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ABSTRACT

Objectives: to define the magnitude of the ergonomic stressors related to neck
and trunk posture, energy expenditure and upper extremity among workers in the
studied plant, to find out the incidence rate of work injuries resulted from ergonomic
causes among the studied workers and to find out the prevalence rate and cost of mus-
culoskeletal disorders among the studied workers. Subjects & Methods: this study
was conducted inside a multinational factory in Egypt for car assembly. 553 workers
were included in the study. All workers were subjected to checklists to monitor the
different ergonomic stressors during their daily work. Environmental measures were
conducted through coordination with National Institute of Occupational Safety and
Health (NIOSH), Egypt. Data about distribution and cost of MSDs were obtained
from the medical recording system inside the medical department of the factory.
Results: noise, ultraviolet rays, vibration and carbon monoxide in body shop while
heat and thinner in paint shop were above the permissible level. 21.7%, 3.2% and
27.6% of workers were standing stationary, kneeling and knee bent respectively.
Trunk posture revealed that 43.1%, 11.8% and 49.2% of workers were doing forward
bending, backward bending and lateral bending respectively. Neck posture revealed
that 29.7%, 13.8% and 17.2% of workers were doing forward bending, backward
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bending and lateral bending respectively. About 11% were doing sit/stand position.
Energy expenditure assessment revealed that; 12.1 of workers in their jobs need to
walk more than 30m*M while carrying weights. Upper extremity stressors revealed
that 36.7% were doing repetitive work, 14.2%, 7.1% and 13.5% were gripping on ob-
ject with slippery surface, tip of a finger used for pressing and gloves hinder the grip
respectively. 11.3% and 5.1% of workers were pushing or pulling objects weight
>300gm by one hand repeatedly and hold repeatedly an object which weighs more
than 200gm in one hand respectively. 7.4% and 15.6% were using pinch grip and us-
ing rotating motion of the forearm respectively. 3.9% were exposed repeatedly to vi-
brating tools. It was found that; incidence rate of work injuries/100 workers/one year
was (1.2) and the prevalence rate of MSDs was (23.7%). About 43% of the ergonom-
ic core requirements were fully implemented inside the studied plant. It was estimat-
ed that the cost of MSDs/person/year 2006 was about 7300 L.E.(1281$). Conclu-
sion: MSDs of neck was strongly associated with combined neck ergonomic
stressors. Hand/Arm pain was strongly associated with repetitiveness and pushing
forces. Lumbosacral disorders were strongly associated with combined trunk ergo-
nomic stressors. The prevalence rate of MSDs was 23.7% and cost of MSDs/ person/

year 2006 was about 7300 L.E. (12818).

Introduction

Vehicle manufacture of cars in particu-
lar is a major industry worldwide account-
ing for at least 7% of the manufacturing
workforce in countries as diverse as the
United States, Canada, Mexico, Brazil,
Sweden, Spain, Japan, India, and Austra-
lia. (Fransson et al., 1996).

In Egypt, there are 21 companies
working in the industry of vehicle assem-
bly. About 72000 vehicles and 87000 vehi-
cles were assembled in Egypt during the
year 2005 and 2006 respectively. These
vehicles include cars, buses, Microbuses
and pickups. The assembly of the vehicles
depends on imported materials and also

national materials. Therefore, there are

companies for the assembly of cars and
other companies for manufacturing the
needed materials (Ministry of industry,
2007).

It was anticipated that there are multi-
ple physical stressors present in each vehi-
cle plant. Specifically repetitive machine
paced tasks, various postural stresses,
forceful exertions, segmental vibration ex-
posures, contact mechanical stresses and
other exposures likely to occur among jobs

in different plants (Punnet, 1998).

Musculoskeletal disorders due to bio-
mechanical overload play a significant so-
cioeconomic role as they represent one of

the major causes of disability and conse-
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quent absence from work. The risk factors
of these disorders are multifactorial and
present aspects which have not been fully
clarified and explored (Mattioli et al.,
20006).

