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1. BACKGROUND   

Musculoskeletal disorders (MSDs) continue to be a significant problem for residential (house) builders.  

A 2014 Massey University research project identified 164 measures that could reduce MSDs for 

residential builders based on interviews with builders and triangulation with the available literature.  

This work was supplemented in 2015 when four builders rated the feasibility of the measures in 

combination with researcher ratings to develop a table of measures that are most likely to be effective 

in preventing or reducing MSDs.  In 2021, Construction Health and Safety New Zealand (CHASNZ) 

initiated the “Work Should Not Hurt” programme to prevent and minimise MSDs in their industry.  As 

part of their programme they intend to progress the previous research and work with residential 

builders to explore ways to minimise MSDs.  As a first phase of this work, CHASNZ commissioned a 

review of the academic and grey literature to gain an understanding of the current knowledge in the 

published literature of the effective measures to prevent or minimise MSDs for residential (house) 

builders.  This report summarises the process and findings of this literature review. The search strategy 

is outlined in section 2 and the results of the search described in section 3. Section 4 provides a 

summary of the academic literature organised by identified themes. Section 5 presents the grey 

literature before concluding remarks end the report.  

2. SEARCH STRATEGY 

The overarching question of this review is: 

What are effective measures to prevent or minimise MSDs for residential (house) builders? 

The key elements of the search are shown in Figure 1.   

 

Figure 1 Outline of the overall search strategy 

The academic search aimed to identify relevant published, peer-reviewed scholarly literature while 

the grey literature sought to include relevant material that is not formally published as articles in 
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scholarly journals, such as guides and reports from industry or Government.  The academic search was 

based on the keywords and databases used by Tappin, Bentley [1]1.  The initial search was conducted 

in August 2021 and the details are included in Appendix 1.   

The grey literature search strategy was based on the methods proposed by Godin, Stapleton 

[2].The search was performed in September 2021 and included a Google search for relevant 

stakeholders (Appendix 2) and targeted website searching.  Appendix 3 shows the detailed search 

process.  The search strategy design was peer reviewed by Liz Ashby2 (LA) in August 2021 and 

improvements made before its implementation, including additions of international health and safety 

organisations for the grey search.  Chris Polaczuk (Work Should Not Hurt, Programme Manager, 

CHASNZ) reviewed the New Zealand outcomes of the Google search, and one addition was made.  The 

full list of websites used in the search to identify relevant documents is shown in Appendix 3.  

3. SEARCH RESULTS  

3.1. Academic search results  

The scholarly literature search outcomes are shown in the flow chart in Figure 2. The initial three 

searches resulted in 1874 titles across five online databases (Figure 1).  The search results were 

screened to delete those that were clearly irrelevant or duplicates. The remaining titles (n=322) were 

then screened for potential relevance to the review question and the retained records (n=222) were 

downloaded to EndNote (bibliographic software).   

The abstract of each record was reviewed to identify the articles which may include information 

about measures to prevent or minimise MSDs in residential builders. To ensure that this criterion was 

being applied consistently by the author (NG) inter-rater reliability was examined for the results of 

one database.  The 37 records retained from the Web of Knowledge database were independently 

screened by NG and LA with inter-rater reliability of an 86.5%. There was 100% agreement on 15 

records to retain with NG including an additional five records.  NG performed the remainder of the 

abstract screening which resulted in 49 articles being sourced for full review.  Fourteen articles were 

then excluded as they were promotions for studies or publications or did not address the review 

question (see Figure 2).  Eight additional articles were added through citation examination for a total 

of 43 articles included for the review.  Forty-one of the articles are published in journals, three of 

which are review articles.  One article is published in a conference proceeding and one as a book 

section.  The distribution of the journals that the articles appear in, and the year of publication is 

shown in Figure 3 and Figure 4.  More than half of the articles have been published in the last decade 

(24, 56%)  

 
1 Provided by personal communication 
2 Ergonomist and researcher, Human Matters Ltd 
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Figure 2 PRISMA flowchart to illustrate the academic literature search 

Titles identified from 
Scopus (n = 686) 
Web of science (n=287) 
Business Source Complete 
(n=239) 
Academic Search Premier 
(n=564) 
Medline (n= 98) 

Titles removed before screening: 
 
Duplicates within databases 
(n=118) 
Irrelevant titles (n= 1434) 
 

Titles screened (n=322) Titles excluded (n=100) 

 

Abstract screened (n=222) 
Articles sought for retrieval 
(n=49) 

Duplicates between databases 
(n=59) 
Articles not retrieved 
(n =114) 
 

Article assessed for eligibility 
(n = 35) 

Articles excluded: 
Advertisement (n =3) 
Not residential construction 
(n =4) 
Risk assessment only (n =4) 
Does not include MSD (n=2) 
Does not have preventive 
measure (n=1) 

Articles identified from: 
 
Citation searching (n =10) 
 

Articles assessed for eligibility 
(n = 8) 

Articles 
excluded 
(n= 0) 

Articles included in review 
(n =43) 

Identification of articles via databases Identification of articles via other methods 

Id
e

n
ti

fi
c
a

ti
o

n
 

S
c

re
e

n
in

g
 

 
In

c
lu

d
e
d

 

Abstracts screened and sought 
for retrieval 
(n =8) 

Reports not 
retrieved 
(n =2) 



  Prevention of MSDs in residential building 
 

5 
 

 

Figure 3 Publication source and number of articles included in the review 
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3.2. Grey literature search results  

The Google website search identified 43 potential online sources of information (Appendix 2).  These 

sources were then used for a targeted website search (Appendix 3) to identify relevant documents 

that were not identified through the academic literature search. Published reports, guidelines 

produced by governments, industry bodies, and private companies that could potentially include 

measures to prevent or minimise MSDs in residential builders were sought. Pamphlets, ‘tip sheets,’ 

webpages, or videos were excluded.   

The process is shown in the Figure 5 flowchart. The initial search found 1226 items.  Forty-five 

items were identified as potentially relevant, 19 items from New Zealand based websites and 26 from 

international websites.  The documents were downloaded and screened to confirm that they 

contained information about measures to prevent or minimise MSDs in residential builders.  Twenty-

six items were excluded (see Figure 5 for rationale) resulting in 19 being included in the final review.  

