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Abstract 

Background: Approximately 30% of Sri Lankans work in the agricultural 

industry, with the third largest agricultural product being rubber. Rubber tapping 

involves repetitive and high paced work, static muscle loading, non-neutral body 

postures, and forceful physical exertion, all potential risk factors for musculoskeletal 

disorders.  Methods: A cross-sectional study was conducted on two plantations near 

Galle, Sri Lanka to study the risk factors of MSDs and injuries in rubber tappers. 

Questionnaires were administered to 300 rubber tappers, and an ergonomic analysis 

using Quick Exposure Check was performed on 90 tappers. Univariate and multivariate 

analysis were used to determine risk factors for MSDs and injuries. Results:  66% of 

rubber tappers reported experiencing an MSD in the past 12 months. Multivariate 

analysis revealed that many demographic, work condition, personal and psychosocial 

factors were associated with MSDs. A total of 594 injuries were experienced in the last 12 

months, resulting in tappers missing 1080 days of work. Factors associated with injuries 

were working an additional job and depression. Conclusions: MSDs and injuries are 

common among rubber tappers in Sri Lanka. Numerous factors contribute to the high 

prevalence. These results suggest a need for injury monitoring on plantations. 

Furthermore, work process modifications should be used to help reduce the number of 

MSDs and injuries. 
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1. Introduction  

1.1 Background 

Musculoskeletal disorders (MSDs) and injuries are often the result of 

occupational hazards, and are a major public health concern. Studies have shown that 

the prevalence of MSDs is highest among unskilled workers such as agricultural 

workers (1, 2). Additionally, the rate of injuries in agricultural workers is higher than in 

other occupations (3). With 29.8% of the population working in agriculture, many Sri 

Lankans are at risk for work-related MSDs and injuries (4).  

Little is known about the role occupations have in MSD and injury risk in Sri 

Lanka. One population of interest is rubber tappers. Rubber farming is the third largest 

agricultural industry in Sri Lanka. From planting the trees to shipping the finished 

product, the industry employs more than 200,000 people (5). Furthermore, the Sri 

Lankan rubber industry is a rapidly growing field, with rubber exports growing an 

average of 12.4% per year since 2007 (6). Growth in this industry has increased the 

demand for rubber tappers throughout the country. However, rubber tapping is 

strenuous, repetitive work that may pose health concerns. 

Tapping is an extensive process that requires physical exertion, often in 

awkward body positions. Tapping a tree involves removing dried latex from the 

collecting cup, performing a new cut, and fixing the cup for collection. This all must be 

performed in less than two minutes, on 300-500 trees per day (7). Performing the cut 
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requires the worker to bend at the waist and maintain flexion of the upper arm and 

wrist muscles. Examples of tapping positions are shown in Figure 1. This process 

exposes tappers to MSD risk factors such as repetitive and high paced work, static 

muscle loading, non-neutral body postures, and forceful physical exertion (8). 

 

Figure 1: Rubber tappers in various tapping positions. Here tapping is shown 

low to the ground (left), waist height (middle) and above the head (right). 

The amount of exposure to ergonomically unsafe positions may vary by the 

height of tapping. Tappers start tapping a new tree at five feet from the ground. They 

work on one half of the tree, deemed panel A, in a downward trajectory, tapping from a 

height of five feet to ground level over five years. After five years, they do the same with 

the opposite side, changing to panel B. After five years they repeat this process on panel 

A and panel B again. After both panels have been tapped twice, workers begin high 

tapping, in which they tap anywhere from seven feet to five feet off the ground, often 

employing long poles with attached knives to reach the higher heights. These varied 
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tapping heights could cause different muscle loading in tappers throughout the life of 

the trees. 

In addition to their physical tapping abilities, workers’ eyesight is important in 

rubber tapping. Without proper vision, workers cannot discern the depth of the cut. 

When a cut is made too shallow, it greatly decreases yield. When a cut is made too deep 

it injures the cambium of the tree, causing permanent damage and reducing yield long 

term (9). An example of this damage is shown in Figure 2. 

 

Figure 2: Without proper vision, tappers may tap too deep, causing permanent 

damage to the tree. When this happens, large knots form, as shown above. 

In addition to the physical stress associated with rubber tapping, the socio-

economic situation of rubber tappers may contribute to MSD and injury risk. Studies 

show that factors like perceived stress, lack of social support, and low job satisfaction 

affect MSD risk (8). In Sri Lanka, 70% of rubber tappers work in the estate sector, on 

plantations larger than 20 acres. These tappers work and live on privately owned rubber 
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plantations, where workers and their families reside in small barrack style housing. 

These living conditions provide minimal space and some lack basic facilities like 

running water and electricity (10). Moreover, rubber tappers experience low and 

inconsistent pay. When it rains, tapping must be suspended and workers are not paid. 

For this reason, many rubber tappers may experience seasonal poverty corresponding to 

the rainy seasons (11). 

Policies and regulations surrounding occupational health and safety, especially 

in the agricultural sector, have historically been neglected in Sri Lanka. While 

occupational safety monitoring and workers compensation were established in The 

Factories ordinance of 1942, the law excludes the agricultural sector, offices, mines and 

fisheries from the mandatory reporting system (12). Without legal requirements, it is 

difficult to make employers invest in the health and safety of their workers (13). 

1.2 Literature Review 

A review of current literature on rubber plantation workers shows that few 

studies have been done to examine the occupational safety and health of this population.  

1.2.1 Descriptive Studies 

Previous studies on Sri Lankan rubber plantations suggest that rubber plantation 

workers lack many basic necessities. A study from 2010 performed on Sri Lankan 

smallholders in the Moneragala District showed that more than 50% of smallholders had 

only primary education or no education, and the majority of farmers had a family 
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income of less than 10,000 Sri Lankan Rupees a month (14). According to the Sri Lankan 

government, the minimum expenditure in 2013 to fulfil the basic needs of one person 

per month was 3,781 rupees (15). This suggests many farmers are living below the 

poverty line. The study also found that rubber plantation smallholders lacked many 

amenities associated with well-being. Only 30% of families had access to piped water, 

45% had access to telephones, and 56% had electricity (14).  

Researchers in Kerala, India performed an in-depth study into the socioeconomic 

status of rubber tappers. The study found that although there were high literacy rates on 

plantations, at 90%, including farmer’s families, only 10% of workers and families had 

graduated secondary school. Family unemployment was also an issue, with 26% of 

workers family members who were actively looking for work being unemployed. Many 

families did not have access to proper plumbing, with 75% have septic tanks, 14% pit 

toilets, 10% use open fields. With an average per capita income of 3,875 rupees, many 

households lived in poverty. As a result, 86.5% of tappers were in debt to banks, 

merchants or friends. Additionally, many workers took part in informal work, such as 

casual labor and agricultural work, to help supplement their income (11).  

While the study in India is an interesting indicator of what life in Sri Lankan 

plantations may be like, it did not encompass any aspects of estate workers in the 

country. A study needs to be done to properly understand the socio-economic 

conditions of Sri Lankan rubber tappers working on rubber estates 
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1.2.2 MSD Studies 

No studies have focused on work-related musculoskeletal disorders among Sri 

Lankan rubber tappers. However, studies in other South Asian countries shed light on 

the high risk of work related disease and injury rubber tappers face. In 2010 a study was 

conducted in southern India to determine health problems of rubber tappers. The most 

prevalent problems were MSDs, with more than 30% of rubber tappers determined to 

have MSDs based on clinical examination. By using a logistical regression model, this 

study found that the odds of MSDs increased with the amount of manual load bearing 

work a worker performed (transferring rubber), and the number of years working as a 

tapper (16). Another study, in Kerala, India, sampled 343 rubber tappers using the 

Standard Nordic Questionnaire. This study found even higher rates of MSDs, with 

72.2% of respondents reporting neck pain followed by 66.2% with low back pain (17). 

Additional studies have been conducted on Thailand rubber plantations. A 

questionnaire based study in Chumporn Province found that 52.9% of rubber tappers 

had lower back pain, while prevalence of leg, upper arm, and neck pain were also an 

issue, with 14.8%, 8.9%, 3.0%, respectively. Researchers performed Rapid Upper Limb 

Assessment to determine ergonomic hazards associated with the working postures used 

during tapping. This assessment suggested a great need for ergonomic intervention and 

change in work posture (18). Another study on Malaysian rubber tappers found that 
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59.9% experienced neck pain. They found this pain correlated with awkward postures 

while tapping, and was slightly correlated with feeling of job insecurity (19). 

Previous studies have all concluded that there is high incidence of 

musculoskeletal symptoms in rubber tappers. However, none of these studies have been 

performed in Sri Lanka.  

1.2.3 Injury Studies 

No previous studies have examined the injury experience of Sri Lankan rubber 

plantations. This is as important concern, as no injury surveillance or workers 

compensation is currently required by Sri Lankan law (12). In 2006, research estimated 

that there were 18.3 fatalities and 13,979 accidents per 100,000 workers in Sri Lanka (20). 

Based on these estimates, only 2% of fatalities and 0.2% of accidents were reported to the 

International Labour Organization that year (21). Previous research indicates 

agricultural workers suffer from a wide range of occupational injuries. A retrospective 

study of 1018 snakebites in a Sri Lankan hospital found that 40% of victims were farmers 

(22). Furthermore, a study in Brazilian rubber tappers suggested 13% of tappers had 

been bitten by snakes throughout their lifetimes (23). Research from other areas of the 

world suggest injuries in agricultural occupations are common. Studies on the rates of 

farming injuries throughout the world have found that common injuries include 

lacerations, hand injuries, eye injuries, animal bites, and falls (24, 25). 
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1.3 Study Aims 

In light of the limited current literature on MSDs and injuries in Sri Lankan 

rubber tappers, this study will attempt to provide a descriptive examination of the 

rubber tapping profession, quantify the musculoskeletal problems and injuries 

experienced by rubber tappers, and consider factors associated with MSDs and inuries. 

This population is important to the Sri Lankan economy, efforts to understand and 

improve the work-ability of this socially marginalized group are warranted. This study 

aims to accomplish the following:  

1. To describe the process and occupational environment of rubber tapping in Sri 

Lanka 

2. To describe the demographic and socioeconomic characteristics of Sri Lankan 

rubber tappers. 

3. To determine the prevalence of musculoskeletal symptoms and occupational 

injuries in Sri Lankan rubber tappers. 

4. To characterize risk factors, in particular job stress and ergonomics, associated 

with musculoskeletal symptoms and occupational injuries in this population. 

The results of this study could inform efforts to prevent work-related MSDs and 

injuries on rubber plantations. 
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2. Methods 

2.1 Study design 

This study was a cross-sectional study conducted by researchers at Duke 

University in collaboration with a group of researchers from the University of Ruhuna in 

Galle, Sri Lanka through the Duke Global Health Institute’s twinning program. In this 

program, researchers from different Universities are partnered to collaborate on a 

research project. Consequently, the research had two primary objectives. Researchers 

from Duke were interested in studying the physical health of rubber tappers, mainly 

focusing on work related MSDs and injuries in the population. Researchers from the 

University of Ruhuna were interested in studying the psychosocial factors associated 

with being a rubber tapper, adding a mental health focus to the project. To meet both of 

these objectives, researchers developed a comprehensive questionnaire that collected 

data on both the physical and mental health of the subjects. Researchers also conducted 

an ergonomic analysis to provide observational data on the physical stressors 

encountered during tapping. These are discussed more thoroughly in section 2.4 

Measures. The psychosocial measures collected as part of the University of Ruhuna 

collaboration were used as covariates in the analysis of MSD and injury risk factors.  

2.2 Setting 

A cross-sectional study was conducted in the southern district of Sri Lanka from 

September 2014 to November 2014.  Study participants were recruited from six estates, 
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representing two plantation companies. Three estates were selected from each of the two 

plantations, henceforth called Plantation A and Plantation B. Both plantations are 

privately-owned and located approximately 100 km from the city of Galle. 

Demographics were very similar across the two plantations.  

