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"By reason of the frailty of our nature we cannot always

stand upright"”

Book of Common Prayer.
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ABSTRACT

This thesis adopted an ergonomics approach to the study
of low-back paln 1in distance running and circuit welght-

tralnlng (CWT) . Rates of 1low-back pain were determined
using epidemiological techniques and likely aetiological
factors were 1nvest1gated Spinal loading was evaluated
using changes 1n stature. Physiological and perceived

stresses 1n response to each exercise mode were
monitored. Spinal mobilisation procedures, pre- and post-
exerclse, were evaluated to determine their usefulness 1in
attenuating loading.

In distance runners the rates of lower back injury and
low-back pailin were between 21-39%. Tralning variables
were not significantly asscclated with injury (p>0.05).
In weight-trainers the prevalence of lower-back pain was
13%.

An increase 1n running speed was found to enhance stature
loss (shrinkage) (p<0.005), which was greater during the
early stage of the run (p<0.05) and independent of low-
back pain (p>0.05). During a simulated marathon, runners
failed to reproduce thelr competition performance:
methodological difficulties 1led to stature 1loss being
underestimated. The CWT caused similar shrinkage to that
found in running, but provided a less effective aerobic
training stimulus.

Spinal mobilisation exerclises had no significant effect
on change 1n stature (p>0.05). In four separate
conditions change 1n stature was 1nversely related to
lower back and hip flexibility (r=-0.77 to -0.84;
p<0.05).

Spinal 1loading 1in CWT does not appear excessive when
compared with running, but CWT engages anaerobic as well
as aerobic mechanlisms. Therefore exerclise 1ntensity 1in
CWT may not guarantee sufficient stimulation for aerobic
training. Spinal loading 1n exerclse may be attenuated
in more flexible athletes. The long term effects of
improvements 1in flexibility for back pain prevention
should be further explored.
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INTRODUCTION
l.1 THE PROBLEM OF LOW-BACK PAIN

Low-back pain reportedly affects up to 80% of the adult
population (White and Gordon, 1982a). Waddell (1982)
claimed that at 1least one 1n every two people in
industrial societies suffers from back pain at some time
in their life. 1In a survey of residents in a Copenhagen
suburb, 1n which 82% of the population were sampled,
Biering-Sorensen (1982) found the cumulative 1lifetime
prevalence of 1low-back pailn to be 62%. The point
preva-lence (those reporting low-back palin at the time of
the survey) was 14% and the subsequent one year
prevalence 45%. Not only 1s there a high prevalence of
low-back pain in society, but the recurrence rate 1s also
high. Troup et al. (1981) found that 49% of people
presenting with low-back pain would have a further
episode within 12 months and 32% within 24 months. These
findings were supported by Biliering-Sorensen (1983) who
found a 64% recurrence rate over 12 months. Consequently

back pain is a common cause of morbidity, disability and

threat to health.

The Health and Safety Executive's statistics, cited by
Troup and Edwards (1985), showed that the lower back was
more common.y affected by occupational over-exertion than

other parts of the body, accounting for 61% of the total




injuries. The DHSS data for 1977-78 relating to periods
of certified incapacity in workers showed that there were
78,000 periods of certification for men and 10,000 for
women resulting from lower back sprains and strains. The
median duration of disability was 13-14 days. Data for
1980 showed that 16% of the 15.3 million days 1lost
through industrial injury were due to sprains and strains
of the back. Troup and Edwards (1985) stated that 1 to
2% of the population of Great Britain were certified as
1ncapaclitated due to 1low-back pain each vyear. This
number, and the consequent 1loss of 20 million working
days, was 1likely to be an underestimation of the extent

of the problem, as the statistics could not account for

unrecorded cases and restricted work capacity.

Gillanders 1in a personal communication (Health and Safety
Executive, Newcastle, April, 1992) stated that 13% of
certified sickness was due to back pain, and the
estimated number of working days lost was between 52 - 60
million days, fbr 1989-90. The economic cost of this to
the U.K was put at around four billion pounds. Such
statistics demonstrate that low-back palin 1s a problem of
massive magnitude 1in 1industry. However, the low-back

pain problem is not restricted to the work environment.

The social, occupational and economic 1mplications of
chronic 1low-back pain on soclety have been well

documented. White and Gordon (1982) suggested that low-




back pain has damaging and wide ranging effects on
personality and emotional well-being, which could lead to
depression, anxiety, and fear about health status. This
implied that low-back pain had wider consequences for the
sufferer than the purely physical. Low-back pain affects
soclal well-being and hence permeates through the
sufferer's lifestyle (Poussaint, 1980; White and Gordon,

1982). The consequences of low-back pain extend through

work, sport and leilisure activities.

Epidemiological and <clinical case series reports on
orthopaedic problems among sports participants indicate
that around 10% of injuries are to the lower back (Ovara
and Puranen, 1978; Lutter, 1980; Devereaux and Lachmann,
1983). It has been found that low-back paln among
athletes may prevent or limit ability to participate 1n

exercise for a prolonged period (Cannon and James, 1984).

This thesis will use an ergonomics approach to examine
the relationships between spinal 1loading and 1low-back
pain during aerobic exercise regimens, specifically
distance running and circuit weight-training (CWT). The
incidence of low-back injury and associated aetiological
factors, in runners and weight-trailners, will  Dbe
determined using epidemiological techniques. The spinal,
physiological and perceptual stresses imposed by distance
running and CWT will be. also be evaluated to determine

the stress imposed. This should allow recommendations to




be made as to the benefits and limitations of each

exerclse with respect to spinal loading. The potential
of adopting exercises which unload the splne into an

exerclise regimen will also be assessed. Spinal loading

will be assessed using measures of change in stature.

