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ABSTRACT

Objective: According to the International Labour
Organisation, occupational diseases and work-related
diseases are the musculoskeletal diseases in the first
place. Ergonomic inadequacies such as monotonous tasks,
repetitive movements, movements which require force,
unhealthy body posture, unsafe acts and vibration have an
important impact on the development of musculoskeletal
diseases. In order to reduce ergonomics risks factors many
interventions have been developing such as engineering,
administrative, and behavioural/ personal interventions.
The Behavioural Based Safety (BBS) process is a good
example for behavioural / personal ergonomic interventions.
Although BBS is used for occupational accident commonly,

there is not many examples for occupational diseases.

Methods: The BBS system which was developed by
factory health and safety professionals had been established
in the factory 6 months ago. BBS was consisted four steps:
| observed it, | solved it, | prevented it and | monitored
it. Fifteen workers were trained and worked in this system
actively. The system was implemented in 34 employees
who work in the factory sales department. System was used
as an example unsafe act that might caused occupational

musculoskeletal diseases at factory sales department.

Results: Thirty-four employees were working at the

OZET

Amag: Uluslararasi Calisma Orgiitiine gére meslek
hastaliklar1 ve is ile iliskili hastaliklarin ilk siralarinda
mesleki kas iskelet sistemi hastaliklari (MKISH) yer
almaktadir. Bu hastaliklarin olusumunda monoton is, is
yerinde tekrarlamali ve zorlamali hareketler, viicudun
kotli pozisyonlarda kullanimi, hatali davranislar ve
titresimi de iceren ergonomik yetersizlikler onemli
rol oynar. Ergonomik risk faktorlerini azaltmak
icin isyerlerinde farkli yaklasimlar -miihendislik,
yonetsel ve davranissal/kisisel - gelistirilmeye devam
etmektedir. Davranis odakli giivenlik yaklasimi (DOGY)
kisisel/davranissal yaklasimlara iyi bir ornektir. DOGY
is kazalarim onlemek icin sikca kullamlmaktadir.
Meslek hastaliklarini onlemek icin kullanim oOrnegi

azdir.

Yontem: Fabrikada 6 ay once fabrika is sagligi ve
glivenligi profesyonelleri tarafindan DOGY sistemi
olusturulmustur. DOGY gordiim, cozdim, onledim ve
izledim olmak Uzere dort basamaktan olusmaktadir. 15
calisana egitim verilerek bu sistemin icinde aktif gorev
verilmistir. Sistem fabrika satis bolimiinde calisan 34
calisana uygulanmistir. Calisanlarin  uzun donemde
mesleki kas iskelet sistemi hastaliklarina yol acabilecek

bir davranis orneginde sistem uygulanmistir.
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sales department. Twenty-five (73.5%) of the cases were
male. The most common complaints were neck pain, which
was expressed by 94.1% of the employees, and neck stiffness
which was expressed by 44.1% of the employees. RULA score
was 6.15+0.60 prior the implementation, it was 5.12+0.80
afterwards (p<0.001). The presence of musculoskeletal
complaints was 94.10% prior the implementation, while it
was 61.7% afterwards (p=0.03). The Sickness Absenteeism
Incidence Rate (SAIR) prior the implementation was 235%o,
while it was 176%. (p<0.001) afterwards.

Conclusion: The BBS process is mainly used in
researches which aim to prevent or decrease work-related
accidents There are also a few examples, similar to our
research, regarding its implementation at ergonomic
interventions to prevent occupational diseases. As our
research has been carried out only with a small group of
employees it was able to successful by workers active role
in all levels. This process may be considered as a promising
approach for the prevention of OMDS. As to evluted the
feasibility and the long terms results of the process it should
be applied to larger groups. The system should be update
according to the feed backs which are received after the

implementation regularly.

