Health and Safety
Executive

Evaluating the feasibility of developing
assessment charts for high risk
pushing and pulling operations
Prepared by the Health and Safety Laboratory
for the Health and Safety Executive 2007

RR562
Research Report

Health and Safety
Executive

Evaluating the feasibility of developing
assessment charts for high risk
pushing and pulling operations
Jeremy Ferreira & Melanie Smith
Health and Safety Laboratory
Harpur Hill
Buxton
Derbyshire
SK17 9JN

This report outlines the work of the HSE Ergonomics Pool to better understand pushing and pulling forces that
represent a high-risk of manual handling injury and begin the development of an assessment chart for high-risk pushing
and pulling operations.
Psychophysical data were reviewed to develop a simple graph showing two hand whole body pushing and pulling
forces that were indicative of a high risk of manual handling injury. A draft assessment chart was also produced for
assessing pushing and pulling operations. The format of the chart followed the approach of the MAC tool, with a
‘traffic-light’ risk indication system. Risk factors such as initial force, frequency, travel distance and hand height were
selected for inclusion on the basis of the ergonomics literature and the ergonomics approach for assessing pushing and
pulling operations in the field.
Peer-review exercises were held to gather input from the Ergonomics Pool and guide further improvements that need to
be taken forward before the assessment chart is suitable for user evaluation.
This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents, including any
opinions and/or conclusions expressed, are those of the authors alone and do not necessarily reflect HSE policy.

HSE Books

© Crown copyright 2007
First published 2007

All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system, or transmitted in
any form or by any means (electronic, mechanical,
photocopying, recording or otherwise) without the prior
written permission of the copyright owner.
Applications for reproduction should be made in writing to:
Licensing Division, Her Majesty’s Stationery Office,
St Clements House, 2-16 Colegate, Norwich NR3 1BQ
or by e-mail to hmsolicensing@cabinet-office.x.gsi.gov.uk

ii

CONTENTS
1 INTRODUCTION..........................................................................................1
1.1
Background ..............................................................................................1
1.2
Aims and Objectives.................................................................................2
1.3
Original Criteria for the Inspection Tool ....................................................3
2

EXISTING ASSESSMENT TOOLS .............................................................5

3 FORCES INDICATIVE OF HIGH RISK PUSHING AND PULLING.............7
3.1
Psychophysical Data Indicative of High Risk Pushing and Pulling ...........7
3.2
Selection of Psychophysical Data for a Pushing and Pulling Graph .........7
3.3
Pushing and Pulling in Teams ................................................................10
4 INITIAL DEVELOPMENT OF THE ASSESSMENT CHART .....................13
4.1
Format for the Assessment Chart...........................................................13
4.2
Scope of the Assessment Chart .............................................................13
4.3
Selection of Risk Factors for Inclusion in the Assessment Chart............13
4.4
Force and Frequency .............................................................................14
4.5
Travel Duration.......................................................................................14
4.6
Hand Height ...........................................................................................14
4.7
Trunk Asymmetry ...................................................................................15
4.8
Equipment ..............................................................................................15
4.9
Space Constraints ..................................................................................16
4.10 Obstacles en Route ................................................................................16
4.11 Floor Surface..........................................................................................16
4.12 Other Environmental Factors..................................................................17
5 INITIAL CONFORMITY TO DESIGN CRITERIA .......................................19
5.1
Introduction.............................................................................................19
5.2
Specific Problems / Improvements Identified..........................................19
5.3
Outcomes of the Initial Evaluation ..........................................................22
6

CONCLUSIONS.........................................................................................23

7

RECOMMENDATIONS..............................................................................25

APPENDIX 1 ASSESSMENT CHART (DRAFT 07-09-2006) ...........................27
APPENDIX 2 ASSESSMENT CHART (DRAFT 12-01-2007) ...........................31
APPENDIX 3 ALTERNATIVES TO FORCE MEASUREMENT ........................35
REFERENCES..................................................................................................37

iii

iv

EXECUTIVE SUMMARY
Objectives
This report describes the work of the HSE Ergonomics Pool to:
•

Develop a better understanding of pushing and pulling forces that represent a high-risk
of manual handling injury

•

Begin the development of an assessment chart for high-risk pushing and pulling
operations.

Main Findings
Review of psychophysical force limit data for whole body pushing and pulling supports the
view that:
“Even for a minority of fit, well-trained individuals working under favourable condition,
operations which exceed the guideline figures by more than a factor of two may represent a
serious risk of injury”
(L23, Paragraph 31, Page 59; Health and Safety Executive, 2004a).
The potential to use an existing tool in the inspection setting was restricted due to the limited
selection of tools currently available and their inability to meet the original criteria specified for
the Manual handling Assessment Charts (MAC) tool (i.e. quick and easy to use, able to identify
high-risk manual handling tasks, linked to published information on manual handling, and
points the way to good manual handling practice).
A draft assessment chart was produced for assessing pushing and pulling operations. The
format of the chart followed the approach of the MAC tool, with a ‘traffic-light’ risk indication
system. Risk factors such as initial force, frequency, travel distance and hand height were
selected for inclusion on the basis of the ergonomics literature and the ergonomics approach for
assessing pushing and pulling operations in the field.
Comments on the draft assessment chart were sought from HSE/HSL ergonomists following
trials during the 2006 Better Backs campaign and a further peer-review exercise.
Recommendations
An assessment chart for whole body pushing and pulling to include in the MAC tool does
appear feasible. Following initial review, a revised draft of the assessment chart was produced.
However, further work is still required to conform to the original design criteria of the MAC
tool. This should involve:
•

Further revision to some of the risk factor criteria and the assessment guide

•

Inclusion of some indicators that a task involves excessive force, for users, such as
inspectors, who do not typically possess objective force measuring equipment

•

Evaluation of the assessment chart against the original criteria for the MAC tool with a
sample of target end-users, such as inspectors and other health and safety professionals
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1.1

