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ABSTRACT 

It is vital to assess workplace pushing and pulling (PP) activities to manage musculoskeletal 
injuries among employees. However, there is still no clearly-suited risk assessment method. 
This systematic review aims to provide an overview of risk assessment methods for PP 
activities at the workplace. Thus, the review employed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA). Two primary journal databases 
were searched, namely Scopus and Science Direct. Furthermore, to ensure the robustness 
of the study, the searches were expended via handpicking, snowball identification, and 
consultation with ergonomics experts. Atlas.ti version 8 software was used to analyse the 
identified articles thematically. The search resulted in nine articles eligible for the systematic 
analysis. From the articles, six assessment methods used force measurement as the main 
indicators, while three assessment methods used the weight of the load as measurement 
indicators. The assessment tools did not cover all the risk factors for PP activities. Besides, 
there was a lack of evidence showing the assessment tools or methods' reliability, validity, 
and usability. This systematic review highlighted the advantages and limitations of existing 
assessment methods, and no one method fits all. The findings showed that the assessment 

methods for PP activities still needed a 
force measurement and did not cover all 
the significant risk factors associated with 
PP. In addition, no clarifications were 
presented regarding the assessment methods’ 
reliability, validity, and applicability. 

Keywords: Ergonomics tools, manual handling, 

pushing and pulling, risk assessment method 
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INTRODUCTION 

Lifting, lowering and carrying have been major manual handling activities (Todd, 2012), 
which resulted in ergonomics risk (Bennet et al., 2011). Thus, pushing and pulling (PP) 
has been introduced to mitigate the risk of other manual handling activities (Bennet et al., 
2011). The PP can be explained as a horizontally applied force. The force is led afar from 
the body via pushing but towards the body via pulling (Hoozemans et al., 1998; Baril-
Gingras & Lortie, 1995). Furthermore, pulling requires greater force (Castro et al., 2012) 
and maximal voluntary grip force (Chen et al., 2015) than pushing. 

While lifting creates large compression forces on the spinal disc and other spinal 
structures, the act of PP usually creates shear forces (Waters et al., 2011) and back muscle 
loading (Chen et al., 2015; Kuijer et al., 2007; Frost et al., 2015; Hoozemans et al., 2002) 
reported that PP increase the risks of a shoulder injury but not necessarily lower back pain, 
and it is major cause for musculoskeletal injuries at the workplace (Lee, 2018). 

One of the key elements for managing musculoskeletal disorders (MSDs) at the 
workplace is ergonomics management, which can be accessed via ergonomics risk 
assessment (Cohen et al., 1997; Rahman & Mohammad, 2017; Monaco et al., 2019; Gyemi 
et al., 2016). According to David (2005), three classes of ergonomics risk assessment 
include self-reporting, observation methods (basic and advanced techniques), and direct 
measurement. 

Another important criterion of an assessment tool is the psychometric properties such 
as reliability, validity and usability (Jahrami et al., 2019). First, a reliable tool ensures 
consistent results are obtained from repeated assessments, which is necessary to identify 
ergonomic risk factors changes over time (Bannigan & Watson, 2009). Second, a valid 
tool provides accurate information about the ergonomic risk factors in a given work 
environment, which is necessary to develop effective interventions to reduce ergonomic 
risks (Cook & Beckman, 2006). Finally, a usable tool ensures that the assessment process 
is efficient and effective, which can increase the likelihood of the tool being adopted and 
used in the workplace (Occhipinti & Colombini, 2015). 

Although there are many assessment tools for PP activities, such as KIM-PP (Steinberg, 
2012),  RAPP (Health and Safety Laboratory, 2013), PPAC (Ferreira et al., 2007) and et 
cetera, it is still unclear as to what is the best assessment method for PP at an industry 
level. Despite the different views surrounding PP assessment tools, there has been less 
published review in this area. Therefore, the present study addresses this research gap by 
reviewing the existing assessment tools for PP activities and highlights the directions for 
future research. 
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The research questions guiding this systematic review are:

(1) What risk factors are evaluated by the PP assessment tool? 
(2) What is the assessment tool's reliability, validity and usability? 

This article highlights a review of ergonomics risk assessment tools in relation to 
workplace PP.  

MATERIAL AND METHODS
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

The review process employed the PRISMA (Moher et al., 2009). PRISMA is a published 
standard for performing the systematic literature review. PRIMA has been reported to 
guide authors to systematically evaluate and examine the quality of reviewed papers and 
be used for other types of research besides randomised trials (Moher et al., 2009). This 
methodology involves four stages, i.e., identification, screening, eligibility, and inclusion. 

