top
managers and the head of the hospital orderly. The intervention sessions will cover
improving work methods, training in working posture, safety awareness, health

education and training.
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3.12.3 Field observations

Each individual observation assess the change in exposure to
musculoskeletal risks before and after an ergonomic intervention were took about
30-45 min. The same observers also secretly performed the field observation with
the body chart checklist. These workers was not told what day they would be
observed. A total of 100 orderlies were selected to be observed once before training.
It take around 40 min for each individual observation in order to completely identify
the risk factors for the worker.

The observers, were specially trained by the author who met them regularly
to maintain the quality and consistency of the field observation throughout this
project. Before formal observations, were asked to observe 25 hospital orderlies for
testing their inter-rater reliability. It was confirmed that each observer are familiar
with the standard check procedure and follow the identical evaluation criteria. In
order to prevent workers from modifying their behaviors for the observers
(Hawthorne effect), the workers was not told what day they would be observe. Also,
the observers were blinded to intervention status of the workers. The field
observations were arranged in 2 month after the training session. Four month
immediately after the training, the field observations were performed again for

evaluating the training effect
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3.13 Data Collection

Data collection were done after receiving permissions from the administrator
of the hospital. The description of data collecting procedures in the intervention and
the control group is summarized as follows:

3.13.1 Intervention Group

Fifty participate in the participatory ergonomic program who is able to
participate in the intervention program received a package of documents including
an invitation letter, the description of the study, the study consent form, and the
researcher’s address and telephone number. The researcher were asked the
participants to return the consent form within two weeks after receiving the package.
Participants were informed about their rights that they could ask any question
related to the study or refuse to participate in the study. Within two weeks after
receiving informed consent, the questionnaire were distributed to the participants in
order to assess their baseline data. The program intervention was begin after baseline
data of all participants has been collected completely. The same questionnaire was
used again for follow-up assessment, 2 and 4 months after the program intervention
was done.

3.13.2 Control Group

Participant was received a package of documents including an invitation
letter, the description of the study, the study consent form, and the researcher’s

address and telephone number. The researcher were asked the participants to return
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the consent form within two weeks after receiving the package. Within two weeks
after receiving informed consent, the questionnaire were distributed to the
participants in order to assess their baseline data. The same questionnaire were used

again for follow-up assessment, 2 and 4 months after the first enrollment.

3.14 Evaluation of the PEIP Program

The results before and after the PEIP program were evaluated and compared
by scores of health outcomes and scores of working environments to determine if

there were improvements and a reduction of occupational risk and WMSDs.

3.15 Protection of Human Rights

The study were reviewed and approved by the Ethics Review Committee of
Siriraj Insitutional Review Board, Faculty of Medicine Siriraj Hospital, Mahidol
University, Thailand (COA No.Si296/2014).  The participants were informed in the
cover letter of human subject protections about the main purpose of the study, right
of the subjects, confidentiality, potential risks, and benefits of participation. All of
participants were signed the consent by wiliness to participate in the study before

starting baseline assessment (Appendix D).
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3.16 Data Analysis

The data were analyzed by two major statistical methods, as follows.
1. Descriptive statistics
1.1) Percentage, mean and standard deviation

- General information

- Occupational risks and prevalence among hospital orderlies
2. Inferential statistics
2.1) Dependent samples

- To compare health outcomes and working environments in the
experimental before and after the PEIP.

- To compare health outcomes and working environments in the
control before and after the non- PEIP.
2.2) Independent groups

- To compare health outcomes and working environments of the
experimental and control group (before the PEIP)

- To compare health outcomes and working environments of the
experimental and control group (after the PEIP)
2.3) Chi-square test

- Chi-square test was used to test between intervention and control
groups in categorical variables.

2.4) One-way ANOVA
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- The different of those mean scores among the intervention and
control groups at each point of measurement was tested using the one-way
ANOVA
2.5) ANOVA with Bonferroni pair wise comparisons

The mean difference of work environment and health outcomes score
within groups at the baseline, 2-month and 4-month after the intervention
was tested

The statistical with 95 percent confidence intervals and level of

significance was set at p < 0.05.
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CHAPTER IV

RESULTS AND DISCUSSIONS

This chapter presents the findings of a participatory ergonomic (PE) approach
with a randomized controlled trial (RCT) which aimed to examine the effects of the
participatory ergonomic intervention program (PEIP) on work environments and
health outcomes among hospital orderlies. Discussion on effects of the participatory
ergonomic intervention (PEIP) program on work environments and health outcomes is
presented in this chapter as well. The results of this study are presented in five

sections as follow:

Part | Demographic and Work Characteristics of Participants
Part Il Work Improvement Achievement
Part Il Comparison of work environment scores at baseline, two months

and four months after completing intervention
Part IV Comparison of health outcome scores at baseline, two months and
four months after completing intervention

Part V Intervention Feedback from Participants and Facilitators
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4.1 Demographic and Work Characteristics of Participants

Study participants were males working in the Department of Patient Transfer
Service of a tertiary care hospital in Bangkok, Thailand. A total of 189 hospital
orderlies were reviewed, only 100 participants met inclusion criteria. The

demographic characteristics of participants are shown in Table 9-10.

Table 9 Demographic Characteristics of the hospital orderlies (n=100)

Characteristic n (%)

Age (mean + SD) yrs = 34.6 + 8.48 100 (100)
BMI (mean = SD) = 24.9 + 4.89
Gender

Male 100 (100.0)

Educational Level

High school 83 (83.0)
Diploma degree 11 (11.0)
Bachelor degree 6 (6.0)

Income (Thai Baht, THB*)
<10,000 47 (47.0)

>10,001 63 (63.0)
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Table 10 Demographic Characteristics of the hospital orderlies (n=100) (Cont’)

Characteristic n (%)

Marital status

Single 56 (56.0)

Married 40 (40.0)

Divorced/Separated 4 (4.0)
Alcohol drinking

No 29 (29.0)

Yes 71 (71.0)
Current smoking

No 39 (39.0)

Yes 61 (61.0)

Fifty participants were assigned into an intervention group and 50 participants
were assigned into a control group. Demographic and work characteristics of all
participants are presented in Table 4.2 and 4.3.

The age of participants in the intervention group ranged from 21 to 57 years,

with a mean age of 34.3 years (SD = 7.3). The average height and body mass index of

2
participants were 160 cm (SD = 5.9) and 24.9 kg/m (SD = 4.4), respectively. The
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mean hour of household physical activity among this group was 12.2 hours per week
(SD = 11.5). The education level for the majority of participants was lower than a
bachelor’s degree (88%). Close to 50% of participants were not married and 60% had
an income equal or greater than 10,000 baht per month. Data showed that 52% of
participants exercised more than three times per week. About one fourth of
participants had reported drinking alcohol (20%) and more than half of them (66%)
reported smoking.

Data from the control group showed similar demographic characteristics as
the intervention group. The age of participants ranged from 21 to 56 years, with a
mean of 34.9 years (SD = 9.5). The average height and body mass index of
participants in this group was comparable with the intervention group. The mean
hours of household physical activity per week among participants in the intervention
group was slightly higher than those in the control group (12.18 hours/week, SD =
11.5). Most of the participants had an education level lower than a bachelor’s degree
(94%) and 62% were single. More than half of participants (54%) had an income
equal to or less than 10,000 baht per month. Approximately 62% of participants
exercised more than three times per week. About 68% of participants reported
drinking alcohol and 52% of participants reported smoking

A comparison of demographic characteristics of participants in the
intervention and control groups found that there were no statistical differences in

most of characteristics except marital status and exercise. The demographic



characteristics of participants in both groups are shown in Table 11-13.

Table 11 Demographic Characteristics of Participants
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Intervention Control p-valuea
Continuous variables group (n=50)  group(n=50)
Mean(SD) Mean(SD)
Age, y 34.3(7.3) 34.9(9.5) 725
Range 21-57 21-56
Height, cm 160(5.9) 159(5.6) 292
Range 160-185 159-183
Body Mass Index, ke/m2 24.9(4.4) 24.8(5.3) 961
Range 17.3-38.6 19.3-42.3
Household physical activity, hr/wk 12.18(11.5) 9.8(9.1) 238
Range 0-45 0-50

a
t-test



Table 12 Demographic Characteristics of Participants (Cont’)
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Intervention Control p-valueIO
Categorical variables group (n=50)  group(n=50)
Mean(SD) Mean(SD)

Education level

< Bachelor degree 44(88.0) 47(94.0)

> Bachelor degree 6(12.0) 3(6.0) 229

Marital status

Single 25(50.0) 31(62.0)

Married 24(48.0) 16(32.0)

Divorced/Separated L2 3(6.0) 231
Exercise

< 3 times/week 24(48.0) 19(38.0)

> 3 times/week 26(52.0) 31(62.0) 317
Income, baht/month

< 10,000 20(40.0) 27(54.0)

> 10,000 30(60.0) 23(46.0) 164




Table 13 Demographic Characteristics of Participants (Cont’)

Intervention Control p-valueIO
Categorical variables group (n=50) group(n=50)
Mean(SD) Mean(SD)

Alcohol drinking

No 13(26.0) 16(32.0)

Yes 37(74.0) 34(68.0) 537
Current smoking

No 17(34.0) 24(48.0)

Yes 33(66.0) 26(52.0) 197
Perceived health status

Good-Very good 29(58.0) 22(44.0)

Poor-Fair 21(42.0) 28(56.0) .059
b 2

gy -test
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The years of employment among participants in the intervention group

ranged from 1 to 37 years, with a mean of 7.31 years (SD =7.1). That figure was

slightly lower than the average year of employment of participants in the control

group (9.2 years, SD = 9.6). The mean working hours per week in the intervention and

the control groups were 49.3 (SD = 11.2) and 51.6 (SD = 11.5), respectively. The study
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found a high number of participants conducting shift work, 76% of participants in the
intervention group and 74% in the control group. Most participants carried out 30 or
more patient handling rounds per day, 82% in the intervention group and 78% in the
control group. Most participants had a number of patient handling rounds per day
equal or less than 30, 74% in the intervention group and 70% in the control group. A
comparison of work characteristics of participants in the intervention and control
groups found that both groups had no statistical difference in all characteristics. The

work characteristics of participants in both groups are presented in Table 14-15.