BACKGROUND

1.1.1

Pushing and pulling

INTRODUCTION

Hoozemans et al. (1998) define pushing and pulling as the exertion of force by a person on an
object or another person, provided that the direction of the greatest component of the resultant
force is horizontal. In pushing, the force is applied away from the body while in pulling the
force is applied towards the body. Although not studied as extensively as lifting and carrying
(van de Beek et al., 1999), Baril-Gangras and Lortie (1995) have reported that pushing and
pulling activities in some instances can account for as much as 50% of all manual handling
tasks.
Little epidemiological evidence exists to confirm that pushing and pulling result in
musculoskeletal complaints (Hoozemans et al., 1998). However, excessive pushing and pulling
is regarded as a risk factor of manual handling (Health and Safety Executive; HSE, 2004a) and
is an activity that can result in incidences of physical injury. A survey of HSE’s RIDDOR
accident database (between 1986 – 1999) found that 11% of manual handling accidents
investigated by HSE were reported to involve pushing or pulling (Boocock, 2003). The
majority of incidents (61%) involved objects that were not supported by wheels. A lesser
number of incidents (35%) were reported to involve the use of wheeled objects and trolleys.
The most frequently reported sites of injury were the back (44%) and the upper limbs (29%),
which included the shoulder, arm, wrist, and hand. Physical effort and/or posture at the time of
the incident were considered to be the primary reasons for the injury, which accounted for
approximately half of all reported incidents involving pushing and pulling in the workplace.
In 2004, HSE carried out a review to determine the extent to which pushing and pulling
capabilities are influenced by characteristics of the task, load, work environment and the
individual (Ferreira et al., 2004). Several risk factors are now considered in a risk assessment
and checklist published in HSE Guidance on the Manual Handling Operations Regulations 1992
(L23; HSE, 2004a). In addition, guideline figures for starting and stopping a load were revised
to 20 kilograms of force (kgf) for men and 15 kgf for women. Guideline figures for keeping a
load in motion remained unchanged at 10 kgf for men and 7 kgf for women.
Application of
these risk filter guidelines would provide a reasonable level of protection to 90% – 95% of
working men and women (HSE, 2004a).
1.1.2

High risk manual handling

With respect to guidance on what constitutes a ‘high-risk’ manual handling operation, HSE
guidance (2004a) states that:
“Even for a minority of fit, well-trained individuals working under favourable conditions,
operations which exceed the guideline figures by more than a factor of about two may represent
a serious risk of injury” (L23, Paragraph 31, Page 59).
However, to date there has been little consideration of whether this statement could also apply
to pushing and pulling operations and be supported with scientific evidence.
The Manual handling Assessment Charts (MAC) tool was developed to assist regulatory
inspectors and others to identify high-risk lifting, lowering, carrying, and team handling
operations (Monnington et al., 2002). The load weight / frequency graphs were found to be
1

particularly helpful to understand and demonstrate the relationship between load weight and the
frequency of the handling operation in terms of risk (Lee and Ferreira, 2003). The red and
purple colour-banding served as a useful indicator of when a high-to-very high level of risk may
be present and prompt action or prohibition of the activity should be considered. However,
similar graphs were not produced for pushing and pulling operations at the time, as inspectors
were typically not equipped with force measuring instruments. For the assessment of pushing
and pulling operations, inspectors were advised to seek specialist ergonomics advice.
Information on pushing and pulling was also provided within HSE’s other sources of guidance
including Getting to grips with manual handling (HSE, 2004b) and the musculoskeletal
disorders (MSD) website (http://www.hse.gov.uk/msd/pushpull/index.htm).
Nonetheless, there had been limited discussion amongst HSE ergonomics specialists regarding
high risk pushing and pulling operations. Following the formation of the HSE Ergonomics
Pool, the growth of HSL’s Ergonomics Section and the provision of force measuring
instruments to nominated inspectors with interest in ergonomics, there is now greater specialist
ergonomics resource available to HSE and local authority inspectors. However, it is important
that these groups can apply a consistent approach when identifying high risk pushing and
pulling activities. A recent review of the effectiveness of the MAC tool and supporting website
(Melrose et al., 2006) showed there to be considerable support for the inclusion of guidance and
a similar tool for the assessment of pushing and pulling operations.
1.2

AIMS AND OBJECTIVES

The aim of this work was to achieve a better understanding of pushing and pulling forces and
other risk factors that represent a serious risk of injury. This was achieved with the following
objectives:
(1)

To review psychophysical data on pushing and pulling forces with a view to
establishing scientifically robust guidelines that represents a serious risk of injury

(2)

To review team pushing and pulling literature with a view to establishing
scientifically robust guidelines that represent a serious risk of injury

(3)

To draft graphs of maximum acceptable pushing and pulling forces, similar to
those currently presented in the MAC tool for lifting and carrying

(4)

To consider whether graphs of maximum acceptable force can be converted into
measures that may be of use to people without force measuring instruments, for
example, units of trolley load weight

Following a progress meeting with members of HSE’s Ergonomics Pool, a shift of the project
focus was agreed and objective 4 was replaced to allow for a final objective:
(5)

To draft an assessment chart for pushing and pulling operations, similar to those
currently illustrated in the MAC tool, for trial use by members of the HSE
Ergonomics Pool during the Better Backs Campaign in October / November 2006

2

1.3

ORIGINAL CRITERIA FOR THE INSPECTION TOOL

Criteria for the MAC tool were already specified (Monnington et al., 2002) and it was felt that
any assessment chart for pushing and pulling operations should also meet these original criteria:
•

The tool should be very quick and easy to use (e.g. one or two pages and intuitive
design)

•

It must link to traceable scientific studies and guidance on manual handling,
particularly that published by HSE (e.g. L23)

•

It should intuitively indicate good manual handling practice

•

It must be able to identify high-risk manual handling tasks

3
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EXISTING ASSESSMENT TOOLS

A limited selection of assessment tools was reviewed to examine their potential for use by HSE
inspectors and their potential for meeting the criteria for a suitable tool. The principle tools and
assessment methods examined were:
•

Psychophysical pushing and pulling tables produced by Liberty Mutual (Snook and
Ciriello, 1991)

•

A key indicator method for activities involving pulling and pushing (Steinberg et al.,
2006)

•

An ergonomics load calculator (DJ Products Inc, 2003).

