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Summary

Many people are afflicted one or more times in their life by back problems that remain for
an extended period of time. A large majority of all prolonged or chronic back problems are
non-specific. This means that the cause of the problems cannot be determined, not even
with advanced magnetic resonance imaging (MR) technology. The physical inactivity often
resulting from chronic back problems has not been shown to improve pain or back function.
On the contrary, inactivity has been shown to have harmful physical and psychological
effects. There are growing indications that the best way in which to alleviate pain and
improve function if there is no definitive cause of the chronic back problems that can be
diagnosed with traditional methods is to return to as normal physical activity as possible
despite the problems. Attempting to normalise physical activity is also sufficient for the
majority of specific back problems. An increase in physical activity may involve a return
to daily activities such as walking and domestic chores and have the objective of miti-
gating a “fear of movement”. Normalisation can then be followed by gradually intensi-
fying strength and aerobic fitness training.

Definition
Diagnosis — based on symptom duration

Lumbar spine problems can be defined in many different ways. Based on the duration of
the symptoms, back problems are described as acute, subacute or chronic (1, 2). Since
“chronic” suggests an incurable condition, which is seldom the case with back prob-
lems, the term is directly misleading and tends to stigmatize the patient (3). The boundary
between acute, subacute and chronic problems has to-date been considered to be around
3 months (1). However, there are growing indications that the term “chronic” can and
should be applied considerably earlier. One reason for this is that the changes that were
previously considered to constitute, and respectively define, the transition to chronic back
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problems can be observed earlier than previously expected. Major population studies
carried out in recent years have shown that back and neck problems are characterised by
frequent relapses (4—7). It appears to be increasingly clear that back and neck problems
often tend to become chronic. Most people have mild to moderate symptoms and a typical
progression appears to involve symptoms that fluctuate between periods of few symptoms
and periodic deterioration where pronounced problems are relatively rare (4).

Diagnosis — based on symptoms

Regardless of duration, problems in the lumbar region can be divided into three symptom
groups. The various symptoms may occur separately or in combination (2, 8, 9). The three
main symptoms are:

1. Lumbago. Symptoms are called lumbago when back pain is located somewhere
between the lower ribs and gluteal folds on the back of the thighs. The symptoms are
still called lumbago even in the somewhat common case that the pain radiates down
along the back of the thigh, as far down as the knee joint.

2. Sciatica. Symptoms are called sciatica when the pain extends along the innervation
area of the sciatic nerve, i.e. the area served by the sciatic nerve. Sciatica pain is often
accompanied by an impact on both sensitivity and motor functions. By definition,
sciatica means that one or more of the L5, S1 and/or sometimes S2 nerve roots signal(s)
symptoms along its or their distribution area.

3. Neurogenic claudication. Symptoms of neurogenic claudication include pain and
motor and/or sensory effects, which typically present themselves with a certain phys-
ical activity, usually walking a certain distance or assuming a certain body position
(10). Symptoms most often occur along the distribution area of the sciatic or femoral
nerve. The pain typically subsides when the individual rests or changes body position.

All three symptoms may occur with both acute and chronic back problems.

Diagnosis — based on causes

When the cause of back problems can be determined, such as by means of a clinical exami-
nation and/or radiographs or magnetic resonance imaging, the problems are classified as
specific, regardless of the type of symptoms. Consequently, back problems without a diag-
nosable cause are called non-specific (2,9, 11, 12).

Of acute back problems, 90-95 per cent are considered to be non-specific. The
percentage of specific back problems increases with the duration of the problems. After
around three months, one third of all back problems are estimated to be specific. The exist-
ence of specific problems is considered to have a negative effect on the prognosis for
improvement on the short term. It is also relatively typical that the onset of non-specific
symptoms is most often more acute, such as the onset of lumbago, than specific symptoms,
where a more prolonged onset is considered to be more common.
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Regardless of whether symptoms are specific or non-specific by nature, they can be the
same, i.e. lumbago, sciatica or claudication (9). However, symptoms of sciatica or clau-
dication occur significantly more often in specific back problems. It can generally be said
that a specific treatment most often exists for specific symptoms, which is not the case
with non-specific symptoms.

Causes of specific chronic back problems

There are a number of causes of specific back problems. The most common causes of
specific chronic back problems are:

1. Disc hernia. A lumbar disc hernia arises when tissue from the disc’s core (nucleus
pulposus) protrudes between or through the peripheral part of the disc (annulus fibrosus)
and causes pressure on one or more of the nerve roots in the spinal cavity. The pressure
on the nerve root leads to pain along the compressed nerve root and also usually in the
lumbar region, i.e. lumbago. The occurrence of symptom-inducing disc hernia is diffi-
cult to determine. It has also been shown that nearly 2/3 of the normal adult population
have asymptomatic disc hernias that are visible with magnetic resonance imaging (13).
The prevalence of sciatica, most likely caused by a disc hernia, varies between 3 to
5 percent (1).

