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ABSTRACT

Sewing machine workers have high prevalence of WMSDs in neck-shoulder, wrists and lower back region. It is
known that occupational physical exercises programs have positive benefits regarding complaints and absenteeism
due to musculoskeletal symptoms. Therefore, the aims of this study were to evaluate ergonomic, musculoskeletal
and psychosocial conditions of workers from an upholstery and sewing sector, and investigate the effectiveness of a
physical exercise program applied at the occupational environment. Fifteen workers (44.5 + 8.8 years old) took part
of the study. Musculoskeletal symptoms were evaluated through the Nordic Musculoskeletal Questionnaire (NMQ),
Roland-Morris Disability Questionnaire (RDQ) and a standardized physical examination. Psychosocial indicators
were evaluated from the Job Content Questionnaire (JCQ) and Utrecht Work Engagement Scale (UWES), while the
Ergonomic Workplace Analysis (EWA) protocol was applied to assess workplace conditions. The physical exercise
program was applied twice a week for 30 minutes, during 12 weeks. It was composed by warm-up, strengthening
and stretching exercises. A significant reduction on musculoskeletal symptoms were observed for wrists/hands and
lumbar spine considering results from the NMQ, and for all body regions assessed through the physical examination,
except for elbows. Moreover, psychosocial indicators have shown significant improvement. These benefits increase
workability and promote better quality of life to the workers, and can be reproduced in other workplaces.
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INTRODUCTION

Work Related Musculoskeletal Disorders (WRMDs) are one of the most prevalent occupational diseases all over the
world. It is responsible for absenteeism, early retirement and disabilities (Bergstrom et al., 2007; Nyman et al., 2007;
Lund et al., 2006; David et al., 2008, Bevan et al., 2009). A number of epidemiologic studies have demonstrated an
association between work overload and musculoskeletal disorders (Engels, 1996; Bernard, 1997; Burdorf and
Sorock, 1997; Trinkoff et al., 2003). In addition to ergonomic factors, psychosocial risk factors such as high
demand, low job control and lack of social support have also been recognized as contributing factors to the
development of musculoskeletal disorders. Exposure to low-level and monotonous tasks during prolonged periods
results in strain on the neck-shoulder region (Punnett e Bergqvist, 1997; Cote et al., 2008). It occurs in workplaces
involving tasks such as computer work (Arvidsson et al., 2008), oral care activities (Hayes et al., 2009), industrial
repetitive tasks (Mathiassen and Winkel, 1996), and sewing machine work (Wang et al., 2009).

This strain is based on the Cinderella hypothesis, which considers the principle of size-ordered MU recruitment
(Hagg, 1991). Few studies evaluating sewing machine workers are available in the literature. Therefore, there is no
agreement regarding the methodology to evaluate this work, and the prevalence of musculoskeletal symptoms

https://openaccess.cms-conferences.org/#/publications/book/978-1-4951-2105-0
Physical Ergonomics II (2018)



AHFE

International

Applied Human Factors and Ergonomics International

among the workers is not completely known (Wang et al.,, 2009). According to the available studies,
musculoskeletal complaints are present in the neck-shoulder region (Wang et al., 2010; Zhang, 2011), wrists and
hands, lumbar spine and lower limbs (Sealetsa and Thatcher, 2011).

Sewing machine operators are susceptible to develop musculoskeletal symptoms due to exposure to occupational
environments without anthropometric adjustments, high work pace, repetitive and stereotyped movements, requiring
the maintenance of awkward postures and static seated position (Kaergaard and Andersen, 2000; Schibye et al,
1995; Sealetsa and Thatcher, 2011). The prolonged exposure to these risk factors (Lassen et al., 2005), associated
with psychosocial factors (Ariens et al., 2001; Bongers et al., 1993) also influence on the onset and development of
WRMDs.

One of the most accepted theories to avoid the mechanism associated with muscular pain and the development of
WRMDs is to increase variability of muscle activation during stereotyped monotonous work (Madeleine et al., 2008
a, b; Mathiassen, 2003). This variability can be inserted in occupational environment through the rotation of
workstations and tasks, reduction of the work period or through the implementation of regular pauses or exercises.
(Mathiassen, 2006; Galinsky et al., 2000; Galinsky et al., 2007; McLean et al., 2001).

