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Abstract

Background

Extensive studies have been carried out over the years to determine the maximum accept-

able weight that a worker is capable of lifting in a given situation among Occidental popula-

tions across Europe and US. Nonetheless, studies that place emphasis on using lifting

frequency as the quantifying task parameter, especially in developing countries such as

Malaysia, appear to be in scarcity. Hence, this study determined the maximum acceptable

frequency of lift (MAFL) for combined manual material handling (MMH) tasks amongst

Malaysian males.

Method

Two lifting loads were considered in this study: 1 kg and 5 kg. Each subject adjusted his fre-

quency of lifting using a psychophysical approach. The subjects were instructed to perform

combined MMH task as fast as they could over a period of 45 minutes without exhausting

themselves or becoming overheated. The physiological response energy expenditure was

recorded during the experimental sessions. The ratings of perceived exertion (RPE) for four

body parts (forearms, upper arm, lower back and entire body) were recorded after the sub-

jects had completed the instructed task.

Results

The mean frequencies of the MMH task had been 6.8 and 5.5 cycles/minute for lifting load

of 1 and 5 kg, respectively, while the mean energy expenditure values were 4.16 and 5.62

kcal/min for 1 and 5 kg load, respectively. These displayed a significant difference in the

Maximum Acceptable Frequency of Lift (MAFL) between the two loads, energy expenditure

and RPE (p < 0.05) whereby the subjects appeared to work harder physiologically for

heavier load.
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Conclusion

It can be concluded that it is significant to assess physiological response and RPE in deter-

mining the maximum acceptable lifting frequency at varied levels of load weight. The find-

ings retrieved in this study can aid in designing tasks that do not exceed the capacity of

workers in order to minimise the risk of WRMSDs.

Introduction

Work-related musculoskeletal disorders (WRMSDs) are bound to become the leading cause of

disabilities with serious implications for both society and public health by 2020 [1]. Manual

material handling (MMH) tasks are an important contributor of lower back problems and

other WRMSDs [2–4]. WRMSDs due to MMH tasks have long been reckoned as one of the

main occupational injuries that has affected the quality of life amidst the industrial working

population in the US and other nations [5, 6]. In Taiwan, approximately 59% of Taiwanese

workers were injured from MMH tasks [7]. The number of patients with lower back problems

recorded in the South Korean industry escalated by an astounding figure (246%) from 2002 to

2003 –a span of only a year [8]. Preventing WRMSDs has been now considered as a national

priority in a number of nations including Malaysia [9, 10]. A report from the Malaysian

Department of Occupational Safety and Health (DOSH) revealed that the highest number of

industrial accidents was contributed by the manufacturing sector with a total of 1649 cases

[11]. The most affected location of injury due to industrial accidents was the upper limb region

with 30,356 cases (44.6%), followed by the lower limb region with 13,475 cases (19.8%) [12].

The number of MSD cases increased drastically from 15 cases in year 2006 to 675 cases in

2014, which is roughly 44 times the original number of cases within a span of eight years [13].

The compensation cost paid due to such injury had been higher when compared to other

industrial diseases [14]. The Malaysian Government had even paid RM 1.4 billion for indus-

trial workers’ compensation claims through SOCSO in the financial year of 2010.

A large and growing body of literature has developed some guidelines and has determined

the maximum acceptable weight of lift (MAWL) for all those involved in MMH tasks based on

psychophysical, physiological and biomechanical approaches as measures to prevent

WRMSDs. The National Institute for Occupational Safety and Health (NIOSH) work practices

guide and lifting equations [15] were developed in accordance to the following guidelines: (1)

American Conference of Governmental Industrial Hygienists (ACGIH), (2) Threshold Limit

Values (TLVs) for Lifting and (3) Snook and Ciriello Psychophysical Tables. To date, physio-

logical approaches on the energy expenditure is the most widely accepted measure for physio-

logical response to repetitive handling since it is directly proportional to the workload at

steady-state conditions [16–21].

Most studies have determined the MAWL for individual task, such as symmetric lifting task

[6, 22–24] and asymmetric lifting task [6, 7, 25]. Hidalgo and Genaidy [26] introduced a com-

prehensive lifting model (CLM) for evaluating and designing of manual tasks. Karwowski [27]

determined the ‘safe’ lifting capacities on the maximum safe weight of lift (MSWL). He found

that the MSWL values were significantly lower than those of MAWL. He suggested that

human judgement of load heaviness should be modelled using the cognitive engineering

approach [28]. Nonetheless, only a handful of studies have looked into MAWL or lifting capac-

ities limit of combined two or more MMH tasks, such as lifting, carrying and lowering loads.

Shoaf et al. [29] developed a load capacity limits model for manual lowering, pushing, pulling
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and carrying activities. In another study, Kai Way Li and Chih Fung Liu [30] determined the

maximum acceptable weight of handling in combined MMH tasks. Iridiastadi [31] found that

MAWL for combined MMH was significantly lower than MAWL previously published tested

based on a single activity [32].

Combined activities are prevalent in industry, such as loading and unloading material from

pallet to machine or conveyor. More researches are needed in this area due to the conflicting

results combined MMH has exhibited in comparison to individual MMH activity in focused

research.