Severe and non-fatal injuries often re-
quire hospitalization. These injuries have
the highest potential of resulting in both
short-term and long-term disability and are
among the most costly of all injuries from
an economic perspective. Also, work relat-
ed injuries involve substantial loss of pro-
ductivity for the injured worker. Studies
on cost of injuries are important for pro-
viding information on: the economic bur-
den of injuries, the comparison of cost bur-
dens of different injuries and diseases, the
cost to be incorporated into cost-
effectiveness analysis and prevention ef-
forts and the trends in costs and projection

of future costs (Weil, 2001).

The main hypothesis in this study was
that unfavorable ergonomic conditions and
factors related to work technique are risk
factors for workers with musculoskeletal

symptoms.
Objectives

- To define the magnitude of the ergonom-
ic stressors related to different postures,
energy expenditure and upper extremity

among workers in the studied plant.

-To find out the incidence rate of work in-
juries resulted from ergonomic causes

among the studied workers.

-To find out the prevalence rate and cost of
musculoskeletal disorders among the

studied workers.
Subject and Methods

Research setting:

This study was conducted within 12
months inside a multinational company for
automobile assembly. The plant is situated
in 6 October city, Giza governorate,
Egypt. The plant was constructed since
about 25 years for assembling cars, vans,
and pickups. About 120 vehicles are the
daily products of the company. The work-
place is divided into two big distinct units:
Body shop and Painting shop. The Body
shop is subdivided into different stations
starting with receiving the materials and
end with forming the shell of the vehicle.
The main hazards inside the workplace of
the body shop include ergonomic hazards,
noise and chemical hazards mainly during
the processes of welding. The automobile
body from the body shop enters the paint
shop on a conveyer where it is degreased;
layers of paint are applied and then cured
in an oven. The main hazards in paint shop

are noise and fumes.
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Study design:

Cross sectional study was designed to
find a baseline data about the magnitude of
the ergonomic problems inside the studied
plant prior to a project for an intervention.
The indicators of this study were; percent-
age of musculoskeletal disorders among
the workers participated in this study, inci-
dence of work injuries resulted from ergo-
nomic cause among the studied workers
and number of ergonomic core require-
ments fully implemented inside the studied
plant. This study passed 3 phases: prepara-
tory phase (during which site of the study,
target population, preparation of check-
lists, pilot study, sampling and ethical con-
sideration were done), Implementation
phase (during which data collection was
done) and evaluation phase (during which
data entry, statistical analysis, results, dis-
cussion, conclusion and recommendations
were done).

Target population:

(553) were included in this study. 312
workers from body shop and 241 workers
from paint shop. Officially, the plant is
working only one shift/day for 5 days/
week. Each shift is 8 hours/day. Under cer-
tain circumstances and due to work needs
(increase the production to meet the mar-
ket needs) the working days extend to be 6
days / week and the working hours extend
to be 10 hours / day.

Data Collection, methods and statistical

analysis:

Personal data including age, sex and
special habits were collected. Occupation-
al history including type of occupation, du-
ration of occupation, working hours/day,
working days/week, nature of exposure
and past history of other occupations were
collected. History of musculoskeletal dis-
orders and history of injuries were collect-
ed. Checklists to assess the environmental
measures inside the workplace (noise,
heat, ultraviolet radiation, vibration, car-
bon monoxide and thinner) were conduct-
ed. These measurements were done during
year 2006 by NIOSH, Egypt. Posture of
general body /legs, trunk, neck and seat
were assessed by using checklist modified
from (NIOSH, 1997). Energy expenditure
was assessed by using checklist modified
from ( Bhattacharya et al., 1996). Posture
of upper limb was assessed by using
checklist modified from ( Keyserling et al.,
1992), (Keyserling et al., 1993) and (Lif-
shitz and Armstrong, 1986). Incidence rate
of injuries/100 full time workers/year was
calculated based on the following equa-
tion: [Number of new cases during a time
period x 200,000 hours / Total hours
worked by all workers for the time peri-
od]( Kuorinka and Forcier, 1995). All cas-

