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Abstract: This cross-sectional study presents the prevalence of Work-related
Musculoskeletal Disorders (MSDs) among rubber tappers in Pa Phayom District,
Phatthalung Province, Thailand. The results were assessed using descriptive
statistics and binary logistic regression at the 95% confidence interval, with
consideration of variables influencing MSDs. The results showed that most
participants (51.90%) were female, with a sample mean age of 43.95 + 10.77 years,
an average work experience of 13.68 + 8.87 years, and a working time per day of
3.75 £ 1.52 hr. The physical work characteristics of the sample group revealed
that the rubber plantations were on flat land (87.01%), more than 500 rubber trees
were tapped per day (62.99%), the tapping height was below waist level
(61.04%), and the rubber trees were older than 10 years (73.38%). The results for
the severity of musculoskeletal disorders at the unbearable level showed that the
lower back had the highest incidence (9.1%), followed by the upper back (2.6%).
At the severe level, the lower back (26.6%) had the highest incidence, followed
by the shoulder (7.8%) and the upper back (7.1%). When considering overall pain
levels across different body parts, the hand/wrist was the most common (87.7%),
followed by the neck (83.1%) and the lower back (82.5%). Factors associated with
MSD symptoms among rubber farmers include the age of the trees and exercise.
The reported acute MSD in their lower backs throughout the one-month study
duration. Therefore, ergonomic knowledge should be promoted to help rubber
farmers improve their working posture and reduce injuries.
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1. Introduction

Rubber tapping is a primary source of income for smallholder farmers
across Southeast Asia, but the work is hazardous, exposing rubber tappers to
multiple occupational hazards that can adversely affect health and productivity.
Rubber tappers perform repetitive actions, such as cutting, forward bending,
and trunk twisting, during prolonged standing—movements strongly
associated with musculoskeletal disorders (MSDs). Studies in Thailand and
neighboring countries reported high prevalence of lower back pain, shoulder
pain, and upper-limb disorders among rubber farmers [1-3]. Rubber tappers are
also vulnerable to injuries from knives, slipping on wet terrain, and encounters
with insects or wildlife [4]. Many plantations use agrochemicals for weed and
pest control, increasing chemical exposure linked to reduced quality of life and
other chronic health effects among rubber farmers [5]. Assessment of
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musculoskeletal disorders is therefore critical for estimating their severity and developing targeted preventive
measures. Previous community-based studies in Southern Thailand have reported that musculoskeletal
diseases (MSDs) are a concern among rubber tappers. Rubber tappers are more likely to experience lower back
pain if they use improper ergonomics. It is necessary to implement preventive measures to reduce this issue
in the future [1]. Current rubber tapping practices lack adequate health safeguards and pose significant health
risks, including musculoskeletal injuries. Therefore, it is crucial to survey rubber tapping injuries to gather
data for prevention, health promotion, and the development of activities to reduce work-related injuries [6,7].
In Pa Phayom District, Phatthalung Province, rubber farming is economically significant, but work-related
musculoskeletal disorders have not been adequately documented. Therefore, a systematic investigation of
musculoskeletal injuries in this local context is crucial to identify key causes, understand contributing factors,
and propose concrete solutions to meet the needs of farmers. This study surveyed the musculoskeletal injuries
and factors associated with MSD symptoms of rubber tappers in Pa Phayom District, Phatthalung Province.
This study aims to present appropriate rubber tapping practices that reduce injuries and promote sustainable
livelihoods among rubber farmers in southern Thailand.

2. Materials and Methods

This descriptive cross-sectional study evaluated the ergonomics of MSDs among rubber tappers in
Phatthalung Province. A structured questionnaire and in-person interviews were used to gather data. The
research was carried out between January 1, 2024, and September 30, 2025. The posture of rubber tapping is
shown in Figure 1.

Figure 1. Rubber tapping posture of a rubber farmer (waist level)

2.1 Sample size

Phatthalung Province, Pa Phayom District has 256 registered rubber tappers. A simple sampling
method [8] was employed to select 154 rubber tappers. The inclusion criteria included over one year of work
experience, voluntary participation, and proficiency in Thai communication and comprehension. Rubber
tappers with a history of MSDs or congenital diseases and ensuing musculoskeletal conditions such as gout,
rheumatoid arthritis, or renal disease, as well as a history of injuries and conditions affecting the skeletal
system and muscles, were excluded.

