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ABSTRACT 

The aim of the work within this thesis was to i) establish epidemiological parameters relating 
to the occurrence of back pain amongst nursing personnel and members of the general 
population, ii) quantify spinal responses to manual-handling, occupational activities and tasks 
perceived as potentially injurious to nursing personnel, and iii) establish the repeatability of 
trunk muscle strength assessment and the efficacy of physical training on trunk muscle 
strength and manual handling capability. 
The epidemiological studies established back pain prevalence rates for nursing personnel: 
point prevalence 24.4%, annual prevalence 58.8% and lifetime prevalence 61.4%. The 
equivalent prevalence figures derived from non-nursing respondents were 25.1%, 57.8% and 
58.9% respectively. The sickness absence caused by back pain symptoms in terms of days off 
work due specifically to back pain were also comparable. Nurses attributed their back pain 
to patient handling and lifting activities, in particular, the task of positioning a patient in bed 
was implicated as causative in the onset of back pain symptoms. It was established that there 
has been approximately a 40% increase in the prevalence of back pain amongst nursing 
personnel over a ten year period. There was not a concomitant increase in the quantity of 
absence from work due to back pain. 
Investigations of the compressive loads imposed - on the vertebral column utilised the 
technique of measuring changes in stature. Dynamic lifting tasks, transferring a load from the 
floor to a height of 76 cm, induced greater loss of stature than either isometric lifting or an 
asymmetric lifting activity. Subjects with a lifetime prevalence of back pain amongst the 
nursing sample did not show differences in response to spinal loading compared to 
asymptomatic individuals. In a separate study, the compressive loads imposed by the 
repetition of the task of transferring a patient from the bed to chair were investigated. Loss 
of stature was not influenced by the existence of chronic back pain symptoms amongst 
nursing personnel 
Reduced strength capabilities have been demonstrated among back pain populations and 
physical training may help to reduce the incidence of back pain symptoms. The repeatability 
of apparatus used to assess trunk muscle strength was established using contemporary 
statistical techniques. Although variability between test and retest was apparent at three 
angular velocities (1.05,1.57 and 2.09 rad. s') particularly at the slowest angular velocity, the 
magnitude of this variation in comparison with other isokinetic devices could not be 
established. The assessment of trunk muscle strength may be endorsed at the faster angular 
velocities and within asymptomatic populations. Improvements in trunk muscle strength and 
manual handling skills were observed following a 10-week period of physical training. The 
results demonstrated the beneficial effects of physical training programmes for personnel 
involved in occupations demanding manual handling. 

These research findings indicate that back pain may be ubiquitous within society and that the 
perceived causes of back pain are not wholly responsible for symptoms. There is a need to 
differentiate between individuals who do and who do not display signs of disability caused by 
back pain. Differentiation between the mode of onset of back pain (acute vs insidious) may 
also aid the identification of predisposing factors. 
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1 INTRODUCTION 

Back pain may be described as one of the major scourges in the United Kingdom and 

throughout the industrialised nations, with symptoms afflicting an estimated 50 - 80% of 

the population at some time during their lives (Kelsey and White, 1980). The prevalence 

of back problems is not limited to contemporary populations; the scriptures of 

Hippocrates (400 BC) refer to manipulation and traction being used to treat back pain. 

Lifestyles may have changed greatly since then but back pain still exists despite advances 

in basic science, diagnostic techniques and treatments for symptoms. In accordance with 

these changes, it has become acceptable to measure the severity of back problems by the 

disability caused by symptoms. 

Whilst the personal costs borne by the condition are immense there are other factors 

which indicate the extent and severity of the problem. Apart from the common cold, back 

pain is the single biggest cause of absence from work in this country. The latest statistics 

from The National Back Pain Association testify that there were 93 million certified days 

of incapacity due to back pain within the United Kingdom in 1992-1993. This figure is 

derived from Sickness and Invalidity Benefit claimants. It demonstrates an increase of 

20% on the previous year and represents an estimated loss of £5.7 billion to the UK 

economy (production costs, the cost of National Health Service provision and 

Department of Social Security benefits). The true figure is likely to be a great deal worse 

than these official data suggest as much suffering is endured without certification. In 

recognition of the scale and consequences of the problem, much research has been 

initiated into the possible causes and measures of prevention required to curtail the further 

expansion of symptoms and the disability caused by them. 

Back pain is a symptom, the severity of which varies from minor aches to excruciating 

pain. Back pain may be regarded by some individuals as a temporary inconvenience, for 

others the pain may be chronic and severe. Objective assessment of back pain is difficult 

due to subjective reporting of sensations by sufferers. In addition, the tolerance levels of 
individuals will vary with respect to pain and such thresholds are prone to influence from 

social and emotional factors. The relationship between the prevalence of back pain 
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symptoms and radiological evidence of disc degeneration is poor. Pathological 

abnormalities do not always predispose an individual to suffer back pain and similarly, an 

individual with an apparently healthy spine may experience severe back pain. The 

mechanisms underlying this inconsistency have yet to be explained and idiopathic back 

pain is now recognised as a major health problem. 

The multifactorial aetiology of back pain makes the identification and isolation of specific 

causes of symptoms difficult. In certain cases traumatic antecedents may be identified but 

more often the aetiology is obscure. When the diagnosis of the cause of pain is unclear, 

subsequent prognosis is uncertain. However, factors that place individuals at risk or 

predispose an individual to back pain have been identified (Troup and Edwards, 1985). 

As posture is a major factor in the onset of pain, it therefore follows that' occupational 

factors are recognised as likely to cause back pain. Epidemiological studies have been 

conducted among various occupations and members of the general population. The 

nursing profession has demonstrated relatively high prevalence rates of back pain 

compared to other occupations (Buckle, 1987). Lifting, particularly in relation to 

muscular strength and/or endurance, bending and twisting moves, pushing and pulling, 

static work postures (stooping) and repetitive work have all been proposed as 

contributory factors to the onset of back pain in the general population (Plowman, 1992). 

These actions all form part of the routine work of nursing personnel. 

Recognition of the relationship between low back pain and occupational factors has 

generated the need for ergonomic evaluation of working situations. An ergonomics 

approach to workplace evaluation takes into consideration the workload, the capacity of 

the worker and the consequences of the workload in terms of health, comfort and safety. 

Epidemiological information from working populations and data regarding the 

measurement of the loads imposed on the spine during activities are two complementary 

approaches applied in order to assess the role of mechanical factors in the occurrence of 

back pain symptoms from an ergonomics perspective. 
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Nurses are trained in the performance of lifting procedures. Lifting techniques may vary 

depending on the size and condition of the patient and the co-operation the patient is able 

to provide. The number of nurses available to assist in manoeuvres and the working 

environment (the equipment provided, for example, hoists and the area in which work is 

performed) are also factors associated with the selection of a lifting technique. It is 

therefore difficult to simulate all aspects of nursing work under laboratory conditions. 