es of MSDs were diagnosed after referral
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to consultants of orthopedics and neurosur-
gery. Computerized Tomography (C.T.),
Magnetic Resonant Imaging (MRI), X-
rays and electrophysiological tests were
the investigations used to prove the diag-
nosis of MSDs. Cost of musculoskeletal
disorders was estimated based on; medical
cost, wage losses and associated cost
(Waehrer et al., 2004). The ergonomic
core requirements inside the studied plant
were assessed by using modified check list
1997). The checklists were

filled by the researcher while monitoring

(Kroemer,

the nature of the work of each worker in-
cluded in the study. Data entry and statis-
tical analysis were done by using personal
computer (Epi info program). Proportion,
z test, chiz, and correlation coefficient
were the statistical methods used for anal-
ysis of data. P value < 0.05 was accepted
as a level of significance.

Results

Table (1) shows the general character-
istics of the studied workers. It was found
that about 52% of body shop workers and
about 57% of paint shop workers were
smokers without statistical significant dif-
ference. There was no statistical signifi-
cant difference as regards age groups
among the studied workers in body shop
group and paint shop group. There was no

statistical significant difference as regards

duration of work among the studied work-
ers in body shop and paint shop. Mean
working hours/week was 56 hours among
workers in both groups. Environmental
physical measures inside the workplace re-
vealed that; noise level (99.3dB) was
above Time Weighted Average (TWA) in
body shop while in paint shop it was with-
in TWA (83.4dB). Heat was above TWA
in paint shop (29.7C°) while it was within
TWA in body shop. Vibration was above
TWA in body shop (5 Hz/s) while there
was no vibration hazard in paint shop. Ul-
traviolet rays were above TWA (0.5m
Watt/cmz) in body shop while there was no
ultraviolet hazard in paint shop. It was
measured that thinner (791.7mg/cm2) in
paint shop and carbon monoxide (35PPM)
in body shop were above TWA.

Table (2) shows the results of monitor-
ing of the different body postures and en-
ergy expenditure among the studied work-
ers. It was shown that; 31.1%, 17.9% and
42% of body shop workers were, knees
bent, standing stationary and kneeling re-
spectively while among paint shop work-
ers the percentages were 23.2%, 26.5%
and 2.1% respectively with statistical sig-
nificant difference. Regarding trunk pos-
ture, it was shown that 55.4%, 16.9% and
61.2% of worker in body shop were doing
forward bending <45°, backward bending
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>20° and twisting >20° respectively while
among worker in paint shop, the percent-
ages were 25.7%, 4.9% and 33.6% respec-
tively without statistical significant differ-
ence. As regards neck posture, it was
found that 37.5%, 189% and 19.5%of
workers in body shop were doing work
needing forward bending >20°, backward
bending >20° and twisting >20° respec-
tively while among workers in paint shop
the percentages were 19.5%, 7.05% and
14.1% respectively without statistical sig-
nificant difference. Concerning seated pos-
ture, it was noticed that 14.1% of body
shop workers were using sit/stand posture
while only 7.9% of workers in paint shop
were using that posture with statistical sig-
nificant difference. Regarding energy ex-
penditure, it was found that 13.5% of
workers in body shop were subjected to
work need walk >30m*/Minute while car-
rying weight >150gm while 9.9% of work-
ers in paint shop were needing to do the
same job. It was found that; 4.8% of work-
ers in body shop were subjected to work
needing them to climb up and/or down re-
peatedly while only 2.5% of workers in
paint shop were doing the same job. It was
shown that only 4.9% of workers in paint

shop were wearing the respirator.