Sample Size Calculation
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The sample size was calculated using the Krejcie and Morgan equation (1970), as shown in Equation 1,
with a population of 256 members of a farmer group in Pa Phayom District (Phatthalung Provincial
Agricultural and Cooperative Office, 2023).

___x*Np(l-p)
T e2(N-D+x2 p(1-p) @)
n = Sample size
N = Population size
e = Acceptable sample error (e=0.05)
x2 = Chi-square value at df =1 and 95% confidence level (x2 = 3.841)
p = Proportion of the characteristic of interest in the population (p = 0.5)

Substituting the values into the Krejcie-Morgan equation yields a sample size of 154.

2.2 Ethical approval
The Thaksin University Ethics Committee approved this study (COA No. TSU 2024_070 REC No. 0174).
All the participants were informed of the study's purpose and signed informed consent forms before data collection.

2.3 Questionnaire

The research used a structural questionnaire adapted from Meksawi S. [1]. The three components
comprising the questionnaire were 1) The demographic questionnaire includes gender, age, work experience,
work time per day, marital status, religion, smoking, and drinking., 2), The physical work characteristics
questionnaire consists of 9 questions: plantation ground level, trees tapped per day, tapping light, handedness,
break time, standing posture, ages of trees, tapping height, and exercise., and 3) The MSDs assessment tool is
adapted from the Nordic Musculoskeletal Disorder Questionnaire[9] and evaluates 12 body parts: lower back,
upper back, hip/thigh, shoulder, hand/wrist, upper arm, foot, lower arm, calves, neck, knee, and elbow. The
severity of the symptoms is categorized into four levels: 1) slight, 2) moderate, 3) severe, and 4) unbearable.

2.4 Statistical analysis

A statistical program was used to analyze the data. Frequency, percentage, mean, and standard
deviation (SD) were calculated for physical work characteristics and demographic traits using descriptive
statistics. Factors associated with MSD were identified using binary logistic regression, with ORs set at the
0.05 significance level. The prevalence of MSDs for every body part was recorded throughout the one-month
study period.

3.Results and Discussion
3.1. Demographic data

Personal characteristics of a sample of 154 rubber farmers in Phatthalung province revealed that the
majority were female (51.90%), with an average age of 43.95 + 10.77 years. A quarter of the subjects were non-
smokers, and one-third were teetotalers. Most participants were Buddhists (81.17%), and 69.48% were
married. The sample group had relatively high work experience (13.68 + 8.87) and rubber tapping time per
day (3.75 + 1.52). (Table 1).

3.2. Physical work characteristics

The tapping light was sufficient (89.60%) on the plantation ground level, which was mainly flat
(87.01%), with tapping height below waist level (61.04%). Most rubber tappers balance standing posture
(88.30%) and right-handedness (87.00%). The majority of the sample tapped rubber at a height below the waist
(61.04%), and most rubber trees were older than 10 years (73.38%). Most rubber farmers take breaks between
rubber tapping sessions (53.20%). It was also found that the majority of rubber farmers exercise (64.30%).
(Table 2).
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Table 1. Demographic characteristic (n =154).

Characteristic n (%)
Age (mean+ SD) yrs =43.95+10.77

Work experience (mean + SD) yrs = 13.68 + 8.87

Work time per day (mean + SD) hr =3.75 + 1.52

Gender
Male
Female
Status 74(48.10)
Single 80(51.90)
Marry
Widow/Divorced 29(18.83)
Religion 107(69.48)
Buddha 18(11.69)
Islam
Smoking 125(81.17)
No 29(18.83)
Yes
Drinking 118(76.62)
No 36(23.38)
Yes 109(70.78)
45(29.22)
Table 2. Physical work characteristics (n =154).
Characteristics n (%)
Plantation ground level
Flat 134(87.01)
Slope 20(12.99)
Trees tapped per day
<500 57(37.01)
>500 97(62.99)
Tapping light
Sufficient 138(89.60)
Insufficient 16(10.40)
Handedness
Right 134(87.00)
Left 20(13.00)
Break time
Yes 82(53.20)
No 72(46.80)
Standing posture
Balance 136(88.30)