Resources

Xiao and Watson (2019) suggested that no one database is complete, thus suggesting more 
than one database for the search process, and Younger (2010) mentioned that when using 
more than one database, it will cover each other's weaknesses. Thus, two databases have 
been employed for search purposes: the Scopus and Science Direct databases. One of 
the biggest databases of peer-reviewed literature abstracts and citations is Scopus, which 
has over 25,200 titles from 7000 publishers worldwide. Several academic disciplines are 
included in Scopus, including engineering, medicine, and health sciences. Science Direct 
is the second database used in the review. It has over 2,650 peer-reviewed journals with 
over 19 million articles and chapters. 

The Systematic Review Process for Article Selection 

Identification. At the first stage of identification, relevant keywords were determined. 
Then, a search was done to identify similar and related keywords based on a thesaurus, a 
dictionary, and previous research (Table 1). The search was done on the Scopus and Science 
Direct databases. This search yielded insufficient material, as few journal articles included 
studies on ergonomics assessment tools for PP activities. As stated by Younger (2010), the 
researcher should perform the search process in more databases to obtain more articles 
related to the topic; thus, the search was expanded via handpicking, snowball identification, 
and consultation with ergonomics experts. This step led to identifying publications in the 
form of government research papers, ISO standards, and book chapters. In the end, 41 
publications related to the current topic were identified. 
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Table 1 
Search strings

Database Keyword used
Scopus (TITLE-ABS-KEY ("manual handling")  AND  TITLE-ABS-KEY ("risk 

assessment") AND TITLE-ABS-KEY (pushing OR pulling) 
Science Direct  Title, abstract, keywords: "manual handling" AND "risk assessment"

Screening. In this step, duplicate publications were first removed. As a result, three articles 
were excluded. Next, adhering to the inclusion and exclusion criteria presented in Table 2, 
37 publications were filtered. Due to the limitations of the current topic under review, the 
accepted literature type was widened to cover research articles, government publications, 
and conference proceedings. Therefore, journal publications and meta-analyses were 
excluded. Moreover, it should be noted that this review only covered publications in the 
English language. Additionally, the timeline was expanded from 1970 to 2019 to increase 
the possibility of retrieving related publications. Thirty-four publications were finalised 
for the next stage of the review. 

Table 2
Inclusion and exclusion criteria

Criterion Inclusion Exclusion
Literature

type  
Research articles; Government 

publications; Conference proceedings 
Systematic literature review 

journals, Meta-analysis 
Language English Non-English 
Timeline Between 1970-2019 <1970

Manual handling 
Type

Pushing and Pulling Lifting, carrying, lowering

Assessment 
method

Self-report, observation methods 
(advanced and straightforward 

technique) and direct measurement

Biomechanical model 

Eligibility. Thirty-four (34) publications were prepared at this stage. The publications' titles, 
abstracts, and content were screened thoroughly to ensure that the publications fulfilled 
the inclusion criteria for the current research. This step yielded 9 eligible publications. The 
remaining 25 publications did not match the inclusion criteria. Biomechanical models were 
excluded from the review due to the complexity of such assessments. Figure 1 illustrates 
the flow diagram for the review process. 
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Data Extraction and Analysis

Using Atlas.ti 8 software, a thematic analysis was carried out to develop appropriate themes 
and subthemes according to the data compilation. Then, the authors categorised the overall 
themes into two: (1) the variables measured by each tool and (2) the reliability, validity, 
and usability of the tool. 

Jung et al. (2005) pushing and pulling framework was improved by adding variables 
like hand grips (Ayoub & Dempsey, 1999), task duration (Rohani et al., 2018), and 
temperature (Snook & Ciriello, 1974). These variables were added to create variable and 
sub-variable categories corresponding to theme number 1 (Figure 2). 

Theme number 2 was derived based on the past literature, which suggested that 
ergonomics risk assessment tool should be:

• Reliable when used in practical and research settings (Rohani et al., 2018; 
Zetterberg et al., 2019);

• Provides valid ergonomics measurement. The development stage should be 
emphasised (Sukadarin et al., 2015), and

• Ease of use (usability) is an important criterion that determines application among 
practitioners (Eliasson, 2017). 