At the time of the study, Plantation A was in the process of stopping its rubber 

production, choosing instead to invest in oil palm, a more profitable crop. For this 

reason they were not planting new rubber trees and limiting the resources they invested 

in the current rubber fields. Many trees were older, requiring high tapping. Many rubber 

fields were overgrown with weeds and in need of landscaping. In the previous year, 

Plantation A had implemented a new collecting station system, which established 

collecting points throughout the plantation, limiting the distance workers had to 

transport latex to 250 meters or less. 

In contrast, Plantation B was committed to the rubber industry, and was 

planning to continue to invest in rubber in the coming years. They provided more social 

programs than plantation A, including health camps, bank card savings programs, and 

snake identification training. The rubber land on Plantation B was also in need of 

landscaping, but flatter than Plantation A.  

2.3 Participants 

Rubber tappers working on these six estates encompassed the sampling frame. 

The total sample size obtained for the questionnaire portion of the study was 300 
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tappers. Additionally, an ergonomic observation was conducted on 90 tappers, some of 

which also participated in the questionnaire. Inclusion criteria for both parts of the study 

included: a) employment as a rubber tapper by one of the study plantations and b) more 

than one year of experience working as a rubber tapper. 

Potential participants were informed by the plantation managers prior to 

researcher arrival. As employment lists and contact numbers for rubber tappers were 

not obtainable, participants were selected using a convenience sample of tappers 

available and willing to participate.  

2.4 Measures 

2.4.1 Questionnaire 

Data was collected using an interviewer administered questionnaire by trained, 

Sinhala speaking staff to allow participation by tappers who lack the skills to read or 

write. The questionnaire was adapted from the Standard Nordic Musculoskeletal 

Questionnaire (SNMQ). This questionnaire has been widely validated for use in 

agricultural settings and has been used with rubber tappers in previous studies (17, 19, 

26). The modified questionnaire contained questions on five body regions: neck, 

shoulders, back, arms, and wrists. Five additional sections were included on 

demographics, medical history, work related injuries, psychosocial factors, and 

substance abuse. 
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Psychosocial factors were assessed using two scales: the Perceived Stress Scale 

(PSS), and the Perideniya Depression Scale. The PSS has been widely used and validated 

as a measure of stress as a predictor of disease, and has been implemented in previous 

studies in Sri Lanka (27, 28). The Perideniya Depression Scale is a measure of depression 

developed in Sri Lanka, which takes into account cultural considerations specific to the 

country. It has been used in previous studies of depression in Sri Lanka (29, 30). The 

questionnaire was translated into Sinhala, then back translated to check for accuracy of 

translation.  

2.4.2 Quick Exposure Check 

To assess physical exposure to ergonomic stressors, researchers used Quick 

Exposure Check (QEC). QEC is an observational ergonomic analysis to determine 

exposure to work-related musculoskeletal disorders. It has been used in previous 

studies to determine ergonomic risk factors for MSDs in agricultural and industrial 

settings (31-33). In QEC analysis, researchers observe the work of participants to assess 

the posture and repetition of four main body segments: the back, wrists, shoulders, and 

neck. The analysis also considers the worker’s perception of weight handled, time spent 

on task, force, visual demand, driving, vibration, and stress. In the analysis, each 

response is assigned an exposure level and these exposure levels are combined to make 

the individual score for each body part. Results are tabulated into four exposure 

categories: low, moderate, high, and very high. Ergonomists suggest prompt 
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intervention into those areas with exposure scores in the moderate, high, or very high 

range (34). 

2.5 Analysis 

The data were translated and entered into REDCap version 5.5.21 software for 

storage (35). The data were then entered into SAS software version 9.4 for analysis. As 

relationships between work factors and musculoskeletal pain may not be linear (36, 37), 

continuous variables were categorized at natural break points to examine non-linear 

relationships. Summary statistics were used to describe four aspects of the sample 

population; demographics, working environment, behavioral characteristics and 

psychosocial measures. Prevalence of self-reported musculoskeletal symptoms and 

workplace injuries in the past 12 months were tabulated. QEC scores were calculated for 

four body parts: back, shoulders, wrists and neck. These scores were tabulated by 

exposure level: low, moderate, high and very high. 

Univariate models were constructed using log-binomial regression to estimate 

the prevalence ratio (PR) and 95% confidence intervals (CI), between covariates and 

MSDs and covariates and injuries. Since the prevalence of MSDs and injuries in the 

population were high, we elected to use a log-binomial model as it gives a more accurate 

estimate of the PR for common events than the logistical model (38). This was 

accomplished using PROC GENMOD in SAS, as described by Spiegelman et. al (39). We 

were also interested in understanding how factors affecting MSD and injury risk differ 
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by gender. Further models were constructed to determine the existence of an interaction 

between gender and all potential covariates analyzed in the univariate models. Second, 

we performed multivariate regressions, to determine if factors were associated with the 

outcomes after adjusting for covariates. Covariates and interactions were included in the 

multivariate model if the p-value was 0.1 or less in either the univariate or interaction 

models. In the approach, the log-binomial regression did not converge. This is a problem 

noted in the literature, and was addressed by using a Poisson regression with robust 

error variance (40). A backwards elimination strategy was then used to remove 

covariates from the model, one at a time. Variables were retained if the PR was greater 

than or equal to 1.25 or less than or equal to 0.80, or if the p-value was 0.1 or less.  
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3. Results 

3.1 Characteristics of Study Participants 

Study participant characteristics are presented in Table 1. A total of 300 rubber 

tappers participated in the questionnaire. The majority of participants were female 

(61%). Tapper ethnicities were Tamil (57%) or Sinhalese (43%), with one participant 

(0.3%) identifying as Muslim. The mean age of participants was 46.1 ± 10.9 years and the 

ages ranged from 21 to 89 years old. In terms of education level, only 8% completed 

school above grade 10, and almost a quarter (24%) had never received any formal 

education. The literacy rate was 65%. The average household size was 4.5 members, 

with an average of 3.1 adults and 1.4 children. The average number of people working to 

provide income for the family was two. 

More than half of the population was outside of the healthy BMI range, with 

over a quarter of participants underweight (28%), and many overweight (24%). Most of 

the population were non-smokers (86%) and non-drinkers (72%), but a majority chewed 

betel (71%). The rate of depression, as determined by the Peredeniya Depression Scale, 

was 11%. The PSS determined that 13% of the population had a high level of stress. 
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Table 1: Characteristics of study participants 

Variable Frequency (%) 

Demographics 
  

Gender 
  

Male 117 39.0% 

Female 183 61.0% 

Age (in years) 
  

<35 53 17.7% 

35 to 55 188 62.7% 

55+ 59 19.7% 

Educational level 
  

No School 71 23.7% 

Grade 1-10 205 68.3% 

Above grade 10 24 8.0% 

Literacy 
  

Illiterate 105 35.0% 

Literate  195 65.0% 

Income 
  

<= 140000 153 51.0% 

>140000 147 49.0% 

Ethnicity 
  

Sinhalese 129 43.0% 

Tamil 170 56.7% 

Muslim 1 0.3% 

Has another working adult family member 
  

No   223 74.3% 

Yes 71 23.7% 

Working Environment     

Plantation 
 

Plantation A 150 50.0% 

Plantation B 150 50.0% 

Age started working as a rubber tapper 
  

<20 years old 125 41.7% 

20-30 years old 117 39.0% 

>30 years old 58 19.3% 

Years working as a rubber tapper 
  

1 to 10 82 27.3% 

11 to 30 143 47.7% 

>30 75 25.0% 

Trees/day 
  

≤300 246 82.0% 

300 to 600 54 18.0% 

Tapping style 
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Variable Frequency (%) 

One hand 232 77.3% 

Two hands 66 22.0% 

Missing 2 0.7% 

Transport method 
  

Not on head 19 6.3% 

On head 281 93.7% 

Kg latex transported, average 
  

<=8 kg 236 78.7% 

>8 kg 64 21.3% 

Works an additional job 
  

Yes 122 40.7% 

No 178 59.3% 

Behavioral Characteristics     

BMI 
  

<18.5  83 27.7% 

18.5-22.9 146 48.7% 

≥23 71 23.7% 

Smoking behavior 
  

Non-smoker 257 85.7% 

Smoker 43 14.3% 

Betel chewing behavior 
  

Non-chewer 88 29.3% 

Chewer 212 70.7% 

Alcohol use 
  

Non-drinker 216 72.0% 

Drinker 82 27.3% 

Missing 2 0.7% 

Psychosocial Measures     

Depression 
  

Not depressed 267 89.0% 

Depressed 33 11.0% 

Stress  
  

Not high stress 260 86.7% 

High stress 40 13.3% 

 

The mean number of years worked as a rubber tapper was 21.3± 12.2, with a 

minimum of 1 year and a maximum of 52 years. Tappers regularly tapped either one 

block (300 trees or less) or two blocks (300 to 600 trees) per day, with 82% tapping 300 
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trees of fewer. Two tapping styles were identified: one in which tappers used solely one 

hand, either left or right, to apply the force needed to tap (77%), and the other in which 

tappers alternated hands (22%). After tapping their blocks, tappers return to the trees to 

collect the latex. This latex is collected in metal buckets, which are then transported to a 

collecting station. The mean weight of the collected latex was 8 ± 3.1 kg per load, with a 

minimum of 5 kg and a maximum of 25 kg. Some tappers chose to make more than one 

trip to transport less weight. Tappers were asked how they transported latex, and were 

allowed to choose more than one answer. Most tappers transported the latex on their 

heads (94%), while others used their hands (7%), hip (0.7%), back (0.3%) or shoulder 

(3%). An example or a worker transporting latex using their head is shown in Figure 3. 

During the observational portion of the study, we measured the distance to the 

collecting site. The average distance traveled was 360 meters, or approximately a quarter 

mile.  

We also asked workers about the use of personal protective equipment while 

tapping. Of the 300 tappers surveyed, no one wore close-toed shoes, gloves, or eye 

protection. 
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Figure 3: Tappers regularly transport latex on their heads. 

3.2 Prevalence of MSDs 

The prevalence of MSDs in the population is shown in Table 2. The prevalence of 

MSDs in one or more body region in the last 12 months was 66%, with 366 occurrences 

reported. The body region with the highest prevalence of pain was the back (43%), 

followed by the shoulders (28.3%), neck (19.3%), hands or wrists (16%) and the arms 

(15.3%). In those who experienced pain, the pain was very frequent, with more than 30% 

of people experiencing pain daily. The intensity of pain was highest in the back, with 

60% of participants experiencing moderate to severe pain.  
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Table 2: Frequency and Intensity of musculoskeletal pain by body region, last 

12 months (n=300) 

 
Neck Back  Arms Hands/Wrists Shoulders 

n (%) n (%) n (%) n (%) n (%) 

Number with pain  58 (19.3) 129 (43) 46 (15.3) 48 (16) 85 (28.3) 

Frequency 

Daily 21 (36.2) 43 (33.3) 19 (41.4) 19 (39.6) 36 (42.4) 

1-4 times a month 24 (41.4) 68 (52.7) 23 (50) 20(41.6) 37 (43.5) 

Every 2-6 month 11 (19.0) 15 (11.6) 2 (4.3) 6 (12.5) 10 (11.8) 

other  2 (3.4) 3 (2.3) 2 (4.3) 3 (6.3) 2 (2.4) 

Intensity (0-10 scale) 

Mean (SD) 2.9 (1.2) 4.0 (1.8) 3.7 (1.8) 2.9 (1.2) 3.5 (1.4) 

No Pain (0) 1 (1.7) 2 (1.6) 0 (0) 0 (0) 1 (1.2) 

Mild (2) 22 (37.9) 33 (26) 18 (40) 30 (62.5) 30 (35.3) 

Moderate (4) 30 (51.7) 65 (51.2) 18 (40) 15 (31.2) 45 (52.9) 

Severe (6) 4 (6.9) 18 (14.2) 8 (17.8) 3 (6.3) 7 (8.2) 

Very Severe (8) 1 (1.7) 9 (7) 0 (0) 0 (0) 2 (2.4) 

Worst Possible (10) 0 (0) 0 (0) 1 (2.2) 0 (0) 0 (0) 

 

3.6 Quick Exposure Check  

Table 3 shows the results of the Quick Exposure Check for the back, shoulders, 

wrists and neck. Shoulders and back scores showed the highest exposure to ergonomic 

stress, with exposure levels of ‘high’ or ‘very high’ in 96.7% and 94.2% of participants, 

respectively. Neck problems were also of concern, with 83.3% of participants with a 

‘high’ exposure level. 
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Table 3: Quick Exposure Check Exposure Levels, (n=90) 

Exposure Level  

Score Low, n (%) Moderate, n (%) High, n (%) Very High, n (%) 

Back 0 (0) 5 (5.6) 83 (92.2) 2 (2.2) 

Shoulders 0 (0) 3 (3.3) 78 (86.7) 9 (10) 

Wrists 40 (44.4) 49 (54.4) 1 (1.1) 0 (0) 

Neck 1 (1.1) 14 (15.6) 75 (83.3) 0 (0) 

 

3.3 Factors Associated with Occupational MSDs 

Crude prevalence and prevalence ratios of MSDs are shown in Table 4. In 

univariate analysis, prevalence of MSDs was significantly higher in women, the 

illiterate, tappers with an additional family member working, Tamils, tappers on 

plantation B, tappers who use an alternating hand tapping method, tappers who work 

an additional job, and tappers who were depressed. The prevalence of MSDs increased 

with increasing age.  While not significant, prevalence of MSDs decreased with 

increased education. As the number of years working as a rubber tapper increased, the 

prevalence of MSDs increased.  Prevalence increased slightly in those who were 

underweight or overweight compared to those with a healthy BMI. No significant 

differences in prevalence were observed across behavioral characteristics. 

