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Abstract. The production of cigarettes involves manual labor, and some workers experience issues such
as pain and cramping in the back of the thigh. These are symptoms of hamstring muscle shortening.
Shortened hamstring muscles are often considered a primary risk factor for muscle injury, as well as a
problem related to muscle health or the musculoskeletal system. The aim of this study is to determine
the relationship between work posture, length of service, and individual characteristics and hamstring
muscle flexibility. A cross-sectional study was conducted among 55 cigarette factory workers in Kudus,
Indonesia, selected by proportional random sampling. Data on age, exercise habits, and years of
experience were collected using questionnaires, while work position, BMI, and hamstring flexibility
were assessed through observation, anthropometric measurements, and the V-Sit and Reach Test.
Bivariate analysis used the Chi-square test at a 5% significance level. The mean age of the respondents
was 46.51 years, with an average exercise frequency of 1.31 times per week. A total of 56.4% of
respondents fell into the normal category, and 61.8% had a tenure of less than 4 years. Chi-square
analysis showed the following results: age (p=0.020), BMI (p=0.205), exercise habits (p=0.000), work
posture (p=0.273), and tenure (p=0.386). Conclusion: Age and exercise habits are risk factors associated
with hamstring muscle flexibility among cigarette workers in Kota Kudus District, Kudus Regency.
Age and exercise habits were significantly associated with hamstring flexibility. Workplace programs
should promote regular physical activity, active breaks, mobility exercises, and stretching, particularly
for older workers.

Keywords: Hamstring Flexibility, Cigarette Factory Workers, Exercise Habits, Age, Occupational
Health

INTRODUCTION
Muscle flexibility is a crucial component in maintaining optimal movement capacity, postural

stability, and musculoskeletal function. One muscle group that plays a crucial role in lower extremity
mobility is the hamstring muscle. Hamstring flexibility describes the ability of this muscle group to
undergo optimal lengthening, reflected in the range of motion at the associated joints ). Functionally,
the hamstrings play a role in various daily activities and activities that require physical capacity, such
as walking, running, jumping, sitting, standing, and maintaining postural control “®. Therefore,
changes in hamstring flexibility are not only a localized problem in the muscle tissue but can also impact
movement patterns and overall musculoskeletal function.
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The hamstrings are a muscle group that is susceptible to shortening, especially when held in static
positions or without adequate stretching stimulation @®. Hamstring shortening or stiffness can cause
biomechanical changes in the lower extremities and pelvis, increasing tissue tension, reducing range of
motion, and altering normal movement patterns 19, This decreased flexibility also has the potential to
affect posture and body alignment and contribute to musculoskeletal disorders, including spinal
problems @312 Therefore, hamstring flexibility can be used as an important indicator in assessing
functional capacity and musculoskeletal health.

From an occupational health perspective, reduced hamstring flexibility becomes increasingly
important in jobs involving static postures, repetitive movements, and long work durations. Limited
flexibility can reduce workers' ability to perform optimal functional movements and increase the
mechanical load on musculoskeletal structures @®. Hamstring shortening can also increase
susceptibility to injury when workers suddenly change positions or move with a large range of motion
@4 1f ergonomic risk factors persist unchecked, these conditions can develop into musculoskeletal
disorders that impact worker comfort, work capacity, and productivity.

Epidemiologically, hamstring flexibility issues have a relatively high prevalence. Previous

studies reported a prevalence of hamstring shortening of 43.4% in Malaysia and 51.2% in Sri Lanka,
and demonstrated a relationship between physical activity levels and hamstring flexibility @9,
Individuals with higher levels of physical activity tend to have better hamstring flexibility than those
with lower levels @ (1318 This suggests that hamstring flexibility is a multifactorial musculoskeletal
characteristic, influenced by individual characteristics, activity patterns, and job demands.
Several factors that potentially influence hamstring flexibility include age, body mass index (BMI),
exercise habits, work position, and length of service ¢/*9. Aging can cause physiological changes in
muscles, tendons, and connective tissues, including decreased elasticity and increased tissue stiffness,
which can ultimately reduce joint range of motion °-22), Increasing BMI has also been reported to be
associated with decreased hamstring flexibility. In junior soccer athletes, excess body weight has been
shown to be negatively associated with flexibility, indicating that increased body mass may affect the
muscle's ability to undergo optimal lengthening 324,