Table 14 Work Characteristics of Participants

Intervention group Control group p—va[uea

Continuous variables (n=50) Mean(SD)  (n=50) Mean(SD)

Year of employment, y 7.31(7.1) 9.2(8.6) .230
Range 1-37 1-33

Working hour per week 49.3(11.2) 51.6(11.5) 762
Range 40-75 40-75

a
t-test
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Table 15 Work Characteristics of Participants (Cont’)

Intervention group Control group p—valueb
Categorical variables (n=50) n (%) (n=50) n (%)
Performed Shift work
Day Shift 38(76.0) 37(74.0)
Afternoon-Night Shift 12(24.0) 13(26.0) 159
Patient handling round
per day, case
< 30 9(18.0) 11(22.0)
> 30 41(82.0) 39(78.0) 621
Patient transfer round per
day, case
< 30 37(74.0) 35(70.0)
> 30 13(26.0) 15(30.0) 504
b 2
x -test

Two months after the completion of the PEIP intervention orderlies in the
intervention group had carried out 28 work improvement achievements in 13 units of
the Patient Transfer Service Department. These achievements were categorized into

five technical areas of improvement. The highest degree of change was shown on
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welfare facilities and administration (10 tasks, 35.7%), followed by patient care
(7 tasks, 25.0%), and workstation design (5 tasks, 17.8%). Examples of work

improvement achievement in each technical area are presented in Table 16-17.

Table 16 Work improvements achievement covering the five areas undertaken by

hospital orderlies

Work
Technical area improvements
n %
|. Patient care 7 25.0
- Use a mechanical lift or transfer device (e.g., portable lifting
device, digital wheelchair scale)
- Apply team lifting to transfer a patient to or from the bed
- Use a mechanical device for repositioning the patient in the bed
(e.g., roller sheets)
- Properly position yourself with sufficient space
- Reduce awkward postures when lifting and transferring the patients
- Reduce awkward postures when patient handling
- Use correct lifting procedures that avoid overly twisting or
bending your body
Il. Safe handling and transferring of patient, medical devices, and 4 14.3

equipment

- Use carts to transfer heavy or bulky loads

- Use a step or ladder when patient handling to address height
difficulties

- Use medical devices and equipment with large, low-rolling-
resistance wheels

- Use devices that are lightweight and easily handle.
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Table 17 Work improvements achievement covering the five areas undertaken by hospital

orderlies (Cont’)

Work
Technical area improvements
n %
lll. Workstation design 5 17.8
- Minimize the working distance
- Design a workstation with an optimal access zone
- Ensure that transport pathways remain clear
- Ensure that transport pathways are spacious and open
- Provide a chair with a backrest
IV. Physical environment 2 72
- Label the weight on heavy loads
- Use a step designed for specific work tasks
V. Welfare facilities and administration 10 357

- Provide room for resting and education.

Assign a person to be in charge of safety and health in the unit

- Teach stretching exercises to prevent fatigue

Educate new hospital orderlies about preventing musculoskeletal
disorders

- Provide medical treatment and follow-up if musculoskeletal
disorders occur

- Establish safety and health policies

- Organize a prevention team in each unit

- Keep logs to allow accidents and absences to be tracked

- Take breaks when working

Total 28 100
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4.2 Comparison of Work Environment Scores at Baseline, Two Months, and Four

Months After Intervention

The work environment score in this study was split into two parts: physical
work environment and psychosocial work environment. The physical work
environment was defined as risk factors associated with musculoskeletal disorders.
The lower the indicated score the better the physical work environment. The
psychosocial work environment score consisted of risk factors and positive factors
associated with MSDs. Comparison of work environment scores at baseline, two
months, and four months after completing intervention in the intervention and

control groups are presented as follows.

4.2.1 Physical Work Environment

The effect of the PEIP program on the physical work environment was
measured using Hollmann’s physical load index. With regards to each point of
evaluation, the study found that, at baseline, the physical work environment score of
the intervention group was higher than the control group. Therefore, directions of the
scores are between minus (the best physical work environment) and plus (the worst
physical work environment).

However, the physical work environment score of the intervention group

decreased from baseline to month two (-5.4) and slightly increased at month four
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(+1.1). The physical work environment score of the intervention group appeared to

be lower than the control group at the two (+4.8) and four month (-1.7) marks (Figure

9).
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Figure 9 Changes in physical work environment of intervention and control group at

baseline, month-2 and month-4

As physical work environment scores of control and intervention groups were

in normal distribution, an independent-samples t-test was used to test for mean

difference over time. After exploring the effect of the PEIP program on the physical

work environment score, it was found that mean score of physical work environment

among the intervention group reduced significantly compared with the control group

at month two (p = .002) and month four (p = .002). Results are shown in Table 18.
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Table 18 Comparison the mean score of physical work environment by group

Mean(SD)
PWE Control group Intervention group t df pvalue’
(n=50) (n=50)
Baseline 35.6(7.9) 34.8(10.1) 0.403 98 0.688
Month-2 40.4(6.7) 29.4(8.9) 6.987 98 0.002*
Month-4 38.7(5.5) 30.5(6.6) 6.784 98 0.002*

a
PWE = Physical Work Environment, *p-value < .001, **p-value < .05, t-test

A repeated measures analysis of variance was used to compare the mean

scores of each group. Results show a significant difference between the two groups

(F =7.42, p <0.05). Results are shown in Table 19.
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Table 19 Effects of PEIP program on physical work environment

Source of variation df MS SS F p-value

Between subjects

Intervention 1 203.363 811.722 7.429 0.008***

Error 98 18.809 10708.6060

Within subjects

Time 2 16264.462 132.407 129.743 0.001**
Intervention*Time 2 939.115 83.487 7.491 0.007%**
Error 196 12285.183 74.107

SS = Sum Square; df = degree of freedom; MS = Mean Square
** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons

Additionally, the mean score for perception of workplace environment (e.g.
lighting, noise, temperature, and odor) was assessed by a separate questionnaire. The
workplace environment score of the intervention group did not change from baseline
to month two, but slightly declined from month two to month four. The score of
workplace environment in the control group showed no difference over time (Figure
10). A T-test for independent samples was used to test for mean difference of
workplace environment scores between the intervention and the control group. The
study found no significant difference between the two groups in workplace

environment at baseline, month two, and month four in Table 20.
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Figure 10 Changes in workplace environment of intervention and control group at

baseline, month-2 and month-4

Table 20 Comparison the mean score of perception on workplace environment by

group
Mean(SD)
l a

Workplace Control group Intervention group t df e

Environment (n=50) (n=50)
Baseline 1.9 (0.7) 2.1(0.9) -0.855 98 0.398
Month-2 1.9 (0.7) 1.9 (0.8) 0.601 98 0.549
Month-4 1.9 (0.7) 1.8 (0.7) 0.805 98 0.423

t-test
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4.2.2 Psychosocial Work Environment

The psychosocial work environment score following the PEIP intervention was
measured through a questionnaire developed based on the Copenhagen
Psychosocial Questionnaire (COPSOQ). The questionnaire covered three main scales
of psychosocial work environment including demand of work, work organization, and
interpersonal relations at work. Therefore, directions of the scores are between
minus (the best psychosocial work environment) and plus (psychosocial work
environment). The details of all findings are shown in Tables 21 and 22.

When compared to the control group, the intervention group had no
significant scores at baseline measurement. Two months after the completion of the
PEIP intervention program, the mean scores of psychosocial work environment
among the intervention group changed dramatically in all three main scales. The
mean scores for the five demands at work scales decreased among the intervention
group. These included qualitative demands (-8.1), work pace (-5.5), cognitive
demands (-3.7), emotional demands (-2.3), and demands for hiding emotions (-2.6).
Of these factors, only the work pace score had significantly decreased when
compared with the control group (p = .001). Mean scores on three of the four work
organization scales increased among the intervention group, including influence at
work (+4.6), possibilities for development (+6.9), and meaning of work (+4.3). Scores
for all of the factors, including influence at work, possibilities for development, and

meaning of work significantly increased when compared with the control group (all p-
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values < .001). Of these factors, only commitment to the workplace had significantly
decreased when compared with the control group (p = .001). Mean scores on four of
seven positive factors of interpersonal relations at work scales increased, including
rewards (+4.1), social support from supervisor (+3.8), social support from colleagues
(+4.7), and social community at work (+5.0). These factors increased among the
intervention group. Factors of predictability, role clarity, quality of leadership, social
support from supervisors (all p-values < .001), and social support from colleagues,
significantly increased when compared with the control group (p = .005). The mean
score of negative factors of interpersonal relations at work (i.e. role conflicts) showed
a slight decrease (-1.2), but was not significantly different when compared with the
control group. AWl mean scores of psychosocial work environment for the
intervention and the control groups at baseline and month two are presented in

Table 21.
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Table 21 Comparison the mean score of psychosocial work environment between

the intervention and the control groups at baseline and month-2

At baseline Month-2
Psychosocial work environment ~ Control ~ Intervention  p-value  Control ~ Intervention — p-value
(95%Cl)
group group (95%CI) group group
Mean(SD) Mean(SD) Mean(sp) ~ Mean(SD)
Demand at work
Quantitative demands 45.6(14.4) 46.3(13.4)  0.781 43.2(15.5)  38.2(13.6)  0.087
Work pace 66.0(30.3) 65.0(30.3) 0.442 68.0(24.2) 59.5(28.5) 0.001"
Cognitive demands 57.8(18.0) 57.1(18.9) 0.866 62.1(16.4)  53.4(19.3)  0.104
Emotional demands 47.1(19.9) 43.9(17.5)  0.396 49.8(19.4)  41.6(18.0)  0.740
Demands for hiding emotions 55.3(31.9) 54.3(13.4) 0.460 59.3(28.9)  51.7(15.5)  0.412
Work organization
Influence at work 53.2(19.2) 49.8(19.6)  0.375 53.3(19.1)  54.4(20.7)  0.001*
Possibilities for development 71.3(12.5) 67.0(18.0)  0.174 73.0(11.3)  73.9(17.8)  0.001
Meaning of work 79.8(12.6) 78.1(16.3) 0.555 79.5(13.6)  824(16.7)  0.001
Commitment to the workplace  60.9(17.3) 56.9(14.4)  0.221 50.020.0)  53.0(12.2)  0.001
Interpersonal relations at work
Predictability 69.5(17.0) 65.8(15.3) 0.136 64.8(19.0) 71.3(17.5) 0.001"
Rewards 68.3(22.8) 72.8(11.1) 0.225 43.3(38.2) 76.9(14.3) 0.513
Role clarity 67.3(15.1) 68.2(14.5) 0.779 63.3(16.8) 75.3(17.4) 0.001"
Role conflicts 639(14.8)  625(11.8)  0.582 639(13.8)  613(11.2)  0.363
Quality of leadership 66.1(128)  64.7(12.4)  0.227 68.8(12.8)  73.1(165)  0.001
Social support from supervisor ~ 54.3(13.4) 50.5(14.7) 0.176 53.0(16.8)  54.3(16.3)  0.001
Social support from colleagues ~ 51.7(15.4) 51.0(15.9) 0.405 520(15.0)  55.7(19.6)  0.005
Social community at work 60.3(15.6) 61.3(12.8)  0.326 59.0(15.6)  66.3(14.8)  0.252

*p-value < .001, **p-value < .05, t-test

In summary, two months after completing the intervention, the PEIP program
had the effect of increasing the scores of promotion factors of psychosocial work

environment, including: work pace, influence at work, possibilities for development,
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meaning of work, commitment to the workplace, predictability, role clarity, role
conflicts, quality of leadership, social support from supervisors (all p-values < .001),
and social support from colleagues (all p-values < .05).