Almost three-quarters (14, 74%) of the documents are from the last decade, possibly reflecting 

website sources that are updated.  The spread of year of publication of the documents included in the 

grey review is shown in Figure 6.  Seven of the documents come from the United Kingdom (UK), six 

from the United States of America (USA), three from New Zealand (NZ) and three from Australia 

(Figure 7). 

 

Figure 4 Year of publication of the articles included in the scholarly review 
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Figure 5  PRISMA flowchart to illustrate the targeted website grey  literature search [3] 

 

Figure 6 Year of publication of the documents included in the grey review 
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Figure 7 Country of publication of grey review documents  
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4. SCHOLARLY LITERATURE SUMMARY 

Each retained article was read, and key information extracted including: the MSDs prevention 

measures identified or under examination and their reported effectiveness;  the context (e.g. country, 

type of construction); research methods used and facilitators and barriers to the identified measures.   

Themes of the articles emerged into a type of ‘hierarchy of controls’ which is commonly seen in 

health and safety systems to encourage selection and implementation of the most effective control 

solution for workplace hazards [4, 5].  The summary of the literature is organised following this 

concept illustrated in Figure 8, adapted for the measures identified for the prevention or minimisation 

of MSDs in residential builders.  There is overlap between categories and some articles report on a 

combination of controls and these are included in a ‘mixed’ measures category.  The Health and Safety 

by Design category had 4 articles, engineering measures 14, administrative measures 7, individual 

measures 7 and a mix of measure returned 11 articles.  

 

 

 
Figure 8 Organisation of literature summary using hierarchy of controls model 
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4.1. Health and safety by design  

Author Focus Context Study design Preventative measures 
for MSDs 

Effectiveness for reducing 
MSDs or risk factors for 
MSDs 

Barrier / facilitator for 
success 

Kim et al. 
2008 [6] 

Assessing knowledge 
of designers of 
prefabricated wall 
panels about risks for 
builders  

Prefabricated panels 
 
Designers of 
residential buildings 
 
USA 

Qualitative 
surveys, 
interviews 

Incorporation of 
ergonomics principles 
into design 

Not considered empirically 
but theoretically effective 

Panel designers regard 
their panel wall system 
designs as being 
disconnected from the 
on-site construction 
processes 

Nussbaum et 
al., 2009 [7] 

Development of a 
software decision 
support system to 
account for MSD risk 
in designing 
prefabricated walls 

Carpenters  
 
USA 
 

Mixed methods Design of build- to 
enable designers to 
incorporate 
ergonomics issues in 
their design process 

Not considered empirically 
but theoretically effective 

-Different panel sizes and 
quantities may take more 
or less time/cost to build 
at the factory and 
changes to stacking and 
loading of trucks may 
result in additional 
loading effort and trips.   
-Potential effort shift 
from site to factory 

Rwamamara, 
R., & 
Simonsson, P. 
2012 [8] 

Comparisons of MS 
risk using traditional 
vibrated concrete 
and self-compacting 
concrete 
 

Concrete 
construction workers 
-bridges 
 
Sweden 

Mixed 
interviews, 
video analysis 
use of PLIBEL, 
QEC, ErgoSam 
to compare MS 
risk  

Use of Self Compacting 
Concrete to replace 
traditional  

3-5 times less MS risk than 
traditional vibrated concrete 
-eliminates HAV 

New ideas /use of 
technologies need to be 
focussed on the design 
phase of construction 

Smallwood 
2012 [9] 

Exploration of the 
level of knowledge, 
perceptions, and 
practices of relative 
mass and density of 
materials of 
designers 

Architects  
 
South Africa 

Qualitative Consideration of mass 
and density of 
materials in the design 
process  

Not considered empirically 
but theoretically effective 

-Level and quality of 
education 
-Professional associations 
engagement  
-Availability of resources 
e.g. libraries 
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4.2. Engineering measures 

Author Focus Context Study design Preventative 
measures for MSDs 

Effectiveness for reducing 
MSDs or risk factors for 
MSDs 

Barrier / facilitator 
for success 

Mirka et al., 
2003 [10] 

Low back pain 
prevention in 
framing builders 
through participative 
field assessment and 
development of 
equipment 
prototypes 
 

Residential 
framing 
carpenters 
 
USA 

Action research: 
-Video assessment -
Biomechanical model 
of back stress 
developed 
-Prioritisation of tasks 
for interventions 
-Prototypes designed  
-Interventions 
evaluated 

Prototype 
development of: 
-pneumatic wall lift 
-extension handle for 
nail gun 
-vertical lumbar 
handling system 

-Decreased compression 
forces LB 
-Positive effect on shoulder 
loading 

-Productivity 
increase by an 
average of 28% (any 
productivity decrease 
is a strong barrier 
-Cost-effectiveness 
-Easy to transport to 
and around site 
-Resistance to 
change 

Van der 
Molen et al., 
2004 [11] 

Effect of working 
height adjustments 
and mechanisation 
of materials 
transport on 
discomfort 

Brick layers 
 
Netherlands 

Field experiment 
Quantitative  

-Working height 
adjustment using a 
scaffolding console 
to adjust height of 
material storage 
-Mechanisation of 
transport of 
materials with a 
crane 

-Significant decreased 
frequency and duration of 
trunk flexion 
-Decreased handling 
frequency  
-Less low back discomfort 
-No change in shoulder 
discomfort 

Implementation 
processes 

Perttula et al., 
2006 [12] 

Comparison of 
manual materials 
transfer and use of 
an elevator at a 
construction site, to 
determine efficiency 
and H&S risk 

10-floor, 
residential 
building  
 
France 
 

Mixed  
-Observation  
-H&S risk index 
calculated 
 -Trips made by 
elevator 

Vertical (an elevator) 
and horizontal 
(wheeled device) 
transportation tools  

- Risks decreased when 
transportation tools are 
used. 
-Efficiency improved 16-41% 
 

Effective use of the 
elevator and 
wheeled devices 
require that 
pathways are in 
sound condition  

Vi, 2006 [13] Evaluation of the 
potential reduction 
in the risk of 
musculoskeletal 
injuries to rod 

Ground-level 
rebar concrete 
workers 
 
Canada 

Quantitative, 
experimental field 
study 
Before and after 
intervention  

Long handled 
battery-powered tool 
for rebar tying 

-Significant (35 %) reduction 
of total work time in 
forward severe trunk flexion  
-Significantly higher level of 
comfort, ease of use and 

-Features of the 
machine affecting 
the tying speed can 
include the time 
required for warming 
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workers when using 
an automatic rebar-
tying device 

productivity when using the 
machine.  
-Significantly lower 
perceived hand force and 
wrist repetition  
work with the tying 
machine. 

up during cold 
weather. 
-Quality issues 
- Limitations of use 
situations 
- Traditional tools 
(pliers) much 
cheaper 

Rempel et al., 
2007 [14] 

Development of 
alternative tools for 
overhead drilling  

Overhead 
drilling tasks 
 
USA 

Action research -
participatory methods 
to develop ideas, 
prototypes, and 
iterative field testing. 

