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Prologue

A number of theses on the subject of back pain have been defended in Sweden, which reflects that back pain is pervasive in and a problem for society.
It is a frequent reason for contacts with the health care system and a leading
cause of disability with resulting suffering for the afflicted person and financial consequences for society. In these theses the perspective of primary
health care physicians is considerably less common than that of hospitalbased physicians or of other professions. In this thesis the primary health
care perspective dominates.
Back pain is a symptom and not a pre-defined anatomic lesion or physiological process. This makes it a difficult condition to study, with a multitude
of possible causes and a highly variable course. Various paradigms have
been applied in back pain management. Within family medicine science, the
biomedical model has largely been replaced by a bio-psychosocial one. This
means that the biomedical model has been widened, with the consequence of
increased complexity. A wider approach opens up for improvements in management, but the risk of heterogeneous and inappropriate treatments may
increase as well.
The literature on back pain is dauntingly vast and many issues have been
scientifically examined repeatedly. Although back pain has been well researched, many important questions remain unanswered because of its multifactorial nature. The general public often has categorical views and opinions
about back pain. These may differ as much as the views of professionals.
It has been stated that the lumbar spine is the orthopaedic surgeon’s challenge, with its anatomy and the interventions available to improve this anatomy [1]. The challenge of the primary health care physician is to evaluate,
treat, or advise patients with back pain that may or may not have anything to
do with the lumbar spine.
At the time of writing, sickness absence in general and rehabilitation in
particular is high on the media agenda in Sweden. Political action with
changes to the social insurance legislation and the health care system may
have a major impact on the utilisation of health care and social insurance for
back pain patients and, at the same time, makes scientific scrutiny more
complex. The challenge for health care staff to correctly and efficiently diagnose and manage back pain in individual patients remains.
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Background

Back pain definitions
Pain from the lower back is common and low back pain (LBP) is the common scientific term for this ailment. Lower back pain, low back trouble and
low back syndrome as well as backache are also but less often used. Although some authors use the term low back injury in occupational settings,
most pain is likely to be of non-traumatic origin even in these settings, and
low back injury can be regarded as synonymous to LBP [2].
The largest group of patients afflicted with LBP have so called nonspecific LBP [3]. Non-specific is used in the sense that the pain has not or
cannot be attributed to a specific anatomical structure or physiological
mechanism. Simple LBP and mechanical LBP have been used to describe
the same group of patients [4].
In population studies the term ‘back pain’ is often used instead of LBP. It
covers a larger part of the back and is easy to distinguish from neck pain,
while the difference from LBP is less clear. The easiest way to define the
area being described is to use a picture with the area marked. Common definitions of LBP use an upper limit at the lower end of the shoulder blades or
the lowest rib and a lower limit at the gluteal folds.
Pain radiating into the legs or localised exclusively below the lumbar
spine is also included in the concept of back pain. This is easy to define in
sciatica, in the sense nerve root syndromes caused primarily by herniated
discs. However, radiating pain is more common than nerve root syndromes
and pain radiating only to the thigh is often defined as back pain without
radiation [5, 6].
Acute back pain is usually defined as durations of less than six weeks and
chronic back pain as duration of more than three months [7]. The term
subacute pain is often used for the intervening interval [7]. Back pain with a
recurrent course is difficult to fit into these definitions.

The natural history of low back pain
The natural history of LBP has been studied extensively but is still often
cited as incompletely known, mainly because of its multifaceted and heterogeneous nature [8, 9]. For instance, according to the established view, the
11

majority of back pain episodes are of short duration, with return to work
within a few days or weeks with only low levels of pain and disability persisting more long-term [10-13].
In some respects contrary to this view, and less well-recognised among
primary health care physicians, LBP typically has a recurrent course [14,
15]. In a review of acute LBP it was found that the majority of patients had
at least one recurrence within one year and although most people return to
work within a month, many have residual pain and disability [12, 15-17].
Furthermore, a substantial proportion of subjects with back pain develop
long-term back problems [9, 12, 15, 18, 19].
Individuals who have back pain with radiating, sciatic pain are likely to
have more protracted symptoms than those with no radiation [17, 20]. They
might also have a different prognosis [21-24].

Prevalence of back pain
As a consequence of the fluctuating course with traditional incidence measurement difficulties, prevalence measures are often used rather than incidence. Pain, being a subjective experience, is usually measured by selfreport. Prevalence is affected not only by the pain experience per se, but also
by the tendency to report the symptom. This makes it more difficult to
evaluate whether symptom prevalence has changed over time, since both
these components may change.
Studies on back pain prevalence are abundant and several reviews have
been published [25-27]. Prevalence levels range from less than 10% to more
than 75%. This wide range may be attributed to differences in duration, severity and anatomic location of the back pain studied. One month to one year
prevalence has typically ranged from 20% to 60% in European studies [25,
27].
Point prevalence, i.e. pain now, is free from recall bias but inadequately
reflects the recurrent nature of back pain. Quarterly measurements have been
proposed for most variables during follow-up of cohort studies for LBP [28].
Discrepancies between case notes in primary health care and patient selfreports have been demonstrated [29].
A common finding in back pain prevalence studies is an increase from
adolescence, a peak in middle age, and thereafter a decrease [25, 30-32].
Severe back pain, on the other hand, has been shown to increase with age
across the whole life span [30, 33].
Women usually report general symptoms somewhat more often than men.
This also applies to back pain and other musculoskeletal pain symptoms [29,
32].
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Secular trends in back pain
It has been claimed that there is no reason to suspect changed prevalence for
back pain in recent years (secular trends) [34, 35]. On the other hand the
scientific literature has been replete with claims of an increasing back pain
epidemic. While there has been a clear increase in reimbursed disability for
back pain it is not clear whether the prevalence of back pain per se, i.e. the
symptom of back pain, has changed in recent decades.
Previous studies show conflicting results regarding secular trends in reported back pain. In British studies increased prevalence was found [36, 37],
while in Finnish and German studies no change or even decreased prevalence of back pain over time was reported [38-40]. In addition, there are
publications in which results from various studies have been summarized
and conclusions on possible secular trends drawn [41-43].
Following these studies, the significance of and possible causes for secular trends were discussed. The evidence for an epidemic of LBP in the
United Kingdom rested on the increase in social insurance payments since
the 1950s and the increase in general practice consultations during the same
period [44]. With the assumption that the actual occurrence of back pain has
not changed significantly, the discussion focused on possible causes for
change in reporting. Changes in the pattern of musculoskeletal morbidity in
general practice and the dramatic differences in musculoskeletal consultation
rates between different ethnic groups in the United Kingdom were seen as
indicators of effects from cultural factors [44].
Another possible cause of increased reporting of back pain could be the
focus on this area secondary to rising work incapacity owing to non-specific
pain [43, 44]. Increased availability of health care might have contributed
and by itself caused attitude changes [38]. The term non-specific LBP conveys little more information than does the reported symptom of back pain.
Therefore the concept of non-specific LBP as an acceptable diagnosis might
also make back pain more susceptible to changes in reporting than diagnoses
more objectively identifiable.
On the other hand changes in risk factor prevalence may have given rise
to an increase in work related disabilities not mediated through attitude
changes [43]. Examples of such factors are monotonous sedentary work,
dissatisfaction with the workplace and decreased fitness levels. However,
such changes could have been offset by decreases in other risk factors, such
as heavy manual labour. Changes in risk factors alone have been deemed an
unlikely cause of the increase, given the size, speed and consistency of
change across the age groups found [36].
The consequences of secular trends depend on the attention given to the
symptom of back pain. Applying the biomedical model, if an increase in
reported back pain is followed by more frequent consultations with therapists, there might be an increased risk of inappropriate medical interventions,
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as back pain is regarded as a symptom of spinal disease. One example is the
use of diagnostic imaging, which has repeatedly been shown to be higher
than the recommendations in treatment guidelines [45-48]. Similar risks may
follow from other health care models.

Risk factors for back pain
Many studies have identified and implicated a multitude of characteristics
and exposures as risk factors for LBP [49-54]. These include sociodemographic, individual and occupational factors. Often these factors vary
from publication to publication and systematic reviews have found many of
these factors to lack support, because of conflicting evidence [49, 54]. Risk
factors will certainly vary for type of back pain, part of the world, health
care setting, etcetera.
Different risk factors apply for occurrence of pain than for chronicity of
symptoms. For example, while physical performance tests do not add significantly to the prediction of outcome they discriminate well between subjects with pain and healthy controls [55]. Obesity and low educational level
do not affect occurrence of pain but increases risk of persistence in those
who have pain [54]. Moreover, the large number of factors that have been
tested illustrates the multiple views of back pain as well as variations in
availability of data. The inter-correlations and relationships between risk
factors are complex, and choice of risk factors may determine the outcome
of an investigation.
Since the primary causes of back pain remain largely undetermined, risk
factor modification might not lead to a successful decrease of back pain incidence. Therefore, instead of such efforts the European guidelines for prevention of LBP recommend that preventive interventions be directed toward
prevention of recurrences, care seeking, disability and loss of work [56].
They found that the most promising approaches aimed to increase physical
activity or involved bio-psychosocial educational components. However,
effects sizes appear to be modest [56].

Consequences of back pain
With the statement: ‘Back pain essentially never shortens life’ Carey expressed what seems to have been a common view of back pain as medically
harmless [13]. However, it is well-known that musculoskeletal complaints,
and back pain in particular, affect current quality of life [29, 57, 58].
In Sweden back pain is one of the most common causes of sickness certification and loss of productivity [59], a leading cause of disability pension
[59, 60], but not a major cause of hospitalization [61].
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Back pain is a common reason for outpatient health care utilisation [29,
34, 62-64], with more apparent utilisation the worse the condition is perceived by the subject [63, 65]. Admission to hospital for LBP can be assumed to be caused by other back pain conditions or by the patients’ perception of pain and disability as being more severe than that of patients who
seek and only receive outpatient care. Back pain has been shown to predict
future hospital admissions for LBP [66].
In a review focused on sick leave, it was concluded that there was no evidence of effects on sick leave for back pain-related variables such as presence of leg pain, back disorder severity, pain distribution, pain intensity, or
previous back problems [67]. On the other hand, back pain, both lower and
upper, has been shown to predict future sickness absence, for back pain and
other disorders [68-70]. Sciatic pain, use of analgesics and occupations with
heavy physical unskilled work has been shown to increase back pain sickness absence [71]. Reporting back pain has also been associated with an
increase in all-cause disability pension [70].
In a few studies the effect of back pain on survival has been investigated.
With the exception of Penttinen’s finding of increased risk of death from
ischaemic heart disease among men aged 30-49 with back pain [72], no differences in mortality have been demonstrated [70, 72-74].

Outcome measures in back pain studies
In addition to simple measures of back pain frequency, commonly used in
population studies, more detailed measures are used in studies of back pain
treatment [28, 75]. These commonly include measures of pain intensity,
disability and quality of life. Measurements of pain and disability have been
scrutinized more thoroughly than measurement of sick leave [75].
These outcomes appear to measure very different aspects of LBP recovery
[76]. As a reflection of the natural history of LBP, one study addressing use
of multiple outcomes found the percentage of workers with LBP who had
recovered at follow up based on return-to-work criteria to be 99%, as compared with 25% for impairment of activities of daily living, 17% for symptoms, and 12.5% for functional performance [16].
That about 90% of the cost of LBP originates outside the health care systems contributes to the notion of sick leave measures as key outcomes since,
in their various forms, they are important both as measures of medical treatment success and measures of cost in economic evaluations [49, 75, 77, 78].
In a Swedish review it was found that scientific evidence regarding sick
leave in relation to LBP generally was very limited [79]. Reasons for these
measures to have been used less than others may include the regulations and
availability of sickness absence data varying between countries. In consequence, different data sources have been used. Data from administrative
15

databases and self-reported sickness absence respectively, might be incomplete or biased and can over- or underestimate sick leave and return to work
[80-83]. However, in recent studies better concordance between self-report
and register data has been found [84, 85].
Little attention has been paid to the implications of the various quantitative measures of sick leave. I found no validation studies on sick leave
measures used in randomised controlled trials in back pain. Muchinsky as
well as Hensing et al. reviewed more than 70 definitions of sickness absence
and found a lack of validation and consensus about how sick leave should be
measured [86, 87]. Time dependent regression methods for analysis have
been advocated and also used for more than a decade. However they have
not been widely applied to randomised controlled trials of LBP treatments
[88-97].