Records identified 
through Scopus searching 

( = 10)

Records identified 
through Science Direct 

searching ( = 10)

Additional records 
identified through other 

sources and methods 
(hand picking, snowball, 

expert’s consultation)
( =7)

Records after duplicates removed
(n = ∑ - 3)

Records screened
(n = 34)

Full-text articles assessed 
for eligibility 

(n = 34)

Studies included in 
qualitative synthesis 

(n = 9)

Records excluded (n = 3) 
{excluded due to review articles 

[1] and Non-English [2]}

Full-text articles excluded, with 
reasons (n = 34-25)

(excluded because did not focus 
on pushing and pulling; use 

biomechanical model)
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Figure 1. Flow diagram of the study (adapted from Moher et al., 2009)



Pertanika J. Sci. & Technol. 31 (6): 3157 - 3178 (2023)3162

Hari Krishnan Tamil Selvan and Mohd Nasrull Abdol Rahman

RESULTS
General Study Findings and Background 

The analysis identified nine risk assessment tools or methods for PP activities: four from 
journal articles (Snook, 1978; Snook & Ciriello, 1991; Steinberg, 2012; Lind, 2018), one 
from a book (Mital et al., 1997), one from ISO standards (International Organization 
for Standardization, 2007), two from government research reports (Ferreira et al., 2007; 
Health and Safety Laboratory, 2013), and one from a conference proceeding (International 
Organization for Standardization, 2007). Table 3 shows the included publications and the 
type of publication. 

Table 3 
Publication related to assessment tools for pushing and pulling activities

Design factors
• Superstructure
• Wheels
• Handles (height)
• Hand Grips

Task factors
• Loads
• Direction of

motion
• Motion phases

(initial and 
sustained)

• Frequency
• Distance
• Speed
• Coworkers
• Posture
• Task durations

Environmental factors
• Floors
• Obstacles
• Slope, Stairs, Curbs
• Congestion
• Maintenance
• Ambient 

temperature

Operator factors
• Age
• Gender
• Anthropometry
• Strength

Pushing 
and Pulling

Figure 2. Factors determining pushing and pulling activities (Snook & Ciriello, 1974; Ayoub & Dempsey, 
1999; Jung et al., 2005; Rohani et al., 2018)

No Title Publication Type Source
1 The design of Manual Handling Table Journal Article 

(Ergonomics)
Snook
(1978)

2 The Design of Manual Handling Tasks: 
Revised Tables of Maximum Acceptable 

Weights and Forces 

Journal Article 
(Ergonomics)

Snook and 
Ciriello (1991)

3 A Guide to Manual Material Handling Book Mital et al. (1997)



Pertanika J. Sci. & Technol. 31 (6): 3157 - 3178 (2023) 3163

Pushing and Pulling Ergonomics Risk Assessment Methods

Main Findings 

The description of each method and the output type/rating score are described in Table 
4. Basically, the output/rating score of the assessment methods can be divided into three 
types: recommendation force limit (Snook, 1978; Snook & Ciriello, 1991; Mital et al., 
1997; International Organization for Standardization, 2007), risk range category (Steinberg, 
2012), and traffic light grading system (Lind, 2018; Ferreira et al., 2007; Health and 
Safety Laboratory, 2013; Douwes et al., 2019). It is important to note that the risk range 
category and traffic light grading system are similar in that both illustrate low to high-
risk levels. Table 5 displays the variables evaluated using all the assessment methods, 
while Table 6 summarises the methods' reliability, validity, and usability. Six assessment 
methods used force measurement as one of the risk assessment components (Snook, 1978; 
Snook & Ciriello, 1991; Lind, 2018; Mital et al., 1997; International Organization for 
Standardization, 2007; Ferreira et al., 2007), which contradict the recommendations of 
Steinberg (2012), the Health and Safety Laboratory (2013), and Douwes et al. (2019), all 
of which used the weight of the load as measurement indicators. 

Table 3 (Continue)

No Title Publication Type Source
4 Key Indicator Method

(Pushing and Pulling) KIM-PP 
Journal Article (Work) Steinberg (2012)

5 Pushing and Pulling Operations 
Assessment Charts Tool (PPAC) 

Government Research 
Report

Ferreira et al. 
(2007)

6 ISO 11318-2: 2907 Ergonomics–Manual 
handling–Part 2: Pushing and Pulling 

ISO Standard International 
Organization for 
Standardization 

(2007)
7 Risk assessment of pushing and pulling 

(RAPP) tool 
Government Research 

Report
Health and Safety 
Laboratory (2013)

8 Pushing and pulling: An assessment tool 
for OHS practitioners 

Journal Article 
(International Journal 

of Occupational 
Safety and 

Ergonomics)