2. Spinal stenosis and disc hernia are the most common causes of specific problems in the
lumbar region. Classic symptoms include neurogenic claudication, i.e. activity or posi-
tion-induced pain along the sciatic nerve. Spinal stenosis is caused by a “narrowing” of
the spinal canal or the so-called spinal nerve root canals. The narrowing of the actual
spinal canal is called central spinal stenosis while the narrowing of the nerve root canals
is called lateral spinal stenosis. Typical symptoms arise in connection with e.g. walking
or special body positions, usually those that lead to an extension of the lumbar region,
and in connection with activities or positions that aggravate the compression of the
nerves in the spinal canal. The narrowing or compression of the cauda equina is in
turn caused by a degeneration of the tissues that make up the joint systems between
adjacent vertebrae (10). These degenerative changes usually develop gradually over
several years and can eventually lead to a compression of the nerve roots in the cauda
equina (14). When walking, for example, the pressure rises and characteristic symp-
toms, neurogenic claudication, appear. Symptoms of compression become apparent
when the nerve roots in cauda equina have less space than 0.75 cm? (15).

3. Spondylolisthesis. Also referred to as isthmic spondylolisthesis, i.e. a defect usually
found in the fifth vertebral arch of the lumbar vertebra. Spondylolisthesis is a forward
slippage of a vertebral column usually above the most proximal end-plate of the sacral
vertebra. The slippage is considered to be of clinical relevance, meaning that it causes
symptoms, only when it amounts to at least 25 per cent of the subadjacent vertebral end-
plate. Characteristic symptoms include pain in the lower lumbar region, which often
radiates along the back of the thighs down towards the knees, affecting the walking
pattern (16, 17).
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4. Pronounced instability. Often characterised by a pronounced degeneration of the
relevant intervertebral joint. The term intervertebral joint refers to the joints between
two vertebrae comprised of the disc and the two facet joints. A marked degeneration
leads to a lower disc height and usually pronounced changes in the form of facet joint
osteoathritis. This can cause an abnormal forward or backward slippage between adja-
cent vertebrae. Pronounced instability is usually suspected if distinct pain is induced by
movements of the back, at certain positions or a sudden movement (18). This diagnosis
is still controversial and, consequently, so is its correlation to back problems. In what
is presumed to be pronounced instability, examinations with special technology have
not been able to show any increased flexibility, but rather back muscle activity that has
been interpreted as a defensive response by a painful intervertebral joint that is more
indicative of a segmental disorder rather than instability (19, 20).

5. Inflammatory back disorders. Back problems can be caused by various types of inflam-
matory diseases such as Mb Bechterew. Pain is most often felt in and along the entire
spine. In typical cases, pain arises both under strain and at rest, such as at night time.

6. Ostoeporotic fractures. Osteoporotic fractures occur in the spine in the form of verte-
bral compressions. Osteoporotic fractures are usually found between the thoracic
spine and lumbar spine, i.e. in vertebrae Th12 and L1. To-date, the progression has
been considered to be benign, i.e. a good prognosis in terms of subsiding pain and
improvement in back function. However, recent studies of the natural progression of
fractures appear to contradict this anticipated good progression. A very large propor-
tion of patients with a fresh vertebral compression have proven to continue to have
pronounced pain, poor back function and, as a result, a greatly reduced quality of life
for at least 12 months after the fracture (21).

It is important to remember that specific changes may occur without giving rise to symptoms.
As previously mentioned, this is particularly true of herniated discs (13). The spinal changes
must correspond with the symptoms for the symptoms to be described as specific.

A large number of changes visible on radiographs or deviations from the “norm” have
long been considered to possibly be the cause of both acute and chronic back problems.
Most of these changes and abnormalities have been able to be dismissed as clinically
insignificant, meaning that they have no correlation to the occurrence of back problems
(22,23).

Back pain

Pain, particularly chronic pain, is often very complicated and remains a reaction that is
difficult to explain, in which emotional and psychosocial factors play a role, creating large
differences both within each individual and between individuals (11, 24).