In many industrial situations, the key question is not how much weight per lift a worker

can lift but how frequently the worker is capable of lifting the given weight safely without

straining or overexerting himself. According to Mital et al. [33] and Fox and Smith [34], the

frequency of handling is the most critical task characteristic that influences an individual’s

capability in performing MMH activities. Hence, frequency is a significant characteristics that

influences an operator’s capability to perform lifting tasks [35]. Widia and Dawal [36] also

reported a significant association between frequency and awkward body posture. The results

showed that the majority of MMH workers (82.5%) experienced MSD symptoms. According

to Marras et al. [37], the nature of physical work in the manufacturing industry has evolved

towards low force and highly repetitive tasks in order to achieve productivity targets. Several

studies have reported that work productivity is correlated to WRMSDs [38–40], which may be

the consequence of highly repetitive tasks that lead to higher risk of contracting WRMSDs.

At present, there is scarcity of studies in the literature in which frequency is used as the

quantifying variable for combined MMH tasks, particularly with regards to lifting light loads.

Among the notable works in this area are those reported by Snook and Irvine [41] and Fox

and Smith [34]. In the former study, a heavy load tote box was used to determine the maxi-

mum acceptable frequency limit (MAFL) in a symmetric lifting task, whereas the latter study

use a light load box for the same purpose. Nonetheless, none has focused on determining the

MAFL for combined MMH tasks such as lifting, carrying and lowering loads.

Most studies related to this subject had been carried out in the US and Europe. Hence, the

data presented in these studies cater to Occidental populations [19, 42]. Wu [7] found that the

Chinese population, in general, has smaller body sizes and lifting capacities, when compared

to those in the US and Europe population. In recent years, researchers have looked into the

effect of task demands on physiological or psychophysical experience among the Malaysian

population [43, 44]. Nevertheless, it seemed that, the lifting capacities of the Malaysian popula-

tion have been omitted in these studies, in particular, the MAFL. As mentioned previously, the

number of industrial accidents and the cases of WRMSDs in Malaysia have escalated at annual

rate despite the availability of MMH guidelines. More importantly, the individual lifting capac-

ity amidst Malaysian males must be identified in order to minimise risk of male workers

towards MSDs, apart from enhancing their productivity. For these reasons, it is deemed crucial

to determine the MAFL amongst the Malaysian population. With this in mind, this study

determined the MAFL and analysed the impact of lifting loads on energy expenditure and rat-

ing of perceived exertion (RPE) for combined MMH tasks performed by Malaysian males.

Methods

Subjects

Ten healthy Malaysian males without historical records of MSD were recruited for this study.

A pilot study was conducted with three male subjects to test and to refine the proposed meth-

ods and procedure prior to the main study. The subjects were selected based on their age, gen-

der and state of health. Initially, the subjects were given briefing regarding the purpose of the
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study and they were requested to sign a written consent form as evidence that they fully agreed

to participate in the experiment. The subjects were introduced to a practical session prior to

the experiment so that they could familiarise themselves with the experimental procedure.

Approval was obtained for the methodology used in this study from the University of Malaya

Research Ethics Committee (UMREC) (Ref: UM.TNC2/RCH/UMREC). Table 1 summarises

the mean and standard deviation values of the anthropometric dimensions (height, knuckle

height, waist height and sternum height).

Experimental design

The experimental task was designed based on loading and unloading tasks observed in the

industry as well as those reported in past studies [45, 46]. Based on the field observations, the

lifting height was kept constant between 73 and 130 cm (table height), which is approximately

equaivalent to the average knuckle and sternum height. The variables and conditions of the

experiment are summarised in Table 2.

The subjects were requested to wear comfortable clothing for the experiment. Energy

expenditure and RPE were recorded as the response variables when the subjects performed the

task. Fig 1 illustrates the experimental set up applied in this study.

Task

The combined MMH task for one cycle time is defined as follows: the subject is required to lift

the part from a specific height to his elbow height, carry the part against his waist for a distance

of 2 m, place the part from his elbow height to a specific table height, and then, walk back

towards the starting position while carrying the same part. As for data collection, each subject

was required to perform each of the six task conditions over a period of 45 minutes in a ran-

dom sequence. Each subject was encouraged to lift in any body posture that he found to be

most comfortable based on the perception towards task demand. The instructions given to the

Table 1. Anthropometric and isometric strength measurements of the Malaysian male subjects.

Variable Mean SD Range

Age (years) 27.50 4.86 22–36

Weight (kg) 69.60 17.06 50–105

Height (cm) 167.10 7.56 150–176

Knuckle height (cm) 72.20 3.85 68–80

Waist height (cm) 95.50 4.65 86–102

Elbow height (cm) 104.50 5.19 96–109

Shoulder height (cm) 135.80 5.92 126–144

Sternum height (cm) 126.90 6.71 114–135

Waist circumference (cm) 97.35 13.89 83–105.5

Bicep circumference (cm) 31.53 4.70 24–39

Forearm circumference (cm) 26.14 2.61 22–30

Shoulder circumference (cm) 107.35 8.18 98–126

Isometric strength (N)
Arm 229.17 69.34 142.33–363.23

Back 479.81 169.29 215–662.93

Shoulder 390.53 118.08 169.03–520.43

Leg 499.65 143.10 290.6–757.63

(N = 10)

https://doi.org/10.1371/journal.pone.0216918.t001
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subjects were consistent with those of prior studies [7, 24, 34]. The six task conditions had

been divided into two experimental sessions, as portrayed in Fig 2.