Table 4: Crude Prevelance Ratios and 95% condifidence intervals of 

Musculoskeletal Disorders by demographics, work environment, behavioral 

characteristics and psychosocial conditions in Sri Lankan rubber tappers (n=300) 

Variable 
Prevalence 

(n=# cases) 

Crude PR 

(95% CI) 

Demographics 

Gender 



 

22 

Variable 
Prevalence 

(n=# cases) 

Crude PR 

(95% CI) 

Male 58.1 (117) 1 

Female 71.0 (183) 1.2 (1.0, 1.5)* 

Age (in years) 

<35 54.7 (53) 1 

35 to 55 66.5 (29) 1.2 (0.9,1.6) 

55 + 74.6 (44) 1.4 (1.0,1.8)* 

Literacy 

Illiterate 72.4 (76) 1 

Literate  62.6 (122) 0.9 (0.7, 1.0)* 

Ethnicity 

Sinhalese 58.1 (75) 1 

Tamil or Muslim 71.9 (123) 1.2 (1.0, 1.5)* 

Has another working adult 

family member 

No   54.9 (39) 0.8 (0.6, 1.0)* 

Yes 69.5 (155) 1 

Working Environment     

Plantation 

Plantation A 60.0 (90) 1 

Plantation B 72.0 (108) 1.2 (1.0, 1.4)* 

Years working as a rubber 

tapper 

1 to 10 years 63.4 (52) 1 

11 to 30 years 64.3 (92) 1.0 (0.8, 1.3) 

>30 72.0 (54) 1.1 (0.9, 1.4) 

Trees/day 

≤300 65.9 (162) 1 

300 to 600 66.7 (36) 1.0 (0.8, 1.2) 

Tapping hand 

One hand 63.3 (147) 1 

Two hands 75.8 (50) 1.2 (1.0, 1.4)* 

Missing (2) 

Transport method 

Not on head 47.4 (9) 1 

On head 67.3 (189) 1.4 (0.8, 2.3) 

Kg latex transported, average 

<=8 kg 64.4 (152) 1 

>8 kg 71.9 (46) 1.1 (0.9, 1.3) 

Works an additional job 

No 60.6 (108) 1 

Yes 73.3 (90) 1.2 (1.0, 1.4)* 

Behavioral Characteristics     
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Variable 
Prevalence 

(n=# cases) 

Crude PR 

(95% CI) 

BMI 

Underweight (<18.5 ) 67.5 (56) 1.1 (0.9, 1.3) 

Healthy weight (18.5-22.9) 62.3 (91) 1 

Over weight ( ≥23) 71.8 (51) 1.2 (1.0, 1.4) 

Smoking behavior 

Non-smoker 66.9 (172) 1 

Smoker 60.5 (26) 0.9 (0.7, 1.2) 

Betel chewing behavior 

Non-chewer 62.5 (55) 1 

Chewer 67.5 (143) 1.1 (0.9, 1.3) 

Alcohol use 

Non-drinker 67.6 (146) 1 

Drinker 61.0 (50) 0.9 (0.7, 1.1) 

Missing (2) 

Psychosocial Measures     

Depression 

Not depressed 62.6 (167) 1 

Depressed 93.9 (31) 1.5 (1.32, 1.71)* 

Stress  

Not high stress 64.6 (168) 1 

High stress 75.0 (30) 1.2 (1.0, 1.4) 
Note: PR, prevalence ratio; CI, confidence interval  

*P<0.05 

 

The final multivariate model for the prevalence of reporting musculoskeletal 

symptoms in any body region is presented in Table 5. We found higher prevalence in 

females, the elderly, and non-Sinhalese.  Furthermore, many working environment 

factors including working an extra job, tapping with an alternating hand method, 

transporting latex on the head and transporting heavier loads were associated with MSD 

prevalence. Those who were characterized as underweight or depressed also 

experienced higher prevalence of MSDs. The relationships between some variables 

differed by gender. The weight of the latex transported was significant in males, but not 

in females. In males, being underweight was associated with an increased prevalence of 
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MSDs compared to being healthy, while overweight males had a slightly lower 

prevalence. In contrast, being overweight in females was associated with increased 

prevalence, and being underweight yields a slightly lower prevalence. 

Table 5: Adjusted Prevalance Ratios and 95% confidence intervals (CI) of 

Musculoskeletal Disorders by demographic, work, and psychosocial conditions in Sri Lankan 

rubber tappers (n=300) 

Variable Adjusted PR (95% CI) 

Gender 

Male 1 

Female 1.5 (1.1, 1.9)* 

Age (in years) 

<35 1 

35 to 55 1.2 (0.96, 1.6) 

55 + 1.4 (1.1, 1.9)* 

Ethnicity 

Sinhalese 1 

Tamil or Muslim 1.3 (1.1, 1.6)* 

Works an additional job 

No  1 

Yes 1.3 (1.1, 1.6)* 

Tapping style 

One hand 1 

Two hands 1.2(1.0, 1.4) 

Transport Method 

Not on head 1 

On head 1.3 (0.86, 2.0) 

Kg latex transported, average 

<=8 kg 1 

>8 kg 1.5 (1.1, 2.0)* 

BMI 

Underweight (<18.5 ) 1.5 (1.1, 2.0)* 

Healthy weight (18.5-22.9) 1 

Over weight ( ≥23) 0.79 (0.46, 1.3) 

Depression 

Not depressed 1 

Depressed 1.2 (1.1, 1.4) 

Interaction terms: 

Gender*Kg latex transported 

>8 kg vs < 8 kg in females 0.92 (0.7, 1.2) 

>8 kg vs < 8 kg in males 1.5 (1.1, 2.0)* 
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Variable Adjusted PR (95% CI) 

Gender*BMI 

Underweight vs healthy in females 0.9 (0.7, 1.2) 

Overweight vs healthy in females 1.2 (1.0, 1.5) 

Underweight vs healthy in males 1.4 (1.1, 1.9)* 

Overweight vs healthy in females 0.8 (0.44, 1.3) 
Note: PR, prevalence ratio; CI, confidence interval   

*P<0.05 

 

Next we examined how risk factors differ by the three body regions with the 

highest prevalence of pain: the back, shoulders and neck. The multivariate models and 

resultant adjusted prevalence ratios are shown in Table 6. Gender and age were retained 

for all three models to allow comparison.  

Factors associated with increased MSDs in the back included increased age, 

identifying as Tamil or Muslim, working an additional job, transporting latex > 8 kg, and 

depression.   In the shoulder region, people were more likely to report pain if they were 

female, illiterate, tapped 300 to 600 trees per day, or were depressed.  Prevalence also 

increased with increasing age. Factors associated with neck pain included illiteracy, 

working an additional job, transporting latex > 8 kg, and depression. 
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Table 6: Adjusted Prevelance Ratios and 95% condifidence intervals of 

Musculoskeletal Disorders in body regions by demographic, work,  and psychosocial 

conditions in Sri Lankan rubber tappers (n=300) 

  Body Region 

Back  Shoulders Neck 

Variable PR (95% CI) PR (95% CI) PR (95% CI) 

Gender 

Male 1 1 1 

Female 1.0 (0.9, 1.2) 1.9 (1.2, 2.9)* 0.9 (0.6, 1.4) 

Age (in years) 

<35 1 1 1 

35-55 2.0 (1.2, 3.2)* 1.2 (0.6, 2.1) 1.0 (0.7, 1.3) 

>55 2.3 (1.3, 3.7)* 1.4 (0.7, 2.8) 0.9 (0.6, 1.3) 

Ethnicity 

Sinhalese 1 

Tamil or Muslim 1.8 (1.3, 2.3)* 

Literacy 

Illiterate 1 1 

Literate 0.8 (0.6, 1.1) 0.7 (0.5, 1.0) 

BMI 

Underweight (<18.5 ) 0.8 (0.5, 1.1) 

Healthy weight (18.5-22.9) 1 

Over weight ( ≥23) 1.0 (0.8, 1.3) 

Works an additional job 

No  1 1 

Yes 1.6 (1.2, 2.0)* 1.6 (1.3, 2.0)* 

Number of trees per day 

<300 1 

>300 1.4 (1.0, 2.0) 

Kg latex transported, average 

<=8 kg 1 1 

>8 kg 1.3 (0.9, 1.7) 1.3 (0.9, 1.9) 

Depression 

Not depressed 1 1 1 

Depressed 1.6 (1.3, 2.1)* 2.2 (1.6, 3.0)* 1.4 (1.1, 1.9)* 
Note: PR, prevalence ratio; CI, confidence interval  

*P<0.05 
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3.4 Prevalence of Injuries 

Table 7 shows the prevalence of injuries among participants in the last 12 

months, by injury type. Half of participants (49%; n=147) reported one or more injuries. 

A total of 594 injuries were observed, which resulted in 1080 days of work missed. Knife 

cuts (n=182) and skin irritation (n=176) were the most common injuries. The highest 

number of days of work were missed due to falls (377 days) and knife cuts (347 days). 

Table 7: Number of injuries and number of days missed due to injuries in the 

last 12 months, (N=300) 

Type of Injury 
Number of 

Injuries 

Days missed 

due to injury 

Average days 

missed per injury 

Skin irritation 176 88 0.5 

Eye injury 107 73 0.7 

Snake bite 26 195 7.5 

Knife cut 182 347 1.9 

Fall 103 377 3.7 

Total 594 1080 1.8 

  

When asked to elaborate on their injuries, tappers provided many qualitative 

insights to the nature of these injuries. Workers reported that skin irritation was 

common on the hands and feet. Workers’ hands regularly come in contact with raw 

latex, while tapping and collecting latex. Workers’ feet are bare when they are tapping, 

and therefore encounter overgrown bushes, thorns, leeches, and other sources of 

irritation. 

When asked about eye injuries, workers stated irritation regularly happened 

from upper tapping, which causes raw latex to drip into the eyes. They said this injury 
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often made it more difficult to see. One worker said “for two weeks my eyes have been 

irritated and tearing up and it make it hard to see.” Another stated “because I get latex 

in my eyes my eyesight is very bad.” One worker interviewed reported she had lost 

eyesight in one of her eyes due to latex. 

When asked about snake bites, we found that snakes were a very common 

problem on plantations. While we only asked about the last 12 months, 31 additional 

tappers mentioned being bitten by a snake before the last 12 months. 

Knife cuts were a very common injury and tappers’ qualitative responses 

showed that they ranged in severity. Workers indicated while many were minor, they 

still made the job more difficult. One worker said “I have skin and eye irritation, and cut 

myself. I don’t go to the doctor, but they are still giving difficulties for my job.” Another 

tapper developed an infection from a tapping knife cut.  