Lind (2018)

9 DUTCH: A New Tool for Practitioners for 
Risk Assessment of Push and Pull 

Conference 
Proceeding 

Douwes et al. 
(2019)
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Table 5
Publications and the assessed variables

Variable Category and Variable 
Publication

1 2 3 4 5 6 7 8 9

Design Factors
Superstructure  

Wheels 

Handles height       

Handgrip  

Task Factors 
Loads   

Direction of motion    

Motion Phases (initial and 
sustained) 

Frequency         

Distance       

Speed 

Co-workers
Posture    

Task Duration  

Environment Factors
Floors    

Obstacles   

Slope, stairs, and curbs 

Congestion 

Maintenance   

Ambient temperature   

Operator Factors
Age
Gender     

Anthropometry
Strength

Others a a a b a a c a,d  
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Note (Table 5):
 aforce
bpositioning accuracy 
cunstable load; the load is large and obstructs view; the load is sharp and hot and could damage touch; 
poor lighting conditions; strong air movements; personal protective equipment obstructs the work. 
done hand pushing/pulling; pushing/pulling in a lateral direction; team pushing 

Publications:

1. The design of Manual Handling Table (Snook, 1978)

2. The Design of Manual Handling Tasks: Revised Tables of Maximum Acceptable Weights and Forces 

(Snook & Ciriello, 1991) 

3. A Guide to Manual Material Handling (Mital et al., 1997)

4. Key Indicator Method (Pushing and Pulling) KIM-PP (Steinberg, 2012)

5. Pushing and Pulling Operations Assessment Charts Tool (PPAC) (Ferreira et al., 2007)

6. ISO 11318-2: 2907 Ergonomics – Manual handling – Part 2: Pushing and Pulling (International 

Organization for Standardization, 2007)

7. Risk assessment of pushing and pulling (RAPP) tool (Health and Safety Laboratory, 2013)

8. Pushing and pulling: An assessment tool for OHS practitioners (Lind, 2018)

9. DUTCH: A New Tool for Practitioners for Risk Assessment of Push and Pull (Douwes et al., 2019)

Table 6
Reliability, validity, and usability for the assessment methods

Method Source Reliability Validity Usability
The design of Manual Handling 
Table 

Snook 
(1978)

- - -

The Design of Manual Handling 
Tasks: Revised Tables of 
Maximum Acceptable Weights 
and Forces 

Snook and 
Ciriello 
(1991)

- - -

A Guide to Manual Material 
Handling 

Mital et al. 
(1997)

- - -

Key Indicator Method
(Pushing and Pulling) KIM-PP 

Steinberg  
(2012)

IRR=81%
Kappa 

Score=0.705 
(Douwes et 
al., 2019)

6/10
Moderate

(Douwes et 
al., 2019)

-

Pushing and Pulling Operations 
Assessment Charts Tool (PPAC) 

Ferreira et 
al. (2007)

- - -
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Table 6 (Continue)

Method Source Reliability Validity Usability
ISO 11318-2: 2907 Ergonomics–
Manual handling–Part 2: 
Pushing and Pulling 

International 
Organization for 
Standardization 

(2007)

- - -

Risk assessment of pushing
and pulling (RAPP) tool 

Health and Safety 
Laboratory (2013)

- - +a

Pushing and pulling: An 
assessment tool for OHS 
practitioners 

Lind (2018) - - +b

DUTCH: A New Tool 
for Practitioners for Risk 
Assessment of Push and Pull 

Douwes et al. 
(2019)

- - +c

Note:
+ Tests were done with the assessment methods during the development process
-  Tests were not done with the assessment methods during the development process
aTool was easy to use: 70% by duty holders and 67% by regulatory inspectors (Health and Safety Laboratory, 
2013)
bMajority (2/3) of respondents claimed that it is easy or fairly easy to do an assessment (Lind, 2017)
cNo detail provided (Lind, 2018)

Figure 3. Schematic diagram of variables in the design factor and the associated assessment method
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A schematic diagram of the variables for each factor category [design (Figure 3), task 
(Figure 4), environment (Figure 5) and operator (Figure 6)] and the associated assessment 
method are shown. The schematic diagram shows that most assessment methods emphasised 
the measurement of task factors, while the operator factor was given the least consideration. 
As for the design factor, the essential variable seemed to be handled height since all the 
assessment methods, except the Health and Safety Laboratory (2013) and Steinberg (2012), 
measured this factor. 