Experimental procedure

A psychophysical approach was applied to determine the MAFL of the subjects for each lifting

task. The instructions given to the subjects were similar to those used by Fox and Smith [34].

The subjects were ensured that they understood the instructions and what was expected of

them. The subjects were informed to work as hard as they could without straining themselves

or becoming tired, weak and overheated [34, 41]. The subjects were asked to lift the given load

using a customised metronome beeper. The experimental procedure for each session is

described briefly as follows:

Session 1: Metronome-paced task. In this session, each subject was required to adjust his

frequency by calling out changes to the experimentalist who then adjusted the metronome.

The subject would call out ‘increase’ to increase the frequency and likewise, he would call out

‘decrease’ to decrease the frequency. The experimentalist adjusted the frequency in steps of

two cycles/min response according to the command given by the subject. If the subject

Table 2. Variables and conditions of the experiment.

Variable Levels or conditions

Independent

variable

Load 1 kg and 5 kg

Lifting height 73–130 cm and 130–73 cm

Pace Metronome-paced (slow, high initial

frequency) and unpaced

Dependent

variable

Maximum acceptable frequency limit

(MAFL) (cycles/min)

Energy expenditure (kcal/min)

Rating perceived exertion (RPE)

Controlled

variable

Simulated automotive parts (Fig 1) 1 kg = car body interior

(81 cm × 15.5 cm × 2.5 cm)

5 kg = bumper

(125 cm × 22 cm × 5 cm)

Task duration 45 minutes

Temperature 23˚C

https://doi.org/10.1371/journal.pone.0216918.t002

Fig 1. Experimental set up.

https://doi.org/10.1371/journal.pone.0216918.g001
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required only slight adjustment, the frequency was adjusted by one cycle/min. It is highlighted

here that the subjects were unaware of the actual frequency. It had been perceived that calling

out for adjustments of the frequency to the experimentalist enabled each subject to perform

the task at a steady pace without disrupting his work rhythm. This reflected as an effective pro-

cedure as it would have been undesirable if the subject had to pause his work merely to manu-

ally adjust the frequency himself by pressing the button on the metronome beeper. The

subjects were allowed to adjust their frequency for the initial 40 minutes out of the 45-minute

experimental session. This frequency adjustment period had been selected based on that sug-

gested by Snook and Irvine [41] and Fox and Smith [34].

Session 2: Unpaced task. Two additional sessions were incorporated into the experiment

for 1 and 5 kg load without the use of metronome beeper in order to provide a pace cue during

these extra sessions. Similar to the previous procedure, the subjects were required to work as

hard as they could for 45 minutes at a constant pace (as much as they could possibly manage)

without the metronome beeper. The experimentalist counted the number of cycles per minute

performed by each subject for every 5 minutes throughout the 45-minute experimental

session.

The primary purpose for this unpaced task sessions was to simulate a typical work session

in the industry. Unlike the metronome-paced session, these sessions reflect ‘internally-paced’

sessions since they are dependent on the subject’s own internal assessment of pace.

The aim of the study is to determine the difference in pace with respect to the metronome-

paced session and how consistent the subjects were in maintaining their pace without external

interference.

Equipment

An Actiheart monitoring device was used in this study to determine energy expenditure,

which was derived from heart rate and activity data. These recorded data for energy expendi-

ture and heart rate were downloaded into a computer for further analysis. The Actiheart is a

valid method that can be used to measure energy expenditure while performing work [47,48].

Fig 2. Task conditions.

https://doi.org/10.1371/journal.pone.0216918.g002
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The data of energy expenditure were averaged for each experimental task and were analysed

using SPSS software. The Actiheart monitoring device, which was worn on the chest, has two

electrodes connected by a short lead cable and clipped onto two standard ECG pads. The

device is comfortable to wear for ambulatory activity and heart rate recording since it is a self-

contained instrument.

Statistical analysis

A two-way ANOVA for repeated measures was carried out to determine the variances in

MAFL, energy expenditure and RPE between the experimental sessions (paced and unpaced

tasks). Statistical comparisons of MAFL for both paced and unpaced tasks were performed via

paired sample t-test. Cohen (1988) proposed the following interpretation of d values (paired

sample t-test). A d value close to 0.2 is a small effect, while d near 0.5 reflects a medium effect,

and d near 0.8 refers to a large effect. A confidence interval of 95% was applied in this analysis.

The principle behind significance value is that the p value should be less than 0.05 (CI 95%).

Unless otherwise specified, the data are presented as mean±standard deviation.

Results

Metronome-paced and unpaced task sessions

The mean values for MAFL and energy expenditure are summarised in Figs 3 and 4, respec-

tively. The MAFL seemed to decrease with increment in lifting load during the six sessions.