Many tappers attributed falls to carrying the heavy bucket filled with latex. One 

said “I fell down with the latex bucket and was hospitalized for three days.” Another 

lamented that they fell trying to avoid getting bitten by a snake: “I saw a snake and was 

afraid, and when I was running I fell and broke my leg.” 

3.5 Factors Associated with Occupational Injuries 

In the univariate analysis, very few factors were significantly associated with 

injury in the previous 12 months. The crude PR for work related injuries are reported in 

Table 8. Working an additional job and depression were both significantly associated 
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with increased prevalence of injuries. Prevalence of injury decreased as the number of 

years worked increased. 

Table 8: Crude Prevalence Ratios and 95% confidence intervals of work related 

injuries by demographics, work environment, behavioral characteristics and 

psychosocial conditions in Sri Lankan rubber tappers (n=300) 

Variable 
Prevalence 

(n=# cases) 

Crude PR 

(95% CI) 

Demographics 

Gender 

Male 47.0 (55) 1 

Female 50.2 (92) 1.1 (0.8, 1.4) 

Age (in years) 

<35 47.2 (25) 1 

35-55 50.5 (95) 1.1 (0.8, 1.5) 

>55 45.8 (27) 1.0 (0.7, 1.4) 

Literacy 

Illiterate 50.5 (53) 1 

Literate  48.2 (94) 1.0 (0.8, 1.2) 

Ethnicity 

Sinhalese 48.1 (62) 1 

Tamil or Muslim 49.7 (85) 1.0 (0.8, 1.3) 

Has another working adult family 

member 

No   51.1 (114) 1 

Yes 43.7 (31) 0.9 (0.6, 1.1) 

Working Environment 

Plantation 

Plantation A 55.3 (83) 1 

Plantation B 43.7 (64) 0.8 (0.6, 1.0) 

Years working as a rubber tapper 

1 to 10 years 53.7 (44) 1 

11 to 30 years 49.7 (71) 0.9 (0.7, 1.2) 

>30 42.7 (32) 0.8 (0.6, 1.1) 

Trees/day 

≤300 49.2 (121) 1 

300 to 600 48.2 (26) 1.0 (0.7, 1.3) 

Tapping Hand 

One hand 48.3 (112) 1 

Two hands 50.0 (33) 1.0 (0.8, 1.4) 

Missing 
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Variable 
Prevalence 

(n=# cases) 

Crude PR 

(95% CI) 

Transport Method 

Not on head 36.8 (7) 1 

On head 49.8 (140) 1.4 (0.7, 2.5) 

Kg latex transported, average 

<=8 kg 49.6 (117) 1 

>8 kg 46.9 (30) 0.9 (0.7, 1.3) 

Works an additional job 

No 38.8 (69) 1 

Yes 63.9 (78) 1.6 (1.3, 2.1)* 

Behavioral Characteristics 

BMI 

Underweight (<18.5 ) 52.0 (76) 0.8 (0.5, 1.0) 

Healthy weight (18.5-22.9) 39.8 (33) 1 

Over weight ( ≥23) 53.5 (38) 1.02 (0.8, 1.3) 

Smoking Behavior 

Non-smoker 49.6 (125) 1 

Smoker 51.2 (22) 1.0 (0.8, 1.4) 

Betel chewing behavior 

Non-chewer 46.6 (41) 1 

Chewer 50.0 (106) 1.1 (0.8, 1.4) 

Alcohol Use 

Non-drinker 48.6 (105) 1 

Drinker 50.0 (41) 1.0 (0.8, 1.3) 

Missing     

Psychosocial Measures 

Depression 

Not depressed 41.3 (124) 1 

Depressed 69.7 (23) 1.5 (1.2, 1.9)* 

Stress  

Not high stress 48.1 (125) 1 

High stress 55.0 (22) 1.1 (0.8, 1.6) 
Note: PR, prevalence ratio; CI, confidence interval  

*P<0.05 

 

Table 9 shows the multivariate model for factors associated with work related 

injury. This model supports the results found with univariate modeling, in which 

depression and working an additional job were both associated with higher prevalence 
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of injury. When examining gender interactions, we see that heavier latex loads (more 

than 8kg) is correlated with increased prevalence in females but decreased prevalence in 

males. The opposite is true of literacy, which is associated with increased prevalence of 

injuries in females and decreased prevalence of injuries in males. 

Table 9: Adjusted Prevalence Ratios and 95% confidence intervals of work 

related injuries by demographic, working environment, behavioral characteristics and 

psychosocial factors in Sri Lankan rubber tappers (n=300) 

Variable PR (95% CI) 

Gender 

Male 1 

Female 0.9 (0.6,1.3) 

Age (in years) 

<35 1 

35-55 1.0 (0.7, 1.4) 

>55 0.9 (0.6, 1.3) 

Works an additional job 

No  1 

Yes 1.6 (1.3, 2.0)* 

Depression  

Depressed 1 

Not depressed 1.4 (1.1, 1.9)* 

Interaction terms: 

Gender*Kg latex transported 

≥8 kg vs < 8 kg: females 0.7 (0.4, 1.2) 

≥8 kg vs < 8 kg: males 1.3 (0.8, 1.5) 

Gender*literacy 

literate vs illiterate: females 1.1 (0.8, 1.5) 

literate vs illiterate: males 0.7 (0.5, 1.0) 
Note: PR, prevalence ratio; CI, confidence interval  

*P<0.05 

Table 10 shows the results of univariate analysis of the different injuries and 

selected potential risk factors. Associated factors and trends varied by type of injury.  

For skin irritation, prevalence was higher in tappers who alternated tapping hand, the 

depressed. It also increased with age, years working as a rubber tapper, and BMI; 
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however these trends were not significant. Eye irritation was only significantly higher in 

those who were depressed. There were no trends in age or BMI, but risk increased 

slightly with the number of years worked. Snake bites were more common in men and 

workers on Plantation A. Depression and working an additional job were significantly 

associated with increased prevalence of knife cuts. Knife cut prevalence decreased with 

age and increased number of years worked as a rubber tapper; although these were not 

significant. Falls were significantly more prevalent in females and those who were 

depressed. They were more common in tappers from Plantation A and those who were 

overweight, and increased with increased number of years working as a rubber tapper. 
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Table 10: Crude Prevalence Ratios and 95% confidence intervals of five different  

work related injuries by selected characteristics in Sri Lankan rubber tappers (n=300) 

  
Skin 

Irritation 

Eye 

Irritation Snake Bite Knife cut Falls 

Variable PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) 

Gender           

Male 1 1 1 1 1 

Female 
1.2 (0.6, 2.5) 1.4 (0.7-3.2) 

0.4 (0.2, 

0.9)* 0.7 (0.5, 1.1) 1.9 (1.1, 3.6)* 

Age (in years)           

<35 1 1 1 1 ** 

35-55 1.3 (0.5, 3.8) 0.9 (0.4, 2.4) 1.4 (0.4, 4.7) 0.8 (0.5, 1.3) - 

>55 1.4 (0.4. 4.5) 0.9 (0.3, 2,9) 1.5 (0.4, 6.0) 0.7 (0.4, 1.4) - 

Plantation         

Plantation A 1 1 1 1 1 

Plantation B 
1.2 (0.6, 2.5) 0.6 (0.3, 1.3) 

0.4 (0.1, 

0.9)* 0.7 (0.4, 1.0)* 0.8 (0.5, 1.4) 

Years working as a 

rubber tapper           

1 to 10 years 1 1 1 1 1 

11 to 30 years 1.7 (0.6, 4.6) 1.2 (0.4, 3.1) 2.9 (0.9, 9.6) 0.7 (0.5, 1.1) 1.1 (0.6, 2.0) 

>30 2.0 (0.7, 5.6) 1.3 (0.5, 3.6) 1.8 (0.5, 7.4) 0.6 (0.4, 1.1) 1.4 (0.7, 2.7) 

Works an additional 

job           

No 1 1 1 1 1 

Yes 1.02 (0.5, 2.1) 2.0 (0.9, 4.2) 1.9 (0.9, 4.2) 2.2 (1.5, 3.3)* 1.4 (0.8, 2.3) 

Tapping hand           

One hand 1 1 1 1 1 

Two hands 3.0 (1.5, 6.1)* 1.1 (0.5, 2.7) 0.7 (0.3, 2.1) 0.8 (0.5, 1.3) 0.6 (0.3, 1.2) 

BMI           

Underweight  0.5 (0.2, 1.5) 0.9 (0.4, 2.1) 1.6 (0.6, 3.9) 0.7 (0.4, 1.2) 0.9 (0.5, 1.8) 

Healthy weight  1 1 1 1 1 

Over weight 1.6 (0.8, 3.4) 0.7 (0.3, 2.0) 1.4 (0.5, 3.7) 0.8 (0.5, 1.3) 1.7 (0.9, 3.0) 

Alcohol Use           

Non-drinker 1 1 1 1 1 

Drinker 0.7 (0.3, 1.7) 0.6 (0.2, 1.6) 2.0 (0.9, 4.4) 1.4 (0.9, 2.0) 0.8 (0.4, 1.5) 

Depression           

Not depressed 1 1 1 1 1 

Depressed 2.6 (1.2, 5.6)* 3.0 (1.4, 6.6)* 0.4 (0.1, 2.6) 0.9 (0.4, 1.7) 2.3 (1.3, 4.1)* 

Stress            

Not high stress 1 1 1 1 1 

High stress 1.7 (0.7, 3.9) 1.6 (0.6, 3.9) 1.0 (0.3, 3.1) 0.7 (0.3, 1.4) 1.3 (0.6, 2.5) 

Note: PR, prevalence ratio; CI, confidence interval  

*P<0.05 

** No tappers aged < 35 years had experienced a fall in the last 12 months.
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4. Discussion 

This study assessed the prevalence of MSDs and work-related injuries among rubber 

tappers on two plantations in Sri Lanka, and the associated risk factors.  

4.1 Musculoskeletal Disorders 

Despite the great potential for MSD risk in this population, no previous studies 

have looked at MSD risk factors in Sri Lankan rubber tappers. Therefore, it is difficult to 

find another population to compare this one to. The prevalence of MSDs in the last 12 

months in this study was high: 66% of tappers suffered from at least one MSD.  This 

finding is similar to the findings of other studies involving rubber tappers, where MSD 

rates have ranged from 30%-72.2% (16, 18, 19). The highest prevalence of MSDs found in 

this study were in the back (43%), shoulders (28.3%), and neck (19.3%).  These findings 

are also in line with a previous study in Malaysia, which found the highest prevalence of 

MSDs to be in the neck, lower back, and shoulders (19).  

These results suggest rubber tappers experience higher rates of MSDs than other 

occupational populations in Sri Lanka. A study done in 2011 examined the rates of 

MSDs in Sri Lankan nurses over the last 12 months and found 21% of nurses had at least 

one MSD (41).  A similar study of garment workers in the country found the 12-month 

prevalence of MSDs at only 15.5% (42). An additional study surveyed mail sorting 

officers and observed an overall MSDs prevalence 59.6% (43). This complements 

previous literature which has shown that MSD prevalence is higher in agricultural 

occupations than other occupational populations (1, 44-46). 
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4.1.1 MSD Risk Factors 

The study found many demographic factors associated with MSDs, including 

gender, age, and ethnicity. Women were 1.5 times more likely to report an MSD than 

males. This supports previous literature, in which studies have demonstrated that 

women have higher MSD rates than men (47, 48). However, the reason for these gender 

differences is not readily available. When looking at the QEC results, there are not large 

differences between exposure levels in women versus men, suggesting there is not an 

ergonomic explanation stemming from a difference in the tapping process by gender. In 

Sri Lanka, women are largely responsible for housework, cooking, and childcare, 

suggesting that varying risk factors encountered outside of work could account for these 

differences. Additionally, prevalence of MSDs varied by weight of latex transported and 

BMI for males versus females. Heavier latex loads caused a significant increase in MSD 

prevalence in males, but not females. This could stem from males traveling longer 

distances, which was not considered in this study. Furthermore, in females being 

overweight was a predictor of MSD risk, while underweight males were at higher risk. 