Table 22 presents the mean scores of all scales among the intervention and
the control groups at the four-month mark following the PEIP intervention. Decreases
were observed in the mean scores for the five demands at work scales among the
intervention group, including: qualitative demands (-0.5), work pace (-8.5), emotional
demands (-0.8), cognitive demands (-7.8), and demands for hiding emotions (-2.1).
However, the scores for work pace, cognitive demands, emotional demands, and
demands for hiding emotions had a significant difference when compared with the
control group (all p-values < .005). Mean scores on all work organization scales
increased in the intervention group, ranging between +0.5 and +7.7. However, only
the commitment to the workplace score had significantly increased when compared
with the control group (p = .025). An increase was observed among mean scores for
five of seven positive factors of interpersonal relations at work scales, including:
rewards (+2.8), quality of leadership (+2.3), social support from supervisors (+8.7),
social support from colleagues (+1.7), and social community at work (+1.2). Among
these factors the study found that the predictability (p = .003), rewards (p = .028),
and social community at work scores had significantly increased when compared
with the control group (p = .042). The mean score for the negative factor of

interpersonal relations at work scales (i.e. role conflicts) showed a slight decrease (-
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1.5), but was not significantly different when compared with the control group.

In conclusion, four months after completing the intervention, the PEIP
program still had the effect of increasing scores of promotion factors of the
psychosocial work environment. These included work pace, cognitive demands,
demands for hiding emotions, commitment to the workplace, predictability, rewards,
and social community at work (all p- values < .05).

When compared to the control group, the intervention group at 2-month and
4-month measurement. Two months after completing the intervention, the PEIP
program had the effect of increasing the scores of promotion factors of psychosocial
work environment, including: work pace, influence at work, possibilities for
development, meaning of work, commitment to the workplace, predictability, role
clarity, role conflicts, quality of leadership, social support from supervisors (all p-
values < .001), and social support from colleagues (all p-values < .05). Four months
after completing the intervention, the PEIP program still had the effect of increasing
scores of promotion factors of the psychosocial work environment. These included
work pace, cognitive demands, demands for hiding emotions, commitment to the
workplace, predictability, rewards, and social community at work (all p- values < .05).

In conclusion, after completing the intervention, the PEIP program still had
the effect of increasing scores of promotion factors of the psychosocial work

environment. The details of all findings are shown in Tables 23
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Table 22 Comparison the mean score of psychosocial work environment between

the intervention and the control groups at baseline and month-4

At baseline Month-4
Psychosocial work environment Control Intervention  p-value Control Intervention ~ p-value
(95%C1)
group group (95%CI) group group
Mean(SD) Mean(SD) Mean(sp) ~ Mean(SD)
Demand at work
Quantitative demands 45.6(14.4) 46.3(13.4) 0.781 48.1(17.6) 45.8(12.7) 0.472
Work pace 66.030.3)  65.0(30.3)  0.442 70.0(23.1)  56.5(26.6)  0.008
Cognitive demands 57.8(18.0) 57.1(18.9) 0.866 60.0(16.0)  49.3(20.1) 0004
Emotional demands 47.1(19.9) 43.9(17.5) 0.396 48.8(16.5) 43.1(15.7) 0.080
Demands for hiding emotions 55.3(31.9) 54.3(13.4) 0.460 63.8(27.1) 52.2(11.6) 0006
Work organization
Influence at work 53.2(19.2) 49.8(19.6) 0.375 49.6(21.9) 57.5(19.1) 0.057
Possibilities for development 71.3(12.5) 67.0(18.0) 0.174 70.8(10.4) 67.5(14.4) 0.199
Meaning of work 79.8(12.6) 78.1(16.3) 0.555 77.3(13.6) 79.4(17.7) 0.511
Commitment to the workplace ~ 60.9(17.3) 56.9(14.4) 0.221 50.0(183)  520(11.8) 0025
Interpersonal relations at work
Predictability 69.5(17.0) 65.8(15.3) 0.136 65.0(16.4) 75.3(17.4) 0.003*
Rewards 68.3(22.8) 72.8(11.1) 0.225 62.5(40.0) 75.6(10.7) 0.028 '
Role clarity 67.3(15.1) 68.2(14.5  0.779 64.3(16.3)  69.7(14.2)  0.084
Role conflicts 63.9(14.4) 62.5(11.8)  0.582 62.9(13.9)  61.0(10.9)  0.444
Quality of leadership 66.1(12.4) 64.7(12.4) 0227 68.3(12.2)  67.0(11.8)  0.605
Social support from supervisor 54.3(13.4) 50.5(14.7) 0.176 52.3(16.2)  59.2(18.9)  0.055
Social support from colleagues ~ 51.7(15.4) 51.0(15.9) 0.405 51.3(14.7) 52.7(14.8) 0.655
Social community at work 60.3(15.6) 61.3(12.8) 0.326 56.019.1)  625(11.7) 0042

*p-value < .001, **p-value < .05, t-test
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Table 23 Comparison the mean score of psychosocial work environment between

the intervention and the control groups at month-2 and month-4

Month-2 Month-4
Psychosocial work environment Control Intervention  p-value Control Intervention ~ p-value
(95%Cl)
group group (95%CI) group group
Mean(SD) Mean(SD) Mean(sp) ~ Mean(SD)

Demand at work
Quantitative demands 43.2(15.5) 38.2(13.6) 0.087 43.2(15.5) 38.2(13.6) 0.087
Work pace 68.0(24.2)  59.5(28.5) 0001 68.0(24.2)  59.5(285) 0.001
Cognitive demands 62.1(16.4) 53.4(19.3) 0.104 62.1(16.4)  53.4(19.3)  0.104
Emotional demands 49.8(19.4) 41.6(18.0) 0.740 49.8(19.4)  41.6(18.0) 0.740

Demands for hiding emotions 59.3(28.9) 51.7(15.5) 0.412 59.3(28.9)  51.7(15.5)  0.412
Work organization

Influence at work 53.3(19.1) 54.4(20.7) 0.001* 53.3(19.1)  54.4(20.7)  0.001*

Possibilities for development 73.0(11.3) 73.9(17.8) 0.001" 73.0(11.3)  73.9(17.8)  0.001

Meaning of work 795(13.6)  824(167) 0001 79.5(13.6)  824(167)  0.001

Commitment to the workplace ~ 59.0(20.0)  53.0(122) 0001  59.0(200) 530(122)  0.001

Interpersonal relations at work

Predictability 64.8(19.00  713(175) 0001  64.8(19.0) 71.3(17.5)  0.001
Rewards 433(382)  769(143) 0513  433(382) 769(14.3) 0513
Role clarity 633(16.8)  753(17.4) 0001  633(168)  75.3(17.4) 0.001
Role conflicts 639(138)  613(112) 0363  639(138) 61.3(11.2)  0.363
Quality of leadership 68.8(128)  73.1(165) 0001  688(128)  73.1(165) 0.001

Social support from supervisor ~ 53.0(16.8) 54.3(16.3) 0.001" 53.0(16.8)  54.3(16.3)  0.001
Social support from colleagues  52.0(15.0) 55.7(19.6) 0.005 520(15.0)  55.7(19.6)  0.005
Social community at work 50.0(156)  663(14.8) 0252  59.0(156)  66.3(14.8) 0252

*p-value < .001, **p-value < .05, t-test

A repeated measures analysis of variance was used to compare the mean
scores of each group. Results show a significant difference between the two groups

on work pace (F = 14.37, p <0.01), influence at work (F = 9.24, p <0.05), possibilities
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for development (F = 47.08, p <0.01), meaning of work (F = 41.15, p <0.01),
commitment to the workplace (F = 15.19, p <0.01), predictability (F = 9.20, p <0.01),
role clarity (F = 10.90, p <0.01), quality of leadership (F = 25.93, p <0.01). Results

are shown in Table 24-29.

Table 24 Effects of PEIP program on psychosocial work environment

Source of variation df MS SS F p-value

Quantitative

demands

Between subjects

Intervention 1 351.361 351.361 .807 371
Error 98 435.614 42690.166

Within subjects

Time 2 1327.050 2254.167 10.793 .001**
Intervention*Time 2 250.474 425.463 2.037 .001%**
Error 196 122.959 20468.519

Work pace

Between subjects

Intervention 1 20008.333 20008.333 14.375 .001**
Error 98 1391.837 136400.000

Within subjects

Time 2 8703.013 12629.167 18.302 .001%*
Intervention*Time 2 9874.517 14329.167 20.765 .001%*
Error 196 475.528 67625.000

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Source of variation df MS SS F p-value
Cognitive demands
Between subjects
Intervention 1 2455787 2455787 4.589 .035
Error 98 535.090 52438.831
Within subjects
Time 2 566.361 1077.286 2.406 .096
Intervention*Time 2 673.788 1281.626 2.863 .062
Error 196 235.380 43876.620
Emotional demands
Between subjects
Intervention 1 503.755 503.755 .822 367
Error 98 613.013 60075.302
Within subjects
Time 2 797.893 1417.698 5.019 .010%***
Intervention*Time 2 335.510 596.135 2.110 130
Error 196 158.982 27683.042
Demands for hiding emotions
Between subjects
Intervention 1 650.231 650.231 .503 480
Error 98 1291.974 126613.426
Within subjects
Time 2 1054.531 2058.796 7.280 .001**
Intervention*Time 2 1610.845 3144.907 11.121 .001**
Error 196 144.845 27712.963

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Table 26 Effects of PEIP program on psychosocial work environment (Cont’)

Source of variation df MS SS F p-value

Influence at work

Between subjects

Intervention 1 5283.603 5283.603 9.248 .003***
Error 98 571.346 55991914

Within subjects

Time 2 5826.272 9278.552 14.697 .001**
Intervention*Time 2 6599.724 10510.302 16.648 .001%**
Error 196 396.432 61870.596