On the contrary, the energy expenditure increased when the lifting load was increased. The

MAFL for 5 kg load (5.38±0.69 metronome; 5.62±0.83 unpaced) was significantly lower than

that for 1 kg load (6.73±0.71 metronome; 6.86±0.84 unpaced), with a difference of 22.3% and

19.87% during metronome-paced and unpaced tasks, respectively. The two-way ANOVA out-

puts revealed that load had a statistically significant effect on both MAFL and energy expendi-

ture during metronome-paced and unpaced tasks (p< 0.01). Based on the two-way repeated

measures of ANOVA with Greenhouse-Geisser correction, it was found that the mean value

for MALF differed significantly between the loads (F(1, 86) = 9.2, p< 0.000, partial η2 = 0.1).

Meanwhile, the paces (F(1, 86) = 3.01, p> 0.000, partial η2 = 0.04) and the interactions

between loads and paces (F(1, 86) = 0.09, p> 0.000, partial η2 = 0.00) displayed insignificant

variances in MALF. The outcomes showed that the differences in energy expenditure between

Fig 3. The mean and standard error of MAFL based on the lifting load (MSF = Metronome Task-slow initial

frequency; MFF = Metronome Task-fast initial frequency; UP = unpaced task).

https://doi.org/10.1371/journal.pone.0216918.g003
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1 kg (4.16±0.95 metronome; 4.98±0.84 unpaced) and 5 kg (5.62±0.74 metronome; 5.88±0.45

unpaced) for metronome-paced and unpaced tasks were 29.86 and 16.57%, respectively.

The ANOVA results revealed that the lifting load had a significant effect on the overall RPE

(p< 0.01). When the lifting load was increased from 1 to 5 kg, the overall RPE increased

slightly from 1.4 to 2.4, i.e. from ‘very weak’ to ‘weak’. Table 3 summarises the ANOVA

results.

Table 4 presents no significant difference (p> 0.05) in the frequency between paced and

unpaced measurements for both lifting loads. This indicates that the subjects were indeed con-

sistent in maintaining their work pace throughout the experimental sessions.

Rating of perceived exertion (RPE)

Table 5 lists the RPE values recorded while the subjects’ were lifting load at the end of each lift-

ing task. The perceived exertion for forearm, upper arm, lower back, shoulder and the entire

body increased with increment in lifting load. The maximum increase in the perceived exer-

tion was observed for forearm and lower back among all the other body parts investigated in

this study. The minimum increase in the perceived exertion was noted the shoulders.

Discussion

The highlight of this study is the MAFL for 1 and 5 kg loads. Based on the outcomes retrieved,

the MAFL appeared to decrease with increase in lifting load, while both energy expenditure

and RPE increased when the lifting load was increased. The mean values for lifting frequencies

were 6.8 and 5.5 cycles/min for 1 and 5 kg load, respectively. The mean value of MALF

Fig 4. The mean and standard error of energy expenditure based on the lifting load (MSF = Metronome Task-slow

initial frequency; MFF = Metronome Task-fast initial frequency; UP = unpaced task).

https://doi.org/10.1371/journal.pone.0216918.g004

Table 3. Analysis of variance for the maximum acceptable frequency limit, energy expenditure and rating of perceived exertion.

MAFL Energy Expenditure RPE

Source df F p ηp
2 df F p ηp

2 df F p ηp
2

Load 1 9.2 0.00� 0.10 1 9.23 0.00� 0.08 1 11.5 0.00� 0.17

Lifting pace 1 3.01 0.08 0.04 1 3.01 0.08 0.00 1 0.48 0.49 0.01

Load�Lifting pace 1 0.09 0.77 0.00 1 0.09 0.77 0.00 1 0.90 0.35 0.02

� p<0.01

https://doi.org/10.1371/journal.pone.0216918.t003
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decreased by 19.11% from the load weight of 1 to 5 kg, which is in agreement with the findings

reported by Fox and Smith [34] that attained a near similar percentage decrease of 24.7%. Nev-

ertheless, the mean value of MALF for this present study was significantly lower than those

observed in another psychophysical research related to MMH tasks [34]. This is attributable to

the differences in the type of task. This present study involved the combination of MMH tasks

(lifting, carrying and lowering), while past studies only incorporated individual tasks, such as

symmetric or asymmetric lifting tasks. The results could also reflect the variations in the phy-

siques (anthropometric dimensions and isometric strengths) of different populations. The per-

centage difference in the arm strength of the subjects in this study was 57.34% lower than that

reported in a previous study [49]. In general, the Asian population has a smaller average body

size and also relatively weaker strength in their upper extremities, when compared to the Occi-

dental populations [6, 7]. Therefore, it is perfectly understandable if the mean value for MALF

recorded in this study significantly differed, in comparison to those reported in prior studies.

Hence, the recommended maximum work pace is 2400 and 3360 cycles/8 hours for 1 and 5 kg

load, respectively. Based on a survey in a similar work task within the context of two Malaysian

automotive industries [36], the recommended work pace is bound to increase work productiv-

ity by 52.30 and 66.67% for 1 and 5 kg load, respectively. In other industries, the work pace

should be reduced by about 20% to prevent the worker from succumbing to WMSDs. It has

been perceived that it is critical for organisations to consider the recommended maximum

work pace in their work design and work productivity planning to hinder cases of muscle

fatigue and to reduce the risk of WRMSDs among workers.