Key Words: Ergonomics, behavioural based safety,

occupational disease

Bulgular: Fabrika satis boliumunde 34 calisan vardi
ve 25 (%73,5)’i erkekti. Calisanlarin en sik yakinmasi
boyun agrisi (%94,1) ve boyun tutulmasiydi (%44,1).
DOGY sistemisonucu yapilan girisimler oncesi RULAskoru
6,15+0,60 iken girisim sonrasi 5,12+0,80 idi (p<0,001).
Girisim oncesi kas iskelet sistemi yakinma siklig1 %94,1
iken girisim sonrasi %61,7 olarak bulunmustur (p=0,03).
Hastalik nedenli ise gelememe hiz1 %0235 iken hastalik

sonrasi %0176 olarak bulunmustur (p<0,001).

Sonug: DOGY daha cok is kazalarin1 onlemek
ya da azaltmak icin kullamlmaktadir. Calismamza
benzer sekilde meslek hastaliklarini onlemek icin
yapilacak girisimlerde az sayida uygulama vardir. Az
sayida olguda uygulanmis olan uygulamamiz meslek
hastaliklarin1 onlemek icin uygulanmistir ve calisanlarin
aktif olarak tiim basamaklarda rol oynamasi nedeni ile
basarili olmustur. DOGY mesleki kas iskelet sistemi
hastaliklarinin onlenmesinde umut verici bir yaklasim
gibi goziikmektedir. Uygulanabilirligini ve uzun donem
daha

gruplara uygulanmalidir. Uygulama sonras1 alinacak

sonuclarint  degerlendirebilmek icin buyuk

geri bildirimler ile sistem siirekli yenilenmelidir.

Anahtar  Kelimeler: Ergonomi, davranis odakl

glivenlik, meslek hastaliklari

INTRODUCTION

Occupational musculoskeletal system diseases
(OMSD) represent the most common occupational
and work-related health diseases all around
the world (1). According to the World Health
Organisation’s data, OMSD account for 10% of all
occupational workforce loss (2). Many ergonomic
factors such as repetitive trauma, working in static
postures for prolonged periods,

heavy lifting,

monotonous working conditions and personal
factors have been described as risk factors that

contribute to the development of these diseases
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(3). Various approaches have been developed in
order to reduce the ergonomic risks in workplaces.
Ergonomic interventions are commonly classified
as engineering, administrative, and behavioural/
personal interventions. The Behavioural Based Safety
(BBS) process is a good example for behavioural/

personal ergonomic interventions (4).

The BBS process can be described as an
approach in which the employees observe their own
colleagues’ behaviours, and identify the unsafe acts
that cause the most common work-related injuries



and illnesses. Proactive approaches and interventions
are based on these observations. BBS is a continuous
four-step improvement process: Define, observe,
intervene and finally test and monitor (5).

Heinrich (1931) is the ‘father’ of the current
approach to safety programs. While he was founding
the program, he used an extensive database from
the insurance industry, and he concluded that most
safety problems (almost 90%) are the result of human
error, which he called “unsafe acts”. Heinrich based
his intervention strategy on the development of
safety rules to guide individual behaviour and thus
avoid these unsafe acts (6).

Recently, many researchers have applied the BBS
process in various settings such as construction sites,
clinical medicine, manufacturing and mining industry
(7-11).
the effectiveness of a well-designed BBS process

These successful examples demonstrate

on modifying individuals’ unsafe acts that are the
cause of accident. These studies have revealed that
the implementation of the BBS process leads to a
significant decrease in work-related accidents (12,
13). On the other hand, only a few implementations
have used the BBS process to prevent the occupational

or work-related diseases (14).

In our research, we have presented the data
obtained from the implementation of the BBS
process that has been carried out in a factory by their
workplace health and safety professionals (WHSP)
in order to prevent work-related musculoskeletal
diseases (WRMSD).