Previous studies show that physical exercise programs in occupational environment is a common method adopted
for controlling musculoskeletal pain (Burton et al., 2006; Bell and Burnett, 2009). This strategy has positive effects
on complaints, absenteeism and musculoskeletal pain (Linton e Van Tulder, 2001; Waddell e Burton, 2001; Tveito
et al., 2004; Busch et al., 2008), especially on neck/shoulder and low back regions (Andersen et al., 2008; Andersen
et al., 2010; Blangsted et al., 2008; Hayden et al., 2005).

Therefore, the aims of this study were: (1) to evaluate ergonomics, musculoskeletal and psychosocial conditions of
workers from an upholstery and sewing sector of an aircraft company; and (2) to investigate the effectiveness of a
physical exercise program, applied for 12 weeks at the occupational environment, to control musculoskeletal
complaints. Besides contributing with information about upholstery and sewing work, we hypothesize that the
physical exercise program will reduce musculoskeletal complaints.

METHODS

All workers (20 subjects) from the upholstery and sewing sector of an aircraft maintenance company were invited to
participate. Subjects working for at least 12 months with sewing activities and remaining at their workplace for over
a month prior to the data collection were included. Workers who reported any circulatory, rheumatic or
inflammatory systemic disease or presented any musculoskeletal disorders resulting from trauma were excluded.
The sector manager and the production analyst participated in the exercise program. However, they were not
included due to large divergences in job nature. Three subjects refuse to participate. Therefore, fifteen workers were
evaluated (11 female and 4 male). All participants signed an informed consented form approved by the local ethics
committee (protocol #379.658/2013). An initial survey was applied to assess personal information and previous
sewing experience. The main characteristics of the workers are shown in Table 1. About 67% of workers were
exclusively sewing machine workers and the remaining workers also performed others tasks, such as cutting fabric
and inspection of the final product.

Table 1. Characteristics of the workers.

Age (M1SD) 44.5 + 8.8 years
Weight (M+SD) 72.8+£12.3 kg
Height (M+SD) 1.64+0.08 m
Time at the company (M+SD) 7.1 £ 5.4 years
Smokers (%) 0
Physically active (%) 53.3

M: mean; SD: standard deviation.

Simultaneously to the application of the initial survey, questionnaires aiming to assess musculoskeletal symptoms
and psychosocial indicators were also applied. Moreover, a standardized physical examination (SPE — Ohlsson et al.,
1994) and the Ergonomic Workplace Analysis (EWA — Ahonen et al., 1989) were performed. After completing 12
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weeks of exercises, all evaluation protocols were reapplied for comparison, except the EWA.

Musculoskeletal symptoms

The Nordic Musculoskeletal Questionnaire (NMQ) and the Roland—Morris Disability Questionnaire (RDQ) were
applied to evaluate the main musculoskeletal symptoms. The NMQ is a worldwide self-administered questionnaire,
used to standardize the report of musculoskeletal complaints and guide the evaluation of physical conditions of the
work environment based on subjects’ complaints (Kuorinka et al., 1987; Pinheiro et al., 2002). This questionnaire
considers nine anatomical body regions, and four questions: annual and weekly prevalence of symptoms, functional
incapacity and search for medical assistance in the last 12 months (Barros and Alexandre, 2003). An adapted version
was used considering the past three months instead of last 12 months in order to evaluate the effects of the exercise
program on musculoskeletal symptoms (Tsauo et al., 2004). A graduated scale of pain, associated with the NMQ
question “Have you at any time during the last 3 months had trouble in:”, was applied for each one the nine regions,
in order to measure pain intensity in all regions signed as “yes”.

The RDQ evaluates possible daily life impairments due to low back pain. It is based on 24 yes-no questions (Roland
and Morris, 1983), resulting from the Sickness Impact Profile (SIP). Originally, it was developed to be used in
primary care at the United Kingdom, but nowadays it is used in research studies and clinical practice. The
translation to the Brazilian Portuguese was proposed and provided by the authors (Roland and Fairbank, 2000).
Considering the need to understand the pain in a global situation, the pain intensity also was evaluated through
Visual Analog Scale (VAS - Von Korff et al., 2000).

Pychosocial indicators

The short version of the Job Content Questionnaire (JCQ) and the Utrecht Work Engagement Scale (UWES) were
applied in order to evaluate some psychosocial indicators. The JCQ was elaborated based on a questionnaire
developed by Karasek in 1979 containing originally 49 questions relating demand and control over the work, in
order to establish a relationship between suffered stress and elevated number of illness on a specific work sector.
Tores Theorell elaborated, in 1988, a shorter version of the JCQ (Alves et al., 2004), containing 17 questions (five to
evaluate demand, six to evaluate control and six to evaluate social support). This scale was translated and validated
to Portuguese language by Alves et al. in 2004.