Nevertheless, controlled experiments incorporating selected nursing tasks or their 

component actions do yield biomechanical information regarding posture and the loads 

acting on the human spine. 

Measurement of the changes in stature induced by acute loading conditions has been 

validated amongst healthy individuals as a reliable method of quantifying the load placed 

on the spine during activities in-vivo (Corlett et al., 1987). Changes in stature represent 

loss of disc height within the vertebral column due to compression. The non-invasive 

measurement technique has been applied to assess the acute consequences of the 

performance of both occupational (Foreman and Troup, 1987) and sports activities 

(Boocock, 1988). The relationship between changes in stature and low back pain has not 

been investigated extensively. However, the application of the methodology as a 
diagnostic tool for patients suffering ankylosing spondylitis has been demonstrated in 

terms of reduced diurnal variation in stature being associated with this condition (Hindle 

et al., 1987). 

The benefits of physical activity to chronic low back pain patients in terms of 

rehabilitation are well documented but perhaps more important is the application of 

physical training in the prevention of back pain symptoms. Muscular strength has been 

demonstrated as a significant factor in the prevention of and rehabilitation from 

musculoskeletal dysfunction such that without adequate trunk muscle strength and 

stabilisation of the ligaments, injury or loss of optimal function may result (Smidt et al., 

1991). Investigations of trunk muscle strength and training have been directed towards 

the rehabilitation from, diagnosis or prediction of back pain, but the efficacy of muscle 

strength training within an occupational context is less well documented. Few studies 
have attempted to determine the consequences of muscle strength training on lifting 
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capability and the performance of dynamic movements. In occupations demanding 

manual-handling and lifting activities, the health and productivity of the worker are of 

prime importance and it is possible that training programmes may help to reduce the 

incidence of back pain symptoms. 

The identification of weakness in the trunk musculature as a risk factor in the incidence of 
back pain and/or injury has highlighted the application of pre-employment screening for 

individuals undertaking manual handling at work. Among the methods utilised to detect 

weakness of the trunk musculature, are psychophysical lifting tests and isokinetic 

dynamometry. Functional assessment has implications for the identification of individuals 

capable of performing manual handling manoeuvres but for the results of functional 

assessments to be interpreted correctly, the assessment technique should be deemed 

repeatable/reliable. 

It is the purpose of this thesis to investigate the severity and implications of back pain and 
back injury amongst the nursing profession. In combination with comparative studies and 

ergonomic investigations, risk factors such as lifting/handling that may predispose 
individuals to back injury/pain will be examined. These will result in the formulation of 

recommendations in order to reduce the escalating impact of back pain disability amongst 

occupational groups involved in the manual transfer of loads. 



Chapter Two 

Aims and Objectives 
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2 AIMS AND OBJECTIVES 

Multidisciplinary investigative strategies have been adopted within this thesis in order to 

fulfil the following aims: - 

i) Establish the incidence and prevalence of back pain in nursing personnel and non- 

nursing members of the population. 

ii) Quantify spinal responses to manual-handling, occupational activities and tasks 

perceived as potentially injurious to nursing personnel. 

iii) Explore the relationship between spinal shrinkage and physiological responses to 

selected lifting tasks. 

iv) Establish the reliability of functional assessment relating to human trunk 

musculature. 

v) Establish the efficacy of physical training on muscle strength and manual lifting skills. 

vi) Attempt to interpret the result of the above studies with regard to the problem of 
back pain amongst the nursing profession. 

Fulfilment of these aims will not only determine the magnitude of the problem of back 

pain in nursing personnel, but also help to identify the risk factors associated with nursing 

work with respect to the incidence of back pain. 

These aims will be fulfilled by the following objectives: - 

1 a) The design of two questionnaires for distribution among i) nursing personnel, 

and ii) non-nursing members of the population. 
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1 b) The design of an interview procedure to establish tasks perceived by nursing 

personnel to be stressful. 
2. The application of computer-aided stadiometry to measure changes in stature 

following static and dynamic lifting activities and occupational tasks. 

3. Utilise heart rate as an indicator of physiological strain in order to examine 

correlations between spinal responses to static and dynamic lifting activities and 

changes in heart rate. 

4. The collection of isokinetic data relating to the strength of the trunk musculature. 

5. The design and implementation of a 10-week muscle strength training programme 

incorporating progressive resistance exercises. 

6. The collation of research findings with a view towards their synthesis., 

The complex nature of back pain in terms of its recognition, causes, symptoms and 

prevention is acknowledged within the project. The work will progress from the 

acquisition of comprehensive epidemiological information to the analysis of the 

performance of the musculoskeletal system during specific activities (occupational and 
functional). This advancement will demonstrate the applicability of multidisciplinary 

research methods to appraise ergonomically the work of nursing personnel with respect to 

back pain and spinal loading. 



Chapter Three 

Theoretical and Methodological Background 
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3 THEORETICAL AND METHODOLOGICAL BACKGROUND 

This section will acquaint the reader with the functional anatomy of the spine, the 

problem of low back pain, and the methodologies that have been applied to assess 

muscle function and measures of manual handling capability. These topics embody the 

fundamental background necessary to appreciate the investigative strategies employed in 

the experimental chapters of this thesis. 

Epidemiological aspects of low back pain will be considered following an explanation of 

the anatomical structure of the human spine. Back pain and/or injuries cannot be fully 

understood without reference to the composition of the vertebral column and associated 

structures. These will be examined in detail and are particularly relevant in section 4.3. 

of the following chapter. 

3.1 FUNCTIONAL ANATOMY OF THE SPINE 

3.1.1 Anatomical structure and movement of the vertebral column (with particular 

reference to the lumbar spine) 

The human spine (Figure 3.1) is a complex, supportive structure consisting of vertebrae, 
discs and ligaments. The interaction of these structures with muscles enables the 

distribution of forces through the body, allows movement of the trunk and provides 

protection for the spinal cord. 



Figure 3.1 The vertebral column 
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Laterally, the vertebral column displays five curves in the upright posture: two cervical 

(the upper curve is concave, occiput-axis; the lower curve is convex, axis-T2), thoracic 

(concave, T2-T12), lumbar (convex, T12-lumbosacral junction) and the anterior concave 

curvature of the sacrum and coccyx. The curves assist in the dissipation of vertical 

compressive forces acting on the spine as the ligaments play a shock-absorbing role. 

Twenty-four articulating vertebrae comprise the cervical, thoracic and lumbar regions of 

the spinal column. The vertebrae are inter-connected by ligaments and intervertebral 

discs; the discs comprise approximately one fifth of the length of the spine. The sacrum 

and coccyx are formed from five and four fused vertebrae, respectively. These structures 

form the posterior wall of the pelvis which articulates with the hip bones through the 

sacroiliac joints. 