Figure 4. Schematic diagram of variables in task factor and the related assessment method
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Figure 5. Schematic diagram of variables in environment factor and the related assessment method

Figure 6. Schematic diagram of variables in the operator factor and the associated assessment method

DISCUSSION

Ergonomics risk management is vital for reducing MSDs in the workplace (Cohen et 
al., 1997). Risk management is associated with occupational health and safety (Laws of 
Malaysia, 1994). 

Thus, all potential main users of assessment methods will be health and safety 
practitioners in the workplace (Kadikon & Rahman, 2016). One of the strategies to ensure 
practical risk assessment at the workplace is to adopt simple, user-friendly observation 
methods. These methods should also reduce or eliminate the need to measure force and 
require minimal expert knowledge (Health and Safety Laboratory, 2013; Li & Buckle, 
1999) without disrupting work activities (Kadikon & Rahman, 2016).
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Based on the current review, six assessment methods (Snook, 1978; Snook & Ciriello, 
1991; Lind, 2018; Mital et al., 1997; International Organization for Standardization, 2007; 
Ferreira et al., 2007) used a force gauge. However, as a force gauge is not readily available, 
assessments such as these will have limited application in the industry since organisations 
do not invest in the purchase of force gauges. Thus, assessing the risk of PP activities 
without a force gauge could present a significant challenge. 

On the other hand, three methods, namely DUTCH, RAPP, and KIM-PP (Steinberg, 
2012; Health and Safety Laboratory, 2013; Douwes et al., 2019), used the weight of the 
load as one of the variables for risk assessment. Nevertheless, for the risk assessment, 
RAPP and DUTCH did not take into account the handle height, disregarding the fact that 
previous studies showed a significant effect of handle height in PP activities on the MSDs’ 
development (Hoozemans et al., 2004; Chaffin et al., 1983; Marras et al., 2009; Al-Eisawi 
et al., 1999). Furthermore, although the distance of the push and pull is considered to be 
a strong risk factor method (Snook, 1978; Snook and Ciriello, 1991; Cuervo et al., 2003), 
this variable was also not included (Lind, 2018; Ferreira et al., 2007). 

There are four methods used to develop the assessment tools, namely, experimental 
design (Snook, 1978; Snook & Ciriello, 1991; Mital et al., 1997), literature review 
(Steinberg, 2012; Lind, 2018; Ferreira et al., 2007; Health and Safety Laboratory, 2013; 
Douwes et al., 2019), an adaptation from other assessment tools or resources (Steinberg, 
2012; Lind, 2018; Mital et al., 1997; Douwes et al., 2019), and consultation with experts 
and expert opinions (Steinberg, 2012; Lind, 2018). However, although crucial, the testing 
for reliability, validity, and usability of the assessment tools in the reviewed studies during 
development was not clarified except for KIM-PP (Steinberg, 2012) and Douwes et al. 
(2019). The evidence showed that a usability test was carried out even then, only for RAPP 
(Health and Safety Laboratory, 2013), Pushing and Pulling: an assessment tool for OHS 
practitioners (Lind, 2018; Lind, 2017), and DUTCH (Lind, 2018). 

This systematic review highlighted the advantages and limitations of existing 
assessment methods. No one method fits all. Measuring the forces associated with these 
activities is necessary to assess the PP activities. Also, the tools did not take into account 
every significant risk factor in relation to PP. There was also a lack of evidence proving 
the tools' reliability, validity, and usability.

CONCLUSION 

The findings showed that the assessment methods for PP activities still needed a force 
measurement and did not cover all the significant risk factors associated with PP, while 
there was a lack of psychometric data to establish acceptable reliability, validity, and 
usability of the tool. In summary, the ergonomics risk assessment tool for workplace PP 
activities must take into account all major risk factors leading to the MSDs’ development. 
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These tools must also be subjected to a rigorous development stage of reliability, validity, 
and usability testing.

FUTURE PROSPECT

This review recommends developing a new assessment tool for PP that includes all the 
main risk factors involved in the PP activities without making force measurement a 
requirement. The developed tool should fit the definition of a simple observation-based 
risk assessment guide to encourage usage among OSH practitioners. The newly developed 
assessment tool should be user friendly, self-explanatory and require minimal user training. 
During the development of the tool, selecting the critical risk factors in the assessment of 
PP shall consider the inputs from professional ergonomics experts and OSH practitioners, 
together with epidemiological evidence from the literature. It is also essential to consider 
the sensitivity analysis during development to determine which input variables are critical 
for the final risk level classification. The tool's reliability, validity, and usability testing 
should also be explained in detail to ensure that it can be practically applied in the industry 
and to dispel any doubts during the risk assessment. 