The increase in energy expenditure also displayed agreement with [50, 51] upon increase in

lifting load. The mean values for energy expenditure were 4.16 and 5.62 kcal/min for 1 and 5 kg

load, respectively. The values are below the maximum limit of 7.125 kcal/min for standing arm

lifting task based on the guidelines provided by NIOSH [15]. This signifies that the task given to

the subjects was not stressful, but was well within their lifting capacity. From a logical stance,

the 5 kg load would have produced more biomechanical strains in the upper extremities, when

Table 4. Paired t-test results for paced and unpaced tasks.

Paced Unpaced 95% CI for Mean Difference

Outcome M SD M SD n R t df

Frequency 1 Kg 6.45 0.76 6.86 0.84 10 -0.99, 0.18 0.15 -1.56 9

Frequency 5 Kg 5.3 0.79 5.62 0.83 10 -1.03, 0.4 0.34 -1.01 9

https://doi.org/10.1371/journal.pone.0216918.t004

Table 5. The mean and standard deviation of RPE for the Malaysian male subjects during the metronome-paced

and unpaced task sessions.

RPE Metronome-paced Task Unpaced Task

1 kg 5 kg 1 kg 5 kg

Forearm (R) 1.38±1.10 2.55±1.58 1.45±1.01 3.25±1.84

Forearm (L) 1.48±1.11 2.75±1.64 1.45±1.01 3.25±1.59

Upper arm (R) 1.28±0.87 2.25±1.41 1.20±0.79 2.85±1.67

Upper arm (L) 1.63±1.14 2.55±1.72 1.35±1.00 3.15±1.63

Shoulder (R) 1.10±1.02 1.78±1.52 1.05±0.89 2.15±1.53

Shoulder (L) 1.15±1.23 2.00±1.96 0.95±0.96 2.25±1.99

Lower back (R) 1.58±1.31 2.48±2.07 1.20±1.03 2.55±1.89

Lower back (L) 1.60±1.42 2.53±2.11 1.20±1.03 2.80±2.15

Entire Body 1.48±1.01 2.43±1.38 1.30±0.82 3.05±1.67

https://doi.org/10.1371/journal.pone.0216918.t005
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compared to that exerted by 1 kg load. Additionally, different limiting factors were noted for

these two loads based on the disparity in the percentage of aerobic capacity [34]. The 1 kg lifting

task may have been limited more by the mechanics of the task (i.e. the speed of movement), in

comparison to the metabolic and fatigue impacts of performing the task. On the contrary, the 5

kg load may have been limited more by the metabolic and fatigue impacts of the load. The sub-

jects worked harder with the 5 kg load, but they lifted it for fewer number of cycles per minute.

These observations have important implications when designing MMH tasks.

The perceived stress levels of the subjects increased when the lifting load was increased. The

variance between the 1 and 5 kg loads appeared to be significant in many aspects. In general,

the 5 kg load resulted in higher exertion, when compared to that for 1 kg load in the right fore-

arm (85%), left forearm (86%), right upper arm (76%), left upper arm (57%), right shoulder

(61%), left shoulder (74%), right lower back (57%) and the entire body (64%). However, the

average RPE for the 5 kg load was close to ‘scale 3’ (moderate). This finding is in good agree-

ment with the levels of perceived exertion reported in a similar study involving MMH tasks

[34]. This indicates that the subjects perceived that the given task was not really stressful. In

precise, the subjects performed the combined MMH task as quickly as possible without

exhausting themselves or becoming overheated. Fox and Smith [34] found that the body parts

with the highest stress levels for symmetric lifting task were the lower back and legs. Turning

to this study, the body parts with the highest stress levels were the forearms and lower back,

which are in line with that reported by Wu [7]. This displays the differences in the perceived

response between individual lifting tasks and combined MMH tasks.

Limitations of the study

One of the main limitations in this study is the relatively small number of subjects involved and

therefore, the characteristics are not representative of the whole Malaysian population. All the

subjects are males and they do not have any experience in MMH tasks. Hence, it is important to

further explored the MALF amongst experienced workers [52]. With that, it is recommended

that a larger sample size should be used in future studies by including females and subjects from

other age groups. It is more desirable if the subjects are recruited from the industry, specifically

those involved directly in MMH tasks. This is particularly important in order to obtain a holistic

view on the crucial parameters in MMH tasks where in these parameters can be used to design

MMH tasks by incorporating safety aspects. Beside, only energy expenditure measurements

were considered in this study, despite other available physiological measurements, such as mus-

cle activity, which are equally significant. Hence, this study proposes that other approaches (e.g.
EMG, motion study) should be embedded to record muscle activity and joint moments in

future studies. Recording the postures of the subjects and, taking into account muscles such as

erector spinae, biceps brachii and flexor carpi radialis, are bound to offer more accurate estima-

tion of the overall muscular loadings. Such information will be useful to help boost the produc-

tivity of workers involved in MMH tasks, apart from minimising the risk of WRMSDs.

Conclusion

This study had determined the MAFL for combined MMH tasks amongst selected Malaysian

males. Two loads were considered in this study: 1 kg and 5 kg. The study outcomes portrayed

that the lifting load exerted a significant effect on the MAFL, energy expenditure and RPE. The

mean of MALF decreased by 19.11% from the load weight of 1 to 5 kg. The presented findings

have important implications in industrial practice since they can be used as the groundwork to

design MMH tasks by weighing in the aspects of MAFL and energy expenditure amidst the

workers.