Conversely, regular physical activity and exercise have the potential to be protective factors
against decreased flexibility. Individuals who exercise regularly tend to have better hamstring flexibility
than those who rarely exercise ©- @9 _Conversely, prolonged exposure to static postures can cause tissue
adaptations that increase muscle stiffness and shortening. Prolonged sitting causes the hamstrings to
remain in a relatively constant position with minimal stretching stimulation. If repeated over the long
term, this condition can reduce flexibility and increase the risk of musculoskeletal disorders @529, This
risk may be greater in workers with monotonous and repetitive movement patterns and long work
periods due to accumulated ergonomic exposure @7:28),

Tobacco industry workers, particularly those in manual production processes, are at risk of
hamstring flexibility impairment due to ergonomic exposure. Cigarette Factory X in Kudus City District
has 121 workers with varying job characteristics. Rolling workers engage in static sitting for
approximately four hours with minimal position changes, walking, or stretching. This condition has the
potential to increase biomechanical stress, muscle stiffness, and decrease hamstring flexibility. Initial
findings indicate complaints of pain and cramping in the posterior thigh, limited range of motion when
walking, and pain when the leg is straightened. Although hamstring shortening cannot yet be diagnosed,
these complaints indicate potential impairments in lower extremity flexibility and musculoskeletal
function that require objective assessment.

Research on hamstring flexibility is still dominated by athletes, students, and individuals with
general physical activity, while evidence in industrial workers exposed to static postures and repetitive
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work is limited. Studies integrating occupational factors, such as position and length of service, with
individual factors, including age, BMI, and exercise habits, are also needed. Therefore, this research is
crucial to identify factors associated with hamstring flexibility as a basis for early detection of
musculoskeletal disorders and the development of ergonomic interventions, such as posture variation,
active breaks, and stretching. This study aims to analyze the relationship between work position, length
of service, age, BMI, and exercise habits with hamstring flexibility in cigarette factory workers in
Singocandi Village, Kudus Regency, as a basis for developing promotive and preventive strategies to
maintain workers' health and functional capacity.

METHODS

This is an analytical observational study with a cross-sectional design. The aim of this study was
to analyze the relationship between individual characteristics and job factors with hamstring muscle
flexibility in cigarette industry workers. The study was conducted among workers at cigarette factory
X in Kudus City District, Kudus Regency, Indonesia. The study population consisted of 121 workers.
The sample size was determined using the Slovin formula with a 10% margin of error, resulting in 55
respondents. Respondents were selected using proportional random sampling to ensure
representativeness of workers based on their work department.

Inclusion criteria included workers who were in good health and willing to participate. Workers
who were not present during the data collection process were excluded. The independent variables
included age, body mass index (BMI), exercise habits, work position, and years of experience, while
the dependent variable was hamstring muscle flexibility.

Data on age, exercise habits, and years of experience were obtained through interviews using a
structured questionnaire. Exercise habits were assessed based on the frequency and type of exercise
performed over the course of a week. Work postures are assessed through observation and are
categorized into two types: static and dynamic. Workers who remain seated throughout their work are
classified as having a static posture, whereas those who alternate between sitting and standing are
classified as having a dynamic posture. BMI was calculated based on weight and height measurements.
Body weight was measured using a digital scale with a maximum capacity of 180 kg and an accuracy
of 0.1 kg, while height was measured using a microtoise stature meter with a measuring capacity of up
to 200 cm. Hamstring muscle flexibility was measured using the V-Sit and Reach Test, using a body
measuring tape.

