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Introduction
This document is a summary of an extensive review conducted into low back pain (LBP) in construction
workers. It Includes research from sports medicine, - where postural, muscular and training factors
have many parallel applications. Through personal observations and growing research evidence, it is
apparent that an increasingly sedentary lifestyle is a significant risk factor for LBP. Muscle strength
and endurance, low back posture, and the ability of the spine to withstand loads, are all very much
influenced by static postures adopted over significant periods of the day.
The construction industry constitutes a substantial part of the workforce of most developed countries.
In Australia, up to 15% of the male workforce, and around 3% of the female workforce, is employed
in construction and related trades (Australian Bureau of Statistics). 88% of Australian construction
workers are male.
This review contains many findings that it is hoped will assist in efforts to decrease low back injuries
in construction workers. It emphasises the importance of training and preventative interventions. For
workers new to the trade, the following findings are of particular relevance:
-

Younger workers are often more prone to low back injury (LBI) due to endurance factors, less
efficient work strategies, and postural influences.
Workers who develop LBP often have ‘poor movement strategies’ that make them vulnerable
to injury
Evidence shows younger and inexperienced workers may be more ‘trainable’ in correct lifting
and handling techniques, as they can be targeted before bad habits and injuries become
established.

Injury mechanisms are analysed, and it is proposed that most attention in the industry needs to be
focused on the effects of sustained and repetitive bending, and stresses due to lifting and lowering.
The research shows that standard advice and instruction on lifting and handling techniques is often
inadequate and incorrect. This article challenges the widely promoted advice to “bend the knees and
not the back”.
One of the recommended preventative interventions is the correct prescription of exercise. While prework stretching programmes are becoming more popular in the workplace, most are still based on
out-dated & ineffective principles. The following evidence provided, and warm-up recommended, is
for a work-specific and ‘body-readiness’ training intervention. There is also discussion of the benefits
of a specific end-of-day stretching and exercise routine.
List of Abbreviations: LBP – low back pain; LBI – low back injury; MSK – musculoskeletal.
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Anatomy of the Lumbar Spine
The spine is made up of a series of bones, called vertebrae. There are five vertebrae in the lower back
region known as the lumbar spine (Figure 1). At the front of each vertebra is a solid circular block of
bone called the vertebral body. The vertebral bodies are stacked one-on-top of the other, with a
cushioning disc in-between, known as the intervertebral disc (see more on this below). At the back of
each vertebra are bony projections which form joints. These are the zygapophyseal joints, often called
‘facet’ or ‘Z’ joints. The discs and Z joints guide and allow movement between each vertebra. The
shape of the Z joints determines how much, and in which direction movement occurs. In the lumbar
spine they allow quite a lot of bending from front to back, and a moderate amount from side to side.
However they allow very little twisting - only 1° to 2° in each direction 1,15. At the very rear of each
vertebra is a bone projecting backwards, known as a spinous
process. These are the bones you feel when you run your
fingers along your spine. Each vertebra is connected to those
above and below by an extensive network of ligaments.
Ligaments join bone to bone, and hold joints together. All the
vertebrae connected together make up the spine. The spine
serves three main functions: 1. To bear load and transfer it
Fig. 1: Side and top view of lumbar spine
between the legs and upper body; 2. To allow movement; 3.
Image from Wikipedia
To contain and protect the spinal cord and nerves. The spinal
cord runs through the spinal canal, directly behind each vertebral body. The lumbar spinal nerves
extend out in pairs between each vertebrae, and form networks of nerves that spread throughout the
lower body.
Looking at the spine from above, the discs appear circular, matching the shape of the vertebral bodies.
Each disc has an outer ‘shell’, made up of layers of collagen fibres. This is
known as the annulus fibrosus, or ‘annulus’. The layers of collagen are
arranged so that their fibres are directed in an alternate diagonal pattern, as
seen in the diagram (Figure 2). The annulus resists bending movements, and
in this way acts like a ligament 1,2,15. The annulus at the back of the disc is
thinner than in other regions, so not as strong 1,15. Deeper within the disc is a
gel-like substance, known as the nucleus pulposus, or ‘nucleus’. This has the
Fig. 2: Disc from above.
consistency of soft chewing gum. The disc functions as a shock absorber
AF – annulus fibrosus;
(transferring and decelerating loads between vertebrae), and as a joint that
NP – nucleus pulposus
provides a pivot point for movement.

