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Chronic low back pain

Low back pain is one of the leading causes of disability worldwide and has a major 

socio-economic impact.1 In the Netherlands, the prevalence of adults reporting low 

back pain is approximately 20%2 and more than half of these patients visit their 

primary care practitioner at least once for the low back pain.3 In 2007, was the total 

cost of low back pain was € 3.5 billion (i.e. 0,6% of gross national product). Of these 

costs, approximately 12% are direct costs (e.g. primary care physician, physical 

therapist, chiropractor, medication) while the majority (88%) are indirect costs (e.g. 

loss of productivity and due to work absenteeism). The majority of the costs associated 

with low back pain are generated by people whose condition is chronic.4 

Given that low back pain is a pandemic with major societal and economic impact, 

many clinical practice guidelines have been developed.5-8 These guidelines provide 

recommendations for diagnostics and treatments of low back pain and consequently 

aim to contribute to better, more evidence-based healthcare for the treatment of this 

condition. 

Diagnostics of low back pain

One key problem in that treatment is accurately diagnosing low back pain in clinical 

practice. This is known to be particularly challenging as there are many definitions 

and classifications, while there is no clear delineation among these definitions or 

classifications nor clear substantiation in the literature or clinical practice.1 9 10

Low back pain is often described as pain, muscle tension or stiffness between the 

lower costal margins and above the buttock crease with or without pain radiating 

into the leg(s) and is sometimes associated with neurological symptoms. 1 Generally, 

when a patient with low back pain visits a health care practitioner, this practitioner 

will take a case history, perform a physical examination and may refer for diagnostic 

imaging in order to gain insight into the nature and course of the pain, the limitations 

in physical functioning and daily activities of their patients. The clinician should be 

alert to the presence of factors that are associated with a chronic course of the back 

pain and the presence of ‘red- flags’ indicating an underlying pathology.1 

Usually, the first step for a primary care practitioner is to distinguish specific from non-

specific low back pain by identifying ‘red flags’. Specific low back pain is generally 
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defined as symptoms caused by a pathophysiological mechanism such an infection, 

fracture, tumour, disc herniation or stenosis. Often though, no specific cause of low 

back pain can be identified, thus 80-90% of patients in primary care are labelled with 

non-specific low back pain.1 7 Following this first step, low back pain is typically 

classified according to the duration of pain: acute (less than six weeks), subacute (six 

weeks to three months) or chronic more than three months.7 

When red flags are present, one of the recommendations in the clinical practice 

guidelines can be to perform diagnostic imaging.11 12 If severe pathology is incorrectly 

diagnosed, this can have dire consequences for the patient. When no red flags are 

present, these guidelines strongly advise against routinely imaging the spine, 

regardless of the duration of symptoms.11 12 Reasons being, imaging not only has a 

substantial rate of false positives, but it also leads to an increase in direct costs. It 

can, therefore, lead to an increase in the number of patients inaccurately labelled 

with an anatomical diagnosis that might not be the actual cause of their symptoms. 

Additionally, it has been demonstrated that there is a direct association between rates 

of magnetic resonance imaging (MRI) utilization and back surgery.13-15 Therefore, 

imaging may potentially lead to unnecessary back surgery and result in an explosion 

of healthcare costs and concomitant burden to the healthcare system.

In contrast to the recommendations in clinical practice guidelines, the use of 

diagnostic imaging in medical practice is on the increase. Particularly, the use of MRI 

has increased, because, there is a greater access to MRI facilities, MRI affords a high 

degree of anatomical detail, and MRI is thought to provide reassurance to the patient 

and the practitioner.13 14 16

Various healthcare providers (e.g. radiologists, chiropractors) are involved in the 

referral and interpretation of diagnostic imaging for low back pain. While in some 

countries, interpretation of diagnostic imaging is exclusively delegated to medical 

radiologists, in other countries other healthcare practitioners, such as chiropractors, 

may refer and interpret diagnostic imaging. 

Diagnostic accuracy of reading lumbosacral MRI scans

Given the increasing use of diagnostic imaging in patients with low back pain, it is 

important to study whether chiropractors and medical radiologists are able to use 

this diagnostic procedure properly. Thus, diagnostic accuracy is a prerequisite for 

the appropriate application of MRI as a diagnostic tool in practice and research. To 

date, studies have investigated the reliability and validity of lumbosacral radiograph 
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reading for 'specific causes' by chiropractors and medical practitioners17 18, but not 

for MRI scan reading by chiropractors. The question is, whether chiropractors and 

medical practitioners are accurately able to identify patho-anatomical abnormalities 

(e.g. fracture, tumour, infection disc herniation or stenosis) on an MRI scan? Chapter 

2 expands on this research base by evaluating the reliability and validity of MRI 

interpretation of 'specific findings' in the lumbosacral spine by medical radiologists, 

chiropractic radiologists, and chiropractors. 