Bivariate analysis was performed to identify the relationship between each independent variable
and hamstring muscle flexibility using the Chi-Square test with a significance level of 5%. The study
has obtained ethical approval from the Health Research Ethics Committee of the Faculty of Public
Health, Universitas Muhammadiyah Semarang, under registration number 0040/KEPK-
FKM/UNIMUS/2025.

RESULT
The distribution of numerical data is shown in Table 1.

Table 1. Numerical Distribution of VVariables

Variable N Min Max Mean Standard Deviation
Age (years) 55 26 67  46.51 11.33
BMI (kg/m?) 55 15.01 32.89 23.37 4.02
Exercise habits (frequency/week) 55 0 4 1.31 1.26
Years of experience (years) 55 1 20 4.05 3.59
Hamstring flexibility (cm) 55 0 20 7.80 5.19
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The numerical characteristics of the respondents are presented in Table 1. The respondents' ages
ranged from 26-67 years with a mean of 46.51 + 11.33 years. Body mass index (BMI) values ranged
from 15.01 to 32.89 kg/m?2 with an average of 23.37 + 4.02 kg/m2. Exercise frequency ranged from 0 to
4 times per week with an average of 1.31 + 1.26 times per week. Years of experience ranged from 1 to
20 years with an average of 4.05 + 3.59 years. Meanwhile, hamstring muscle flexibility values ranged
from 0 to 20 cm with an average of 7.80 £ 5.19 cm, indicating a wide variation in flexibility among
respondents.

The distribution of categorical data is shown in Table 2.
Table 2. Frequency Distribution of Variables

Variables Category f %

Early adulthood 12 21,8

Late adulthood 10 18,2

Age Early elderly 18 32,7
Late elderly 14 255

Elderly 1 18

Underweight 6 10,9
BMI Normal 31 56,4
Overweight 18 32,7

Very good 1 18

Good 11 20,0

Exercise Habits Fair 15 27,3
Poor 5 91
Very poor 23 41,8
.. Static 29 52,7
Work Position Dynamic 26 473
Years of Experience Not at_ risk 4 618
Atrisk 21 38,2

Very good 2 3,6
Good 6 10,9
Hamstring Flexibility Fair 11 20,0
Poor 14 25,5
Very poor 22 40,0

Based on the categorical distribution (Table 2), the largest age group was in the early elderly
category (32.7%). Based on BMI, the majority of respondents were in the normal category (56.4%). In
terms of physical activity, most respondents had very poor exercise habits (41.8%).

Regarding job characteristics, 52.7% of respondents worked in static positions, the majority of
respondents (61.8%) had a years of experience that was not at risk, and 40.0% of respondents had very
poor hamstring flexibility. These findings indicate that more than half of respondents had hamstring
flexibility in the poor to very poor category, indicating significant flexibility issues in the study
population.
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Table 3. Results of the Analysis of the Relationship between Age, BMI, Exercise Habits, Work
Position, and Length of Service with Hamstring Flexibility
Hamstring Flexibility

Variables Good Poor p-Value
f % f %

Age

Adults (26 — 45 tahun) 12 545 10 455 0.020

Elderly (46 — 68 tahun) 7 2172 26 788 ’
BMI

Underweight (<18.,4) 1 167 5 833

Normal (18,5 — 25,0) 9 290 22 710 0,205

Obese (>25,1) 9 50,0 9 500
Exercise Habits

Good (2 — 5 times / week) 17 63,0 10 370 0.000

Poor (0 — 1 times /week) 2 71 26 929 '
Work Position

Static 8 276 21 724

Dynamic 11 423 15 577 0,273
Years of Experience

Not at risk (< 4 tahun) 10 294 24 70,6 0.386

At risk (> 4 tahun) 9 429 12 571 '

Bivariate analysis was conducted to identify the relationship between age, BMI, exercise habits,
work position, and work period with hamstring muscle flexibility. The results of the analysis are
presented in Table 3.