In order for the pain of lumbago to arise, peripheral nerve endings or nociceptors must
be activated by mechanical, chemical, thermal or inflammatory stimulation or what is
otherwise referred to as nociceptive stimuli. Nociceptors normally have a high stimula-
tion threshold, which means that they are not triggered to signal pain by normal stimuli,
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such as light pressure from touch, etc. Nociceptors are found in essentially every tissue
that surrounds or forms the human spine (25). In terms of the actual disc, nociceptors
have been observed in the peripheral parts of annulus fibrosus. The core parts of the disc
constitute an exception where no nociceptors have been found. Although still subject to
debate, it has been reported that nerve endings, and thereby the possibility of nociception
or pain signal transduction, can be developed in a degenerated, aged disc. Nerve endings
have been detected in severely degenerated discs (26). These nerve endings have been
assumed to have “entered” the disc in connection with the formation of scar/connective
tissue as a result of degeneration (27, 28). This “immigration” may come from the verte-
bral body end-plates and underlying spongy (porous) bone which are both full of nocicep-
tors (29). Nerve endings are also found in blood vessel walls, as well as all of the muscles
surrounding the spinal column.

Experimental studies have shown that there is feedback from the pain transduction
neuron to the motor nerves, i.e. that a nociceptive stimuli in the annulus fibrosus triggers
a contraction of the the back muscles (30, 31). This would very likely explain the active
contraction of back muscles so often observed with acute back problems. It is not unlikely
that essentially the same mechanism would also explain the prolonged back muscle
contractions seen in individuals with chronic back problems (20). However, recent experi-
ments have also shown that a damaged annulus fibrosus has a segmental muscle influence
that implies a reflex inactivation of, for example, the multifidus muscles (31).

A prolonged muscle contraction could be facilitated by fear, not least the fear of more
pain as a consequence of moving. Consequently, the contraction itself could be the main
cause of the back pain, even long after the initial pain-inducing nociceptive stimulation
has healed (usually within 2—3 days) (4, 7).

In addition to mechanisms that promote the transmission of pain impulses, there are
also dampening or inhibiting mechanisms in the spinal cord and brain stem (32). Among
the latter are endogeneous opiates or endorphins, as well as transmission substances such
as noradrenalin and serotonin. It is via the endorphins, among others, that a positive corre-
lation has been presumed to exist between physical activity and its influence on pain, such
as in chronic back problems.

Because all tissue components are equipped with nociceptors, with the exception of
the disc’s core, all of them at least have the prerequisites to signal pain, either separately or
collectively. Hypothetically, non-specific back problems can thereby conceivably be caused
by nociceptive stimuli (pain due to damaged or irritated tissue) generated by all of the tissue
components of the back, i.e. the tissue of bones, ligaments, tendons, discs, muscles, vessels
and/or nerves in and around the vertebral column. Accordingly, conceivable damage or
mechanisms that can generate a nociceptive stimuli could, for example, be:

1. Internal tears or ruptures in the annulus fibrosus with penetration of the nucleus mate-
rial into the annulus (33).

2. Microfractures in vertebral end-plates and/or surrounding spongy bone with inflamma-
tion/oedema in the spongy bone (34-36).

3. Tears or ruptures of vertebral column tendons (37).
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4. Tears or ruptures of facet joint capsules.
5. Inflammatory reactions in facet joints and synovial membranes.
6. Tears and other changes in the spinal muscles.

Common to all of these conceivable changes or damage as causes of back problems is that
they cannot be diagnosed using the methods and technology available at the present time (2).

Disc degeneration

Disc degeneration is the name for the degenerative changes that occur in the disc with
increasing age. The first signs of degenerative changes in the disc appear as early as
adolescence (38). The degree of degeneration varies greatly from individual to individual
(39-41). Early signs of disc degeneration are a loss of water in the tissue and tears of the
annulus fibrosus (29). Over time, pronounced degenerative disc changes will lead to a
decreased disc height. These changes affect the mechanical characteristics of the disc.

In a review of evidence on the correlation between physical load and degree of disc
degeneration, several extensive post-mortem studies confirmed that between 72 and
90 per cent of all 70-year-olds have degenerative changes, but that those in women are less
pronounced (42). Another clinical radiology study involving more than 15,000 patients
confirmed that men have degenerative changes more frequently than women and that the
men’s changes were also more pronounced. However, no correlation was found between
heavy physical work and the occurrence of these degenerative changes (8). Another radi-
ology study confirmed that a reduction in disc height was not correlated with occupa-
tional category or the occurrence of lifting in the work or professional exposure to full-
body vibrations (22). In two Finnish studies, there was an increased prevalence of disc
degeneration among elite athletes who were exposed to extreme physical loads. However,
the studies also report that, in spite of being subjected to an extreme load for more than
20 years, sometimes with injuries, only 10 per cent of the degeneration could be explained
by the extreme physical load. In contrast, a 5-year follow-up study using magnetic reso-
nance imaging showed that low physical activity was one of the risk factors for accelerated
development of disc degeneration (39). In another Finnish study of identical twins, no
statistically significant correlation could be established between the degree of occupa-
tional physical exposure and the prevalence of disc degeneration (41, 43, 44). Heredity
was by far the most important factor that could explain the degree of degeneration in these
identical twins.

