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oo e involving manual material handling (especially lifting) and is massively
carried out in Indonesia, there is a lack of ergonomics studies on manual
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ﬁ;;’j;;f;jfj“ pine oleoresin harvesting. A Three Dimension Static Strength Prediction
AFZ:;;?]%;Z Program Version 7'.1..0 was used 'to 1d§:nt1fy the.mjur}{ I‘IS.k on the loxyer
Oleoresin harvesting back (lumbosacral joint, L5/S1) using biomechanical criteria (compression

and shear forces) at extreme postures. Recommended Weight Limit (RWL)

and Lifting Index (LI) were calculated for a comprehensive analysis. The

exceeding compression and shear forces indicated that the L5/S1 injury
©2021 The Author(s). Published by risk on oleoresin collecting work (part of oleoresin harvesting) is high. The
Ezl:iﬁ‘l‘t‘g:e‘ Oljfnﬁsgi:g;’faf:%ﬁg . psychophysical analysis confirmed the findings, as several main postures
collaboration with Indonesia Network for in this work were categorized as intense manual lifting due to the excessive
?ﬁ:ffj;sggeida“cﬁg';ﬁ?E“f‘;e e score of LI. A significant reduction in the L5/S1 compression and shear
CC BY-NC license: forces were shown at a simulation using a proposed load threshold (using
:gﬁts.g;.creativecommons.org/licenses/by— the calculated RWL)

1. Introduction

Many countries still maintain manual or motor-manual methods for harvesting pine oleoresin
(Cunningham 2012), tree-felling, and log-hauling (Yovi and Yamada 2019; Jourgholami et al.
2020). These labor-intensive forestry works are characterized by the intense use of human power
to move or support objects, such as lifting, lowering, pushing, pulling, carrying, holding, or
restraining. These activities, known as manual material handling (MMH), expose workers to great
risk factors that lead to costly occupational health disorders (Banks and Aghazadeh 2009; Kuijer
etal. 2011; Hasegawa et al. 2018). In addition to a high physical workload, MMH in forestry work
often exposes workers to an exceeding natural range of motion (Openshaw and Taylor 2006). This
exceeding range of motion, which has been proven to cause musculoskeletal disorders (MSDs),
may trigger excessive pressure on the lower back intervertebral disk (especially in the lumbosacral
joint, known as L.5/S1), resulting in lower back injuries (Kumar 2001; Sakka et al. 2015).

Globally, lower back pain has remained one of the top two contributors to disability causes
for over two decades (Vos et al. 2010). The lower back injury is associated with the worker’s lower
quality of life (Husky et al. 2018). It is a disadvantage financially, causing productivity loss
(Dutmer et al. 2019) and social costs (Fujii and Matsudaira 2013). There is currently no data
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regarding back pain costs in Indonesia. However, in the Netherlands, pain consumes 1-2% of its
gross national product (Lambeek et al. 2011).

Even though pine forests in Indonesia reach 124,290 ha (BPS 2017), indicating a high
number of workers involved in forest management, only a few postural studies focus on manual
pine oleoresin harvesting. The studies that have been carried out were the aspects of physical
workload (Yovi et al. 2005) and score-based static postural analysis by using Rapid Entire Body
Assessment (REBA) and Rapid Upper Limb Assessment (RULA) (Yovi and Fauzi 2021). The
scoring-based instruments have been widely used in various postural studies (Dempsey et al. 2005)
and are considered effective in revealing postural stress (Kee and Karwowski 2007). The study by
Yovi and Fauzi (2021) indicates that oleoresin collecting workers are imposed with lower back
pain. However, the total compression and shear forces received at L5/S1 associated with lower
back pain (LBP) have not been investigated. Therefore, a postural study on manual oleoresin
collecting with a biomechanical approach is necessary.

This study aims to calculate the compression and shear force on the L5/S1 and propose
alternative postures for oleoresin collecting work for better safety and health protection. This study
will complement the existing ergonomics risk analyses and can be used to determine the proper
strategy for reducing the MSDs risk in oleoresin collecting work activities.