Fig. 3: Basic view
of lumbar spine,
pelvis & hips

The thoracic spine and ribs are connected above the lumbar spine. This region
serves to transfer forces from the arms and upper body through the spine and
pelvis, to support and protect internal organs, to allow effective breathing,
and to enhance movement through the entire spine. Below the lumbar spine,
the vertebrae are supported on the sacrum and pelvis (Figure 3). This region
transfers loads between the legs and upper body. When working correctly,
the hips, pelvis and spine produce coordinated and efficient movement. This
helps to minimise stress on muscles and joints, and maximise transfer of
forces throughout the entire locomotor system of the body.
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Causes and Types of Low Back Injuries
Injury Mechanisms & Risk Factors
While a precipitating ‘event’ may often be described as a cause of LBP, it is important to be aware that
most back injuries do not occur due to a single event. In the majority of cases, repeated or sustained
positions and activities over many hours, day after day, make the low back more prone to injury 27,41,71.

General Risk Factors
Work Related Factors
Risk factors for low back injury (LBI) include frequent and sustained bending and twisting, static
postures, sedentary occupations, lifting, rapid bending or twisting, excessive force or speed of
movement, awkward postures, pushing and pulling, repetitive work, high work intensity, exposure to
whole body vibration, and balance loss when the back is under load 1,4,6,17,40,41,50,51,53,60,71,73,80,86. Injury
may also result from sudden, unexpected movements or extra loading, or loads that move
unpredictably 31,83,84. Up to 12% of injuries have been attributed to a sudden loading event 83. High
volumes of spinal loading in a mid to end range bent positions is a particular risk factor in industry
17,18,23,67,81
. Maintaining or adopting a twisted spinal posture was found to be problematic if conducted
for any greater than 10% of the work day 59. Working while in pain was ranked highly by workers as a
contributing factor 50. In apprentice construction workers, 36% of injuries were related to either
prolonged static positions or bending / twisting movements 85. Careers involving driving a motor
vehicle or machine excavator were also reported as high risk 97,130.
Individual Risk Factors
These include:





Strength factors. The endurance capacity of the muscles in the lower back varies from person to
person 15. A lack of endurance was shown to be a risk factor for first-time back injury 13,14,57,76,97,118.
Sedentary habits and lack of physical activity levels outside of work were shown to increase the
risk of developing LBP 57. There is mounting evidence that lack of flexibility, inefficient postures
and poor movement techniques may contribute to LBP 18,23,67. In particular, the movement of
forward bending should be shared equally between the back and hip joints 18,57,89,91,94,129. However
many workers who develop LBP bend early and excessively into the back. Poor flexibility of the
hips or hamstrings may contribute to this 18,129. There is research evidence that static postures
(such as sitting) influence how the person moves during dynamic tasks like lifting 87,97. A study of
apprentice construction workers showed that those who adopted sedentary postures outside of
work had a three times greater risk for developing work-related LBP 85.
Other individual factors which may have an effect on LBP development include general health,
personality, psychological factors, beliefs, societal and cultural influences, and language 41.

Time Factors
The back is particularly vulnerable during the first one to two hours after rising from bed. This is partly
because the tissues of the back are ‘cold’. But more importantly, it is because there is significantly
greater pressure and stiffness in the discs of our spine in the morning 1,2,38,71. The discs absorb water
during the night, and this is gradually squeezed out when we are upright during the day. Bending
stresses in the morning can be up to 300% greater in the discs 71,112, and 80% greater in the ligaments,
compared to later in the day 71.
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Age
Younger workers. There are certain factors that make younger workers more prone to LBI. It has been
found that during repeated bending and lifting tasks, a younger or inexperienced worker will adopt a
posture involving greater flexion (bending), placing the spine in a more vulnerable position 16,81. As
well as adopting more harmful bending positions, younger workers tended to lack the adaptation
strategies used by older workers which help to ‘share the load’ and minimise stress under different
lifting tasks 16. There is some evidence that younger workers have reduced low back muscle endurance
compared to older workers 16.
Older workers. There is a gradual reduction in spinal range of motions after 30 years of age for males
and 40 years for females 61. This increase in stiffness, plus complex biochemical changes within the
spinal tissues, has led some authors to speculate that increasing age is a risk factor for LBI in the
workforce 16,85,86,92,117,121. It has been suggested that the trend for an increased incidence of
musculoskeletal (MSK) in industry, is in part attributable to the ageing workforce 92. After 60 years of
age, the spine has been found to be capable of bearing only approximately 66% of the loads
manageable by younger spines 71. It was found that an injury in an older worker was more likely to be
severe, to lead to greater time off work, and be more costly to manage 16.
Sex
When matched for age and weight, there is evidence that the female spine can withstand around 66%
of the load of the male spine 71.