Effects of chronic back problems

Chronic back problems and the physical inactivity that they cause not only negatively
affect the back itself, but also the entire body. Early on, it was possible to use measure-
ments of bone mineral density in the vertebral column to show that the bone mineral
content in the vertebrae was lower, the longer the back problems had been present (45—47).
Because bone mineral content is without comparison the factor that means the most to the
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strength of a vertebra, a lower bone mineral content means weaker vertebrae. Besides the
actual bone, a low bone mineral content in the spine has also been shown to reflect weaker
tendons, ligaments and other soft tissues of the back (37, 48).

Chronic back problems also have a negative effect on the back muscles. This has been
shown in repeated studies of the back muscles. Using computed tomography or magnetic
resonance imaging, it has been possible to identify spinal muscular atrophy in individuals
with chronic back problems (49-53). Experimental studies have found back muscles to
be negatively affected only a few days after minor damage to e.g. the annulus fibrosus
(31). The muscle changes observed suggest that reflex inhibition may be one of several
conceivable causes of the inactivity changes resulting from back problems. Worse func-
tional characteristics of the muscles have also been indirectly found in the form of reduced
strength, endurance, etc. (54, 55).

Besides the direct negative effects on the various tissues of the spine, chronic back
problems have been shown to have general effects in the form of reduced fitness, over-
weight, etc. (54) In this context, it deserves mentioning that although the negative phys-
ical effects of chronic back problems are considerable, the negative psychosocial effects,
which often cause e.g. a lack of self-confidence, social isolation and exclusion, are usually
at least just as serious (1, 56-59).

Effects of physical activity

Several randomised controlled studies have shown that the advice to patients with acute or
chronic back problems to “be as normally physically active as possible” despite the prob-
lems is a treatment that improves pain, functional ability and, where relevant, the capacity
to work as well (60-63).

When the scientific evidence for or against the effect of back and/or aerobic fitness
training was evaluated a few years ago in the SBU report “Back pain, neck pain”, it was
confirmed that there was strong evidence that back training has a positive effect on chronic
back problems (1). The most commonly studied back training methods are flexion and
extension exercises, and the training of back, neck and abdominal muscles. The muscle
training methods have commonly been dynamic, static or focused on increasing endur-
ance (64—66).

For most people, walking or jogging with varying intensity is the most common and
most readily available way of improving their aerobic fitness on their own (67). For others,
swimming or cycling might be preferable or even a requirement to be able to exercise at
all. The latter may, for example, apply to people with spinal stenosis or other specific back
problems, where the space in the spinal canal is restricted, such as in spondylolisthesis.
Cycling, which usually involves bending forward, is often a symptom-free exercise for
people with spinal canal compression. Preparation studies have shown that the space in the
spinal canal increases by around 40 cm? when the lumbar spine is moved from maximum
backward to maximum forward position, which would probably explain the positive
effects of cycling (68).
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The direct effects of aerobic training on back problems have not been completely estab-
lished. One conceivable pain-inhibiting effect may be through the effect of exercise on the
body’s endorphin production. The movement of the spine when walking or jogging may
also contribute to the essential metabolic transport into and out of the relatively avascular
middle vertebral plates (discs) (69). Metabolites that could affect the induction of pain
in the periphery of the disc could thereby be transported away (33). A generally posi-
tive effect on both pain and function of physical activity compared to inactivity has been
confirmed in many studies of chronic back problems (70, 71).

By drilling a metal pin into the spinous process and then attaching an accelerometer
on test subjects and asking them to walk or run in place, it was confirmed that there is
very little effect on the lumbar spine from the impact generated by walking or running
(72). The conclusion from these studies is that the load on the lumbar spine when jogging
at a moderate pace is only marginally elevated compared with standing still or walking.
Consequently, walking or jogging at a moderate pace should not cause any harmfully
elevated load on the spinal column.

Perhaps the most important effect of various training methods and exercises is prob-
ably the activating effect that they have on contracted and probably painful back muscles,
as well as counteracting or breaking down the fear of movement that individuals with
chronic back problems have (20, 60).

The old expression “everything in moderation” may also be applicable to back prob-
lems since there appears to be an elevated risk of back problems among those who are very
physically active, at least among young people.