2. Materials and Methods

This research was conducted in a pine plantation in West Java, Indonesia, from February to
March 2020. We observed the actual postures of 30 respondents during a preliminary study, aiming
to identify a common posture in oleoresin collecting activity. Out of the 30 observed workers,
three representative workers were recruited for detailed postural analysis. The regular postures
while performing the actual work (30 cycles per worker) were recorded using two video cameras
placed at an angle perpendicular to the sagittal plane (left and right) around the body’s axis.
Depending on the possible recording position, a video camera was placed upright in the coronal
plane to provide visuals from the front or backside. This biomechanics analysis was carried out
only on the maximum-load lifting postures identified using a time and motion study concept.
During observations, collecting work was carried out for around two hours. The maximum load in
this study was 34 kg, based on a full oleoresin bucket’s weight. The biomechanics analysis was
carried out on both current and proposed postures. A graphical representation of this research
flowchart is shown in Fig. 1.

2.1. L5/S1 Compression and Shear Forces Analysis

Information on biomechanical features is necessary to improve postures to the most effective
and safest patterns (Knudson 2007). This study’s biomechanics modeling and analysis were
carried out using the 3 Dimension Static Strength Prediction Program Version 7.1.0 (3DSSPP
Version 7.1.0) developed by the University of Michigan. The mathematical models for this
software follow the principles described by Chaffin et al. (2006). The 3DSSPP sets the Back
Compression Design Limit (also known as Action Limit/AL) under the criteria used to develop
the revised 1991 lifting equation at 3,400 N (Waters et al. 1993). The Back Compression Upper
Limit corresponds to the Maximum Permissible Limit (MPL) set at 6,400 N (NIOSH 1981).
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Preliminary study: regular
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Regular working postures
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4
Frequency multiplier
calculation

L5/S1 compression and

Fig. 1. The flowchart of the biomechanics analysis on pine oleoresin collecting work.

A load of L5/S1 greater than 3,400 N potentially increases the risk of injury by three times
more than a load below 3,400 N (Chaffin and Anderson 1991). In comparison, a load above 6,400
N is hazardous and can provide an injury risk of 10 times more than a load below 3,400 N (Nelson
et al. 1995). In this study, we set 500 N as a shear force safe limit. This limit follows the
recommendation from the ergonomic research group of the University of Waterloo (McGill et al.
1998). The study’s right and left-hand load ratios were determined through subjective estimation
during field observation and laboratory reconstructions.

2.2. Lifting Index (LI) Calculation

The Recommended Weight Limit (RWL) value is used to determine LI, a psychophysical
reference for estimating a worker’s physical stress caused by manual handling. A time study
analysis was carried out on 90 cycles of oleoresin collecting work to calculate the frequency
multiplier (FM). The following is a formula originated by NIOSH (1994) to calculate the RWL:

RWL = (LC)(HM)(VM)(DM)(AM)(FM)(CM) (1)
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where RWL is Recommended Weight Limit (kg), LC is the load constant (23 kg), HM is the
horizontal multiplier (25/H), VM is the vertical multiplier (1 —(0.003 |V —75])), DM is the distance
multiplier (0.82 + (4.5/D)), AM is the asymmetric multiplier (1 —(0.0032A)), FM is the frequency
multiplier (the average number of lifts/lowering tasks per minute), and CM is the coupling
multiplier. H (cm) in HM is the horizontal distance between the point projected on the floor directly
below the mid-point of the hands grasping the load center and the mid-point of a line between the
inside ankle bones. V (cm) in VM is the vertical location of the hands, which is the vertical location
of the hands above the floor at the origin. D (cm) in DM is vertical transfer, determined by
subtracting the V (cm) at the start of the lift from the V (cm) at the end of the lift. A in AM is the
asymmetric angle (°), which is the degree to which the body is required to twist or turn during the
lifting task or angular displacement from the load measured from the sagittal plane.

The LI < 1.0 indicates a little risk to health workers, while 1 < LI <2 indicates that lifting is
safe but can be physically stressful. 3 < LI means a significant level of physical stress and health
concerns. The following is a formula to calculate the LI (NIOSH 1994):

L
= R ®
where LI is the Lifting Index, L is the weight of the lifted object (kg), and RWL is the
Recommended Weight Limit (kg).

LI

3. Results and Discussion
3.1. Results
3.1.1. L5/SI compression and shear forces

The oleoresin collecting work is a part of the oleoresin harvesting activity. In this work, the
pine oleoresin is collected from each pot installed on each tapping surface. A complete collecting
work is split up into four value-added elements:

- Carrying a lugging bucket when walking from one to another tree (work element, hereafter
denoted as WE; WE1),

- Pouring the accumulated oleoresin in the pots into the lugging bucket (maximum weight is 34
kg) (WE2),

- Shouldered the full-load lugging bucket when walking to the transitory storage point (WE3),

- Pouring the oleoresin from the lugging bucket into the plastic drum at the transitory storage
point (WE4).