Back pain diagnostics
In guidelines for the management of LBP, diagnostic triage is used to group
patients with the aim of identifying those who have pain caused by serious
pathology and other mechanisms amenable to specific treatment, and to help
manage pain among remaining patients. This is one form of classification of
patients. Another common classification system is the International Classification of Diseases (ICD), which is routinely used in Swedish health care.
Neither of these systems is directed toward and they are inadequate for,
classification of the largest group of patients, those given a diagnosis of nonspecific LBP. To improve management, grouping patients into more welldefined groups has been attempted. Classification has been undertaken on
the grounds of patho-anatomical structure, clinical findings, psychological
characteristics, health and work status and combinations of these [4, 98].
Most of these systems have aimed at classifying patients, not diagnoses.
Only a few systems can be used to classify diagnoses of all back pain without restrictions. There is no widely accepted established classification system for back pain [99].
Therapists of different occupations and specialities meet different patients. Thus they might be expected to use different diagnostic terms [62,
100]. It is not known from clinical studies whether or not they would use the
same diagnostic labels if they met similar categories of LBP patients. Moreover, possible impact of diagnostic labelling on therapy and prognosis for
LBP has not been a focus in controlled trials. Differences in LBP diagnostic
work-up, for example use of radiological examinations and blood tests, have
been demonstrated between physicians and chiropractors, as well as between
physician specialists [101, 102]. Large differences in therapeutic actions
have also been found in close geographic areas, reflecting the lack of professional consensus on back pain treatment [103].
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A prevalent view in the back pain literature as well as among lay people
and medical professionals, is that a specific diagnosis, indicating exact
patho-morphology or patho-physiology is needed to successfully manage the
pain [104, 105]. In clinical practice as well as in research this goal is often
difficult to attain [106]. Similarly, one could argue that attempts to estimate
the future impact of back pain will be fruitless if the cause of the pain is not
specified. On the other hand, non-specific LBP is a commonly used term and
often provides the best description of cohorts of back pain sufferers since
only a fraction of those affected are assigned a specific diagnosis [3, 107].

Back pain treatment
The Säter study, carried out approximately 20 years ago, tested a comprehensive pragmatic multimodal treatment programme for LBP including spinal manipulative therapy, muscle stretching and therapeutic injections. This
intervention decreased pain, disability and sickness absence better than reference treatment in primary health care. Quality of life also improved as
compared with the reference treatment. Treatment was bidisciplinary and
multimodal, delivered by general practitioners (GPs) and physiotherapists
[88, 108-112].
The Gotland Low Back Pain Study was designed in the early 1990s to test
transferability and components of the Säter experimental treatments. At that
time there was a need for better evidence for the effectiveness of all the incorporated treatment components.
Today, these areas are so abundantly researched that systematic reviews
are helpful in assessing and interpreting the evidence. In the following sections only the interventions that distinguished the treatment groups in the
Gotland Low Back Pain Study, namely muscle stretching, spinal manipulation, and therapeutic injections are discussed.
The recommended content of basic medical management of back pain today is non-controversial and includes history and examination for triage,
with laboratory tests, imaging and other investigations for selected patients
[6, 113]. Drug therapy is routinely used. The stay active concept is the base
for treatment and is consistently recommended [5, 113-119].

Efficacy of muscle stretching
Exercise therapy is commonplace. It is represented by a large group of interventions within the definition: ‘a series of specific movements with the aim
of training or developing the body by a routine practice or as physical training to promote good physical health’ [120]. Muscle stretching has usually
been grouped together with this heterogeneous group of interventions that
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also include aerobic exercise, muscle strengthening and assorted back exercises [121, 122].
There is little evidence for the specific effects of muscle stretching in LBP
patients. The study of chronic LBP performed by Khalil et al. that tested
adding muscle stretching to a multimodal rehabilitation programme remains
one of the few studies, if not the only one, specifically evaluating stretching
for back pain prior to the Gotland Low Back Pain Study. They found superior improvement in the group that received muscle stretching [123].
Thus there are major gaps in our knowledge of muscle stretching as a
treatment for back pain. Stretching exercises taught to patients and performed at home may not have equivalent effects as stretching administered
by therapists only. The best type of stretching, targeted muscles, timing and
dosage also need to be evaluated [124]. One multivariable meta-regression
model to identify effective components of exercise therapies implicated
stretching as one of the best candidate components [122].

Efficacy of spinal manipulative therapy
More than 50 randomised controlled trials of manual treatments for LBP
have been published. These studies cover a diverse array of therapist occupations, have tested different patient populations, and used various control
treatments. The number of formal reviews summarising primary studies is of
the same order of magnitude. Conclusions range from recommending manual therapies to stating that the efficacy of such therapy is no better than any
other conservative, non-surgical therapy [113, 117, 125, 126].
There is no simple answer to the question of the efficacy and effectiveness of manual therapy. It is not known what type of manual therapy is best,
or to what extent that type of treatment is applicable and relevant to various
providers and treatment settings, nor is it known which patients would benefit most from this treatment. Furthermore, the effects are likely not to be
consistent from one type of outcome to another. Most studies have employed
measures of pain, and disability (or function). Only a minority of these trials
have used a measure of work absenteeism among the outcomes [88-97].

Efficacy of injection therapy
There is conflicting evidence concerning the effects of injection therapy in
low back patients. Injection therapies are at least as diverse as manual therapies but less well studied in primary health care. In a recent Cochrane review
it was found that pooling of studies was not possible. For subacute and
chronic LBP the conclusion was that there is insufficient evidence to recommend the use of injection therapy, but that efficacy of specific injection
types for subgroups of patients could not be ruled out [127].
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Other reviews have reached diametrically opposing conclusions. Some
discourage the use of injection therapy (facet joint, epidural and trigger point
injections) at least for non-specific LBP [128, 129]. Other reviews state that
there is support for local, intra-articular as well as epidural injections in the
management of chronic LBP [130-134]. In part, these differences are attributable to the use of more or less stringent standards in grading of evidence.
Studies of the effects of the particular injection strategy included in the
Gotland Low Back Pain Study [135], partly the same injections as above,
has not been published by any author other than Blomberg, who made the
evaluation as part of the experimental treatment in the Säter study.

The study of back pain treatments
In recent years systematic reviews of back pain treatments have drawn conclusions implying that treatments have small, short-term effects only [136].
This scientific trend leaves not many treatments to be used in primary health
care when treating back pain. The differential between recommendations in
guidelines and actual clinical practice, previously demonstrated, may increase [137-139].
There are several possible reasons for these findings. First, they might be
true! If so, clinical experience of treatment superiority is incorrect and no
treatment efficacy remains when controlled trials strip away co-interventions
and non-specific treatment effects. The majority of tested treatments are
quite simple, for instance drug studies, or have been described in a simplistic
way, for instance chiropractic. For a single-tool therapy (a therapy consisting
of only one treatment modality) to be effective, suitable patients have to be
selected. For at least two decades, identification of homogeneous subgroups
of patients has been a research priority based on the preconception that
matching of patient and intervention is the key to successful treatment outcome [113, 140]. This search for select subgroups has been questioned for
chronic LBP on the grounds that the mechanisms of action of most tested
treatments, and therefore the treatments were ineffective [141]. However,
practical identification of such groups was recently assigned top priority by a
panel of primary health care physicians [140]. The alternative to selecting
patients is to use wider interventions that are more likely to suit a larger proportion of the patients, thereby increasing chances of positive effects. The
Säter study and studies of multiprofessional multimodal interventions indicate that comprehensive strategies can be effective [88, 108-112, 142-144].
Second, primary studies might not have been conducted optimally. The
natural history of acute back pain makes it difficult to demonstrate treatment
effects, which are often obscured or diluted by spontaneous recovery. Effects
of treatments have been confounded by simultaneous or primary comparisons of therapist professions rather than comparisons of treatment methods.
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Placebo comparisons are still advocated by some authors while others consider them inappropriate [117, 145]. As exemplified above, one alternative
might be to evaluate comprehensive or at least wider treatment programmes
that better reflect reality of clinical practice. These have been called ‘packages of care’ and the trials evaluating them ‘pragmatic’. Use of more innovative, multistage, study designs have been proposed [136].
The description of reference treatments is equally important. Phrases like
‘usual general practitioner care treatment’ have been used and may cover a
considerable range of reference treatments. Whether this type of description
influences patient care is unknown, but it hampers scientific evaluation of
experimental interventions. Labels of ‘physiotherapy’, ‘chiropractic’ and the
like are similarly vague.
To avoid reporting bias it is important that primary outcomes are stated.
However, if these are the only outcome measures, treatment effects on other
outcomes might be overlooked [16]. Recently, ‘patient-centred outcomes’
have been recommended for back pain studies, allowing separate identification for each patient of the most relevant outcome for that individual, thereby
increasing sensitivity [136].
Third, reviews may not accurately reflect primary data. Helmhout et al.
indicated deficiencies in reviews as exemplified by systematic reviews of
exercise therapy for LBP. Reviewers have routinely not recognized the high
variation among exercise programmes and treatment protocols, and have
attempted to arrive at a single summary conclusion on the efficacy of exercise [146]. A related question is when meta-analysis is possible [127]. Pooling of data or results from heterogeneous treatments may attenuate effects
found [126]. The complex, diverse, evolving and to some extent evidencebased methods for systematic reviews add further complexity. As a consequence of diverging reviews, the evidence concerning effects has led to different recommendations in various countries regarding when manual therapy
should be used in LBP management [147]. One explanation is how the imbalance is handled between older quality standards used in completed randomised controlled trials and the updated standards of modern systematic
reviews.
Another issue is how to review non-single-tool treatments. For example,
Bronfort found the Säter study for his review, and on the basis of his study
design and inclusion criteria, made the correct choice of excluding it from
the evaluation of spinal manipulation since the pragmatic design precluded
identification of the specific effect of this treatment [148]. Study populations
can add another layer of complexity. For example, studies with mixed back
and neck pain patients or patients with mixed pain duration are often excluded from LBP reviews [5, 49]. To date there are no commonly accepted
methods for summarising results from studies with complex interventions.
More complex treatments and studies need more description and often require several publications. Evaluation of such studies is more difficult. With
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these reservations, for new treatments and results from epidemiological studies to become increasingly clinically useful, they have to be applied in appropriate randomised controlled trials, the results of which have to be systematically evaluated.
What results should be anticipated from the bidisciplinary and multimodal
treatments tested in this thesis? Perhaps they could be considered a reasonable application of multiprofessional multimodal programmes in acute-tosubacute LBP patients. Such a view would open up for other expectations
than if the experimental treatment is regarded as and compared as being a
single tool stretching, manipulation or injection therapy.
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Aims

The aim of this thesis was to investigate back pain from a general practitioner’s point of view with special reference to public health aspects, health
care utilisation, diagnosis labelling, treatment and prognosis.

Specific objectives
•

•
•
•

22

To investigate back pain prevalence by age across a wide age range, and
by calendar time across a 30-year time span, and to assess whether there
was a secular trend (or cohort effect) in self-reported back pain after adjustment for age and other outcome affecting variables.
To test the hypothesis that self-reported back pain adversely influences
self-reported health, as well as the prognoses regarding sickness absence, disability pension, hospital admissions and survival.
To compare GPs’ and orthopaedic surgeons’ diagnostic labelling and use
of radiography in LBP patients participating in a randomised controlled
clinical trial.
To evaluate the effects on sickness absence measures of manual therapy,
including muscle stretching and steroid injections, as compared with a
stay-active approach reference treatment.

Study populations and methods

This thesis is based on two separate study designs and populations. The first
two papers are based on multiple samples from the general population. The
other two papers are based on a randomised controlled trial of LBP patients.