ACKNOWLEDGEMENT

The authors express their utmost gratitude to Dr. Hayrol Azril Bin Mohamed Shaffril for 
the lesson on systematic review.

REFERENCES
Al-Eisawi, K. W., Kerk, C. J., Congleton, J. J., Amendola, A. A., Jenkins, O. C., & Gaines, W. G. (1999). The 

effect of handle height and cart load on the initial hand forces in cart pushing and pulling. Ergonomics, 
42(8), 1099-1113. https://doi.org/10.1080/001401399185162 

Ayoub, M. M., & Dempsey, P. G. (1999). The psychophysical approach to manual materials handling task 
design. Ergonomics, 42(1), 17-31. https://doi.org/10.1080/001401399185775

Bannigan, K., & Watson, R. (2009). Reliability and validity in a nutshell. Journal of Clinical Nursing, 18(23), 
3237-3243. https://doi.org/10.1111/j.1365-2702.2009.02939.x

Baril-Gingras, G., & Lortie M. (1995). The handling of objects other than boxes: Univariate analysis 
of handling techniques in a large transport company. Ergonomics, 38(5), 905-925. https://doi.
org/10.1080/00140139508925159

Bennett, A. I., Todd, A. I., & Desai, S. D. (2011). Pushing and pulling, technique and load effects: An 
electromyographical study. Work, 38(3), 291-299. https://doi.org/10.3233/WOR-2011-1132

Castro, C., De la Vega E., Báez, G., & Carrasco, F. (2012). Maximum force levels in different positions of 
shoulder and elbow. Work, 41, 5488-5490. https://doi.org/10.3233/WOR-2012-0861-5488.



Pertanika J. Sci. & Technol. 31 (6): 3157 - 3178 (2023)3176

Hari Krishnan Tamil Selvan and Mohd Nasrull Abdol Rahman

Chaffin, D. B., Andres, R. O., & Garg, A. (1983). Volitional postures during maximal push/pull exertions in 
the sagittal plane. Human Factors, 25(5), 541-550. https://doi.org/10.1177/001872088302500508

Chen, S. H., Lee, Y. H., & Lin, C. J. (2015). Effects of load position and force direction on back muscle loading 
in one-wheeled wheelbarrow tasks. Work, 51, 113-119. https://doi.org/10.3233/WOR-141841

Cohen, A. L., Gjessing, C. C., Fine, L. J., Bernard, B. P., & McGlothlin, J. D. (1997). Elements of ergonomics 
programs: A primer based on workplace evalutaions of musculoskeletal disorders. U.S. Department of 
Health and Human Services. https://www.cdc.gov/niosh/docs/97-117/pdfs/97-117.pdf

Cook, D. A., & Beckman, T. J. (2006). Current concepts in validity and reliability for psychometric instruments: 
Theory and application. American Journal of Medicine, 119(2), 166.e7-166.e16. https://doi.org/10.1016/j.
amjmed.2005.10.036

Cuervo, C. A., Sarmiento, A., Quintana, L., Schulze, L. J., & Delclos, G. (2003). Determination of the 
maximum peak forces in the activities of pushing and pulling by experienced female workers in Colombia. 
International Journal of Industrial Engineering-Theory Applications and Practice, 10(4), 600-606. 

David, G. C. (2005). Ergonomic methods for assessing exposure to risk factors for work-related musculoskeletal 
disorders. Occupational Medicine, 55(3), 190-199. https://doi.org/10.1093/occmed/kqi082

Douwes, M., Könemann, R., Hoozemans, M., Kuijer, P., & Vermeulen, H. (2019). DUTCH: A new tool for 
practitioners for risk assessment of push and pull activities. Annals of Work Exposures and Health, 63(2), 
137-144. https://doi.org/10.1093/annweh/wxy101

Eliasson, K. (2017). Occupational health services in the prevention of musculoskeletal disorders: Processes, 
tools and organizational aspects (Doctoral dissertation). KTH Royal Institute of Technology, Sweden. 
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1069024&dswid=137

Ferreira, J., Smith, M., & Hill, H. (2007). Evaluating the Feasibility of Developing Assessment Charts for 
High Risk Pushing and Pulling Operations. Health and Safety Executive. 