Previous reviews have served as a basis for the critical evaluation (Monnington et al., 2002;
Dickinson et al., 1998). Table 1 shows the merits of the tools in relation to the first three MAC
tool selection criteria and comments on their suitability for use as an inspection tool. The
overall suitability of the methods was assessed by the project team, based on their experience as
ergonomists working alongside inspectors in their investigations of manual handling practices in
the workplace.
Based on the examination of the available tools, it was concluded that the potential to use an
existing tool was restricted through failure of every tool to possess all four of the criteria. The
key indicator method (Steinberg et al., 2006) offered particular insight in the way that one of the
key indicators matched the load weight to be moved against a selection of potential handling
aids. This would provide more prescriptive guidance that would be of particular use to health
and safety professionals who did not have easy access to force measuring equipment.

5

Limited to specific
wheeled equipment.
Provided by
commercial handling
aids company
subject to provision
of contact details
Applicable to whole
body pushing and
pulling
perpendicular to the
shoulders

Cumulative scoring
system incorporated
to evaluate overall
risk ranges.

Web-based
calculator
estimates initial
/sustained forces
and compares to
psychophysical
data
A database of
capability
information

Exposure
assessment tool
for pushing and
pulling activities
based on key risk
factors

Ergonomics
Load Calculator

Key indicator
method for
assessing pulling
and pushing

Liberty Mutual
psychophysical
tables

Comments

Description
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Development criteria
Quick and easy
Not suited to realtime use in the field.
Quick and easy to use
where applicable but
generally not broad
enough in its
approach.
Large fairly complex
tables can be
awkward to interpret.
Can be quick and
easy where task is
similar enough to
those in the tables
Time rating points
(e.g. total pushing /
pulling distance on
working day) may be
difficult to determine.
Guides good practice
Demonstrates good
practice for job design
and equipment selection
where specific wheeled
carts are used

Useful in terms of
matching force,
distance, and frequency
with the capabilities of
a target population

Useful in terms of
matching mass to be
moved with various
types of handling aids.

Linked to L23
Related to a limited
selection of task,
load and
environmental risk
factors in L23.

Implicitly related to
issues in L23
(force, distance,
frequency and
posture)

Posture,
environment and
movement
conditions linked to
L23. In the case of
mass to be moved
and time rating
points, the link is
not explicit.

Reasonable, but much
background information
needed for use.
Previously shown to be
very useful if part of a
broader approach (e.g.
MAC tool).
Reasonable, but further
investigation required to
link factors such as mass
to be moved and
exposures per day to
existing HSE guidance.

Overall potential
suitability and problems
Poor, but may be useful to
duty holders for job design
and equipment selection
purposes.

Table 1 Suitability of existing tools as a pushing and pulling risk assessment tool used by inspectors and others
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FORCES INDICATIVE OF HIGH RISK PUSHING AND
PULLING

3.1

PSYCHOPHYSICAL DATA INDICATIVE OF HIGH RISK PUSHING AND
PULLING

Snook (1978) produced a series of tables of perceived maximum acceptable forces for
horizontal pushing and pulling based on psychophysical methodology. These tables were later
updated, following additional experimental studies, in a summary paper by Snook and Ciriello
(1991).
The method employed by Snook and co-workers involved the use of a treadmill powered by
subjects as they pushed and pulled with two hands against a stationary bar. A load cell on the
stationary bar measured the horizontal force exerted. Subjects controlled the resistance of the
treadmill belt by varying the amount of electric current flowing into a magnetic brake geared to
the rear of the treadmill. The authors considered this method of measuring pushing and pulling
forces to be realistic of working task situations, in so far as being dynamic and carried out over
a given horizontal distance. The tables provide maximum acceptable values for initial and
sustained push and pull force for a range of:
•

Population percentiles (90%, 75%, 50%, 25% and 10% of the male and female
industrial population)

•

Travel distances (2.1m, 7.6m, 15.2m, 30.5m, 45.7m and 61m)

•

Frequencies (one push or pull every 6s, 12-15s, 22-25s, 35s, 1 min, 2 min, 5min,
30min, 8hr depending on the travel distance)

•

Handle heights (male - 64cm, 95cm, 144cm; female - 57cm, 89cm, 135cm)

The data for pushing are based upon experiments involving 53 male and 39 female industrial
workers (Snook and Ciriello, 1991). The data for pulling is based upon experiments involving
63 male and 51 female industrial workers. The authors emphasise that not every value of
maximum acceptable force is based upon experimental results and assumptions had to be made
to fill in specific variations from the criterion task that had not been studied. For example, some
variations in distance and frequency for the pulling tasks were based upon adjustments
developed from the pushing tasks.
3.2

SELECTION OF PSYCHOPHYSICAL DATA FOR A PUSHING AND
PULLING GRAPH

Representative of dynamic working task situations and presented according to population
percentiles, the data from Snook and Ciriello (1991) were determined to provide the best
indication of what can be considered to be the upper end of capability. Data were selected to
develop the force/frequency graph shown in Figure 1.
3.2.1

Selection of data according to the direction of force exertion

Hoozemans et al. (1998) summarised studies comparing pushing and pulling capabilities and
found that the results are inconsistent. Where pushing and pulling occurs against a fixed object,
including standardised isometric strength tests, then maximum pulling force tends to be greater
than maximum pushing force. However, where there is a displacement of the object, such as in
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psychophysical tests, then either pushing capability tends to be greater than pulling capability or
no difference is found. Given the similarity reported between pushing and pulling capability, it
was decided that, for simplicity, a single graph based upon pulling data to describe both pushing
and pulling capability would be appropriate. Many manual handling operations were felt to
involve both pushing and pulling components; for example, where a trolley is pushed to start the
motion of the load, it may also be pulled to change the direction of motion. Thus, selection of
the data for pulling would provide an additional element of protection for most tasks where the
load is moved.

