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A. Kaizen 
 

Introduced by Japan, Sri Lanka now operates with a kaizen mentality by thriving upon 

productivity, efficiency, and earnings. Through this window there is no mention or adoption of safe 

practices that revolve around health and safety. Sri Lanka manufacturers have adopted a new approach 

to sewing operations in their factories, called ‘dancing work’. Kaizen is a Japanese style workplace 

structure that thrives upon continuous incremental improvement. A cooperative environment is needed 

to overcome daily struggles in the workplace. The key ideas behind a kaizen process are: perceptiveness, 

which is based on being able to identify workplace problems, idea development, which is based on 

developing focus teams to come 

up with innovative ideas, and 

decision, implementation, and 

progress, which is based on the 

focus teams’ evaluation of the 

progress after the decision and 

implementation of a new solution 

has been put into practice. The 

picture below outlines the Kaizen 

process. 

 
Figure 1: The basic outline 

structure of the Japanese Kaizen 

mentality (Chem, 2001). 

B. Cellular 
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Cellular manufacturing is a system where each worker is divided into a production sub- cells. In each 

sub-cell, a worker typically completes three processes on several different machines, until the product it 

passed to the next sub-cell. During the work processes the employee is standing and moving around in a 

circle to use each machine. Labor division allows for the operators to have low comprehensive labor 

skills and be specifically trained in a limited number of processes. There is less investment on 

equipment. There is a buffer zone in order to balance the production demands if one operator sub-cell is 

performing too quickly or too slowly in relation to the rest of the production line (Pan, 2014). 

Figure 2: The sub-cell cellular 

manufacturing operation has one 

operator working on a select number 

of processes and rotating from each 

station within his/her respective sub- 

cell. 

C. The Impact and Breadth of the System 
 

This system came to Sri Lanka factories because of the documented negative health effects of 

sitting for long periods of time. According to OSH staff in Sri Lanka, they believe that the ILO says that 

standing for long periods of time is not a health issue but sitting is a problem. Therefore, employers 

decided it would be cost effective and beneficial to the health of the employees to lift the Juki sewing 

machines, so that operators could sew while standing. This system was coined ‘dancing work’ because 

employees would stand and move from machine to machine. This is outlined with a graphic in Appendix 

A. Although there are less documented health issues and impacts with the ‘dancing work’ system, 

women would still be returning from work with unbearable leg and back pain. Some women were hardly 

able to stand. 
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It is evident that there are negative health impacts, specifically ergonomic, with this ‘dancing 

work’ or cellular manufacturing system. These impacts are costing women their jobs and their health. 

Now, thousands of vacancies, nearly 7,400 have opened in Sri Lanka factories because the turnover rate 

for employees is so high. This system has been used in large manufacturing countries such as Japan, 

Europe, and America (Pan, 2014). Highly profitable companies such as Lee Apparel Co., The Arrow 

Co., Jaymar-Ruby Group, Woolrich, Jostens Graduation Russell Corporation, J.P. Hammill, OshKosh 

B'Gosh, and J.L. Miller & Son have also implemented this system. 

The Problem 
A. Lean Production 

 

In Sri Lanka, employers and manufacturers have resolved to cutting the number of employees, 

but not cutting down the respectful workload. This concept is also known as lean production. Lean 

production is an all-encompassing model with elements of Kaizen, or Japanese style production ideas 

(Landsbergis, 1999). Although lean production is not the exact same as modular or cellular 

manufacturing, the risks for job stress and ergonomic hazards persist. Lean production was designed to 

improve productivity, quality and profitability for companies, but did not consider occupational injuries 

and illnesses due to job strain. Lean production also does little to empower workers, as the workers are 

stuck between the quadrant of low 

decision latitude and high job 

demand: 

 
Figure 3: This job strain model 

outlines how lack of control within 

a workplace and lack of decision 
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ability can lead to high job strain (Ahmad, 2016). 
 