Samples from the general population
Paper I
Data from nine ongoing population cohort studies in Sweden, with baseline
investigations performed between 1973 and 2003 were used for this study,
Figure 1 and Table 1. Random samples of a total of 17,664 subjects of the
specified age and sex segment of the local general populations were drawn
from the national population register. A number of these subjects were included in more than one sample and the total number of unique individuals
was 13,033. Of these, 9,514 subjects (4,331 women and 5,183 men) participated in the examinations in the various surveys, generating 12,891 observations, yielding an overall response rate of 73.0%.
Postal questionnaires were sent to some of these subpopulations, while
others answered questionnaires on location in connection with a medical
examination. Data from some of the questionnaires, identical in all subpopulations, was used together with additional data, available from only some of
the subpopulations. The variables and the number of observations available
for each variable used in the analyses are listed in Table 4. Information on
back pain, sex, age, examination date, place of birth, marital status, educational level, smoking habits and geographic area was available in all subpopulations.
Place of birth was classified as born in Sweden or born elsewhere. Marital
status was classified as married/cohabiting or not (the latter including never
married, divorced and widowed). Educational level was classified on a fivepoint scale ranging from compulsory education only to college or university
education. Household size was defined as the number of people in the house-
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Figure 1. Flow chart of the study populations in Papers I and II
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hold unit, including the respondent. Occupational status was measured on a
four-point nominal scale: gainfully employed (including students), unemployed, on sick leave or disability pension, and old age pensioner.
Perceived stress was measured as the response to the question: ‘Have you
experienced periods of tension, irritability, nervousness, anxiety, or sleep
problems owing to your situation at work or at home?’ Possible responses
ranged from ‘never’ (=1) to ‘constantly under stress for the last five years’
(=6). Leisure time physical activity and physical workload were measured on
a four-point scale ranging from sedentary/light to vigorous exercise or very
heavy physical workload [149]. Height was measured using a measuring
stick mounted on the wall to the nearest centimetre and weight on a lever
balance to the nearest tenth of a kilogram.
Smoking habits were classified as current smoker or non-smoker. In addition, a five-point scale ranging from never smoked to heavy smoker was
available from most of the subpopulations [149]. Alcohol consumption was
measured with the frequency-amount method and coded as grams of alcohol
per week from the various types of alcoholic beverages ingested.
Complaint Score, one of three subscales in the Gothenburg Quality of
Life Instrument (GQL) was used [150, 151]. The respondents were asked:
‘Have you been troubled by any of the following symptoms during the last 3
months?’ followed by a list of 30 symptoms with response alternatives ‘yes’
or ‘no’ for each symptom, Figure 7. Of these symptoms, ‘back pain’ was
used as the outcome variable in this study. In the BEDA I subpopulation
Complaint Score was not used, but similar information was available and
used to construct a back pain item that had approximately the same distribution as the corresponding Complaint Score variable in the other cohorts.

Paper II
From among the nine cohorts used in Paper I, four were used in Paper II.
These cohorts were selected based on availability of outcome data, and had
baseline investigations between 1980 and 1993, Figure 1 and Table 1. The
study population for Paper II included 9,792 subjects. Of these, 7,074 subjects (3,662 women and 3,412 men) participated in the baseline examinations in the various surveys, but only once. The overall response rate was
72.2%.
The same dataset used for Paper I was available for Paper II. In addition,
well-being, one of the three subscales of the Gothenburg Quality of Life
Instrument (GQL) was used [150, 151]. The subscale lists nine items and the
responses are given on Likert scales ranging from ‘very bad’ (=1) to ‘excellent, could not be better’ (=7), with no verbal description of the intervening
steps. The respondents were asked to indicate their present situation for each
of these items. The only item used in this paper was self-rated health measured at baseline.
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1993 Uppsala

Public Health Cohort

Total – Paper I
Total – Paper II

2003 Gothenburg

2003 Gothenburg

1993 Gothenburg
2003 Gothenburg

Men born in 1943

Men born in 1953

1986 Eskilstuna

ESKIL

Women born in 1953

1997 Gothenburg

BEDA II

men

1993 Gothenburg

50
25-99
25-94

women
men

50

50
60

30-54

56-82

38-65

70

65

57

50

80

75

67

60

Age
range

men

women

men
men

men

women

women

men

1988 Gothenburg

1980 Gothenburg

men

men

1993 Gothenburg

men

men

1988 Gothenburg

1973 Gothenburg

men

1980 Gothenburg

1980 Gothenburg

men

place

Sex

1973 Gothenburg

year

Investigation

BEDA I

Men born in 1923

Men born in 1913

Sub-populations

17,664
9,792

2,999
3,001

993

994

1,463
749

625

994

1,704

226

265

278

292

447

702

923

1,009

n

Sample
size

12,891
7,074

2,249
2,155

595

668

798
655

459

908

1,413

143

162

188

226

272

463

707

830

n

Responders

73.0
72.2

75.0
71.8

60.0

67.2

54.5
87.4

73.4

91.3

82.9

63.3

61.1

67.6

77.4

60.9

66.0

76.6

82.3

%

Response
rate

Table 1. Characteristics of the cohorts included in the study population in Papers I and II

Postal questionnaire
Postal questionnaire

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination
Questionnaires + medical examination

Postal questionnaire

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Investigation procedure

The Swedish Social Insurance Agency administers all sick leave and disability pension benefits, and their database is a complete account of official
sick leave compensation and disability benefits granted. Information on all
compensated days of sick leave for each individual in the study populations
from January 1, 1986 until December 31, 2002 was obtained from the
Agency. The data included the first and last day of each sickness spell, the
type of sick leave benefit (compensation for sickness, occupational injury, or
rehabilitation), and extent of sick leave (25, 50, 75 or 100%). The number of
days was computed as cumulative number of crude days during follow up.
Information on whether the subjects had been granted a disability pension
at any time from 1971 until 2001 was obtained from the Agency. The data
included decision date, diagnoses, extent (25, 50, 67, 75 or 100%) and type
(temporary or permanent). The incidence rate of new disability pension was
calculated among those who did not have a disability pension at baseline.
Data on all hospital admissions from 1971 until December 31, 2002 was
obtained from the National Hospital Discharge Register. The data obtained
included date of admission, date of discharge and all diagnoses. In this report
only the main diagnosis was used. Number of admissions and cumulative
number of days in hospital, regardless of diagnosis, from baseline and onwards, were used as outcome. Data on cause-specific mortality from 1971
until December 31, 2002 was obtained from the National Causes of Death
Register. The data used here were date of death and underlying cause of
death. The disability pension diagnoses, discharge diagnoses, and causes of
death were classified according to the ICD versions 8-10 [152]. Admission
to hospital before baseline due to musculoskeletal disorders (ICD 8 and 9
codes 710-739 and ICD 10 codes M00-M99) was used as proxy measure of
back pain severity.
Informed consent for participation in the studies was obtained from all
participants, verbal in the early studies and written later on, as required first
by the Research Ethics Committees at Uppsala and Gothenburg Universities
and later by the National Research Ethics Board. The Committees and the
Board approved the study on several occasions during the data collection
process.

The Gotland Low Back Pain Study (Papers III and IV)
Study design
Papers III and IV were based on the Gotland Low Back Pain Study, a randomised controlled clinical trial performed from January 1994 to December
1998 in the Swedish province of Gotland, an island in the Baltic Sea with
58,000 residents.
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Table 2. Inclusion criteria for the study population in Papers III and IV
- Age 20-55 years
- Acute or subacute perceived low back pain, (i.e. pain below the level of the seventh thoracic vertebrae) with or without pain radiating to one or both legs, not requiring surgical
or rheumatological interventions. Patients with demonstrated or suspected herniated disks
were included if surgery was not considered. Low back pain was to dominate the clinical
condition but other musculoskeletal symptoms, not requiring sick leave, were allowed
- Symptom duration of 3 months or less, preceded by at least 2 months of relative freedom
from symptoms
- Consent to treatment and follow up for 10 weeks
- Agreement not to consult therapists other than those participating in the study during the
10-week treatment period
- Employed, with no threat of job loss
- Native Swedes articulate enough not to jeopardize the verbal contact with the physicians
or the physiotherapists
- Absence of other conditions or circumstances which might jeopardize completion of
treatment and follow up (e.g. pregnancy, malignant tumours, alcoholism or severe psychiatric disorders)
- No previous treatment of current complaints with specific mobilization or manipulation
- No previous participation in the Gotland study

A factorial study design was used with four treatment groups, two reference
and two experimental groups, with treatment items added successively. The
two-group comparison of the reference groups (71 patients, treated by orthopaedic surgeons, no manual treatment) versus the experimental groups (89
patients, treated by GPs providing manual treatment) was the primary
planned analysis, and pain, disability rating, and sick leave were the main
outcome measures. For the analysis of physicians’ diagnostic performance
the doctors treating the reference groups were compared with the doctors
treating the experimental (manual therapy) groups.
Additional therapist description, amount and content of treatment, reductions for pain and disability, and usefulness of initial pain drawings have
been published separately [153, 154].

Patient recruitment
Patients with acute or subacute LBP who preliminarily fulfilled the inclusion
criteria shown in Table 2 were referred to the study by their GPs or physicians at Visby Hospital. The local office of the Social Insurance Agency (a
government agency running the mandatory national social insurance scheme
applicable to all Swedish residents) referred patients on sick leave for longer
than two weeks. However, their physicians had already referred the majority
of these patients to the study. The recruiting physician, a GP not involved in
the treatment, examined all patients and made the final decision of whether
or not they fulfilled the inclusion criteria.
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A total of 316 patients were assessed, of whom 156 were not included for
reasons given in Figure 2. When the remaining 160 patients had given their
informed consent for participation they were randomised to one of the four
treatment groups, using sealed pre-prepared envelopes with group assignments derived from a random table. Only the study monitor had access to the
envelopes. A weighted randomisation procedure was used, aiming at allocation of 45% of the patients to the two reference groups and 55% to the manual therapy groups.

Treatments
The treatment was provided individually, in groups, or both. Treatment modalities were chosen by physicians and physiotherapists according to the
patients’ needs from a ‘toolbox’ specific to each group – a ‘pragmatic design’.
The stay active concept (i.e. encouraging the patients to take part in physical and other activities) was the basic management strategy for all the
groups. Medical exercise therapy, sequential exercise and non-specific traction were included in the stay active concept. Passive treatment modalities
such as heat were included in order to achieve equal expectations of the
treatment for all groups. The physicians were instructed to certify as short
periods of sick leave as possible at each consultation and to prescribe drugs
when indicated.
Two orthopaedic surgeons at Visby Hospital and eight physiotherapists
treated the patients in the reference groups. The first reference group was
treated only with the basic management strategy. The second reference
group received the same strategy plus muscle stretching.
Two GPs at primary health care centres in Visby and nine physiotherapists, all moderately trained in manual therapy, treated the manual therapy
groups. The first manual therapy group received the full reference treatment
plus specific mobilization, spinal manipulation, and auto-traction when indicated. The second manual therapy group received the same therapy plus
steroid injections when indicated [135]. Nineteen of the 47 patients eligible
for injections had indications for, accepted and received a total of 28 injections (median one injection per patient, range 1–4) [153].

Baseline measurements
The recruiting physician performed a standardised orthopaedic physical examination at baseline. Information on demographic and socioeconomic data,
previous LBP infirmity, treatment before the start of the study and symptom
duration at the beginning of the study was obtained by questionnaires. No
radiological screening was done during the baseline assessment.
Quality of life was assessed with the Gothenburg Quality of Life Instrument [150, 151]. For this report the Complaint Score and Well-being sub29

Figure 2. Flow chart of the study population in Papers III and IV
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scales were used. The Complaint Score used here was identical to that used
in Papers I and II. The Well-being subscale was the same as that used in
Paper II with the exception that the responses in this case were given on 100
millimetre visual analogue scales ranging from ‘poor’ to ‘excellent, could
not be better’
The Disability Rating Index instrument, containing twelve disability rating variables, was used to measure function [155]. Disability rating variables
and pain scores were recorded on 100 millimetre visual analogue scales
ranging from no disability or pain to maximum disability or pain. Three additional items: lying still, car driving or car riding, and getting up from sitting, were also measured in this trial to facilitate comparisons with disability
rating findings from the Säter Study [111].