The reasons for these differences are not clear, and further study in this area is 

suggested.  

Ethnicity was also found to be a significant predictor of MSDs, with Tamils 

experiencing a 30% higher prevalence of MSD compared to Sinhalese. The Tamil 

population in Sri Lanka has been historically disadvantaged, with higher mortality rates 

and less access to formal healthcare than other ethnic groups in Sri Lanka (49). It is also 
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feasible that lifestyle factors exist that differ between ethnic groups and were not 

captured in our questionnaire. Finally, many studies have suggested that pain is 

perceived differently by different ethnic groups (38, 40), which could have resulted in 

over or under reporting by either ethnicity.   

Many aspects of the working environment showed correlation with increased 

prevalence of MSDs including working an additional job that provides income. When 

asked what jobs they work to make extra income, the majority of respondents worked in 

landscaping or as manual laborers (67%) or in other agricultural sectors such as tea 

plucking and oil palm harvesting (39%). These jobs are also highly physical and 

demanding, which could result in the increased PR. 

Workers who tapped using an alternating hand method had a higher prevalence 

of MSDs than those that used solely their left of their right hand. As this study is cross-

sectional in nature, the temporality of this association is unclear. It is plausible that 

workers who experienced MSD symptoms choose to alternate hands in an attempt to 

alleviate pain.  

The prevalence of MSDs was higher in those who were depressed as computed 

by the Perideniya Depression Scale. Many studies have observed a correlation of 

depression with MSDs (44, 50, 51). 

When examining factors associated with MSD by body region, we found that the 

strengths and directions of association differed greatly between the back, shoulders, and 

neck. Gender was only a significant predictor in shoulder pain.  The prevalence of MSDs 
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increased with age in both the back and shoulder regions, but not the neck. While the 

number of trees tapped was not a risk factor for overall MSD pain, it was a predictor of 

shoulder pain. This could be a result of frequency of shoulder motion during tapping 

being a main exposure for the shoulders, as indicated by observations made during the 

QEC. In contrast, much of the exposure for the back and neck could come from latex 

transport, shown by the increase in prevalence with an increased weight of the latex. For 

the back, this hypothesis is supported by the QEC results, as discussed below. 

Depression was significantly associated with all three outcomes. 

4.1.2 Quick Exposure Check 

In line with questionnaire findings, the results of QEC show high or very high 

levels of ergonomic exposure in the back (96.7%), shoulders (94.2%) and neck (83.3%). A 

previous study on palm oil plantations reported a smaller percentage of high or very 

high exposure scores: 77.4% in the back, 77.3% in shoulders and 78.6% in the neck (31). 

Furthermore, a study in Iranian rubber factories found that 85.5% of workers had 

exposure scores of high or very high (32). The results of this study suggest rubber 

tappers may experience higher rates of ergonomic exposures than other occupations. 

 

 

When analyzing the risk factors for the back, the high outcome scores are driven 

by the heavy weight of rubber transported by tappers. If the weight of latex transported 

by all workers was limited to 5 kg or less, exposure scores from high to very high in the 
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back would decrease from 94.4% to only 2.2%. Furthermore, the observed frequency of 

back movements (8-12 times per minute) and working in excessively flexed postures 

while tapping contribute to high exposure levels. The frequency of back movement and 

the extent of flexion depend on the height at which the tree is tapped. Tapping is 

cyclical, with tappers starting high and working down over a number of years. When 

tapping is near the ground, it results in frequent back movements in excessively flexed 

positions, contributing to this risk.  

MSD risk in the shoulders is also of concern, with 96.7% high or very high 

exposure levels. These numbers were driven by an almost continuous back and forth 

shoulder motion while tapping. The frequency of this motion was higher in tappers who 

tapped above their heads, versus those at shoulder height. 

 Neck scores were driven by the high visual demand of the task. Accurate vision 

is very important in rubber tapping, as making a cut too deep can cause permanent 

damage and prevent the tree from producing further latex. Workers were well educated 

about this fact, and when asked why they felt the task was very visually demanding, one 

said “we must have good vision to not cause harm to the trees.”  However, some 

complained that they knew their vision was bad, but did not have access to affordable 

eye glasses. 

4.2 Injuries 

This study found the 12-monthprevalnce of injuries on rubber plantations to be 

higher than the rates of injuries reported in previous literature of other agricultural 
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workers. Studies have reported the 12-month incidence of injuries in Norwegian farmers 

(9.2%), Chinese agricultural workers (12.2%), Korean farmers (3.2%) and American 

farmers (3.3%-10.3%). These rates are much lower than those found in our study (52-55). 

Rubber tappers who worked an additional job were more likely to experience an 

injury in the prior 12 months while working as a rubber tapper. This could be the result 

of more occupational exposure. We found that those who worked an additional job were 

more likely to work > 40 hours a week, at 77.9% compared to 68.5% of those who were 

not working an additional job.  

Previous studies have found depression to be a risk factor for unintentional 

injuries and falls (56-58). However, it is also plausible that depression could follow 

experiencing an injury (59, 60)  Due to the cross-sectional nature of this study, we are 

unable to determine the direction of causation.  

4.2.1 Skin Irritation 

Of the injuries reported, 29.6% (n=176) were cases of skin irritation. The 

prevalence of skin irritation was higher in females, tappers who alternated tapping 

hand, those depressed or with high stress. It increased with age, years working as a 

rubber tapper, and BMI. A study in Thailand tested the rates of latex allergy by skin 

prick in rubber tappers versus non-exposed college students. The study found that 

tappers had slightly higher rates of latex sensitization than the control, 1.3% compared 

to 0% among controls. They also found that 20% had dermatologic symptoms (61). 

During the ergonomic analysis and observational portion of the study, we observed 
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tappers regularly come in contact with raw rubber on their hands, legs, and feet. The 

trend for increased prevalence with increased years worked as a rubber tapper could 

suggest continued exposure to the latex increases susceptibility to irritation. Previous 

studies support this hypothesis and have found that prolonged exposure to raw latex 

increases the chance of latex allergy (62). 

4.2.2 Eye Irritation 

During the last 12 months, 107 cases of eye irritation were reported. Factors 

associated with increased prevalence of eye irritation include being female, working on 

Plantation A, depression, stress, and working more years as a rubber tapper. Once trees 

have been tapped for 20 years, tappers begin high tapping, in which they use large poles 

with knifes attached to tap above their heads. An example of high tapping, without a 

pole, is shown in Figure 1. Some tappers reported that latex dripping into their eyes 

during high tapping resulted in eye irritation. Trees on Plantation A were older than 

those on Plantation B, which could result in the higher rate of eye irritation on Plantation 

A. From the qualitative observations, we found that many cases of eye injuries were 

making it difficult for the workers to see clearly. This is important to address, as good 

eye sight is imperative in the rubber tapping profession.  

4.2.3 Snake Bites 

 Snake bites were the least common injury, with 26 reported cases and 8.3% (n= 

25, one man was bitten twice) of the participants reporting snake bites in the last year. 

One previous study has looked at snake bites on Brazilian rubber plantations. This study 
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found that 13% of tappers were bit throughout their lifetimes (23). While we only asked 

for the number of bites in the past year, we also allowed tappers to tell us about other 

injuries they had experienced as rubber tappers. 31 additional tappers indicated they 

had been bitten by snakes in their career as a rubber tapper, suggesting a career 

prevalence of 18.7%. Despite being the least prevalent injury, snake bites were the most 

serious, resulting in an average of 7.5 days of work missed per bite. While most injuries 

were much more common in females, snake bites were significantly more prevalent in 

males. This could mean the terrain encountered by males is different than females, 

although this was not something we observed in our observations. 

4.2.4 Knife Cuts 

Knife cuts were the most common injury, with 182 knife cuts in the last 12 

months, in 300 rubber tappers. The prevalence of knife cuts decreased with the number 

of years worked and age, suggesting that knowledge of the profession and tapping 

method may decrease the risk of a knife cut. During the observations, we documented 

that many tappers use one hand to apply the force on the handle of the knife, and the 

other hand is used to guide the knife along the previous cut. When the knife catches on a 

knot in the bark or an uneven patch of tree, it is prone to slipping, sometimes cutting the 

guiding hand. Other cuts happened when tappers were walking through the rubber 

lands holding their knives and slipped. A simple cover applied to the knife during 

transport could prevent these injuries. Some tappers reported serious infections after 
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getting cut, suggesting tappers need increased access to medical treatment and first aid 

knowledge. 

4.2.5 Falls 

Over the last 12 months, 103 falls were reported by 300 rubber tappers. Many 

falls were serious, resulting in an average of 3.7 days of work missed per fall. Falls were 

more common in women, the depressed, and increased with age and BMI. While 

navigating the rubber fields during the observation phase of this study, we found that 

many areas had harsh overgrowth, and steep, rocky inclines. We found the land very 

difficult to navigate. Tappers must navigate this land multiple times a day, once while 

carrying a heavy bucket full of latex. In the qualitative observations we found that many 

tappers believed the heavy latex was what caused them to fall.  

4.3 Implications for policy and practice 

Occupational health in the agricultural sector in Sri Lanka currently has no 

government oversight. This study demonstrates the need to extend legislative protection 

beyond the Factories Ordinance, to cover agricultural workers as well. Legislation on 

workers compensation should be examined, to compensate workers who are injured 

while working for plantation companies. On the plantations studied in the current 

research, no forum was available to report musculoskeletal pain or injuries. It is 

important for plantation managers to provide monitoring and reporting systems for 

MSDs and injuries on plantations.  
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Musculoskeletal disorders were prevalent on plantations. During the ergonomic 

analysis we identified many risk factors for these disorders, including working in 

awkward positions and carrying heavy loads. Our analysis indicated that MSD exposure 

factors could be lowered by reducing the amount of weight transported at a time. This 

could be accomplished by providing smaller collecting buckets that cannot hold more 

than 5 kg of latex. Transport vehicles, including carts or a collection truck, could also be 

employed to reduce the distance workers must transport heavy loads. Plantation 

managers should focus on training workers in the correct methods of bending, to 

promote bending with the hips instead of the back.  

 Increased age was found to be a risk factor of MSDs in general and back injuries. 

As higher paying, more prestigious agricultural jobs are appearing in Sri Lanka, less 

people are being recruiting as rubber tappers. Both plantation companies in this study 

noted that their tapping populations were aging, while jobs like oil palm harvesting and 

factory work were attracting younger employees. As tapper populations age, it is 

important to take steps to make the work safer for the elderly. 

The prevalence of injuries found in this study was high, resulting in many days 

of work missed. Every day of work missed means less income for not only tappers, but 

the plantations as a whole as well. This gives managers a financial incentive to improve 

safety on their plantations. Managers should focus on process modification to prevent 

workers from contacting hazards. Rubber lands should be well landscaped to prevent 

falls off of uneven ground, and clear brush that can house snakes and other wildlife. 
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Lastly, plantations could provide training in first aid and personal protective equipment 

to employees. All tappers should wear closed toed shoes to prevent animal bites to the 

feet and protect from leeches and other skin irritants. Gloves should be provided to 

cover the hands and prevent skin irritation. Tappers who work above their heads should 

be required to wear eye protection. 

Lastly, good eyesight is important for tappers to prevent accidental damage to 

trees. Many tappers complained of poor eyesight and did not have the ability to procure 

glasses. In an eye screening program conducted by the University of Ruhuna on Galle 

area plantations they identified 30 out of 120 tappers needed corrective eyewear. In a 

follow-up with the plantation two months after the screening, the majority of tappers 

still did not have glasses. To protect their trees and therefore productivity, plantation 

management should work with tappers to provide eye glasses. 

Given the constraints of the current depressed prices for rubber , the direct and 

indirect economic costs of any interventions need to be carefully considered to ensure 

that the most important and effective changes are prioritized. 