1.2 CLASSIFICATION OF SPINAL INJURY AND IDIOPATHIC LOW-

BACK PAIN

Troup (1981) employed a three tier classification system
for spinal injury. Firstly, non-bony injury with the
spine remaining stable; secondly, injury causing
instﬁbility and potential spinal cord or nerve root

damage; thirdly, 1injury causing '"gross neurological

damage and 1imminent deformity". Most back injuries in

sport fall into the first category.

Troup (1981) malintained that the ability of the spine to
withstand considerable compressive, tensile, shearing and
torsional forces 1s due to 1intervertebral movement and
the plasticity of the components of the spinal colunn.
The capacity of the spine to resist injury 1s decreased
if the forces applied involve flexion and are of 1long
duration (Adams and Hutton, 1982). Spinal strength has
been shown to be inversely proportional to the duration
of load application (Perey, 1957; Roaf, 1960; Holdsworth,
1970) . Factors which increase the probability of lower

back injury 1nclude prolonged static 1loading, vibratory




stress, repetitive impacts and shocks (Troup, 1981).
Such stresses are unavoidable 1n many sporting

activities. Back injury may result 1f the forces on the

spilne during exercise are excessive.

Individual variation in response to spinal loading also

affects the risk of injury. The ability of spinal

structures to deform and reform is limited according to
age, freedom from disease or degeneration and the size
and direction of the 1load applied (Taylor and Twomey,
1980; Adams and Hutton, 1982; Twomey and Taylor, 1982).
The capability of the individual to withstand spinal
stresses also varles according to: the size and physical
characteristics of the spinal column; to muscular
strength; to skill and experience in task performance;

and to the presence of absence of degenerative changes or

abnormalities.

It 1s often difficult to identify the specific action or
mechanism which 1s the cause of the injury, because the
facets of the apophyseal joints and the nuclei of the
intervertebral discs do not have a nerve supply (Troup,
1981). Neurological 1inhibitory mechanisms may prevent
painful sensations being conveyed to the higher centres
of the brain. For these reasons pain onset may be
delayed. This can often 1lead to difficulty 1n the
diagnosis of the damage to the structures of the back and

the cause of pain, despite thorough clinical evaluation




of the patient.

No simple cause and effect relationship has been
established between a particular aetiology and chronic
low-back pain. In a series of cases of low-back pain
presented at a «clinic, Kersely (1979) found that a
definite diagnosis was possible in only 19.4% of cases
(11% were disc lesions). Almost 81% of cases were given
no definite diagnosis. Ssuch findings have lead to the
term 1diopathic low-back pain, in reference to the high
proportion of cases of the syndrome when no diagnosis is
possible (White and Gordon, 1982). Pheasant (1991)
suggested that the diagnosis may not be essential, from
an ergonomlics perspective, as preventative interventions
to reduce the risk of low-back trouble would probably be

similar regardless of the specific pathology.

Most personal risk factors (Table 1) generally have low
predictive value of susceptibility to lower-back
problems. A cumulative trauma model for the aetiology of
lower-back 1injury suggests that 1low-back pain 1is a
product of environmental and ©personal risk factors
(Pheasant, 1991). Support for the cumulative trauma model
comes from Kumar (1991) who found that the cumulative
compressive loads at the thoracolumbar and 1lumbosacral
discs, were greater for nurse aides with low-back pailn
compared to those without. The cumulative 1mading was

determined by Dbiomechanical modelling, derived from




limited anthropometric data. The work tasks were

simulated from descriptions of the nurse aides activities
acted out by the aldes, or simulated using a 3-D manikin,

which was then transcribed in 2-D. The time course of

loading was derived from a dquestionnaire relating to
employment activity. Analysis of 1loads by means of

biomechanical modelling from video or film, using actual

anthropometric data could provide a more accurate

estimation of cumulative load.

Table 1. Personal risk factors associated with low-back
pain.

Strong Risk Factors
Previous history of low-back pain

Low overall fitness
Low lifting strength - combined with task demand
Low endurance of back muscles
Smoking
Motherhood
Moderate risk factors (may be significant 1n extreme
cases, Or 1n heavy work)
Hypermobility
Spondylolysis
Spondylolysthesis
Scoliosis and unequal leg length
Weak back muscles, weak abdominal muscles
Tight hamstrings (Predict recurrence but not first

attack)

Weak or very weak risk factors
Stature

Overwelght

No predictive value
Lordosis or flat back

Abnormal vertebral number
Spina bifida occulta

Adapted from Pheasant, (1991).

An important objective of an ergonomics investigation
into injury and human physical activity is to d.otermine

the risk —currently associated with the activity.



Assoclated aetiological factors whether of genetic or
environmental origin should also be determined. It may

then be possible to alter human behaviour or the
environment in which the behaviour takes place to reduce

the risk of injury from the activity.

l.3 AN ERGONOMICS APPROACH TO THE LOWER BACK PROBLEM IN

SPORT

The potential benefits of adopting a ergonomics approach
to the study of sport were recognised by Reilly (1975)

who wrote:

"A satisfactory perspective from which to study the
problems of stress is provided by ergonomics. This
embodilies an 1nterdisciplinary approach to the study
of the human operator in his interaction with his
work and working environment. It embraces the human
sciences, utilises physiological, psychological and
anthropometric research while devising unique

evaluative techniques to solve problems. It focuses

on problems and fundamental principles of human

performance."