Low decision latitude and low psychological demand can lead to passivity in the workplace. Whereas 

high decision latitude and high psychological job demand, can lead to active learning and a desire to 

develop new productive behavior patterns. Job strain is the combination of high psychological demand 

and low decision latitude (Landsbergis, 1999). 

Lean production also creates an intensified workplace environment and an increase in demand 

from a smaller workforce. Jobs with increased job strain and ergonomic stress tend to be the most 

susceptible to musculoskeletal disorders (MSD). A study by the Cornell Worksite Blood Pressure group, 

showed that men in a high job strain environment for over 3 years had 10mm Hg higher systolic blood 

pressure compared to men that were not in a high job strain environment (Schnall 1998). Although it is 

argued that workers within a lean production system have the freedom to control their own work, the 

stress is far too much to outweigh this proposed benefit. This system, which was originally based on 

interviews with managers, did not consider the occupational health risks placed on workers (Womack, 

1990). Workers are expected to perform more tasks at a faster rate with less employees. This highlights 

the critical need for unions in Sri Lanka order to lobby for occupational health and protection. 

The Health Effects 
 

A. Low Back Pain 
 

A study done Nelson-Wong in 2008, stated that prolonged standing can result in a significant 

increase in the co-activity of the different gluteus muscles, specifically the gluteus medius. This muscle 

is a part of a muscle group that stabilizes the pelvis while standing “by abducting, medially rotating, and 

laterally rotating the thigh at the hip” (Waters, 2015) As a result, too much movement while standing 

during ‘dancing work’, could lead to the overuse and eventual injury of these gluteus muscles (Waters, 

2015). Another study done by Claus in 2008, compared differences between sitting and standing work, 
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and the effects on intradiscal pressure. The study found the there is more intradiscal pressure during 

standing versus sitting. This is important because intradiscal pressure can cause disc degeneration and a 

higher incidence of low back pain. Therefore, this study found that sitting was not worse than standing 

when comparing disc degeneration and low back pain (Karakolis, 2016). It is evident through various 

studies that prolonged standing can have negative health consequences, including low back pain. 

B. Cardiovascular 
 

Another major health impact of prolonged standing is negative cardiovascular outcomes. A study 

done by McCulloch in 2002, confirmed that standing for more than 8 hours causes an increased 

incidence in CVI, or chronic venous insufficiency, for workers. CVI is a precursor to more serious 

cardiovascular health outcomes (Waters, 2015). Another study conducted by Sudol-Szopinska in 2007, 

examined the impact for workers of prolonged standing and the risk of chronic venous disorders (CVD) 

compared to workers who primarily sat for the duration of the work day. The results showed that 

prolonged standing increased the risk of CVD symptoms in workers (Waters, 2015). Prolonged standing 

is documented through extensive research to have negative cardiovascular health impacts. 

C. Fatigue 
 

Another health impact associated with occupational prolonged standing is fatigue. Although 

discomfort is typically measured by a subjective means, physical fatigue can be quantified with 

biomechanical measures including postural stability force platforms, muscle electromyography, and 

muscle surface temperature. In a paper by Waters in 2015, it was found that four studies of prolonged 

workplace standing tasks, were associated with fatigue and discomfort (Waters, 2015). This is relevant 

to the Sri Lanka factories as the women are experience a high incidence of fatigue by the end of the 

workday. 

D. Impacts on Pregnancy 
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Prolonged standing can also lead to adverse birth outcomes such as stillbirths, spontaneous 

abortions, low birth weight, and preterm deliveries. A study by Teitelman in 1990, observed maternal 

workload, particularly prolonged standing, and the impact on preterm births and low birth weight. It was 

found that prolonged standing while working is indeed significantly associated only with increased 

preterm births (Waters, 2015). This is important because many women in the workplace in Sri Lanka are 

young and are primarily working to build a dowry in hopes of getting married. This impact could 

significantly alter their lifelong ability to be a mother. Another study by Paul in 1994, evaluated 

pregnant women in the workplace, and their postural changes throughout the day. The results from the 

study indicated that pregnant women would “stand further from the table, with hips positioned more 

backwards with increased trunk flexion and with arms more extended” (Waters, 2015). This is important 

because if the ‘dancing work’ relies on lifted tables, pregnant women will be in detrimental postural 

positions throughout the workday, which could impact their ability to give birth. Consistent standing 

work is known to cause sore feet, leg swelling, varicose veins, muscle fatigue, low back pain, neck and 

shoulder stiffness, and other health problems. 