The UWES is a questionnaire that assesses the levels of engagement, vigor, dedication and absorption that each
subject has in relation to his/her work. Therefore, it requires the worker about the positive aspects of working
activities instead of burnout, like most of psychosocial questionnaires. It contains 17 questions and is divided into 6
items related to vigor, 5 items related to dedication and 6 items related to absorption. The total score reflects the
work engagement. A Brazilian Portuguese version of this questionnaire is provided by the authors (Schaufeli and
Bakker, 2003).

Standardized physical examination

After filling out the questionnaires, the workers were individually examined at a clinical set inside the company. The
physical examination was performed by a trained physical therapist. It was performed according to the standardized
physical examination protocol proposed by the Department of Occupational and Environmental Medicine, Lund,
Sweden (Ohlsson et al., 1994).

Ergonomic Workplace Analysis

The EWA protocol was proposed by the Finnish Institute of Occupational Health (Ahonen et al., 1989) and includes
14 items. The last two items (13- Thermal environment and 14- Noise) were qualitatively accessed. Each one of the
items was analyzed based on the analyst’s score, ranging from 1 (best) to 5 (worst), and on the workers’ score (good,
fair, poor and very poor). Besides contributing to understand the work condition, this protocol also contributes for a
participative approach since it includes workers’ opinion. The EWA protocol was applied during a regular working
day.

Physical Exercise Program
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The physical exercise program was applied in the sewing sector, twice a week, for 12 weeks. Each session lasted 30
minutes. Two physical therapists supervised every session and all the workers participated on, at least, 80% of the
sessions.

The schedule adopted to implement the exercise program was agreed with workers and managers. It was performed
on Tuesdays and Thursdays, from 02:40 to 03:10 pm. This schedule was adopted to ensure that workers from both
shifts could participate together. The exercise program was planned based on the evidences presented by Coury,
Moreira e Dias (2009) and focused on the main musculoskeletal complaints identified. Therapeutic exercises
reported by McGill (2002) and Kisner & Colby (2002) were applied. The program consisted on three steps:

a) 5 minutes of warm-up exercises: whole body aerobic exercises, aiming to increase muscle temperature, promote
hyperthermia and vasodilatation to increase the muscle blood flow (Gray and Nimmo, 2001). Moreover, it could
stimulate muscle contraction and reduce the passive stiffness of joints and muscles (Wright, 1973). The warm-up
exercises were alternated along the sessions and involved stationary running, jumping jacks, forth and back jumps,
and dancing steps. Music was played in this first stage in order to stimulate workers during the exercises;

b) 20 minutes of strengthening exercises: This stage was subdivided into two sets. The first set was constituted by
upper limb strengthening using rubber bands. Initially, all workers performed the exercises using red rubber bands
(Theraband®) providing 1.7 kg of resistance at 100% elongation. When the workers felt comfortable with the
resistance provided by the red rubber band, it was changed to a green rubber band (Theraband®), providing 2.1 kg of
resistance at 100% elongation (Theraband web site, February/2014). Three sets of 10 repetitions were performed in
the beginning of the program. The repetitions were enhanced to 15. Detailed description of upper limb strengthening
exercises are presented below:

¢  Shoulder lateral rotators’ exercise: the worker maintained the standing position, looking forward, with the
arms alongside the trunk and elbows flexed at 90°. They were instructed to perform bilateral lateral shoulder
rotation, maintaining the elbows next to the trunk (Figure 1a).
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Figure 1. a) Shoulder lateral rotators’ exercise; b) Shoulder flexion exercise.

¢  Shoulder flexion exercise: the worker maintained the standing position, looking forward, with the arms
alongside the trunk, and the rubber band trapped bellows his/her foot. They were instructed to bilaterally
perform a shoulder flexion at the scapular plane until they reach the shoulder joint line (Figure 1b).

®  Anterior serratus exercise: this exercise could be performed individually or in pairs. The worker maintained
the standing position, looking forward and aligned the rubber band on the shoulder line. Both shoulders
were flexed at 90°, and the workers were instructed to perform a scapular protraction (Figure 2a).

* Lower trapezius exercise: this exercise could be performed individually or in pairs. The worker maintained
the standing position, facing each other when the exercise was performed in pairs, and aligned the rubber
band on the hips line. The shoulders were placed on neutral position and the workers were instructed to
perform a bilateral extension (Figure 2b).