Development of 
inverted drilling press 
operated on a 
moveable platform 

Not evaluated  -Context specific i.e. 
he more difficult) the 
drilling was the 
better the devices 
were received. 
- Set-up time 
- Operational 
difficulties 

Hess et al., 
2010 [15] 

Evaluation of low-
cost coupling tools 
for drywall 
installation 

Carpenters, 
drywall 
installation 
USA 

Mixed methods, field 
trial 

Five low-cost 
coupling tools 
(Gorilla Gripper, Old 
Man Tool, J-handle, 
Troll and Stanley) 
and two-person 
handling 

2-person manual lift and the 
J-handle provided the best 
reduction biomechanical 
risk and modelled MSD risk 
for the low back.  

-Practical 
considerations (tools 
getting in way, 
getting lost) 
-Productivity losses 

Rosati et al., 
2014 [16] 

The effect of working 
height and painting 
equipment on 
muscle activity in 
painting tasks and 
differences between 
males and females 
 

Painting industry 
 
USA 

Laboratory experiment 
comparing alternative 
rollers and working 
heights 

-Modified painting 
roller design 
 
-Working height 

Decreased upper extremity 
demands for females 

 

-Quality 
- Changing demands 
- Real situation 
applicability 

Lipscomb et 
al., 2015 [17] 

Injury surveillance to 
identify any 
increased MSD by 
using sequential 
triggers in nail guns 

Apprentice 
carpenters 
 
USA 

Quantitative surveys Sequential triggers to 
prevent acute nail 
gun injuries (which 
requires that the 
nosepiece be 

Injury risk is half as great 
among users of tools with 
sequential actuation. 

 

-Training in safe tool 
use 
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depressed first 
before engaging the 
trigger in order to 
fire) 

Dasgupta et 
al., 2016 [18] 

Assessment of an 
intervention 
suggested by 
workers to reduce 
the physical or 
ergonomic exposures 
of the drywall 
installation task. 

Drywall 
installation  
 
Commercial and  
residential 
construction 
 
Boston, USA 

Mixed methods 
Field case study 

Use of a ‘deadman’ 
(narrow panel piece) 
with an electrically 
operated lift to hold 
the panels to the 
ceiling while 
installing them. 

-Overhead arm and 
awkward trunk postures 
and heavy load handling 
were reduced  
- Installers satisfied with the 
use of the intervention tool. 

-Cost of lift 
- Management 
support 

Eilertson et 
al., 2018 [19] 

Unpowered lift assist 
device was 
developed to 
manage the load of a 
drywall sheet during 
the installation 
process. 

Drywall 
installation 
 
USA 

Quantitative 
laboratory testing of 
protype with 
biomechanical analysis 

Lift assist device Approximately 70-78 % 
reduction in mean and peak 
muscular effort of the low 
back. 

-Costs 
-Further 
development 
required. 

Kurien et al., 
2018 [20] 

Introduction of a 
robotic construction 
worker linked to an 
off-site worker 
(teleoperation) 

Conceptual, 
developmental 
 
UK 

Quantitative 
experiment 

Robotics to eliminate 
worker on-site 

Currently not operational 
but if feasible would 
eliminate risk to onsite 
worker 

-Not developed 
-Impact to worker 
off-site i.e. 
unintended 
consequences. 

Lawani et al., 
2020[21] 

Evaluation of the 
building efficiency 
and safety using a 
crane to erect wall 
panels, floors, and 
roofs. 

House 
construction  
 
UK 

Qualitative case study Use of telescopic 
crane 

-Significant reduction in 
working at height 
- Decreased exposure to 
other hazards 
-Reduced manual handling 

-Planning  
-Uncertainties of 
implementation  
-Efficiency 

Lowe et al., 
2020 [22] 

Review of 153 case 
studies of equipment 
interventions to 
improve safety and 
health  

Construction 
businesses: 
roofing, power 
and 
communication 
line, masonry, 

Meta-analysis  
Quantitative and 
qualitative data 
extracted from case 
study reports to 
funders.  

Use of a variety of 
equipment 

Electrical cable pulling 
equipment, skid steer 
attachments for concrete 
breaking (hydraulic 
breakers), concrete sawing 
equipment, man lifts (boom 

-Unintended 
consequences 
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framing, 
specialty trade 
contractors, 
heating, 
ventilation, air 
conditioning, 
and refrigeration 
systems 
 
USA 

lifts), and trailers with 
hydraulic tilting/ramps were 
associated with higher 
reductions in risk factors  

Tahmasebi et 
al., 2020 [23] 

Chair design for near 
ground welding to 
decrease muscular 
effort 

Construction 
welders 
 
Iran  

Laboratory experiment Chair for welding Muscle activity in prototype 
chair postures were 
significantly lower than 
usual postures  

-Transfer to work 
environment  
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4.3. Administrative measures 

Author Focus Context Study design Preventative measures 
for MSDs 

Effectiveness for reducing 
MSDs or risk factors for 
MSDs 

Barrier / facilitator 
for success 

Zalk et al., 2011 
[24] 

Framework and 
protocol design for a 
construction industry 
risk management 
toolbox using ‘control 
banding ‘ 

Construction 
industry 
 
USA 

Qualitative  Toolbox to develop risk 
‘bands’ for 
construction projects 
and identify control 
methods to perform 
work safely 

Not assessed - Knowledge 
- Acceptance 
- Implementation 
 

Boschman et al., 
2015 [25] 

Evaluation of the use 
of ergonomic 
measures related to 
MSDs among 
construction workers 
following a National 
H& S campaign 