Possibilities for development

Between subjects

Intervention 1 16781.380 16781.380 47.083 .001**
Error 98 356.423 34929.427

Within subjects

Time 2 9078.611 14627.344 83.375 .001**
Intervention*Time 2 11703.486 18856.510 107.481 .001**
Error 196 108.889 17193.229

Meaning of work

Between subjects

Intervention 1 17005.250 17005.250 41.156 .001**
Error 98 413.194 40493.055

Within subjects

Time 2 16977.601 32034.829 134.905 .001%*
Intervention*Time 2 18515.152 34936.014 147.122 .001%*
Error 196 125.849 23271.305

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Table 27 Effects of PEIP program on psychosocial work environment (Cont’)

Source of variation df MS SS F p-value

Commitment to the workplace

Between subjects

Intervention 1 8968.067 8968.067 15.198 .001**
Error 98 590.083 57828.179

Within subjects

Time 2 3140.831 6153.759 31.181 .001**
Intervention*Time 2 2350.840 4605.946 23.338 .001%**
Error 196 100.730 19341.170

Predictability

Between subjects

Intervention 1 4672.853 4672.853 9.209 .003***
Error 98 507.438 49728.877

Within subjects

Time 2 12633.264 25052915 79.955 .001%*
Intervention*Time 2 10674.664 21168.832 67.559 .001%*
Error 196 158.006 30707.253

Rewards

Between subjects

Intervention 1 1581.255 1581.255 2.227 139
Error 98 710.020 69581.969

Within subjects

Time 2 27666.815 54054.656 42.104 .001%*
Intervention*Time 2 1817.035 3550.073 2.765 .067
Error 196 657.102 125815.062

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Table 28 Effects of PEIP program on psychosocial work environment (Cont’)

Source of variation df MS SS F p-value

Role clarity

Between subjects

Intervention 1 4928.853 4928.853 10.900 .001**
Error 98 452.194 44315.034

Within subjects

Time 2 14095.610 24822.207 112.388 .001**
Intervention*Time 2 10809.577 19035.540 86.188 .001%**
Error 196 125.419 21644.401

Role conflicts

Between subjects

Intervention 1 263.203 263.203 .585 446
Error 98 449913 44091.448

Within subjects

Time 2 64.434 80.469 2.953 .079
Intervention*Time 2 s 9.635 354 601
Error 196 21.818 2670.313

Quality of leadership

Between subjects

Intervention 1 9352.083 9352.083 29.593 .001%*
Error 98 316.024 30970.313

Within subjects

Time 2 9451.934 15415.625 119.662 .001%*
Intervention*Time 2 11516.172 18782.292 145.795 .001%*
Error 196 78.989 12625.000

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Table 29 Effects of PEIP program on psychosocial work environment (Cont’)

Source of variation df MS SS F p-value

Social support from supervisor

Between subjects

Intervention 1 2045.370 2045.370 4.214 .043
Error 98 485.317 47561.111

Within subjects

Time 2 1320.754 2393.056 6.598 .002%**
Intervention*Time 2 1931.945 3500.463 9.652 .001%**
Error 196 200.162 35541.667

Social support from colleagues

Between subjects

Intervention 1 1233.565 1233.565 2.233 .138
Error 98 552.442 54139.352

Within subjects

Time 2 2026.883 2489.352 7.838 .00gxxx*
Intervention*Time 2 1732.859 2128.241 6.701 007
Error 196 258.583 31123.148

Social community at work

Between subjects

Intervention 1 267.593 267.593 502 .480
Error 98 532.880 52222.222

Within subjects

Time 2 216.327 381.019 1.309 271
Intervention*Time 2 509.669 897.685 3.083 .055
Error 196 165.323 28536.111

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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4.3 Comparison of Health Outcome Scores at Baseline, Two Months and Four

months after Completing Intervention

In  this study, the findings related to health outcomes, including
musculoskeletal symptoms, sick leave, and work ability of hospital orderlies, are

presented separately.

4.3.1 Musculoskeletal Symptoms

The 12-month prevalence rates of musculoskeletal symptoms in the
intervention group and the control group were 98.8% and 97%, respectively. Lower
back symptoms were the most common MSD, affecting 72% of hospital orderlies in
the intervention group. This was followed by MSD symptoms in the
hip/thighs/buttocks (70%), upper back (64%), and knees (60%). Results among the
control group showed that the most common MSD symptoms were reported at the
lower back (74%), followed by hip/thighs/buttocks (70%), upper back (58%), and
knees (50%). The details of MSDs in each part of body for the two groups are shown

in Figure 11.
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Figure 11 Rate of musculoskeletal symptoms in the past 12 months among the

intervention and the control group
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Figure 12 Rate of musculoskeletal symptoms in the last 3 months between

intervention and control group at baseline, month-2 and month-4

The baseline prevalence rate of musculoskeletal symptoms for the

intervention group and the control group were 66% and 64% respectively. At the
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two-month mark following intervention, the control group reported a prevalence rate
of 68%, a score higher than its pre intervention rate. At the two-month mark
following intervention, the intervention group reported a prevalence rate of 65.5%, a
score lower than its pre intervention rate. Regarding findings at four-month mark
following intervention, the MSD rate among the intervention group was higher than
that at the time of the baseline assessment. Still, it slightly deceased compared with
the two-month mark post intervention. There were no changes to the MSD rate at

the two and four month marks post intervention among the control group (Figure

12).
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Figure 13 Rate of musculoskeletal symptoms in the last 7 days between intervention

and control group at baseline, month-2 and month-4

With regards to the seven-day prevalence rates of musculoskeletal
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symptoms, the intervention group reported MSD rates lower than the control group
at the baseline measurement. Additionally, the MSD rate among participants in the
intervention group was reported at the two and four-month mark after the
intervention had been completed. In contrast to the control group, results showed
that the rate of MSDs decreased at the two-month mark and increased at the four-

month mark (Figure 13).

4.3.2 Quick Exposure Check for work-related musculoskeletal risks

An evaluation of risk exposure levels following the PEIP program was
conducted for different body regions. Risk exposure levels were calculated via a
questionnaire based on the Quick Exposure Check (QEC) for work-related
musculoskeletal risks. The questionnaire focused on five main body regions,
including: back (static), back (moving), shoulders/arms, wrists/hands, and neck.

The results of the study indicated that orderlies in the control group had very
high-risk exposure scores for the back (moving) (41.7 + 7.9). Risk exposure scores for
the shoulders/arms (36.5 + 11.1), wrists/hands (33.5 + 10.6), and back (static) (26.7 +
6.7) were also high. Results of the QEC for the intervention group showed high risk
exposure scores for the back (moving) (40.0 + 8.5), shoulders/arms (35.9 + 10.9),
wrists/hands (34.2 + 10.9), back (static) (26.6 + 6.7), and neck (12.1 + 3.2). Detailed
findings are shown in Table 30.

Compared with the control group, the intervention group had no significant
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scores at baseline measurement. Two months after completion of the PEIP program
intervention, mean scores from the QEC among the intervention group changed
dramatically in all five body regions. Mean scores in the intervention group for the
five body regions showed reductions: back (static) (-1.2), back (moving) (-2.6),
shoulders/arms (-1.4), wrists/hands (-1.7), and neck (-2.3). Significant reductions were
found in the back (moving) (p < .005) and neck (p =.001) when compared with the
control group. All mean scores from the QEC at baseline and two months after
intervention are presented in Table 31.

In summary, two months after intervention, the study found that the PEIP
program had an effect on decreasing risk exposure scores for different body regions.
Significant decreases were observed in the back (moving) (p < .005) and neck (p =
.001). The mean scores from the QEC for the neck among the intervention group

changed dramatically, from high to moderate.
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Table 30 Comparison the mean score of quick exposure check (QEC) between the

intervention and the control groups at baseline and month-2

At baseline Month-2
Score Control Intervention p—valuea Control Intervention ~ P-value’
group group (95%CI) group group ©3%
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Back (static) 26.7(6.7) 26.6(6.7) 0.976 26.7(6.2) 25.4(6.3) 0.267
Back (moving) 41.7(7.9) 40.0(8.5) 0.287 42.1(7.6) 37.4(8.4) 0.005

Shoulder/arm 36.5(11.1) 35.9(10.9) 0.828 36.2(11.0) 34.5(11.4) 0.408

Wrist/hand 33.5(10.6) 34.2(10.9) 0.746 36.5(11.4) 32.5(11.8) 0.083

Neck 12.1(3.4) 12.1(3.2) 0.952 12.1(2.4) 9.8 (3.4) 0.001*

*p-value < .05, t-test

Table 31 presents the mean risk exposure scores for all body regions in the
intervention and control groups four months after the intervention. Mean scores
decreased for the intervention group four months after intervention. Score reduction
was of: back (static) (-1.2), back (moving) (-3.6), and shoulders/arms (-0.7). However,
only back (moving) showed a significant decrease when compared with the control
group (p< .005). All mean scores from the QEC for the intervention and control
groups at baseline and two months post intervention.

In conclusion, four months after completion of the intervention, the PEIP
program still had the effect of decreasing risk exposure scores for different body

regions. The reduction in score for the back (moving) (p < .005) was found to be
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significant.

Table 32 presents the mean risk exposure scores for all body regions in the
intervention and control groups two and four months after the intervention. The
study found that the PEIP program had an effect on decreasing risk exposure scores
for different body regions. Significant decreases were observed in the back (moving)
(p < .005) and neck (p = .001). The mean scores from the QEC for the neck among
the intervention group changed dramatically, from high to moderate. Four months
after completion of the intervention, the PEIP program still had the effect of
decreasing risk exposure scores for different body regions. The reduction in score for

the back (moving) (p < .005) was found to be significant.
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Table 31 Comparison the mean score of quick exposure check (QEC) between the

intervention and the control groups at baseline and month-4

At baseline Month-4
Score Control Intervention p—valuea Control Intervention ~ P-value’
(95%Cl)
group group (95%CI) group group ’
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Back (static) 26.7(6.7) 26.6(6.7) 0976  27.8(6.2) 25.4(6.3) 0.051
Back (moving) 41.7(7.9) 40.0(8.5) 0.287 40.6(7.3) 36.4(9.0) 0.013
Shoulder/arm 36.5(11.1) 35.9(10.9) 0.828 33.4(11.0) 35.2(10.5) 0.407
Wrist/hand 33.5(10.6) 34.2(10.9) 0.746 33.7(12.3) 35.1(12.3) 0.578
Neck 12.1(3.4) 12.1(3.2) 0.952 12.1(2.5) 12.1 (3.1) 0.171

*p-value < .05, t-test

A repeated measures analysis of variance was used to compare the mean

scores of each group. Results show a significant difference between the two groups.