Indications

Non-specific and most specific chronic back problems.

Prevention

The vast majority of people suffer from back pain at some point in their lives. The degree of
discomfort can vary from slight discomfort to distinctly severe pain. One or more episodes
of slight or moderate back problems are usually forgotten before long. Consequently,
determining whether a preventive measure should be classified as primary or secondary
is often both impossible and not very meaningful. There are few studies that clearly show
a preventive effect from various physical activities and a reduced incidence of back prob-
lems (50, 73). At least the number of studies that have not been able to indicate any preven-
tive effect or even a negative, aggravating effect are not fewer in number than those with a
positive effect (74, 75).
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Prescription

The principal advice to most patients regardless of whether the problems are acute or
chronic is to be “as normally physically active as possible” despite the problems. The
severity of the symptoms should determine the pace that the normalisation of the physical
activity should and can have. If the symptoms are of a non-specific nature, there are, by
definition, no tissue-related changes that would constitute a contraindication of a rapid
normalisation of physical activities. In such cases, the only limitation may possibly be
the hypotrophy or atrophy caused by the inactivity. Strongly emphasizing the fact that no
tissue damage could be located and that, consequently, no “dangerous” injury or change
exists can be a strong motivating factor for the individual to achieve a normalisation of his
or her level of physical activity. In the event of a pronounced fear of movement, a gradual
normalisation of physical activity can be tried, possibly with well-defined intermediate
objectives.

In case of specific problems such as spinal stenosis or symptom-inducing disc hernia,
the activity level must be adapted to the presence of symptoms, especially nerve root
damage. In many cases, perhaps especially with spinal stenosis where normal walking
is more difficult or impossible, cycling may be a good alternative in order to maintain a
certain level of physical activity.

Examples of suitable early activities to return to normal physical activity include light
household work, walking, cycling, etc. For most people that do not have an extremely
physically challenging job, early occupational training or a partial return to work is a very
important step towards a normalisation of physical and, perhaps just as important, social
activity. Once symptoms have subsided, individual training advice is particularly impor-
tant for those who have not previously trained e.g. their back and abdominal muscles.

Contraindications

Absolute contraindications include certain specific types of chronic back problems, such
as those caused by a tumour, metastasis or fracture and where the stability of the spine is
endangered by a normal load.

Relative contraindications may exist with certain types of specific chronic back prob-
lems, such as spinal stenosis, a herniated disc or spondylolisthesis. Intensifying nerve root
effects in the form of pain or another nerve effect radiating down the leg indicates that the
pressure on the nerve root(s) is increasing and that there may be a risk of more pronounced
nerve damage.

Risks

See above.



18. BACK PROBLEMS (CHRONIC) 251

References

1.

10.

11

13.

14.

15.

16.

17.

Jonsson EN, Nachemson A. Ont i ryggen, ont i nacken [Back pain, neck pain] SBU-
rapport [SBU-Report] Volume 145. Stockholm: SBU; 2000.

Hansson T, Westerholm P. Arbete och besvér i rorelseapparaten. [Work-related
musculoskeletal disorders] Arbete och Hélsa [Work and Health] Volume 2001:12
Stockholm: National Institute for Working Life; 2001.

Holloway I, Sofaer-Bennett B, Walker J. The stigmatisation of people with chronic
back pain. Disabil Rehabil 2007;29:1456-64.

Cassidy JD, Cote P, Carrol LJ, Kristman V. Incidence and course of low back pain epi-
sodes in the general population. Spine 2005;30:2817-23.

Walker BF, Muller R, Grant WD. Low back pain in Australian adults. Prevalence and
associated disability. ] Manipulative Physiol Ther 2004;27:238-44.

Thlebaek C, Hansson T, Laerum E, Indahl A, Holm S. Prevalence of low back pain and
sickness absence. A “borderline” study in Norway and Sweden. Scand J Public Health
20006;34:555-8.

Carroll LJ, Cassidy JD, Cote P. The Saskatchewan Health and Back Pain Survey. The
prevalence and factors associated with depressive symptomatology in Saskatchewan
adults. Can J Public Health 2000;91:459-64.

Friberg S, Hirsch C. Anatomical and clinical studies on lumbar disc degeneration.
1950. Clin Orthop Relat Res 1992;279:3-7.

Deyo RA, Rainville J, Kent DL. What can the history and physical examination tell us
about low back pain? JAMA 1992;268:760-5.

Schonstrom NS, Bolender NF, Spengler DM. The pathomorphology of spinal stenosis
as seen on CT scans of the lumbar spine. Spine 1985;10:806-11.