Sustained Bending as a Risk Factor
While lifting is usually cited as the main cause of LBI in manual workers, this assumption may ignore
significant risk factors preceding the lifting injury. The impact of sustained and repetitive bending
should never be underestimated. Through progressive weakening of supportive tissues, and potential
for increased disc protrusion, excessive bending creates a back that is vulnerable to injury in a range
of even innocuous situations. Hazards associated with working bent forward are regularly quoted in
the literature 4,26,59,81. Lifting with a bent back after repeated or sustained bending will be particularly
risky 121. Working in extreme flexion was problematic if repeated for any more than 5% of the work
day 59. Some of the more important reasons bending is a major risk factor are described below:




Spinal tissues (particularly the supporting ligaments and discs) are known to gradually stretch out
under sustained load, - a phenomenon known as ‘creep’ 1,4,62,105. This places the tissues at risk
from end range or sudden movements 1,105. The disc is more likely to be stretched beyond its
bending limit 1, and discs take a greater brunt of the load after sustained bending 45. After 5
minutes of full bending, the resistance of the tissues can be reduced by up to 42% 1. After 30
minutes of bending, two minutes of upright recovery will only restore 50% of the resilience of the
tissues 71. In some instances, full recovery can take several hours or longer 113. In contrast, spinal
tissues recover rapidly from cyclic loading of shorter duration, which allows periodic recovery of
normal tissue function 117. It is not surprising that work that involves varied loads and positions
had the lowest injury risk 71.
End range bending of the spine places the muscles on full stretch, which leads to temporary
muscle weakness or ‘deactivation’ 1,62,91,105. This is known as muscle inhibition. Following a period
of bending, inhibition can last for several minutes or even hours after the back returns to upright
62,113
. During this period, the spine is not being adequately protected by its muscles, potentially
making it unstable 1,28,62,71.
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Intramuscular pressure is increased with bending, which leads to an inhibition of blood flow 81.
The lever arm that the back muscles impose on the spine in reduced by up to 20% in full forward
bending, making the muscles less effective in this position 8,15,81,82.
Cyclic end-range loading leads to progressive weakening of spinal tissues, as it does throughout
the rest of the body 37,45. Experiments have shown that over 30 times more repetitions of
movement can be withstood by spinal tissues loaded at mid-range, compared to end of range
positions 45,81.

Lifting and Lowering
Lifting has consistently been reported as the major cause of LBI 8,56,119,121. Lifting and bending was said
to account for 33% 8 to 60% 31 of all work related LBP. 50% of acute back injuries were thought to be
related to excessive or incorrect lifting 41. Overall, 80% of all lifting related injuries were LBIs 31,56. More
specifically, lifting while twisting or bent sideways is a significant risk factor 26,50. Reaching further than
25cm to lift was also described as an important risk factor 6, as was any lifting from the ground 108.
One study found 52% of manual materials handling activities involved lowering of weights 65, and it
has been suggested this could be an equal or greater risk factor to lifting 31. Lifting on unstable
surfaces, and not having a solid two handed grip were other potential risk factors 6, as was excessive
lifting speed 4.
Due to the complex and varied nature of lifting tasks, actual static load quantities for lifting are no
longer specified. Past guidelines suggested 20 to 23kg as being the recommended maximum 6.
However, among many other factors, this did not take into account the effects of fatigue loading 45,
which can dramatically lessen the weight that can be lifted safely. See below for a detailed description
of lifting recommendations.

Pushing & Pulling
Due to ergonomic changes in industry, a lot of bending tasks are being replaced by pushing and pulling
tasks, which may account for 50% of manual handling activities 67. Up to 20% of industry LBP may be
related to pushing or pulling manoeuvres 67.