Maximum acceptable frequency of lift in Malaysia

PLOS ONE | https://doi.org/10.1371/journal.pone.0216918 May 29, 2019 10 / 13

https://doi.org/10.1371/journal.pone.0216918


Supporting information

S1 File. Raw data file.

(XLSX)

Author Contributions

Conceptualization: Mirta Widia, Siti Zawiah Md. Dawal, Nukman Yusoff.

Data curation: Mirta Widia.

Formal analysis: Mirta Widia.

Funding acquisition: Mirta Widia, Siti Zawiah Md. Dawal.

Investigation: Mirta Widia.

Methodology: Mirta Widia, Siti Zawiah Md. Dawal, Nukman Yusoff.

Project administration: Mirta Widia.

Resources: Mirta Widia.

Supervision: Siti Zawiah Md. Dawal, Nukman Yusoff.

Validation: Siti Zawiah Md. Dawal, Nukman Yusoff.

Visualization: Siti Zawiah Md. Dawal, Nukman Yusoff.

Writing – original draft: Mirta Widia.

Writing – review & editing: Mirta Widia, Siti Zawiah Md. Dawal, Nukman Yusoff.

References
1. Murray CJ LA. The Global Burden of Disease: A Comprehensive Assessment of Mortality and Disability

From Diseases, Injuries and Risk Factors in 1990 and Projected to 2020 Cambridge M, editor: Harvard

School of Public Health; 1996.

2. Burdorf A, Naaktgeboren B., Post W. Prognostic factors for musculoskeletal sickness absence and

return to work among welders and metal workers. Occupational and environmental medicine. 1998;

55:5.

3. Punnett L WD. Work-related musculoskeletal disorders: the epidemiologic evidence and the debate.

Journal of electromyography and kinesiology: official journal of the International Society of Electrophysi-

ological Kinesiology. 2004; 1(14):10.

4. Scuffham AM, Legg SJ, Firth EC, Stevenson MA. Prevalence and risk factors associated with musculo-

skeletal discomfort in New Zealand veterinarians. Appl Ergon. 2010; 41(3):444–53. https://doi.org/10.

1016/j.apergo.2009.09.009 PMID: 19857858

5. Ayoub MM, Dempsey PG. The psychophysical approach to manual materials handling task design.

Ergonomics. 1999; 42(1):17–31. https://doi.org/10.1080/001401399185775 PMID: 9973869

6. Maiti R, Ray GG. Determination of maximum acceptable weight of lift by adult Indian female workers.

International Journal of Industrial Ergonomics. 2004; 34(6):483–95.

7. Wu S-P. Maximum acceptable weights for asymmetric lifting of Chinese females. Applied Ergonomics.

2003; 34(3):215–24. https://doi.org/10.1016/S0003-6870(03)00010-3 PMID: 12737921

8. Labor Do. Injury statistics in Korean industry in 2003. 2004.

9. Spielholz P SB, Morgan M, Checkoway H, Kaufman J. Comparison of self-report, video observation

and direct measurement methods for upper extremity musculoskeletal disorder physical risk factors.

Ergonomics. 2001; 44(6):25.

10. Aliraza Choobineh SHTaMB. Musculoskeletal problems among workers of an Iranian Sugar-Producing

factory. International Journal of Occupational Safety and Ergonomics (JOSE). 2009; 15(4):5.

11. DOSH. Department of Occupational Safety and Health: Statistics of the Department. 2011.

12. SOCSO. SOCSO Statistic Report (online). 2006.

Maximum acceptable frequency of lift in Malaysia

PLOS ONE | https://doi.org/10.1371/journal.pone.0216918 May 29, 2019 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216918.s001
https://doi.org/10.1016/j.apergo.2009.09.009
https://doi.org/10.1016/j.apergo.2009.09.009
http://www.ncbi.nlm.nih.gov/pubmed/19857858
https://doi.org/10.1080/001401399185775
http://www.ncbi.nlm.nih.gov/pubmed/9973869
https://doi.org/10.1016/S0003-6870(03)00010-3
http://www.ncbi.nlm.nih.gov/pubmed/12737921
https://doi.org/10.1371/journal.pone.0216918


13. Malaysia TMoHRo. Social Security Organization Annual Report. 2014.

14. SOCSO. Social Security Organisation (SOCSO) Annual Report. 2011.

15. Waters TR, Putz-Anderson V, Garg A, Fine LJ. Revised NIOSH equation for the design and evaluation

of manual lifting tasks Ergonomics. 1993; 36(7).

16. Arjmand N, Plamondon A, Shirazi-Adl A, Parnianpour M, Lariviere C. Predictive equations for lumbar

spine loads in load-dependent asymmetric one- and two-handed lifting activities. Clin Biomech (Bristol,

Avon). 2012; 27(6):537–44.

17. Ciriello VM, Maikala RV, Dempsey PG, O’Brien NV. Psychophysically determined forces of dynamic

pushing for female industrial workers: Comparison of two apparatuses. Appl Ergon. 2010; 41(1):141–5.

https://doi.org/10.1016/j.apergo.2009.06.001 PMID: 19628201

18. Ciriello VM, Maikala RV, Dempsey PG, O’Brien NV. Gender differences in psychophysically determined

maximum acceptable weights and forces for industrial workers observed after twenty years. Int Arch

Occup Environ Health. 2011; 84(5):569–75. https://doi.org/10.1007/s00420-010-0589-0 PMID: 20953621

19. Maiti R, Bagchi TP. Effect of different multipliers and their interactions during manual lifting operations.

International Journal of Industrial Ergonomics. 2006; 36(11):991–1004.