. Waddell G. Subgroups within “nonspecific” low back pain. ] Rheumatol 2005;32:395-6.
12.

Krismer M, van Tulder M. Strategies for prevention and management of muscu-
loskeletal conditions. Low back pain (non-specific). Best Pract Res Clin Rheumatol
2007;21:77-91.

Boos N, Rieder R, Schade V. 1995 Volvo Award in clinical sciences. The diagnostic
accuracy of magnetic resonance imaging, work perception and psychosocial factors in
identifying symptomatic disc herniations. Spine 1995;20:2613-25.

Schonstrom N, Bolender N, Spengler D, Hansson T. Pressure changes within the cauda
equina following constriction of the dural sac. An in vitro experimental study. Spine
1984;9:604-7.

Ogikubo O, Forsberg L, Hansson T. The relationship between the cross-sectional area
of the cauda equina and the preoperative symptoms in central lumbar spinal stenosis.
Spine 2007;32:1423-8, discussion 1429.

Frennered AK, Danielson BI, Nachemson AL. Natural history of symptomatic isth-
mic low-grade spondylolisthesis in children and adolescents. A seven-year follow-up
study. J Pediatr Orthop 1991;11:209-13.

Danielson B, Frennered K, Irstam L. Roentgenologic assessment of spondylolisthesis.
I. A study of measurement variations. Acta Radiol 1988;29:345-51.



252 PHYSICAL ACTIVITY IN THE PREVENTION AND TREATMENT OF DISEASE

18. Pitkanen MT, Manninen HI, Lindgren KA, Sihvonen TA, Airaksinen O, Soimakallio
S. Segmental lumbar spine instability at flexion-extension radiography can be predict-
ed by conventional radiography. Clin Radiol 2002;57:632-9.

19.Kaigle AM, Holm SH, Hansson TH. Experimental instability in the lumbar spine.
Spine 1995;20:421-30.

20. Kaigle AM, Wessberg P, Hansson TH. Muscular and kinematic behavior of the lumbar
spine during flexion-extension. J Spinal Disord 1998;11:163-74.

21. Suzuki NO, Ogikubo O, Hansson T. The prognosis for pain, back funtion and QoL
after an acute osteoporotic vertebral fracture. ISSLS 34th annual meeting. Hongkong
2007.

22. Frymoyer JW, Newberg A, Pope MH, Wilder DG, Clements J, MacPherson B. Spine
radiographs in patients with low-back pain. An epidemiological study in men. J Bone
Joint Surg Am 1984;66:1048-55.

23.Boos N, Semmer N, Elfering A, Schade V, Gal I, Zanetti M, et al. Natural history
of individuals with asymptomatic disc abnormalities in magnetic resonance imaging.
Predictors of low back pain-related medical consultation and work incapacity. Spine
2000;25:1484-92.

24. Linton SJ. Do psychological factors increase the risk for back pain in the general popu-
lation in both a cross-sectional and prospective analysis? Eur J Pain 2005;9:355-61.
25.Brown MF, Hukkanen MV, McCarthy ID, Redfern DR, Batten JJ, Crock HV, et al.
Sensory and sympathetic innervation of the vertebral endplate in patients with degen-

erative disc disease. J Bone Joint Surg Br 1997;79:147-53.

26.Johnson WE, Evans H, Menage J, Eisenstein SM, El Haj A, Roberts S. Immuno-
histochemical detection of Schwann cells in innervated and vascularized human
intervertebral discs. Spine 2001;26:2550-7.

27.Freemont AJ, Peacock TE, Goupille P, Hoyland JA, O’Brien J, Jayson M. Nerve
ingrowth into diseased intervertebral disc in chronic back pain. Lancet 1997;350:
178-81.

28. Roberts S, Eisenstein SM, Menage J, Evans EH, Ashton IK. Mechanoreceptors in interver-
tebral discs. Morphology, distribution and neuropeptides. Spine 1995;20:2645-51.

29.Roberts S, Evans EH, Kletsas D, Jaffray DC, Eisenstein SM. Senescence in human
intervertebral discs. Eur Spine J 2006;15 Suppl 3:S312-6.

30. Indahl A, Kaigle AM, Reikeras O, Holm SH. Interaction between the porcine lumbar
intervertebral disc, zygapophysial joints and paraspinal muscles. Spine 1997;22:2834-40.

31.Hodges P, Kaigle Holm A, Hansson T, Holm S. Rapid atrophy of the lumbar multi-
fidus follows experimental disc or nerve root injury. Spine 2006;31:2926-33.