Improving diagnostic accuracy of reading lumbosacral imaging

To date, studies which have investigated the ability to accurately identify pathology 

on an image of the lumbosacral spine have reported mixed results, ranging from 

low to high levels of validity and reliability.17 19-22 This suggests that interpretation 

of imaging in low back pain is a highly complex task.7 13 establishing new ways of 

improving diagnostic accuracy for the interpretation of images in the context of low 

back pain are necessary because imaging is so often used in practice (Chapter 3).

In clinical practice, it is quite typical that the treating chiropractor reads the images 

alone. This is particularly common in solo practice and logical. By contrast, imaging 

is often seen by more than one medical practitioner (e.g. orthopaedist, neurologist) 

in hospitals as opposed to the radiologist alone. This raises the question whether 

diagnostic accuracy for interpreting imaging improves when more health care 

providers interpret the same images. One relatively unexplored mechanism for 

increasing diagnostic accuracy is to apply a concept known as ’collective intelligence 

approach’. Collective intelligence refers to the phenomenon that cognitive tasks can 

be better solved together than when alone.23-25

To answer this question, we used the data from chapter 2 and data from a previous 

reliability and validity study of radiograph reading, in order to investigate the 

benefits of this approach as a means of increasing diagnostic accuracy for interpreting 

lumbosacral radiographs and MR images. (Chapter 3)

Diagnostic use of imaging and adherence to clinical practice guidelines in 

chiropractic practice

To return to the topic of imaging use, despite the development of diagnostic imaging 

guidelines11 12, which discourage the use of imaging, diagnostic imaging continues 

to rise.26-28 Therefore, it is likely that inappropriate use of imaging occurs, also in 

chiropractic practice.29 30 Chapter 4 describes the use of diagnostic imaging, the 

opinions of chiropractors hold and their indications for using diagnostic imaging. 
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In addition, I address the issue of self-reported adherence to the clinical practice 

guidelines for diagnostic imaging for low back pain. Furthermore, I address the factors, 

such as years in practice, type of practice, post-graduate education and country of 

practice, which are associated with the use of diagnostic imaging and adherence to 

guidelines. Chapter 4 presents the results of a survey including clinical vignettes 

investigating these issues in Belgium and the Netherlands.

Treatment of low back pain

Over the past years, clinical practice guidelines have shifted their focus from 

pharmacological to non-pharmacological approaches as the first choice of treatment 

for patients with chronic low back pain patients. This is largely a consequence of the 

risk of adverse events with pharmacological interventions.31 The most recent summary 

of these guidelines suggests that patients with chronic low back pain should be 

routinely advised and educated. While therapies, which advocate an ‘active’ approach 

such as exercise therapy and cognitive behavioural therapy are recommended, these 

can be supplemented by non-pharmacological therapies, which are more passive in 

nature, such as spinal manipulation or mobilization collectively known as spinal 

manipulative therapy (SMT).31 Recommendations in clinical practice guidelines 

are based on the results of randomised clinical trials. SMT has been examined in 

numerous randomised controlled trials of varying methodological quality and size 

with varying results. These trials have been summarised in systematic reviews. 

These reviews suggest that SMT is an effective treatment with a modest mean effect 

when compared to other interventions.5-7 However, the recommendations for SMT 

in different international guidelines for chronic low back pain are not the same.31 

They vary from that SMT is considered a first-line treatment option7, to SMT is 

recommended as a component of a broader treatment package including exercise5, or 

SMT is not included or mentioned at all8, because it is considered a passive therapy. 

Effectiveness of SMT

In order to resolve this conflict, we updated the Cochrane review32 which examined 

the effect of SMT for chronic low back pain. (Chapter 5)

It is important to note, that traditional reviews which use aggregate data, that is, mean 

data from the reported studies have limitations, such as the review conducted in 

Chapter 5. Most notably, one is dependent upon the decisions made by the individual 

trialists. For example, the included studies 1) maintained different definitions of low 

15

GENERAL INTROUCTION

1



544842-L-bw-deZoete544842-L-bw-deZoete544842-L-bw-deZoete544842-L-bw-deZoete
Processed on: 22-10-2020Processed on: 22-10-2020Processed on: 22-10-2020Processed on: 22-10-2020 PDF page: 14PDF page: 14PDF page: 14PDF page: 14

back pain; 2) included subjects with acute or subacute low back pain; 3) used different 

exposures of treatments; and perhaps most importantly, 4) used different statistical 

analytic techniques, ranging from a simple t-test to more sophisticated regression 

models. An alternative, relatively new approach to evidence synthesis is the use of 

individual participant data (IPD). Chapter 6 includes the protocol for an IPD meta-

analysis to assess the effectiveness of SMT for chronic low back pain, and in Chapter 

7 we describe those outcomes.