MATERIAL and METHOD

1. The BBS process

The BBS process had been established in the
factory 6 months ago. The WHSP had selected 15
observing employees so that each section of the

plant had been provided with at least one observer.
The only criterion for being selected as an observer
was to be working in that company for at least one
year. The observers were trained according to the
BBS training that was prepared by the WHSP.

the
notification forms that were prepared by the WHSP.
The WHSP evaluated all the notifications at the end
of each Friday and considered them according to

Each week, the observers completed

their importance.
The notification forms consisted of four parts;
1) 1
described, and the time and place are specified. As

have observed it: The unsafe act is
the unsafe act may lead to work-related accidents
or occupational diseases, the scenarios for how the
potential accident or occupational disease may arise
are assessed.

2) | have solved it: The observer offers solutions
to prevent the potential occupational disease or
work-related accident scenario.

3) | have prevented it: The observer and WHSP
discuss the probable interventions that may be
implemented in order to decrease or prevent the
unsafe acts and chose the most suitable one together.

4) | have monitored it: The intervention that has
been chosen is implemented and is monitored for a

while.
2. The data sources

2.1. The information obtained from the
factory’s infirmary

The socio-demographic data of the employees,
such as age, gender, marital status, smoking history,
educational background and the number of sickness
absence days, have been obtained from the infirmary
records. Written authorization has been obtained

from the physician responsible of the infirmary.
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The number of sickness absence days defines the
number of days for which the employee has obtained
a sickness absence report due to musculoskeletal
system complaints that occurred in the last 3
months, either from the infirmary or from another

health care provider.

2.1. The questionnaire

The questionnaire prepared by the WHSP has
been applied. The existence and severity of the
musculoskeletal system complaints have been
evaluated twice; once before and once after the

implementation.

3. The procedure for ergonomic risk
assessment (ERA)

Rapid Upper Limb Assessment (RULA) scale
has been used for ergonomic risk assessment.
The incorrect posture while sitting in front of the
computer and talking on the phone was defined as
the unsafe act creating the risk, and the risk has
been assessed according to the RULA user manual.
Two separate WHSP have carried out the risk
assessment. The final score has been obtained by
the consensus of the two observers.

In 1992, Lynn Mc Atamney and E. Nigel Corlett
have developed the RULA by using observational
methods, in order to identify the upper extremity
movements that may cause MSD (15). Esin et al have
performed the validation and reliability assessment
of the scale into Turkish (16).

The ERA has been performed twice, once before
the implementation in order to assess the size of the
risk and once after the implementation in order to
assess its effectiveness.

4. Correct standing and sitting posture
training

The WHSP have prepared a correct standing and
sitting posture training, which has been given to 34
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employees.

5. Research population and sampling

The research population consists of 34 employees
working in the sales department of the factory. The
sales department employees are responsible for
calling customers in order to make sales, to evaluate
customer complaints, and to respond incoming
emails. Employees work inside a one square metre
area divided by separators, and use a desktop
computer and a telephone with a handset. All of the
employees have been included in the research and
sampling has not been performed.

6. The variables and statistical analysis
6.1. The variables

6.1.1. Independent variables

Gender, age, educational background, marital
status, the presence of chronic diseases and
smoking history have been identified as independent

variables.
6.1.2. Dependent variables

6.1.2.1. RULA risk score: The RULA risk
score has been defined according to the final score
arising from the evaluation conducted by two
separate observers.

6.1.2.2. The number of sickness absence
days: The number of sickness absence days has
been defined as the number of days for which the
employee obtained a sickness absence report due to
musculoskeletal system complaints either from the

infirmary or from another health care provider.

6.1.2.3. The presence of musculoskeletal
system complaints: The presence of neck pain,
neck stiffness, and numbness and pins-and-needles
sensation in arms has been classified as ‘complaints



present’, and the lack of these complaints has been

classified as ‘complaints not present’.

6.1.2.4. Sickness absenteeism 1ncidence
rate (SAIR): The formula to calculate the sickness
absenteeism incidence rate has been provided in the
reference (17).