Figure 1 Force / frequency graph developed for the pushing and pulling assessment
chart
3.2.2

Selection of data according to gender

As with the approach adopted for lifting and carrying, a single graph showing the interaction
between acceptable force and frequency was selected that, for simplicity, would be applicable to
both males and females. Although Hoozemans et al. (1998) lists several studies that have found
males capable of exerting larger push or pull forces than females, Snook (1978) has suggested
that the difference between males and females is not as great as for lifting, lowering and
carrying.
3.2.3

Selection of data according to distance and frequency

In order to represent the upper end of capability, without influence from other factors, data from
a 7.6 metre travel distance were selected. The 7.6 metres distance provided the most practical
categories for frequency of pushing and pulling in relation to manual handling (i.e. every 8
hours, 30 minutes, 5 minutes, 2 minutes, and 1 minute, as well as roughly 3 and 4 pushes or
pulls per minute). Psychophysical data were available to describe pushing and pulling
capabilities over shorter distances (e.g. 2.1 metres). This data would be sensitive to more
frequent operations (i.e. once every 6 and 12 seconds) and reflect the upper end of capability
even further. However, it was felt that the high frequency categories may make the assessment
chart vulnerable to inappropriate use to assess highly repetitive pushing or pulling tasks of low
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force, which may be more suitably assessed by alternative means; for example, the risk
assessment checklist provided in Upper Limb Disorders in the Workplace (HSG60; HSE, 2002).
3.2.4

Selection of data according to handle height

In order to represent the upper end of capability, psychophysical data were selected for pushing
and pulling at a height of 95 cm for males and 89 cm for females. According to Pheasant and
Haslegrave (2006), these heights correspond to a position between knuckle height and elbow
height for the majority of British males and females aged 19 – 65 years. Allowing for a
correction of 2.5 cm for footwear, these heights roughly correspond to average hip heights for
British males and females aged 19 – 65 years (Pheasant and Haslegrave, 2006).
3.2.5

Selection of colour band boundaries

The boundary between the green and amber colour bands was based on data that Snook and
Ciriello (1991) found acceptable to 90% of females. The boundary between amber and red
colour bands in the graph was defined by data acceptable to 50% of males (i.e. average). The
boundary between the red and purple colour bands was defined by data acceptable to 10% of
males (i.e. strong) with an upper limit of 50 kgf.
Both the amber-red and red-purple boundaries were consistent with the criteria adopted
previously for the lifting and carrying graphs. The boundary between green and amber, defined
by data acceptable to 90% of females, was not consistent with the green and amber boundary of
the lifting and carrying graphs, which were based on data acceptable to 50% of (i.e. average)
females. A boundary between green and amber that was based on average female capability
was not considered to be appropriate for pushing and pulling operations as it was not consistent
with current HSE guideline figures for starting and stopping a load (which are 20 kgf for men
and 15 kgf for women). A boundary between green and amber based upon average female
capability was also found to result in a green colour band of disproportionate size, which could
make the assessment chart fairly insensitive to all but the most forceful pushing and pulling
exertions (Figure 2).
3.2.6

Selection of an upper boundary limit

HSE guidance (2004a) states that:
“Even for a minority of fit, well-trained individuals working under favourable conditions,
operations which exceed the guideline figures by more than a factor of about two may represent
a serious risk of injury” (L23, Paragraph 31, Page 59).
Figure 1 shows that forces that exceed the male (20 kgf) and female (15 kgf) guideline figures
for starting and stopping a load by a factor of two or more would fall within either the amber or
red colour bands depending upon the frequency of the pushing and pulling operation.
However, an upper limit of twice the male guideline figure (40 kgf) was not imposed onto the
graph. It was anticipated that where two boundary lines converged, it would not be clear to
users as to which colour band to score (for example, with a 40 kgf upper limit on the graph,
when assessing an occasional push or pull with an exertion of 40 kgf, users could score either an
amber, red or purple). Instead, an upper limit of 50 kgf was maintained, as this reflected the
psychophysical data selected. This was also consistent with the previous graphs developed for
lifting and carrying operations, which had an upper boundary limit of 50 kg.
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Figure 2 Force / frequency graph with a green amber boundary based on average
female capability
3.3

PUSHING AND PULLING IN TEAMS

When a task demands that pushing and pulling forces be exerted that are beyond the capability
of an individual person, the activity of pushing and/or pulling in teams has been observed as one
possible measure used to overcome the object’s inertia. Examples of such tasks include:
pushing a car when the engine will not run; moving loaded baggage carts, unit loading devices
and dollies into position at airports; and pulling ropes to unfurl tent awnings). As part of this
review of forces indicative of high risk pushing and pulling, a search of current literature was
also undertaken to identify peer reviewed papers and ergonomics texts specifically related to the
topic of pushing and pulling in teams of two or more people.
Unfortunately, no specific articles describing pushing and pulling capabilities in teams of two or
more people could be found. Whether this reflects a lack of activities within industry involving
team pushing and pulling, and/or the relative lack of research on pushing and pulling as a whole
compared to lifting and carrying (van de Beek et al., 1999) is unclear. However, considerable
research (Pinder et al., 1997) and review (Boocock, 1997) has already been undertaken on more
general team handling so that it is possible to draw out a number of conclusions that would be
relevant to the activities of pushing and pulling.
Based upon research into team lifting (Karwowski and Mital, 1986; Karwowski and
Pongpatanasuegsa, 1988), one can predict that there may be a reduction in efficiency for team
pushing and pulling compared to the sum of team members’ individual pushing and pulling
capability. Where reductions in team pushing and pulling capability do occur, these are likely
to arise from:
(1)

Difficulties in co-ordinating the movements and force exertions between team
members
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(2)

Alterations in the mechanics of the operation. For example, asymmetrical pushing
and pulling postures may be adopted where the presence of additional team
members restrict access to the load and this may reduce capability (Kumar et al.,
1995)

However, the extent of any reduction in combined capability is not known and would likely
depend upon individual task circumstances. HSE Guidance on the Manual Handling Operations
Regulations 1992 (HSE, 2004a) states:
“As an approximate guide the capability of a two-person team is two-thirds the sum of their
individual capabilities and for a three person team the capability is half the sum of their
individual capabilities” (L23, Paragraph 120, Page 29).
This is likely to be a conservative estimate with respect to pushing and pulling in teams.
Nonetheless, for situations where pushing and pulling in teams may be unavoidable, it would be
useful to consider the general information on team handling when providing advice to
inspectors, employers and employees.