32. Dahl JB, Erichsen CJ, Fuglsang-Frederiksen A, Kehlet H. Pain sensation and noci-
ceptive reflex excitability in surgical patients and human volunteers. Br J Anaesth
1992;69:117-21.

33.Holm S, Nachemson A. Variations in the nutrition of the canine intervertebral disc
induced by motion. Spine 1983;8:866-74.

34. Hansson T, Roos B, Nachemson A. The bone mineral content and ultimate compres-
sive strength of lumbar vertebrae. Spine 1980;5:46-55.



18. BACK PROBLEMS (CHRONIC) 253

35.Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Y de C. Modic changes and
their associations with clinical findings. Eur Spine J 2006;15:1312-9.

36. Albert HB, Kjaer P, Jensen TS, Sorensen JS, Bendix T, Manniche C. Modic changes,
possible causes and relation to low back pain. Med Hypotheses 2007;9 [Epub ahead of
print].

37.Neumann P, Keller T, Ekstrom L, Hult E, Hansson T. Structural properties of the ante-
rior longitudinal ligament. Correlation with lumbar bone mineral content. Spine
1993;18:637-45.

38. Coventry M, Ghormley R, Kernohan J. The intervertebral disc. Its microscopic anato-
my and pathology. Part III. ] Bone and Joint Surg 1945;3:460-74.

39. Elfering A, Semmer N, Birkhofer D, Zanetti M, Hodler J, Boos N. Risk factors for
lumbar disc degeneration. A 5-year prospective MRI study in asymptomatic individu-
als. Spine 2002;27:125-34.

40. Videman T, Battie MC, Ripatti S, Gill K, Manninen H, Kaprio J. Determinants of the
progression in lumbar degeneration. A 5-year follow-up study of adult male mono-
zygotic twins. Spine 2006;31:671-8.

41. Battie MC, Videman T, Levalahti E, Gill K, Kaprio J. Heritability of low back pain and
the role of disc degeneration. Pain 2007;131:272-80.

42.Miller JA, Schmatz C, Schultz AB. Lumbar disc degeneration. Correlation with age,
sex and spine level in 600 autopsy specimens. Spine 1988;13:173-8.

43.Videman T, Battie MC, Gibbons LE, Manninen H, Gill K, Fisher LD, et al. Lifetime
exercise and disk degeneration. An MRI study of monozygotic twins. Med Sci Sports
Exerc 1997;29:1350-6.

44, Battie MC, Videman T, Gibbons LE, Fisher LD, Manninen H, Gill K. 1995 Volvo
Award in clinical sciences. Determinants of lumbar disc degeneration. A study relating
lifetime exposures and magnetic resonance imaging findings in identical twins. Spine
1995;20:2601-12.

45. Hansson T, Sandstrom J, Roos B, Jonson R, Andersson GB. The bone mineral content
of the lumbar spine in patients with chronic low-back pain. Spine 1985;10:158-60.

46. Vuori IM. Dose-response of physical activity and low back pain, osteoarthritis, and
osteoporosis. Med Sci Sports Exerc 2001;33 Suppl:S551-86, discussion 609-10.

47. Uusi-Rasi K, Sievanen H, Pasanen M, Oja P, Vuori I. Association of physical activ-
ity and calcium intake with the maintenance of bone mass in premenopausal women.
Osteoporosis Int 2002;13:211-7.

48. Neumann P, Ekstrom LA, Keller TS, Perry L, Hansson TH. Aging, vertebral density
and disc degeneration alter the tensile stress-strain characteristics of the human anterior
longitudinal ligament. J Orthop Res 1994;12:103-12.

49. Mannion RJ, Woolf CJ. Pain mechanisms and management. A central perspective.
Clin J Pain 2000;16 Suppl:S144-56.

50. Moreau CE, Green BN, Johnson CD, Moreau SR. Isometric back extension endurance
tests. A review of the literature. ] Manipulative Physiol Ther 2001;24:110-22.

51.Reinsel TE, Grobler L], Meriam C. Progressive paraspinal muscle atrophy presenting
as low-back pain. Case report. J Spinal Disord 1995;8:249-51.



254 PHYSICAL ACTIVITY IN THE PREVENTION AND TREATMENT OF DISEASE

52.Jorgensen MJ, Marras WS, Gupta P. Cross-sectional area of the lumbar back muscles
as a function of torso flexion. Clin Biomech (Bristol, Avon) 2003;18:280-6.

53.Danneels LA, Vanderstraeten GG, Cambier DC, Witvrouw EE, De Cuyper HJ.
CT imaging of trunk muscles in chronic low back pain patients and healthy control
subjects. Eur Spine J 2000;9:266-72.