Not balance 18(11.70)
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Table 2. Physical work characteristics (n =154). (Continue)

Characteristics n (%)
Ages of trees
<10 yrs 41(26.62)
>10 yrs 113(73.38)
Tapping height
Below waist 94(61.04)
Above waist 60(38.96)
Exercise
No 55(35.70)
Yes 99(64.30)

3.3. Musculoskeletal disorders (MSDs)

The severity of musculoskeletal disorders, categorized by body part over the past month, has been
reported as follows: Moderate discomfort was most commonly reported in the lower back (39.6%), hands and
wrists (35.1%), and knees (30.5%), followed by the hip/thigh (26.6%) and neck regions. (26.0%) regions. and
upper back (26.0%) regions. Severe to intolerable symptoms were recorded in the lower back (26.6%), shoulder
(7.8%), and upper back (7.1%). In addition, it was found that at the unbearable level, the body parts with the
highest values are the lower back (9.1%) and the upper back (2.6%) (Table 3 and Figure 2).

Table 3. Number and percentage of rubber tappers with levels of musculoskeletal discomfort, classified by
body part (n =154).

Discomfort Level

Body Part Not Slight Moderate Severe Unbearable
Discomfort

Lower back 27(17.5) 11(7.1) 61(39.6) 41(26.6) 14(9.1)
Upper back 31(20.1) 68(44.2) 40(26.0) 11(7.1) 4(2.6)
Hip/ Thigh 62(40.3) 43(27.9) 41(26.6) 8(5.2) 0
Shoulder 29(18.8) 83(53.9) 29(18.8) 12(7.8) 1(0.6)
Hand /wrist 19(12.3) 70(45.5) 54(35.1) 10(6.5) 1(0.6)
Upper arm 71(46.1) 58(37.7) 16(10.4) 8(5.2) 1(0.6)
Foot 29(18.8) 81(52.6) 35(22.7) 8(5.2) 1(0.6)
Lower arm 54(35.1) 66(42.9) 29(18.8) 5(3.2) 0
Calves 53(34.4) 60(39.0) 35(22.7) 5(3.2) 1(0.6)
Neck 26(16.9) 84(54.5) 40(26.0) 3(1.0) 1(0.6)
Knee 38(24.7) 66(42.9) 47(30.5) 2(1.3) 1(0.6)
Elbow 84(54.5) 55(35.7) 13(8.4) 2(1.3) 0
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Figure 2. The graph shows levels of musculoskeletal discomfort, classified by body part.
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3.4 The MSDs are classified as pain or no pain

The analysis of MSD symptoms, categorized by the presence or absence of pain, showed that most
participants reported pain in the hand/wrist (87.7%), neck (83.1%), lower back (82.5%), and shoulder and foot
(81.2%). Furthermore, the pain-free body parts were the elbow (54.5%), upper arm (46.1%), hip/thigh (40.3%),
and lower arm (35.1%). (Table 4)

Table 4. The MSD results are classified according to whether or not the individual is in pain. (n = 154).

Bod MSDs
ody part Pain No pain
Number Percentage Number Percentage
Lower back 127 82.5 27 17.5
Upper back 123 79.9 31 20.1
Hip/ Thigh 92 59.7 62 40.3
Shoulder 125 81.2 29 18.8
Hand /wrist 135 87.7 19 12.3
Upper arm 83 53.9 71 46.1
Foot 125 81.2 29 18.8
Lower arm 100 64.9 54 35.1
Calves 101 65.6 53 34.4
Neck 128 83.1 26 16.9
Knee 116 75.3 38 24.7
Elbow 70 45.5 84 54.5

3.5 Factors associated with MSD symptoms in rubber farmers.

The results of the binary logistic regression analysis of the relationship between factors affecting MSDs
are as follows: Ages of trees (OR=0.12, 95%CI=0.02-0.58) and Exercise (OR=0.15, 95%CI=0.03-0.79).
Furthermore, other factors were found not to affect MSD symptoms (This analysis focuses only on the

unbearable level) (Table 5).