11
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4

INITIAL DEVELOPMENT OF THE ASSESSMENT CHART

4.1

FORMAT FOR THE ASSESSMENT CHART

For consistency and possible inclusion into any revised edition of the MAC tool, attempts were
made to adhere to a flowchart type format that the user could progress through in a simple and
logical way. The traffic-light system was again used to grade relative risks within each factor.
This approach was originally conceived during the development of the assessment charts for
lifting, carrying and team handling (Monnington et al., 2002).
In addition to the risk grades for each factor, numerical scores were allocated to each factor.
The scores were considered to be useful as a method to prioritise tasks and to access
improvements. The weighting of the scores in the factors was seen as a good way of indicating
to users those factors that were of greater importance. However, as with the MAC tool, the
examination of the risk grades for the separate factors would remain the key approach.
4.2

SCOPE OF THE ASSESSMENT CHART

The chart was intended for use during the assessment of pushing and pulling operations. It was
intended for the pushing and pulling of individual loads (such as reels, boxes, furniture and
other bulky items) as well as general handling equipment (such as carts, trolleys and roll cages)
designed to support the entire weight of a load on wheels, rollers or runners and facilitate
transport. The assessment chart is limited in scope and designed for tasks involving:
•

Pushing and pulling while standing or walking

•

Pushing and pulling with two hands

•

Pushing and pulling of objects located in front of the operator

Risk factors associated with the use of two-wheeled handling aids (such as sack barrows and
wheelie bins) are not entirely covered within the scope of this assessment chart. Low force /
high frequency pushing and pulling activities that may occur at fixed workstations (such as
when using a tool or pulling a lever) are not covered within the scope of this assessment chart.
In this case, assessors should refer to other HSE guidance such as Upper Limb Disorders in the
Workplace (HSG60; HSE, 2002).
4.3

SELECTION OF RISK FACTORS FOR INCLUSION IN THE
ASSESSMENT CHART

Monnington et al. (2002) describes the method of selecting risk factors for inclusion in the
MAC tool. This method was followed for the development of the pushing and pulling
assessment chart. The initial process was to consider the ergonomics approach to examining
manual handling tasks involving pushing and pulling. The factors listed in HSE’s pushing and
pulling risk assessment checklist, found in Appendix 4 of L23 (HSE, 2004a), were considered
along with those aspects typically identified when observing manual handling operations in the
workplace. The factors were then ranked in order of observation/importance (Table 2). The
factors included were those that were assessed on a more consistent basis within the scope of
the assessment chart.
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Table 2 Ergonomics approach to observation and assessment of pushing and pulling
operations in the field
Risk factors
Load weight and force
Frequency of pushing and pulling
Distance of pushing and pulling
Handle height / operator body posture
Features and condition of the load / equipment
Space constraints
Other work environment issues
(obstacles, flooring, lighting and temperature)
Individual capability
Psychosocial factors

4.4

Common observation sequence
Observed first

Final observations

FORCE AND FREQUENCY

The development of the force / frequency graph is described in Section 3.
4.5

TRAVEL DURATION

Table 3 shows the risk categories for travel duration. Pushing and pulling capability is reduced
as the distance travelled increases (Snook and Ciriello, 1991) and movement over long distances
is recognised as a risk factor (HSE, 2004a; Hoozemans et al., 1998).
Table 3 Risk categories for travel duration
Good
Less than 8 metres or adequate
rest observed

Reasonable
Inadequate rest observed

Poor
More than 30 m and inadequate
rest observed

Since the force / frequency graph describes pushing and pulling capabilities that are acceptable
over 7.6 m, a green colour band was selected for travel distances of less than 8 metres. For the
amber colour band, it is difficult to specify a precise range of travel distance, as capability is
also influenced by the intensity and frequency of pushing and pulling. When considering
metabolic demands, it is also important to consider whether opportunities for rest and recovery
are available when required. HSE guidance (2004a) states:
“There is no specific limit to the distance over which the load is pushed or pulled as long as
there are adequate opportunities for rest and recovery.” (L23, Paragraph 25, Page 58)
For the red colour band, pushing and pulling capabilities at lower frequencies (e.g. every 5
minutes to 8 hours) tend to decrease to a greater extent once distances exceed 30 m (Snook and
Ciriello, 1991). However, the opportunity for rest and recovery again must be considered.
Eastman Kodak Company (1986) has recommended that if materials are frequently transported
more than 33 metres, use of a powered truck should be considered.
4.6

HAND HEIGHT

Table 4 shows the risk categories for hand height. Pushing and pulling capability is reduced
when performed with the hands much below waist height or above shoulder height (Snook and
Ciriello, 1991). However, with variation in hand height, the posture of the operator often
changes and this determines to a large extent the exerted forces (Hoozemans et al., 1998). Konz
14

(1999) considers the weaker muscles in the arms and shoulder to be the limiting factor when
pushing and pulling occurs above the shoulder or below the hip, and when kneeling (which
reduces capability by about 20% compared to standing). HSE guidance (2004a) states:
“The risk of injury is increased if pushing and pulling is carried out with the hands much below
waist height or above shoulder height. Being able to adopt a comfortable, stable posture is
important and twisted or bent postures should be avoided” (L23, Paragraph 95, Page 24).
Table 4 Risk categories for hand height
Good
Above hip and below elbow
height

4.7

Reasonable
Below hip or above elbow height

Poor
Below knee or above standing
shoulder height

TRUNK ASYMMETRY

Table 5 shows the risk categories for trunk asymmetry, the aim of which was to identify
asymmetrical postures and movements. Kumar et al. (1995) found postural asymmetry to be
associated with decreased force exertion capabilities. As with other forms of handling, it was
considered necessary to break the asymmetry into trunk twisting and sideways bending to keep
what can be a complex situation of trunk movement and posture as simple as possible and
ensure consistent scoring (Monnington et al., 2002).
During pushing and pulling, operators may adopt asymmetrical trunk postures when visibility is
restricted. Trunk twisting may arise when operators pull while looking rearwards or pull from
behind with one hand while walking forwards. Sideways bending of the trunk may result when
pushing and forward visibility is restricted.
Trunk twisting and sideways bending may occur when pushing and pulling forces are applied
parallel to (across) the shoulders; for example, in the event that the operator is unable to position
their body in line with the direction that the load is to be moved.
Table 5 Risk categories for trunk asymmetry
Good
Little or no twisting or sideways
bending of the trunk

4.8

Reasonable
Either twisting or sideways
bending of the trunk

Poor
Both twisting and sideways
bending of the trunk are
observed in the same operation

EQUIPMENT

Features of the object or equipment can have a significant bearing on the ease of the pushing or
pulling operation. Therefore, it is important to consider design aspects of the object or
equipment as a means of reducing the risk. HSE guidance (2004a) states that
“During pushing and pulling operations, it is important to ensure that the equipment being
used is:
•

The correct type for the load involved;

•

Well maintained (particularly any braking or steering systems)

•

Fitted with the correct type of wheels (of a diameter, width, and composition that
runs easily over the surfaces involved); and
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•

Provided with suitable handholds.