54. Moffroid MT. Endurance of trunk muscles in persons with chronic low back pain.
Assessment, performance, training. J Rehabil Res Dev 1997;34:440-7.

55.NgJK, Richardson CA, Kippers V, Parnianpour M. Relationship between muscle fiber
composition and functional capacity of back muscles in healthy subjects and patients
with back pain. J Orthop Sports Phys Ther 1998;27:389-402.

56. Crombez G, Vlaeyen JW, Heuts PH, Lysens R. Pain-related fear is more disabling than
pain itself. Evidence on the role of pain-related fear in chronic back pain disability.
Pain 1999;80:329-39.

57.Crombez G, Vervaet L, Lysens R, Baeyens F, Eelen P. Avoidance and confrontation
of painful, back-straining movements in chronic back pain patients. Behav Modif
1998;22:62-77.

58.Buer N, Linton SJ. Fear-avoidance beliefs and catastrophizing. Occurrence and risk
factor in back pain and ADL in the general population. Pain 2002;99:485-91.

59. Grotle M, Vollestad NK, Veierod MB, Brox JI. Fear-avoidance beliefs and distress in
relation to disability in acute and chronic low back pain. Pain 2004;112:343-52.

60.Liddle SD, Gracey JH, Baxter GD. Advice for the management of low back pain.
A systematic review of randomised controlled trials. Man Ther 2007;12:310-27.

61. Malmivaara A, Hakkinen U, Aro T, Heinrichs ML, Koskenniemi L, Kuosma E. et al.
The treatment of acute low back pain. Bed rest, exercises, or ordinary activity? N Engl
J Med 1995;332:351-5.

62.Indahl A, Velund L, Reikeraas O. Good prognosis for low back pain when left untam-
pered. A randomized clinical trial. Spine 1995;20:473-7.

63.Indahl A, Haldorsen EH, Holm S, Reikeras O, Ursin H. Five-year follow-up study of
a controlled clinical trial using light mobilization and an informative approach to low
back pain. Spine 1998;23:2625-30.

64. Lindgren KA, Sihvonen T, Leino E, Pitkanen M, Manninen H. Exercise therapy effects
on functional radiographic findings and segmental electromyographic activity in lum-
bar spine instability. Arch Phys Med Rehabil 1993;74:933-9.

65. Kellett KM, Kellett DA, Nordholm LA. Effects of an exercise program on sick leave
due to back pain. Phys Ther 1991;71:283-91, discussion 291-3.

66. Mannion AF, Muntener M, Taimela S, Dvorak J. Comparison of three active therapies
for chronic low back pain. Results of a randomized clinical trial with one-year follow-
up. Rheumatology (Oxford) 2001;40:772-8.

67.Jacob T, Baras M, Zeev A, Epstein L. Physical activities and low back pain. A commu-
nity-based study. Med Sci Sports Exerc 2004;36:9-15.

68. Schonstrom N, Lindahl S, Willen J, Hansson T. Dynamic changes in the dimensions of
the lumbar spinal canal. An experimental study in vitro. J Orthop Res 1989;7:115-21.



18. BACK PROBLEMS (CHRONIC) 255

69. Sjolie AN. Access to pedestrian roads, daily activities and physical performance of
adolescents. Spine 2000;25:1965-72.

70. Hartvigsen J, Christensen K. Active lifestyle protects against incident low back pain
in seniors. A population-based 2-year prospective study of 1 387 Danish twins aged
70-100 years. Spine 2007;32:76-81.

71. Hasenbring MI, Plaas H, Fischbein B, Willburger R. The relationship between activity
and pain in patients 6 months after lumbar disc surgery. Do pain-related coping modes
act as moderator variables? Eur J Pain 2006;10:701-9.

72.Ray JK, Keller T, Magnusson M, Hansson T. In-vivo measurements of lumbar trans-
missability in the upright human subject. Heidelberg: ISSLS; 1991.

73. Hilde G, Hagen KB, Jamtvedt G, Winnem M. Advice to stay active as a single treat-
ment for low back pain and sciatica. Cochrane Database Syst Rev 2002;2:CD003632.

74. Taimela S, Diederich C, Hubsch M, Heinricy M. The role of physical exercise and inac-
tivity in pain recurrence and absenteeism from work after active outpatient rehabilitation
for recurrent or chronic low back pain. A follow-up study. Spine 2000;25:1809-16.

75. Hansson TH, Hansson EK. The effects of common medical interventions on pain, back
function and work resumption in patients with chronic low back pain. A prospective
2-year cohort study in six countries. Spine 2000;25:3055-64.