Measures of diagnoses and referrals
The diagnostic work-up during the treatment period was done by GPs trained
in manual therapy or by orthopaedic surgeons, Figure 2. The diagnoses used
over the 10-week treatment period were recorded on a set list of diagnostic
alternatives and pain characteristics with an additional open-ended alternative, by the physicians at the end of the 10-week treatment period, Figure 2.
The set list was identical to the alternatives listed in Table 13. No classification of the labels added in the open-ended alternative was done.
In addition, to broaden the evaluation of diagnostic assessment, the patient records for the whole 10-week treatment period were scrutinized and all
diagnoses were recorded verbatim. The first diagnosis occurring for each
patient was analysed separately since the following diagnoses for each patient may not be independent of previous ones. No fixed intervals or time
points were used. The appointments were scheduled to suit the clinical needs
of each patient.
The Quebec Task Force (QTF) classification [156] was used to group the
diagnostic labels into categories, Table 3. It is a well-known, previously evaluated system, and independent of therapist speciality or occupation [4,
98]. The classification is based on criteria such as pain radiation, whether
surgery has been performed, and radiological test results. If diagnoses could
be put into more than one category, the category with the highest number
was used. Diagnoses unrelated to LBP were included in category eleven.
Application of the QTF diagnostic classification was limited to data from
patient records, questionnaire data were not detailed enough to allow for
QTF system classification.
Diagnoses in QTF category 1 were divided into three subgroups. The first
group consisted of non-specific labels, the second group of ‘dysfunctions’ in
the sense used by manual therapists [135, 157], and the third group of all
other specific labels [3]. The diagnostic labels assigned by the study physicians are shown in Table 3.
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Table 3. Classification system of the Quebec Task Force (QTF) on Spinal Disorders
and labels used by physicians. Labels within class 1 are subgrouped (Paper III)
Class QTF label

Labels used by physicians

1

Low back pain without radiation Non-specific labels: low back pain; low back
of pain below the gluteal folds, insufficiency pain
no neurological signs
Specific manual diagnoses: lumbar dysfunction;
pelvic dysfunction; thoracic dysfunction
All other specific labels: discogenic pain; muscular pain; short muscles; iliolumbar ligament
pain; hip joint pain; sacroiliitis; lumbosacral
transitional vertebra; herniated disc

2

Low back pain with radiation of Muscular inflammation; piriformis syndropain not beyond the knee, no
me/tendalgia/tendinitis; pelvic dysfunction; sacneurological signs
roiliitis; trochanteritis

3

Low back pain with radiation
Low back and ischiadic pain; low back and radibelow the knee, no neurological ating leg pain; low back pain with specified nerve
signs
root syndrome; specified nerve root syndrome
only; disc herniation with or without specified
disc level or nerve root; spondylosthesis; sacroiliac pain; piriformis tendalgia

4

Low back pain with lowerextremity radiation and neurological signs

Low back and ischiadic pain; low back and radiating leg pain; low back pain with specified nerve
root syndrome; specified nerve root syndrome
only; disc herniation with or without specified
disc level or nerve root; pelvic dysfunction;
sacroiliac pain; trochanteritis

5

Presumptive compression of
nerve root based on radiographic tests (e.g. spinal instability, fracture)

-

6

Compression of nerve root
confirmed by imaging tests (e.g.
computerized tomography,
magnetic resonance imaging)

Low back and ischiadic pain; low back and radiating leg pain; disc herniation with or without
specified disc level or nerve root; pelvic dysfynction

7

Spinal stenosis confirmed with
radiologic tests

-

8

Post surgical status, <6 mo
following surgery

-

9

Post surgical status, >6 mo
following surgery (asymptomatic, symptomatic)

Low back pain, postoperative status; low back
pain with specified nerve root syndrome; disc
herniation or scar tissue with or without specified
disc level or nerve root; pelvic dysfunction

10

Chronic pain syndrome, treatable active disease has been
ruled out

-

11

Other diagnoses (e.g. metastases, visceral disease, compression fracture, spondylitis)

Abdominal pain; non-steroid anti-inflammatory
drug allergy; prostatitis
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Data on radiological examinations were gathered from patient records and
by a systematic scrutiny of the Radiology Department Archives at Visby
Hospital. Other referral was obtained by scrutiny of patient records.

Sickness absence outcomes
The outcome variables in Paper IV were sick leave and return to work. Sick
leave was reported to the Social Insurance Agency, which paid the compensation, except for the initial period. This initial period, reported to and paid
for by the employers, was not always reported to the Social Insurance
Agency. The length of employers’ responsibility was changed twice during
the study. It was two weeks at study start in 1994 until December 31, 1996,
then 4 weeks until March 31, 1998, and then again 2 weeks until the end of
the study. Sick leave periods of up to seven days could be self-certified by
the patient. From the second week on, a sick-listing certificate issued by a
physician was required.
Sick leave for the two-year period before baseline was reported in questionnaires by patients at baseline. Sick leave information from two months
before inclusion until two years after start of treatment was obtained from
the Social Insurance Agency, from medical records, from the questionnaires
filled out by the physicians and from patient diaries. The information included the first and last date of each sick leave period, diagnosis, and extent
(25, 50, 75 or 100%).
Baseline for the sick leave analyses was set to the day of the first appointment with the treating physician in the study. Number of net days
(number of days times sick leave extent) was computed for sick leave owing
to LBP, other locomotor system complaints, other causes, and ‘unspecified
diagnoses’ (sick leave compensated for by the employers) for the two
months preceding inclusion, the 10-week treatment period and the subsequent 94-week follow-up period.
The rate of return to work was analysed for patients who were on sick
leave at baseline. The analysis was based on crude days since change of
sick-listing extent could not be taken into account. The date of return to
work was defined as the first day after conclusion of the initial sick leave
period. The initial sick leave period was regarded as concluded if followed
by at least one week with no sick leave attributable to LBP. If a new episode
of sick leave occurred, the previous return-to-work date was accepted as
long as the duration of the new episode was shorter than the intervening sick
leave-free period, otherwise the day after the end of the new episode was
used. The assessments were made independently by two of the authors, one
blinded to group status, with excellent agreement (Spearman correlation
coefficient 0.99).
The Gotland Low Back Pain Study was approved by the Research Ethics
Committee at Uppsala University.
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Statistical considerations
Data were analysed using the SAS and JMP software packages [158, 159].
Summary statistics, such as proportions, means and measures of dispersion
were computed with standard parametric methods. Simple (crude) group
differences regarding continuous data were tested with Student's t-test or
analysis of variance, and nominal or ordinal data with the chi-square test.
Only two-tailed tests were used. The alpha level was 0.05 except in the, preliminary, bivariate analyses in paper I where the alpha level was 0.10.

Paper I
Data on age and sex were complete. Other data completeness varied since all
variables were not measured in all subpopulations. However, the proportion
of missing data among participants for variables measured in the respective
cohorts was less than 2%. Missing data were not replaced.
Analyses of variables affecting outcome were performed with logistic regression providing odds ratios (OR), confidence intervals (CI), and Wald’s
chi-square, the best measure of the impact of independent variables on the
outcome variable to date. First, preliminary, bivariate analyses were performed to find candidate variables for the final regression model with back
pain as the dependent variable and the possible determinants listed in Table
5 as independent variables, one at a time.
Variables surviving this step were then entered as independent variables
in the final multiple logistic regression model. However, at this stage, the
SAS ‘reg’ procedure indicated collinearity problems regarding the variables
measuring stress and occupational status, and they were therefore excluded
from the model. The effects of variables not available in all subpopulations
were estimated from those subpopulations where they were measured. Geographical location was treated as a nominal variable with ‘Uppsala‘ as the
reference.
Possible non-linearity of age on prevalence in the final model was tested
by inclusion of age raised to the power of 2 and 3 terms. The former was
significant, indicating a second-degree age on prevalence polynomial function. There was no evidence of non-linearity regarding calendar time on
prevalence. A number of interaction terms were tested but none survived.
Since the analysis was based on a mixed true longitudinal and repeated
cross-sectional design, the results of the final model were checked among
subjects participating only once and subjects participating on several measurement occasions. The regression coefficients (estimates) for age and calendar year were almost identical in the two groups of subjects, indicating
that the analysis model is equivalent to a truly longitudinal design. Furthermore, sensitivity analyses showed no seasonal variation in back pain reporting, the same effect of the two smoking variables, and no bias from using the
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special back pain measure in the BEDA I cohort. The statistical power was
regarded as sufficient.

Paper II
The outcome variables were self-rated health, cumulative sickness absence,
being granted a disability pension, number of hospital admissions and cumulative number of days in hospital, regardless of diagnosis, and non-survival.
The effect on self-rated health, measured on the same measurement occasion
as back pain, was estimated with multiple linear regression as well as with
ordinal logistic regression with self-rated health as the dependent and back
pain as the independent variable. Moreover, the analyses were adjusted for
the influence of age at baseline, sex, marital status, education, place of birth,
smoking habits, leisure time physical activity, and previous hospital admission for musculoskeletal disorders by the entrance of these variables as covariates in the analyses. In addition, the variables stress, weight and being in
gainful employment were considered, but this group of variables showed
considerable collinearity, as diagnosed by the SAS ‘reg’ procedure, and were
therefore excluded.
Cumulative sickness absence was calculated from the baseline date until
end of follow up, adjusted for non-exposure owing to disability pension, old
age pension, and death. The analyses were performed with multiple linear
regression technique, using cumulative number of sick leave days during
follow up as the dependent variable and back pain, the covariates and follow-up time as the independent variables. Number of hospital admissions
and days in hospital from baseline until end of follow up were analysed accordingly.
Having been granted a disability pension was analysed using Cox’s proportional hazards regression, producing hazards ratios (HR) and their 95%
confidence intervals (95%CI), with pension grant and follow-up time as
dependent variables and back pain and the covariates as independent variables. Follow-up time was computed as the number of days from baseline to
the date of the disability pension decision or to end of follow up. Censuring
events were old age pension, death, or end of follow up. All cause mortality
during follow up was analysed accordingly with end of follow up as the only
censoring event. Figures 4 and 5 were produced with proportional hazards
regression technique.

Paper III
Partial non-response (missing data in questionnaires) was less than 1%. Two
reference and four manual therapy patients had no diagnoses in their medical
records. Adjustment for possible confounding caused by differences between
the groups in mean number of reported diagnoses did not affect the results.
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For this reason only non-adjusted data are presented. Variation between and
within physician groups was measured with chi-square estimates. Effects of
time on presence of pain radiation were measured with odds ratios, computed with logistic regression.

Paper IV
The intention-to-treat concept was followed. No patients were lost during the
follow-up of sickness absence data, but four patient records could not be
retrieved and two patients did not participate for the full treatment period,
Figure 2.
In order to adjust for possible confounding factors, multivariate linear or
logistic regression analyses were performed. Sick leave data were used as
the dependent variable and age, sex, pain radiation distal to the knee, and
treatment group as the independent variables. The distribution of net days of
sick leave was skewed toward high values. Therefore, data were log-transformed before the linear regression analysis. The mean of log-transformed
data corresponds to the median of non-transformed data. Cox’s proportional
hazards regression, was used in the analysis of return to work.
The sample size was chosen on the basis of our experience of the other
outcome measures used and the aim was to recruit 180 patients. A post hoc
power calculation for Paper IV indicates that approximately 180 patients
would be needed to achieve statistical power of >80%, in order to find significant differences for the two-group comparison. However, inclusion was
stopped at 160 patients because there were too few new patients in the area.
The power reduction was marginal, 78% instead of 83% for point prevalence
at 10 weeks among those on sick leave at baseline, and 82% rather than 86%
for return to work.
Three patients lost their jobs during the initial 10-week period. Sensitivity
analyses showed that the impact on the results was small and did not affect
the conclusions, nor did sick leave certified before inclusion.
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Results

Prevalence of back pain (Paper I)
Mean age was 57 years, 11% were born outside Sweden, 75% were married,
37% had compulsory education only, mean household size was 3 people and
62% (83% of the non-old-age pensioners) were in gainful employment, and
perceived stress was modest, Table 4. The majority was moderately physically active during their leisure time or had moderate physical workload.
Table 4. Characteristics of the study population in Paper I
Number of
observations
Number of observations
Age
Mean
Inter quartile range
Born outside Sweden
Married or cohabiting
Compulsory education only
Household size
Leisure time physical activity
Sedentary
Moderately active
Active or vigorously active
Occupational status
Gainful work
Unemployed
Sick leave or disability pension
Old age pension
Physical workload
Light
Moderate
Heavy or very heavy
Height, cm
Weight, kg
Smokers, %
Alcohol consumption, g/week
Stress
Back pain, %