The second set of strengthening exercises was constituted by antigravity and postural control exercises using
eccentric, concentric and isometric contractions, aiming to strengthen abdominals and trunk extensors muscles.
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When workers felt comfortable with the proposed exercise, variations were made to increase the load level. Each
one of the exercises was performed on 3 sets of 10 repetitions each. During the progress of the program the

repetitions were enhanced to 15.
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Figure 2. a) Anterior serratus exercise; 2. b) Lower trapezius exercise.

Detailed description of antigravity and postural control exercises are presented below:

® Abdominal exercises: The worker stood on a mattress and performed a trunk flexion to activate superior
abdominal muscles (Figure 3a). Leg elevations were performed in alternate days in order to stress inferior

abdominal muscles (Figure 3b).

Figure 3. Abdominal exercises.

®* Birddog exercise: The worker positioned the hands underneath the shoulder, and the knees underneath the
hips. The opposite arm and leg were simultaneously extended parallel to the floor as shown in Figure 4. The
progression of this exercise was performed by nearing the hand and knee used for support.

Figure 4. Birddog exercise.

® Bridge exercise: The worker stood on a mattress and supported arms alongside the trunk, performing hip
elevation (Figure 5a). The progression of this exercise was performed through knee extension associated
with hip elevation (Figure 5b).
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Figure 5. Bridge exercise.

b.

®  Prone bridge exercise: The worker stood on a mattress, positioned the elbows underneath the shoulder, and
supported the body weight only on the forearms and tiptoes. They were instructed to maintain the trunk and
lower limbs parallel to the floor, as show in Figure 6.

Figure 6. Prone bridge exercise.

¢) 5 minutes of stretching exercises: During the last stage of the session, stretching exercises were performed for
neck/shoulder muscles, trunk extensors muscles and lower limbs posterior chain muscles. The stretching increases
the length of musculotendinous units, decreasing the muscular tension and increasing muscle length. This effect
allows increasing range of motion in joints, besides promoting muscle relaxation (Mchugh and Cosgrave, 2010;
Page et al., 2012).

Data Analysis

Data were processed according to the instructions of each questionnaire, and descriptively presented. For the NMQ,
each question (weekly and 3 month complaints, functional disability and seeking for health assistance) was analyzed
according to the frequency of positive responses. For the RDQ, each positive question was summed and the range
varied from 0 (no disability) to 24 (maximum disability). The positive answer for each test composing the physical
examination was scored as 1. The scores were summed for each body region (neck, shoulder, elbow and
wrists/hands). Moreover, the criteria,proposed by Ohlsson et al. (1994) were used to establish diagnosis for
musculoskeletal disorders.

The scores obtained through the JCQ were used to classify the worker as active (high demand and high control),
passive (low demand and low control), high strain (high demand and low control) and low strain (low demand and
high control). The scores were classified as low or high according to the median obtained from the collected data.
The same procedure was conducted to classify the social support. Vigor, dedication and absorption domains of
UWES are scored by the worker from 0 to 6. The sum of the results of each domain is ranked from very bad to very
good, according to a normative table proposed by Schaufeli and Bakker (2003). The data obtained from the EWA
protocol was descriptively analyzed for both the analyst's and workers’ assessment.
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All results were tested for normal distribution (Shapiro Wilk’s test) and homoscedasticity (Levene's test). If these
assumptions were attended, a paired t-test was used to compare variables from pre and post training. Alternatively,
Wilcoxon’s test was used to compare non-parametric data. All categorical, pre and post data were compared through
Chi-square test. All statistical analysis was conducted in SPSS software (Statistical Package for Social Science, vol.
17), with significance level of 0.05 (5%).

RESULTS AND DISCUSSION

After completing 24 exercise sessions, all evaluation protocols were reapplied and the results compared. The main
outcomes regarding NMQ are presented in Tables 2 and 3.

Table 2. Workers reporting symptoms in the last 3 months
Pre-n (%) Post-n (%) P-value

Neck 10 (66.7) 6 (40) 0.14
Shoulders 7(46.7) 3(20) 0.12
Upper back 6 (40) 3 (20) 0.23
Elbows 1(6.7) 0 0.31
Lower back 8(53.3) 1(6.7) 0.01**
Wrists/Hands 7 (46.7) 2(13.3) 0.05*
Hips/ Thighs 4(26,7) 1(6.7) 0.14
Knees 3(20) 2(13.3) 0.62
Ankles/ Feet 8(53.3) 4(26,7) 0.14

* Significant difference: P < 0.05; **P < 0.01.