9 trades including 
carpenters  
 
Netherlands 
 

Quantitative 
questionnaire at 
baseline and 2 years 
later 

Campaign to increase 
awareness and induce 
a change in working 
methods and the use 
of mechanical aids. 
Website for 
information and videos 
and informational and 
promotional toolbox 
for employers  

-A relationship between 
the use of ergonomic 
measures and MSDs was 
not found.  
-mechanical vertical and 
horizontal transport use 
was significantly increased  
 

-Relief of the 
physical demands 
of their work 
-Productivity  

Gibb et al., 2015 
[26]  

Description of 
wearable simulations 
of MSDs developed for 
use in training to try to 
change attitudes / 
behaviour 

Construction 
apprentices in 
various trades 
including 
scaffolding, 
roofing, 
steeplejacks, and 
plant operators 
 
UK 

Qualitative field trial  Experiential 
simulations for training  

 

Increased engagement in 
training. Link to MSDs / 
risk not clear 

-Cost 
 

Brandt et al., 
2018 [27] 

Technical body 
measurements were 
recorded during work 
and then used as an 
educative tool for 

Construction sites 
 
Denmark 

Mixed, participative 
cluster RCT 
 

Experiential training 
using body 
measurement data to 
prompt work practice 
change  

-No change in the number 
of events with excessive 
physical workload. H 
-Decreased general fatigue 
after a typical working day  

-Engagement 
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workers to develop 
their own plan of 
reducing loads 

 -increased influence on 
own work  

Peters et al., 2018 
[28] 

Evaluation of a 
program designed to 
target the conditions 
of work and workers’ 
health behaviours  

Construction sites  
 
USA 

Mixed,  
cluster RCT 

-Educative program  
which focused on 
improving practices at 
the site and worker 
level to improve 
musculoskeletal health 
with ergonomist 
consults and hazard ID 
tools 
- Health promotion  

- Significant improvement 
in ergonomic practices 
-A reduction in incidences 
of pain and injury in the 
intervention group one-
month following program 
 

-Fissured 
multiemployer 
worksites 
-The itinerant 
nature of workers 
-Competing 
production 
pressures 
-Management 
support 

Botti et al., 2020 
[29] 

Evaluation of the 
effects of different 
feed force (FF) on 
handle vibration and 
productivity 

Construction 
workers, rotary 
hammer drills 
 
USA 

Quantitative 
laboratory 
experiment 

Technique 
modification for 
drilling  

- The lowest exposure to 
hand vibration and the 
best overall productivity 
occurs when the lowest 
operational FF is applied 
during hammer drilling 

-Dissemination of 
information 

Gholami et al., 
2020 [30] 

Evaluation of training 
to decrease MSD risk 

Construction, 
concrete work 
 
Iran 

Quasi-experimental Theoretical and 
practical training  

-Minor effect on risk 
assessment  

- Poor working 
environment  
- Costs of 
improvement 
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4.4. Individual measures 

Author Focus Context Study design Preventative 
measures for MSDs 

Effectiveness for 
reducing MSDs or 
risk factors for MSDs 

Barrier / facilitator 
for success 

Holmström et al., 
2005 [31] 

Exercise warm-up on 
building sites and the 
impact on flexibility, 
strength, and 
endurance 

Construction workers 
 
Sweden 

Intervention study 
with controls 

10-minute exercise 
program on-site 
before work 

-Increase in thoracic 
and lower back 
mobility 
-Increase in 
hamstring and thigh 
muscle flexibility  
- A significant 
difference in back 
muscle endurance 
compared to 
controls. 
- Strength not 
affected 

-Participation and 
compliance 

Gram et al., 2012 [32] To investigate 
whether an exercise 
intervention reduced 
musculoskeletal pain; 
improved work 
ability, productivity, 
perceived physical 
exertion; and less sick 
leave. 

Construction workers 
 
Denmark  

RCT The 12-weeks, 3 × 20 
minutes per week 
(strength and cardio) 

There were no 
significant changes in 
pain intensity in 
shoulders, upper and 
lower back, or hip 
and knee, though 
aerobic capacity was 
improved. 

 

Oude Hengel et al., 
2013 [33] 

Investigation of the 
effectiveness 
training, work advice 
and an 
empowerment 
program on MS 
discomfort, work 
ability, health, and 
sick leave.   

Construction workers 
 
The Netherlands 

RCT - Individual training 
- A rest-break tool 
- Three individually 
targeted 
recommendations on 
how to reduce the 
physical workload  

-An overall decline in 
musculoskeletal 
symptoms ) and long-
term sick leave in 
intervention group 
(not statistically 
significant) 
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-Two interactive 
empowerment 
training sessions  

Viester et al., 2015 
[34] 
 
 
 
 
 
 

 

To investigate the 
effects of a worksite 
health promotion 
intervention on 
musculoskeletal 
symptoms, physical 
functioning, work 
ability, work-related 
vitality, work 
performance, and 
sickness absence. 

Construction workers 
 
The Netherlands 

RCT -Personal coaching -
tailored information 
- Construction 
‘toolbox’ materials 

No effect on MSDs or 
other measures. 

-Working conditions 

Breloff et al., 2019 
[35] 

Examination of knee 
pads and ‘knee 
savers’ in kneeling 
tasks on sloped 
surfaces  
 to determine if they 
reduce knee MSD 
risk. 

Construction industry 
– roof work 
 
 

Quantitative, 
laboratory 
experiment 

Knee pads -protect 
patella area of knee 
 
Knee savers-placed 
on posterior aspect 
of upper calf to 
reduce knee flexion 
in squatting or 
kneeling 

-Knee pads did not 
change kinematics 
-Knee savers did 
significantly reduce 
peak lower extremity 
kinematics 
- Change in risk / 
MSDs unknown 

-Unintended 
consequences 
(altered ankle and 
hip mechanics) 
-uptake in real-
situation 

Hulls et al., 2021 [36] Review of workplace 
interventions aimed 
at improving 
employee health and 
well- being in male 
dominated industries 
to determine the 
effectiveness of the 
intervention s. 

Agriculture, 
construction, 
manufacturing, 
mining, transport, 
and technology 
industries 
 
Global  

Meta-analysis,  
narrative synthesis 
 
13 construction 
studies included 

MSDs studies were 
exercise and mental 
health-based 

Some evidence of 
positive associations 
for interventions on 
MSDs (not specific to 
construction) 

-Implementation  
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4.5. Mixed measures 

Author Focus Context Study design Preventative measures for 
MSDs 

Effectiveness for 
MSDs or risk 
factors for MSDs 

Barrier / facilitator for 
success 

Albers et al., 
2005 [37] 

Stakeholder 
perspectives of 
task-specific 
hazards and ideas 
for control 
measures.  
 