Types of Injuries in Construction Workers
General Low Back Injuries
Structures that are prone to injury in the lower back include bones, joints, muscles, ligaments, and the
intervertebral discs (see more on disc injury below). Bones are most vulnerable from compressive and
backward bending loads 4,15,60,71. Joints are most vulnerable from backward bending and twisting
1,4,15,60
. Ligaments are vulnerable to being over-stretched 4.

Disc Injuries
Disc injuries are thought to be the most significant spinal tissue injury resulting from bending and
lifting-related causes 30,71,72. The main types of disc injury are:
-

An annular sprain or tear, where the ligament-like outer fibres of the disc are partially torn.
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-

-

More substantial progressive or sudden injury to the
fibres of the annulus, that allows the inner nucleus to
‘squeeze outwards’. This can result in a disc bulge,
known as a protrusion or herniation. A large herniation
is sometimes called a prolapse.
A compression injury, with or without spinal bending,
can damage the vertebral endplate, a ring of cartilage
that separates the disc from the vertebral body.

Fig. 4. Progression of disc ’bulging’

Disc injuries are known to result from activities that involve repeated or sustained bending 2,4,30,45,71,
particularly when under a compressive or twisting load 1,4,71,72. When the back is bent forward, the
support from the bony joints is lessened, making the disc particularly vulnerable to side bending and
twisting motions 1,4,17,60,80. The fibres of the disc are much less tolerant to load in this position 80, a
reason most herniations occur posterolaterally (to the back and one side of the disc) 4. If a large load
is carried, even a small amount of bending can lead to injury 1. Repetitive full bending forwards-andbackward is also a potential risk factor 3,11,21. In young people, healthy discs that are loaded
dangerously are often at greater risk of developing a herniation compared to older more degenerative
discs 21,112.

Non-Back Related Injuries
Analysis of injuries to areas other than the lower back is beyond the scope of this review. Briefly, after
LBI the next most common areas of the body to be injured were the shoulders, neck, knees, wrists /
hands, and elbows 6,25,50,52,85,120. In some cases neck pain or injury resulted in higher health care costs
and absenteeism than LBP (50). Some important factors leading to injury included:
Shoulder and Neck
Working overhead, i.e. with the arms above shoulder height, or looking upwards 26,86.
Knees
Kneeling and crouching 6,26. This includes repetitive squat-lifting (see the section on lifting, below).
Wrists / Hands
Twisting, gripping, poorly designed tools and handles, and vibration forces 6,40.41.

Epidemiology of LBP
LBP in the General Population
The lifetime prevalence of LBP is consistently reported as being 80% 31,103,119. It affects around 10% of
the worlds’ population at any point in time 114. LBP is the most common reason for activity limitation
in those under 45 years of age 31,41,70. It is the primary health problem affecting quality of life 41. 13%
of all sick days in the UK, and 19% in Sweden, were due to LBP 51. The incidence of LBP continues to
rise 31,92. Over the past 10 years in the US, while the percentage of disability has decreased for
circulatory disorders (11.8% to 9.6%) and respiratory conditions (3.6% to 3.1%) it has increased for
MSK injuries (20.6% to 25.4%), particularly LBP 132. Currently, LBP is the third most frequent cause of
disability behind arthritis and heart disease 31. In the US 20%, and in Europe 40% of the population will
suffer from LBP over the course of a year 31. Of all MSK injuries, 20% were to the low back 30. Also, 20%
56
to 25% 69 of all work-related, and 33% 56 to 40% 69 of all compensable injuries were to the low back.
It was the second most common reason to visit a doctor, the fifth most frequent reason for hospital
Copyright © 2015 Paul Monaro. All Rights Reserved

8
admission, and the third most common reason to require surgery 103. In Australia in 1994, LBP cost the
economy an estimated $400 million, with a workers compensation bill of $300 million 31. In the US the
corresponding cost was $15 to $30 billion 31. Two per cent of the US workforce is compensated each
year due to LBI 51.