Lift postures in those four elements can vary among workers due to their self-selected lift styles.

A preliminary analysis showed six postures (hereafter denoted as P; P1 in WE1; P2, P3, and
P4 in WE3; P5 and P6 in WE4) were carried out as maximum-load lifting. These six selected
critical postures were modeled using the 3DSSPP software (front view from +Y axis, side view
from —X-axis, and hominoid view) to calculate the L5/S1 lower back compression and shear forces
at each posture. The anthropometric data used in this study was taken from the average height and
bodyweight of the 30 respondents: 162.8 cm in height and 57.4 kg in body weight. The
biomechanics analysis showed that the current oleoresin collecting work imposed workers with
1,614-3,945 N of compression force and 406—648 N of shear force (Fig. 2).
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Posture (based on 162.8 Front view Side view from | Hominoid-view | Sagittal plane lower
cm of height, 57.4 kg of from the the —X axis back analysis report
body weight) +Y axis

WEI: carrying a lugging bucket while walk from one tree to another tree

P1 CF: 1,614£93 N

SF: 406 N

Lifting frequency: 5
lifts/minute

Load ratio (right/left):
10/0

Balance: acceptable

WE3: shouldered the full lugging bucket when walking to the oleoresin collection point (drum)

P2 CF: 3,792+£278 N

SF: 572N

Lifting frequency: 0.2
lifts/minute

Load ratio (right/left):
8/2

Balance: critical

P3 CF: 3,945£213 N

SF: 424 N

Lifting frequency: 0.2
lifts/minute

Load ratio (right/left):
8/2

Balance: Acceptable

CF: 1,883+£101 N
‘ SF: 600 N

' Lifting frequency: 0.2
lifts/minute
Load ratio (right/left):
10/0
Balance: Acceptable

-

m

P4

WE4: pour the oleoresin from the lugging bucket into the plastic dru
P5 eI Y

CF: 2,060+£133 N

SF: 414N

Lifting frequency: 0.2
lifts/minute

Load ratio (right/left):
2/8

Balance: unacceptable
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Posture (based on 162.8 Front view Side view from | Hominoid-view | Sagittal plane lower
cm of height, 57.4 kg of from the the —X axis back analysis report
body we +Y axis
P6 i"m - PR ® CF:1,716+120 N
bli " AVS 2 SF: 418 N
v Lifting frequency: 0.2
: lifts/minute
o Load ratio (right/left):
B sy [ 6/4
"‘}Q\ . 1 Balance: unacceptable

Note: CF is compression force, SF is shear force. CF and SF were calculated based on 34 kg weight load.

Fig. 2. The side and hominoid views model on the six selected postures.

3.1.2. Lifting Index

LI was calculated for WE1, WE3, and WE4. The H, V, and D values used for the RWL
calculations were the most extreme values measured from the 90 cycles of observed work. The
actual lifting (and lowering) frequency was nine times/minute, resulting in the FM being 0.26. For
two hours of work duration and V < 75 cm, the coupling type in WE1 was categorized as “fair”,
with a CM score of 0.95. Therefore, the RWL and LI values for lifting tasks in WE1 were set at
3.5kgand 9.7. At WE3, the asymmetry angle was 45°. According to NIOSH (1994), lifting tasks
with a frequency of less than one lift every 5 minutes should be set at 0.2 lifts/minute. Thus, the
FM for WE3 was equal to 0.95. The CM for this task was similar to WE1. Therefore, the RWL
and LI values for lifting tasks in WE3 were set at 9.8 kg and 3.5. In WE4, the lifting task was
carried out when the workers poured oleoresin into a plastic drum (200-litre capacity, height 93
cm, diameter 58 cm). Lifting in this posture was carried out for 54 seconds every 2,544 seconds
(on average), resulting in 0.2 lifts/minute of lifting frequency. The coupling type for this task was
categorized as fair, and with V <75 cm, the CM was considered 1.00. Therefore, for a 34 kg load,
the RWL and LI for this work element were 10.8 kg and 3.1. All variables for the RWL and LI
calculation are presented in Table 1.