Table (3) shows the state of upper ex-

tremity movements during work of the

studied workers. It was shown that 30.4%
of body shop workers and 37.7%of paint
shop workers were subjected to repetitive
use of the hands and/or wrists without sta-
tistical significant difference. Regarding
mechanical stress it was shown that 9.9%
and 4.9% of workers in body shop and
paint shop respectively were using palm
like a hammer without statistical differ-
ence. 2.9% and 2.5% of workers in body
shop and paint shop respectively were sub-
jected to work needing to put localized
pressure on finger or thumb. Regarding
forces; It was shown that; 18.3% and 9.1%
of workers in body shop and paint shop re-
spectively were in need to grip an object.
15.7% and 10.8% of workers in body shop
group and paint shop group respectively
were wearing gloves and the gloves hinder
gripping. 13.5% and 8.7% of body shop
group and paint shop group respectively
were pushing or pulling objects weight
300gm by one hand with no statistical sig-
nificant difference. Regarding posture;
32.7% and 14.9% of workers in body shop
and paint shop respectively were subjected
to work need twisting of the forearm with-
out statistical significant difference. As re-
gards tools; it was found that only 7% of
workers in body shop were exposed to vi-

bration from the used tools.
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Table (4) shows that head injuries
were predisposed with ergonomic problem
linked to neck forward, bending, lateral
bending, backward bending and twisting.
Injuries affecting the thumb were predis-
posed to use of hand for pushing and using
of thumb as a tool to press. Injuries affect-
ing the hand were predisposed with repeti-
tive use of hand and putting a localized
pressure on the palm of the hand. Injury
affected the finger was predisposed to re-
petitive use of the hand. It was calculated
that the incidence rate of work injuries due
to ergonomic causes /100 workers/ year
2006 was 1.2.

Table (5) shows the prevalence rate of
musculoskeletal disorders among the stud-
ied workers. It was shown that 23.7% of
the studied workers were affected with
musculoskeletal disorders. It was noticed
that cervical disc prolapse and lumbosacral
disc prolapse (38.9% and 43.5% respec-
tively) were the most common prevalent
disorders among the workers with MSDs
while they represent 9.2% and 10.3% re-
spectively among the total examined work-
ers. It was noticed that 23.7%, 23.7%,
11.4% and 10.7% of workers with MSDs
were suffering osteoarthritis, hand/arm

pain, carpal tunnel syndrome and tennis el-

bow respectively. Also, this table shows
that there was no statistical significant dif-
ference between the prevalence rate
among body shop and paint shop groups as

regards MSDs.

Table (6) shows the estimated cost of
musculoskeletal disorders/person/year
among the affected workers. It was shown
that the total medical cost was 133560
L.E., total cost of wage losses was 354233
L.E. and associated cost was 473220 L.E.
The average cost of musculoskeletal disor-
ders/person/year 733598 L.E

(12879%).
Table (7) shows that 42.8%, 28.6%

and 28.6% of the ergonomic core require-

was

ments were fully implemented, partially
implemented and not implemented respec-

tively.

Table (8) shows the correlation be-
tween ergonomic risk factors and MSDs. It
was noticed that; cases with lumbosacral
disc prolapse were moderately correlated
(r=0.7) with trunk posture. Cases with cer-
vical disc prolapse were moderately corre-
lated (r=0.6) with neck posture. Cases with
Hand/Arm pain were strongly correlated
(r=0.8) with repetitiveness and moderately

correlated (r=0.6) with the use of forces.
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Table (1): General characteristics of the studied workers and Environmental measures in-

side the studied workplace

General Characteristics Total number=553
Body Shop Paint Shop
(N=312) (N=241)
N % N %
Age (years):
24- 21 6.7 14 59
34- 137 439 97 40.2
44-53 154 494 130 539
chi?=1.2 P=0.6
Sex:
Male 312 100.0 241 100.0
Special habit:
- Smoker 163 52.2 137 56.8
- Non smokers 149 47.8 104 432

chi>z=12 P=03
Duration of work (years):

3-
10- 27 8.7 13 54
15- 81 259 54 224
20-22 72 23.1 64 26.6
chi?=3.7 P=0.3 132 423 110 45.6
Mean working hours/week 56h/week 56h/week
Environmental measures:

Noise (TWA*:<85dB**) 99.3 834

Heat (TWA:26.7C") 19.8 29.7
Vibration (TWA:4 Hertz/second) 5 4
Ultraviolet rays (TWA:0.Imicro watt/cm?2) 0.5 -
Thinner (TWA: 565.4mg/m?) - 791.7mg/ m?
Carbon monoxide (TWA: 25PPM) 35 -