LBP in Construction
While the lifetime incidence of LBP is reported at 80% for the general population, it was reported as
90% in construction 97. In US construction in 1999, the incidence of LBI was said to be 50% higher than
for all other industries 6. In US manual handling jobs, 80% of work injuries were to the low back 31,65.
In injury surveys, 70% of workers reported LBP 6, 60% to 66% had suffered from LBP in the previous
12 months 41,50, and over 30% had experienced LBP during the previous week 50. LBI accounted for 29%
of all injuries in highway construction 26 and 25% across all industries 41. In apprentice workers, 54.4%
reported injuries to the lower back, for which 16.8% had consulted a physician, and 7.3% had missed
work days during the previous year 85. 23% of older workers required a physician visit for their LBP 6,
In the US in the 1980’s, 25% of all compensatory injuries were to the low back 24. It was the main
reason for work absenteeism 41 and the most common reason for early retirement 50,51.
For general construction related injuries, 82% of those surveyed had suffered at least one MSK injury,
and the incidence of lost workdays from non-fatal injuries was highest for construction 50. Construction
accounted for 10 of the top 25 sectors requiring interventions for MSK injuries 6. In Sweden, 72% of
sick leave of over 4 weeks duration was due to MSK injury, with 54% due to LBI. MSK injuries in
construction were 41.5 per 1000 workers, compared to 35.4 for other industries 54. In apprentice
construction workers, 76.8% reported MSK symptoms 85.

Prevention & Management
Workplace Training
Surveys have indicated that up to 91% of workers want information and training on health and safety,
the nature of injury, lifting and handling methods, exercise programmes, and they also want better
access to health services at the workplace 41,51,130.

Education
Back Care Principles
There is a great deal of advice that can be given to workers to assist them in preventing and managing
LBP:




Workers should be advised to look out for warning signs of damage: These include ‘spasms’ in
the lower back muscles 113, and aches and pains that don’t settle, particularly after a nights’ rest
6
. Over-stretching the back muscles is sometimes associated with minor to moderate ‘back
spasms,’ that may be a sign of impending or actual damage 62,91,113.
Exercises and postural changes throughout the day can minimise and partially reverse the
stresses imposed on the back 73,41,99. In one study, mini-breaks were found to significantly reduce
MSK discomfort levels 73. After bending, some time spent standing, walking, and even performing
back arching exercises can help with recovery of tissue function, and to reverse unhealthy
pressures within the disc 11,71. These exercises should be conducted frequently, particularly after
sustained bending 99.
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Because it is known that spinal tissues can take several hours to recover after prolonged bending,
this has implications for job design 71. Variation and regular change of position is recommended.
This could be assisted by rotating workers through different jobs.
Avoid unduly loading the back at times when it is known to be vulnerable, such as the first part
of the morning, after a long drive, or after repeated or sustained bending 71,112. In one study,
minimising early morning bending was shown to have a significantly beneficial effect on low back
symptoms 112.

Advice on How to Manage Back Injuries
Workers should be given advice on how to manage their back if an injury occurs. Injuries can often be
prevented from becoming serious if processes are put in place when symptoms are still mild 86.
When an acute injury occurs, management over the first few days is often critical, and can prevent an
injury becoming chronic. As the mechanics of lumbar spine injury is extremely complex, workers with
LBP often need a great deal of guidance and monitoring 86. The role of on-the-job observation and
management in improving recovery has not been described, and could be an important area of future
research.