4.4 Implications for further research 

The results of this study warrant future research on the safety and health of 

rubber tappers. Many factors associated with occupational MSDs and injuries were 

identified. Future studies should seek to understand the reasons for these factors, as well 

as identifying risk factors in other rubber tapper populations. The high prevalence of 

MSDs suggest future research should focus on eliminating MSD risk by reducing the 
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ergonomic exposures identified in this research. This should be done by redesigning the 

job to eliminate hazards. Further research should also focus on development and 

evaluation of injury prevention programs.  

4.5 Study strengths and limitations 

This study examined a population to which no previous research has been 

devoted, making it valuable research in an otherwise undocumented field. The measures 

used in this study were widely accepted, making results comparable to studies of other 

populations. The measure of depression was culturally relevant, developed in Sinhala 

for use in Sri Lanka. Limitations of this study include the cross-sectional design, the 

limited sample size, and the use of convenience sampling. Despite the limited sample 

size, many risk factors were significant. However, the small sample size made it difficult 

to make inquiries on less common outcomes, including many injuries. Random 

sampling was not possible as employment lists and contact information were not 

available. Furthermore, as contacting participants was difficult, the QEC respondents 

were not a subset of the questionnaire respondents, preventing us from drawing 

comparison between questionnaire and QEC data. The small geographic scope of the 

project may limit the number of people these results are applicable to. While our 

population, from the southern province of Sri Lanka, was a mix of both Tamil and 

Sinhalese, many other plantations on the island employ almost solely Tamil workers. 

This change in demographic, as well as the differing landscapes throughout the country, 

make it hard to generalize these results to all of Sri Lanka. However, we found little 
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variability in tapping method between gender and ethnicity, suggesting the ergonomic 

analysis could hold true for other rubber tapping populations. 
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5. Conclusion 

The prevalence of MSDs and injuries among rubber tappers are both high. In a 

survey of 300 rubber tappers, 66% reported MSDs and 49% reported injuries in the last 

12 months. Back pain was the most common MSD reported, followed by pain in the 

shoulders, neck, wrists, and arms. Numerous factors influenced MSD risk, including 

gender, age, ethnicity, working an additional job, tapping style, weight of latex, BMI, 

and depression. Furthermore, the influence of risk factors varied by gender. An 

ergonomic analysis revealed many rubber tappers are at high risk of MSD injuries in 

their backs, shoulders, and necks. Exposure levels were high or very high for 94.4% of 

workers in the back, 96.7% in the shoulders, and 83.3% in the neck. Factors associated 

with injuries included working an additional job and depression. During observations 

on the plantations, we identified many barriers to occupational safety including lack of 

personal protective equipment and rough terrain. These results warrant immediate 

intervention. To prevent MSDs, workers should limit the time spent in awkward 

tapping positions and carry lighter loads. Eye glasses should be provided to those with 

poor vision to prevent undue strain on the neck and improve vision. Plantation 

managers should provide protective equipment and landscaping to prevent work 

related injuries, access to medical treatment, and first aid.  Future research could include 

determining methods of tapping process modification that reduce the hazards 

associated with MSDs and injuries. 
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A: Informed Consent Form              

Research Study: Health of Rubber Tappers in Sri Lanka 

 

 You are invited to be in a research study about the health concerns of rubber tappers in 

Sri Lanka. This study is being led by a team from University of Ruhuna, Galle and Duke 

University, US. We hope that this study will help us understand the health needs of rubber 

tappers. We also hope our study can help health programs for rubber plantation workers. This 

study will take place between September 2014 and November 2014.  

If you choose to be in our study, you will be asked a set of questions, using a 

questionnaire, on your experience working as a rubber tapper, your physical health, and your 

mental health. The questions will be asked in Sinhalese, by a graduate from University of Ruhuna 

Faculty of Medicine. Most questions will either require an answer in the form of a Yes or a No, or 

will require you to choose one answer from a list of potential answers. A few questions will be 

open-ended, enabling you to provide whatever response you desire. Although we do not think our 

questions are problematic, you may find some of them personal or sensitive. While we hope that 

you will reply honestly and to the best of your abilities, you can skip any questions that you do 

not wish to answer. You can also ask us to stop asking you questions at any time for any reason. 

Whatever you decide will not affect your employment or relationship with University of 

Ruhuna or Duke University. The total time required to answer our questions is about 45 minutes 

to 1 hour. You will be compensated 300 Rupees for your time. 

In addition to the questionnaire, you may be selected to be in a second questionnaire and 

work observation; however, you do not have to agree to answer questions or be observed if you 

do not want to. If you agree to answer the second set of questions, you can skip any questions you 

do not wish to answer. After the questionnaire, we will shadow you for 1-2 hours during your 

work day to observe your posture and body movements while tapping. You will be compensated 

an additional 300 Rupees if you agree to be part of this portion of the study. 

 Your privacy is important to us. All the information we collect will be kept locked in a 

cabinet at the University of Ruhuna. Only members of the research team will have access to this 

information. Later the information will be incorporated into a written report and possibly a 

journal article. The findings will also be presented to students and faculty. Although we ask you 

to provide us with a lot of information about you, any information that can lead someone to 

identify you will not appear on any document we create and share with others. 
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 Our goal is to use the information we collect during our research study to help health 

programmes for rubber tappers in Sri Lanka. Please be assured that being in this research study is 

completely voluntary. You do not have to agree to answer questions or be observed if you do not 

want to. Even if you agree but later change your mind, you can let us know and we can erase all 

the information you shared with us if you prefer.  

If you have any questions or concerns before we begin, please feel free to ask them now. 

You will be given a separate copy of this document for your records. If you have any additional 

questions about this study after your participation, please contact Dr. Vijitha De Silva by phone at 

077760970, or by email at pvijithadesilva123@yahoo.com. You may also contact Kayla 

Stankevitz by phone at +01 9206607767, or by email at kayla.stankevitz@duke.edu. For 

information about your rights as a participant, you may contact University of Ruhuna at +94 91 

2234801. 

 

STATEMENT OF CONSENT 

 

If you agree to participate in this study, please sign the statement of consent below: 

 

 

Printed Name of Participant______________________________________________ 

Signature of Participant ______________________________Date ______________ 

Signature of Investigator ______________________________ Date ______________ 
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Date _______ / _______ / __ __ __ __  

          MONTH      DAY   YEAR 
 

Interviewer: _________________________________ 

 

ID Number __________ 

Gender __________ (0 female 1 male) 

Estate name __________ 

 

I am going to read you a series of questions about you, your job, and your social, economic, 

mental and physical health. Everyone in this study will be asked the same questions. I will read 

each one carefully. If you do not want to answer, just say so. If you do not understand something, 

please ask. Please give me the best answer you can for each question. 

 

 

 

Time interview started: __________ 

Time interview ended: __________ 
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 Part A: Background 

 

First, I’d like to ask you a few questions about yourself and your work. 

A1. How many years old are you? _____ years 

 

A2. How tall are you? __ __ __.__ cm 

 

A3. How much do you weigh? __ __ __.__ kg 

 

A4. Are you left or right handed while tapping trees (which hand do you use to push 

the knife)?  

 1 Left 

 2 Right  

 3 Use both hands equally 

 

A5. How old were you when you started working as a rubber tapper? ___________ 

years 

 

A6.   How many years have you worked as a rubber tapper? _________ years 

 

A7. On average, during the rainy season and the dry season, how many days per week 

do you work as a rubber tapper?  

a. dry season: _________ days/week 

b. rainy season: _________ days/week 

 

A8.   On average, during the rainy season and the dry season, how many hours per day do 

you work as a rubber tapper? 

a. dry season: _________ hours/day 

b. rainy season: _________ hours/day 

 

A9.   On average, how many trees a day do you tap? _________ trees/day 

 

A10.  On average, during the rainy season and the dry season, how much do you make 

in one month year, working as a rubber tapper? __________ Rupees 

a. dry season: _________ rupees 

b. rainy season: _________ rupees 

 

A11. How do you usually transport the rubber you collect to the collecting center? 

 1 On head 

 2 On hip 

 3 On shoulder 

 4 On back 

 5 In hand 

 6 Other _________________________________________________ 
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A12. On an average trip, how many kg of latex do you transport? ________________ 

kg 

 

A13. Do you have any additional source of income, in addition to working as a rubber 

tapper? 

0 No 

1 Yes IF YES � PLEASE SPECIFY 

__________________________________ 

 

A14.  Now I will ask you about some equipment you may use during your job. 

Type of Equipment Do you use this on the 

job? 

You 

purchased 

Provided 

by 

employer 

Knife (type:__________________) 0 NO  1YES ( if 

yes �) 
1 2 

Gloves 0 NO  1YES ( if 

yes �) 
1 2 

Mask 0 NO  1YES ( if 

yes �) 
1 2 

Other type of cover for mouth and/or 

nose (specify:_________________) 
0 NO  1YES ( if 

yes �) 
1 2 

Eye protection  0 NO  1YES ( if 

yes �) 
1 2 

Closed toe shoes (not sandals) 0 NO  1YES ( if 

yes �) 
1 2 

Other LIST OTHER 

EQUIPMENT: 

1)____________________________ 

2)____________________________ 

3)____________________________ 

4)____________________________ 

 

 

 

1)   1 

2)   1 

3)    1 

4)   1 

 

2 

2 

2 

2 

 

 

A15. If you wanted to stop working as a rubber tapper, do you feel you would have 

other opportunities to find work? 

0 No 

1 Yes 

 

EITHER ANSWER: Please explain: 

______________________________________________________ 
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Part B: Health 

 

Now I will ask you some questions about your health. 

B1. If you or a family member becomes ill, who do you seek medical advice and 

treatment from? 

1 Government Hospital 

2 Private Hospital  

3 Ayurevedic Practitioners 

4 Other: _______________________________ 

B2. How long does it take you to travel to seek medical care? ________________   

 

B3. How would you assess your health status over the last year? 

4 Excellent 

3 Good 

2 Fair 

1 Poor 

 

B4. Have you ever been told by a doctor you have any of the following? 
 No (0) Yes (1) 

Kidney Failure   

High Blood Pressure   

Migraines   

Heart Attack   

Diabetes   

Arthritis   

Bronchial Asthma   

High Cholesterol   

Other (Please Specify) __________________________________   

 

B5. Have you ever been diagnosed with cancer? 

 0 No 

 1 Yes � IF YES, what type of cancer? 

__________________________________ 

 

B6. Are you taking any western medications for pain?   

 0 No  

 1 Yes 

 

B7. Are you taking any ayurvedic medications for pain?   

 0 No  

 1 Yes 
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Part C: Work Related Injuries 

Now I’m going to ask you some questions regarding injuries at work. I’ll ask you if you 

experienced a certain injury then some additional questions. We are only interested in 

injuries you have sustained from your work as a rubber tapper. 

Type of Injury How many times have 

you experienced this 

injury in the last year 

(if injury occurred >1 

yr ago, please specify 

below)? 

Did you see a 

doctor at? 

Did you miss 

work? 

C1. Skin Irritation _______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C2. Eye Irritation or Eye 

Problems 

_______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C3. Snake Bites _______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C4. Knife Cut _______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C5. Falls  _______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C6. Other 

(Specify:__________________) 

_______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C7. Other 

(Specify:__________________) 

_______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

C8. Other 

(Specify:__________________) 

_______ ( if > 0 �)  no   yes  no   yes 

days missed:___ 

 

Notes:__________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

____________________________________________________ 
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Da: Neck – PROVIDE CUE CARD TO PARTICPANT 

 

I will ask you some questions about the pain you have had in the shaded area of this 

picture, the neck.  

 

Da1. In the last 12 months, have you had any neck pain? 

0 No �(IF NO, SKIP TO NEXT BODY PART) 

1 Yes 

 

Da2. Have you ever had an accident to your neck? 

0 No  

1 Yes   � IF YES,   Did this injury occur at work?   0 No         1 Yes 

 

 Please explain the injury: 

 _________________________________________________________________ 

 __________________________________________________________________ 

 

Da3. Have you ever had surgery on your neck?       0 No         1 Yes 

 

Da4. In the past 12 months, how often have you had neck pain? 

1 Constantly 4 Once a month 

2 Daily 5 Every 2-3 months 

3 Once a weeks 6 Every 6 months 

7 Other - Please specify:__________________________________________________ 

 

Da5. On average, describe how bad your neck pain has been in the past 12 months. 