Epidemiological, biological and psychological technilques
have been used widely in 1low-back pain research 1n
industrial contexts in order to reduce the cost of the

low-back pain problem in industry (Troup and Edwards,



1985; Pheasant, 1991). An ergonomics approach has been
employed, particularly in high risk industries, 1in
assessing the load on the spine and in screening for
individuals at risk from 1lower back injury. Methods
employed 1include pre-employment strength testing to
select workers, 1improved Jjob design and the adoption of
training procedures (Chaffin et al., 1978; Westgaard and
Arras, 1985; Videman et al., 1989). Videman et al.
(1989) have shown that a training programme adopting
ergonomics and biomechanics principles could improve the
patient handling skills of student nurses. Nurses found
to have poor or bad patient handling skills were also at

greater risk of lower back injury than their more highly

skilled colleagues.

An analogous situation to that found i1n industry arises
in sport and exercise. Williams (1980) stated that
injury 1n sports and exercise was the result of specific
mechanisms which overload part or all of the body. The
overload 1in sport which causes 1lower back 1njury may
result from poor technique or 1inappropriate training
regimens. Identification of the tralning mechanilsms
overloading the 1lower back and causing injury, using a
multi-disciplinary approach, may provide information
which could be used to reduce the 1load on the spine.
Subsequently, alterations to exercise programmes could be
made to attenuate spinal loading, thereby reducing the

risk of 1low-back injury. The success of this approach
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was demonstrated 1in nurse training (Videman et al.,

1989). The adoption of an ergonomics approach to the

study of low-back pain in sports and exercise may offer

the greatest hope for future improvement in reducing the

injury problemn.

In recent years, positive health benefits have been shown
to result from regular participation in aerobic exercise
(Macleod et al., 1987). Two forms of exercise used to
promote aerobic improvements are running and circuit
welght-training (CWT). Either can overload the body and
result 1n maladaptations such as musculo-skeletal
symptoms or 1injury. Each has been associated with a high
prevalence of low-back pain among participants (Basford,
1985; Powell et al., 1986). If the mechanisms of
overload during these activities could be identified then

a means of reducing spinal loading could be developed.

White and Gordon (1982) saw a need for the measurement of
the load on the spine during occupational and lelsure
activities dufing which the spinal structures are loaded.
This could provide information on the relations between
such activities and the load imposed on the spine.
Alexander (1985) maintained that when more progress had
been made in determining the magnitude and direction of
forces which cause lower back trauma, it may be possible

to avoid injury by evading or reducing the forces.
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Alexander (1985) also emphasized the disadvantage of

using analysis "in vitro". Muscle, tendons and ligaments

surround the vertebral body "in vivo" which may cause the
anatomical structures such as the intervertebral disc to
behave differently to responses observed on cadavers.
The tolerance of these combined structures to loading may
be substantially higher than current stress tolerance
data would suggest. In this respect a technique for
assessing spinal loading by measuring spinal shrinkage in
Vivo, 1n response to loading, may have the advantage of

giving an accurate representation of the response of the

whole spine to stress.

The load on the spine during exercise and occupational
activities has been related to spinal shrinkage, using

recently developed apparatus (Reilly et al., 1984; Eklund

and Corlett, 1987). Such changes are proportional to
lumbosacral compression, perception of exertion and
levels of postural discomfort (Troup et al., 1985;

Corlett et al., 1987).

The use of spinal shrinkage to assess loading could have
important implications as part of an ergonomics
assessment of the 1load on the spine during aerobic
exercise. Identification of harmful mechanisms which
excessively load the spine during exercise would allow
their reduction or elimination. Pre- and post-exercise

procedures, normally used by athletes as part of a warm-
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up or warm-down regimen, could also be evaluated to

determine whether they attenuate or reverse spinal

loading. Following assessment of the effects of running
and CWT, 1t may be possible to alter the design of

training regimens in order to reduce overloading of the

lower back thereby reducing the risk of injury.

This study aims to evaluate the responses to the loads
imposed on the body during distance running and CWT using
an ergonomilcs approach. Epidemiological techniques will
be used to 1dentify the prevalence and incidence of 1low-
back paln among participants in these activities.
Physiological measurements and perceptual scaling
techniques, already applied successfully in industrial
contexts, will be used to monitor the strains placed on
the i1ndividual during these activities. The relationship
between spinal shrinkage and physiological and perceptual
responses to exercise will be examined. Regimens
designed to unload the spline post-exercise or attenuate
shrinkage during exercise will also be evaluated. The
relationship between spinal shrinkage and 1loading 1in
chronic low-back  pailn sufferers and asymptomatic
individuals will also be established. The ergonomics
approach proposed by Rellly (1975) can be adopted for the
assessment of stress during running and CWT. The
responses to loading are manifest in physical,
physiological and perceptual alterations and require

multi-disciplinary assessment of stress.
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1.4 EPIDEMIOLOGY

Epidemiology is the branch of science concerned with the
occurrence, transmission and control of epldemic
diseases. Epidemiological studies can provide information
on the distribution and cause of a condition in a
population. Data from such studies help in planning the

prevention and cure of the condition. Epidemiology

relies upon the attribution of a causal mechanism, or
mechanisms, to a particular disease. Once cause has been

established a ©prevention or cure can be evaluated

scientifically.

The rate of occurrence of an injury is the fundamental
concept of sports and exercise epidemiology (Clements et
al., 1981; Powell et al., 1986; Hoeberigs, 1992). Rate
of 1njury can be defined as the number of persons with an
injury (the numerator), divided by the population at risk
of 1njury (the denominator). The 1incidence rate 1is the
number of new injuries occurring duriling an observation
period, usually 12 months. The prevalence of a condition
refers to the total number of injuries obtalining over a
specified period of time, 1including existing conditions
and those newly occurring (Powell et al., 1986;

Hoeberigs, 1992).