The Continuity correction test regarding the relationship of age and exercise habits with
hamstring muscle flexibility revealed a significant association (p = 0.020). In the adult group, the
proportion of respondents with good hamstring flexibility reached 54.5%, compared to only 21.2% in
the elderly group. Conversely, poor hamstring flexibility was more prevalent in the elderly group than
in the adult group (45.5%). These findings indicate a tendency for hamstring flexibility to decline with
advancing age.

Similarly, the Continuity Correction test regarding the relationship between exercise habits and
hamstring flexibility yielded a p-value of 0.000, indicating a significant association. Respondents with
good exercise habits showed a 63.0% proportion of good hamstring flexibility, compared to only 7.1%
in the group with poor exercise habits. Conversely, poor hamstring flexibility was found in 92.9% of
respondents with poor exercise habits, compared to 37.0% in the group with good exercise habits. This
pattern suggests that higher exercise frequency is associated with more optimal hamstring flexibility.

In contrast to age and exercise habits, BMI (Body Mass Index), work posture, and tenure did not
show a significant relationship with hamstring flexibility, with p-values of 0.205, 0.273, and 0.386,
respectively. However, there were variations in flexibility proportions based on BMI categories. Poor
flexibility was observed in 83.3% of underweight respondents, 71.0% of respondents with normal BMI,
and 50.0% of obese respondents. Thus, the variation in flexibility based on BMI in this study did not
demonstrate a statistically significant pattern of association.

Poor hamstring flexibility was found in 72.4% of respondents with static work postures and
57.7% of respondents with dynamic work postures. Although, descriptively, the proportion of poor
flexibility was higher among workers with static work postures, this difference did not reach statistical
significance. Regarding tenure, poor flexibility was observed in 70.6% of respondents with less than
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four years of service and 57.1% of those with more than four years. These findings indicate that tenure
was not a significant factor regarding hamstring flexibility in this study.

Overall, the study's key findings indicate that older age groups and workers with low exercise frequency
tend to have poorer hamstring flexibility.

DISCUSSION

Hamstring muscle flexibility is a crucial component of musculoskeletal functional capacity
because it plays a role in hip and knee mobility, postural stability, and various physical activities.
Decreased flexibility can increase tissue stiffness, limit range of motion, and affect the body's
biomechanical patterns ?°3%, Research on cigarette factory workers in Kudus City District, Kudus
Regency, showed that age and exercise habits were significantly associated with hamstring flexibility,
while BMI, work position, and length of service did not show a significant association.

The Relationship Between Age and Exercise Habits and Hamstring Flexibility

The results of this study indicate a significant relationship between age and exercise habits with
hamstring flexibility. Adults had a higher proportion of good hamstring flexibility than the elderly,
while poor flexibility was more prevalent in the elderly. These findings suggest a tendency that
increasing age is associated with a decline in the capacity of musculoskeletal tissue to maintain elasticity
and optimal range of motion. Age is a risk factor for musculoskeletal disorders ©V.

Physiologically, age-related changes stem from structural and functional alterations in muscles,
tendons, and connective tissues. The aging process is associated with a decline in muscle mass, strength,
and function—collectively known as sarcopenia—as well as changes in tissue mechanical
characteristics 233, These changes are characterized by a reduction in the size and number of muscle
fibers, particularly type Il fibers, ultimately leading to decreased muscle cross-sectional area and
functional capacity. Changes in muscle fibers and mass progress with advancing age. Age-related loss
of muscle mass, or atrophy, can contribute to altered function and characteristics of the muscle-tendon
unit. In the hamstrings, such changes can affect the muscle's ability to generate and control movement
at the hip and knee joints. Beyond the loss of muscle mass, aging is accompanied by alterations in the
mechanical properties of muscle and tendon tissues. Systematic reviews regarding age-related changes
in muscle elasticity indicate shifts in muscle stiffness during aging, particularly when the muscle is
under passive stretch. Connective tissue also experiences increased stiffness due to changes in collagen
structure, increased cross-linking, and decreased tissue elasticity. These changes can reduce the ability
of musculoskeletal tissue to elongate, thereby limiting joint range of motion @ G3 In addition to
structural changes, aging can affect neuromuscular control and the response to the stretch reflex.
Changes in the nervous system and muscle relaxation ability can lead to increased muscle tone and
maintain higher levels of tissue tension, ultimately limiting flexibility ©43%. Therefore, decreased
hamstring flexibility in older workers likely results from the interaction between aging-related tissue
changes and decreased neuromuscular adaptive capacity.