*Time Weighted Average (TWA): was accepted according to decision NO.211, year 2003, Ministry of Man-

power, Egypt
**: According to the company regulations; noise should not exceed 85db inside the workplace
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Table (2): Monitoring of different postures and energy expenditure among the studied

workers
Posture Body shop Paint shop Total
(N=312) (N=241) (N=553)
N % N % N %
General Body Posture/Legs:
-Standing stationary. 56 179 |64 265 120 217
-Standing stationary on an unpadded| - - - - - -
floor surface.
-Using a foot pedal while standing. - - - - - -
-Lying on back or side. - - - - - -
-Kneeling. 13 42 |5 2.1 18 32
-Knees bent or squatting. 97 31.1 56 232 153 276
chi?=9.5p= 0.008*
Trunk Posture:
-forward bending < 45° 173 554 162 257 235 431
-forward bending > 45° - - | - - - -
-Backward bending > 20° 53 169 | 12 49 | 65 11.8
-Twisting > 20° 191 61.2 | 81 336 | 272 492
chiZ= 3.5 p=0.2
Neck Posture:
- forward bending > 20° 117 375 |47 195 164 297
~forward bending > 45° - - - - - -
-Backward bending > 20° 59 189 [ 17 705 | 76 13.8
-Twisting > 20° 61 195 | 34 14.1 | 95 17.2
chi’= 3.7 p=0.1
Seated Posture:
-Sit/stand. 44 141 | 19 79 | 63 11.3
7=52 p=0.02*
Energy Expenditure:
- The operator required to walk more| 42 135 | 24 99 | 67 12.1
than 30m” / minute, while carrying
more than 150gm
- The worker climb up and/or down re-| 15 48 |6 251 21 3.7
peatedly
-The worker bend or stop below the| - - - - - -
knees/repeatedly
- A respirator worn - - 12 49 | 12 2.1

-The worker exposed to temperatures
more than 32°
chi’= 189 p = 0.00007*
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Table (3): Monitoring of upper extremity movements during work of the studied workers

Posture

Body shop
(N=312)
N %

Paint shop
(N=241)
N %

Total
(N=553)
N %

Repetitiveness:

-the job involve repetitive use of the
hands and/or wrists.

Z=33 p=007

95 304

91 37.7

186 36.7

-Mechanical Stress:

- hard or sharp objects, tools, or parts of
the work station put localized pres-
sure on a small area of the back or
side of the fingers or thumb.

- the palm or base of the hand used as a
striking tool, like a hammer.

chi’= 03 p=05

31 9.9

12 49

15 2.7

43 7.8

Forces:

- the operator grip an object or a tool
which has a smooth, slippery surface.

- the tip of a finger or thumb used for
pressing or pushing.

-If the operator wears gloves, then, the
gloves hinder gripping.

- the worker push or pull objects or
tools weight 300gm or more by one
hand

- the operator grip or hold an objects or
tool which weighs more than 200gm
in one hand.

chi*= 15 p=08

57 18.3

29 93

49 15.7

42 13.5

19 6.1

22 9.1

10 4.1

26 10.8

21 8.7

79 142

39 7.1

75 135

62 113

28 5.1

Posture:

- A pinch grip used

- There wrist deviation

- There twisting, rotating, or screwing
motion of the forearm.

chi’=09 p=03

27 6.8

51 32.7

13 54

36 14.9

40 74

86 15.6

Tools or Hands-Held Objects:
-vibration from the tool or object trans-
mitted to the operator's hand.

22 7.05

22 39
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Table (4): Incidence rate of work injuries among the studied workers duo to ergonomic

causes during year (2006)

Work injuries Ergonomic cause

Total number =9

1.Cut wound of head -Forward neck bending >45 (lead to struck by
sharp object

2.Cut wound of head -Lateral bending of neck >20 (lead to struck by
sharp object.

3.Cut wound of head -Twisting of neck >20 «lead to struck by sharp ob-
ject.