In this theslis the occurrence of low-back pain and lower

back injury will be expressed as follows:-
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1) The prevalence of low-back pain refers to the

includes existing and new occurrences. In

particular the period prevalence of 12 months prior

to survey will be used.

during a 12 month time period. This value is
obtained by dividing the number of new cases
occurring 1in a given time by the number in the

sample of the population at risk of injury.
1.4.1 LOWER BACK INJURY IN SPORT

Sport and exerclse are stressful by thelr nature and
over-stressful activity may produce 1injury. . Since the
1970s' there has been an increase 1n the number of people
participating in sport and exercise. Consequently, this
has led to an 1ncrease 1n the number of sports related
injuries (Clement et al., 1981). Williams (1980) stated
that there were about 2 million sports 1njurlies per year
in the United Kingdom. Of these, 10% required the

injured party to take time off work.

Rove-e (1987) reported the findings of a survey of injury

statistics compiled at a University sports 1injuries
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clinic over a five year period. It was found that 5% of

all 1njuries were to the 1lower back. Thlis cannot be

back was the most common cause. Epidemiological data to

substantiate this claim were not presented.

The cumulative effect of spinal 1loading from exercise,

over a prolonged period of time, may have a deleterious

effect on the spine and lead to lower back injury. This
would fit in with the cumulative trauma model proposed as
the possible <cause of many of the back problems

assoclated with industrial work (Pheasant, 1991).

The adoption of an ergonomics approach to the study of
low-back pain 1n distance running and CWT includes
establishing aetiological factors (personal or
environmental) which predisposes the participant to low-
back pailn. Only then can alterations to exercise
programmes and education of participants to reduce the
potential of injury, take place. This objective may be
achievable using epidemiological surveys, 1n order to
determine the prevalence of low-back pain and establish

possible aetiological factors affecting the participants.
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1.4.1.1 LOW-BACK PAIN IN DISTANCE RUNNING

Distance running 1s a repetitive exercise and places
repeated stresses on the lower back and lower limbs. The
feet of the runner impact with the ground 800-2000 times
per mile (or 500-1200 times per km), 50-70 times per
minute, with a 1load equal to 1.6-2.3 times the body
welght at heel strike and 2.5-2.8 times body weight at
toe-off (Cavanagh and Lafortune, 1980; Munro et al.,
1987; Valiant, 1990). Ground reaction forces, which
reflect the acceleration of the head, trunk and limbs in
direct proportion to their mass, are transmitted through
the foot, leg and hip to the lower-back (Miller, 1990).
Spinal structures are compressed due to their role 1in
supporting the accelerating mass of the head, arms and
trunk. Injuries resulting from running are rarely
debilitating but do occur frequently to a large number of

people and therefore warrant attention.

Maughan and Miiler (1983) reported an increase 1n the
number of running related injuries coincident with the
increase in participation. There have been many studies
on the relationship between running and 1injury, but only
a few have adopted an epidemiological perspective. Data
collected on sports 1injuries are often taken from
clinical case-series reports which are numerator based
(Devereaux and Lachmann, 1980; Guten, 1980; Pagliano and

Jackson, 1980; Cannon and James, 1984). The advantages
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of the case-serles report are that they are simple to
implement, provide information on the relative frequency
of 1injuries and can estimate the total morbidity burden
on a health facility (Walters et al., 1985). Information
1s provided on the relative frequency of injuries, injury

history and mode of treatment.

Case-serles reports underestimate the level of injury in
a population because mild or moderate injuries not
presented 1n the clinic are excluded from the equation.
Walters (1985) compared this to the "iceberg phenomenon",
in which the greater part of the problem remains
undetected. Comparison of findings between case-studies
is 1likely to be compounded by biasing factors 1in
population selection, preventing comparability between

studies. The sample is therefore unrepresentative of the

whole population.

Case-series reports provide information of use to the
clinician in the management of the patient, but do not
aid the sports scientist, coach, clinician or athlete 1in
the prevention, cure or reduction 1injury. Case-series
‘studies cannot provide incidence rates of 1injury,
identify those at risk from injury, or establish risk
factors for injuries. The attribution of cause can only
be made after experimental study, or 1inferred from

epidemiological studles (Powell et al., 1986; Hoeberigs,

1992) .
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Brody (1980) analysed case-series data on 3 , 000 runners

that at some time 60% of them had an injury which
prevented them from running. Blair et al. (1987) sent a
questilonnalre concerning running related injuries, to

members of a fitness club who had run 10 or more mlles

(16 km) per week, 1n one or more weeks over a three month
period. Of the 720 people contacted, 438 (61%) responded
and the data collected were retrospective. Injury had
stopped 24% of the respondents from training for at least
one week over the 3 month period. Devereaux and Lachmann
(1983) reported the distribution of injuries among a
cross-section of athletes attending a sports injuries
clinic. They found that 19.8% of all injuries were
reported by middle-distance and long-distance runners and
10.1% of 1njuries to all athletes were to the lumbar
splne. Lower back 1njury accounted for 8% of all
injuries to short-distance runners and 6% of injuries to
long-distance runners. Long distance runners 1included
those 1n marathon, cross-country and orienteering events.
Short distance runners 1ncluded most other track
athletes, not just sprinters. This study adopted a case-

series approach so that the 1ncidence of lower back

injury cannot be ascertained from the data.