7. Statistical analysis
The

interventional study. The continuous variables have

research has been designed as an
been presented with mean and standard deviation
(for normal distribution data ) and median and min-
max (for non-normal distribution data) statistics.
In order to compare the values obtained prior and
3 months after the implementation, the Mc-Nemar
chi-square test has been used for the categorical
data, and the paired sample t-test and Wilcoxon test
have been used for the digital data. The compliance
with normal distribution has been evaluated with
the Shapiro-Wilk test. The degree of statistical
significance has been chosen as p=0.05 at 95%
confidence interval. SPSS 15.0 package programme

has been used to perform all the statistical analyses.

RESULTS

1. The unsafe act selected by the
observing employees
according to the BBS

and described

1.1. The opinion of the employee:

1) | have observed it: My colleagues working at
the sales department continue to use their computer
while speaking with their customers on phone,
therefore their hands are occupied, and they hold
the phone between their shoulder and head during
the call. In addition to this, their sitting posture in
front of the computer is incorrect. All these postural
errors may lead to neck pain and cervical hernia.

2) | have solved it: The employees should be
informed of the harms of using the phone this
way. They may take calls with phones that have
headphones. They should be given training for
correct standing and sitting postures.

3) | have prevented it: The employees should be
given training on ergonomics. A headphone system
should be implemented.

4) | have monitored it: The efficacy of both the

training and the usage of headphones should be
assessed.

1.2. The opinion of the WHSP

The observations have been conducted on site,
and the ERA score of the identified movement has
been determined using the RULA scale.

The WHSP’s

observers’ opinion:

comment regarding the BBS

The suggestions made at the prevention step are
appropriate. The sales representatives will be given
training on ergonomics, a headphone system will be

implemented, and the results will be assessed.

The employees’ initial RULA risk score, the
presence of musculoskeletal system complaints, the
number of sickness absence days and the sickness
absenteeism incidence rate have been compared
with the final RULA score derived from the BBS
process observations and assessments described
above.

As shown in Table 1, 34 employees were working
at the sales department. They worked 8 hours a day
and gave a total of 2 hours break. Twenty-five (73.5%)
of the cases were male, and 9 (26.5%) were female.
The mean age was 39.7+5.7 years. The youngest
employee was 28, the oldest was 51 years old. The
mean period of employment was 93.7+70.8 months.
The employee with the shortest employment period
had worked for 4 months, while the one with the
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Table 1. Demographic data of the patients included in the study

n: 34 (%)™

Gender

Male 25 (73.5)
Female 9 (26.5)
Age

Mean + SD 34.6+5.0

Chronic disease

Present 3(8.8)

Not present 31 (91.2)
Educational background

High school level and / or above 34 (100)
Marital status

Married or in a relationship 26 (76.5)
Alone or apart 8 (23.5)

Smoking history

Active smoker 22 (64.7)
Quit smoking 4 (11.7)
Never smoked 6 (17.6)

Musculoskeletal system complaints (initial)*

Neck pain 32 (94.1)
Neck stiffness 15 (44.1)
Numbness and pins-and-needles sensation in arms 2 (0.05)
Back and lower back pain 14 (41.1)

* When the employee had more than one complaint, all of the complaints were recorded
** The percentage of the column
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longest employment period had worked for 305
months.

Thirty-four (100%) of the employees had an
educational background of high school level and or
above. Twenty-six (76.5%) of the employees were
either married or in a relationship. All employees
had been inquired about their musculoskeletal
system complaints by open-ended questions. The
most common complaints were neck pain, which
was expressed by 94.1% of the employees, and
neck stiffness that was expressed by 44.1% of the

employees.