Table 1. The NIOSH lifting variables on lifting tasks in the WE1, WE3, and WE4
Work element

with lifting task NIOSH Lifting Variable

H (cm) V (cm) D (cm) A(©) HM VM

Work element 1 32 35 30 22.5 0.78 0.88

DM AM FM CM RWL LI

0.97 0.928 0.26 0.95 3.5 9.7

Work element 3 H (cm) V (cm) D (cm) A(©) HM VM
30 0 133 45.0 0.83 0.775

DM AM FM CM RWL LI

0.85 0.856 0.95 0.95 9.8 3.5

Work element 4 H (cm) V (cm) D (cm) A(©) HM VM
30 0 93 22.5 0.83 0.775

DM AM FM CM RWL LI

0.87 0.928 0.95 1.00 10.8 3.1

Notes: H is horizontal distance, V is vertical location, D is vertical transfer, A is asymmetric angle, HM is horizontal
multiplier, VM is vertical multiplier, DM is distance multiplier, AM is asymmetric multiplier, FM is frequency
multiplier, CM is coupling multiplier, RWL is Recommended Weight Limit, LI is Lifting Index, all values were
calculated based on 162.8 cm height and 57.4 kg weight of biotype.
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3.1.3. Simulation of the alternative collecting process

Calculation results on CF, SF, and LI (Fig. 2, Table 1) showed that although not all work
postures caused a compression and shear force that exceeded their AL values, the LI values in all
postures far exceeded the safe limit (Table 2). This condition reflected the evidence of the
workers’ physical stress when performing oleoresin collecting activities at a 34 kg bucket load.
Therefore, it is necessary to improve work techniques for a safer physical load. The alternative
work process with a lighter load, 3.5 kg for WE1 and 10.5 kg for WE3 and WE4, showed a lower
compression and shear force than the AL (Table 3).

Table 2. The tabulation of CF, SF, and LI compared to the Action Limit in the current work
technique

Posture* Max-load (kg) LI CF (N) SF (N)
WEIP1 34 9.7 161493 N 406 N
WE3P2 34 3792+278 N S72 N
WE3P3 34 3.5 3945213 N 424 N
WE3P4 34 1883+101 N 600 N
WE4P5 34 2060+133 N 414 N
WE4P6 34 Sl 17162120 N 418N

Notes: LI is Lifting Index, CF is L5/S1 compression force, SF is L5/S1 shear force, body dimension (162.8 cm,
57.4 kg). : Lower than AL, : Higher than AL.

Table 3. The L5/S1 compression and shear forces based on the proposed maximum load for WEI,
WE3, and WE4

Posture* Max-load (kg) LI CF (N) SF (N)
WEI1PI 3.5 0.99 1107 £ 65 255
WE3P2 10.5 1.07 2,265+ 165 360
WE3P3 10.5 1.07 1,500 +99 261
WE3P4 10.5 1.07 1,091 £45 454
WE4P5 10.5 0.97 1,242 £76 274
WE4P6 10.5 0.97 933+ 56 258

Notes: LI is Lifting Index, CF is L5/S1 compression force, SF is L5/S1 shear force, body dimension (162.8 cm, 57.4
kg).

3.2. Discussion

3.2.1. Biomechanics analysis on the existed postures

Lifting is considered the most common task associated with lower back injuries (Kuijer et
al. 2011). Most of the lifting tasks in this oleoresin collecting activity are carried out under back
lifting combined with asymmetric load. In most critical postures (Fig. 2), the load was placed on
the body’s right side. Among the six critical lifting-related working postures, the biomechanical
analysis shows that lifting in WE3P2 and WE3P3 resulted in L5/S1 compression forces that
exceeded the safety thresholds (Fig. 2, Table 2). We believe that these high L.5/S1 spine loads are
triggered not only by the load factor (resin buckets) but also by moderate-large forward trunk
flexion that happened while finishing the work, as proven by the study of Arjmand et al. (2015).
This high compression force will increase the risk of lower back injury (Chaffin and Andersson
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1991). Similar to compression force, the high shear force is associated with excessive
biomechanical stress in L5/S1 and may increase the risk of injury (McGill et al. 1998). This study
found that the high shear force on the L5/S1 disk exceeded the AL in WE3P2 and WE3P4 (Fig. 2,
Table 2).

The standing balance analysis shows that unacceptable and critical standing balance was
detected in WE3P2, WE4P5, and WE4P6. Even though the human central nervous system can
continuously correct the standing balance by making “adjustments” for a better standing balance,
an extensive adjustment may cause muscular imbalance (Nagymaté et al. 2018). Furthermore, this
imbalance may trigger fatigue (Chen 2000), lowering the muscles’ endurance to perform physical
activity.