Most studies are 1n general agreement on the anatomical
distribution of 1njuries (ShL=2ehan, 1977; Brody, 1980;

Lutter, 1980; Maughan and Miller, 1983; Temple, 1983,



19

Blair et al., 1987). The majority of lnjuries are to the
kKnee 7joint (about 28%), the ankle (21%) and foot (18%)
(Table 2). Although 1njuries to the back constitute
around 6% of the distribution in these studies, some
studies (Sheehan, 1977; Brody, 1980; Temple et al., 1983)
failed to report the occurrence of lower back lnjury, so

that this figure is likely to be an underestimation.

The definition as to what constitutes an injury varies in
different studies. Koplan et al. (1982) wused a non-
medical definition of an injury relying on the runner to
report 1injury without guidelines. Lysholm and Wiklander
(1987) defined injury as that which reduces training for
at least one week and Blair et al. (1987) as that which
caused the athlete to stop training for at least seven
days. The 1ncrease 1in the severity of injury in these
three studies, prior to being called such, illustrates

how the definition of 1injury will affect the cited

incidence of injury.

Guten (1981) drew attention to the possibility of
misdiagnosis of low-back pain 1n runners, due to referral
of pain from the back to the knee. This would lead to an

underestimation of the incidence of back injury and an
over-estimation of the incidence of knee 1njury. This

also highlights the difficulty of accurately recording

epidemiological data.
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Table 2. Anatomical distribution of running injuries

Maughan + Blair

SheehanBrody Lutter Miller

Temple et al.

(1977) (1980) (1980) (1983) (1983) (1987)

Back ———- -——- 9.0% 3.0%  ---- 5%

Hip }

Groin } 10.1% ---- 120% 5.0% 3.5% 2%

Pelvis}

Thighs 7.5%  ---- ---- 5.0%  ---- }
110%

Hamstrings ——— ---- ---- 4.0% 54% }

Knee 23.2% 30.0% 29.0% 32.0% 24.8% 31%

Calf 7.0% 15.0% ---- 6.0 34% 11%

Shin 14.6% ---- ---- 6.0% 103% 11%

Ankle 19.1% 20% } ---- 23.0% 26.3% 15%

Y 50.0%
Foot 19.5% - } ---- 13.0% 263% 15%

In epidemiology it was important to define which events

are to be studied. In doling so it was not essential that

every researcher used the same definition, but the

definition should include details of the subject, the

injury, intrinsic (genetic) and extrinsic (environmental)
characteristics and, most importantly, the population
from which the sample 1s drawn (Powell et al., 1986;
Hoeberigs, 1992). The incidence of 1injury, the

prevalence of a condition, or the distribution of injury
may be influenced by a number of factors:- the choice of

of the non-

subjects dropping out survey;

sample;
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respondents to survey questionnaires; lack of selection

of the subject group; length of the observation period;
the definition of injury. In a review of factors related
to running injuries, Hoeberigs (1992) compared survey
techniques 1n 10 selected running surveys. It was shown
that the choice of subject group may affect the incidence
of 1injury. The 1ncidence of injury was found to be
higher among volunteers in supervised training programmes
(Pollock, 1977) when compared to those contacted by
mailing list, which are higher than in road race entrants
(Koplan et al., 1982). In a supervised training programme
it is possible to gain injury data on the whole sample.
Malling list surveys rely on the availability of runners
through organisations such as race event organisers, and
may not 1include injured and non-injured runners in a
population. Race entrants may not 1include all the

injured or unfit runners in a population. These factors

will distort the incidence of injury. Caution must be

exercised when comparing injury rates between different

studies.

Many intrinsic and extrinsic factors (Table 3) which may
contribute to musculoskeletal 1njurlies 1n runners have
yet to be investigated epidemiologically. The
"characteristics of runners" are' those over which the
physiological, anatomical and psychological factors, so-
called intrinsic  variables. These are largely

genetically determined and therefore outside the runners'
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control. However, the runner is able to control many
other factors 1including the "characteristics of running"

and the ‘'characteristics of the running environment"

which may predispose to injury. These are referred to as

extrinsic variables.

Table 3. Possible causes of musculoskeletal injury in runners

Characteristics Characteristics Characteristics of the
of runners of running running environment
Age Distance Terrain

Sex Speed Surface

Structural Stability Climate
abnormalities of pattern Time of day

Body build Form Shoes

Experience Stretching

Susceptibility Weight-training

Past injury Warm-up/cool-down

(Adapted from Powell et al., 1986)

Maughan and Miller (1983) noted that prior to the
popularization of distance running, the endurance races
were restricted to a limited number of athletes who were
well adapted to the stresses that such training and
racing impose on the body. Although it 1is possible to

complete a marathon course without training, safe,
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successful and relatively comfortable completion requires

a substantial degree of training. Small, graded

increases 1in stress produce physiological adaptations
(Powell et al., 1986). Longer and more intense exposure

may exceed the body's capacity to adapt and could result

ln injury. A large and relatively abrupt increase in the

and needs to be stressful enough to provide a training
stimulus. Excessively stressful or inappropriate training

could lead to "over-training" and cause damage or injury.