Mechanical and 
electrical installation 
building and 
construction trades 
represented by 
industry, construction 
ergonomics 
researchers from 
government and 
academia, and 
construction industry 
ergonomics 
consultants  
 
Tasks included: drilling 
holes and shooting 
fasteners, placing, and 
installing mechanical 
and electrical systems, 
MMH 
 
USA 

Qualitative, focus 
groups 

-Engineering interventions 
included: tools, equipment, 
and engineered building 
materials.  
-Administrative controls: 
training and education 
programs, modifications of 
work and management 
practice, improvements in 
building site management 
and communication 

-PPE- not 
effective except 
anti-vibration 
gloves  
-A hierarchy of 
controls that 
favours use of 
engineering 
controls to 
prevent MSDs 
e.g. the redesign 
of tools, building 
materials, use of 
mechanical 
handling 
equipment, 
powered lifts, and 
concrete 
embedded 
fastening systems 
considered most 
effective 

-Building site management  
-Conditions considered out 
of tradespersons control 
(e.g. weather, physical site) 
-  Introduction and initial 
costs  
- Impacts on productivity and 
workers’ craft traditions  
-Diffusion of ‘best practices’ 

Van der 
Molen et al., 
2005 [38] 

Literature review 
for insight into the 
effectiveness of 
interventions to 
reduce the physical 
work demands 
associated with 
manual handling 
and MSDs 

Mixed jobs, including 
construction (6)  
 
Global 1990-2003 

Systematic 
literature review 

-Engineering controls:  lift 
devices, mechanisation 
- Administrative controls: 
decreasing loads, adapting 
logistics, worker 
involvement, work redesign  
-Individual measures: 
individual training or 
education  

For construction 
studies  
-Reduction in 
handling 
-No change or 
mixed change in 
MSDs 
-Increase 
equipment use  

-Implementation processes 
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For all studies 
across 
occupations: 
Significant 
reductions in 
MSDs symptoms 
when 
(mechanical) 
lifting devices 
were part of the 
intervention 

Spielholz et 
al., 2006 [39] 

Report on multiple 
construction 
projects to identify 
“hazard zone” risk 
factors and identify 
feasible solutions 
to mitigate risk 
factors 

Two-storey wood 
frame house 
construction- 
floor deck installation 
and drywalling 
 
USA 
 
 

Mixed, 
participative 
research 

Floor deck installation:  
-Use of fastener tools with 
handle extensions  
-Job rotation  
Wall building. 
-Raising the working height 
by using sawhorses  
-Job rotation  
-Use of boom trucks, 
powered lifts, hand-crank 
lifts, jacks, pneumatic lifters, 
and team lifting. 
Drywalling: 
-Limiting the size of 
wallboard one person is 
allowed to lift 
-Use of equipment such as 
knuckle booms and forklifts 
for stocking, and panel lifts 
for hanging  
-Regular job rotation  
-Using tools such as a 
spring-loaded box tool for 
mudding or a power-grip 
handhold for sanding  

Not assessed 
though 
interventions 
identified in these 
projects were 
ideas already in 
practice with 
other contractors 

-Site 
-Type of construction 
-Systems employed 
-Contractors 
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 -Two people or mechanical 
aid is needed to lift larger 
drywall panels. 

Jensen & 
Friche, 2007 
[40] 

Effect of strategies 
to reduce knee pain  

Construction -floor 
layers 
 
Denmark 

Mixed, 
participatory 
action research 

-New working methods 
taught 
-New tools to be used in 
standing-including a 
telescopic stick, intercostals 
fitting, and fitting for gluing, 
filling, and up-cutting. 

- Reduction in the 
degree of self-
reported pain in 
the knees in 
workers using the 
new working 
methods weekly 
or daily compared 
to those using 
them never or 
occasionally.  
-the use of new 
working methods 
did not increase 
the complaints 
elsewhere. 

-Tools and courses free of 
charge 
-Workers were paid for the 
hours when they 
participated in the training 
-Robust implementation 
processes 
  

Simonton, 
2007 [41] 

Presentation of a 
project to reduce 
injury claims by 
carpenters 

Residential carpenters 
 
USA 

Mixed methods: 
interviews, claims 
analysis 
observation 

-Pre-planning: avoid moving 
materials twice, ensure 
dropped to area of use 
-Technique training 
-Calculate weight and how 
many employees needed 
-Use cranes 
-Floors build off site, 
transport, use crane to place 
-Pre-assemble roof trusses 
on ground, crane to place 
-Select lighter weight 
materials e.g. wood 
engineered siding compared 
with fibre cement siding 
-Use quality tool belt with 
suspenders -balance tools 

Not reported  
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each side, only keep tools in 
belt that are used daily 

Rinder et al., 
2008 [42] 

A systematic review 
to explore an 
association 
between 
interventions and 
factors related to 
improved 
musculoskeletal 
health  

Construction workers 
 
USA and non-USA 

Systematic 
literature review 
 
NB papers 
reviewed already 
included in this 
review 

-Mechanisation of 
transportation (crane, skid 
plates) 
-Working height 
adjustments 
-Use of belts 
-Exercise programs 

Mixed 
effectiveness and 
not clear link 
between risk 
reduction and 
MSDs reduction 

-Costs 
 

Kramer et al., 
2009 [43] 

Diffusion of 
knowledge of an 
effective hydraulic 
lift intervention 

Maintenance workers 
 
Canada 

Mixed methods: 
Implementation, 
interviews, 
surveys,  
posture/load 
analysis 

Hydraulic ladder lift that 
aided with loading and 
unloading of ladders off van 
roofs 
 
 

-The ladder lift in 
comparison to a 
manual lifting off 
of a ladder 
reduced low back 
loading 
-A reduction in 
low back load of 
workers  
- Workers 
believed that the 
ladder lift would 
reduce their MS 
discomfort 
musculoskeletal 
discomfort and 
fatigue.  
- Less perceived 
STF injuries 
workers 
-The intensity of 
use was too low 
to measure an 
effect on MSDs in 
practice 