All the vertebrae and intervertebral discs have similar basic structures but with small 

variations at each level. These differences reflect the various functions of the vertebral 

column. It is beyond the scope of this thesis to describe each vertebral and disc type in 

detail; the features of functional importance for the cervical and thoracic spines are 

mentioned below although the intervertebral discs will be mentioned to a greater extent in 

the following section (3.1.2); 

The cervical spine is designed primarily for mobility; it enables positioning and 

weight-bearing of the skull. The intervertebral discs below C2 contribute to more than a 

quarter of the length of the cervical region and are an important factor in allowing 

considerable movement of the neck. Within the lordotic curve, the discs are wedge- 

shaped with greater depth anteriorly. 

The thoracic region is the least mobile area of the vertebral spine due in part to its 

protective function with associated structures (rib cage and sternum) surrounding major 

organs. The thinner intervertebral discs are also restrictive due to structural differences in 

the collagen framework of the annulus fibrosus (Koeller et al., 1984). 
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The five lumbar vertebrae are the largest moveable vertebrae. The characteristics of a 

typical lumbar vertebra are displayed in Figure 3.2. The lumbar vertebrae sustain greater 

stresses than other vertebral structures and therefore display characteristics particular to 

this function. There are also several anatomical features of the intervertebral discs and 

vertebrae that contribute to the lordosis of the lumbar region. Firstly, the vertebral body 

of the fifth lumbar vertebra and the L5/S I intervertebral disc are wedge-shaped whereby 

the anterior depth is greater than the posterior by approximately 6-7 mm. In addition to 

this, the LI-L4 vertebrae are inclined posteriorly in relation to the vertebra below. 

A typical lumbar vertebral body (L1-L4) is wider transversely than anteroposteriorly in 

addition to the increased anterior height. The posterior arch (formed by the pedicles, 

laminae and articular processes) is larger than in the thoracic region but smaller than in the 

cervical. In L5, the articular processes are further apart as a result of the greater 

lumbosacral angle in this region. The transverse processes and lateral pedicles give rise to 

the strong, dense ligaments stabilising the lumbar spine to the pelvis. 

Longitudinally oriented ligaments, are found along the whole length of the spine: anterior 

and posterior longitudinal ligaments and the ligamenta flava. The primary function of 

these ligaments is mechanical and they maintain a compressive force along the axis of the 

spine throughout the whole range of flexion and extension (Aspden, 1995). These 

ligaments therefore help to stabilise the spine. Interspinous and supraspinous ligaments 

have lesser roles, providing little resistance to flexion and extension of the spine, 

respectively. 

The muscles of the back, when contracted, also exert a compressive effect on the spinal 

structures. Most of the muscles are arranged more or less longitudinally, in three layers. 

It is not necessary to describe the points of origin and insertion of these muscles, 

moreover, the functional role of particular muscles is displayed in Table 3.1. 
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Table 3.1 The muscles associated with movements of the trunk 

Movement Muscles 

Extension of the trunk Erector spinae, multifidus, semispinalis 
quadratus lumborum, interspinales. 

Flexion of the trunk Psoas major, psoas minor. 
Abdominal muscles: obliquus externus abdominis, 
obliquus internus abdominis, rectus abdominis. 

Rotation of the trunk Obliquus internus abdominis, multifidus, 
obliquus externus abdominis, rotatores, semispinalis 

Lateral flexion of the trunk Obliquus externus abdominis, rectus abdominis, 
obliquus internus abdominis, erector spinae, 
multifidus, quadratus lumborum, intertransversarii. 

Layers of 
collagen fibres 

Figure 3.3 Schematic horizontal section through an intervertebral disc 
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3.1.2 The motion segment as a functional unit of the spine 

The motion segment represents an intervertebral disc and the adjoining vertebrae above 

and beneath. The major role of the intervertebral discs is mechanical. The linked system 

of intervertebral discs and vertebral bodies enables loads to be transmitted throughout 

consecutive motion segments in the spinal column, and their flexibility allows the spinal 

column to bend, flex and twist. 

The' intervertebral discs and cartilage endplates of the vertebrae are composed of a matrix 

consisting mainly of collagen fibres in a proteoglycan-water gel which is produced by 

small numbers of cells within the tissues. The intervertebral discs lying between the 

vertebral endplates consist of two parts: a central area is known as the nucleus pulposus 

and there is an outer matrix, the annulus fibrosus (Figure 3.3). The matrix of the annulus 

fibrosus is arranged into a series of concentric rings. The bundles of collagen fibres within 

adjacent rings change their line of orientation relative to the vertical. This arrangement 

permits the discs to respond to sagittal (flexion-extension) movements and asymmetric 

lateral flexion movements. The laminated arrangement of the fibres also help to provide 

stability in response to shear and torsion forces. Control over movements involving 

rotation is provided by the fibres positioned in the direction of the rotary movement while 

those fibres opposite would be relaxed. Within the annulus the angle of the fibres from 

the horizontal varies between 40-70°. The ability of the fibres to alter their orientation 

enables the annulus to demonstrate elastic properties upon loading of the vertebral 

column. The nucleus pulposus is less fibrous and these fibres conform to a more random 

arrangement than in the annulus. 

The arrangement of the collagen fibres is not uniform within the intervertebral disc or for 

discs in different regions of the vertebral column. Fibres of the annulus extend to 

approximately half the disc circumference and within the posterior annulus, the fibres are 

noted to be more parallel in their arrangement. The collagen lamellae also appear thinner, 

more tightly packed and bound by less proteoglycan gel in the posterior region. The 

anterior and lateral regions of the annulus in lumbar vertebrae are approximately twice as 
thick as the posterior portion. Therefore the posterior annulus may be deemed a weak 
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area which predisposes the intervertebral disc to injury and degenerative change. In the 

upper regions of the lumbar spine, the posterior annulus is thicker and stronger, yielding 

greater protection to the vertebrae in this region. The range of motion of the motion 

segment is partially governed by the height of the intervertebral disc. Greater ranges of 

flexion, extension and lateral flexion are possible where the discs are thicker. 

The inner annular fibres are anchored to the vertebral endplates and prevent the nucleus 

bulging into the vertebral body. Peripherally, the annulus is secured to the epiphyseal ring 

of the cortical bone; the inner lamellae join to the endplates directly above and below. 

The anterior and posterior longitudinal ligaments also attach to the surface of the annulus 

fibrosus. The vertebral endplates form a permeable barrier which allow water and 

nutrients to pass from the nucleus pulposus and cancellous bone of the vertebral bodies. 

The endplates are, however, the most common site of failure under conditions of high 

compressive loading and may be considered the weakest part of the disc. 

Water is the main component of the discs and endplates. The proteoglycan molecules 

within these structures exhibit a highly anionic charge (side-chains attached to a protein 

core). This property attracts water and results in the formation of an important gel-like 

substance, essential for the normal functioning of the disc and cartilage. The collagen 

fibres restrict the amount of water absorbed within the matrix. The water content of the 

nucleus, annulus and endplate is 77%, 70% and 55% respectively (Roberts, 1995). The 

semi-fluid nucleus pulposus may be deformed under pressure without a reduction in 

volume; it is this property that enables movement and load-bearing capability. The water- 
binding capacity of the nucleus pulposus is therefore influenced not only by the 

concentration of the proteoglycans, but by changes in intradiscal pressure. 