As shown in Table 2, while the RULA score was
6.15+0.60 prior the implementation, it was 5.12+0.80
afterwards; and the minimum RULA score was 4 both
before and after the implementation (p<0.001).
The presence of musculoskeletal complaints was
94.10% prior the implementation, while it was 61.7%
afterwards (p=0.03). The average number of days
for which the employee had obtained a sickness
absence report due to musculoskeletal system
complaints (the number of sickness absence days)
prior the implementation was 0 day (min 0 day-max
34 days) the average number of sickness absence
days after the implementation was 0 day (min 0 day-
max 15 days) (p=0.30). The Sickness Absenteeism
Incidence Rate (SAIR) prior the implementation was
235%0, while it was 176%. (p<0.001) afterwards.
A statistically significant improvement has been
seen between the mean RULA score and the SAIR
obtained before and after the implementation.
The presence of musculoskeletal system complaints
before and after the implementation indicates a
statistically significant improvement, while there
is no statistically significant change regarding the
number of sickness absence days.

The incidence rates for the number of days due to
sickness before and after the BBS process, have been
found 22.87 %., and 9.80%. respectively (p=<0.001).

DISCUSSION

Our research presents an implementation of the
BBS process in order to prevent the musculoskeletal
system diseases, and its results. There has been a
statistically significant improvement in the RULA risk
scores and the presence of musculoskeletal system
complaints three months after the intervention
implemented by the BBS team and WHSP. Although
the BBS process focuses on the unsafe acts or
behaviours of the employees, the main goal for
implementing the BBS is not identifying the mistakes
of the employees and then blaming them for their
mistakes. Such usage of the process is unacceptable.
The BBS process examines the problem as a
whole, and the main purpose of the process is to
identify the unsafe acts in order to improve the
employees’ health and safety (18). We believe that
the main and initial goal of all occupational health
implementations should be based on this idea.

The BBS process is mainly used in researches that
aim to prevent or decrease work-related accidents.
Komaki et al have presented some examples at the
food manufacturing industry, and Choudhry at the
construction sites (19, 7). Similar to our research,
the core of their process was built on observation.
Both researchers have reported that they have
conducted long-term observations at the study site.
As in our research, the observing employees have
chosen the unsafe act to be prevented, and the
data has been classified according to the frequency
of the unsafe act, the number of employees it
has affected, and its outcome. Komaki et al have
reported that after the introduction of the program
in two departments, the employees substantially
improved their safety performance from 70% and
78% to 96% and 99%, respectively (19). Choudhry has
reported that the scores of safety performance at
one project improved from 86% (at the end of 3rd
week) to 92.9% during the 9th week (7). Al-Hemoud
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Table 2. The comparison of the results obtained before and after the implementation

Before the After the implementation P
implementation (n: 34) (n: 34)
RULA score
Median 6 5
<0.001
Minimum -maximum 5-7 4-7
The number of sickness absence days***
Median 0 0
0.67
Minimum -maximum 0-34 0-15
Sickness Absenteeism Incidence Rate**** 235%o 176%0 <0.001
The presence of musculoskeletal
system complaints
Present 32 (94.10) 21 (61.7)
0.03
Not present 2 (5.90) 13

Paired sample t test, McNemar chi-square test, Wilcoxon test

The number of employee taken off due
to sickness
*** Sickness absenteeism iNCIdeNCe rate =........cooeiiiiiiiiiiiiiiiii e %1000
The number of employees

The number of days
to sickness
**** Incidence Rate Ratio=.......cccoevviiiiiiiiiiiiiiiiiinininnnnn x1000

The number of employees* 90 days
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et al have defined eight unsafe acts by using the
BBS process that followed Komaki’s behavioural
safety model. Similar to our research, one of the
unsafe acts that led to ergonomic risk factors was
“incorrect sitting posture in front of the computer”.
They have reported that they have maintained a
significant improvement at the safety index by using
the BBS process (20). Many similar studies implement
the BBS process for the prevention of work-related
accidents (21-23).