Results are shown in Table 33-35 .
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Table 32 Comparison the mean score of quick exposure check (QEC) between the

intervention and the control groups at month-2 and month-4

Month-2 Month-4
Score Control Intervention p—valuea Control Intervention ~ P-value’
(95%Cl)
group group (95%CI) group group ’
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Back (static) 26.7(6.2) 25.4(6.3) 0267  27.8(6.2) 25.4(6.3) 0.051
Back (moving) 42.1(7.6) 37.4(8.4) 0.005 40.6(7.3) 36.4(9.0) 0.013
Shoulder/arm 36.2(11.0) 34.5(11.4) 0.408 33.4(11.0) 35.2(10.5) 0.407
Wrist/hand 36.5(11.4) 32.5(11.8) 0.083 33.7(12.3) 35.1(12.3) 0.578
Neck 12.1(2.4) 9.8 (3.4) 0.001* 12.1(2.5) 12.1 (3.1) 0.171

*p-value < .05, t-test

Table 33 Effects of PEIP program on mean score of quick exposure check (QEC)

Source of variation df MS SS F p-value
Back (static)

Between subjects

Intervention 1 128.053 128.053 1.199 276
Error 98 106.817 10468.093
Within subjects
Time 2 15.305 22.747 1.344 260
Intervention*Time 2 50.294 74.747 4417 .023
Error 196 11.387 1658.507

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Table 34 Effects of PEIP program on mean score of quick exposure check (QEC)

Source of variation df MS SS F p-value

Back (moving)

Between subjects

Intervention 1 925.763 925.763 5.624 .020
Error 98 164.606 16131.367

Within subjects

Time 2 166.165 264.740 7.709 .002%**
Intervention*Time 2 74.017 117.927 3.434 .045%*x
Error 196 21.554 3365.333

Shoulder/arm

Between subjects

Intervention 1 2.430 2.430 .007 932
Error 98 329.225 32264.033

Within subjects

Time 2 126.513 184.380 5.266 013***
Intervention*Time 2 117.209 170.820 4.878 017*x*
Error 196 24.026 3431.467

Wrist/hand

Between subjects

Intervention 1 31.363 31.363 .097 756
Error 98 324.315 31782.833

Within subjects

Time 2 13.502 23.707 313 703
Intervention*Time 2 246.334 432.507 5.709 .006%**
Error 196 43.145 7423.787

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons
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Table 35 Effects of PEIP program on mean score of quick exposure check (QEC)

(Cont’)

Source of variation df MS SS F p-value

Neck

Between subjects

Intervention 1 62.563 62.563 3.108 .081
Error 98 20.132 1972.940

Within subjects

Time 2 60.014 96.980 11.987 .001**
Intervention*Time 2 59.907 96.807 11.965 .001%**
Error 196 5.007 792.880

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 ** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons

4.3.3 Sick leave

There was no sick leave reported by the intervention group before or after
intervention. However, the study found that 2% of the control group had taken 2-
day sick leave as a result of musculoskeletal problems at the two and four month

marks following intervention. These findings are shown in Table 36.
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Table 36 Comparison day of sick leave among the control and the intervention

group
Sick leave Control group (n=50) Intervention group (n=50)

n % n %
Baseline 0 - 0 -
Month-2 1 2 0 -
Month-4 1 2 0 -
4.3.4 Work ability

Figure 14 shows the mean score of work ability for the intervention and
control groups at baseline assessment. The mean score for the intervention group
was of 38.0, while that of the control group was of 38.21. The mean score of work
ability in the intervention group showed a slight increase two months after
intervention (+0.42) and four months after intervention (+0.37). Scores for the control
groups also showed slight increases two months after intervention (+0.08) and four

months after intervention (+0.07).
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Figure 14 Mean score of work ability of the intervention and control group

A repeated measures analysis of variance was used to compare the mean
scores of each group. Results show a significant difference between the two groups.

Results are shown in Table 37.
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Table 37 Effects of PEIP program on mean score of quick exposure check (QEQ)

(Cont’)

Source of variation df MS SS F p-valu

Between subjects

Intervention 1 203.363 203.363 10.812 0.001%**

Error 98 18.809 1843.273

Within subjects

Time 2 90.786 132.407 175.097 0.001**
Intervention*Time 2 57.244 83.487 110.404 0.001**
Error 17 142.927 74.107

SS = Sum Square; df = degree of freedom; MS = Mean Square

** p-value < 0.01 *** p-value < 0.05, ANOVA with Bonferroni pair wise comparisons

4.4 Discussion

In the present study, the authors investigated the effects of the Effects of
Participatory Ergonomic Intervention Program (PEIP) program, a tailored participatory
ergonomic intervention, for hospital orderlies in enhancing their work environments
and health outcomes. The effects of PEIP program on all outcome variables are

discussed as follow:
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4.4.1 Effect of the Participatory Ergonomic Intervention Programs on the work

environment

This study aimed to replicate existing results regarding the effects of
participatory intervention programs on the workplace. Findings from the study
demonstrated that hospital orderlies that participated in the program saw more work
environment improvements that orderlies that did not participate in the program. A
comparative analysis of physical and psychosocial exposure risks among orderlies in
the intervention group and orderlies in the control group showed significant
differences in all scores, with the exception of decision latitude. All other factors
analyzed showed positive results for the intervention group. Other areas that showed
a significant difference between both groups after the intervention was completed
were: work pace, influence at work, possibilities for development, meaning of work,
commitment to the workplace, predictability, role clarity, role conflicts, quality of
leadership, and social support from supervisors.

In previous studies, results have indicated that participatory approaches play
a role in increasing perceptions in the workplace [102]. Other studies have shown
that engaging workers through participatory approaches can help reduce the physical
workload [69] and improve the psychosocial work environment by encouraging social
support from supervisors and colleagues (lkeda, 2009). With the exception of one
study [103], all work in the field considered modifications to the physical design of
equipment and the workplace. Several studies took changes in work tasks into
account [104, 105], others considered job teams or work organization [105-107], and
others addressed policy making [104]. Studies included other aspects that were more

challenging to incorporate into distinct categories, including: creating a stretching and
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exercise program [106], improving the physical conditioning of workers [103],
identifying improved maintenance procedures for existing equipment [71], designing
and implementing new rooms for rest-breaks [106] ,and working with suppliers to
change the glue on existing packaging[103].

The relationship between the PEIP program and effects on the work
environment appeared to be direct. Practical training did lead to improvements in
working conditions and safer working methods.. Previous studies [14, 67] had
documented that successful intervention programs were characterized by changes to
work organization, working practices, and the design of work environments. As was
the case in this study, previous studies focused on changes to the work environment
through the designing of equipment or tasks, thus resulting in post-intervention
improvements.

The participatory training approach not only improved physical aspects, it
also led to improvements in the psychosocial work environment. Actively
participating in the initiative motivated workers and resulted in improved perceptions
of their influences on the work environment. Participatory approaches, such as those
aimed to create healthier work environments, can result in increased familiarity
between colleagues and supervisors, improved human relations, and can also raise

social support at work.

4.4.2 Effect of the PEIP program on health outcomes
The second aim of this study was to investigate the effects of the PEIP
program on health outcomes. Expectations were that an effective Participatory

Ergonomic (PE) program would reduce the rate of musculoskeletal symptoms,
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reduce sick leave, and increase work ability among hospital orderlies.

Musculoskeletal Symptoms

The PEIP program aimed to prevent musculoskeletal disorders among
participants. As such, complaint rates were used as the outcome variable to evaluate
the intervention program. The expected result was a decrease in musculoskeletal
symptoms following completion of the intervention program. However, reports of
musculoskeletal symptoms among the intervention group did not decrease at either
the two or four month mark following intervention. The time between completion of
the intervention program and the measurement may have influenced the results as
previous studies have questioned the ability to measure decreases in
musculoskeletal symptoms within one year of an intervention [108].

This study found no decrease in symptoms within six months of completing
the intervention. These results are in line with previous studies that stress that while
PE interventions are an effective tool to reduce musculoskeletal symptoms,
symptom reduction will be observed after one year of completing the program [59,
62, 109]. This study, consistent with the work of Coel et al. (2005), found partial
evidence that the PE intervention had a small, positive, impact on musculoskeletal
symptoms in short-term evaluations [74]. Still, six months or less following the
completion of the intervention program is insufficient time to clearly observe
changes to musculoskeletal symptomes.

Interestingly, orderlies in both the intervention and control group reported an
increase in musculoskeletal symptoms two months after completing the program.

Previous studies have indicated that an increased awareness of, and familiarity with,
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musculoskeletal issues may result in increased reporting [23]. Workload changes may
have also played a part in the increased reporting of symptoms two months after the
intervention. This study did not record data on the specific number of daily patient
handling tasks, a musculoskeletal risk factor that may have affected symptom
reporting during the follow-up period. Taking these activities into account would

benefit future research.

Sick leave

Several studies have taken into account the effect of intervention programs
on sick leave. In their study of a United Kingdom central government department,
Bond and Bunce found that improvements to job control through reorganization
efforts allowed for more discretion and choice. These changes were seen to improve
mental health and decrease rates of sick leave one year after the intervention had
been completed. Mikkelsen et al. conducted a study of a short-term participatory
intervention program in Norwegian healthcare institutions and found that
intervention resulted in positive, yet limited, effects on work related stress.
Furthermore, the intervention program also seemed to initiate a beneficial change
process. Kawakami et al., in their study of a large intervention group in an electrical
company, found decreased rates of depression and sick leave one year after
organizational changes had been implemented. Finally, Lund et al. (2006) found that
the physical work environment and factors like uncomfortable working positions and
tasks involving lifting, carrying, pushing, or pulling loads increased the risk of long-

term sick leave among female and male employees in Denmark.
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This study found that sick leave among orderlies in the intervention group did
not decrease. An explanation for the lack of decreased sick leave is that physical risk
factors were addressed during the intervention period. Furthermore, the intervention
program resulted in improved psychosocial work environment conditions. However,
as the follow-up assessment was conducted six months following the intervention,
more time was needed to observe any changes. Analyzing sick leave is further
complicated by the variety of individual and organizational factors that affect the

decision of an employee to request sick leave [108].