Training
Training to improve skills, along with health and safety, is often sadly lacking in the construction
industry. In the US bricklaying industry, only 11% of surveyed workers had undergone apprentice
training 50,51, and only 14% of these felt the training was adequate for the job 51. Others reported
training techniques were not applicable to what they did at work 130. While 69% of surveyed
construction companies in the US provided a lifting education programme 26, studies have shown that
skills and safety procedures taught during training are rarely carried through to the workplace
24,30,70,76,130
, and that the goals of training are often not achieved 9,30,44,70,76,103,121. This could be for a
number of reasons, including: a) questionable methods of training 24,30,44,70,121, such as basing manual
handling training on teaching the squat lift (see section on Lifting & Handling) 24; b) difficulty breaking
pre-established methods and habits 24,70; c) fast pace of the worksite 24; or d) the benefits of training
for one task are not transferrable to other tasks 30,43.
For learning to be effective, participants need to: a) know why the information is relevant to them; b)
understand the reasons for change; c) have the motivation to make changes; d), take an active
involvement in the learning process; and e) be provided with ongoing re-evaluation 108. What is also
required is a multidimensional approach to training 30, providing job-specific instruction in the work
environment 24,70, and preferably providing all of this while workers are still young 70. The eventual aim
is to stimulate effective subconscious learning 24,35,70.
Studies on ‘body mechanics’ training (teaching efficient movement and body awareness), lifting
techniques training, and manual handling instruction, are reported below. This training should address
the body positions which place the back at greatest risk – sustained flexion, lifting / lowering, excessive
reaching & twisting, and sudden maximal effort 70. Body awareness includes making the worker
conscious of where ‘end-range’ spinal positions are, so they can minimise or avoid these 97. In a study
of apprentice workers, a body mechanics instruction programme was found to be effective in the
short-term 70. In a study of adult manual workers, a 3 to 6 week lifting programme (using the ‘semisquat’ technique – see below) was progressed to gradually more intense lifting, and to functional work
tasks such as shovelling, mattocking, and digging 108. The authors reported excellent results and no
injuries among the 69 trainees 108. Another study on lifting and handling training, reported excellent
Copyright © 2015 Paul Monaro. All Rights Reserved
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results on improving strength, endurance, and lifting technique 69. Repetition of training is considered
an essential aspect of successful learning 24. Skills and knowledge should be developed to help workers
cope with, and problem-solve through, difficult job-specific situations 70. Ongoing training for several
weeks, with regular observation and feedback, is required for lasting benefit 108,121. This should help
to overcome the lack of transferability of training through to workplace utilisation. Body mechanics
instruction needs to be situation dependent 69 and constantly updated.
One intended aim of lifting and handling training should be to teach the worker to stabilise the spine
to prevent unwanted movement, while generating mobility and power through the legs and hips. This
is based on sound research and training methods 28,71. Research from elite sporting populations, and
analysis of expert versus novice, or injury-resistant versus injury-prone manual handlers, reveals
complex but useful information 29,43,44,67,71,131. This includes evidence regarding: a) effective use of the
legs to spare the back 29,67,71; b) variations in techniques to minimise or take advantage of leverage and
joint forces 44; c) efficient push / pull strategies 67,71; and d) practice of efficient postures and basic
movements which can be transferred back to improving dynamic movements 97.

Lifting and Handling
The literature on the ‘correct’ lifting technique is controversial 8,12,53,65. The advice of ‘bend the knees
and keep the back straight to lift’ has been endorsed for at least 70 years 24,35. In a recent study, 80%
to 90% of experts in health and physical fitness promoted this
advice, even though most had reservations about doing so 108.
What is interesting is that Davis et al questioned this advice
50 years ago35, yet it is still the most common
recommendation for lifting. Figure 5 shows a typical
diagrammatic representation of this lift as recommended in
industry6. This is known as the ‘squat’ or ‘knee’ lift, as
opposed to the ‘stoop’ or ‘back’ lift where the knees are
Fig. 5: The squat-lift. From. From Simple
straight and the back bends. The advice on squat lifting is
Solutions – Ergonomics for Construction
often provided with the disclaimer that this technique may
Workers 6
only be effective with small, light loads 40. However this advice
has been found to be questionable for the vast majority of
lifting situations. This is for the following reasons:
-

-

Investigations have found that a very small percentage
of lifts can be performed this way 8,9,31,37,56,79,107,108,121.
Clinical observation and research evidence shows that
people bend their backs as much, or sometimes more,
when squatting to lift 26,37,38,56,72,82. In Figure 6, the
image on the left shows how excessive lower back
bending can occur with squat lifting 82.
Squat lifting from the ground was found to be
Fig. 6. From Mawston & Boocock 2012
impossible without substantial low back bending 38.
Injury risks were similar for squat compared to stoop lifting 26.
Both expert and novice lifters converted from a squat to more upright lifting style with
repeated lifting, or when weights became heavier 24,31,35,60,105,107,121.
The quadriceps (front thigh muscles that straighten the knees) do not have the strength or
endurance capacity to perform repeated squat lifts 35,53,107.
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-

-

Squat lifting results in the subject consuming more oxygen, and is reported as significantly
more tiring 8,9,53,60,115,121.
The long-leverage and mechanical advantage afforded by using the hip and thigh muscles is
significantly lost when the hips drop below the knees 60.
The lift is more likely to be off-balance, and require the load to be further away from the lifter’s
centre of gravity with squat lifting 9,37,53. This can increase lower back compressive forces by
up to 50% 31.
The squat lift was found to be a difficult technique to teach 115.