12,891
12,891

12,484
12,819
12,609
8,148
12,287

Women
n

Mean
or %

5,238

691
3,668
2,054

Men
n

Mean
or %

7,653
55.1
44-66
13.2
70.2
39.4
2.5

739
5,926
2,599

59.1
50-68
10.2
78.0
35.3
2.6

984
3,586
609

19.0
69.2
11.8

1,181
4,511
1,416

16.6
63.5
19.9

3,415
138
602
1,064

65.4
2.6
11.5
20.4

4,509
286
624
2,191

59.3
3.8
8.2
28.8

500
902
442

27.1
48.9
24.0
163.9
68.4
28.1
48.1
3.2
41.2

294
510
379

24.9
43.1
32.0
176.4
80.6
28.2
86.0
2.9
35.2

12,830

3,027

7,977
7,982
12,825
3,096
10,925
12,773

1,468

2,136

2,140

2,671

37

Table 5. Effects of potential determinants for back pain prevalence in bivariate
analyses. Boldface numbers denote statistically significant results (Paper I)
Low back pain
Women

1)

Calendar time by 10 years
Age by 10 years
Born outside Sweden
Marital status
Education
Household size
Leisure time physical activity
Occupational status
Unemployed vs gainful employment
On sick leave or disability pension vs
gainful employment
Old age pension vs gainful employment
Physical workload
Height by 10 cm
Weight by 10 kg
Smoking
Alcohol use by 70 g/week
Stress
Location: Eskilstuna vs Uppsala1)
Location: Gothenburg vs Uppsala1)
1)

Men

OR

90%CI

OR

90%CI

1.24
0.98
1.62
0.92
1.01
0.99
0.72

1.17-1.32
0.94-1.01
1.42-1.86
0.83-1.02
0.98-1.04
0.95-1.03
0.66-0.78

1.08
0.89
1.72
0.84
0.94
1.00
0.84

1.03-1.13
0.86-0.92
1.50-1.97
0.76-0.92
0.91-0.96
0.96-1.05
0.79-0.90

1.44

1.02-2.02

1.00

0.78-1.28

2.97
1.07
1.09
0.98
1.16
1.29
1.03
1.27
0.91

2.48-3.56
0.93-1.23
0.98-1.21
0.89-1.08
1.10-1.22
1.16-1.43
0.95-1.12
1.23-1.31
0.83-1.00

1.82
0.69
1.38
0.97
1.05
1.25
1.02
1.22
1.04
0.76

1.53-2.15
0.61-0.77
1.24-1.55
0.90-1.04
1.01-1.10
1.15-1.36
0.97-1.07
1.18-1.26
0.87-1.24
0.69-0.84

Adjusted for age

Mean height was 172 centimetres, and mean weight 76 kilograms. Approximately one fourth were smokers. Mean alcohol consumption was 69 grams
of pure alcohol per week. More than one third reported back pain, slightly
more women than men.
In bivariate analyses back pain prevalence increased with calendar time
and decreased on average with age, Table 5. Among individuals of working
age, sickness absence (sick leave or disability pension) was associated with
high reporting of back pain, as was unemployment among women but not
among men. Conversely, the old age pension OR for back pain was low for
men but not for women.
Effects of other covariates were similar regardless of sex. Born outside
Sweden, heavy physical workload, high weight, smoking and stress were all
associated with increased back pain prevalence, whereas being married, having a high educational level, and high physical activity level during leisure
time were associated with low symptom prevalence. Household size, alcohol
consumption and height had no significant effects.
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Table 6. Effects of potential determinants for back pain prevalence in multivariate
analysis. Boldface numbers denote statistically significant results (Paper I)
Low back pain
Men and women

Born outside Sweden
Leisure time physical activity
Calendar time by 10 years
Location: Gothenburg vs Uppsala
Education
Smoking
Age by 10 years, squared
Age by 10 years
Male sex
Physical workload
Marital status
Weight by 10 kg
Location: Eskilstuna vs Uppsala

OR

95%CI

Wald chi-square

1.56
0.80
1.16
0.77
0.93
1.23
0.96
1.44
0.85
1.16
0.89
1.04
1.11

1.39-1.75
0.75-0.86
1.11-1.22
0.71-0.84
0.90-0.95
1.13-1.34
0.94-0.98
1.18-1.77
0.79-0.92
1.05-1.29
0.82-0.97
1.00-1.09
0.90-1.37

57.6
45.2
39.4
32.4
29.8
23.9
17.3
12.2
17.0
8.1
7.0
4.2
0.9

In the final multiple logistic regression analysis the significant candidate
variables from the preliminary bivariate analyses, with the exception of occupational status, and stress, but with the addition of age raised to the power
of 2, were included as independent variables. Men and women were analysed together, but with sex entered as a covariate, since the influence of
possible back pain determinants was similar in both sexes.
The results, with determinants ranked in order of importance as indicated
by Wald’s chi-square levels, are listed in Table 6. Most determinants retained their odds ratios from the bivariate analyses, indicating their independence. Calendar time, born outside Sweden, smoking, high physical
workload and high weight increased prevalence, while it decreased with high
physical activity during leisure time, high education, and being married. Age
had a dual effect on back pain, with an initial increase followed by a significant decrease. There were still differences between study locations, with
Gothenburg having lower prevalence than the other two areas. Altogether,
these variables explained 60% of the variation of back pain prevalence.
The analysis model is visualised in Figure 3, showing the effects of age
and calendar time on back pain prevalence adjusted for the influence of
place of birth, physical activity during leisure time, education, smoking, sex,
marital status and geographical location. Physical workload and weight were
not used, since they had low impact on outcome and were available for a
smaller study population only. Back pain prevalence increased until age 45
and decreased from then on. The prevalence change with calendar time was
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Figure 3. Prevalence of self-reported back pain any time during the past three
months before examination in women and men according to age and calendar year
of assessment. The model is restricted to the calendar time and age segments for
which data were available (Paper I)

linear, ranging on average from 33.0% (95%CI 29.6-36.4) in 1973 to 44.4%
(41.9-47.0) in 2003. Men and women had similar prevalence patterns, but
women had higher prevalence both across age and across time (not shown).

Consequences of back pain (Paper II)
The characteristics of the study population are presented in Table 7. Mean
follow-up time was 3,012 days in the back pain group and 3,140 days in the
no back pain group, generating 28,648 and 47,262 person-years of follow up,
respectively. Mean age was 50 years, slightly more than half were women,
and more than one out of ten were first generation immigrants, significantly
more in the back pain than in the no back pain group. Three quarters were
married or cohabiting. The no back pain group had significantly more education and leisure time physical activity, and fewer smokers than the back pain
group. The back pain group had a higher proportion of subjects with a history of hospital admissions for musculoskeletal disorders than the no back
pain group.
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Table 7. Characteristics of the study population in Paper II 1)

Number of observations
Mean follow-up time, days
Person-years of observation
Age, years
Female sex, %
Born outside Sweden, %
Marital status, %
Never married
Married or cohabiting
Divorced
Widowed
Education, %
Compulsory education only 1)
Vocational training
High School
College or university
Leisure time physical activity, %
Sedentary
Moderately active
Active or vigorously active
Smokers, %
Previously hospital admissions,%
Musculoskeletal disorders
Psychiatric disorders

Back pain

No back pain

Mean or %

Mean or %

p-value

2,736
3,012
28,648
49.8
52.3
14.1

4,239
3,140
47,262
49.3
51.5
10.2

9.1
75.5
10.1
5.3

9.3
76.5
8.5
5.8

46.4
21.6
18.5
13.5

44.1
19.4
18.4
18.1

21.8
64.4
13.7
32.4

16.9
65.8
17.3
27.8

<0.0001

2.9
11.7

2.3
4.8

<0.0001
0.14

0.16
0.50
<0.0001
0.60

<0.005

<0.0001

1) Old and new types of compulsory education combined

The outcome measures in the two groups are presented in Table 8. Self-rated
health, measured at baseline, was significantly lower in the back pain group
than in the no back pain group (5.10 versus 5.74, p<0.0001) after adjustment
for the influence of the covariates. There was no significant difference in the
cumulative number of days of sickness absence during follow up (73 days
versus 78, p=0.38). In the back pain group 22% of the subjects received a
disability pension versus 13% in the no back pain group. This difference was
highly significant. In a proportional hazards regression adjusted for the effects of the covariates the back pain group had a 24% higher risk of a disability pension than the no back pain group (HR 1.24, 95%CI 1.09-1.42,
p<0.002). The cumulative probability of a disability pension in the two
groups is shown in Figure 4. The differences between the groups increased
across the follow-up time.
The back pain group had a larger mean number of hospital admissions
during follow up than the no back pain group (0.71 versus 0.51, p<0.0005)
after adjustments for the influence of the covariates. However, there was no
difference in mean number of days in hospital (5.06 versus 4.74, p=0.72).
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156

0.71
5.06
5.3

119

0.63-0.80
3.69-6.43

0.51
4.74
4.3

485
0.44-0.58
3.64-5.83

5.68-5.79
67.5-88.5

498

5.03-5.17
60.6-85.6

95%CI

1.17

1.24

HR

0.91-1.50

1.09-1.42

95%CI

<0.0005
0.72
0.23

<0.0001
0.38
<0.002

p-value

1) Age, sex, education, marital status, place of birth, smoking habits, physical activity during leisure time, and previous hospital admission for musculoskeletal disorder

Self-rated health score
Cumulative sickness absence, days
Disability pension, %
Hospital admissions
Number of admissions
Number of days in hospital
All cause mortality, %

n

Mean
or %
5.74
78.0
13.5

95%CI

Mean
or %
5.10
72.6
22.0

n

No back pain

Back pain

Table 8. Outcome in those with back pain and in those with no back pain. Analyses were adjusted for the influence of the covariates 1)
(Paper II)

Cumulative disability pension proportion, %

25

20

15
Back pain group
No back pain group

10

5

0
0
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6
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16

Follow-up time, years

Figure 4. The cumulative probability of a disability pension among subjects with
and with no back pain (Paper II)
6

Cumulative mortality, %

5

4

Back pain group
No back pain group

3

2

1

0
0

2

4

6

8

10

12

14

16

Follow-up time, years

Figure 5. The cumulative mortality rate (Paper II)

During follow up 5.3% of the subjects in the back pain group died versus
4.3% in the no back pain group. In a proportional hazards regression analysis, adjusted for the influence of the covariates, the back pain group had an
inconclusive 17% higher risk of dying during follow up than the no back
pain group (HR 1.17, 95%CI 0.91-1.50, p=0.23). The cumulative mortality
rate is shown in Figure 5. The differences between the groups increased
across the follow-up time.
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Table 9. Demographic data and medical history at baseline in the four treatment
groups (Papers III and IV)
Orthopaedic
surgeons
Stay
Stay
active active,
only stretching

General
practitioners
Stay
Stay
active,
active,
stretchstretching,
ing,
manual
manual
therapy therapy,
injections
Mean
Mean
or %
or %

Differences
GPs’ – orthopaedic
surgeons’
patients

Mean
or %

Mean
or %

Age, years
42
Females, %
37
Body Mass Index
24.6
Smokers, %
46
Compulsory education only, %
29
Heavy or very heavy occu54
pation, %
Regular physical leisure
31
time activity, %
Previous LBP1) history
Previous similar LBP, %
77
Same location, %
96
Same character, %
82
Time since first acute
10
period, years
Number of episodes
5
Mild chronic pain last two
33
years, %
Mean VAS in chronic
23
complaints, mm
X-ray because of LBP, %
51
Hospital admission for LBP, %
6
Lumbar surgery, %
0
Sick-leave due to LBP
83
last two years, %
Sick leave due to LBP >1 month 14
Current LBP episode
Mean duration of episode, days 25.5
On sick leave at baseline, %
77
Pain last 24 hours, mm
55
Pain last week, mm
51
Disability Rating Index
57
Well-being score, mm
68
Complaint score
9.6