Which of these best describes how bad the pain has been?   PROVIDE PAIN 

SCALE CARD TO PARTICIPANT 

 
Da6. On average, when you experience neck pain, how long does it last? 

 

1 1 day to 1 week 2 1 week to 2 weeks 3 More than 2 weeks 

 

Da7. Has your neck pain interfered with your work during the last 12 months? 

0 No 

1 Yes � IF YES, please explain: __________________________________ 

 

Da8. Estimate how many days you had to change the way you do your work, in the past 

12 months, due to your neck pain? 

0 0 days 2 1 week to 2 weeks 
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1 1 day to 1 week 3 More than 2 weeks 

Da9. Estimate how many days you missed work, in the past 12 months, due to your 

neck pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Da10. Have you ever thought about changing jobs, in the last 12 months, because of 

your neck pain? 

0 No 

1 Yes 
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Db: Shoulders – PROVIDE CUE CARD TO PARTICPANT 

 

I will ask you some questions about the pain you have had in the shaded area of this 

picture, the shoulders.  

Db1. In the last 12 months, have you had any shoulder pain? 

0 No �(IF NO, SKIP TO NEXT BODY PART) 

1 Yes 

 

Db2. Have you ever had an accident to your shoulders? 

0 No  

1 Yes   � IF YES,   Did this injury occur at work?   0 No         1 Yes 

 

 Please explain the injury: 

 __________________________________________________________________

________ 

 __________________________________________________________________

________ 

Db3. Have you ever had surgery on your shoulder?       0 No         1 Yes 

 

Db4. In the past 12 months, how often have you had shoulder pain? 

1 Constantly 4 Once a month 

2 Daily 5 Every 2-3 months 

3 Once a weeks 6 Every 6 months 

7 Other - Please specify:__________________________________________________ 

 

Db5. On average, describe how bad your shoulder pain has been in the past 12 months. 

Which of these best describes how bad the pain has been?   PROVIDE PAIN 

SCALE CARD TO PARTICIPANT 

 
Db6. On average, when you experience shoulder pain, how long does it last? 

 

1 1 day to 1 week 2 1 week to 2 weeks 3 More than 2 weeks 

 

Db7. Has your shoulder pain interfered with your work during the last 12 months? 

0 No 

1 Yes � IF YES, please explain: __________________________________ 

 

Db8. Estimate how many days you had to change the way you do your work, in the past 

12 months, due to your shoulder pain? 
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0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Db9. Estimate how many days you missed work, in the past 12 months, due to your 

shoulder pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Db10. Have you ever thought about changing jobs, in the last 12 months, because of 

your shoulder pain? 

0 No 

1 Yes 

Dc: Back – PROVIDE CUE CARD TO PARTICPANT 

 

I will ask you some questions about the pain you have had in the shaded area of this 

picture, the back.  

 

Dc1. In the last 12 months, have you had any back pain? 

0 No �(IF NO, SKIP TO NEXT BODY PART) 

1 Yes 

 

Dc2. Have you ever had an accident to your back? 

0 No  

1 Yes   � IF YES,   Did this injury occur at work?   0 No         1 Yes 

 

 Please explain the injury: 

 __________________________________________________________________

________ 

 __________________________________________________________________

________ 

 

Dc3. Have you ever had surgery on your back?       0 No         1 Yes 

 

Dc4. In the past 12 months, how often have you had back pain? 

1 Constantly 4 Once a month 

2 Daily 5 Every 2-3 months 

3 Once a weeks 6 Every 6 months 

7 Other - Please specify:__________________________________________________ 

 

Dc5. On average, describe how bad your neck pain has been in the past 12 months. 

Which of these best describes how bad the pain has been?   PROVIDE PAIN 

SCALE CARD TO PARTICIPANT 
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Dc6. On average, when you experience neck pain, how long does it last? 

 

1 1 day to 1 week 2 1 week to 2 weeks 3 More than 2 weeks 

 

Dc7. Has your back pain interfered with your work during the last 12 months? 

0 No 

1 Yes � IF YES, please explain: __________________________________ 

 

Dc8. Estimate how many days you had to change the way you do your work, in the past 

12 months, due to your back pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Dc9. Estimate how many days you missed work, in the past 12 months, due to your 

back pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Dc10. Have you ever thought about changing jobs, in the last 12 months, because of 

your back pain? 

0 No 

1 Yes 
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Dd: Arms – PROVIDE CUE CARD TO PARTICPANT 

 

I will ask you some questions about the pain you have had in the shaded area of this 

picture, the arms.  

 

Dd1. In the last 12 months, have you had any arm pain? 

0 No �(IF NO, SKIP TO NEXT BODY PART) 

1 Yes 

 

Dd2. Have you ever had an accident to your arm? 

0 No  

1 Yes   � IF YES,   Did this injury occur at work?   0 No         1 Yes 

 

 Please explain the injury: 

 __________________________________________________________________

________ 

 __________________________________________________________________

________ 

 

Dd3. Have you ever had surgery on your arm?       0 No         1 Yes 

 

Dd4. In the past 12 months, how often have you had arm pain? 

1 Constantly 4 Once a month 

2 Daily 5 Every 2-3 months 

3 Once a weeks 6 Every 6 months 

7 Other - Please specify:__________________________________________________ 

 

Dd5. On average, describe how bad your arm pain has been in the past 12 months. 

Which of these best describes how bad the pain has been?   PROVIDE PAIN 

SCALE CARD TO PARTICIPANT 

 
Dd6. On average, when you experience arm pain, how long does it last? 

 

1 1 day to 1 week 2 1 week to 2 weeks 3 More than 2 weeks 

 

Dd7. Has your arm pain interfered with your work during the last 12 months? 

0 No 

1 Yes � IF YES, please explain: __________________________________ 

 

Dd8. Estimate how many days you had to change the way you do your work, in the past 
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12 months, due to your arm pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Dd9. Estimate how many days you missed work, in the past 12 months, due to your 

arm pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

Dd10. Have you ever thought about changing jobs, in the last 12 months, because of 

your arm pain? 

0 No 

1 Yes 
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De: Wrists/Hands – PROVIDE CUE CARD TO PARTICPANT 

 

I will ask you some questions about the pain you have had in the shaded area of this 

picture, the wrists and hands.  

De1. In the last 12 months, have you had any wrist/hand pain? 

0 No �(IF NO, SKIP TO NEXT BODY PART) 

1 Yes 

 

De2. Have you ever had an accident to your wrists/hands? 

0 No  

1 Yes   � IF YES,   Did this injury occur at work?   0 No         1 Yes 

 

 Please explain the injury: 

 __________________________________________________________________

________ 

 __________________________________________________________________

________ 

De3. Have you ever had surgery on your wrist/hand?       0 No         1 Yes 

 

De4. In the past 12 months, how often have you had wrist/hand pain? 

1 Constantly 4 Once a month 

2 Daily 5 Every 2-3 months 

3 Once a weeks 6 Every 6 months 

7 Other - Please specify:__________________________________________________ 

 

De5. On average, describe how bad your wrist/hand pain has been in the past 12 

months. Which of these best describes how bad the pain has been?   PROVIDE 

PAIN SCALE CARD TO PARTICIPANT 

 
De6. On average, when you experience wrist/hand pain, how long does it last? 

1 1 day to 1 week 2 1 week to 2 weeks 3 More than 2 weeks 

 

De7. Has your wrist/hand pain interfered with your work during the last 12 months? 

0 No 

1 Yes � IF YES, please explain: __________________________________ 

 

De8. Estimate how many days you had to change the way you do your work, in the past 

12 months, due to your wrist/hand pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 
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De9. Estimate how many days you missed work, in the past 12 months, due to your 

wrist/hand pain? 

0 0 days 2 1 week to 2 weeks 

1 1 day to 1 week 3 More than 2 weeks 

 

De10. Have you ever thought about changing jobs, in the last 12 months, because of 

your wrist/hand pain? 

0 No 

1 Yes 

 

Part E: Perceived Stress Scale 
The questions in this scale ask you about your feelings and thoughts during the last 

month. In each case, please tell me with a check how often you felt or thought a certain 

way. 
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E1 
In the last month, how often have you been upset because of 

something that happened unexpectedly? 0 1 2 3 4 

E2 
In the last month, how often have you felt that you were unable 

to control the important things in your life? 0 1 2 3 4 

E3 

In the last month, how often have you felt nervous and 

"stressed"? 0 1 2 3 4 

E4 
In the last month, how often have you felt confident about your 

ability to handle your personal problems? 0 1 2 3 4 

E5 
In the last month, how often have you felt that things were 

going your way? 0 1 2 3 4 

E6 
In the last month, how often have you found that you could not 

cope with all the things that you had to do. 0 1 2 3 4 

E7 
In the last month, how often have you been able to control 

irritations in your life? 0 1 2 3 4 

E8 
In the last month, how often have you felt that you were on top 

of things? 0 1 2 3 4 

E9 
In the last month, how often have you been angered because of 

things that were outside of your control? 0 1 2 3 4 
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E10 
In the last month, how often have you felt difficulties were 

piling up so high that you could not overcome them? 0 1 2 3 4 
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Part F: THE WHOQOL-BREF  
F1. Are you currently ill? 

0 No 

1 Yes  

2 Unknown 

 
F2. If something is wrong with your health, what do you think it is? 
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F3 
Do you get the kind of support from others that you 

need? 
01 02 03 04 05 
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F4 
How would you rate your quality of life? 

 
01 02 03 04 05 
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F5 How satisfied are you with your health? 01 02 03 04 05 

 

The following questions I’m asking about how much you have experienced certain 

things in the last two weeks. 
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F6 
To what extent do you feel that (physical) pain prevents you from doing 

what you need to do? 
1 2 3 4 5 

F7 
How much do you need any medical treatment to function in your daily 

life? 
1 2 3 4 5 

F8 How much do you enjoy life? 1 2 3 4 5 

F9 To what extent do you feel your life to be meaningful? 1 2 3 4 5 
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F10 How well are you able to concentrate? 1 2 3 4 5 

F11 How safe do you feel in your daily life? 1 2 3 4 5 

F12 How healthy is your physical environment? 1 2 3 4 5 

 

The following questions I’m asking about how completely you experience or were able 

to do certain things in the last two weeks. 
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F13 Do you have enough energy for everyday life? 1 2 3 4 5 

F14 Are you able to accept your bodily appearance? 1 2 3 4 5 

F15 Have you enough money to meet your needs? 1 2 3 4 5 

F16 
How available to you is the information that you need in your day-to-

day life? 
1 2 3 4 5 

F17 To what extent do you have the opportunity for leisure activities? 1 2 3 4 5 
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F18 How well are you able to get around? 01 02 03 04 05 

 

The following questions I’m asking you to say how good or satisfied you have felt about 

various aspects of your life over the last two weeks. 
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F19 How satisfied are you with your sleep? 1 2 3 4 5 

F20 How satisfied are you with your ability to perform your daily living 1 2 3 4 5 
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activities? 

F21 How satisfied are you with your capacity for work? 1 2 3 4 5 

F22 How satisfied are you with yourself? 1 2 3 4 5 

F23 How satisfied are you with your personal relationships? 1 2 3 4 5 

F24 How satisfied are you with the support you get from your friends? 1 2 3 4 5 

F25 How satisfied are you with the conditions of your living place? 1 2 3 4 5 

F26 How satisfied are you with your access to health services? 1 2 3 4 5 

F27 How satisfied are you with your transport? 1 2 3 4 5 

 

The following question refers to how often you have felt or experienced certain things in 

the last two weeks. 
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F28 
How often do you have negative feelings such as blue mood, 

despair, anxiety, depression? 
01 02 03 04 05 
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Part G: Substance Use 

 
G1. Have you ever smoked tobacco? 

0 No 

1 Yes � IF YES, a. do you currently smoke? 

0 No� IF NO, a1. how many years did you smoke? 

__________ years 

a2. How long ago did you quit? ______ years ______ months 

a3. About how many cigarettes per week did you smoke (on 

average?) _____ packs 

1 Yes � IF YES, a4. how many years have you smoked? 

__________ years 

a5. About how many packs per week do you smoke? (on average) 

________ packs 

 
G2. Do you chew tobacco? 