It is also important to consider that the load itself is:
•

Stable (and if necessary, secured);

•

Not too bulky for the route or equipment being used; and

•

Stacked so that it is possible to see over the load” (L23, Paragraph 148, Page 33)

Table 6 shows the risk categories for equipment.
Table 6 Risk categories for equipment
Good
Suitable for task and workplace
and well maintained

4.9

Reasonable
Fairly suitable for task and
workplace

Poor
Not suitable for task and
workplace and/or poorly
maintained

SPACE CONSTRAINTS

Table 6 shows the risk categories for space constraints. Restricted space in the work
environment can increase the need for operators to manoeuvre a load around obstacles or to
position a load into a precise location. Restricted space can also constrain operator posture,
reducing the flexibility of operators to vary their posture and/or imposing added stresses on the
musculoskeletal system (Eastman Kodak Company, 1986).
Table 7 Risk categories for space constraints
Good
Posture and movements
unhindered

4.10

Reasonable
Restricted postures or
movements

Poor
Severely restricted postures or
movements

OBSTACLES EN ROUTE

A point to consider when reducing risks from pushing and pulling is whether the route is clear
of obstacles, as additional manoeuvring forces may need to be applied to either change the
direction or motion or to stop an object (HSE, 2004a). Table 8 shows the risk categories
selected for the obstacles en route. A high number of trapping and collision accidents
associated with pushing and pulling of objects are reported (Boocock, 2003). The presence of a
change in level can make the transport of objects more difficult. A total score could be
allocated in cases where more than one type of obstacle was observed. For example, if
obstacles en route included a trailing cable (trip hazard) and a swinging door (trap hazard), the
colour band would remain amber but the score would be doubled.
Table 8 Risk categories for obstacles en route
Good
No obstacles

4.11

Reasonable
Trip hazard
(e.g. cables, floor
thresholds)

Reasonable
Trap or collision hazard
(e.g. closed doors,
people)

Poor
Change in level, steep
slope (e.g. kerb)

FLOOR SURFACE

Foot-to-floor traction is an important factor governing the ability to exert pushing and pulling
forces (Chaffin et al., 1999; Mital et al., 1997) and the risk of slipping and consequent injury
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(HSE, 2004a). Therefore, floor surface factors influencing foot-to-floor traction were included
in the assessment chart.
When pushing and pulling loads, floor or ground surfaces should be level, clean, dry and
unbroken (HSE, 2004a). The presence of slopes is an important consideration when pushing or
pulling as the forces involved are increased (HSE, 2004a). ISO 14122-1 (2001) recommends a
maximum ramp angle of 3° for the movement manually transported wheeled vehicles. Uneven,
slippery or unstable floors hinder smooth movement and can impose sudden unpredictable
stresses (HSE, 2004a).
Table 9 Risk categories for floor surface
Good
Clean, dry and in good condition

4.12

Reasonable
Dry but in poorer condition

Poor
Contaminated, wet, soft, sloped,
uneven or unstable

OTHER ENVIRONMENTAL FACTORS

To help provide a balanced assessment, the environmental factors of temperature, draughts and
lighting were also considered. If extremes of temperature, strong air movements or inadequate
lighting conditions are identified, then an amber score is recorded. If two or more of these
factors are present, a red score is recorded.
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5
5.1

INITIAL CONFORMITY TO DESIGN CRITERIA
INTRODUCTION

Following the drafting of the assessment chart (see Appendix 1), it was considered essential that
constructive comments and opinion were sought from ergonomics specialists. These were
obtained in two ways:
(1)

Consultation with individuals of the HSE Ergonomics Pool who were identified as
having either specific technical expertise in the assessment of pushing and pulling
operations or prior experience with the development and evaluation of previous
assessment charts for lifting, carrying and team handling

(2)

A workshop was held where HSE Ergonomics Pool members shared their
experiences following trial use of the assessment chart during HSE’s Better Backs
Initiative in October / November 2006

Consultation focussed on the technical validity of the risk factors, the robustness of the
assessment charts to assess a variety of pushing and pulling operations and its ease of use when
assessing real tasks in the workplace.
5.2

SPECIFIC PROBLEMS / IMPROVEMENTS IDENTIFIED

In general, it was felt that adhering to the MAC format was beneficial, as this approach to
assessment was immediately familiar to inspectors and many other health and safety
professionals. However, a number of specific problems and possible improvements were
presented.
5.2.1

Force / Frequency Graph

The force / frequency graph was found to be useful to ergonomists when assessing pushing and
pulling forces. The graph was also found to be useful to communicate the implication of any
force measurement to inspectors and other health and safety representatives on site.
Where companies have a substantial degree of pushing and pulling operations on their premises,
it was felt that, as with other exposure assessment (e.g. noise, dust or vibration), it would be
appropriate for them to undertake some objective measurement to help understand and control
the risks. Thus, employers may also find the force / frequency graph to be a useful reference for
informing their risk assessments.
However, it was anticipated that inspectors would find the graph unsuitable for use when on
their own, as they were not equipped with force measurement devices. It was felt that any
assessment chart for pushing and pulling might need to be complemented with an ‘inspector
guide’ that provided some other indicators that a task involved excessive force. This might
involve some illustrations of typical postures that operators adopt when applying the forces that
were indicative of high risk pushing and pulling tasks.
Several alternative approaches for the assessment of force exertion were discussed. These are
described in Appendix 3.
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5.2.2

Travel duration

The risk factor for travel duration was found to hinge on the concept of rest adequacy. As the
assessment of rest adequacy was entirely subjective, users requested ways to enhance the
objectivity and guidance criteria for this risk factor. It was anticipated that this risk factor
would present a number of problems if, as or when inspectors or other health and safety
professionals trial the assessment chart. It was also anticipated that such users would prefer
more prescriptive guidance, such as firm pushing and pulling distance criteria as that proposed
in Table 10.
Table 10 Alternative risk categories for travel duration
Good
Less than 8 metres