40
33
25.8
42
31
44

42
48
25.9
43
31
48

41
53
24.5
47
28
51

33

19

19

89
81
74
7

88
84
65
10

81
97
82
11

1.1 -10.5–12.8
2.7 -8.0–13.4
-4.3 -19.3–10.8
1.7
-0.7–4.2

3
34

4
43

4
40

-0.3
7.4

-1.8–1.2
-9.3–24.2

21

23

20

-0.8

-7.6–6.1

39
3
3
58

29
7
5
76

36
9
2
79

-12.5
3.6
2.0
7.1

-27.7–2.7
-4.0–11.3
-3.0–6.9
-6.7–20.9

17

12

15

-2.0

-13.1–9.1

35.1
56
49
58
52
71
9.3

24.6
69
53
60
60
71
9.2

25.1
72
57
48
61
69
8.5

1) LBP = Low back pain
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Difference

95%CI

0.5
-2.2–3.2
15.4
0.0–30.9
0
-1.2–1.2
1.3 -14.4–17.0
-0.4 -14.0–14.8
0.1 -15.7–16.0
-13.3

-26.8–0.2

-5-5 -13.6–2.6
4.6 -10.0–19.2
2.5
-4.9–9.9
-1.0
-7.9–5.8
6.1 -0.1–12.4
0.7
-3.0–4.3
-0.6
-2.0–0.8

Figure 6. Disability rating at baseline in the four treatment groups (Paper III and
Paper IV)

The Gotland Low Back Pain Study (Papers III and IV)
Patient characteristics and medical history are shown in Table 9. No significant baseline differences between manual therapy and reference groups were
found regarding demography, previous LBP infirmity, symptom duration, or
sick leave during the two years before the start of the study. Baseline distribution of disability rating and complaint score are illustrated in Figures 6
and 7. The pain score, and quality of life scores were similar in both groups.
However, on the one hand the manual therapy groups had a higher proportion of women, more sick leave at inclusion and higher disability rating,
while on the other hand the reference groups tended to have somewhat
longer duration of the current LBP episode.
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Figure 7. Distribution of Complaint Score at baseline in the four treatment groups
(Paper III and Paper IV)

Findings at the baseline physical examination are summarised in Table 10.
Restricted mobility, and local and radiating pain caused by movement were
frequent in all groups, with no significant differences.
Seventy-four per cent (n=119) of all patients reported a history of sick
leave owing to LBP during the last two years, of short duration in the majority of cases. The vast majority of the sick leave days during the two months
preceding baseline were attributable to LBP, Figure 8. During this period the
mean number of net days of sick leave, irrespective of cause, was 8.2 (median 6.0, inter quartile range 0.0–11.0) in the manual therapy groups, and 9.3
(median 5.5, inter quartile range 2.0–12.0) in the reference groups. Among
those who were on sick leave at baseline, the corresponding numbers of net
days were 11.5 (median 8.5, interquartile range 5.0–12.0) and 12.8 (median
9.0, interquartile range 4.0–14.0), respectively. All differences were nonsignificant. The groups were thus reasonably similar regarding baseline data.
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Lameness due to low back pain
Severe observed pain influence
Observed movement difficulties or pain scoliosis
Flattened lumbar spine
Lumbar tenderness
- Interspinal
- Paravertebral
Tender sacroiliac joint
Trendelenburgs sign positive
Restricted flexion
Restricted extension
Restricted side-bending
Local pain caused by flexion
Local pain caused by extension
Local pain caused by side-bending
Pain radiating to uni/bilateral leg from flexion
Pain radiating to uni/bilateral leg from extension
Ipsilateral leg pain on side-bending
Contralateral leg pain on side-bending
Positive straight leg raising test (SLR)
Pseudoradicular pain
True radicular pain
Superficial sensitivity altered

n
9
0
4
8
13
16
12
15
16
24
27
29
26
29
25
20
19
17
5
1
5
3

%
26
0
11
23
37
46
34
43
46
69
77
83
74
83
71
57
54
49
14
3
14
9

n
14
1
3
8
19
20
10
16
12
17
17
26
19
25
22
15
13
11
11
3
10
8

%
40
3
8
22
53
56
28
44
33
47
47
72
53
69
61
42
36
31
31
8
28
22

Orthopaedic surgeons
Stay active
Stay active,
stretching
only

Table 10. Physical examination findings at baseline (Paper III and Paper IV)
General practitioners
Stay active,
Stay active,
stretching,
stretching,
manual
manual
therapy
therapy,
injections
n
%
n
%
15
37
17
37
1
2
2
4
6
14
7
15
7
17
11
23
20
48
25
53
20
48
26
55
10
24
17
36
18
43
22
47
16
38
18
38
27
64
26
55
28
67
30
64
36
86
38
81
32
76
32
68
36
86
39
83
28
67
29
62
21
50
23
49
20
48
22
47
21
50
21
45
14
33
13
28
3
7
3
6
13
31
13
28
11
26
9
19
Difference %
3.9
2.0
4.7
-2.3
5.5
1.0
-0.6
1.3
-1.2
1.8
3.2
5.7
8.5
8.2
-2.2
0.1
2.1
7.8
7.8
1.1
8.1
7.0

95%CI
-11.3–19.1
-3.0–6.9
-5.7–15.2
-15.2–10.6
-10.3–21.3
-14.8–16.8
-15.2–13.9
-14.4–17.0
-16.6–14.2
-13.8–17.4
-12.0–18.4
-6.8–18.1
-6.1–23.2
-4.2–20.6
-17.2–12.9
-15.7–16.0
-13.6–17.9
-7.9–23.4
-6.2–21.8
-6.6–8.8
-5.7–21.8
-5.5–19.4

Differences between
general practitioners’
and
orthopaedic surgeons’
patients

Table 11. First diagnoses from medical records classified according to Quebec Task
Force on Spinal Disorders. Class 1 also divided into subgroups (Paper III)
Orthopaedic
surgeons
Distribution over Quebec Task Force Classes
(n = 154) 1)
1 Pain with no radiation
2 Pain with proximal radiation
3 Pain with distal radiation
4 Pain with radiation to lower limb and
neurological signs
5 Presumed nerve root compression, after
X-ray
6 Confirmed spinal nerve root compression
7 Spinal stenosis
8 Post surgical status, 1-6 months after intervention
9 Post surgical status, >6 months after intervention
10 Chronic pain syndrome
11 Other diagnoses
Diagnoses within Quebec Task Force Class 1
(n = 107) 1)
Low back pain, low back insufficiency
Dysfunction
Discogenic pain, hip pain, muscular pain,
sacroiliitis
Numbers are not necessarily mutually exclusive.
1) Number of patients

General
practitioners

n

%

n

%

47
4
8

68.1
5.8
11.6

60
8
4

70.6
9.4
4.7

5

7.3

9

10.6

0
2
0

0
2.9
0

0
2
0

0
2.4
0

0

0

0

0

1
0
2

1.4
0
2.9

2
0
0

2.4
0
0

39
0
8

83.0
0
17.0

12
47
4

19.0
74.6
6.4

p-value
n.s.

<0.0001

n.s. = not significant

Diagnostic differences between physician groups (Paper
III)
Diagnoses from patient records
The average number of diagnoses during the 10-week follow-up period was
1.3 in the reference groups and 2.4 in the manual therapy groups (p<0.0001).
When the first occurring diagnosis from patient records was classified according to the Quebec Task Force classification, class 1 (pain with no radiation) diagnoses were the most common and there were no significant differences between the two physician groups, Table 11. The first diagnosis was
typically assigned 2–3 days after inclusion, with a mean time after inclusion
of 3.4 days, with no differences between physician groups. The diagnostic
patterns were similar when all subsequent diagnoses for each patient were
taken into consideration, Table 12.
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Table 12. All diagnoses from medical records classified according to Quebec Task
Force on Spinal Disorders. Class 1 also divided into subgroups (Paper III)
Orthopaedic
surgeons
Distribution over Quebec Task Force Classes
(n = 154) 1)
1 Pain with no radiation
2 Pain with proximal radiation
3 Pain with distal radiation
4 Pain with radiation to lower limb and
neurological signs
5 Presumed nerve root compression, after
X-ray
6 Confirmed spinal nerve root compression
7 Spinal stenosis
8 Post surgical status, 1-6 months after intervention
9 Post surgical status, >6 months after intervention
10 Chronic pain syndrome
11 Other diagnoses
Diagnoses within Quebec Task Force Class 1
(n = 115) 1)
Low back pain, low back insufficiency
Dysfunction
Discogenic pain, hip pain, muscular pain,
sacroiliitis
Numbers are not necessarily mutually exclusive.
1) Number of patients

General
practitioners

n

%

n

%

54
9
17

58.1
9.7
18.3

142 66.0
18 8.4
18 8.4

6

6.4

22 10.2

0
3
0

0
3.2
0

0
6
0

0
2.8
0

0

0

0

0

1
0
3

1.1
0
3.2

8
0
1

3.7
0
0.5

42
0
12

77.8
0
22.2

p-value
n.s.

<0.0001
29 19.2
111 73.5
11 7.3

n.s. = not significant

However, within the class 1 diagnostic group there were major differences in
the physicians’ choice of diagnostic labels (p<0.0001). The GPs mainly used
‘lumbar dysfunction’ and ‘pelvic dysfunction’ while the orthopaedic surgeons predominantly used a non-specific LBP label. The results for all diagnoses from patient records were similar to those for the first diagnoses, Tables 11 and 12. For first diagnoses in the class 1 diagnostic group the between-physician group variation was large (chi-square 79.2, 2 degrees of
freedom) as compared with that of the within-physician group (5.8 and 3.4, 2
degrees of freedom), indicating consistency within groups but not between
the two groups. For all diagnoses the corresponding chi-square values were
108.5, 3.1 and 12.2.
There were also differences between the groups for diagnoses indicative
of pain radiation down into the legs. However, numbers were small and the
results inconclusive. In all patients with pain radiating only into the thigh,
labels of ‘piriformis syndrome’ or ‘trochanteritis’ were used. There were fewer
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Table 13. Diagnoses and reported work-up from physician questionnaire among 160
patients (Paper III)
Orthopaedic
surgeons
Reported diagnoses during the 10-week study
period
Lumbago (Low back pain without specification)
Low back insufficiency pain
Pseudoradicular pain
True radicular pain
Suspected lumbar disc herniation
CT/MRI verified disc herniation
Thoracic pain
Miscellaneous diagnoses 1)
Diagnostic work-up
Lumbar X-ray
CT, MRI, myelography

General
practitioners

n

%

n

%

p-value

52

73.2

82 92.1

<0.005

11
2
14
16
4
3
12

15.5
2.8
19.7
22.5
5.6
4.2
16.9

8
27
16
17
10
13
5

9.0
30.3
18.0
19.1
11.2
14.6
5.6

n.s.
<0.0001
n.s.
n.s.
n.s.
<0.05
<0.005

40
16

56.3
22.5

22 24.7
12 13.5

<0.0001
n.s.

Numbers are not necessarily mutually exclusive. n.s. = not significant
1) Contains: discogenic pain, facet-joint pain, hyper-reactive lower back, muscular pain, morning stiffness, piriformis muscle tendinitis, postoperative herniated disc pain, relapsing coccygeal pain after fracture, sacroiliitis, spinal stenosis, spondylosthesis

‘dysfunction’ labels in patients with radiation below the knee. Non-specific
labels with or without indication of a specific nerve root were more common.
The longer the symptom duration the more likely was a diagnosis of radiating pain. For first occurring diagnosis the probability of a diagnosis indicating radiating pain increased by 7% for each additional ten days of symptoms (OR 1.07, 95%CI 0.94-1.22). The corresponding OR based on both
first and all subsequent diagnoses during the 10-week period was 1.14
(95%CI 1.06-1.22). This means a longer course of LBP with pain radiation
than for LBP without pain radiation.

Reported diagnoses from physician questionnaires at end of
treatment period
The average number of diagnoses for the 10-week follow-up period was 1.6
in the reference groups and 1.9 in the manual therapy groups (p=0.05). In
half of the reported diagnostic categories there were significant differences,
Table 13. One third of the manual therapy patients received a diagnosis of
‘pseudoradicular pain’, while this label was given to only two reference patients. Since the number of verified herniated discs reported by questionnaire
also included herniated discs known before the study start, it was larger than
the number from the patient records.
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80%

Unspecified
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Other
Musculoskeletal
Low back pain
40%

20%

0%
Two months before baseline

Treatment period

94 weeks follow up

Figure 8. Proportion of sick leave net days by diagnostic group before study start,
during and after the treatment period. Each period is based on the patients who were
on sick leave during that period (Papers III and IV)

Diagnostic work-up
Orthopaedic surgeons ordered twice as many X-ray examinations than GPs,
p<0.0001, Table 13. Use of advanced imaging was not significantly different. A herniated disc was verified in 46% of the neuroradiological examinations among GP patients, as compared with 33% among the orthopaedic
surgeon patients, a non-significant difference. Among the GP patients eight
(9.1 %) were referred to an orthopaedic surgeon for surgical evaluation.