4.Head trauma -lying on back and backward bending of neck
>20°

5. Right thumb fissure - Use hand for pushing heavy object lead to struck
by hard object.

6. Abrasions of right thumb -Use thumb as a tool to press an object.

7.Cut wound of right hand -Repetitive use of hand and wrist lead to slipping

of hand and struck by sharp object

8.Cut wound in right hand -Part of work station put localized pressure on

palm of hand and repetitive use of hand.

9.Cut wound in right index -Repetitive use of the hands had led to struck by
finger hard object.
Incidence rate /100 full time [1.2

workers/ year 2006*

N.B All the injured cases were not wearing the personal protective devices
*.

- Mean working hours/day = 9 hours

- Actually working days/year = 297 days

- Total number of examined workers = 553

Please, refer to methodology for the applied equation



270

Alazab R. M.

Table (5): Distribution of musculoskeletal disorders among the Studied Workers

cases with MSDs

Body Shop | Paint Shop | Z test | P value |Total num-| Total num-
Musculoskeletal | (N=312) (N=241) ber of cases | ber of exam-
Disorders with MSDs | ined cases
N=131 N=553
N. % | N. % N. % | N %
-Cervical disc | 33 106 | 18 75 1.6 02 |51 389 51 9.2
prolapse.
-Lumbosacral | 31 991 26 10.8 0.1 07 |57 435] 57 103
disc prolapse
-Osteoarthritis. | 19 6112 49| 03 06 |31 237 31 5.6
- Hand/Arm pain| 17 541 14 58| 0.03 08 |31 237 31 5.6
-Carpal tunnel | 9 291 6 251 0.08 07 (15 11415 2.7
syndrome.
-Tennis elbow. | 8 26| 6 25| 0.05 08 |14 107 ] 14 2.5
Total number of 131 237

N.B One worker might have more than one Musculoskeletal disorder
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Table (6): Estimated Cost of musculoskeletal disorders/Person/Year 2006 among the af-

fected workers.

Total number of
Type of cost cases with
MSDs=131
Cost (L.E.)
Medical Cost:
-Treatment of acute cases. 65500
-Referral cost. 7860
-Cost of investigations. 26200
-Cost of needed operations. 34000
Total 133560
Wage Losses:
-Time lost by workers need sick leave. 310470
-Cost of Idle time of workers whose work is interrupted. 43763
Total 354233
Associated Cost:
-Surplus workers for replacement of discased employees. 310470
-Compensation benefits paid to disabled worker after separation by the 140000
fifth committee.
-Training replacement workers. 22750
Total 473220
Grand total of cost 961013
Cost/person/year (L.E.) 7335.98(1287%)
N.B

LE= Egyptian pound
$ = US Dollar
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Table (7): Assessment of Ergonomic Core Requirements inside the studied Plant

Ergonomic core requirements

N=7
Process Fully Process partially No implementation
Implemented implemented of process
3/7 (42.8%) 2/7 (28.6%) 2/7 (28.6%)

1-Plant follows a docu- [ 4-Ergonomic is considered [6-Plant regularly reviews jobs for
mented ergonomic pro- | and addressed in the design- [ergonomic risk factors and imple-
cess. in safety process. ments appropriate action plans.
2-Proper work area lay- | 5-Plant always follows a pro-|7-Job instructions are widely
outs and process layouts. | cess to ensure prompt investi- [in place to mitigate ergonomic
gation of and response to em- |risk factors.

ployee ergonomic concerns.
3-Plant uses recognized
ergonomics evaluation

tools.




Musclokeletal Disorders Among Workers in Car Assembly Plant

273

Table (8): Correlation coefficient between ergonomic risk factors and musculoskeletal

disorders.
Lumber disc Cervical disc Hand/arm
Ergonomic risk factors prolapse prolapse pain
N=57 N=51 N=31
(r) () ()
-Trunk posture. 0.7
-Seated posture. -03
-Energy expenditure. 0.2
-Neck posture. 0.6
-Repititiveness. 0.8
-Mechanical stress. 04
-Forces. 0.6
-Posture of hand/arm. 04
-Hands-Held objects. 0.1

N.B One worker might have more than one complaint.