There are also a few examples, similar to our
research, regarding the BBS process’ implementation
at ergonomic interventions. Another good example
for a research resembling ours is the one Mc Cann
et al have carried out among office employees in
order to prevent WRMSD. In a research aimed to
decrease the frequency of Carpal Tunnel Syndrome
(CTS) by implementing the BBS process, they have
developed their own programme consisting of
training, self-monitoring, feedback, goal-setting and
reinforcement. While this research, similar to ours,
has aimed to decrease the risk factors that lead to
WRMSD by changing the unsafe act; it differs from
ours by the usage of self-monitoring. Mc Cann et al
have reported maintaining significant improvement
in the CTS frequency. In our research, we have
obtained a statistically significant improvement in
the presence of musculoskeletal system complaints
(14).

Spence, who has reviewed the various cognitive
behaviour therapy (CBT) implementation examples
and their results in his paper, has mentioned that
these techniques are suitable especially for cases
such as musculoskeletal system problems that occur
due to long-term repetitive movements. CBT is
also an important component of the rehabilitation
process of the employees who proceed to a chronic
pain condition (24). The musculoskeletal system
complaints of 21 employees continued at the end of

our research, but a rehabilitation programme was

not planned for them.

It has been stated that the BBS process has short
and long-term benefits. Lees et al have emphasised
that the BBS process may increase the efficiency of
the production. It has been reported that providing
more comfortable and efficient conditions during
production increases the employees’ comfort, which
correspondingly may lead to increase in production
(12).
preventing the potential accidents, work-related

Sulzer-Azaroff et al have stated that by

diseases or occupational diseases, it is possible to
decrease health and safety-related expenses. In their
research which they reviewed 33 articles regarding
the implementation of the BBS process, they found
out that 32 of them reported significant reductions
in the direct and indirect costs related to the health
and safety problems associated with the unsafe
acts (22). In relation to these findings, we also have
found significant improvement regarding the SAIR
before and after the BBS implementation (p<0.001).
On the other hand, our study has not revealed any
statistically significant change in the number of
sickness absence days. This may be related to the
fact that our re-evaluation was conducted only three
months after the implementation, so that we may
not have been sufficiently able to display the long-
term therapeutic effects of the intervention. The
literature suggests conducting the re-evaluations
after an observation period of 6 months to two
years. It is suggested to conduct the long-term cost
effectiveness re-evaluations after a one year or
later (4).

The BBS process also has some unfavourable
aspects. The major problem of the BBS and similar
processes are regarding their sustainability. Zhang et
al have emphasised that the effectiveness of even
successful implementations decreases by time and
that the risks increase back to the baseline levels.
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They have stated that this can only be prevented
with processes that constantly take feedbacks.
Therefore, they suggest the usage of Supervisory-
Based Intervention Cycle in order to sustain the
effects of the interventions (25). Geller has also
emphasised that people may change their behaviours
while the BBS process is carried out, but that it
has to be reviewed according to the feedbacks. He
has also indicated that the processes in which the
participation is voluntary have outcomes that are
more favourable (5). We believe that our success
also relies on the fact that we have carried out the
BBS process upon voluntary participation and that
we have taken into consideration the employees’
opinion at every step of the way.

Additionally, we have to criticise that the BBS
programs only focus on the employees’ unsafe acts
and behaviours. It should be remembered that
occupational diseases might also be prevented

by implementing interventions on the working
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conditions (26, 27). The employer should perceive
the process of eliminating the risks at the workplace
as an opportunity to prevent outcomes that are

more serious.

In conclusion, we have successfully carried out
the BBS process that aimed to prevent” WRMSD in
a small group. One of the favourable attributes of
this process is its openness to improvement owing to
the dynamic structure that can be supported from
internal feedbacks. It has been observed that the
employee’s active or partial participation to the
process at each step has increased the collaboration.
As recommended, it is important to update the
process according to the fee”dbacks that are
received after the implementation. As our research
has been carried out only with a small group of
employees, the feasibility and especially the long-
term results of the process should be evaluated with
bigger groups. This process may be considered as a
promising approach for the prevention of WRMSD.
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