-Low uptake  
-Lack of awareness of MSDs  
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Rwamamara 
et al., 2010 
[44] 

Analysis of what 
best practice is for 
construction site 
using experiences 
of high performing 
companies.  
Focus on large 
construction sites 

Large construction 
workplace system: 
developers, designers, 
site managers, 
contractors, trades 
 
Sweden 

Mixed methods: 
Document 
analysis, 
interviews, 
observation 

Planning: workers’ views 
and risks from the previous 
projects are considered 
through health and safety 
management documents 
compiled with the help of 
workers representatives and 
health and safety officers. 
Work organisation: 
systematic work 
environment planning, 
regular meetings between 
various groups 
Production technology  
-Automatic Climbing System 
(ACS) scaffoldings  
-off-site pre-assembly of 
bathrooms and ventilation 
modules (---Self-Compacting 
Concrete Casting 
-Ergonomically-designed 
and light hand tools. 
-Physical work environment 
-good lighting, good 
housekeeping and 
workspace, lifts, and access 
ramps  
Technical aspects - A 
greater level of 
industrialised production 
and the use of assembling 
techniques for prefabricated 
modules  
Individual factors - regular 
physical fitness, pre-work 
stretching sessions on sites  

Not determined 
though 
companies were 
exemplars - high 
performing- 
'areas of 
excellence' 

-Improved planning methods 
that also consider working 
methods, workspace 
allocation, including dynamic 
site plans of the shared 
construction site areas and 
equipment with the 
objective to minimise the risk 
of MSDs. 
- Adequate worker 
participation in pre-
production planning. 
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Kim et al., 
2011  

Quantification of 
risks in handling of 
varied sizes panels 
and types to 
augment 
development of 
decision support 
system  

Residential 
construction- prefab 
panels 
 
USA 
 

Quantitative, 
laboratory 
experiment 

-Designers taking the total 
mass of panels into 
consideration 
- Minimising the total 
number of sheathed panels, 
with sheathing instead 
installed partially, on site 
rather than in the factory. 
- Heavy panels stacked close 
to knuckle height to raise 
the initial panel height.  
-Design and construction 
plans should allow for the 
minimisation or elimination 
of multiple handling 
-Panel stacks should be 
located on the worksite to 
minimise carrying distances. 
- Train workers to carry 
panels in a horizontal 
orientation. 
- When erecting a panel 
from knuckle height, 
workers could benefit by 
alternating between 
standing at the panel side 
and top-plate. 
- Using assistive devices for 
panel erection tasks 

Not assessed but 
inferred by risk 
assessment 

-Productivity 
-Unintended consequences 
(e.g. reducing panel mass 
may lead to greater 
repetition) 

Arnold, 2016  Narrative review of 
health and safety 
risks of shingle roof 
construction 

Construction -roof Narrative review -PPE 
-Prevention through design - 
construction of roof on 
ground then lifted with 
crane 

Not assessed 
though focus on 
elimination or 
substitution  

-Change in practice 
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-Automated solutions that 
allow work from ground or 
scaffold e.g. robots 

Eaves et al., 
2016 [45] 

Exploration of 
workers' 
understanding of 
their health at work 
and ways of making 
their jobs easier, 
safer, or more 
comfortable with a 
focus on 
sustainability with 
age. 

Construction sites: 
Bricklayers, 
carpenters/joiners, 
plumbers, and 
electricians. 
 
UK 

Mixed methods: 
Interviews,  
Nordic MSQ, 
work ability index 
 

-250 ideas around health 
and wellbeing including 
rucksacks for tools, bespoke 
benches, adapting PPE, 
mechanical lifting aids. 
 

Not assessed -Attitudes to change 
-Management support 
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5. GREY LITERATURE SUMMARY 

Grey literature available on the internet is voluminous.  While the search process was robust and 

repeatable, limitations of website search function variability and changes in document locations 

makes it is possible that some relevant items were missed. However, the  key industry and government 

websites have been identified (Appendix 2) and this will provide a good reference point for 

subsequent searches of grey literature in the construction field.   

The first targeted website searches resulted in more than 1200 documents, but screening found 

many irrelevant items.  The articles retained at the first sweep were screened again to include material 

that addressed the review question.  The close examination resulted in 19 items being included in the 

review.  The themes that emerged can be broadly categorised in the hierarchy of controls used in 

section 4 and are shown in Figure 9.  Some individual measures are included in engineering (use of 

PPE) and in administrative measures (exercise).   

 

 

Figure 9 Broad categories and themes of grey literature search 

The content of grey literature is more heterogenous than academic sources and includes safety alerts, 

research reports, toolkits, guides, codes of practice and industry reports covering multiple topics 

together.  Thus, the summary of these items focussed on identifying measures suggested for 

preventing and minimising MSDs in residential construction, or those that might apply to residential 

builders (Table 1).  The measures described were repeated even across the varied jurisdictions (Figure 

7), suggesting saturation of the available information and strength in the measures through stronger 

consensus.  
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Table 1 Themes and preventative measures for MSDs identified in the grey literature 

Theme Preventative measures for MSDs in house building References 

Safety by design - Design using smaller blocks  
- Eliminating the need to work at height by 

designing out the need to erect or use 
scaffolding/ladders 

- Pre-fabricating structures in factory conditions at 
ground level, and then lifting them into position. 

- Design specifying lightweight products 
- Designing in aids for lifting during construction 

(e.g. provision of lifting lugs 
- Limiting the size of pre-made wall panels where 

site access is restricted 
- Designing in access for delivery of construction 

materials 
- Design non-slip materials on floor surfaces 

exposed to weather 
- Design enough space within the structure so 

workers can use mechanical plant or tools  
- Design enough lighting for safe work 

[46] [55] [5] 
 
[46] 
 
 
[46] [47] [52] [5] 
[47] [5] 
[5] 
 
[5] 
 
[5] 
 
[5] 
 
[5] 
 
[5] 
 

Use of 
equipment 

- Motorised concrete screeds in standing 
- Stand-up screw guns 
- Standing rebar tiers 
- Extension shaft for hand drills 
- Pneumatic drywall finishing 
- Horizontal and vertical mechanical handling aids 