20. Waters TR, MacDonald LA, Hudock SD, Goddard DE. Provisional Recommended Weight Limits for

Manual Lifting During Pregnancy. Human Factors: The Journal of the Human Factors and Ergonomics

Society. 2013; 56(1):203–14.

21. Waters TR, Lu ML, Occhipinti E. New procedure for assessing sequential manual lifting jobs using the

revised NIOSH lifting equation. Ergonomics. 2007; 50(11):1761–70. https://doi.org/10.1080/

00140130701674364 PMID: 17972201

22. Waters TR, Putz-Anderson V, Garg A, Fine LJ. Revised NIOSH equation for the design and evaluation

of manual lifting tasks. Ergonomics. 1993; 36(7):749–76. https://doi.org/10.1080/00140139308967940

PMID: 8339717

23. Mital A. Prediction of maximum weights of lift acceptable to male and female industrial workers. Journal

of occupational accidents. 1984; 5(4):223–31.

24. Wu S-P. Maximum acceptable weight of lift by Chinese experienced male manual handlers. Applied

Ergonomics. 1997; 28(4):237–44. PMID: 9414362

25. Cheng T-HLaT-S. Asymmetric Lifting Capabilities for Different Container Dimensions. International

Journal of Occupational Safety and Ergonomics (JOSE). 2011; 17(2):7.

26. Hidalgo J, Genaidy A, Karwowski W, Christensen D, Huston R, Stambough J. A comprehensive lifting

model: beyond the NIOSH lifting equation. Ergonomics. 1997; 40(9):916–27. https://doi.org/10.1080/

001401397187748 PMID: 9306742

27. Karwowski W, editor Maximum Safe Weight of Lift: A New Paradigm for Setting Design Limits in Manual

Lifting Tasks Based on the Psychophysical Approach. Human Factors and Ergonomics Society 40th

Annual Meeting (HFES); 1996; Santa Monica, California.

28. Karwowski W, Lee W, Jamaldin B, Gaddie P, Jang R-L, Alqesaimi KK. Beyond psychophysics: the

need for a cognitive engineering approach to setting limits in manual lifting tasks. Ergonomics. 1999; 42

(1):40–60. https://doi.org/10.1080/001401399185793 PMID: 9973871

29. Shoaf C, Genaidy A, Karwowski W, Waters T, Christensen D. Comprehensive manual handling limits

for lowering, pushing, pulling and carrying activities. Ergonomics. 1997; 40(11):1183–200. https://doi.

org/10.1080/001401397187432 PMID: 9375533

30. Kai Way Li CFL, editor Determination of Maximum Acceptable Weight of Handling in Combined Manual

Materials Handling Tasks2009: Proceedings of the 2009 IEEE IEEM.

31. Iridiastadi H, Aghazadeh F. Physiological fatigue limit of combined manual materials handling tasks

Occupational Ergonomics. 2005; 5(3):7.

32. Founooni-Fard H, Mital A. A psychophysiological study of high and very high frequency manual materi-

als handling: Part I—Lifting and lowering. International Journal of Industrial Ergonomics. 1993; 12

(1):127–41.

33. Mital A. Analysis of multiple activity manual materials handling tasks using A Guide to Manual Materials

Handling. Ergonomics. 1999; 42(1):246–57. https://doi.org/10.1080/001401399185928 PMID: 9973882

34. Fox RR, Smith JL. A psychophysical study of high-frequency arm lifting. International Journal of Indus-

trial Ergonomics. 2014; 44(2):238–45.

35. Marras WS, Parakkat J, Chany AM, Yang G, Burr D, Lavender SA. Spine loading as a function of lift fre-

quency, exposure duration, and work experience. Clin Biomech (Bristol, Avon). 2006; 21(4):345–52.

36. Widia M, Dawal S, Yusoff N. The relation of risk factors and musculoskeletal discomfort among manual

material handling workers in malaysian automotive industries. Malaysian Journal of Public Health Medi-

cine. 2016; 16(1):9.

Maximum acceptable frequency of lift in Malaysia

PLOS ONE | https://doi.org/10.1371/journal.pone.0216918 May 29, 2019 12 / 13

https://doi.org/10.1016/j.apergo.2009.06.001
http://www.ncbi.nlm.nih.gov/pubmed/19628201
https://doi.org/10.1007/s00420-010-0589-0
http://www.ncbi.nlm.nih.gov/pubmed/20953621
https://doi.org/10.1080/00140130701674364
https://doi.org/10.1080/00140130701674364
http://www.ncbi.nlm.nih.gov/pubmed/17972201
https://doi.org/10.1080/00140139308967940
http://www.ncbi.nlm.nih.gov/pubmed/8339717
http://www.ncbi.nlm.nih.gov/pubmed/9414362
https://doi.org/10.1080/001401397187748
https://doi.org/10.1080/001401397187748
http://www.ncbi.nlm.nih.gov/pubmed/9306742
https://doi.org/10.1080/001401399185793
http://www.ncbi.nlm.nih.gov/pubmed/9973871
https://doi.org/10.1080/001401397187432
https://doi.org/10.1080/001401397187432
http://www.ncbi.nlm.nih.gov/pubmed/9375533
https://doi.org/10.1080/001401399185928
http://www.ncbi.nlm.nih.gov/pubmed/9973882
https://doi.org/10.1371/journal.pone.0216918