As mentioned in section 3.1.1 there is always an intrinsic pressure within the intervertebral 

discs as a result of the compressive but stabilising effect of the ligamentum flavum. 

Whilst the individual is standing still, the compressive force on the lumbar discs is 

approximately 500 N (Nachemson, 1981), 380 N of which is due to body weight. When 

external loads are applied to the body or when the motion segment is flexed, the pressure 

within the discs rises, partially as a result of increased muscular activity (the generation of 

I 
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large extensor moments). The compressive forces due to muscle tension during forward 

bending and lifting can rise by 5 to 10 times (Dolan and Adams, 1993). 

During flexion the posterior annulus stretches and become thinner (Figure 3.4). This 

reduces the distance between the nucleus and the outer annular fibres as the nucleus 

moves posteriorly (during extension, the nucleus moves anteriorly) (Shepperd, 1995). 

Upon repeated flexion, the annular fibres and nucleus distort; the nucleus deforms 

posterolaterally (Adams and Hutton, 1985). The reverse occurs during extension of the 

vertebral column, whereby the nucleus moves anteriorly. The movements of lateral 

flexion and rotation also cause rises in intradiscal pressure and nucleus deformation. The 

laminated arrangement of the annular fibres play a significant role during rotation as 

mentioned earlier in this section. 

Posterior 

Figure 3.4 The nucleus moves posteriorly in flexion and anteriorly in extension 
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Vertical loading of the spine results in the radial distribution of stresses to the annulus 
fibrosus and vertebral endplates. The direction of the annular fibres allows these stresses 

to be absorbed. After prolonged loading, the bulging of the annulus increases and 

deformation of the cancellous bone and bulging of the endplates into the vertebral bodies 

may occur as a result. The disc is also known to `creep' when vertical loads are 

maintained. Creep is the gradual loss of fluid from the intervertebral disc into the 

vertebral bodies and surrounding tissues; it occurs at a decelerating rate until the disc is in 

equilibrium with the applied load. The rate and magnitude of creep is dependant not only 

upon the load (the heavier the load, the faster the rate of creep) but also the proteoglycan 

content of the disc. 

There is a diurnal variation in stature amounting to approximately I% of total body height 

(Reilly et al., 1984); this is principally attributed to loss of fluid from the intervertebral 

discs. Height is lost throughout the day and regained during bed-rest at night. Rapid loss 

of stature occurs in the first hour of rising, accounting for as much as 50% of the total 

diurnal loss and under constant conditions, the rate of shrinkage then slows throughout 

the day (Reilly et al., 1984). Recovery of height occurs rapidly during the first four hours 

of bed-rest at night with approximately 70% of stature regained during this period. This 

hyperhydration of the discs may be associated with increased resistance to bending 

stresses during the early part of the morning. Adams et al. (1987) hypothesised that in the 

early morning, forward flexion movements may subject the lumbar ligaments and discs to 

damaging bending stresses. The same activity would be perfectly safe to perform later in 

the day. 

The consequences of loss of disc height through compression may include symptoms of 
discomfort and alterations to normal range of movement. As the disc bulges, the vertical 

and transverse dimensions of the intervertebral foramen are reduced. The apophyseal 
joint surfaces are brought closer together which may reduce the range of axial rotation. 
Conversely, with loss of disc height, increased laxity of the disc and ligaments has been 

postulated (Adams et al., 1987). Increases in in-vivo flexion range of movement (50) 

were observed over the course of a day. This was attributed to a decrease in spinal 

stiffness following fluid-loss induced disc narrowing and the subsequent ligament laxity. 
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Unloading the spine results in recovery of disc height. This may be achieved by adopting 

the lying position which reduces the compressive load on the spine and results in fluid 

imbibition. The flexed resting posture of the Fowler position (lying supine, legs raised 

and supported with knee angle of 45°) assists in the transport of metabolites to the discs 

but at the slight expense of an increase in intradiscal pressure (Adams and Hutton, 1986). 

3.1.3 The motion segment, degeneration and low back pain 

Characteristic slow, destructive changes of the vertebral column with age and 

degeneration due to exposure to mechanical stresses are often indistinguishable although 

the two processes are not synonymous (Oliver and Middleditch, 1991). ' Loss of 

trabecular and cortical bone throughout the skeleton is associated with ageing; trabecular 

bone loss in the vertebrae is typical. The height of the vertebral bodies declines in old age 

as a result of this loss of transverse trabecular bone. Changes in the vertebral end plates 

occur with age and degeneration. Articular cartilage is gradually replaced by bone which 

decreases the shock absorbing capacity of the intervertebral disc. Lumbar end plates in 

particular demonstrate bulging into the vertebral bodies. 

The proteoglycan content of the nucleus pulposus and annulus fibrosus decreases with 

age. Therefore the water-binding capacity of the intervertebral disc is reduced. There is 

also a gradual increase in the relative proportion and nature of the collagen in the nucleus 

and annulus. In combination, these affect the normal load bearing capability of the disc 

and it becomes a more rigid structure. Greater deformation of the annulus and nucleus 

occurs per given stress when the disc degenerates (Hutson, 1993). Mechanical strains 

may also be placed upon the apophyseal joints as a result of increases in the height loss of 

the intervertebral discs. 
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There appears to be an increase in the slope of the hysteresis curve concomitant with the 

increased stiffness of the intervertebral discs (Stevens et al., 1982). The magnitude of 
hysteresis is dependent upon the state of hydration of the disc, the proteoglycan and 

collagen content of the discs and the condition of the annulus fibres. The result of 

hysteresis is a delay in the loss of height induced by compression or the capacity of the 

motion segment to recover from compressive loading which may mask the consequences 

of an increase in the stiffness of the disc. 

Most discs show signs of degeneration with ageing and following maximal compression 

or repeated submaximal compression; loss of disc height, disc bulging and microfractures 

of the end plates are characteristic. The latter condition causes irreversible height loss of 

the intervertebral disc and is thought to contribute to the further development of 

degenerative changes of the motion segment (Brinckmann, 1985). The annulus fibrosus 

of the intervertebral disc and the marrow of the vertebral body are innervated structures. 

van Dieen and Toussaint (1993) express the opinion that there is a relationship between 

compression induced damage to the motion segment and the aetiology of low back pain. 

However, degenerative changes may occur within the discs of individuals who do not 

experience symptoms of back pain (Frymoyer et al., 1984; Greenough, 1995). 