Sickness absence after baseline (Paper IV)
10-week treatment period
During the 10-week treatment period, 93% of all sick leave was attributable
to LBP, Figure 8. Altogether, 104 patients were on sick leave at some time
during the period, 17 patients were on sick leave during the entire 10-week
period, and 25 patients were on sick leave at the end of the period. The manual therapy groups had inconclusively less sick leave than the reference
groups, measured as both mean and median values, and irrespective of
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98.4
4.2

3

Mean net days through period

Prevalence rate at two years, %

24.7
25.4

Mean net days through period

Proportion with any sick leave, %

18

21.1

15

Prevalence rate at ten weeks, %

94-week follow-up period

27.6

60.6
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Proportion with any sick leave, %

Mean net days through period

16.7

Mean
or %

Mean net days through period

10-week treatment period

n

Reference

2

20

10

61

2.2

131.8

22.5

29.6

11.2

21.0

68.5

14.3

Manual
therapy
Mean
n
or %

All

0.43

1.02

0.83

0.87

0.43

0.75

1.29

0.95

ratio

0.06-2.86

0.39-2.68

0.39-1.75

0.49-1.55

0.18-1.08

0.52-1.10

0.65-2.54

0.60-1.53

95%CI

3

15

13

-

40

n

7.5

100.6

37.5

37.7

32.5

-

100.0

27.1

Mean
or %

Reference

2

15

8

-

58

3.4

170.5

25.9

44.1

13.8

-

100.0

20.3

Manual
therapy
Mean
n
or %

0.39

1.56

0.60

0.75

0.35

-

-

0.73

ratio

On sick leave at baseline

0.05-2.84

0.50-4.90

0.23-1.53

0.32-1.76

0.13-0.97

-

-

0.51-1.06

95%CI

Table 14. Sick leave due to low back pain during the 10-week treatment period and until two years after baseline. Analyses were adjusted for
the influence of age, sex, and pain radiation distal to the knee (Paper IV)
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Figure 9. Cumulative rate of return to work after baseline examination analysed with
Cox’s proportional hazards regression in the reference and manual therapy groups
(Paper IV)

whether the complete study population or only those on sick leave at baseline were included. Sick leave data for the period are given in Table 14.
The differences between the treatment groups in terms of sick leave
prevalence rate at the end of the period were larger than during the period.
Again, the manual therapy groups had inconclusively lower rates than the
reference groups. For those on sick leave at baseline this difference was statistically significant (P<0.05), Table 14.
The manual therapy groups had a significantly faster rate of return to
work than the reference groups and the group differences became evident as
early as after one week, Figure 9. At the end of the treatment period 71.1%
(n=28) of the reference groups and 86.6% (n=51) of the manual therapy
groups had returned to work (HR 1.62, 95% CI 1.006–2.60, P<0.05).

94-week follow-up period
When the 10-week treatment period was finished, the study population was
followed for another 94 weeks, until two years from baseline. During those
94 weeks, the average number of net days of sick leave for all causes was
57.6 (median 12, inter quartile range 0.5–45.8). Forty-eight percent of these
days were attributable to LBP. In 16% the cause was unknown since they
were self-certified, Figure 8. At the end of the two-year follow-up period,
five patients were still on sick leave due to LBP, yielding a prevalence of
3.1%, Table 14. There were no significant differences between the treatment
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groups, based on the complete study population or only on those who were
on sick leave at baseline. Long-term absenteeism from work was infrequent
at the end of the two-year follow up.
The skewness of the data was severe before log transformation. 8 patients
contributed 64% of all of sick leave net days while 122 persons had no sick
leave at all during the 94-week period. During the same period 4 patients
contributed approximately 80% of sick leave in the manual therapy groups.
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Discussion

Summary of results
In the two papers based on population studies, analyses were made with
adjustment for a large number of potential confounders and other outcome
affecting variables. A strong secular trend toward increased reporting of
back pain over the thirty-year period was found. The age-specific back pain
prevalence was dome-shaped and peaked in middle age. The age on prevalence function was similar in men and women but women had somewhat
higher prevalence than men.
Subjects reporting back pain had poorer self-rated health in crosssectional analysis than those reporting no back pain. In longitudinal, prospective analyses subjects reporting back pain had more hospital admissions
and a larger risk of disability pension than those not reporting back pain. The
effects in terms of sick leave and survival were inconclusive.
In the Gotland Low Back Pain Study, GPs and orthopaedic surgeons assigned the diagnoses used for local LBP differently, and the assignments
were consistent within each professional group. For local pain GPs predominantly used the label ‘dysfunction’, while the surgeons primarily used nonspecific labels. In comparison, in relation to number of cases with radiologically verified herniated discs, the orthopaedic surgeons were more likely to
use the label ‘(suspected) herniated disc’ and less likely to use the label
‘pseudoradicular pain’. They also used more diagnostic imaging than the
GPs.
The manual therapy treatment reduced sick leave for LBP during the
treatment period better than the reference treatment. This was found both in
relation to prevalence of individuals on sick leave at the end of the treatment
period and as rate of return to work. In addition, there was an inconclusive
trend towards fewer net days of sick leave in the patients receiving the manual therapy treatments than in those receiving reference treatments.

Methodological issues
The strengths of papers I and II include a large study population, based on
data from nine ongoing population studies covering almost 7,000-13,000
observations scattered over a 23 to 30 year period. One of the cohorts had a
55

different back pain variable than the others. However, the distribution of this
variable was similar to the back pain variable used in the other cohorts. Of
the determinant variables used, most were measured with the same instruments in all cohorts. Additional data used in paper II were official register
data regarding time and cause of disability pension, hospital admissions, and
death. There was little or no data loss.
The analyses were adjusted for a large number of outcome affecting variables other than back pain, diminishing the risk of erroneous conclusions.
The results were similar for subjects who had participated only once and
those who had participated on several occasions, indicating that the results
were stable in terms of secular trends. The weaknesses include a deficiency
of detailed back pain data, for instance severity and duration of the present
and previous pain episodes. With such measures, it might have been possible
to report the sex, age, and calendar time relationships in greater detail.
The attrition rate was moderate, less than 30%. Its potential effect on the
secular trend slope was estimated by assuming that non-participants in the
early and the late parts of the study period reported either considerably more
or considerably less back pain than participants. However, even the most
unfavourable alternative from the hypothesis point of view (non-participants
in the early study period reporting five standard error units more back pain
than participants, and five standard error less at the end of the study period)
was associated with a highly significant increase in back pain reporting over
calendar time.
Papers III and IV were performed within the framework of a randomised
controlled trial. The study sample was drawn from a geographically defined
area. Data completeness was excellent, probably owing to the fact that the
study area was an island and as such, in its entirety, covered by one local
Social Insurance Agency office and one administrative area for health care.
This factor limited parallel treatment and made tracing of data easier. The
limited size of the catchment area, on the other hand, caused the flow of
eligible patients to dwindle towards the end of the inclusion period and resulted in a reduction of the study size. A larger geographical recruitment area
would have increased the statistical power but at the same time probably, as
in previous studies, given rise to problems with data loss and treatment contamination.
The design of Paper III may cause some limitations, such as a small number of physicians and the fact that physicians participating in a clinical trial
may be assumed to have a more than average interest in the subject studied,
limiting the generalisability of the results. However, the alternative design,
having a larger group of physicians examine the same patients, also has limitations. Such a design can only provide cross-sectional data, i.e., the patients
are usually seen only once, which means that diagnoses under these conditions are preliminary and not based on observations over time or clinical
work-up. Repeated examinations of the same patients by several physicians
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can also affect the results. The design chosen for this study therefore most
probably generates more reliable and clinically valid results than alternative
designs.
Use of the questionnaire in Paper III with listed diagnosis alternatives
may to some extent have affected the labels chosen. However, the similarity
in results from questionnaire data and medical records (where the wording
was spontaneous) indicates that the potential bias due to questionnaire use is
small. The similarities between the groups in baseline data including demography, previous and current LBP and the similar distribution across Quebec
Task Force diagnostic classes suggest that the groups of patients were similar in all diagnostically relevant respects. The differences in diagnostic labelling between the two groups of physicians are therefore most probably not
due to differences between their patient groups.
Since all sick leave in Sweden is handled by the Social Insurance Agency,
all sick leave was processed uniformly and data could be obtained from one
official source. To assure completeness, the official data used in Paper IV
were supplemented with information from the patients and from the physicians. The sick leave data for the additional 94 weeks of follow up were
based on official data only and may therefore be incomplete, owing to incomplete reporting of sick leave remunerated by the employer. However,
both groups were probably equally affected. Since almost all sicklisting during the treatment period was attributable to LBP, the possibility of an artificial decrease in sick leave for LBP attributable to an undue ‘shift’ from LBP
to other diagnoses was small. There were moderate baseline differences in
age, sex and pain radiation distribution between the groups, adjusted for in
the analyses. The results are consistent with previously reported reductions
of pain and disability [153]. Contamination from parallel competing treatment was sparse and similar in both groups [153].
All things considered, there is no reason to believe that the results in the
various papers are affected by selection, group differences, or other bias to
such an extent that the conclusions would be affected.

Prevalence of back pain (Paper I)
Since back pain has been measured in many ways, comparability between
studies is limited. In this study a single question was used to measure prevalence. In Swedish ‘back pain’ with no further specification is the term in
general use to refer to ‘low back pain’. In our context this is in line with
expert views in the recent proposal for back pain definitions to be used in
prevalence studies [160]. In any case, methodological issues cannot explain
the observed secular trends, since the same questionnaire was used throughout the study period. The prevalence rates for back pain in the present study
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were similar to one-month to one-year LBP prevalence reported in other
studies from the same period [25-27].
In order to arrive at correct conclusions, adjustments are needed to control
for variations in demographic factors and other outcome affecting variables
that might change with age and over calendar time and vary between geographic regions, in order to make the study population mix comparable over
time. Most of the measures used in this study are standard demographic,
anthropometric, work-related, and lifestyle-related. The effects of the independent variables on back pain were consistent with previous research findings, and have been shown to be consistent over a 20-year period [39]. Our
stress and occupational status variables were excluded from the multivariate
analyses owing to collinearity problems. Collinearity means that two or more
variables in a regression model are highly correlated, resulting in instablility
of the model [161]. As a consequence, results from similar analyses can vary
widely. The only solution is removal of culprit variables. Data on psychological factors such as depression and fear avoidance might have explained
additional variance but were not available.
Back pain prevalence peaked at age 45 and then decreased with age, confirming previous findings [30]. From our preconceptions that back pain may
be provoked by work we had expected but did not find a temporary decrease
of back pain for a few years after retirement.
In two studies, secular trends towards increased back pain were found in
Britain [36, 37], and a similar trend was found in adolescents in Finland
[162]. Other studies found no significant changes [38-40] or decreased
prevalence over time [163]. At best, these studies controlled for age, sex and
educational level. The present study is the first to estimate the probability of
a secular trend after adjustment for a comprehensive set of covariates.
Differences between the previous, conflicting results, and our findings are
probably explained by differences in research methodology. Differences in
study period do not explain the differences in secular trends found. Cultural
factors may explain differences between countries [164]. Hüppe et al. speculated that maybe Germany had already reached the peak of the ‘epidemic’
and was already on the decline [40]. Divergent results between countries at
the same point in time could be explained by different phases of time trends
in the compared countries. We are not aware of evidence for such differences. Palmer et al. discussed cultural changes during their study period as a
likely reason for their finding, mediated through greater awareness and willingness to report minor back symptoms [36]. One measure of cultural factors
is the proportion of first generation immigrants, which, in the present study,
increased from 4% in 1973 to 23% in 2003. However, the secular trend remained after adjustment for place of birth. Hence, we are not aware of any
specific factors that would explain the pattern of stable or decreasing levels
of reported back pain in some studies and at the same time positive secular
trends in others.
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The findings are important as an estimate of casually reported back pain,
not affected by health care availability, social insurance regulations or business cycles. Regardless of whether or not there is an increased burden of
disease, our findings indicate an increase in perceived illness involving the
musculoskeletal system. This circumstance may increase the perceived need
for healthcare consultations, with a concomitant need for new strategies and
infrastructure for delivering advice on how to handle pain.
Further research should be focused on first replicating the secular trends
and, if possible, extending them to more recent time periods.