Frost, D. M., Beach, T. A. C., Crosby, I., & McGill, S. M. (2015). Firefighter injuries are not just a fireground 
problem. Work, 52, 835-842. https://doi.org/10.3233/wor-152111

Gyemi, D. L., van Wyk, P. M., Statham, M., Casey, J., & Andrews, D. M. (2016). 3D peak and cumulative low 
back and shoulder loads and postures during greenhouse pepper harvesting using a video-based approach. 
Work, 55, 817-829. https://doi.org/10.3233/WOR-162442

Health and Safety Laboratory. (2013). Further Work for the Development of an Inspection Tool for Risk 
Assessment of Pushing and Pulling Force Exertion. London. https://www.hse.gov.uk/research/rrhtm/
rr998.htm 

Hoozemans, M. J. M., Kuijer, P., Kingma, I., van Dieën, J. H., de Vries, W. H. K., van der Woude, L. H. V., 
Veegar, D. J., van der Beek, A. J., & Frings-Dresen, M. H. W. (2004). Mechanical loading of the low 
back and shoulders during pushing and pulling activities. Ergonomics, 47(1), 1-18. https://doi.org/10.1
080/00140130310001593577

Hoozemans, M. J. M., van der Beek, A. J., Frings-Dresen, M. H. W., van der Woude, L. H. V., & van Dijk, F. 
J. H. (2002). Pushing and pulling in association with low back and shoulder complaints. Occupational 
& Environmental Medicine, 59(10), 696-702. https://doi.org/10.1136/oem.59.10.696

Hoozemans, M. J. M., van der Beek, A. J., Frings-Dresen, M. H. W., van Dijk, F. J. H., & van der Woude, 
L. H. V. (1998). Pushing and pulling in relation to musculoskeletal disorders: A review of risk factors. 
Ergonomics, 41(6), 757-781. https://doi.org/10.1080/001401398186621



Pertanika J. Sci. & Technol. 31 (6): 3157 - 3178 (2023) 3177

Pushing and Pulling Ergonomics Risk Assessment Methods

International Organization for Standardization. (2007). ISO 11228-2:2007: Ergonomics -Manual Handling-
Part 2: Pushing and Pulling. International Organization for Standardization [ISO]. Geneva. https://www.
iso.org/standard/26521.html 

Jahrami, H., Khandakji, S., Al-Shorbaji, N., Al-Bayati, S., & Hussain, A. (2019). Assessing ergonomic risks 
using the Quick Exposure Check (QEC) and the Rapid Entire Body Assessment (REBA): A comparative 
study. Work, 62(2), 291-299. https://doi.org/10.3233/WOR-192910

Jung, M., Haight, J. M., & Freivalds, A. (2005). Pushing and pulling carts and two-wheeled hand trucks. 
International Journal of Industrial Ergonomics, 35, 79-89. https://doi.org/10.1016/j.ergon.2004.08.006

Kadikon, Y., & Rahman, M. N. A. (2016). Manual material handling risk assessment tool for assessing exposure 
to risk factors of work related musculoskeletal disorders: A review. Journal of Engineering & Applied 
Sciences, 11(10), 2226-2232. 

Kuijer, P. P. F. M., Hoozemans, M. J. M., & Frings-Dresen, M. H. W. (2007). A different approach for the 
ergonomic evaluation of pushing and pulling in practice. International Journal of Industrial Ergonomics, 
37(11-12), 855-862. https://doi.org/10.1016/j.ergon.2007.07.011

Laws of Malaysia. (1994). Act 514: Occupational Safety and Health Act 1994. http://www.dosh.gov.my/index.
php/en/legislation/acts/23-02-occupational-safety-and-health-act-1994-act-514/file

Lee, T. H. (2018). Foot placement strategy in pushing and pulling. Work, 59(2), 243-247. https://doi.org/10.3233/
wor-172671

Li, G., & Buckle, P. (1992). Current techniques for assessing physical exposure to work-related 
musculoskeletal risks, with emphasis on posture-based methods. Ergonomics, 42(5), 674-695. https://
doi.org/10.1080/001401399185388

Lind, C. (2017). Assessment and Design of Industrial Manual Handling to Reduce Physical Ergonomics Hazards 
- Use and Development of Assessment Tools (Doctoral dissertation). KTH Royal Institute of Technology, 
Sweden. https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1094542&dswid=-9633

Lind, C. (2018). Pushing and pulling: An assessment tool for occupational health and safety practitioners. 
International Journal of Occupational Safety and Ergonomics, 24(1), 14-26. http://dx.doi.org/10.1080/
10803548.2016.1258811