3.1.4 The measurement and validity of changes in stature as a measure of load on the 
spine 

Changes in stature may be attributed predominantly to fluid exchange and structural 
deformation of the intervertebral discs, although compression of the lower extremities 

accounts for very small body height decreases. Furthermore, compression of the soft 

tissue structures beneath the calcaneus can account for approximately 4 mm of shrinkage 

upon weight-bearing. This occurs within a short period of time (approximately 2 min 

according to Foreman and Linge, 1989), and should be taken into account when using 
`spinal shrinkage' as a method of measuring spinal load. Heel pad equilibrium has 

implications for the timing of test measurements; two minutes standing in the 

measurement position should be allowed before valid measures of stature will be obtained. 
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Changes in stature vary between individuals and may be induced by a loading situation, 

the duration of loading and the time of day. In order to assess the effect of these 

conditions, equipment capable of measuring stature very precisely and accurately is 

required. Body height measurements made in medical clinics using traditional equipment 

may only be accurate to within 10 or 20 mm and demonstrate poor repeatability. 

However, equipment has been developed to detect very small changes in stature that may 

be accurate to within 1.0 mm. Individuals must be able to maintain posture during the 

reference measurement and subsequent measures in order for comparative experimental 

studies to be conducted successfully. 

The measuring device constructed for the experimental work is a modified model of the 

stadiometer used by Eklund and Corlett (1984). The stadiometer (Plate 3.1) consists of a 

central pillar set at right angles to a base plate and is inclined backwards by 13 degrees 

from the vertical to assist both subject relaxation and maintenance of posture in the 

measurement position. The procedure for the measurement of stature has been 

standardised by Boocock et al. (1988). Weighing scales are inset into the base plate in 

order for weight distribution to be standardised during measurements and a heel rest 

controls the position of the feet. Attached to the central pillar are six adjustable fittings 

with microswitches These are positioned to contact the prominent points of the spine and 

support spinal curvature as listed below: 

i) Sacral base-plate 

ii) Lumbar switch 
iii) Two thoracic switches (left and right, between scapular 

and vertebral column) 
iv) Cervical spine 

v) Occipital switch 

I 
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Plate 3.1 The stadiometer used for the measurement of stature 
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Pressure placed through both feet onto the weighing scales equivalent to 40% of the body 

weight triggers an additional switch. Head angle in the sagital plane is controlled by 

means of spectacles worn by the subjects which contain an infra-red emitter; an adjustable 

switch display box and infra-red receiver are positioned directly in front of the subject. 

The measuring head is a 15 cm plastic disc, with a travel of 50 mm, connected to a 

Mercer dial gauge with a precision of 0.01 mm. The voltage from the two strain gauges 

on the upper surface of the head disc is transferred via an amplifier unit to a micro- 

computer where vertical displacements are displayed graphically. All the microswitches 

are linked to lights within the switch display box which when illuminated allows feedback 

of the desired posture to the subject. An audible signal is emitted when all the 

microswitches are triggered, indicating that posture should be controlled and that 

measurements will be taken over a five second period. The mean of these measurements 

is displayed. 

Training in the technique to measure stature is necessary in order to obtain accurate 

sequential and/or interval measurements. The microswitches used for postural control on 

the stadiometer may be adjusted to accommodate each individual and body weight is 

recorded for even distribution though the feet during stature measurements. The subjects 

lean against the instrument with hands clasped gently in front of the body below the waist. 

The feet are placed just ventral to the pelvis, thus forcing the knees into extension. Once 

the head disc is lowered, the angle of the head can be controlled by wearing the infra-red 

emitting glasses. At this stage the subject should be in a relaxed posture with all control 

switches illuminated except the weight control. Immediately prior to measurement, 

subjects are instructed to exhale and relax, and to activate the weight control switch until 

the signal is heard. This position is held for five seconds. 
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Subjects are considered "trained" at maintaining posture when ten consecutive 

measurements have a standard deviation of 0.5 mm or less. Test conditions require five 

measures of stature to be recorded, again with a standard deviation of 0.5 mm or less. 

The experimenter can view the sequential stature measurements and has the option to 

eliminate a measure, for example if the subject has altered his or her posture unduly or not 

maintained posture for five seconds. In order to achieve adequate reproducibility of 

measurements, the cooperation of the subject is of great importance. The length of time 

required for training varies between individuals and good coordination does benefit the 

training process. A small number of individuals will need to undergo considerable training 

(>1.5 h) although it is usual for subjects to attend at least one familiarisation session of 

approximately 35 min duration. 

The validity of the use of changes in stature as a measure of the load imposed on the spine 
has been examined in relation to psychophysical factors. The measuring technique 

appears to be positively correlated to subjective ratings of functional load, such as ratings 

of discomfort, perceived exertion, relaxation and comfort (Troup et al., 1985). 

Large inter-subject variability of stature changes have been observed. A number of 

factors contribute to the clinical status of the motion segment (age, congenital anomalies, 
degeneration) which affect the stiffness and state of hydration of the discs. These are 

difficult to measure or control for in a group of subjects unless expensive, sophisticated 

scanning techniques are applied to assess the structures of the vertebral column. 

Stature loss has been shown to be dependant upon load in practical lifting situations 
(Tyrrell et al., 1985). In situations such as this, the exact quantification of the loads on 

the spinal column is not feasible. Postural aspects need to be taken into consideration, for 

example flexion of the spine causing wedging of the discs, the influence of shear and 

torsion forces in addition to compression. Flexing of the motion segment causes an 
increase of height loss and fluid expulsion (Adams and Hutton, 1983). However, these 

factors are accepted as limitations to such a non-invasive measuring technique. 
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Height loss of the intervertebral disc is partially an osmotic process and dependant on 

intradiscal pressure (van Dieen, 1993). Intradiscal pressure is determined by the 

compression and disc area and so it follows that disc area may have an influence on height 

loss. Indeed, a linear relationship between lumbar disc area and loss of height was 

demonstrated by Althoff et al. (1992), although the relationship was weak. The 

compressive stress of the disc is inversely proportional to the disc cross-sectional area. * 

Therefore, height decrease of the discs at a given load should be inversely proportional to 

the disc area. 

The intervertebral discs themselves vary in anatomical structure throughout the regions of 

the vertebral column as mentioned in Section 3.1.1. The stadiometer is designed to assess 

the changes in stature derived from the external loads and trunk muscle forces along the 

entire vertebral column. This does have implications for the validity of comparing stature 
loss following different loading situations. It is not known whether the distribution of 

compression forces and other factors influencing loss of height can be considered constant 

throughout the regions of the spine in different situations. 

The application of the stadiometer in the measurement of stature changes is well 

established (Corlett et al., 1987; Reilly et al., 1991) and it does provide a repeatable, non- 

invasive method of estimating the compressive loads acting on the spinal column. 

Considerable work has been performed investigating the processes involved in spinal 
loading in-vitro and a great deal of information can be postulated from this. The validity 

of the measurement technique has been established in terms of psychophysical parameters 

and external load (Troup et al., 1985; Tyrrell et al., 1985) although there is scope for 

further validation in terms of the influence of lumbar disc area and the observation of 

changes in disc height in different regions of the spinal column. 
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3.2 EPIDEMIOLOGY OF LOW BACK PAIN 

Back pain is a very subjective complaint. The perceived distribution of symptoms does 

not often indicate the precise location of structures causing pain. In the majority of cases, 

the exact underlying cause remains uncertain even after full clinical investigation; this 

makes the classification of back pain difficult and has given rise to a large proportion of 

symptomatic individuals whose condition may be described as "idiopathic". In addition, 

retrospective survey methods employed to collect epidemiological data, rely upon the 

recall of individuals and may not provide completely accurate information. 