Table 5. Factors associated with MSDs using binary logistic regression analysis. (n = 154).

Factors OR 95%CI P-value
Plantation ground level 0.56 0.05,5.77 0.626
Trees tapped per day 1.15 0.27,4.87 0.848
Tapping light 1.27 0.19, 8.30 0.802
Handedness 1.40 1.17,11.45 0.751
Break time 0.32 0.05,1.76 0.192
Standing posture 4.67 0.72, 30.09 0.105
Ages of trees 0.12 0.02, 0.58 0.008*
Tapping height 0.44 0.10, 1.85 0.265
Exercise 0.15 0.03, 0.79 0.026*

*Statistics significant at p-value < 0.05

3.6 Discussion

The rubber tappers numbered more females than males, with those aged 20 to 60, consistent with
findings by Meksawi S. [1] and M. Umar H.Y.[10], but different from Chow li Shan [11], S. Arphorn [12], and
Chaigliang S. [13] for the age group between 41 and 60 years, because rubber plantations are most extensive
in southern Thailand, leading many family members across different age groups to take up rubber tapping as
their occupation. Participants who smoked numbered 23.38%, with more men than women, consistent with
Shan C. L. [11] smokers being mostly males. The average working time per day was 3.75 hours, corresponding
to < 5 hours by Shan C. L. [11] and Chaigliang S. [13], but different from Meksawi S. [1] at 6.2 hours. In
Phatthalung, most households have small rubber plantations, so tapping time is shorter than in large rubber
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plantations. The majority of rubber plantation areas are flat (87.01%), resulting in a balanced posture for rubber
tapping (88.30%). The majority of the sample group is right-handed, consistent with Chaigliang S. [13]. The
majority of rubber farmers are right-handed (71.84%). This aligns with the fact that the majority of the
population is right-handed, so rubber-tapping knives are also manufactured for right-handed people. Most
rubber farmers tap more than 500 trees per day (62.99%), which is inconsistent with Stankevitz's report [4].
This may be because rubber plantations in Sri Lanka are smaller than those in Thailand. The highest prevalence
of severe-to-intolerable MSD discomfort occurred in the lower back, followed by the upper back. This result
was consistent with previous research reports [1, 7, 11-13], as the posture for tapping rubber trees involves
bending, twisting, or squatting below the knees. MSD pain, across all levels, is most commonly found in the
hand/wrist, consistent with research reports [14], due to the repetitive hand and wrist movements required in
the rubber tapping process. The highest MSD injury rate was recorded in the lower back because the rubber
tapping process involves repetitive movements, and tapping below the waist requires continued bending. The
analysis of factors related to MSD using binary logistic regression in this study found that exercise was the
only significant factor (p = 0.026). Exercise helps strengthen the body and reduce injuries from rubber tapping,
consistent with the research report by Chaigliang S. [7]. Hand-grip strength has a statistically significant effect
on the risk of MSD. Furthermore, it was found that older rubber trees (>10 years) had higher MSD during
rubber tapping (p = 0.008). Older rubber trees are larger, which helps reduce wrist bending and body twisting
during tapping.

4. Conclusions

The study found that rubber farmers experienced MSD in all parts of the body after tapping rubber
for 1 month, particularly in the lower and upper back. Furthermore, an analysis of MSD pain levels showed
that the hand/wrist pain was the most severe. Factors associated with MSD included tapping light, break time,
standing posture, age of trees, and exercise, all of which were statistically significant. The nature of rubber
tapping involves twisting and bending the body, repeatedly twisting and jerking the wrists. Furthermore,
ergonomically incorrect working postures involving excessive bending and straightening of the body can also
lead to injuries. Therefore, ergonomic work postures should be improved, appropriate tools for rubber tapping
should be designed, suitable rest periods should be planned, and occupational health and safety should be
promoted among rubber farmers to ensure better working conditions and improved health.
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