The load factor during WEI progresses as the collected oleoresin’ weight on the lugging
bucket increases gradually. The time study analysis shows that the lugging bucket’s total lifting
duration, which got heavier (up to 34 kg maximum), was 97 minutes per working day with five
lifts (and lowering)/minute. In addition, the same attention should be addressed to all selected
postures in WE3 and WEA4. In all these lifting-related postures, the psychophysical analysis reveals
that the maximum load was excessive, approximately 3.1-9.7 times heavier than the calculated
RWL (Table 2). Similar to muscular imbalance, this progressive load may trigger progressive
fatigue, known to increase LBP (Banks and Aghazadeh 2009; Kuijer et al. 2011; Hasegawa et al.
2018).

This study also proves that lifting frequency is a factor that contributes to exacerbating
pressure at L5/S1. WE1 with a higher lifting frequency will potentially lead to a more severe lower
back injury than lifting work in WE3 and WE4 (Banks and Aghazadeh 2009; Hasegawa et al.
2018). Therefore, the load on WE1 must be much lighter than the load on WE3 and WEA4. In their
study, Ferguson et al. (2003) stated that when a load is combined with repetition motion, its impact
on the L5/S1 compression force will be more damaging.

Overall, these findings indicate that the existing lifting-related working postures in manual
oleoresin collecting work may risk the worker’s occupational health due to the constraint barrier’s
load. A postural study using Rapid Entire Body Assessment and Rapid Upper Limb Assessment
that was carried out on similar working postures showed similar results (Yovi and Fauzi 2021).
They revealed that bending or half bending while collecting work might trigger MSDs. Therefore,
ergonomic interventions are needed to reduce the level of risk. The proposed improvement should
be uncomplicated to be applied in the implementation stage because most workers are highly
dependent on this work to make a living and have limited financial ability to afford any additional
costs (Yovi and Yamada 2019).

3.2.2. Biomechanics analysis on the proposed interventions

Both postural and psychophysical analyses indicate the existence of excessive lifting.
Therefore, an alternative working technique is necessary. This study verifies that working posture
and load are the factors that influence the L5/S1 compression and shear force, which is in line with
Han et al. (2013). Therefore, lifting techniques need to be improved by considering two factors
contributing to MSDs: working postures and loads (Gallis 2006).

In this study, we focused on the discussion about load-related interventions that are very
applicable. The proposed alternative work technique originated from the load-related scenario, i.e.,
reducing the maximum load according to the RWL. This load reduction strategy does not demand
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drastic changes in working postures. In the proposed technique, the workers will use a 3.5 kg
capacity bucket and repeatedly pour the oleoresin into a bigger bucket until it is full. After three
times repetition, the workers then transferred 10.5 kg of oleoresin to a bigger drum at the transitory
storage point. In the current collecting technique, the workers carry a big bucket until it is filled
with a 34-kg load (full bucket). After that, they hauled the bucket into the transitory storage point
and then poured the 34 kg of oleoresin into a bigger drum (Fig. 3). The proposed alternative
process demands a longer working time, especially for repeated walking. However, this weight-
reducing strategy has shown a significant compression and shear force reduction, directly
associated with the lower MSDs risk (Table 3). This scenario will effectively reduce LBP risk, as
Waters et al. (1999) proved that 1 <LI < 3 has a consistently positive relationship with LBP.

J 3.5kg §J )
@ 3.5kg
34 kg 3.5kg )

4 4

Current process Alternative process

Fig. 3. A proposed oleoresin collecting work with the lighter load as suggested by the calculated
RWL.

4. Conclusions

The pine oleoresin collecting activity is dominated by MMH activities, especially lifting
tasks, which expose the workers to a high risk of occupational health disorders. The biomechanical
analysis reveals that the observed current oleoresin collecting techniques (involving a 34 kg full-
load oleoresin bucket) result in L5/S1 compression and shear forces over the permissible limits
(AL). In the current process, the LI values at all the working elements were far higher than 1,
indicating that this activity might cause physical stress in the long run. The smaller oleoresin
buckets (regardless of the longer time required for walking), intended to ensure that the load lifted
does not exceed the RWL, will significantly reduce the L5/S1 compression and shear forces.
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