The multifactorial aetiology of back pain encompasses a variety of causative or 

contributory factors; the interaction of these affect the duration of symptoms and the 

prognosis for recovery. This section will provide a general outlook regarding 

epidemiological aspects of back pain amongst general populations and related predictive 

factors. More specific information regarding back pain in the nursing profession will 

discussed in the Chapter 4. 

3.2.1 The magnitude, prevalence, incidence and disability of low back pain 

It is generally agreed, despite methodological dissimilarities in the epidemiological data 

collected, that low back pain should be considered a major health problem. There appears 

to have been an increase in the magnitude of the problem in industrialised nations in terms 

of absence from work due to back pain (Biering-Sorensen, 1995). Waddell (1987) 

reported the number of days of absence per 1000 inhabitants with low back pain in Great 

Britain to be around 420 in 1954; The equivalent figure for 1981 was 1750. Raspe 

(1993) also reported upon evidence that the number of people afflicted by back pain 

symptoms has increased within the last 40 years. 

I 
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In epidemiological studies, various frequency estimates are used. The incidence rate 

reports the number of people who for the first time experience back pain during a 

specified time period, for example 1 year (annual incidence). The prevalence is the 

number of people who experience symptoms at a particular point in time (point 

prevalence) or during a defined time period (period prevalence). This information is 

usually gained from population surveys where people are asked "Have you experienced 

low back pain during the past year? " (annual prevalence) or "Have you EVER 

experienced back pain? " (lifetime prevalence). Raspe (1993) reported "current" rates of 

back pain amongst general populations as about 40% for the point prevalence of 

symptoms, annual prevalence rates to be around 75% and lifetime prevalence to be 

greater than 80%. 

Although prevalence rates for men and women are generally similar, there may be marked 

gender differences within various age groups. Biering-Sorensen (1982) reported the peak 

in low back pain prevalence (lifetime, annual and point) in men to be at the age of 40 

years. The equivalent figures for women demonstrated a steadily rising trend with 

increasing age; Raspe (1993) supported this tendency. Raspe (1993) also concluded that 

an unequivocal effect of gender can only be demonstrated for chronic and/or severe back 

pains which have been experienced significantly more often by females. 

The impact that back pain has on society may be measured in terms of disability. 

Disability has been interpreted in economic terms (sickness absence) or an inability to 

perform certain activities (walking 5 km, stooping, lifting). Anderson (1986) examined 

the certified sickness absence records of 2684 men in a range of occupations. It was 

estimated that the annual loss of work time was approximately 15 million days (1661 days 

per thousand workers). The true figure would undoubtedly be greater if all cases of 

uncertified sickness absence were taken into consideration. Self-certification by postal 

workers (Anderson, 1980) did show an increase in the disability caused by back pain: 

1735 days per thousand postmen. 
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3.2.2 Risk factors in low back pain 

Within local population studies, risk factors have been identified which predict the first 

time experience of back pain and which also predict the recurrence of symptoms. A 

previous history of low back pain is noted to be one of the strongest predictive factors for 

further episodes of pain (Biering-Sorensen, 1989; Troup at al., 1987). The length of back 

pain history, the number and duration of attacks are all important variables to be 

considered within the natural history of symptomatic individuals. 

The risk factors for predicting a first attack of back pain are less distinct (Biering- 

Sorensen, 1984). A variety of risk indicators has been described: Raspe (1993) listed risk 

factors/indicators relating to biomedical and mechanical factors including childbirth, 

whole-body vibration, driving, heavy work with bending twisting and lifting. The 

consequences of cigarette smoking may include an increased risk of experiencing back 

pain symptoms (Frymoyer et al., 1983). It has been postulated that smoking is associated 

with a defective fibrinolytic enzyme in the blood (Jayson, 1992). This may cause a 

reduction in vertebral body blood flow and subsequently affect the diffusion of nutrients 

from the vertebral endplates into the intervertebral discs and disturb the metabolism of the 

disc (Frymoyer et al., 1983). 

Psychological, lifestyle and social factors are also considered important factors to 

consider when obtaining information regarding back pain. They are particularly important 

for clinicians who need to obtain a thorough history of the conditions presented by each 

individual. Troup (1995) identified a population who display signs of socio-economic 

problems; these are individuals in whom back pain symptoms have become persistent, 

they have failed to respond to treatments and have been forced to adapt their lifestyles in 

accordance with the pain. It would appear therefore that psychological variables 

incorporate extremely complex interactions with lifestyle and social factors. Such factors 

are associated with low back disability as opposed to a risk for the acute onset of 

symptoms (Frymoyer and Cats-Baril, 1991). 
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3.3 MEASURES OF MANUAL HANDLING, LIFTING PERFORMANCE AND 

MUSCLE FUNCTION 

In practise, it is rare for an individual to undergo any form of work-related pre- 

employment screening for a job demanding the manual handling of loads or repetitive 

lifting. Employers rely upon the workers to consider themselves fit and capable of 

performing the work required of them. The guidance on the Manual Handling Operations 

Regulations (Health & Safety Executive, 1992) state that an employer shall: 

"so far as is reasonably practicable, avoid the need for his employees to 
undertake any manual handling operations at work which involve a risk 
of their being injured" 

Regulation 4 continues to describe the necessity for the performance of risk assessments 

where employees cannot avoid manual handling operations at work which involve a risk 

of their being injured. In certain situations it is not easy to predict whether a task does 

involve the risk of injury; additionally, individual differences in the capability of employees 

may mean that what is "safe" for one individual may be potentially harmful for another. 

The implementation of the manual handling regulations does not eliminate the need to 

assess individual capability, the two may complement each other. What is important is 

that the need for control over workplace activities has been recognised, this in turn may 
help to reduce the incidence of occupational-related musculoskeletal injury. 

This section will examine the established techniques used to assess manual handling 

capability, lifting performance and muscle function. Whilst their applicability within 
industrial settings can only be postulated, they do enable the assessment of individuals 

with regard to their ability to perform particular tasks. 
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3.3.1 Isometric and dynamic lift dynamometry 

i) Isometric lift dynamometry. Lifting tasks do contain component elements where 
isometric contraction of the activated musculature is necessary. Isometric contractions 

occur primarily during the initial and final phases of the lifting action, particularly if the 

load is a stationary object. The measurement of static strength therefore has implications 

with regard to the maximum weight of loads that may be lifted by individuals and the risk 

of sustaining injury from the performance of tasks requiring maximal effort. 