There was a significant reduction of symptoms reported for lower back and wrists/hands in the past 3 months. When
considering the graduated scale applied for each region labeled as “yes” (Table 3), there was a significant reduction
in pain intensity reported for shoulders, lower back and hips/thighs.

Table 3. Mean (M), standard deviation (SD) and 5-95% confidence interval (CI) from the values
obtained with the graduated scale applied for each body region labeled as “yes” in the NMQ.

Pre Post

P-value
M (SD) CI M (SD) CI
Neck 7(2.1) 59-8.1 3.7(2.3) 25-48 0.11
Shoulders 5.1(1.6) 4.3-59 4.3(1.2) 3.7-4.9 0.05*
Upper back 7.5(0.7) 7.1-7.9 2(0) - 0.28
Elbows 8 (0) - 1(0) - 0.65
Lower back 5.2 (1.9) 4.2-6.2 4(0) - 0.01*
Wrist/Hands 5(3.4) 3.3-6.7 9 (0) - 0.29
Hips/ Thighs 7 (1.6) 62-78 0(0) - 0.04*
Knees 6.2 (3.5) 44-79 3(1.49) 23-3.7 0.06
Ankles/ Feet 5.2 (2.9) 3.7-6.7 4(2.8) 26-54 0.15

* Significant difference P < 0.05; **P < 0.01.

There was a significant reduction of self-reported pain in wrist/hands, but the results from the graduated scale were
not conclusive. Even though the rate of self-reported pain reduced after the exercise program, the mean intensity of
pain was higher. It happened because only one subject reported pain intensity, causing conflicted results between
NMQ and the graduated scale. The opposite occurred for the hips/thighs region. Even though a significant difference
between the self-reported pain was not found, there was a significant reduction in pain intensity. Once the physical
exercise program was not focused on the lower limbs, it is possible that this fact resulted from an isolate acute
episode of pain.

Considering the RDQ, only one worker reported disability due low back pain (score higher than 14) in the pre
evaluation. Although most of subjects reported symptoms in the lower back region, these symptoms have not lead to
disability according to RDQ. The mean score for RDQ was 5.38 (+5.45) points, with pain intensity score of 4.08
(£2.46) according to VAS. After the intervention, the mean score for RDQ was 0.13 (£0.35) points, with pain
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intensity scoring 0.25 (£0.13). The results related to musculoskeletal complaints (NMQ, graduated scale and RDQ)
show that the exercise program significantly reduced the self-reported rate and intensity of low back pain. A
systematic review performed by Van Middelkoop et al. (2010) has reported the benefits of physical exercise on
occupational environment to reduce intensity of low back pain and physical disability.

Table 4 presents data of the physical examination. There was a significant reduction of signals and symptoms in
neck, shoulders and wrists/hands. Shoulder was the region with more signals and symptoms in the pre evaluation. It
has also presented high rate of self-reported pain. Wang et al. (2009) also presented similar results with almost 90%
of the symptomatic subjects reporting shoulder pain in NMQ. A systematic review by Ylinen et al. (2007) verified
the effectiveness of resistance exercise on reducing musculoskeletal symptoms in neck and shoulder regions. These
results could be observed through both the graduated scale and physical examination.

Table 4. Mean (M), standard deviation (SD) and 5-95% confidence interval (CI) of the signals and
symptoms observed through the physical examination.

Pre Post
P-value
Maximal score M (SD) CI M (SD) CI
Neck 64 7(4) 5.0-9.0 3.2 (1.5) 24-39 0.01%*
Shoulders 44 13.5 (11) 7.9-19 5.4 (3.8) 3.5-74 0.04*
Elbow 34 3(1.4) 2.3-3.7 0.0 - 0.18
Wrists/Hands 68 7.2(5.1) 4.6-9.8 2.8 (1.3) 2.1-34 0.01%**

* Significant difference: P < 0.05; **P < 0.01.

Data of the diagnosis established according to the criteria proposed by the authors (Ohlsson et al., 1994) are
presented in Table 5. There was a reduction in cases of shoulders disorders. The other possible diagnoses reported at
physical examination were not reported because none of subjects presented enough signals and symptoms for a close
diagnosis either in pre or post evaluation.

Table 5. Cases of clinical diagnosis observed through
physical examination.