Work ability

This study found that the mean score for work ability among hospital
orderlies in the intervention group increased slightly following the PEIP program.
Work ability is the balance between an individuals resources and demands at work.
Research has consistently shown that factors that can influence work ability are high
mental work demands and lack of autonomy. Recent research has shown significant
associations between these factors and work ability. Results from this study have
shown that poor work ability scores can be improved through a PEIP intervention
aimed at positively changing the physical and psychosocial work environment.
Results indicated a significant increase in WAI scores in both the intervention and
control groups. A six-month intervention study involving 50 hospital orderlies showed
no improvement in WAI scores, even though the physical and psychosocial work
environments showed improvement. These findings are consistent with the work of
Pohjonen et al. (1998) who found that a 12-month ergonomic intervention program

for home care work led to improved physical and mental work conditions and
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prevented a decline in work ability in the intervention group [70]. Previous research
has shown that musculoskeletal symptoms, and other chronic diseases, can decrease
work ability as much as a poor physical or psychosocial work environment [70, 94].
The more that work environment factors improve the more that work ability scores

should increase.

4.5 Intervention Feedback from Participants and Facilitators

Participant and facilitator comments on the PEIP program were collected via
questionnaires at the end of the intervention. The questionnaires consisted of open-
ended questions aimed at assessing the feelings and ideas of participants towards
the intervention program. Participants identified a series of positive elements and

elements in need of improvement.

4.6 Process Evaluation of PAOT Method

1) Positive Points of the Participant Training

Most participants expressed that they gained knowledge from the training.
Comments provided after training reflected this point. Some examples of comments
provided include:

“We are committed to providing our excellent patient transfer service.”(1.D.1)

“We are committed to providing our excellent patient transfer service.”(.D.3)

“We seek further diversification for better service excellence.” (1.D.6)

“We perform our tasks with love and devotion.” (1.D. 12)
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“Tiredness has become nothing as we work in harmony.” (1.D.20)

“Have fun.” (1.D.31)

“Every day is full of happiness and enjoyment.” (1.D.35)

“We are proudly committed to providing impressive services.” (1.D.37)

“A little time can heal those patients.” (1.D.39)

“Excellent service always comes with tiredness and happiness.” (1.D.42)

“Assisting patients is another way of making merits.” (1.D.46)

“Although it is a hard job, we never give up.” (1.D.50)

2) Points in Need of Improvement

Most of the participants suggested that this form of training should be made
available to all hospital orderlies. Participants also expressed the need for more time

to participate in group activities.

4.7 Process Evaluation of the PEIP Program

Process evaluation of the PEIP program was conducted through the
Participatory Ergonomics Framework (PEF). The evaluation was conducted to clarify
dimensions of the organizational structure that might have influenced improvements.
A Follow-up visit four months after the PAOT training had been completed found
that most of the Patient Transfer Service Department (twelve of the thirteen units,
92.3%) were continuing to improve their working conditions and working

environment. Direct involvement by all facilitator hospital orderlies was seen in ten
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units (76.9%). The PE intervention was seen to have influenced the entire
organization. Group consultation had emerged as the preferred method for decision-
making (50%). Hospital orderlies were the largest group of participants in the program
(70%). Only one unit claimed that participation in the program was compulsory. Work
improvement mostly focused on designing equipment and tasks (80%), followed by
designing jobs and work teams (60%). Participants were involved in solution
implementation (100%), solution planning (70%), and problem identification (60%).
All facilitators acted as team members. Eight of the ten facilitators were found to be
acting as guides helping initiate activities. Results from the PEIP evaluation are shown

in Table 38-40.
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Table 38 Process evaluation of PEIP program by facilitators (n=10)

Dimension n %

Permanence

Ongoing 8 80.0

Temorary 2 20.0

Involvement

Full direct 6 60.0

Partial direct 3 30.0

Representative 1 10.0
Level of influence

Entire organization 10 100.0

Department/work group 0 0.0

Decision-making

Group delegation 1 10.0

Group consultation 5 50.0

Individual consultation 4 40.0
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Table 39 Process evaluation of PEIP program by facilitators (n=10) (Cont’)

Dimension n %

Mix of participants Staffs

Staffs 2 20.0

Staffs - Head orderlies 7 70.0

Staffs - Head orderlies - Supervisor 1 10.0
Requirement

Compulsory 2 10.0

Voluntary Focus 9 90.0
Focus

Designing equipment or tasks 8 80.0

Designing jobs, teams of work organization 6 60.0

Formulating policies or strategies 2 20.0
Remit

Problem identification 6 60.0

Solution planning 7 70.0

Solution implementation 10 100.0

Solution evaluation 3 30.0




Table 40 Process evaluation of PEIP program by facilitators (n=10) (Cont’)
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Dimension n %
Role of facilitator
Initiates and guides process 8 80.0
Acts as a team member 10 100.0
Train participants 2 20.0

Available for consultation 9 90.0
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

This chapter is organized into four sections: findings and conclusion,

implication of finding, limitations, and recommendations for further research.

5.1 Findings and Conclusion

A randomized controlled trial (RCT), with a two-group pretest-posttest design,
was conducted to examine the effects of a Participatory Ergonomic Intervention
Program (PEIP) program on the work environment and health outcomes of hospital
orderlies. Participants consisted of 100 male orderlies working in a tertiary care
hospital (2,221-beds hospital) in Bangkok, Thailand. Orderlies were part of the 13-unit
Patient Transfer Service Department of the facility. Participants from the selected
hospital were randomized by SAV number and allocated into an intervention group
(n = 50). Participants allocated to the control group (n = 50) received usual practice.
The work environment and health outcomes (e.g. musculoskeletal symptoms, sick
leave, and work ability) were measured by self-reported questionnaires at baseline,
two, and four months after the completion of the intervention. Data collection was

conducted from July to December 2014.
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Findings of the study are summarized as follows:

1) Physical work environment, in terms of physical demands at work among
the intervention group, reduced significantly when compared with the control group
at the two and four month marks following the PEIP intervention (p = .002).

2) Effect of PEIP program on physical work environment was a significant
difference between the two groups (F = 7.42, p <0.05).

3) Workplace environment scores (e.g. lighting, noise, temperature, and odor)
among the intervention group did not change from baseline to the two month mark.
However, a slight decreased was observed from the two to the four-month mark.
Workplace environment scores showed no difference over time in the control group.
No significant difference was found between the two groups in workplace
environment at the baseline, two month, and four month marks.

4) Two months after intervention was completed, the PEIP program increased
psychosocial work environment promotion factors. A significant increase in promotion
factors was observed in the intervention group when compared with the control
group. These factors included: work pace, influence at work, possibilities for
development, meaning of work, commitment to the workplace, predictability, role
clarity, role conflicts, quality of leadership, social support from supervisors) (all p-
values < .001) and social support from colleagues (all p-values < .05).

5) Four months after the intervention was completed the PEIP program had
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the effect of increasing psychosocial work environment promotion factors. Increases
were observed in: work pace, cognitive demands, demands for hiding emotions,
commitment to the workplace, predictability, rewards, and social community at work
(all p- values < .05).

6) Effect of PEIP program was significant difference between the two groups
on work pace (F = 14.37, p <0.01), influence at work (F = 9.24, p <0.05), possibilities
for development (F = 47.08, p <0.01), meaning of work (F = 41.15, p <0.01),
commitment to the workplace (F = 15.19, p <0.01), predictability (F = 9.20, p <0.01),
role clarity (F = 10.90, p <0.01), quality of leadership (F = 25.93, p <0.01).

7) Seven-day and three-month prevalence rates of musculoskeletal
symptoms among the intervention and the control groups did not decrease when
compared to pre-intervention rates.

8) Two months after intervention, the PEIP pregram decreased risk exposure
level scores for different body regions, including the back (moving) (p < .005) and
neck (p = .001). Mean scores from the QEC for the neck among the intervention
group changed dramatically, from high to moderate.

9) Four months after completion of the intervention, the PEIP program still
had the effect of decreasing risk exposure scores for different body regions. The
reduction in score for the back (moving) (p < .005) was found to be significant

10) The intervention group reported no sick leave before, or after,

intervention. The study found that 2% of the control group reported 2-day sick leave
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due to musculoskeletal problems during the two and four month marks.

11) Work ability among the intervention group slightly increased at the two
and four month marks. Work ability for the control group was unchanged at the two-
month mark, with a slight increase at the four-month mark. A statistically significant
difference between the two groups was not found (F = 0.56, p = .571).

In summary, the PEIP program designed as a participatory ergonomic
intervention, resulted in positive outcomes. Positive results were observed in the
work environment, particularly in reducing physical work environment risk factors for
musculoskeletal disorders and increasing promotion factors of psychosocial work
environment. However, its effects on health outcomes were questionable and

should have been observed over a longer-term period after intervention.

5.2 Implication of Findings

1) This study provides the implementation strategy for a participatory
ergonomics intervention program aimed at improving the work environment and
health outcomes of hospital orderlies. This strategy will benefit occupational health
professionals seeking a practical, and effective, intervention strategy to improve
workplace environments and prevent musculoskeletal disorders in hospital settings.

2) Healthcare staff education can be enhanced by further integrating learning
activities into the curriculum. Activities of this nature would provide healthcare

workers with the skills to better manage their work environment. These initiatives can
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also help prevent work-related musculoskeletal disorders arising from workplace

ergonomic hazards.

5.3 Limitation of the Study

The sole use of self-reported questionnaires posed limitations for this study
as this measurement tool can result in recall bias. As a result, a surface
electromyography machine was used to measure muscle load via a personal
computer and software. Further studies should measure the electrical potential of
muscle activity. All participants were males working at a large hospital. This limits the
capability to generalize results to the broader workforce. While the sample size was
appropriate for this study, future studies should work with larger sample sizes to

obtain more precise findings.

5.4 Recommendations for Further Research

1) This Participatory Ergonomic Intervention Program (PEIP) program was an
effective intervention strategy for the hospital orderlies in this tertiary care hospital.
The program can be replicated in other settings.

2) This study presented a new participatory ergonomic intervention program.
The strategy used in this study can be used with larger sample sizes. Furthermore,
future studies can also use this approach to compare results in various facilities.

3) Work environments are shaped by objective and subjective elements. As
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such, evaluations of the work environment should incorporate objective assessment
tools, such as questionnaires, and subjective tools, such as observation and air
sampling.

4) A one-year follow-up evaluation should be conducted to assess the long-
term effectiveness of the PEIP program on health outcomes.

5) Future research should explore the relationship between individual tasks
and musculoskeletal discomfort. Such an analysis may find linkages that grouping

high-risk tasks into levels could have obscured.
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APENDIX A

QUESTIONNIAIR FOR SCREEN MUSCULAR DISCOMFORT

1. General bodily or discomfort

Please answer your feeling or general bodily fatigue into seven score

0 1 2 3 q 5 6 7
(Not fatigue) (Extreme fatigue)
Comfort Extreme discomfort

2. Local muscular discomfort
Please point to the body area which you are currently discomfort and give
the level of discomfort score.