While most research on lifting style has focused on squat as opposed to stoop lifting, many experts
are more likely to advocate the ‘freestyle’ or ‘semi-squat’ lifting method. This is a combination of the
two techniques described above. (See Sedgwick & Gormley, 1998 for an illustration comparing the
three lifting styles 108). If performed correctly, a semi-squat lift should ensure that neither the back nor
knees bend excessively. It has the following advantages:
-

It employs the much larger and more powerful hip and posterior thigh muscles 15,118.
Unlike squat lifting, the semi-squat technique is said to be easy to teach 108.
The centre of mass of the body is already raised, so has less distance to travel 53,107.
When instructed to use the technique most comfortable, workers invariably choose the semisquat lift 8,31,35,107. In particular, elite weightlifters use this way of lifting 1,8,71.
Older and more experienced workers were found to lift this way 9,16,24,43,44.

In reality, the lifting style adopted will depend on many factors that will vary between each situation
and individual 12,15,44. It may be unrealistic to teach a specific ‘technique’ 44,108, although in one study
training of the semi-squat lift was found to assist safe performance of other strenuous activities 108.
Regardless, experts in health and movement should consider incorporating aspects of the following
into workplace training interventions: body awareness, movement skill acquisition 44, efficient use of
the feet 9,43 and hips 71, correct shoulder positioning relative to the ground 43, training muscle and
nervous system ‘preparedness’ for sudden or unexpected loads 83, and the appropriate use of
asymmetrical positions 31,44. Proficient use of body weight 71, leverage 44 and directing forces through
the centre of gravity of the body 71, are aspects displayed by expert compared to novice workers 67.
What may be more important than the actual lift style, is attention to the posture adopted by the low
back 8,28,71,82, and the distance of the load from the body 15. One author felt too much attention was
paid to the back, and not enough to efficient use of the rest of the body, particularly the legs 44.

Workplace Interventions
Pre-Work Exercise Programmes
Stretching
Stretching programmes have become increasingly popular in industry. In US construction companies,
47% had introduced a pre-work stretching programme 26. However there has been no evidence that
stretching improves performance or helps to prevent injury. There is, however, overwhelming
evidence that a dynamic or active warm-up is more appropriate and effective (see below).

Job-Specific Dynamic Warm-up
This information is based on a separate literature review I completed on dynamic warm-up versus
stretching. More information, and the reference list is available on request.
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As with much of the research for this article, the evidence presented is based on the latest findings in
professional sport as well as industry. Many, if not most sports, continue to incorporate a static
stretching programme into their pre-match or pre-training warm-up. There is growing evidence that
this is ineffective for injury prevention and performance (Choi & Rajendran 2014; Kendall 2011; Lewis
2014; Sim et al 2009; Troumbley 2010). Static stretching is also potentially harmful when used as part
of a warm-up, as it has been shown to decrease performance & body ‘preparedness’ (Chan et al 2012;
Fletcher 2011; Sim et al 2009; Troumbley 2010; Weerapong 2005). Even if a dynamic warm-up is
performed first, and then followed by stretching, the benefits of the warm-up may be lost or reversed
(Sim et al 2009). The best warm-up gets the body ready for what will be required during the activity
to follow. This entails increasing the temperature of muscles and joints, enhancing muscle reaction
time and the ability to generate power quickly, and well as ‘waking-up’ the nervous system. The best
approach to achieving these requirements is a dynamic warm-up that prepares the mind and body for
the strenuous demands to follow (Sim et al 2009; Troumbley 2010; Weerapong 2005). The warm-up
should train the brain and nervous system as much as the muscles, and practicing correct body
movements helps to establish healthy techniques for the complex work movements ahead.