0 No 

1 Yes � IF YES, a. do you currently chew tobacco? 

0 No� IF NO, b1. how many years did you chew tobacco? 

__________ years 

b2. How long ago did you quit? ______ years ______ months 

b3. About how much did you chew per week (on average?) 

_______ grams 

1 Yes � IF YES, b4. how many years have you chewed 

tobacco? _______ years 

b5. About how much did you chew per week (on average?) 

_______ grams 

 
G3. Have you ever chewed betel? 

0 No 

1 Yes � IF YES, do you currently chew betel? 

0 No� IF NO, how many years did you chew betel? 

__________ years 

How long ago did you quit? ______ years ______ months 

About how many times per week did you chew (on average?) 

_______ time 

 

1 Yes � IF YES, how many years have you chewed betel? 

__________ years 

About how many times per week do you chew betel? ________ 

years 

 

AUDIT C 
G4. How often did you have a drink containing alcohol in the past year? 
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0 Never 

1 Monthly or less 

2 2 to 4 times a month 

3 2 to 3 times a week 

4 4 or more times a week 

 
G5. How many drinks containing alcohol do you have on a typical day when you are drinking? 

0 1 or 2 

1 3 or 4 

2 5 or 6 

3 7 to 9 

4 10 or more 

 
G6. How often did you have six or more drinks on one occasion? 

0 Never 

1 Less than monthly 

2 Monthly 

3 2 to 3 times a week 

4 4 or more times a week 
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Part H: Peradeniya Depression Scale (translated from Sinhala to English)  

Now I’ll ask some questions about how you’ve felt in the last 2 weeks  

H1. Have you experienced a burning type sensation? 

0 No 

1 Yes  

H2. Have you experienced sleeping disturbances? 

0 No 

1 Yes  

H3. Have you experienced loss of weight without a serious illness? 

0 No 

1 Yes  

H4. Have you experienced loss of appetite? 

0 No 

1 Yes  

 

H5. Have you suffered from any of the following problems? 

a. Headache? 

0 No 

1 Yes  

b. Chest discomfort? 

0 No 

1 Yes  

c. Joint pain? 

0 No 

1 Yes  

d. Waata amaaru  (a kind of pain that you can’t explain. This is an ayurvedic 

term and understood in Sinhala). 

0 No 

1 Yes  

e. Feeling of abdominal fullness? 

0 No 

1 Yes  

f. Fatigability? 

0 No 

1 Yes  

H6. Did you suffer from any of the following types of distress during the last two week? 

a. Sad mood? 

0 No 

1 Yes  

 

b. Stomach pain/gas pain 

0 No 

1 Yes  
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c. Irritability/ Aggression? 

0 No 

1 Yes  

d. Loss of interest or pleasure? 

0 No 

1 Yes  

e. Suicidal thought? 

0 No 

1 Yes  

f. Pessimism or hopelessness about you and your family members? 

0 No 

1 Yes  

g. Loss of self-confidence or loss of energy 

0 No 

1 Yes  

h. Are you feeling suspicious from time to time 

0 No 

1 Yes  

 

H7. Do you think that things you think or things you feel occur due to the following 

reasons? 

a. Things you have done in previous birth 

0 No 

1 Yes  

b. Bad time or bad planetary influences 

0 No 

1 Yes  

c. Malevolent charm 

0 No 

1 Yes  

 

H8. Are you neglecting your family maintenance and household work? 

0 No 

1 Yes  

 

H9. Are you neglecting your work in your work place? 

0 No 

1 Yes  

 

H10. Do you have reduced social interactions? 

0 No 

1 Yes  

 

H11. Have you taken treatment for an undiagnosed illness for a long duration? 
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0 No 

1 Yes  
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I: Demographics 

 

We will end today with a few more questions about your background. 

I1. What is your ethnicity? 

0 Sinhalese  

1 Tamil  

2 Muslim 

3 Other � PLEASE SPECIFY __________________________________ 

 

I2. What is your religion? 

0 Buddhist  

1 Hindu  

2 Muslim 

3 Christian 

4 Other � PLEASE SPECIFY __________________________________ 

 

I3. What is the highest level of education you have completed? 

0 No school 

1 Below grade five 

2 Fifth to tenth grade 

3 Up to ordinal level 

4 Post High School diploma or Up to advanced level 

5 degree or diploma 

6 Post-graduate 

 

I4. Are you literate? (can read and write)  

a. Can you write?  0 No 1 Yes 

b. Can you read?    0 No 1 Yes 

 

I5. Are you married? 

0 No  

1 Yes  

2 Widowed 

3 Divorced  

4 Separated 

5 Living together 

 

I6. IF MARRIED/WAS MARRIED At what age were you married? _______ years 

 

I7. Do you own, rent or live in housing provided by your employer? 

0 Own 

1 Rent 

2 Provided by employer 

3 Other � PLEASE SPECIFY __________________________________ 
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I8. How long have you lived in your current residence? _____________ 

years/months/weeks 

 

I9. What type of house do you live in? 

0 Cement 

1 Mud 

2 Wood 

3 Other � PLEASE SPECIFY __________________________________ 

 

I10. Do you feel your house is bothered by mosquitos? 

0 No  

1 Yes  

 

I11. Do you use any of the following to prevent mosquito bites? 

0 None  

1 Net 

2 Coil 

3 Fan 

4 Smoke 

5 Other � PLEASE SPECIFY __________________________________ 

 

I12. Which of the following do you live with? 

0 Immediate Family  

1 Relatives 

2 Friends 

3 Colleagues 

4 Alone 

5 Other � PLEASE SPECIFY __________________________________ 

 

I13. How many people live in your household? _______ people 

 

 

 

I14. How many people in your household work a job that provides income for the 

household? ____________________________________ 

 

I15. To what extent do you think your household income is enough for your family to 

live on? 

0 Not at all adequate 

ADULTS CHILDREN 

a. MALE b. FEMALE c. MALE d. FEMALE 
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1 Can meet necessities only 

2 Can afford some of the things I want but not all I want 

3 Can afford about everything I want 

4 Can afford about everything I want and still have enough money left over 

 

I16. What is your average monthly household income? 

0 Less than 5,000 

1 05,001 - 10,000 

210,001 - 15,000 

315,001 – 20,000 

420,001 – 25,000 

525,001 – 30,000 

630,001 – 35,000 

735,001 – 40,000 

840,001 – 45,000 

945,001 – 50,000 

10Over 50,000 

 

I17. In the last year, has your family received grants? 

0 No 

1 Samurdha 

2 Scholarships 

3 Other � PLEASE SPECIFY __________________________________ 

 

I18. How do you access drinking water in your household (can choose more than 

one)? 

0 Piped water 

1 Public taps 

2 Personal Well 

3 Shared Well 

4 Other � PLEASE SPECIFY __________________________________ 

 

I19. Do you boil water prior to drinking? 

0 No 

1 Yes 

2 Sometimes boil, sometimes don’t 

 

I20. What type of toilets do you use in your household? 

0 None 

1 Common toilet (>2 families) 

2 Shared (2 families) 

3 Toilet (outside house) 

4 Toilet (inside house) 

5 Other � PLEASE SPECIFY __________________________________ 
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I21. What type of latrine do you use? 

0 Water sealed 

1 Pit 

 

I22. What type of fuel do you use for cooking? 

0 Firewood 

1 Gas 

2 Kerosene 

3 Other � PLEASE SPECIFY __________________________________ 

 

I23. Do you have electricity in your house? 

0 No  

1 Yes  
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Part C: QEC Observation form and questions 

Researcher Section: 

Back 

A When performing the task, is the back 

(select worse case situation) 

A1 Almost neutral? 

A2 Moderately flexed or twisted or side bent? 

A3 Excessively flexed or twisted or side bent? 

B Select ONLY ONE of the two following task 

options: 

EITHER 

For seated or standing stationary tasks. Does the 

back remain in a static position most of the time? 

B1 No 

B2 Yes 

OR 

For lifting, pushing/pulling and carrying tasks 

(i.e. moving a load). Is the movement of the back 

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

B4 Frequent (around 8 times per minute)? 

B5 Very frequent (around 12 times per minute or 

more)? 

 

Shoulder/Arm 

C When the task is performed, are the hands 

(select worse case situation) 

C1 At or below waist height? 

C2 At about chest height? 

C3 At or above shoulder height? 

D Is the shoulder/arm movement 

D1 Infrequent (some intermittent movement)? 

D2 Frequent (regular movement with some pauses)? 

D3 Very frequent (almost continuous movement)? 

 

Wrist/Hand 

E Is the task performed with 

(select worse case situation) 

E1 An almost straight wrist? 

E2 A deviated or bent wrist? 

F Are similar motion patterns repeated 

F1 10 times per minute or less? 

F2 11 to 20 times per minute? 

F3 More than 20 times per minute? 

Neck 

G When performing the task, is the head/neck 

bent or twisted? 

G1 No 
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G2 Yes, occasionally 

G3 Yes, continuously 

 

Worker Questions: 

H Is the maximum weight handled 

MANUALLY BY YOU in this task? 

H1 Light (5 kg or less) 

H2 Moderate (6 to 10 kg) 

H3 Heavy (11 to 20kg) 

H4 Very heavy (more than 20 kg) 

J On average, how much time do you spend 

per day on this task? 

J1 Less than 2 hours 

J2 2 to 4 hours 

J3 More than 4 hours 

K When performing this task, is the maximum force 

level exerted by one hand? 

K1 Low (e.g. less than 1 kg) 

K2 Medium (e.g. 1 to 4 kg) 

K3 High (e.g. more than 4 kg) 

L Is the visual demand of this task 

L1 Low (almost no need to view fine details)? 

*L2 High (need to view some fine details)? 

* If High, please give details in the box below 

M At work do you drive a vehicle for 

M1 Less than one hour per day or Never? 

M2 Between 1 and 4 hours per day? 

M3 More than 4 hours per day? 

N At work do you use vibrating tools for 

N1 Less than one hour per day or Never? 

N2 Between 1 and 4 hours per day? 

N3 More than 4 hours per day? 

P Do you have difficulty keeping up with this work? 

P1 Never 

P2 Sometimes 

*P3 Often 

* If Often, please give details in the box below 

Q In general, how do you find this job 

Q1 Not at all stressful? 

Q2 Mildly stressful? 

*Q3 Moderately stressful? 

*Q4 Very stressful? 

* If Moderately or Very, please give details in the box below 
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D: Ethical Approval from University of Ruhuna 
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E: Plantation Management Information Sheet 

Workers on this plantation have been chosen to be in a study led by a team from 

University of Ruhuna, Galle and Duke University, US. We hope that this study will help us 

understand the health needs of rubber tappers. We also hope our study can help health programs 

for rubber plantation workers. This study will take place between September 2014 and November 

2014.  

As plantation management, we want you to be fully informed of what will take place 

during this study period. 50 participants from your plantation will be asked to complete a brief 

questionnaire about working as a rubber tapper, demographics, physical and mental health. 15 of 

these participants will also participate in an observational component. Researchers will observe 

each participant tapping trees for up to two hours during a normal work day. This observation 

will not be intrusive in any way, and will still allow the participant to complete their work.  

To maintain the safety and confidentiality of all participants, it is important that 

plantation management does not influence this study in any way. Participant selection will be 

done by trained study staff, and plantation management will have no say in which employees 

participate. Additionally, participation cannot affect employment in any way. All data collected 

from this study will only be accessible by study staff. You will not receive any information about 

your workers as a result of this study.  

 Our goal is to use the information we collect during our research study to help health 

programmes for rubber tappers in Sri Lanka. If you have any questions or concerns, feel free to 

contact the study staff at any time. Please contact Dr. Vijitha De Silva by phone at 077760970, or 

by email at pvijithadesilva123@yahoo.com. You may also contact Kayla Stankevitz by phone at 

+01 9206607767, or by email at kayla.stankevitz@duke.edu. We thank you for your cooperation. 
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