(powered and non-powered) 
- Stair climbing hand trucks 
- Trenchers or backhoes for trench digging  
- Grasping / coupling devices for lifting  
- Vacuum handles, vacuum lifters 
- Wall jacks, motorised lifts for plywood, timber, 

masonry 
- Well-designed hand tools with low vibration 
- Power caulking guns 
- Battery operated cable cutters 
- Mechanical wire pullers 
- ‘Doorector’ for installing doors 
- Adjustable height devices (turntables, sheet 

trollies etc) 
- Hoists  
- Gravity feed conveyors, racking 
- Scaffolding and working platforms 
- Use knee pads for ground level work 

[47] 
[47] 
[47] 
[47] 
[49] 
[47],[52] [54] [55] [57] [61] 
 
[47] 
[47] 
[47] [52] [54] 
[47] [52] 
[47] [54] 
 
[47] 
[47] 
[47] 
[47] 
[53] 
 
[52] 
[52] [57] 
[52] 
[54] [55] 
[47] 
 

Leadership 
/communication 
/observation  

- Set health and safety as top priority 
- Leaders should model safe practice behaviours 
- Encourage reporting of difficulties with tasks, 

incidents and had a system for this 
- Conduct regular material handling and lifting 

inspections, impose sanctions 
- Sharing of information and developing solutions 

within industries 

[4] 
[4] 
[47, 50] [4] 
 
[50] [51][4] 
 
[49, 51] [52] [5] [60] 
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Planning / 
organising work 
/coordination 

- Perform warm-up exercises 
- Do hazard identification and risk assessment 
- Plan how work will be done 
- Change positions /task rotation 
- Involve employees  
- Plan storage and delivery of materials close to 

where they will be used 
- Store materials in dry places  
- Order materials in manageable sized units 
- Provide suitable amenities and facilities (e.g. 

toilets, wash basin, wet weather gear, lunch 
space, drinking water) 

- Plan rest breaks, manage working hours, schedule 
critical tasks optimally (i.e. not between 3 pm and 
5 pm) 

- Allow enough time for task completion 
- Maintenance of equipment  
- Policies and procedures for alcohol and drug-

related hazards 
- Coordinate with sub-contractors and other 

workers (e.g. agency) – ensure consistency of 
work practice  

- Ensure safe site with good housekeeping practices 
including floor surfaces, lighting, temperature 

- Appropriate supervision by competent person 
- Do not use piece pay rate / production-based 

remuneration systems  

[47, 50] [54] [60] 
[47] [4] [59] 
[47] [59] [60] [61] 
[47] [57] 
[49] [55][4] [59] [61] 
[54] [55] 
 
[55] 
[57] 
 
[57] [59] 
 
[57] 
 
 
[57] 
(52] (57] 
(57] 
 
[4] [59] 
 
 
[59] 
 
[61] 
 
[49] [56] 
 

Training - Handling techniques 
- Team lifting  
- Use of equipment  
- Concepts of controlling hazards 
- Strategies to change ways of working 
- Exercise and movement, ‘back care’ 
- Use of PPE 

[50] [54] [57] [60] 
[54] 
[55] [57]  
[4] [59] [60] [62] 
[62] 
[62] 
[4] 
 

Handling 
plasterboard / 
drywall 

- Have sheets delivered to the place where they will 
be installed 

- Know weight of sheets /label weight of sheets 
/purchase sheets that are marked with weight 

- Use mechanical transport aids (forklifts, hand 
trucks, carts, panel handling trolley or dollies) to 
move drywall to convenient work locations 

- Use PVC-dot grip gloves 
- Use panel grips 
- Use good techniques – (1) Raise edge of sheet, (2) 

grip with both hands, (3) hold in place with one 
hand and shift grip to bottom, (4) shift both hands 
to bottom, and (5) lift into position. 

- Use two workers to lift larger, thicker, and heavier 
sheets. 

- Lift only one sheet at a time. 
- Rotate hanging tasks and other installation tasks 

(making cut-outs, taping, installing trim) and 
schedule frequent rest breaks  

[48] [49] [56] 
 
[48] [49] [56] 
 
[48] [49] [56]  
 
 
[48] 
[56] 
[48] [54] 
 
 
[48] [49] 
 
[48] 
[48] [49] 
 
 
[48] [49] 
[54] [56] 
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- Use a drywall/panel lift, drywall jacks adjustable 
ceiling props, to place and hold a sheet for ceiling 
installation or to place heavier sheets. 

- Use dollies to move sheets through narrow 
openings. 

- Reduce dimensions of boards /weight of sheets 
- Provide training  
- Avoid handling upstairs -use smaller sized boards, 

create internal access slots 
- Avoid cutting boards on edge 
- Raise working height for cutting 
- Use lightweight, cordless, low vibration drills 

 

[49] 
 
[49] 
[49] [56] 
[49] [56] 
 
[49] 
[49] 
[49] 

Hand arm 
vibration 
disorders 

- Choose the right tool for the tasks, consider 
vibration emission, suitability, and ability to do 
the work efficiently, weight, design and comfort, 
trigger mechanisms, grip forces, ease of use, hand 
heat loss, noise, dust. 

- Follow instructions supplied with tool 
- Use tools with rubber casing. 
- Use low vibration tools 
- Record duration of use, minimise use  
- Improve operator skill (less gripping) 
- Change path the vibration takes to the worker’s 

hand e.g. on a grinder a rubber bush can be 
added to the side handle to reduce vibration 
being transmitted to the supporting hand 

- Modifying existing tools to either minimise the 
vibration or prevent the vibration from moving 
into the handle of the tool e.g. directing cold air 
from the exhaust of air powered tools away from 
the worker’s hand 

- Maintain tools 
- Take breaks, rotate tasks 

 
[58] 
 
 
 
[51]  
[51] 
[51] [58] 
[51] [58] 
[58] 
 
 
[58] 
 
 
 
[58] 
 
 
[58] 
[51] [58] 
 

Re-designing 
work practice 

- Hazard /risk control 
- Use of lighter materials 
- Redesign materials to allow use of mechanised 

handling 
- Involve employees 
- Consider maintenance, training, support, 

unintended consequences 
- Consider suitability for area and wider processes 
- Evaluate changes, continual improvement  

[4] 
[51] [55] [57] 
[52] 
 
[52] [4] 
[52] [5]  
 
[52] 
[4] 
 