Reasonable
8 – 30 metres

Poor
More than 30 metres

It is anticipated that such criteria would likely improve the assessment tool with respect to its
ease of use.
5.2.3

Trunk asymmetry

Trunk asymmetry was felt to be an important risk factor. For lifting tasks, separating the
assessment criteria into components of trunk twisting and sideways bending was felt to simplify
the assessment. However, for pushing and pulling tasks, this same approach did not adequately
describe the asymmetrical postures adopted during pushing and pulling. Alternative risk
categories for postural asymmetry are proposed in Table 11.
Table 11 Alternative risk categories for postural asymmetry
Good
Two hands symmetrical in front
of the trunk
Little or no trunk twisting

5.2.4

Reasonable
Two hands asymmetrical
Moderate trunk twisting

Poor
Extensive trunk twisting
Pushing or pulling with one hand

Equipment

The key element within this risk factor was felt to be the maintenance of equipment. However,
this was not clear when combined with a number of other equipment-related elements (such as
load stability and features of the wheels/castors), which were all encompassed under the single
risk factor.
However, there were concerns that incorporating too many risk factors related to the design and
suitability of equipment would make the assessment chart irrelevant to the pushing and pulling
of objects other than wheeled equipment. This is an important concern as about two-thirds of
pushing and pulling incidents involve objects that are not supported on wheels (Boocock, 2003).
The possibility of splitting the assessment chart according to whether the object was supported
on wheels was considered.
Further consideration and revision is required to clarify the risk factor for equipment.
5.2.5

Floor surface

Further clarity was desired for the criteria to assess the floor surface. In particular, further
information was required on how to assess the extent to which the floor surface influenced the
smooth passage of the load. Table 12 suggests some revised criteria guidance for the floor
surface risk factor.
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Table 12 Alternative risk categories for floor surface
Good
Clean and dry
Allows the load to move freely
along the travel route

5.2.6

Reasonable
Dry but in poor condition
Floor cracks or uneven surface
slightly interferes with load
movement

Poor
Contaminated, wet or unstable
Soft, sloped, or uneven surface
significantly interferes with load
movement

Target users of the assessment chart

The assessment chart for pushing and pulling was developed for users equipped with:
(1)

A force gauge for measuring the amount of horizontal force required to start a
load into motion

(2)

An understanding of how pushing and pulling forces are applied and measured

(3)

An understanding of equipment design features that may have a significant
influence on the pushing and pulling operation.

As a result, it is anticipated that initial use of the assessment chart would be limited to a select
number of ergonomists, engineers and health and safety professionals. Widespread use of the
assessment chart by inspectors or health and safety professionals may require alternative
subjective indicators that high-risk forces were involved in the task or additional support such as
supplementary training and a greater dissemination of simple force measuring devices.
5.2.7

Score system

A scoring system for the assessment chart for pushing and pulling was developed in line with
that currently used for lifting and carrying, the development of which has previously been
discussed and documented (Monnington et al., 2002). Until a long-term validation of the scores
in relation to health risk is possible, the scores have been considered to be a useful method to
help prioritise tasks, assess those risk factors of greater importance, and evaluate the
effectiveness of any solutions proposed (Lee and Ferreira, 2003).
However, where scores are used to help prioritise and evaluate interventions, it is essential that
any scoring system for the assessment chart for pushing and pulling is congruent with that
already developed for lifting, carrying and team handling operations. For example, if a
mechanical aid such as a cart is introduced to address a high risk carrying operation and the
solution is found to be effective, it is important that any assessment chart for pushing and
pulling is able to show this reduction in the level of risk through a reduced score. With this in
mind, Table 13 summarises the range of possible scores using the assessment charts for lifting,
carrying, team handling and pushing and pulling. The scoring system proposed for pushing and
pulling tasks is comparable to the scoring system already utilised for carrying tasks.
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Table 13 Summary of possible scores with manual handling assessment charts
Manual handling operation
Variable
Number of risk factors
Minimum score
Maximum score
All amber score
All red score

5.3

Lifting

Carrying

Team handling

Push and pull

8
0
30
13
26

9
0
37
17
29

9
0
34
14
30

9
0
36
16
28

OUTCOMES OF THE INITIAL EVALUATION

The peer-review determined that the assessment chart was a reasonable first draft attempt.
However, it was felt that considerable revision would be required before the assessment chart
would meet all of the original criteria set out for the development of the MAC tool.
Based on the input from the peer-review exercise, an updated assessment chart was produced
which incorporated those improvements that involved a limited amount of effort (see Appendix
2). However, further amendments remain, which are beyond the scope of this project due to the
extent of work considered necessary to inform them.
It was felt that once a further revision of the assessment chart is complete, it should be subject to
another peer review before being taken forward to evaluation by a sample of inspectors and
other health and safety professionals.
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6
(1)

CONCLUSIONS

Review of psychophysical force limit data (Snook and Ciriello, 1991) for whole
body pushing and pulling operations supports the view (HSE, 2004a) that:
“Even for a minority of fit, well-trained individuals working under favourable
condition, operations which exceed the guideline figures by more than a factor of
two may represent a serious risk of injury” (L23, Paragraph 31, Page 59).
From this review, a force / frequency graph was developed using the traffic-light
approach to identify forces that are indicative of high-risk pushing and pulling
operations.

(2)

A search of literature identified no peer-reviewed papers describing forces
indicative of a high risk of injury for pushing and pulling in teams of two or more
people. However, research into team handling in general has found a reduction in
team capability compared to the sum of individual capabilities. Most of the
underlying principles would likely apply to pushing and pulling activities as well,
although the extent of the reduction in team efficiency for pushing and pulling is
unknown.

(3)

A limited selection of existing tools was available to assist with pushing and
pulling risk assessment. However, these tools did not fulfil all criteria originally
established for development of the MAC tool.

(4)

A draft assessment chart for whole body pushing and pulling was developed in a
format that was consistent with the existing Manual handling Assessment Charts
(MAC) tool previously developed by Monnington et al. (2002).