Pollock et al. (1977) used a prospective cohort design,
involving 70 men aged 20 to 35 years, in a 20 week
joggling programme. Subjects were assigned to groups
tralining three times per week for either 15, 30 or 45 min
per session, or to groups training 1, 3 or 5 times per
week. The exercise regimen consisted of jogging at 85-
90% of maximal heart rate. The 1incidence of 1njury was
found to be 22%, 24%, and 54% for the group training 15,
30 and 45 min, and 0%, 12% and 39% for the group training
for 1, 3 and 5 times a week. It was concluded that
greater frequency and duration of training are related to
an increased risk of injury. The higher injury rates with
a high training volume (mileage) adds credence to the

argument that 1ncidence of 1injury increases with an

increase in training mileage.
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The mileage run per week 1s the training variable most
frequently related to 1increased risk of injury (Pollock

et al., 1977; Koplan et al., 1982; Reilly and Foreman,

1984; Blair et al., 1987; Powell et al., 1986; Brunet et

al., 1990; Hoeberigs 1992). Rellly and Foreman (1984)
found two peaks of 1njury 1incidence, at training volume
thresholds of over 40 miles (64 km) per week and over 80
miles (128 Kkm) per week. The amount of training or
mileage does not account for all running injuries. It is
therefore 1important to use epidemiological techniques to
investigate alternative extrinsic and intrinsic factors
(Table 3), which may influence injury risk. Runners are
more also 1liable to 1injure a previously injured site
(Powell et al., 1987; Hoeberigs , 1992). This could be
because the 1initial cause of injury may remain or the

injury may not have healed to its pre-injured state.

Koplan et al. (1982) using a randomised trial design,
contacted 2,500 race entrants by postal questionnaire, 1n
order to collect details on their training habits and
injuries. The questionnaire was returned by 57% of
recipients. The incidence of injury was found to be 35%,
with a higher rate being associated with a higher weekly
mileage. Koplan et al. (1982) contacted non-respondents
to eliminate the possibility 6f skew due to their
omission. No significant difference was found 1n a random
sample of 138 non-respondents contacted by telephone.

This finding indicated that extrapolation to the whole
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population from the sample did not introduce bilas.
However, 1njurles to runners who did not enter the race

could not be taken 1nto account, which would reduce the

incidence rate.

The average weekly milleage undertaken by a typical

recreational marathon runner is 34 (17) miles or 55 (27)
km (Maughan and Miller, 1983). Elite performers may
regularly exceed 100 miles (160 km) per week. It has
been found that 58-77% of 1njuries to marathon runners
occur durlng training (James et al., 1978; Reilly and
Foreman, 1584; Maughan and Miller, 1983), and that one or
more training faults (such as excessive training mileage,
rapid change 1in routine, change 1in running surface) are

attributed to causing 72% of 1injuries (Lysholm and

Wiklander, 1987).

Brunet et al. (1990) 1nvestigated the patho1genesis of
running injuries 1in 1505 competitive and recreational
runners (1130 male and 375 female). They used a
retrospective cohort design, a 33-item questionnaire, 1in
which the runners were asked questions relating to their
training regimens, footwear, anatomical abnormalitles and
injuries. No details were given of the population from

which the sample was taken.

The runners were asked whether they experienced 1low-back

palin. The results showed a prevalence rate of 35% for
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male and 34% for female runners. When asked, 15% of male

and 11% of female runners reported being diagnosed as
having vertebral or disc problems. It was not indicated
whether these back complaints were related to running.
Injury was unrelated to body weight, height, foot type,
foot strike (forefoot or heel), frequency of running or
number of years running. Neither was there a difference
ln injury rate between those running primarily on asphalt
compared with concrete. Age was found to be positively
related to an 1increase in the reported number of hip,
foot and vertebral or disc complaints. This trend was
also typical in the non-running population. Injuries
were also unrelated to whether the runner never stretched

(1.e employed flexibility exercises), stretched before
running or stretched before and after running. It should

be noted that detalls of the muscles and tendons

stretched were not given. Inferences cannot be made

about the relationship between stretching, flexibility

and joint range of motion, without measuring flexibility.

A high weekly mileage was significantly related to an
increased prevalence of stress fractures, foot injury,
achilles injury and hip injury, but not to back injury 1n
men. Brunet et al. (1990) found that the prevalence of
low-back pain, vertebral or disc problems increased with
an increase 1n weekly mileage only in women. They also
found that 15% of men and 16% of female runners reported

a leg 1length 1nequality and this was significantly
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related to an 1increase 1n the number of reported stress

fractures (diagnosed by a doctor), hip pain, low-back
pain, vertebral and disc problems (diagnosed by a
doctor). Assessment of leg length inequality was not
made from anthropometric measures, but from responses to
the question: "Do you have a diagnosed 1leg 1length

discrepancy? a) No; b) Yes, 0-1 inch; c) greater than one

inch. Intra-observer error and reliance on self-

reporting of discrepancies by the runners will have

introduced errors into this response.

Lack of running experience may be a possible risk factor
predisposing to injury. Novice runners have poor
technique and little adaptation to the physiological and
mechanical stresses imposed by running. However, Koplan
et al. (1982) and Blalr et al. (1987) found no
relationship between risk of 1njury and the number of

years of running experience.

The "Characteriétics of running" (Table 3) also 1include
training activities supplementary to running such as
weight-training, stretching, and warm-up and warm-down
which may reduce the risk of injury. These adjuncts to
training could reduce injury by increasing joint
flexibility and stability, and altering muscle

temperature towards and optimal 1level (Powell et al.,

1986) .



28

Koplan et al. (1982) found that age, SeX, number of years

running experience, training intensity (indicated by mean

running speed) and body mass index (weight/height?) were

not independently related to incidence of injury. No

current data suggest that age or sex protects from or

leads to 1injury.