Future Directions
Musculoskeletal Screening
In professional sport, due to the strenuous nature of competition, and high injury rates encountered,
pre-season musculoskeletal screening is used extensively. The chief aim of this is to identify risk
factors, and modify them to prevent injury. Arguably, workers in construction engage in more
strenuous day to day activities than many professional sportspeople. In an ideal environment, new
trainees in construction would be screened before they begin regular heavy work, to identify pertinent
risk factors. Many of these have been discussed in previous sections. Factors particularly relevant
include muscle endurance levels, flexibility through the back, hips and hamstrings, and analysis of
postures and movement patterns adopted during bending, lifting and other manual tasks 23. The
advantage screening would provide to the worker is that it would allow an individual assessment of
what areas of prevention, flexibility and fitness they most need to concentrate on. This would
hopefully give them further motivation and direction to assist their development into an ‘industrial
athlete’. I have conducted a literature review of musculoskeletal screening in various sports, and have
developed a protocol for screening workers in industry.

After-Work Exercise for Injury Prevention
Improved muscle strength and endurance are protective against LBI 13,14,23,33,46,57,76,118. Exercise and
stretching programmes have been found to be effective in improving flexibility and muscle endurance,
both in workers and athletes 23,26,73,97. In one study of ‘expert’ manual materials handlers, an exercise
programme brought about a 76% increase in strength levels 46. There were also significant
improvements in flexibility, and dramatic reductions in levels of perceived exertion 46. For the type of
sustained work and effort required by workers in construction, training in aerobic capacity, strength,
power and endurance would be highly desirable 108. This would incorporate training the ‘core’ to
ensure the muscles of the trunk can control unwanted movement, while the muscles of the hips and
thighs are trained to provide both mobility and power to movement 60. Flexibility training may be
particularly relevant for older workers, as after the fourth decade of life flexibility is known to
progressively decrease with age 61,117. Research has not yet investigated whether this loss of flexibility
is reversible, but regular work-supervised end of day stretching would provide an excellent
environment and opportunity for improvement 61.
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On-site Monitoring and Physical Interventions
Observational studies have been conducted to predict the stresses on construction workers, and
analyse the movements and postures common to particular manual tasks. The problem with most of
these studies is that they are limited to specific tasks and short-duration surveillance. They are not an
accurate representation of the dynamics of the job over several hours 55. There would be tremendous
advantages for training facilities or construction companies to employ on-site expert health and safety
personnel. Getting to know and to observe workers and processes over an extended period, would
provide much more information, and allow evolution of a continually improving injury prevention
system. Risks would become more apparent with time, and could be prioritised and addressed in order.
Workers would be observed, and any displaying ‘pain behaviours’ could be identified 40, often before
they even acknowledge they are in pain. Such health personnel could provide on-the-spot
management, give advice about any task modification strategies that may be required, and give
consistent and reliable advice on injury management and exercises.

Ergonomic Interventions
A comprehensive discussion of ergonomic interventions is beyond the scope of this review. This area
has been studied widely. While early reports were encouraging, later results have been equivocal. In
one systematic review, ergonomic interventions were not found to be any more effective than no
intervention in preventing back and neck pain 39. The results of ergonomic changes and interventions
will obviously be dependent on many factors, and will vary greatly from site to site. Interventions in this
area will continue to adapt as new knowledge, equipment and procedures become available.

Summary
This article summarises the findings of a review into low back pain in the construction industry. The
prevalence of LBP in this sector is higher than in all other surveyed areas of the workforce. The
mechanisms and risks relating to LBP were explored, and the main conclusions were:
-

-

-

Certain individual risk factors can make some workers more vulnerable to LBI compared to
others. Training can help to modify these risk factors.
There is evidence that developmental and experiential factors can influence the
occurrence of LBP in young compared to older workers. Some factors make younger
workers more vulnerable, however it is also theorised that these workers have a greater
scope to respond favourably to training interventions.
Lifting is widely reported as the major contributing factor to LBI. It is argued, however that
sustained and repetitive flexion may be the main contributing factor for many workers with
LBP. The pathophysiological changes brought about by this common industrial posture can
increase spinal vulnerability to injury from lifting and other back-loading tasks.
The advice to “bend the knees, not the back” is challenged.

An analysis was made of the evidence relating to workplace training interventions and prevention
programmes. It is argued that such programmes have often failed to provide adequate or appropriate
training. While there is still a lot of research needed in this area, improved knowledge of lifting
techniques and efficient body mechanics factors can provide guidance to health workers, industry
managers, and workers, to help them to continue to develop ever improving methods of injury
prevention.
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