Solutions 
 

The Association of periOperative Registered Nurse, recommends that workers should not stand 

for more than 2 hours continuously or for more than 30% of the work day (Waters, 2015). If the amount 

of standing exceeds this, fatigue-reducing interventions, such as anti-fatigue mats, specially designed 

footstools, sit-stand stools or chairs, or supportive footwear should be implemented. The ILO or 

International Labor Organization published guidelines in 2011 to reduce health risks associated with 

prolonged standing at work. When a job requires an employee to stand for any amount of time, a chair 

or stool must be provided for the worker to take regular breaks (Waters, 2015). The ILO also suggests 

that work surface heights should be adjustable, so the employee can adjust the height of the table for 
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their specific height. This will allow for the arms to not be suspended in awkward or uncomfortable 

positions (Waters, 2015). The effectiveness of varied solutions may differ, but it is important for OSH 

staff to assess which solution(s) best meet the needs of the employees in Sri Lanka. 

A. Stretching 
 

If workplace operations continue without appropriate breaks, stretching can help prevent muscle 

imbalance and decrease the risk of MSD. Stretching is the opposite direction by which the operator 

works is the most effective. This can include rotation and side bending. A picture of some appropriate 

stretches is seen below: 

 
Figure 4: Panel A is a neck and shoulder stretch. This stretch should be done with the elbow at shoulder 

 

height at a 90° angle. The arm is pulled across the front of the body by the opposite arm. The head 

should rotate to look over the bent arm’s shoulder. This stretch should be held for 2-4 breathing cycles 

and then repeated on the opposite arm. 

Panel B is shoulder and back stretch. The knees should be placed farther than shoulder width apart, 
 

then the torso bends to the left side, and the body weight is placed on the left elbow of the left knee. The 

right arm is then stretched overhead, and the head turns toward the ceiling. This stretch should be held 

for 2-4 breathing cycles and then repeated on the opposite arm. 
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Panel C is an upper trapezius or upper back stretch. The right arm is placed behind the chair, while the 
 

left ear is brought toward the left armpit. This stretch should be held for 2-4 breathing cycles and then 

repeated on the opposite arm. 

Panel D is a back stretch. The chest is lifted upwards and the arms are placed at the sides of the body 
 

with the fingers pointing upward. The palms face forward as the shoulders are rolled back and down. 

The shoulder blades should be squeezed together during the rotation. This stretch should be held for 1 

breathing cycle and then repeated on the opposite arm. 

The positive benefits of stretching include: increase in blood flow to the muscles, increase in 

range of motion, improved relaxation on the CNS (central nervous system), and identification of 

potential injuries. While a person is stretching or sitting, it is important to maintain a low back curve as 

seen in the picture below. This posture can severely lower the incidence of back pain. 

 
 

Figure 5: The doctor is displaying the proper sitting posture when 

sitting in a perch chair. 

B. Perch Chairs 
 

If chairs are implemented into the workplace, below are 

directions regarding how to properly adjust a perch chair: 

1. “Tilt the seat angle slightly forward, 5-15 degrees to increase the 

low back curve. This will place the hips slightly higher than the 

knees and increase the hip angle to greater than 90°, which may 

allow for closer positioning to the table. Chairs without the tilt feature can be retrofitted with an 

ergonomic wedge-shaped cushion.” 
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2. “Sit close to the table and position knees under the table. This can be facilitated by tilting the 

seat. For some operators, this positioning may cause shoulder elevation or arm abduction. In 

such cases, a different working position should be assumed.” 

3. “Consider using a saddle-style operator stool that promotes the natural low back curve by 

increasing the hip angle to approximately 130°. Using this type of stool may allow the operator 

to be closer to the table.” 