Pre—n (%) Post - (%)

Tension neck syndrome 1 (6.67%) 0
Frozen shoulder 3 (20%) 0
Supraspinatus tendinitis 4 (26.7%) 0
Infraspinatus tendinitis 4 (26.7%) 0
Bicipital tendinitis 8 (53.3%) 0
Acromioclavicular syndrome 6 (40%) 1 (6.7%)
Carpal tunnel syndrome 1 (6.7%) 0

Data of the JCQ and UWES are presented in Tables 6 and 7, respectively. No differences were found between pre
and post evaluations for both demand-control (Table 6) and work engagement (Table 7). According to the JCQ, in
general the workers were initially classified as active (33.3%) or low strain (26.7%). After the physical exercise
program, most of the workers were classified as low strain (53.3%). The literature reports different demand-control
profiles for the sewing machine workers population. Karasek and Theorell (1990) reported that these workers have
high strain profiles. Table 6 shows that most workers presented high demand, control, and social support scores at
the pre evaluation. After the intervention, only the demand level presented mainly the lower score.

Table 6. Results of the job content questionnaire.

Demand Control Social Support
Previous Post p-value*  Previous Post p-value*  Previous Post p-value*
High 8(53.3 4(26.7 9 (60 11 (73.3 8(53.3 9(53.3
'8 (63.3)  4Q67) 136 (60) (733) 439 (53.3) = 9G33) g9
Low 4(46.3) 11(73.3) 6 (40) 4(26.7) 7 (46.7) 8 (46.7)

* Chi-square test.
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No domain has received the score very low in UWES, both in pre and post evaluation (Table 7). Although a slight
improvement in pre and post evaluation can be noticed for all UWES domains, no significant difference was found.
These results may be attributed to the period when the questionnaires were applied. At the pre evaluation, the sector
had a high production demand due to seasonal characteristics of the aircraft maintenance industry. On the other
hand, the second evaluation has occurred in the late December, when most of aircraft are flying instead of being on
the hangar for maintenance. These results were expected, once organizational factors are not changed due to the
exercise program.

Table 7. Results of the Utrecht work engagement scale.

Vigor Dedication Absorption Engagement
Pre Post  p-value Pre Post  p-value Pre Post  p-value Pre Post  p-value
Very high 2(13.3) 1(6.7) 1(6.7) 1(6.7) 1(6.7) 2(13.3) 1(6.7) 1(6.7)
High 4(26.7) 8(53.3) 5(33.3) 7(46.7) 6(40) 6(40) 5(33.3) 8(53.3)
Average 8(53.3) 5(33.3) 051 7(46.7) 6 (40) 0.58 7(46.7) 6(40) 033 8(53.3) 5(33.3) 044
Low 1(6.7) 1(6.7) 2(133) 1(6.7) 1(6.7) 1(6.7) 1(6.7) 1(6.7)

Very low - - - - - - - -

The results of the EWA protocol are shown in Table 8. The environment has not been considered adequate
according to ergonomic guidelines (analyst’s score). Therefore, the workers have considerate it mostly fair.

Table 8. Scores of the ergonomic workplace analysis protocol according to the analyst’s and workers’ assessment.
Workers’ assessment

Items evaluated Analist’s score Good (%) Fair (%) Poor (%) Very Poor (%)
1- Work Site 3 15 65 20 0
2- General Physical Activity 3 15 60 25 0
3- Lifting 1 20 35 30 5
4- Work Posture and Movements 3 5 35 40 20
5- Accident Risk 1 55 35 10 0
6- Job Content 4 35 60 5 0
7- Job Restrictiveness 4 25 60 15 0
8- Worker Communication and Personal Contacts 2 50 45 0 5
9- Decision Making 1 35 65 0
10- Repetitiveness of the work 5 15 40 35 10
11- Atenriveness 3 25 55 15 5
12- Lighting 1 60 15 20 5
13- Thermal environment * 5 35 60 0
14- Noise * 10 50 30 10

* not accurately measured due to lack of appropriated equipment.

An important limitation of the study is the lack of a control group. However, the limited number of workers in the
lean production systems and ethical aspects have impaired the creation of this group. However, according to the
detailed description of the exercise program, randomized controlled trials can be developed in order to improve the
quality of the evidence presented here.

CONCLUSIONS

The occupational physical exercise program proposed and applied in this sytudy reduced symptoms and reported
pain for the neck, shoulders, wrists/ hands and lower back. Although no change in psychossocial factors would be
expected, a slight but non-significant improve was noticed in those variables. These benefits can improve
workability and promote better quality of life to the workers.
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