The measurement of maximal isometric lifting strength (MILS) has been derived and 

standardised by Caldwell et al. (1974) and Chaffin (1975). Maximal isometric lifting 

strength is dependent upon the height of the origin of the lift and the technique employed 

to perform the action; different muscle groups are recruited for specific tasks. The 

standardised heights of lift include: the height of the knuckle, knee, waist and shoulder 
height. In the performance of all static lifts, maximal effort should be reached within three 

seconds in order to eliminate jerking movements which may produce erroneously elevated 

peak forces and are potentially injurious to the user. Chaffin (1975) also noted the 

importance of distinct and standardised instructions to be given to subjects. 

Troup et al. (1987) applied a comprehensive physical test battery to 2891 men and 

women from a variety of occupations. Maximal isometric lifting strength from knee 

height was significantly reduced amongst individuals (male and female) who reported mild 

symptoms of low back pain. However, MILS and all the other physical tests constituting 

the test battery were not of value in predicting a new experience of low back pain. The 

application of isometric lifting as a form of pre-employment screening was therefore not 

endorsed although its value within ergonomics in the design of work tasks was suggested. 
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Birch et al. (1994) reported on the construction and validation of an isometric lift 

dynamometer. Maximal isometric lifting strength at knee height. demonstrated a 

significant association with both back and leg strength measured on separate devices; both 

muscle groups make a major contribution to the squat lifting posture. The handles were 

positioned marginally in front of the body and so the posture adopted on the isometric lift 

dynamometer meant that the peak force achieved may not have been the highest possible 

in an ideal lifting posture. Table 3.2 displays the MILS leg lift measurements obtained in 

a number of studies. 

Table 3.2 Maximal isometric lifting strength (N) at knee height in healthy male and 
female subjects. Standard deviation values are given in parentheses where 
available 

Males Females 

Keyserling (1978) 1118 520 

Griffen et al. (1984) 903 (285) 471 (177) 

Zeh et al. (1986) 1148 598 

Troup et al. (1987) 991 491 

Birch et al. (1994) 1290 (284) -- 

Leskinen et al. (1983) demonstrated that the adoption of the leg lift technique generated 
lower peak lumbosacral compressive loads compared with lifting from the floor with 

straight legs. The use of this lifting technique may be endorsed and be of advantage to the 

low back only if the horizontal distance between the load and the low back is small. 
Therefore, the isometric leg lift technique may be considered safe if standard procedures 

are fulfilled and clear instructions are given to subjects. 

I 
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Dynamic lift dynamometry. A number of systems for lifting have been developed which 

enable the evaluation of isometric and dynamic lifting tasks using the same item of 

equipment. The measurement of dynamic strength is complex and these lifting devices 

enable the measurement of strength under controlled conditions; actual lifting tasks may 

be simulated, the speed of lift controlled and the load of the lift may be adjusted. 

Sophisticated computer software programs provide immediate graphical and tabulated 

feedback regarding the load lifted, velocity and acceleration parameters. 

Garg and Beller (1994) compared dynamic (isokinetic) lifting strength with static 

(isometric) strength. The authors noted that dynamic strength was highly dependant upon 

the speed of lifting; at the slow speed (0.41 ms) mean isokinetic strength was equal to 

isometric strength. It was also concluded that isometric and dynamic strength were 
independent of each other and that the estimation of one type of strength (e. g. isometric) 

from another strength measure (e. g. dynamic) was not possible. Box width and the speed 

of lift were both shown to have a significant effect on dynamic lifting strength. 

Zinzen et al. (1995) conducted a comprehensive evaluation of a three-dimensional lifting 

system. The isometric and dynamic lifting strength measurements obtained from the 

device were shown to be repeatable. However, the validity of the strength measurements 

was not confirmed due to inconsistencies in force measurement between the left and right 
lifting handles. The manufacturers of this instrumentation were advised of the problem 

and have subsequently modified the apparatus. 

The practical application of these devices includes establishing job-specific norms, job 

design and pre-employment screening/selection of individuals to match the physical 

strength requirements for the job (Porterfield et al., 1987; Garg and Beller, 1994). 

However, their actual use within industrial locations does not appear to match the verve 

with which the potential of these devices is proclaimed. 
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3.3.2 Isokinetic assessment of the trunk 

The assessment of trunk muscle strength provides a measure of an individual's physical 

capabilities and is feasible with the use of isokinetic equipment. The application of such 

equipment is more specific than isokinetic lift dynamometry as it enables a more clinical 

and functional investigation of the trunk musculature; assessment positions include 

flexion: extension (sagittal plane), trunk rotation (transverse plane) and trunk lateral 

flexion (frontal plane). The application of isokinetic strength testing in relation to its 

application as a measure of disability will be discussed in Chapter 4. 

Trunk muscle strength may be assessed in the seated, standing or prone position. The 

standing position has received the most attention in terms of research and a considerable 

amount of normative data is available from sagittal plane assessments in this position. 

Tests may be performed at a range of angular velocities (usually between 1.02 rad. s 1 and 

2.09 rad. s 1). 

The assessment of the trunk flexors and extensors (Section 3.1.1. ) in the standing position 
does require the stabilisation of the lower limbs and pelvis as far as possible to minimise 

contribution of muscles acting on the hip (e. g. iliopsoas). Values of peak torque have 

been shown to decrease with increases in angular velocity of movements during the test; 

measurement position (standing, seated) also influenced peak torque values (Perrin, 

1993). Peak torque is frequently expressed as a percentage of total body weight in 

studies comparing men and women. Men tend to produce more torque relative to body 

weight than women for the trunk flexors and extensors; this difference decreases with 
increases in test angular velocity. 

Early studies of isokinetic trunk assessment did not have the facility to correct peak 

torque measurements for the effects of gravity (Davies and Gould, 1982; Thompson et al., 
1985). As the trunk constitutes more than 50 % of the body, gravity effects may be 

considerable, especially when the trunk is assessed from the standing position. In studies 

where a gravity correction procedure has not been implemented, trunk extensor strength 
has exceeded flexor peak torque at the slower velocities; as angular velocity increases 
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however, trunk flexion torque values exceed extension torque. Table 3.3 provides 

normative values for trunk flexor and extensor torque at a range of test velocities. These 

studies were performed with subjects in the standing position, without gravity correction 

procedures. 

Table 3.3 Normative values of trunk flexion and extension peak torque (Nm) 
at angular velocities 1.02,1.57 and 2.09 rad. s' 

Extension (rad. s') Flexion (rad. s') 
1.05 1.57 2.09 1.05 1.57 2.09 

Davies & Gould M 271 239 149 247 236 219 
(1982) F 182 159 135 160 156 149 

Thompson et aL M 260 249 243 249 254 254 

(1985) F 149 142 140 148 145 143 

3.3.3 Psychophysical measures of performance 

Tests of psychophysically acceptable lifting capacity have been developed not as screening 

methods, but in order to design work schedules which do not strain or cause the lifter to 

become fatigued (Snook, 1978). Isometric and isokinetic lifting tasks do not incorporate 

the subjective responses of the individual performing the task. This alternative approach 

takes into consideration a number of factors associated with the performance of the task 

including the duration of the working period and the frequency of the lifting activity. 