4. “Adjust the chair so the hips are slightly higher than the knees and distribute the weight evenly 

by placing the feet firmly on the floor. The forward edge of the chair should not compress the 

backs of the thighs.” 

5. “Use the lumbar support of the chair as much as possible by adjusting the lumbar support 

forward to contact the back.” 

6. “Stabilize the low back curve by contracting the transverse abdominal muscles. To do this while 

sitting, sit tall with a slight curve in the low back, exhale, pull the navel toward the spine without 

letting the curve flatten. Continue breathing while holding the contraction for 1 breath cycle. 

Repeat 5 times. Strive to maintain this stabilization regularly throughout the workday.” 

7. “Pivot forward from the hips, not the waist. Stabilize the low back curve by performing the 

previous exercise before pivoting forward.” (Valachi, 2003). 

Benefits of perch chairs 
 

A study by Irving in 1982, took a survey of surgeons who stood for long hours at a time during 

procedures. Irving concluded that low back discomfort decreased when a pelvic-tilt chair was used to 

alternate between sitting and standing (Irving, 1982). Another study by Rempel in 2007, demonstrated 

the benefit of curved seat pans. Rempel’s findings concluded that height adjustable chairs with a curved 
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seat pan reduced the amount of neck and shoulder pain among sewing machine operators (Rempel, 

2007). A picture of a curved seat pan is shown below: 

Figure 6: The 2-part curved seat pan design prompts forward leaning and 

increases the thigh torso angle. This design preserves lumbar lordosis, or the 

curving of the lower back. 

The graph below shows the crude pain score and the adjusted pain score when 

utilizing a flat seat pan or a curved seat pan for 4 months. It can be observed 

that the employees had significantly less pain when sitting in a curved seat pan chair. 
 
 

 
Figure 7: The left-hand graph shows the crude pain score changes between months 1 and 4. The right- 

hand graph sores the pain score slope for flat and curved seat pan chairs compared to the control group 

(Rempel, 2007). 

The table below shows a model for employers to gauge how much standing is appropriate based on 

predictive health risks. 



Oliaro 12 
 

Figure 8: The Green zone merits no 

intervention to prevent health risks when 

continuous standing is less than one hour. The 

Amber zone merits intervention to prevent 

further health impacts because continuous standing is greater than 1 hour. The Red zone merits major 

intervention as health risks are dangerous to the worker’s health as continuous standing has occurred 

for greater than 1 hour and for >4 hours/shift (Kibbe, 2003). 

C. Sit-Stand Workstations 
 

Benefits of postural variability 
 

A study done by Davis in 2014, looked at the benefits of postural variability in a workstation. 
 

Davis concluded that sit-stand tables decreased short-term discomfort by the end of the workday. 

Additionally, sit-stand tables did not appear to have a negative impact on productivity, when compared 

to sitting all day. This conclusion also applies to standing all day as the literature supported most 

importantly the benefits of postural variability (Davis, 2014). 

Figure 9: The sit-stand workstation presents 

more significant decreases in discomfort for 

employees with 20-minute interval recovery 

windows (Karakolis, 2016). 

There is indeed no silver bullet to 

eliminate ergonomic risks and occupational 

fatigue with repetitive motions but sit-stand workstations have proven to decrease the amount of lower 

limb discomfort. Sit-stand workstations have also proven to improve venous return in the body and 

overall vascular health (Antle, 2015). 
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Figure 10: The left- 

hand graph shows the 

venous blood volume 

in the foot, while the 

right-hand graph 

shows the venous blood volume in the soleus (Antle, 2015). 
 

Three studies found that the lower amount of blood pooling in the lower limbs and lower blood 

pressure can lower the strain on the lower limb tissues and decrease the risk of developing peripheral 

vascular disorders (Kroeger, 2004; Tuchsen, 2005; Raffetto, 2008). This is particularly important for 

women in Sri Lanka as one of the chief complaints after work was lower limb pain that prevented the 

women from walking. 