Medical and social consequences of back pain (Paper II)
In this study we used a casual measure of back pain. This means that subjects who responded positively were a mix ranging from those with a very
mild form to those with a severe condition. We had no access to any severity
measure. For this reason previous admission to hospital for musculoskeletal
disorders was used as a proxy for back pain severity. The proxy variable was
significantly related to all outcomes except death, and therefore probably
served well as a proxy.
It is well known that musculoskeletal complaints, and back pain in particular, affects current quality of life [57]. Our finding of decreased selfreported health among those with back pain follows this pattern.
We had no access to data on outpatient healthcare utilisation in our study
population. We had data on admission to hospital for LBP and found a
strong relationship between back pain and future admissions to hospital,
confirming results from a previous study of Finnish metalworkers [66]. Admission is affected by the patient’s perception of pain and decreased back
function, probably as more severe than for those who seek and only receive
outpatient care. The fact that the average back pain severity probably was
modest in our study was compensated for by the high statistical power.
We found a strong effect of back pain on future disability pension granting, also confirming a prospective cohort study of paper industry workers
[70]. Contrary to studies indicating increased future sickness absence in
those reporting back pain, we found no such differences [68, 69]. Again, this
is possibly attributable to the presumed fairly moderate average pain severity, or to our complete information on sick leave in comparison with other
studies, with a low risk of accepting non-existing relationships. Another
possible reason why we did not find differences in sick leave is selection
bias introduced through the individuals granted disability pensions. With the
analyses we have used, these individuals were not included in analysis of
sick leave from the day they were granted a pension and onwards.
Four studies have previously investigated the effects of back pain on survival. With the exception of Penttinen’s finding of increased risk of death
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from ischaemic heart disease among men aged 30-49 with back pain [72], no
differences in mortality have been demonstrated [70, 72-74]. However, it is
interesting that in our study there was a tendency towards higher mortality
among subjects with back pain than among others, although the effects were
too small to be conclusive. Given the statistical power of the study, this implies that possibly higher mortality among back pain reporters is limited.

Differences in diagnostic labelling (Paper III)
Swedish GPs are trained by orthopaedic surgeons during their undergraduate
training, including in management of LBP. The diagnostic assessment in the
two groups is therefore influenced by their having the same training but applying it to different patient populations. Orthopaedic surgeons normally
have no training in manual therapy, which is more common among GPs.
Although variations in diagnostic labelling have been assumed, I have not
found any reports of studies with a controlled design on this subject.
The validity of many diagnostic labels versus the true underlying cause of
the condition has also been questioned [6, 104, 165, 166]. The debate continues and cannot be easily resolved since there is no accepted gold standard
for low back symptoms and diseases [167, 168]. According to some authors
dysfunctions are the most common causes of LBP [137] and use of such
labels is widespread among manual therapists [157]. Within the medical
community, the existence of dysfunctions is controversial since the assumptions about underlying pain mechanisms are regarded as insufficiently evidence-based [6, 167, 169]. Bogduk called them ‘metaphors, with no established biological correlates’ and stated that labels specifying an anatomical
cause of pain cannot be established without invasive procedures or radiological analyses [166]. Given this debate it may be concluded that for the
time being there are no absolutely right or wrong diagnostic labelling alternatives among those used in this study. One practical way of handling this
dilemma is ‘diagnostic triage’, where patients are classified into the three
groups, suspected serious underlying disease, signs of nerve root pain, and
all others with ‘non-specific’ pain [6]. Another way of dealing with this
problem has been proposed by Blomberg who presented, based on therapy
tested in the Gotland Low Back Pain Study, a comprehensive pragmatic
system for pain treatment. The model incorporates ‘anti-dysfunctional’
therapies, according to a defined annotated flowchart. The ‘dysfunction theory’ contributes a system of thought on how to handle non-specific LBP, i.e.
pain which occurs in tissue that from a biomedical point of view is often
regarded as healthy [135].
The more frequent suspicion of herniated discs by the orthopaedic surgeons might be attributable to their focus on true radicular pain since their
primary task is normally to select patients for surgery. One possible reason
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for the difference in use of diagnostic imaging may be that their training in
manual therapy gave the GPs a basis, with a larger diagnostic and therapeutic toolbox within the study, to continue the treatment further without resorting to diagnostic imaging. This is also consistent with the favourable natural
history of LBP, the demonstrated effectiveness of the experimental treatment
to decrease pain and disability and with the fact that the GPs saw their patients more often and could assign them a larger number of diagnoses [153].
The choice of diagnostic labels may have effects on the further course of
the condition. When stay active management is the goal, caution must be
exercised in relation to labels both of dysfunctions and of specific pathology,
so that these are not used as excuses for inactivation, resulting in fear avoidance and inappropriate illness behaviour [6, 107, 170, 171]. Specific diagnoses such as ‘herniated discs’ on worker compensation certificates have been
shown to indicate poorer return-to-work prognosis than non-specific labels
[3]. The more valid but less descriptive non-specific terms used by the orthopaedic surgeons may lead to lower expectations on the part of patients
concerning the effectiveness of treatment, since the patients have received
the message that the physician does not know what is wrong [166]. To the
extent that the different use of diagnostic labels is an integral part of different treatment strategies, the choice could be important since it may be linked
to positive results from manual treatment both in terms of choice of treatment and of direct effects of the labelling itself.
It may be valuable to consider the influence of physicians’ diagnostic labels on choice of treatments in future trials on LBP. Also, even if it is not
explicitly stated, physiotherapists’ choices of treatment are determined by
their own evaluations of and their diagnoses of the patients’ condition. Taking this into consideration could be useful for future studies. Similarly, a
possible causal connection between diagnostic labelling and prognosis
should be studied through randomised controlled trials with sufficiently wide
inclusion criteria [172].

Effects of manual therapy on low back pain (Paper IV)
Significant differences between the groups were found only among the
population of patients on sick leave at baseline. This population was the
intended in the protocol for the Gotland Low Back Pain Study. The fact that
no significant differences were found in the full study population, including
patients who were not on sick leave at study start, underlines the importance
of study design and choice of catchment area.
A pragmatic design is sometimes regarded as a weakness, making it more
difficult to draw conclusions regarding the effectiveness of individual treatment components. To maximize the possible knowledge gained from this
study, a four-group randomization was used to allow for the additional
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evaluation of contributions from muscle stretching and injections. This design had the negative effect that what is tested in the two-group comparison
became more difficult to describe and define. Another possible consequence
is that we may have underestimated differences between the experimental
package of care and the basic reference treatment.
Little attention has been paid to the implications of the various quantitative measures of sick leave, and there is no obvious first choice for sick leave
analysis, different analyses and data sources have clear strengths and weaknesses [75, 80-83, 86, 87]. Therefore, we used administrative register data as
well as self-reported data and three methods for data analysis.
Sick leave data may pose analytical problems owing to the severe skewness towards high values, largest when no minimum period of sickness absence is required for participation. Possible simple solutions with skewed
data are to restrict the analyses to the population on sick leave at baseline or
to log transform the data before analysis. We used both approaches. Advanced modern statistical methods for analysis of skewed data including a
large proportion of individuals with zero as values of a variable might now
be available but were not known at time of our analyses [173-175].
A number of randomised controlled trials evaluating manual therapies for
LBP used sickness absence as outcome. The studies are heterogeneous in
terms of manual therapy applied, therapist professions, study populations,
reference treatments and outcome measures. Most of the studies did not find
differences in sick leave between treatment groups [89, 90, 92-97]. Two
studies found differences in favour of the tested manual therapy [88, 91].
The aforementioned studies seem to be adequately powered to detect
meaningful differences. The absence of differences in favour of manual
therapies might simply reflect absence of effects as compared with the reference treatments. Lack of necessary efficacy is also probable from the favourable short-term natural history for sick-leave due to LBP and nonspecific treatment factors that influence sickness absence and attenuate
treatment effects. Alternatively, there might be important issues in relation to
study design, measurement and analysis of sick leave. The studies that did
find differences have similarities in the manual methods used and in that at
least part of the manual treatment was given by physicians. At least in the
Swedish social security system, these factors may contribute to the significant differences found. We also tested a fairly comprehensive treatment programme whereas others tended to test narrower manual treatment programmes, and we had high precision in our outcome measurement.
In a previous report from Gotland Low Back Pain Study it was shown that
the manual therapy treatment reduced pain and improved functional ability
[153]. While also important, these measures may be regarded as ‘softer’
outcomes than sick leave measures including return to work, since the latter
are more objective and may also be regarded as more comprehensive measures of recovery. In Paper IV a number of measures of sick leave, including
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return to work after being sicklisted, were used as outcomes. The manual
therapy treatment appears not only to decrease pain and improve functional
ability but also to improve return to work, i.e. termination of sick leave, a
finding that increases the scientific support for the tested comprehensive
manual therapy programme.
In this trial a ‘black box’ approach to the treatment programmes was used,
in which the therapists were allowed to choose the most appropriate treatment modalities for a specific patient from a list specific to each allocation
group. This is similar to the approach used in clinical practice, to which the
results should be applicable. One question that still remains unanswered is
what treatment modalities contributed to the effects on LBP. Evaluation of
these single treatment modalities would be an appropriate next step, since we
know that the black box used in this study works. However, there is as yet no
information available as to whether there is an independent effect of single
modalities or a synergy, i.e. whether single modalities can be used or
whether more than one modality or even the whole box is needed to achieve
the effect. Furthermore, the relative contributions of therapists of different
professions and with different levels of training are not known. Research is
also needed to evaluate the absolute and relative effectiveness of various
forms of manual treatment in reducing sick leave. From a clinical research
viewpoint, more research and standardization are needed to establish the
relative values of different measurements of sick leave.
This study strengthens the evidence that the evaluated treatment methods
decrease sickness absence. From a clinical viewpoint, the Gotland Low Back
Pain Study has largely reproduced the results from the Säter Study [88, 112,
153], indicating that the experimental therapy programme in this study is
effective in reducing sickness absence, pain and disability caused by LBP.
The programme (now published as the ‘STAYAC’ model for pain management) [135] is therefore most probably at least an appropriate way of implementing the manual therapy that is recommended in the latest international
guidelines for LBP treatment [5, 113, 116, 118, 119].
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Conclusions

Back pain was prevalent in all age groups. The prevalence increased with
age, was most common in middle age, and then decreased. Moreover, there
was a significant trend towards increased reporting of back pain from 1973
to 2003 after adjustment for a number of other potential back pain affecting
variables.
Subjects reporting back pain any time during the last three months, measured casually as self-reporting with a quality of life instrument, had poorer
self-rated health than subjects reporting no pain during the last three months.
They also had a greater risk of future disability pension and admissions to
hospital. There were no significant differences between the groups regarding
sicklisting or mortality.
There were major differences between GPs, trained in manual therapy,
and orthopaedic surgeons in the terminology they used to label the same
patient conditions. The differences were greatest for local pain and their
characterisation of radiating pain. General practitioners used more terms
from manual medicine and reported more pseudoradicular pain than orthopaedic surgeons, who used non-specific pain labels and reported more true
radicular pain. Moreover, the orthopaedic surgeons used more x-ray examinations. The differences were found at all times from first appointment to the
last at 10 weeks of follow up.
Manual therapy in the form of a comprehensive therapy concept including
muscle stretching, manual therapy and injections as needed was more effective than the reference treatment in decreasing sickness absence in patients
with acute or subacute LBP. Proportional hazards regression computed return-to-work measures showed the largest difference between the groups,
whereas net days of sick leave showed less difference.
Back pain is thus a common condition and does not appear to be harmless. Physicians from different specialities label the condition differently.
Manual therapy as practiced in the randomized controlled clinical trial
proved to be more effective than the established treatment regarding return
to work.
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