0 : < 0.25: little or no correlation 0.25:<0.5: fair correlation
0.5:0.75: moderate correlation

( Saunders and Trapp, 1999)

0.75 + : strong correlation
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Discussion

This study found moderate correlation
between neck posture and frequency of
cervical disc prolapse (r =0.6) Table(8).
On the other hand, it was found that
29.7%, 13.8% and 17.2% of the examined
workers need frequent neck forward bend-
ing >20°, neck backward bending >20° and
neck twisting >20° respectively Table(2).
Also, it was found that 9.2% of the exam-
ined workers (represents 38.9% of workers
with MSDs) were suffering from cervical
disc prolapse. Table(5). These finding
might claim that ergonomic neck stressors
are risk factors of cervical disc prolapse.
This coincides with Schierhout et al., 1995
who reported that ergonomic exposures in
the workplace were significantly associat-
ed with musculoskeletal pain of the neck.
Kristensen and Jensen, 2005 who studied
the effect of ergonomic conditions as prog-
nostic factors for symptoms in Denmark
reported that 39% of the symptomatic
workers (suffering from neck pain) were
exposed to ergonomic stressors. Also, Es-
mail, 1996 reported that; neck extension
during the work among maintenance work-
ers of the aerial electrical network in Alex-
andria City, Egypt was associated with
high prevalence rate of cervical spondylo-
sis (22.4%).

The present study reported that 49.2%,
43.1% and 11.8% of the examined work-
ers were subjected to duties needing trunk
twisting, trunk forward bending and trunk
backward bending respectively table(2).
Also 27.6% and 21.7% of the examined
workers were subjected to work need
squatting and standing stationary respec-
tively table(2). This could be explain the
high prevalence rate (43.5%) of lumbosa-
cral disc prolapse among the workers with
MSDs which represents 10.3% of the total
examined workers table (5), this in addi-
tion to moderate correlation between trunk
posture and lumbosacral disc prolapse (r =
0.7). But the present study found a nega-
tive correlation between seat posture and
lumbosacral disc prolapse (r = -0.3) table
(8). These results might claim that expo-
sure to trunk ergonomic stressors could be
a risk factor of lumbosacral disc prolapse
while seated posture was not considered as
a risk factor for lumbosacral disc prolapse.
This coincides with Rithimaki, 1991 who
concluded that; several ergonomic trunk
stressors are related to low back disorders.
Also, Beek and Dresen, 1998 after review-
ing some studies on ergonomic epidemiol-
ogy, they concluded that exposure to
harmful working postures especially at
trunk level may lead to lumbosacral disor-

ders.
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The present study found a weak corre-
lation (r = 0.2) between energy expendi-
ture activities and frequency of lumbosa-
cral disorders while it found a negative
correlation with cervical disorders (-0.1)
and hand/arm pain (-0.3) table(8). This
could be explained by the low frequency
of activities which need energy expendi-
ture inside the workplace table(2). So, the
present study might claim that energy ex-
penditure activities have low risk for lum-
bosacral disorders and no risk for cervical

disc disorders and also for hand/arm pain.

The present study revealed that hand/
arm pain was strongly correlated (r = 0.8)
with repetitiveness, moderately correlated
(r = 0.6) with forces and fairly correlated
with mechanical stress and posture of
hand/arm (r =0 .4) table(8). Also, it was no-
ticed that 23.7% of workers with MSDs
were complaining of hand/arm pain. So,
the present study might claim that com-
bined ergonomic stressors could lead to
hand/arm pain. This coincides with Pun-
nett et al., 2004 who reported that muscu-
loskeletal disorders of upper extremities
were strongly associated with exposure to
combined ergonomic stressors. Punnet,
1998 reported that 22% of workers with
MSDs were complaining of symptoms re-

lated to wrists or hands and they were ex-

posed to upper extremity ergonomic stres-

SOrs.

It was noticed in the present study that
all examined workers were exposed to
long working hours/w (56h/w) for long du-
ration (5:22 years). This could be a risk
factor of MSDs as they do repeated activi-
ties inside the workplace with exposure to
multiple ergonomic stressors. This coin-
cides with Guo, 2002 who concluded that
the number of hours spent on repeated ac-
tivities at work was associated with the

prevalence rate of back pain.