Another study found a significant decrease in overall lower limb pain due utilizing sit-stand 

workstations compared to standing. These results support using sit-stand workstations in industrial 

settings (Antle, 2015). The graph below displays the overall lower limb discomfort for workers. A pain 

score of 0-3 indicates light discomfort, a pain score of 4-6 indicates medium to strong discomfort, and a 

pain score of 7-10 indicates disrupting discomfort to 

work pace/activity to unbearable discomfort. 

 
 

Figure 11: The graph shows workers that had more 

pain in the lower limbs due to long-term standing 

compared to sit-standing (Antle, 2015). 
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Figure 12: Graph A shows the productivity of typing tasks as measured by keystrokes per minute and the 

total number of correct keystrokes hit per minute. Graph B shows the productivity of mousing tasks as 

measured by the total problems completed per minute and the number of correct problems achieved per 

minute. The y-axis is minutes. 

Another study by Karakolis in 2016, indicated that the productivity of office workers for typing 

and mousing did not decline from using sit-stand workstations, compare to long-term standing or long- 

term sitting (Karakolis, 2016). This is significant because the employers in Sri Lanka decided to change 

all the sewing stations to standing and moving, in order to improve productivity. This study is also 

relevant to the workers in Sri Lanka because office work, similar to sewing, is a repetitive task that 

requires a high level of speed and accuracy. It was also noted that alternating between sitting and 

standing in a 15:5 min ratio over an hour, showed the potential to reduce back discomfort. One of the 

drawbacks to the study, was that reduced pain was based on a subjective measure, not a physiological or 

biomechanical metric. 

D. Compression stockings 
 

Compression stockings can also be worn to help with prolonged occupational standing. A study 

done by McCulloch in 2002, confirmed that support hose reduces symptoms of CVI and overall leg pain 
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(Waters, 2015). Below is a picture of an example of compression socks, which are similar to 

compression stockings. 

 
 

Figure 13: Rymora is an ergonomically favorable compression sock brand. 
 

The drawback to utilizing support hose is that the selection of hose can 

depend on the preexisting CVI conditions of the worker. Employees with 

preexisting health conditions need to also be evaluated by a medical 

professional, which may be harder in remote areas where medical care is 

difficult to access. A study done by Partsch in 2004, evaluated the impact of 

support stockings on edema due to prolonged standing. The results of this study indicated that nighttime 

edema was significantly reduced due to the use of compression stockings (Waters, 2015). Some 

additional drawbacks of compression stockings noted in this study, were that the stockings may also be 

expensive. 

E. Floor mats, shoes, and shoe inserts 
 

Another solution for prolonged standing is utilizing floor mats. One study by Cham in 2001, 

discovered that floor mats with increased elasticity, decreased energy absorption from the user, and 

increased stiffness, tended to lead to less discomfort and fatigue from long-term standing (Cham, 2001). 

A more recent study done by Lin in 2012, created a study that mirrored standing for 4 hours. Lin 

discovered that the floor type and the shoe condition lowered the overall discomfort in the employees’ 

feet. These changes and improvements were noted after the 3rd hour of exposure to prolonged standing. 

Another similar study by Redfern and Cham, concluded that changes and improvements to pain were 

noticeable during the 1st hour of work (Redfern, 2000). The authors explained the discrepancy due to 
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differences in methodology, such as measured duration of prolonged 

standing. This is significant because the women in Sri Lanka hardly 

wear shoes, and if they do, the shoes are very unsupportive. 

 
 

Figure 14: Industrial floor mats are used to decrease lower limb and 

pain back for workers. 

Appendix A shows a picture of a woman in Sri Lanka with cloth shoes and a small floor mat. It 

is evident that the combination of these two controls is not enough to decrease the women’s overall pain. 

Below is a more appropriate version of a floor mat for factory workers. 

F. More breaks 
 

Another administrative control solution, would be to implement more breaks throughout the 

workday. The diagram below shows the appropriate number of breaks according to the ILO: 

 

 
Figure 15: The ILO fact sheet describes the appropriate number of breaks workers should have during 

the workday. 