Thus, the reduced hamstring flexibility in the older age group in this study likely results from the
interaction of several age-related changes, including declines in muscle mass and function, alterations
in muscle-tendon unit characteristics, and potentially reduced physical activity. Research on older adults
with hamstring tightness also indicates that changes in range of motion (ROM) may be linked to muscle-
tendon unit characteristics, although acute increases in ROM are not always accompanied by changes
in muscle cross-sectional area.

These findings align with research by Jonatan Magno Norte da Silva et al, which validated a
model examining the relationships between occupational risk factors, Work-related musculoskeletal
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disorders (WMSDs), and quality of work life (QWL) across age groups. The model demonstrated robust
psychometric properties, enabling the identification of significant differences between younger and
older workers ©9),

Respondents with good exercise habits had a higher proportion of hamstring flexibility than those
with poor exercise habits. Conversely, poor flexibility was found in 92.9% of respondents with poor
exercise habits. This significant difference in proportions suggests that regular physical activity has the
potential to be a protective factor against decreased hamstring flexibility.

Physiologically, regular physical activity can maintain muscle tissue elasticity and improve
muscle adaptability to changes in length during movement. Activities involving stretching can increase
tolerance to muscle elongation, maintain range of motion, and reduce tissue stiffness. Conversely, low
physical activity and a sedentary lifestyle can reduce mechanical stimulation of musculoskeletal tissue,
resulting in stiffer muscles and decreased joint range of motion "9, In this study, respondents with a
regular exercise routine generally engaged in activities such as gymnastics and walking. Although these
activities are not specifically flexibility training, regular physical activity can provide movement
stimulation to the lower extremities and help maintain joint mobility.

The findings of this study align with research by Agus et al, on students at Bali Khresna Health
Vocational School, which demonstrated a relationship between exercise habits and physical activity
levels and hamstring and lower back flexibility “®. The better the exercise habits and physical activity
levels, the better the muscle flexibility. These findings strengthen the argument that physical activity is
a modifiable factor and a potential target for interventions to maintain musculoskeletal function.

The low frequency of exercise among most workers highlights the need for intervention strategies
that not only focus on changing working conditions but also encourage active behavior outside of work
hours. Regular active break programs, simple stretching exercises, work-related exercises, or mobility
training can be considered as part of a workplace-based musculoskeletal disorder prevention program.

The findings of this study also require cautious interpretation. Although muscle atrophy and
sarcopenia could theoretically be mechanisms explaining the decline in flexibility associated with
aging, this study did not directly measure muscle mass, muscle cross-sectional area, muscle strength,
or sarcopenia status. Therefore, muscle atrophy cannot be identified as the direct cause of the observed
association. Rather, the results indicate an association between age and hamstring flexibility, with age-
related changes serving as a possible underlying biological mechanism.

Relationship between BMI, work position and work period with hamstring muscle flexibility

The results showed that BMI, work position, and years of work were not significantly related to
hamstring muscle flexibility. In the thin and normal BMI groups, the category of poor hamstring muscle
flexibility was dominated, whereas in the fat BMI category the numbers were balanced between good
and poor flexibility. This pattern suggests that the relationship between anthropometric status and
flexibility is not linear in this study population.