Subgrouping patients

One of the greatest advantages of IPD is, it allows one to explore intervention effects 

and their interactions with patient and treatment characteristics. Therefore, IPD may 

be a useful technique for identifying patient subgroups and lead to better treatment 

strategies (Chapter 8). What we suspect from clinical practice is, some patients 

are more likely to benefit from SMT than others. For example, one may suspect 

that some characteristics (known as moderators), such as age, gender, duration of 

LBP, are likely to influence the response to treatments. For clinicians, it is a known 

source of frustration in back pain research that patients are lumped together. The 

problem is, moderators are typically not presented in the traditional meta-analysis 

approach because these data are often not available, are poorly reported, or derived 

and presented differently across studies. More importantly, if the results of subgroup 

analyses are reported, group averages or proportions are presented. This can result in 

ecological bias.33 While IPD, in theory appears promising, the reality is less so.

Finally, many of the topics described in this thesis originate from clinical practice. As 

I am a clinician in chiropractic practice, I often have discussions with my patients. 

They ask me many questions. Some of which I can answer easily, while for others I 

have no answers. That is one of the reasons I began my career in research. Therefore, 

I have added a summary below, which provides background information on the 

chiropractic profession.

International position and position of chiropractors 
in the Netherlands

Chiropractic is defined by the World Federation of Chiropractic as ‘a health profession 

concerned with the diagnosis, treatment and prevention of mechanical disorders of 

the musculoskeletal system, and the effects of these on the function of the nervous 

system and general health.34 There is an emphasis on manual treatments including 
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spinal adjustment and other joint and soft-tissue manipulation’.

In the USA, chiropractic is a well-established health care profession and the largest 

profession providing SMT. In Europe, the position various substantially between 

the different countries.35-39 It ranges from a legalized, direct accessible provider 

with permission to use diagnostic imaging reimbursed by insurance companies (e.g. 

Scandinavian countries, Switzerland and United Kingdom) to a non-recognised, 

alternative form of health care (e.g. the Netherlands, Belgium and Germany) with or 

without reimbursement. In the Netherlands, the most common complaint of patients 

presenting to chiropractors is low back pain (50%) and the majority of patients (77%) 

have chronic complaints.40 As chronic low back pain is common in chiropractic 

practice in the Netherlands, this thesis mainly focuses on chronic low back pain. 

In summary, this thesis contributes to the growing body of chiropractic research in the 

world and expands the research base for chiropractic in the Netherlands to improve 

the standard of care of Dutch chiropractors.

General objectives of this thesis

The aims of this thesis are:

1. Evaluate the intra- and interobserver agreement and validity of MRI interpretation 

of 'specific findings' in the lumbosacral spine by medical radiologists, chiropractic 

radiologists, and chiropractors.

2. To compare the performance of the majority rule (a powerful collective intelligence 

rule which combines the independent decisions of multiple observers against the 

performance of single observers) for the interpretation of diagnostic imaging by 

medical radiologists, chiropractic radiologists, and chiropractors.

3. To describe 1) the use of diagnostic imaging, 2) the opinions and the indications 

chiropractors hold towards the use of diagnostic imaging, 3) adherence to the 

international diagnostic imaging guidelines related for low back pain and 4) 

to evaluate factors associated with diagnostic imaging and adherence to the 

guidelines. 

4. To assess the benefits and harms of spinal manipulative therapy (SMT) for the 

treatment of chronic low back pain using the traditional approach with aggregate 

data. 

5. To assess the effect of SMT in adults with chronic low back pain using an 

individual participant data meta-analysis.

6. Identify which treatment and participant characteristics moderate the effect 
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of SMT on pain and function in patients with chronic low back pain using 

individual participant data. 

Outline of the thesis

Chapter 1 is the general introduction.

Chapter 2 describes a cross-sectional diagnostic accuracy study of lumbo-sacral 

spine MRI image reading by chiropractors, chiropractic radiologists, and medical 

radiologists.

Chapter 3 describes whether combining the independent ratings of chiropractors, 

chiropractic radiologists, and medical radiologists can improve diagnostic accuracy 

when interpreting diagnostic images of the lumbosacral spine. 

Chapter 4 presents the results of a survey among Dutch and Belgium chiropractors 

about diagnostic imaging in chiropractic practice about the opinions, use and 

adherence to diagnostic imaging guidelines. 

Chapter 5 describes a systematic review and aggregate data meta-analysis of the 

benefits and harms of spinal manipulative therapy for chronic low back pain.

Chapter 6 through 8 contains the design and the results of the individual participant 

data meta-analysis of spinal manipulative therapy for chronic low back pain. Chapter 

6 is the design article. Chapter 7 focusses on the effect of spinal manipulative therapy 

on pain relief and function and Chapter 8 explains the moderators of the effect of 

spinal manipulative therapy on pain relief and function.

Chapter 9 is the general discussion of the main findings, strengths and limitations of 

all studies within this thesis. Research and practical implication are also provided.

Chapter 10 provides a summary of this thesis in English as well as in Dutch.
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