According to the ILO coffee or tea breaks should be about 10-30 minutes and meal breaks should 

be 30-120 minutes. It is in the best interest of the employees to have paid breaks so that the employees 
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are encouraged to take time to rest. This is especially important in Sri Lanka factories because the 

production targets are so high that women work non-stop to receive the production incentives. The 

women therefore do not drink water so they do not have to go to the bathroom and miss time working. 

There should also be appropriate rest facilities, such as a break room with chairs for long-term standing 

workers or an exercise room for long-term sitting employees. Separate facilities from the factory are key 

to limit the employees’ exposure to noise, chemicals, and other hazardous exposures while on their 

break (ILO, 2015). Additionally, the Sri Lanka Factories Ordinance, chapter 4 of the Occupational 

Safety & Health and Payment of Workmen’s Compensation, states: “a woman or young person shall not 

be employed continuously for a spell of more than four and a half hours without an interval of at least 

half an hour for a meal or rest, so, however, that in respect of regular day time workers, one such 

interval shall be allowed to commence between the hours of eleven o’clock in the morning and one 

o’clock in the afternoon, and that where an interval of not less than ten minutes is allowed in the course 

of a spell, the spell may be increased to five hours.” (Labour Department, 1950). 

G. Healthy lunch 
 

Another concern raised by the CCC was the lack of an appropriately nutritious lunch. If women 

are expected to work for an 8-hour shift, a proper meal should be provided from the company. Nutritious 

meals should be high in vegetables, protein, and carbohydrates. The picture below shows appropriate 

portions of each food group according to the UK 

(Eufic, 2009). 

 
 

Figure 16: Above the picture displays the 

appropriate amount of each food group to 
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consume to achieve optimal nutrition. The largest basis of the meal should consist of vegetables and 

grains. 

Traditional Sri Lankan meals that may be easy and nutritious to make at the factory could be 

kottu roti, which is a stir-fry of vegetables, bread, meat, spices, garlic, ginger, and soya sauce. Another 

traditional meal is lamprais which consists of boiled eggs, eggplant, beef balls, sambol, spices, rice, and 

is then wrapped in a banana leaf. One additional meal that is healthy and full of nutrition is dhal curry 

which is made of red lentils, coconut milk, onions, tomatoes, green chilies, and spices (Sunder, 2018). 

From my work in Ethiopia, the most cost-effective way to make food for a large manufacturing 

plant was to start from the same raw ingredients and have three to four rotating meals that use these 

starting ingredients. For example, injera is the base for every meal, which is made from teff flour which 

is high in protein. The base ingredients for the three meals are onions, tomatoes, garlic, lentils, red 

pepper, and garbanzo beans. The meals are nutritious and sustainable for the long workday. 

Conclusions & Future Advice 
 

Although employers in Sri Lanka were hopeful that the Kaizen adopted ‘dancing work’ system 

may create more productivity, quality and profitability from their products, the benefits to cellular 

manufacturing and lean production may not be worth the shift. The resulting human health 

consequences and overwhelming amount of literature indicate the health impacts of lean production on 

workers. The health impacts of prolonged standing include, low back pain, cardiovascular issues, 

fatigue, and negative pregnancy outcomes. Some of the proposed solutions for the Sri Lanka factories 

include, stretching, perch chairs, sit-stand workstations, compression stockings, floor mats, more 

frequent work breaks, and providing a healthy lunch. Overall, there is many documented health impacts 

associated with cellular manufacturing. It is clearly in the best interest of the Sri Lanka employers to 

invest in the health of their workers to ensure the health of their companies’ futures. 
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Appendix A 
Standing working prolong time ( Dancing Module ) 

E.G ( One simple operation ) 
 

Simple module 

Time -   M / 1  - M / 3 Minutes 

Total - 12 minutes ( 3 machines But 04 Operations ) 

Posture - 100 % Standing 

Frequent  -  Quick moving ( Every 03 Minutes / Depend on the module and 
+++ ) 

Rest  - Only Tea / Lunch Break 