BMI can influence flexibility through body composition and adipose tissue distribution.
Increased fatty tissue around joints has the potential to provide mechanical resistance to movement and
limit certain ranges of motion “*2. However, BMI is an anthropometric indicator that cannot
differentiate between fat mass and muscle mass. Two individuals with the same BMI value can have
different body composition, fitness and flexibility capacity. The failure to find a significant relationship
in this study could also be influenced by the dominance of respondents with normal BMI (56.4%), so
that variation between groups was relatively limited. In addition, hamstring flexibility may be more
influenced by physical activity, stretching exercises, age, tissue characteristics, and neuromuscular
factors than BMI alone. This research is in line with Esther Liyanage's research, which concluded that
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neurodynamic exercises combined with stretching and neurodynamics alone showed to be superior to
the other physical therapy interventions in improving hamstring flexibility for hamstring tightness
among university students, however, the reliability of the evidence is low.

Static work positions for long durations can maintain muscle length, reduce movement variation,
and increase musculoskeletal tension and stiffness “34). However, static positions do not always
directly lead to decreased hamstring flexibility. The effect may be influenced by the duration of
exposure, the frequency of position changes, the presence of active breaks, physical activity outside of
work, and the characteristics of the movements performed during work. For workers in dynamic
positions, position changes and walking activities can provide greater movement stimuli than static
positions. This is reflected descriptively in this study, where the proportion of good flexibility was
higher in dynamic workers compared to static workers. However, excessive, repetitive dynamic
activities, or those performed without adequate recovery can also increase musculoskeletal load and
lead to fatigue or pain “®.

The results of this study differ from those of Miucin et al. on office employees at the Sewaka
Dharma Government Agency in Denpasar City, which found a relationship between sitting duration
and work position with hamstring flexibility ¢®. Differences in results may be due to job characteristics,
exposure duration, activity variations, respondent age, exercise habits, and different work posture
measurement methods. Therefore, future work posture assessments should not only be categorized as
static or dynamic, but also consider exposure duration, frequency of position changes, sitting duration,
rest frequency, and specific hip and knee postures.

Based on tenure, poor flexibility was found to be more prevalent among workers with less than
4 years of service. These results suggest that the length of time a person has worked in a job does not
necessarily directly reflect hamstring flexibility. One possible explanation for this finding is the
relatively concentrated distribution of respondents' tenure among short-term workers. The mean tenure
was only 4.05 £ 3.59 years, so differences in cumulative exposure between groups may not have been
large enough to produce meaningful differences in flexibility. Furthermore, tenure is a general indicator
of exposure duration and does not specifically reflect the intensity or characteristics of the
biomechanical loads experienced by workers. The relationship between years of experience and
hamstring flexibility is also likely mediated by other factors, particularly physical activity and exercise
habits. Long-experience workers who actively engage in exercise and stretching may maintain
flexibility better than newer workers with low physical activity. Conversely, prolonged work with
exposure to monotonous postures, without compensatory physical activity, has the potential to increase
musculoskeletal stiffness “9 @7 Thus, years of experience should not be viewed as a single
determinant, but rather as an indicator of accumulated exposure that needs to be interpreted in
conjunction with ergonomic and behavioral factors. These findings highlight the importance of more
specific measurements of occupational exposure in future research.

Overall, this study demonstrates that hamstring flexibility in workers is determined not only by
job characteristics but also by individual characteristics and health behaviors. The high proportion of
workers with poor to very poor hamstring flexibility is a concern, as it could be an early indicator of
decreased musculoskeletal capacity.

This study has limitations that should be considered when interpreting the results. The cross-
sectional design does not allow researchers to confirm the temporal or causal relationship between the
factors studied and hamstring flexibility. Furthermore, the sample size was relatively limited, and some
variables had uneven distribution across categories. Measurement of exercise habits through interviews
is also potentially affected by recall bias.
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CONCLUSION
This study shows that age and exercise habits are associated with hamstring flexibility, while

BMI, work position, and years of experience did not show a significant association. Older workers and
those with low levels of exercise activity tend to have lower hamstring flexibility. Therefore, workplace-
based promotive and preventative efforts through regular exercise, active breaks, mobility, and
stretching are needed, especially for older workers. Future research should consider ergonomic factors,
duration of static postures, workload, frequency of position changes, and stretching habits, using
longitudinal or interventional designs.
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