The risk of injury  may also Dbe affected Dby

"characteristics of the runner" (Table 3) which are

largely genetically determined. Individual
susceptibility towards injury is referred to as injury
proneness. Proneness could apply at a physiological,
psychological or biomechanical 1level. Powell et al.
(1986) presumed that such factors were related to
susceptibility, but found no evidence of such a
relationship in their review of epidemiological studies.
They highlighted individual "form" as a possible factor
in causing injury. However, "form" needs to *be defined
accurately before an investigation of this area 1s
possible. Lees (1988) hypothesised that ground reaction

forces 1n running may differ considerably within an

individual from test to test. This implies that running
"form" or technique may vary from day to day. If this
hypothesis were substantiated, then injury risk could in

fact vary on a day to day basis.

w"Ccharacteristics of the running environment" (Table 3)

may affect the probability of injury. The load on the
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body will vary according to the terrain over which

running takes place. The biomechanics of spinal loading

flat, uphill or downhill. However, Blair et al. (1987)

found no difference in incidence of injury between
runners who trained primarily on hilly and on level
terrain. Neither was there an association between
synthetic (running track) and road surfaces and injury
rate, or between time of day and injury rate. It 1is
possible that good quality footwear protects against
lnjury by providing support, stability and cushioning.
Poor quality footwear could contribute to injury risk,

but 1information is 1largely anecdotal (Blair et al.,

There 1s a paucity of demonstrable risk factors from
running injuries research, which  Hoeberigs (1992)
attributed to the relatively "young state" of running
epidemiology. Epidemiological research should |Dbe
directed towards obtaining information on extrinsic
factors, over which the runner has control, and the
effect that these have on the incidence of injury. If an
extrinsic factor is shown to increase the risk of injury,
the runner's training regimen could be altered to reduce
that risk. Such risk factors 1include frequency of
running and distance run, changes 1in weekly mileage,
speedr’ of running, warm-up and cool-down routines, running

surface, footwear and time of day. Comparison of injury
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rates between 1njured and uninjured runners may provide

important information as to the cause of an injury

problem and subsequently lead to prevention.

It has been demonstrated that studies of running related

injuries do not possess a standard format. The variables
under 1nvestigation 1in each study are not always
conslstent, neither are the designs of studies,
populations, the sampling methods and the time scales.
As a consequence when designing a study of running

injuries there 1is no single model to follow.

This study will use retrospective and prospective
eplidemiological survey techniques to determine the
prevalence and 1ncidence rates of 1low-back pain in
distance runners. The relationship between extrinsic
training variables and low-back pain will be explored, to
determine any 1link. The main extrinsic variables under
investigation are:- the number of runs per week; the
total weekly mileage; the number of miles per run; the
time taken for each run; the speed of running; the
distance of each run; the percentage of time spent
running at a steady pace; the percentage of time spent
running on the road; the number of hours spent running
each week; and the number of days spent running each
week. Attitudes towards training, warming-up, warming

down and injury will also be examined.
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1.4.1.2 LOWER BACK INJURY IN CIRCUIT WEIGHT-TRAINING

Circuit weilight-training (CWT) is wutilised for training
the oxygen transport system and for general training of
the musculoskeletal systemn. During CWT spinal 1loading
may cause almost pure axlal compression (e.g. when
performing an overhead press). Changes 1n the position
of the weight 1lifted and of the spinal column during
lifting will alter the degree of axial compression.
External forces may cause upper vertebral bodies to tilt
in relation to 1lower vertebral bodies and will impose
moments 1nducing torsion. For example, during a barbell
curl bending moments are caused by loading eccentric to
the centre of rotation of the vertebrae. These forces
will be associated with counter moments generated by the
spinal musculature to maintain posture or provide
movement. This could lead to large compressive forces on

the spine (Smith and Fernie, 1991).

The acute and chronic physiological responses to circuit
weight-training (CWT) have been documented by various
authors (Pollock et al., 1969; Pollock, 1973; Gettman et
al., 1978; Gettman and Pollock, 1981; Hempel and Wells,
1985) . However, there is a paucity of epidemiological
data on injuries resulting from CWT. Davies (1980)
stated that weight-lifting was responsible for
proportionally more back injuries than any other sport.

No data were presented to support the claim and the type
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of weight-training was not defined.

Basford (1985) defined six weight-training techniques:
Power 1lifting; Olympic weight-lifting; Body building;
Weight training; Conditioning; and Circuit weight-

training. In all of the weight-training activities

outlined the structure of the programme differs. This
applies 1n terms of repetitions, speed of 1lifting,
duration of training and equipment |used. These

technigques were described as follows:

1) Power 1lifting - a competitive form of 1lifting in
which training 1is aimed at producing a higher one
.repetition maximum (1 RM) 1lift. Three lifts are
involved: the bench press, squat and deadlift.

ii) Olympic weight-lifting - a competitive form of
lifting in which training is aimed at improving the
maximum lift, performed once, the so-called one

repetition maximum (1 RM) 1lift. Two 1lifts are used:

the clean and jerk and the snatch.

iii) Bodybuilding - a form of training 1in which the
object is to "sculpture" the body by inducling muscle
hypertrophy. The development of strength 1s not an
object of training but occurs in the process of
training.

iv) Weight-training - a supplementary activity used by

sports people, whose primary interest is in training

for their sport  rather than for strength

improvements per se.
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V) Conditioning - '"body conditioners" may not Dbe
involved 1n other sports, use 1lighter welghts than
body bullders and 1lifters. They are more
inconsistent 1in their routines, and are less likely
to have had formal tralning than their counterparts
1n other categories (Basford, 1985).

vli) Cilircult weight-training is used with the intention
of stimulating an aerobic training effect, though
strength changes commonly ensue. The physiological
effects of CWT and the methods of training involved

are discussed 1n more detail in Section 6.4.

Case-seriles reports provide the bulk of the information
relating to injury resulting from weight-training. The
populations from which the data are drawn, the 1injuries
sustained and the methods of weight-training are often

poorly defined.