The present study found that 11.4% of
workers with MSDs (represent 2.7% of all
examined workers)were complaining car-
pal tunnel syndrome. This finding lower
than reported in Ofverholm and Zetter-
berg, 1999 who reported that (3.4%) of
workers in car assembly were complaining
of carpal tunnel syndrome. Also, the
present study found 10.7% of cases with
MSDs (represent 2.5% of examined work-
ers) were diagnosed as tennis elbow cases.
This could be explained by the frequent
upper extremity ergonomic stressors found
in the present study table (3) and to lesser
extent exposure to vibration above TWA
level table (1). This coincide with (Ander-
sen and Haahr, 2003) who studied the cas-
es of tennis elbow referred from general

practice in Denmark and concluded that;
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cases of tennis elbow were associated with
non-neutral postures of hand and arms, use
of heavy held tools and high physical
strain measured as a combination of force-
ful work, no neutral posture of hands and
arms and repetition but they found the role

of vibration was less consistent.

The present study found that only 1.2/
100 fulltime workers/year 2006 were af-
fected by injuries due to ergonomic caus-
es. D'Errico et al., 2006 reported that 7.2/
100 fulltime workers were affected by in-
juries duo to ergonomic stressors in Mas-
sachusetts, USA. The high incidence rate
in the American study above the finding in
the present study could be referred to the
long period of study 5 years versus one
year in the present study. Dembe et al.,
2005 recommended ergonomic strategies
to prevent work injuries which include
changes in scheduling practices, job rede-
sign, and health protection programs for
people working in jobs involving overtime
and extended hours.

The present study described the cost of
musculoskeletal disorders among the ex-

It was 733598 L.E
(1287%)/ person/year. Comparison of cost

amined workers.

with another studies is difficult because of
the difference in the health care system,

compensation patterns and coverage, com-

ponents of costs included and workforce
and industries studied (Alamgir et al.,
2007).

The present study found that body
shop workers were exposed to carbon
monoxide above TWA level while work-
ers in paint shop were exposed to heat, and
thiner above TWA level. These agents
might be responsible for body fatigue and
decreasing the vital capacity of the ex-
posed workers. It was reported that whole
body fatigue occurs when the combined
metabolic demands of working muscles
throughout the body exceed the capacity of
cardiovascular and pulmonary systems to
deliver oxygen to working muscles and to
remove products of metabolism. This ef-
fect increases with intensity and duration
of work activities (Keyserling and Arm-
strong, 1992). Also, the present study
found noise level above TWA inside the
workplace of body shop. This might dis-
tract the workers from their jobs and facili-
tates to cause injuries. Rempel and Jano-
witz, 1997 stated that loudness is directly
related to the mechanical pressure trans-
mitted to eardrum. Lower frequencies are
more likely to produce hearing impair-
ments while high frequencies are more
likely to interfere with concentration and
thought processes. This might predispose
to injuries especially when ergonomic

stressors are found.
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The present study found that only
42.8% of the ergonomic core requirements
were implemented inside the studied facto-
ry (table 7). This might be a root cause for
development of the ergonomic risk factors

reported in the present study.

Conclusion:

MSDs of neck were strongly associat-
ed with combined neck ergonomic stres-
sors. Hand/Arm pain was strongly asso-
ciated with repetitiveness and pushing
forces. Lumbosacral disorders were
strongly associated with combined trunk
ergonomic stressors. energy expenditure
activities have low risk for lumbosacral
disorders and no risk for cervical disc dis-
orders and for hand/arm pain. The preva-
lence rate of MSDs was 23.7%, incidence
rate of injuries due to ergonomic causes/
100 full time workers/ year 2006 was 1.2
and It was estimated that the cost of
MSDs/ person/year was about 7300 L.E.

(12879).
Recommendation:

Regular review of ergonomic risk fac-
tors of different jobs inside the vehicle as-
sembly plants and implementation of ap-

propriate action plans.
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