37. Marras WS, Cutlip RG, Burt SE, Waters TR. National occupational research agenda (NORA) future

directions in occupational musculoskeletal disorder health research. Appl Ergon. 2009; 40(1):15–22.

https://doi.org/10.1016/j.apergo.2008.01.018 PMID: 18462703

38. Conway H, & Svenson J. Musculoskeletal Disorders and Productivity. Journal of Labor Research.

2001; 22(I).

39. Resnick ML, & Zanotti A. Using Ergonomics to Target Productivity Improvement. Computers & Indus-

trial Engineering. 1997; 33(1–2):4.

40. Xu Z, Ko J, Cochran DJ, Jung M-C. Design of assembly lines with the concurrent consideration of pro-

ductivity and upper extremity musculoskeletal disorders using linear models. Computers & Industrial

Engineering. 2012; 62(2):431–41.

41. Snook SH, Ciriello VM. The design of manual handling tasks: revised tables of maximum acceptable

weights and forces. Ergonomics. 1991; 34(9):17.

42. Lee T-H. Minimal acceptable handling time intervals for lifting and lowering tasks. Applied Ergonomics.

2003; 34(6):629–34. https://doi.org/10.1016/S0003-6870(03)00050-4 PMID: 14559424

43. Halim I, Omar AR, Saman AM, Othman I. Assessment of muscle fatigue associated with prolonged

standing in the workplace. Saf Health Work. 2012; 3(1):31–42. https://doi.org/10.5491/SHAW.2012.3.1.

31 PMID: 22953228

44. Kamarudin NH, Ahmad SA, Hassan MK, Yusoff RM, Dawal SZ. Muscle Contraction Analysis During

Lifting Task. IEEE Conference on Biomedical Engineering and Science; 8–10 August; Sarawak,

Malaysia2014.

45. Das B, Mabaleka G. An electromyographic investigation of asymmetric lifting and moving of a load: III.

Models for determining muscle activity based on anthropometric characteristics. Human Factors and

Ergonomics in Manufacturing. 2009; 19(5):404–12.

46. Shin H-J, Kim J-Y. Measurement of trunk muscle fatigue during dynamic lifting and lowering as recovery

time changes. International Journal of Industrial Ergonomics. 2007; 37(6):545–51.

47. Crouter SE, Churilla J, Jr aDB. Accuracy of the Actiheart for the assessment of energy expenditure in

adults. European Journal of Clinical Nutrition. 2008; 62:7.

48. Barreira T, Kang M, Caputo J, Farley R, REnfrow M. Validation of the Actiheart Monitor for the Measure-

ment of Physical Activity. International Journal of Exercise Science. 2009; 2(1):60–71.

49. Mital A. Patterns of differences between the maximum weights of lift acceptable to experienced and

inexperienced materials handlers. Ergonomics. 1987; 30(8):1137–47. https://doi.org/10.1080/

00140138708966003 PMID: 3691468

50. Mital A. Models For Predicting Maximum Acceptable Weight of Lift and Heart rate and Oxygen Uptake

at That Weight. Journal of Occupational Accidents. 1985; 7:7.

51. Genaidy AM, Asfour SS, Mital A, Tritar M. Psychophysical Capacity Modeling in Frequent Manual Mate-

rials Handling Activities. Human Factors. 1988; 30(3):319–37. https://doi.org/10.1177/

001872088803000306 PMID: 3049305

52. Yeung SS, Genaidy AM, Karwowski W, Leung PC. Reliability and validity of self-reported assessment

of exposure and outcome variables for manual lifting tasks: a preliminary investigation. Applied Ergo-

nomics. 2002; 33(5):463–9. PMID: 12236655

Maximum acceptable frequency of lift in Malaysia

PLOS ONE | https://doi.org/10.1371/journal.pone.0216918 May 29, 2019 13 / 13

https://doi.org/10.1016/j.apergo.2008.01.018
http://www.ncbi.nlm.nih.gov/pubmed/18462703
https://doi.org/10.1016/S0003-6870(03)00050-4
http://www.ncbi.nlm.nih.gov/pubmed/14559424
https://doi.org/10.5491/SHAW.2012.3.1.31
https://doi.org/10.5491/SHAW.2012.3.1.31
http://www.ncbi.nlm.nih.gov/pubmed/22953228
https://doi.org/10.1080/00140138708966003
https://doi.org/10.1080/00140138708966003
http://www.ncbi.nlm.nih.gov/pubmed/3691468
https://doi.org/10.1177/001872088803000306
https://doi.org/10.1177/001872088803000306
http://www.ncbi.nlm.nih.gov/pubmed/3049305
http://www.ncbi.nlm.nih.gov/pubmed/12236655
https://doi.org/10.1371/journal.pone.0216918