        
   -  
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6. CONCLUDING REMARKS  

This review aimed to identify the effective measures to prevent or minimise MSDS for residential 

builders.  The search of the scholarly, peer-reviewed literature and the grey literature followed a 

robust, repeatable process.  It identified a total of 62 items that provide evidence of measures.  The 

measures can be broadly categorised into a hierarchy of control model.  This review can be used to 

re-evaluate and update the ratings provided in the previous New Zealand work [1].  To determine 

which measures are likely to be feasible and effective in the context of residential builders in New 

Zealand requires input from industry stakeholders and residential builders.  Given the facilitators and 

barriers identified in the academic literature, careful attention needs to be paid to identifying what 

these may be for New Zealand builders and how any prevention or minimisation measures for MSDs 

are implemented if efficacy is to be realised. 
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APPENDIX 1 

Academic Literature Search Parameters 

 

Keywords 

 

Concept Exploded concepts / keywords 

residential  houses 
dwelling 
urban 

building build 
construct 

MSD musculoskeletal disorders 
cumulative trauma disorder 
repetitive strain injury 
sprain 
strain 
manual handling 

prevent prevention 
intervention 
solution 
improvement 

 

Databases 

• Scopus 

• Web of Science 

• Business Source Complete 

• Academic Search Premier 

• Medline 

 Search Terms Search string 
Search 1: residential OR hous* OR urban OR dwell* 

OR habitat 
AND 
construction OR build* 
AND 
musculo* OR msd OR mss OR ctd OR astd
 OR "manual handling" OR "sprain* and 
strain*" OR "strain* and sprain*" 

( TITLE-ABS-
KEY ( residential or hous* or urban or dw
ell* or habitat )  AND  TITLE-ABS-
KEY ( construction  OR  build* )  AND  TI
TLE-ABS-
KEY ( musculo* or msd or mss or ctd or a
std or   "manual handling"   or   "sprain* 
and strain*"   or   "strain* and sprain*" ) )  

Search 2: residential OR hous* OR urban OR dwell*
 OR habitat  
AND  
construction or build*  
AND  
musculo* OR msd OR mss OR ctd OR astd
 OR "manual handling" OR "sprain* and 
strain*" OR "strain* and sprain*"  

( TITLE-ABS-
KEY ( residential  OR  hous*  OR  urban  O
R  dwell*  OR  habitat )  AND  TITLE-ABS-
KEY ( construction  OR  build* )  AND  TIT
LE-ABS-
KEY ( musculo*  OR  msd  OR  mss  OR  ct
d  OR  astd  OR  "manual 
handling"  OR  "sprain* and 
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AND  
intervention* OR prevent* OR solution* 
OR improvement*  

strain*"  OR  "strain* and 
sprain*" ) )  AND  intervention*  OR  prev
ent*  OR  solution*  OR  improvement*  

Search 3 musculo* OR msd OR mss OR ctd OR astd OR "manual 
handling" OR "sprain* and strain*" OR "strain* and 
sprain*" 

AND 

construction or build* 

AND 

intervention* OR prevent* OR solution* OR 
improvement* 

AND 

Review (in title only) 
 

( TITLE-ABS-
KEY ( musculo*  OR  msd  OR  mss  OR  ct
d  OR  astd  OR  "manual 
handling"  OR  "sprain* and 
strain*"  OR  "strain* and 
sprain*" ) )  AND  intervention*  OR  prev
ent*  OR  solution*  OR  improvement*  
AND  construction  OR  build*  AND  ( TIT
LE ( "review" ) )  AND  ( LIMIT-
TO ( DOCTYPE ,  "re" ) )  AND  ( LIMIT-
TO ( LANGUAGE ,  "English" ) )  

 

Other inclusion criteria 
All years 
Article title, abstract, keywords  
English only 
All document types 
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APPENDIX 2 

Grey literature Google search website outcomes 

New Zealand websites, n=33 

https://mkt.pacifecon.co.nz 
https://www.nzcb.nz/ 
https://bcito.org.nz/ 
https://www.bcinewzealand.com/ 
https://www.masterbuilder.org.nz 
https://www.lbp.govt.nz/ 
http://www.buildingguide.co.nz/ 
https://www.nzibi.co.nz/ 
https://www.building.govt.nz 
https://www.chasnz.org 
https://nzcic.co.nz/ 
https://www.constructionstrategygroup.org.nz 
https://www.sitesafe.org.nz 
https://www.worksafe.govt.nz 
https://www.hud.govt.nz 
https://www.branz.co.nz 
https://www.propertynz.co.nz 

https://www.buildingbetter.nz/ 
https://www.engineeringnz.org 
https://www.fireandemergency.nz 
https://www.nziqs.co.nz 
https://www.lgnz.co.nz 
https://cresa.co.nz/ 
https://www.constructing.co.nz/ 
https://www.cranes.org.nz/ 
https://www.nzrab.nz 
https://www.fsc.gov.au/ 
https://www.prefabnz.com/ 
https://www.buildmagazine.org.nz 
https://cbscoop.co.nz/ 
https://www.boinz.org.nz/ 
https://www.nzgbc.org.nz 
https://www.mbie.govt.nz 
https://www.buildinghub.co.nz/ 

International websites, n=10 

https://www.hse.gov.uk/ 
https://www.ccohs.ca/ 
https://www.tno.nl/en/ 
https://www.safeworkaustralia.gov.au/ 
https://www.osha.gov/ 

https://www.cdc.gov/niosh/index.htm 
https://www.oshrc.gov/ 
https://en.inrs.fr/ 
https://www.dir.ca.gov/dosh/ 
https://www.cpwr.com/ 
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APPENDIX 3 

Grey Literature Search Parameters 
 

Process: Google searches 
Using Chrome search engine  
“residential builders New Zealand" 
"residential builders New Zealand stakeholders" 
 
First 10 pages of results reviewed for relevant 
authorities, organisations, stakeholders’ websites. 
 
Addition of other websites from existing knowledge 

Excluded Advertisements and building companies 

Targeted 
website 
search  

The website identified were searched using the site 
search bars with a variety of keyword combinations (see 
Appendix 1 keywords) and filters.  
 
Relevant documents saved into file. 

Included Published reports, guidelines produced by 
governments, universities, and private companies that 
could potentially include measures to prevent or 
minimise MSDs in residential builders. 

Excluded Pamphlets, ‘tip sheets,’ webpages, videos. 

Data 
extraction: 

Close examination to identify measures to prevent or 
minimise MSDs in residential builders 

 

 

 