Marras, W. S., Knapik, G. G., & Ferguson, S. (2009). Loading along the lumbar spine as influence by speed, 
control, load magnitude, and handle height during pushing. Clinical Biomechanics, 24(2), 155-163. http://
dx.doi.org/10.1016/j.clinbiomech.2008.10.007

Mital, A., Nicholson, A. S., & Ayoub, M. M. (1997). A Guide to Manual Materials Handling (2nd ed.). CRC 
Press.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The PRISMA Group. (2009). Preferred reporting items for 
systematic reviews and meta-analyses: The PRISMA statement. PLoS Medicine, 6(7), Article e1000097. 
https://doi.org/10.1371/journal.pmed.1000097

Monaco, M. G. L., Uccello, R., Muoio, M., Greco, A., Spada, S., Coggiola, M., Pedata, P., Caputo, F., Chiodini, 
P., & Miraglia, N. (2019). Work-related upper limb disorders and risk assessment among automobile 
manufacturing workers: A retrospective cohort analysis. Work, 64(4), 755-761. https://doi.org/10.3233/
WOR-193037

Occhipinti, E., & Colombini, D. (2015). Ergonomic risk assessment tools in occupational safety and health 
management: A review. Safety and Health at Work, 6(1), 1-13. https://doi.org/10.1016/j.shaw.2014.07.005



Pertanika J. Sci. & Technol. 31 (6): 3157 - 3178 (2023)3178

Hari Krishnan Tamil Selvan and Mohd Nasrull Abdol Rahman

Rahman, M. N. A., & Mohamad, S. S. (2017). Review on pen and paper based observational methods 
forassessing ergonomic risk factors of computer work. Work, 57(1), 69-77. https://doi.org/10.3233/
WOR-172541

Rohani, J. M., Adeyemi, A. J., Aziz, R. A., & Rani, M. R. A. (2018). The inter-rater and intra-rater reliability 
analysis of workplace ergonomic risk assessment. Jurnal Teknologi, 80(1), 53-59. 

Snook, S. H., & Ciriello, V. M. (1991). The design of manual handling tasks: Revised tables of maximum 
acceptable weights and forces. Ergonomics, 34(9), 1197-1213. https://doi.org/10.1080/00140139108964855

Snook, S. H., & Ciriello, V. M. (1974). The effects of heat stress on manual handling tasks. American Industrial 
Hygiene Association Journal, 35(11), 681-685. https://doi.org/10.1080/0002889748507088

Snook, S. H. (1978). The ergonomics society the society's lecture 1978. The design of manual handling tasks. 
Ergonomics, 21(12), 963-985. https://doi.org/10.1080/00140137808931804

Steinberg, U. (2012). New tools in Germany: Development and appliance of the first two KIM ("lifting, holding 
and carrying" and" pulling and pushing") and practical use of these methods. Work, 41(Supplement 1), 
3990-3996. https://doi.org/10.3233/WOR-2012-0698-3990

Sukadarin, E. H., Deros, B. M., Ghanib, J. A., Ismail, A. R., & Nawib, N. S. M. (2015, August 9-14). Inter-
observer and intra-observer ergonomics measurement method reliability test. In Proceedings 19th Triennial 
Congress of the IEA (pp. 1-8). Melbourne, Australia. 

Todd, A. I. (2012). Impact of hand forces and start/stop frequency on physiological responses to three forms 
of pushing and pulling: A South African perspective. Work, 41(Supplement 1), 1588-1593. https://doi.
org/10.3233/WOR-2012-0357-1588.

Waters, T., Lloyd, J. D., Hernandez, E., & Nelson, A. (2011). AORN ergonomic tool 7: Pushing, pulling, and 
moving equipment on wheels. AORN Journal, 94(3), 254-260. http://dx.doi.org/10.1016/j.aorn.2010.09.035

Xiao, Y., & Watson, M. (2019). Guidance on conducting a systematic literature review. Journal of Planning 
Education and Research, 39(1), 93-112. https://doi.org/10.1177/0739456X17723971

Younger, P. (2010). Learning zone using google scholar to conduct. Nursing Standard, 24(45), 40-48. https://
doi.org/10.7748/ns.24.45.40.s51

Zetterberg, C., Heiden, M., Lindberg, P., Nylén, P., & Hemphälä, H. (2019). Reliability of a new risk assessment 
method for visual ergonomics. International Journal of Industrial Ergonomics, 72, 71-79. https://doi.
org/10.1016/j.ergon.2019.04.002