The level of discomfort score as following

0 means Comfort

1-2 means Slight discomfort

3-4 means Moderate discomfort
5-6 means High discomfort

7 means Extreme discomfort

Left Right
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Observer's Assessment

Back

A When performing the task, is the back
(select worse case situation)

A1 Almost neutral?
A2 Moderately flexed or twisted or side bent?
A3 Excessively flexed or twisted or side bent?

B Select ONLY ONE of the two following task options:

For seated or standing stationary tasks. Does the
back remain in a static position most of the time?

B1 No
B2 Yes

For lifting, pushing/pulling and carrying tasks
(i.e. moving a load). Is the movement of the back

B3 Infrequent (around 3 times per minute or less)?
B4 Frequent (around 8 times per minute)?

BS Very frequent (around 12 times per minute or more)?
Shoulder/Arm

C When the task is performed, are the hands
(select worse case situation)

C1 At or below waist height?
C2 At about chest height?
C3 At or above shoulder height?

D Is the shoulder/arm movement

D1 Infrequent (some intermittent movement)?

D2 Frequent (regular movement with some pauses)?
D3 Very frequent (almost continuous movement)?
Wrist/Hand

E s the task performed with
(select worse case situation)

E1 An almost straight wrist?
E2 A deviated or bent wrist?

F  Are similar motion patterns repeated

F1 10 times per minute or less?

F2 11 to 20 times per minute?

F3 More than 20 times per minute?

Neck

G When performing the task, is the head/neck
bent or twisted?

G1 No

G2 Yes, occasionally

G3 Yes, continuously

* Additional details for L, P and Q if appropriate
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~ Worker's Assessment

Workers

H Is the maximum weight handled
MANUALLY BY YOU in this task?

H1 Light (5kg or less)

H2 Moderate (6 to 10 kg)

H3 Heavy (11to 20kg)

H4 g Very heavy (more than 20 kg)

J  Onaverage, how much time do you spend
per day on this task?

Less than 2 hours
2 to 4 hours
More than 4 hours

K When performing this task, is the maximum force
level exerted by one hand?

Low (e.g. less than 1 kg)
& Medium (e.g. 1 to 4 kg)
High (e.g. more than 4 kg)

L s the visual demand of this task

L1 Low (almost no need to view fine details)?
*12 High (needto view some fine details)?

* _If High, please give details in the box below

M At work do you drive a vehicle for

M1 Less than one hour per day or Never?
M2 pe Between 1 and 4 hours per day?

M3 ﬁ More than 4 hours per day?

N At work do you use vibrating tools for
N1 Less than one hour per day or Never?
N2 > Between 1 and 4 hours per day?

N3 ﬁ More than 4 hours per day?

P Do you have difficulty keeping up with this work?
P1 Never

P2 . Sometimes

*P3 Often

*_If Often, please give details in the box below

Q In general, how do you find this job
Q1 Not at all stressful?

Q2 ; % Mildly stressful?

*Q3 Moderately stressful?

*Q4 Very stressful?

* If Moderately or Very, please give details in the box below

*l
* P s
.
FUNaY
*Q Taganenssun1soinssmmmiivuluan

C




post ores

Back Posture (A) & Weight (H)

Al A2 A3

Al A2 A3

Score 2

Duration (J) & Weight (H)
J1 42 33

~ Static Posture (8) & Duration (J)
B1 B2

| | Score 4

il quueﬁcy{B)&WolgM(H) ]
B3 B4 BS

Frequency (B) & Duration (J)
B3 B4 BS

Total score for Back
~ Sum of scores 1 to 4 [S[J

Scores 1to 3 plus 5 and 6

|
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Shoulder/Arm Pl |

Height (C) & Weight (H)
C1 C2 C3

Duration (J) & Weight (H)
H iz g3

Frequency (D) & Weight (H)
D1 D2 D3

| Score 4

Frequency (D) & Duration (J)

Total score for Shoulder/Arm
Sum of Scores 1to 5

Repeated Motion (F) & Force (K) Neck Posture (G) & Duration (J)
F1 F2 F3 ] G1 G2 G3

1
| Score 1

d Motion (F) & D )
2 F3

Visual Demand (L) & Duration (J)
k% K2 ¥

| Score 2

| Score 2

Duration (J) & Force (K)
J1 J2 J8 Total score for Neck

Sum of Scores 1to 2

Wrist Posture (E) & Force (K)

Total for Driving
EY “EZ i

Q1 Q2 Q3 Q4

Total score for Wrist/Hand
Sum of Seeres-t-to-5

Susnd

RS
conrro. 29872014,

q"ud%u-ma...i,..g..m‘ﬂ._..li‘il..
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Ergonomic Risk Assessment

Quick Exposure Check
Table 1; Risk A ?
A t Scores
Back: 10-20 21-30 31-40 41-56
Shoulder/Arm: 10-20 21-30 31-40 41-56
‘Wrist/Hand: 10-20 21-30 31-40 41-56
Neck: 2-6 7-10 11-14 15-18
Stable Base 1 4 9
Vibration: 1 4 9 &
Work Pace: 1 4 9 2
Environment: 1 4 9 16
tin
Shoulder height
Shoulder height
Elbow height
Elbow height
Knuckie height £ Knuckle height
Mid lower leg Mid lower leg height

Once or twice per minute 30%
Five to eight times per minute 50%
More than 12 times per minute 80%

YUIaY
lapamensinnrsusyinnts iulnan

sialasam 1229%//2 55 7 (EC2)
RRCLTECEE o

CoA
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APENDIX C

PEIP Questionnaire in English

PEIP Questionnaire
NGz
In order to participate in this study. you are required to complete the questionnaire

which is separated into 4 part. Please follow the instructions of each part

Part 1 Demographic and Work data

Instruction : Please fill in the blank or check v in the box.

X OO years.

2. Level of education
O 1) Lower than Matayom 3 O 2) Matayom 3
1 3) Matayom 6 O 4) Diploma
O 5) Bachelor degree

3. Marital status
Oy single 01 2) married

O 3) divorced / separated

& Heightiommassaag cm

5, WGt oo kg

6. How long have you been working in this hospital ?............ years

7. How long have you been in the position?,...........; years/ .......months/............ weeks,

8. How often have you over time worked
O 1) Every day O 2) 1-3 days per week

O 3) 4-6 days per week O 4) OthersS. . erecceeeerranes

Nel
b
o)
2
3
Y]
=
M
g
NG
w
Be)
Q
5
(0]
o
Q
o]
e
o)
=
£
o]
2
=1
3
o]
2
3
2
<
o~
g
bt
<
5
(0]
o



10. Are you working in shift?
O Morning shift
O Afternoon shift
[T Night shift
11. How about your salary per month

[ < 5,000
[J 5,000 - 9,999

L] 10000 - 12,999
[ 15,000 - 19,999
] > 20000
12. Does your workplace provide sufficient mechanical life or transfer device?

O ves
O no
13. Have you been received any training on biomechanical or ergonomics issue?
O ves
O no
14. How is your health status in general?
[ Good
O Reasonably good
[ Not too bad
0 cood
O Poor
15. Currently you have health problems or not.
O no

L1 vYes Please Specific
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16. Do you have diseases in the skeletal system, muscles that have been diagnosed by a

doctor or not.

O wno

1 Yes Please Specific How long Year Month

17. During the past six months, Do you had surgery in skeletal muscle or not.

O wno

O ves Please Specific
18. During the six months he had stopped work because of problems in the musculoskeletal
system or not.

O no

O ves Please Specific

19. Do you think about your current physical fitness.
O Very Good
O Good
[0 Not too bad
O poor
20. After work each day, How you feel it.
O Not tired
O Adittle tired
[0 Moderate tired
O so tired
21. Play a sport / exercise or not

O wno

O ves Please Specific How long........cccccue. YeEar. s Month
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22. How often do you do household physical activities.

D Wash by hand Per day......cceuee Hour............Minute Per week............... Day
|:| Iron out Per day.............. Hour.............Minute Per week............... Day
D Cleaning house Per day v HOUM Minute Per week.............. Day

I:I Cooking 5= o |- |VA— Hour.............Minute Per week.............. Day
|:| Garden Per day......ccc... HOUI ... Minute Per week............. Day
|:| Driving P&t dayiiasin: HOU s Minute Per week............... Day
D Preserve Child Per day.....ccouuun. HOUr e Minute Per week............... Day
D Other Per-day.cmans Hour.............Minute Per week.............. Day

23. How often do you drink alcohol?
O Never
O once per month or less often
O 24 times per month
O 2-3 times per week
O 4 times per week or more often
24. Do you smoke or did smoke in the past?
[ ves, 'm smoking nowadays
[0 ves, 1 did smoke in the past
O No, | never smoke
25. Do you currently use medication or not
O no

O ves Please Specific




26. What is your basic job description

O it is a mind / soul majority

O itis mostly used physical force

[0 Theideais to use / mental and physical strength.

Part 2 Work Environments

1.Physical work environment

Directions: The following statements concern your perception about your

environment. Please indicate the strength of your agreement by a in each statement box.

workplace

No. Item Very often | Often | Sometimes Seldom Never
The noise level in my work environment

1 often makes it difficult to work
The light level in my work environment

2 often makes it difficult to work
The temperature in my work environment

3 is not acceptable

4 There is strong odor in my work
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Directions : Please estimate. how often you have to work in the body posture displayed

below. and how often you have to lift, push. pull or carry the weights indicated by putting a

in each statement box:

Trunk never seldom sometimes | often Very often
I straight, upright
C slightly inclined
%" strongly inclined
E twisted
- laterally bent
£ never seldom sometimes | often Very often
both arms below shoulder height
B one arm above shoulder
:[‘— both arms above shoulder height
Legs
never seldom sometimes | often Very often
,£ sitting
_[__ standing
L squatting
A
'"X" kneeling with one knee or with both
walking, moving
Weight, lifted / carried with upright trunk
never seldom sometimes | often Very often
light ( up to 10 kg )
medium ( 10-20 kg )
heavy ( more than 20 kg )
Weight, lifted / carried with inclined trunk
never seldom sometimes | often Very often

light ( up to 10 kg )

medium ( 10-20 kg )

heavy ( more than 20 kg )
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PART 2. Psychosocial work environment

Directions

The following statements concern your perception about your work

environment. There is no " right" or "wrong" answers. Your task is to indicate the strength of

your agreement by putting a v in each statement box. Take your time and consider each

statement carefully.

No. tem Always Often Sometimes Seldom | Never hardly
ever

1 Is your workload unevenly distributed so
it piles up ?

2 How often do you not have time to
complete all your work tasks ?

3 Do you have to do overtime ?

4 Do you have to work very fast ?

h Do you have to keep your eyes on lots of
thing while you work ?