(5)

HSE/HSL ergonomists offered useful comments on the draft assessment chart
following limited use during the 2006 Better Backs campaign and a further peerreview exercise. Several improvements were made as a result of this feedback.
However, further amendments remain which are beyond the scope of this project
due to the extent of work considered necessary to inform them.
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7
(1)

RECOMMENDATIONS

An assessment chart for whole body pushing and pulling to include in the MAC
tool does appear feasible. However, further development of the draft assessment
chart for pushing and pulling is required to meet the original criteria set out for the
development of the MAC tool. This should involve:
•

Inclusion of further amendments to some of the key risk factor criteria and the
assessment guide

•

Inclusion of some useful indicators that a task involved excessive force for
users that were unable to measure pushing and pulling forces. One possibility
could involve some illustrations of typical postures that operators might adopt
when applying the forces that were indicative of high risk pushing and pulling

•

Evaluation of the assessment chart against the original MAC tool design
criteria when used by a sample of inspectors and company health and safety
representatives.

(2)

The need to push or pull in teams to move a load is in itself an indication that the
task may involve a high level of musculoskeletal risk. Unfortunately, no data was
available to describe pushing and pulling capabilities for teams of two or more
people. Nonetheless, general information on team handling capabilities could be
useful to inform the development of an assessment chart for pushing and pulling
in teams.

(3)

Consider providing further guidance and instruction on how to measure hand
forces for the purpose of conducting an assessment of pushing and pulling
operations. Such guidance should provide examples of various types of force
measurement instrumentation; from high specification devices (e.g. digital force
gauges) to lower specification devices (e.g. spring balances or bathroom scales)
and when these might be appropriate. Further work may be required to verify that
the various methods of force measurement proposed are practical and reliable.
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APPENDIX 1 ASSESSMENT CHART (DRAFT 07-09-2006)
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APPENDIX 2 ASSESSMENT CHART (DRAFT 12-01-2007)
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APPENDIX 3 ALTERNATIVES TO FORCE MEASUREMENT
Several authors (Culvenor, 2005; Al-Eisawi et al., 1999) have recently proposed guidance or
methods to help users make an assessment of pushing and pulling tasks without the need to
measure force directly. It is anticipated that such methods would be popular amongst health and
safety professionals who do not currently possess the capability to measure pushing and pulling
force. However, there is a risk that such methods may be based upon data from specific
experimental conditions, which may not be transferable to the task circumstances where the
characteristics of the load and the work environment may be different.
Using a Mecmesin Advanced Force Gauge, Culvenor (2005) measured the horizontal forces that
seven male participants applied when pushing an automotive parts delivery trolley. Table 14
shows the experimental task conditions that might have an influence on the amount of pushing
force applied. Not all of the necessary information was provided.
Table 14 Experimental task conditions that might influence the amount of pushing force
applied by participants in the study by Culvenor (2005)
Variable
Task
Force direction
Travel distance
Force measurement
Participant instructions
Number of trails
Load / equipment
Trolley type
Load weights
Handle height
Handle diameter
Handle spacing
Castor number
Castor type
Wheel diameter
Wheel composition
Environment
Floor composition
Individual
Participant number
Participant gender
Participant age
Participant body weight

Information provided
Push
4 metres
Peak initial force
To push the trolley about 4 metres in the way that they would
normally push a parts trolley
3 trials for each load weight; participants began with the lightest
weight and progressed up to the heaviest weight
A parts delivery trolley used in an automotive assembly plant
Regression formula based upon trolley weights of 160 kg, 200 kg,
300 kg, 350 kg and 400 kg
Vertical handle extending from near floor to a height of 140 cm
3.5 cm
45 cm (50th percentile male elbow to elbow width)
4 castors
Fixed front castors; rear castors locked in straight position for
consistency of trials
Unknown
Unknown
Smooth concrete
7 participants
Male
Unknown
Unknown

For trolley weights studied, a fairly linear relationship was found between the average force
applied and the trolley weight, which the author described with the following equation:
Average applied force (kgf)

=

trolley and load weight + 6.5
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However, it was noted that even with seven participants, individual variation was substantial (R2
= 0.9895).
Data on the applied force were then combined with data on maximum acceptable force (Snook
and Ciriello, 1991) to develop a traffic-light tool when setting design limits for trolley load
weight (Table 15). Unfortunately, in setting limits for design, the population criteria used by
Culvenor (2005) is not consistent with the criteria selected for the MAC tool, which focuses on
the identification of high-risk manual handling operations. Culvenor (2005) also cautions that
these guidance limits are based on the circumstances described and will not be applicable to all
situations.
Table 15 Specific trolley weight design limits proposed by Culvenor (2005)
Trolley weight
<200 kg
200 – 300 kg
>300 kg

Force
16 kgf
16 – 22 kgf
22 kgf

Population filter
>90% of females
75 – 90% of females
<75% of females

Code and designer action
Green – Proceed with design
Yellow – Evaluate
Red – Improve design

As part of their assessment tool for pushing and pulling tasks, Steinberg et al. (2006) have
developed a rating points matrix (Table 16) comparing the load weight with the type of handling
aid (if any) used. This would provide more prescriptive guidance that would be of particular
use to health and safety professionals who did not have easy access to force measuring
equipment. The criteria used to develop the score matrix are unknown and would require
further investigation.
Table 16 Rating points matrix comparing load weight and type of handling aid used
(Steinberg et al., 2006)
Load weight
(load is rolled)
< 50 kg
50 to < 100 kg
100 to < 200 kg
200 to < 300 kg
300 to < 400 kg
400 to < 600 kg
600 to <1000 kg
 1000 kg
Load weight
(load is slid)
< 10 kg
10 to < 25 kg
25 to < 50 kg
µ 50 kg

Without aid
(load is
rolled)
0.5
1
1.5
2
3
4
5

Type of handling aid 1 2
Trolley or cart
Trolley with
Sack barrow
with fixed
rotating
or wheel
castors
castors
barrow
0.5
0.5
0.5
1
1
1
2
2
1.5
4
3
2
4
3
5
4
5

Manipulators,
balancers
(e.g. hoist)
0.5
1
2
4

Without aid
(load is slid)
1
2
4

1

Red rating points are critical because a check of the movement of the handling aid depends to
a large extent on skill and physical strength
2
White areas without numbers are to be avoided because the necessary forces can easily exceed
physical capability
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