The psychophysical method enables an individual to select the maximum weight of load 

acceptable for a particular work period, with lifts being performed at a set frequency over 

the period of time and through a constant distance/height. Subjects are able to adjust the 

load lifted during the lifting and to adopt freestyle lifting techniques/postures. The load 

lifted by an individual may be termed the `maximal acceptable load" (MAL) or "rating of 
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acceptable load" (RAL); this may be either submaximal or a comfortable maximal lift 

performed once only (one repetition maximum) over the defined distance/height. The 

repeatability of these tests has been demonstrated in healthy individuals (Griffen et al., 

1984; Snook, 1985). 

Troup et al. (1987) applied psychophysically acceptable lifting tasks within a 

comprehensive test battery administered to 2891 men and women employed in a range of 

occupations. The rating of acceptable load was closely associated with the experience of 
low back pain and the perception of workload. These results advocate the use of such 

tests within ergonomics and studies within the workplace. They are repeatable and easy 

to administer. 
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3.4 SUMMARY 

This chapter has incorporated a number of essential components relevant to later sections 

of this thesis. The functional anatomy of the spine has been described with particular 

reference to the motion segment and the mechanisms associated with compression of the 

intervertebral discs. These include bulging of the annulus fibres, loss of fluid and the 

consequent height loss of the intervertebral disc. It is clear that degeneration of the 

intervertebral discs is not necessarily associated with back pain although degenerative 

processes do occur as a result of compressive loading of the discs. 

The application of precision stadiometry in the measurement of stature changes is now 

well established. It provides a repeatable, non-invasive method of estimating the 

compressive loads acting on the spinal column. Adherence to the standardised 

measurement procedure is essential for the collection of valid data. 

Back pain may afflict as many as 80% of a population at some time during their lives and 

the severity of reported symptoms varies widely. The impact that back pain has on 

society may be measured in terms of disability or the sickness absence attributed to 

symptoms. Risk factors associated with the onset or recurrence of back pain symptoms 
have been identified; these include twisting, lifting and a previous history of back pain. 

Isometric and isokinetic dynamometers have been applied to assess individual lifting 

performance and trunk muscle function. Maximal isometric lifting strength and peak 

torque of the trunk extensors and flexors may be reduced in symptomatic individuals. 

Psychophysical lifting tasks have also been applied to evaluate lifting capability; these 

tests incorporate the subjective response of the lifter and have been shown to be closely 

associated with the experience of back pain and the perception of workload. 

I 
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4 REVIEW OF LITERATURE 

The previous section provided fundamental information regarding the functional anatomy of 

the spine, the epidemiology of back pain and measures of manual handling, lifting 

performance and trunk muscle function. It is the purpose of this literature review to 

examine how these issues and other methodologies have been applied in relation to the 

measurement of the problem of back pain and to review the research which has been 

conducted with reference to the nursing profession. 

4.1 LOW BACK PAIN 

4.1.1 Low back pain in nursing personnel 

The nursing profession has been the subject of studies worldwide to establish the prevalence 

and incidence of back pain (Stubbs et al., 1983; Heap, 1987; Ryden, 1989), to determine the 

costs associated with its morbidity (Stubbs et al., 1980) and to identify risk factors associated 

with occupational duties which may predispose nurses to back pain symptoms (Harber et al., 
1988; Stobbe et al., 1988; Garg and Owen, 1992; ). 

The epidemiological surveys conducted amongst nurses demonstrate inconsistencies 

comparable to those associated with similar investigations of the general population. 
Methodological dissimilarities between studies dictate the parameters reported and the range 

of figures presented with regard to the prevalence and incidence of pain. Studies may be of 

various design (prospective or retrospective, cross-sectional or longitudinal), with different 

grades of staff surveyed and with varying definitions of back pain provided. Therefore, 

interpretation and comparison of the data is complex. Table 4.1 presents the data collected 
from a selected number of retrospective, cross-sectional questionnaire surveys. 
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Table 4.1 Epidemiological data for back pain in nurses 

Authors/year/country Sample Results 

Stubbs et al. (1983) U. K. Nurses (n=3912) Point prevalence 17% 
Annual prevalence 43.1% 
Annual incidence 7.7% 

Videman et al. (1984) Nursing Aides (NA) n=318 Lifetime prevalence (NA) 85% 
Finland Qualified Nurses (QN) (QN)79% 

n=562 
Harber et al. (1985) U. S. A. Nurses (n=550) 6 month prevalence 52% 

2 week prevalence 44% 
Arad and Ryan (1986) Nurses (n=831) Lifetime prevalence 87% 
Australia Annual prevalence 67% 

1 month prevalence 38% 
Point prevalence 13% 

Larese and Fiorito (1994) Nurses General Hosp. Annual prevalence (GH) 48.2% 
Italy (GH) n=425 (OD) 32.8% 

Oncological Dept. (OD) 
n=198 

Smedley et al. (1995) U. K. Nurses (n=1659) Lifetime prevalence 60% 
Annual prevalence 45% 

To overcome the difficulties associated with the recall of pain experience, retrospective 

surveys have selected a number of differing time bands. Buckle (1987) suggested that where 

surveys have generated prevalence data of more than one type, the validity of the data 

increases. This is because respondents may wish to register the existence of symptoms 
despite the occurrence of pain outside the specified time period. Similarly, point prevalence 
data is often utilised as does not rely upon the recall of past symptoms. 
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It may be seen that just within the sample of studies reported in Table 4.1, considerable 

variation does exist with regard to the annual prevalence figures (33% - 67%). Stubbs et al. 

(1983) did not specify a definition of back pain and subjects indicated the site of pain on a 

diagram; pain in the low back was reported by 77.9% of respondents indicating pain in some 

region of the back. Arad and Ryan (1986) asked "Have you ever had low back pain? ". 

Smedley et al. (1995) defined back pain as lasting for longer than a day in an area between 

the twelfth ribs and the gluteal folds, a diagram was provided showing the exact location. 

Making direct comparisons between studies is not recommended because of the discrepancies 

in definitions used. In addition, methodologies differ in terms of distribution of the 

questionnaires, the pursuit of non-responders and the nursing populations considered. 

Lifetime prevalence data should also be considered a valid epidemiological measure; an 

episode of back pain at some point during a lifetime ought to be a memorable experience. It 

is when questions are asked about the severity of the pain and symptoms (such as sciatica) in 

relation to pain that the validity of data should be a serious concern. 

The consequences of back pain amongst the nursing profession have been examined in terms 

of the disability caused by symptoms. Sickness absence figures from Stubbs et al. (1983) 

indicated that 9.5% of the sample of NHS nurses took 1 or more days of sick leave due to 

back pain during 1979. The sick leave taken for back pain in comparison to absence for all 

causes was 16.2%. Within the sample investigated by Smedley et al. (1995) 10 % of nurses 

had been absent from work because of back pain for a cumulative period exceeding four 

weeks. 