6 Does your work require that you
remember a lot of thing ?

i Does you work demand that you are
good at coming up with new ideas ?

8 Does your work require you tc make
difficult decisicns ?

9 Does your work put you in emotionally
disturbing situations ?

10 | Do you have te relate to other people’s
personal problems as part of your work?

11 Are you required to treat everyone

equally, even if you do not feel like it ?
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No. tem Always Often Sometimes Seldom | Never hardly

ever

12 | Do you have a large degree of influence
concerning your work ?

13 | Do you have a say in choosing who you
work with ?

14 | Can you influence the amount of work
assigned to you ?

15 Do you have any influence on what you
do at work ?

16 | How often do you consider looking for
work elsewhere ?

17 | How often is your nearest superior willing
to listen your problems at work ?

18 | How often do you get help and suppoert
from your nearest superior ?

19 | How often does your nearest superior
talk with you about how well you carry
out your work ?

20 | How often do you get help and support
from your colleagues ?

21 How often are your colleagues willing to
listen to your problems at work ?

22 | How often do your colleagues talk with
you about well you carry out your work ?

23 | Is there a good atmosphere between you
and your colleagues ?

24 | Is there good co-operation between the

colleagues at work ?
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No. tem Always Often Sometimes Seldom | Never hardly

ever

25 Do you feel part of a community at your
place of work ?

26 Is your work emotionally demanding ?

27 Do you get emotionally involved in your
work ?

28 Does your work require that you hide
your feeling ?

29 | Are you required to be kind and open
towards everyone - regardless of how
they behave towards you ?

30 Does your work require you to take the
initiative ?

31 Do you have the possibility of learning
new thing through your work ?

32 Can you use your skills or expertise in
your work ?

33 | Does your work give you the opportunity
to develop your skills

34 | Is your work meaningful ?

35 | Do you feel that the work you do is
important ?

36 Do you feel motivated and involved in
you work ?

37 | Do you enjoy telling other about your

place of work ?
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No. tem Always Often Sometimes Seldom | Never hardly
ever

38 Do you feel that your place of work is of
great importance to you ?

39 | Would you recommend a goced friend to
apply for a position at your workplace ?

40 | At your place of work, are you informed
well in advance concerning for example
important decisions, changes or plans for
the future ?

41 Do you receive all the information you
need in order to do your work well ?

42 | Is your work recognized and appreciated
by the management ?

43 | Does the management at your workplace
respect you ?

44 | Are you treated fairly at your workplace ?

45 | Are there good prospects in your job ?

46 Is your salary fair in your effort at work ?

47 | Does your work have clear objectives ?

48 | Do you know exactly which areas are
your responsibility ?

49 | Do you know exactly what is expected of
you at work ?

50 | Do you do things at work, which are

accepted by some people but not by

others ?
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No. tem

Always

Often

Sometimes

Seldom

Never hardly

ever

51 | Are contradictery demands placed on

you at work ?

52 | Do you sometimes have to do things,
which ought to have been done in a

different way 7

53 | Do you sometimes have to do things,

which seem to be unnecessary ?

To what extent would you say that your

immediate superior.......

54 -makes sure that the individual member
of staff has good development

opportunities ?

55 | -give high priority to job satisfaction?

56 -is good at work planning ?

57 | -is good at solving conflicts
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Part 3 Musculoskeletal Symptoms
3.1 Nordic Musculoskeletal Questionnaire (NMQ)
Please answer by putting a cross ( X ) in the appropriate box, one box, one
box for each guestion. Please answer every guestion even if you have never had trouble in
any parts of your body. This picture shows how the body has been divided. You should

decide for yourself which part (if any ) is or has been affected.

Have you at any time | During the last 12 months During the last 3 During the last 7 day

during the last 12 | have you been prevented [ months have you had | have you had trouble

months had trouble | from carrying out normal trouble in: in:
{such as ache, pain, activities { e.g. job,
discomfort, numbness ) housework, hobbies)

because of this trouble in:

NECK I:l No [ ves D No [ ves Cane T ves [CIno [ ves
SHOULDERS o [ ves Cno [ ves CIno [ ves o [ ves
UPPER BACK Cno 3 ves Cno 3 ves o T ves o O ves
ELBOWS D No [ ves D No [ ves Cno [ ves Cno [ ves
WRISTS/HANDS Cdne 3 ves Cdne 3 ves Cno [T Yes Cno [ ves
LOWER BACK TIne 3 ves Tne T ves o T ves o O ves
HIPS/THIGHS Cio T ves Cno 3 ves Cno T ves o [ ves
KNEES Cno 3 ves Cno 3 ves T no [T ves Cno O ves

ANKLES/FEET Cio T ves Cno O ves Cno T ves o O ves
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Part 4. Work Ability

1. Current work ability compared with the lifetime best
Assume that your work ability at its best has a value of 10 points. How many points
would you give your current work ability 7

{Omeans that you cannot currently work at all )

0 1 2 3 4 5 6 7 8 9 10
completely work ability
unable to work at its best

2. Work ability in relation to the demands of the job

How do you rate your current work ability with respect to the physical demands of

your work ?
very good rather good Moderate Rather poor Poor
(5) (a) (3) (2) (1)

How do you rate your current work ability with respect to the mental demands of

your work ?

very good rather good Moderate Rather poor Poor
(5) (4) (3) (2) (1)
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3. Number of current diseases

[ None

O ........diseases ( please specify )

Diseases diagnosed by a physician
Diseases diagnosed by your own Opinion...........cwcnenns
4. Estimated work impairment due to diseases

Is your illness or injury a hindrance to you current job 7

Circle more than one alternative if needed.

There is no hindrance/ | have NO ISEASES.......c..cveeeeeeerreeeeree et saeenereea

| am able to do my job, but it causes some symptoms

| must sometime slow down my work pace or change my work methods..................

| must often slow down my work pace or change my work methods

Because of my disease, | feel | am able to do only part-time work.........cc.cune.

In my opinion, | am entirely UNAble tO WOTK.......cciuuim e rimmerensensissinsemessensecess
5. Sick leave during the past year ( 12 months )

How many whole days have you been off work because of a health problem

(disease or health care or for examination ) during the past year ( 12 month)

None at all

Atthe Most QIEaYS! s s el

10 = 20 AAYS.ceevevveeeeerssseeeere s s SR )|
L Ko ()

100 = 365 AAYS..ovri e sesssesisssness s ssesessessesssesse s 1)
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6. own prognosis of work ability two years from now

Do you believe that, from standpoint of your health, you will be able to do your

current job two years from now ?

(1)

1)
207 =T - [ O S S O S SIS UPIINR (1)
TElALIVELY COMAIN...vvvu ittt seens e ens s enssensss 1)
7. Mental resources
Have you recently been able to enjoy your regular daily activities ?
Often rather often sometimes rather never
(4) (3. (2) seldom (0)
(1)
Have you recently been active and alert ?
always rather often sometimes rather never
(4) (3) (2) seldom (0)
(1)
Have you recently felt yourself to be full of hope for the future ?
continuously | rather often sometimes rather never
(4) (3) (2) seldom (0)
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ETIC CERTIFICATE OF APPROVAL
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2 WAN LANG Rd. BANGKOKNOI
BANGKOK 10700

Siriraj Institutional Review Board

Certificate of Approval

Tel. +66 2419 2667-72
Fax. +66 2411 0162

Protocol number :  126/2557(EC2)

Chulalongkorn University
Research site Faculty of Medicine Siriraj Hospital
Approval includes :

1. SIRB submission form

2. Participant Information Sheet
3. Informed Consent Form

4. Questionnaire

5. Quick Exposure Check (QEC)

6. Advertisement for recruitment
7. Curriculum vitae
Approval date May 19,2014

Expired date : May 18,2015

on Harmonization in Good Clinical Practice (ICH-GCP).

(Prof. Jarupim Soongswang, M.D.)
Chairperson

(Clin. Prof. Udom Kachintorn, M.D.)

Dean of Faculty of Medicine Siriraj Hospital

Page 1of 2

Protocol Title 4 EFFECTS OF PARTICIPATORY ERGONOMIC INTERVENTION PROGRAM TO REDUCE

OCCUPATIONAL RISKS AMONG HOSPITAL ORDERLIES

Principal Investigator/Affiliation : Mr.Withaya Chanchai / College of Public Health Science Graduate School

This is to certify that Siriraj Institutional Review Board is in full Compliance with international guidelines for human

research protection such as the Declaration of Helsinki, the Belmont Report, CIOMS Guidelines and the International Conference

COA no._51296/2014

27 MAY 2004

date

-2 JUN 201

date
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All Siriraj Institutional Review Board Approved Investigators must comply with the Following :

1. Conduct the research as required by the Protocol ;

2. Use only the Consent Form bearing the Siriraj Institutional Review Board “APPROVED” stamp ;

3. Report to Siriraj Institutional Review Board all of serious illness of any study subject ;

4. Promptly report to Siriraj Institutional Review Board any new information that may adversely affect the safety of the subjects or the
conduct of the trial ;

5. Provide reports to Siriraj Institutional Review Board concerning the progress of the research, when requested ;

6. Conduct the informed consent process without coercion or undue influence, and provide the potential subject sufficient

opportunity to consider whether or not to participate.

Version 5 Effective date Apr 22, 2008 Page 20f 2
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APPENDIX F

BASIC ERGONOMIC MANUAL
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APPENDIX G

PARTICIPATORY ERGONOMIC WORKSHOP PHOTOS

Figure 15 The first workshop was conducted aims to form and train the facilitators.

Figure 16 The first workshop was conducted aims to form and train the facilitators.
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Figure 17 The first workshop was conducted aims to form and train the facilitators.

Figure 18 The first workshop was conducted aims to form and train the facilitator
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APPENDIX H

WORK PLACE IMPROVEMENT PHOTQOS
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Figure 20 Design a workstation with an optimal access zone
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Figure 21 Design a workstation with an optimal access zone

Figure 22 Reduce awkward postures when lifting and transferring the patient
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APPENDIX |

BASIC EXERCISE PHOTOS
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Figure 24 Warm-up basic exercises after work
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APPENDIX J

TRAINING PROGRAM PHOTOS

Figure 26 Group discussion
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Figure 28 The participatory ergonomic training base on participatory ergonomics

concept, and inspired by Participatory-Action-Oriented Training



230

APPENDIX K

FLOW CHART PRESENTATION TO DIRECTOR OF SIRIRAJ HOSPITAL

BY HEAD OF PATIENT TRANFER SERVICE DEPARTMENT
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Figure 29 Flow chart of hospital orderlies task
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