Billings et al. (1977) studied 100 men and women Wwho
attended a sports injuries clinic, having developed low-
back pain from a sports injury. They found that weight-
training was the single most common cause of lower back
injury, accounting for 38% of all training injuries.
Back injury restricted performance 1in 34% of all cases
and prevented training in 51% of the athletes, prior to
treatment. Almost half of the cases reported (49%) were

new episodes of back pain. ' The remainder were recurrent

injuries. Of the 51 athletes with a history of low-back
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pain, 37 were previous sport-related injuries. The

intervertebral disc was implicated in 64% of diagnoses.

Cannon and James (1984) studied 197 patients attending a
sports 1njurles clinic over a four year period. The
study arose from observations that increasing numbers of
people were attending the clinic suffering from low-back
pain, an 1ncrease from 2% in 1978 to 8% in 1981.
Mechanical 1low-back pain, prolapsed intervertebral disc
and degenerative changes were diagnosed as Dbeing
responsible for 68% of these injuries. It was found that
low-back pain symptoms lasted for an average of 41 weeks.
If the group was split i1into acute and chronic sufferers,
the mean durations were 13 weeks and 58 weeks
respectively. This 1llustrates that even though the
absolute number of cases presented was small, low-back

pain had significant consequences for the sufferer, 1in

terms of the length of the recovery period.

Basford (1985) maintained that mild low-back paln was a
complaint that was occasionally present in most welght-
lifters, although the term '"weight-lifter" was not
qualified. The most frequent cause of 1njury was
reported to be incorrect training techniques producing
hyperextension of the lumbar spine, though no data were
provided to support this argument. Basford (1985)
claimed that if poor technique was th2 cause of injury,

this should be rectifiable by modifying training.
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Brady et al. (1982) described injuries related to welight-
training 1in 80 high school athletes, who presented
themselves for medical treatment over a four year period.
The mean age of the athletes was 15.8 (range 13-19)
years. In 37 of the athletes, injury could have been
caused by an alternative sporting activity. In the
remaining 43 athletes, weight-training was the only
likely causal factor. Twenty-nine of the athletes had

lumbosacral pain. Seven of these required hospital

treatment and four needed surgery.

Brady and colleagues (1982) claimed that their review of
80 cases "demonstrated a significant incidence of injury
due to welight-training programs". This is an unwarranted
conclusion as no data were given on the population

denominator from which this sample of athletes was drawn
was given. If, for example, the total population of
athletes 1nvolved 1n weilght-training was 80 and the
number reporting injury was 80, the 1incidence rate over
the four year period would have been 100%. If the number
of athletes 1nvolved 1in trailning was 8000 and the number
reporting injury was 80, the incidence rate would have
been 1% over the same period of time. The total
population to which the weight-trainers belonged, which
would include 1injured and uninjﬁred trainers was not
presented. Therefore, it is not possible to predict the
incidence of injury among the athlete population from the

data on 1injured athletes without reference to those
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uninjured.

et al. (1982) observed that the vast majority of injuries

preclise time of  onset. This obviously 1leads to
difficulty 1in assigning mechanisms which cause injury.
It also highlights the wusefulness of eplidemiological
techniques which allow the analysis of possible

assoclations between aetiological factors and injury.

The authors associated a particular design of weight-
training apparatus, designed to increase vertical Jjump
height, with an abnormally high proportion of lower back
lnjuries. Adopting a squatting posture, the athletes
place their shoulders in a harness attached to a load and
thrust upward. The assumption that this apparatus
excesslively loaded the spine may be valid but can not be
substantiated by the case-series method of data
collection alone. A survey of 402 institutions showed
that 71% of the 349 which responded used this type of
apparatus. No comparative data were given on the
availability and usage of other weight-training systens.
Nor were data on the relative and absolute amount of time
injured and uninjured athletes used the system presented.
The denominator varliable was again absent from the
calculation. Therefore 1t was not possible to atiribute

relative and absolute risk of lower back injury to use of
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this type of apparatus.

Brady et al. (1992) concluded that it was not
"epldemiologically necessary to wait for an epidemic
before reporting the trend of welght-training injuries".
It 1s epidemiologically necessary to include the
population denominator in the reporting of incidence of
lnjuries attributable to weight-training. Without this
essential information trends and epidemics cannot be

identified.

Marcinik et al. (1987) compared the sprain and strain
injury rates during aerobic/calisthenic (ACAL; n=722) and
aerobic/circuit weight-training (ACWT; n=447) programmes.
The subjects were Naval recruits undergoing 8 weeks basic
training, and were randomly assigned to each group. The
ACAL group performed sit-ups, push-ups, flutter-kicks,
"8-count body builders", and jumping jacks (no details of
the actual techniques were given). The ACWT routine
comprised the bench press, shoulder press, hip-flexor,
knee extension, pull-up, arm curl, latissimus pull-down,
leg-press, arm dip and 1inclined sit-ups, performed on
multi-station apparatus. Two circults were performed at
60% 1 RM, with work:exercise periods of 15 s : 15 s. The

aerobic exercise consisted of running and was identical

for both groups.

There were 138 1njurles in the 8 week period. The ACAL
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routine caused 98 of these injuries and the ACWT routine
40. Lower back 1njury accounted for 12% of the total
injuries, the ankle and foot 56.5%, the knee and leg
27.5% and the shoulder and arm 7.2%. A chi-squared
analysls showed that this difference was attributable to
more foot and ankle 1njuries in the ACAL group (63/98)
compared with 15/40 in the ACWT group. The ACAL routine
caused 7 lower back 1njuries out of a total of 98
injuries, whereas the ACWT routine caused 5 lower back
lnjuries 1in a total of 40, this difference being non-
significant. It is not po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>