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Low back pain is a major health problem. A publication from 2013 showed 
that, from the 289 diseases and conditions that were investigated, low back 
pain leads to the most ‘years lived with disability’ [1]. It is one of the most 
frequently occurring musculoskeletal disorders and leads to high costs due 
to disability, lost time from work and medical care. The point prevalence of 
back pain in the general population ranges from 12 to 30% [2, 3]. Several 
studies found that between 30% and 45% of those with back pain have had 
contacts with their general practitioner within a period of one year, which 
means that the general practitioner is a healthcare provider that is often 
visited for back pain [4-6]. In the Netherlands, the incidence of low back 
pain in general practice is about 30 episodes per 1,000 patients registered 
per year [3, 7].

Low back pain is usually divided into ‘specific’ and ‘non-specific’ low back 
pain. Specific low back pain is defined as symptoms caused by a particular 
pathophysiological mechanism, such as hernia nuclei pulposi, discitis, 
malignancy and fracture. Non-specific low back pain is defined as pain for 
which no specific cause can be shown; in about 80 to 95% of people with 
low back pain, no specific cause is found [8]. 

Adequate treatment of patients with low back pain begins with making 
the correct diagnosis. In the Netherlands, the first step in diagnostics for 
patients with low back pain is mostly made by the general practitioner, 
almost exclusively based on history and physical examination. In addi-
tion, in a small proportion of the patients, diagnostic imaging is needed. 
International guidelines recommend the use of imaging only when there 
is suspicion of serious pathology (fracture, malignancy and discitis), or in 
patients with severe sciatica for whom surgery is indicated because they fail 
to respond to conservative care for at least 6 to 8 weeks [9, 10]. Currently, 
there is widespread consensus that there is no indication to perform 
diagnostic imaging in patients with non-specific low back pain.
But despite of all these recommendations, there is still little consensus, 
either within or between specialties, on appropriate diagnostic evaluation 
of low back pain [11]. Lumbar spine imaging (plain radiography, CT, and 
MRI) is still often performed in patients with low back pain, and it is often 
performed in the absence of a clear indication for it [9, 12]. These findings 
support the hypothesis that much of the variation in medical care for low 
back pain may be due to physician uncertainty [11].
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The aim of the work presented in this thesis is to gain more insight into the 
diagnostic tools used in patients with low back pain. First, we examined 
how lumbar MRI is currently used by general practitioners in the Nether-
lands.

MRI in primary care

If a physician suspects the presence of a specific disease, diagnostic imag-
ing can be used. In recent years, general practitioners in the Netherlands 
can refer low back pain patients for MRI of the lumbar spine themselves. 
Possible reasons for the use of MRI in general practice are i) to detect or 
exclude specific pathologies, ii) to reassure the patient (and physician), 
and/or iii) to prevent unnecessary referrals to secondary care. Despite the 
recommendations of the guidelines to use MRI only in specific cases, the 
use of MRI as the initial imaging for low back pain seems to have become 
more common in general practice in countries such as the USA and Aus-
tralia [9, 13]. However, data on the use of MRI by general practitioners in 
the Netherlands are still lacking. Therefore, we designed an observational 
prospective cohort study with a 12-month follow-up in patients with low 
back pain referred for MRI in general practice. In Chapter 2, we explore 
the characteristics and MRI findings of patients with low back pain 
referred for MRI in general practice.

The ultimate goal of any diagnostic test is to improve the clinical outcome 
of the patient. Well-conducted randomized trials are the top of the diagnos-
tic evidence hierarchy, because they provide the most direct information on 
the clinical benefits and harms of alternative testing strategies. However, 
in daily practice most studies on diagnostic tests estimate how accurately 
they can identify a disease or condition, or how well the test provides 
prognostic information. Furthermore, identification of prognostic factors 
predicting recovery, persistent pain, and disability are important for better 
understanding of the clinical course, to inform patients and physicians, and 
to support therapeutic decision making [14]. In Chapter 3, we investigate 
the added prognostic value of baseline MRI findings over known prognos-
tic factors for patient recovery.

The use of MRI by general practitioners to diagnose and manage patients 
with low back pain might result in avoidance of unnecessary hospital 
referrals. However, data on the patterns of subsequent care among patients 
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referred for lumbar spine MRI by their general practitioner are scarce. 
Better understanding of the patterns of healthcare services used after MRI 
of the lumbar spine will provide information on how MRI findings are 
used by general practitioners for subsequent management. Identification 
of possible prognostic factors predicting consultation with specialists or 
surgery, can be important to inform patients and physicians. Therefore, in 
Chapter 4, we investigate the association between patient characteristics, 
back pain characteristics and MRI abnormalities with subsequent specialist 
consultation and/or surgery in the same low back pain patients referred to 
MRI by their general practitioner.

Lumbar spinal stenosis

One of the anatomical abnormalities that can be found with MR imaging 
is lumbar spinal stenosis. Lumbar spinal stenosis is commonly used to 
describe patients with symptoms related to an anatomic reduction of the 
lumbar spinal canal size [15]. The challenge to the anatomically-based 
definition is that, while necessary for the diagnosis of lumbar spinal 
stenosis, it is not sufficient to determine the severity of symptoms that 
leads a patient to seek treatment [15]. The extent of narrowing of the 
spinal canal correlates poorly with symptom severity, and radiological 
significant lumbar stenosis can also be found in asymptomatic individuals 
[15-18]. Furthermore, lower extremity pain, and numbness or weakness are 
frequently seen in the setting of low back pain, and many other causes may 
also be involved. Therefore, correlating symptoms and physical examina-
tion findings with imaging results is necessary to establish a definitive 
diagnosis. A wide range of clinical, electrodiagnostic and radiological tests 
are currently used to diagnose lumbar spinal stenosis. It is important to 
know the diagnostic value of these tests because false-positive test results 
may lead to unnecessary surgery and/or costly or invasive additional 
diagnostic interventions. In Chapter 5, we update our earlier systematic 
review on the diagnostic accuracy of tests used to diagnose lumbar spinal 
stenosis.

Lumbar disc degeneration

Once patients with radiculopathy and serious causes of back pain (such 
as fracture and malignancy) are excluded, the remaining patients (ap-
proximately 85%) are those with so-called ‘non-specific low back pain’. 
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In these patients clinicians apply generic symptomatic treatments such 
as advice to stay active and avoid bed rest, as well as analgesic medicines, 
exercise and manipulation. While this approach is simple, unfortunately it 
does not always work very well. The limitations of current approaches are 
illustrated by many systematic reviews of treatments for low back pain that 
reveal that existing treatments for non-specific low back pain have, at best, 
only small effects [19-21]. One reason for this might be that the ‘one-size 
fits all approach’ advocated by guidelines fails to target treatments at 
patients who might benefit the most, thus diluting their potential benefits 
[22]. Identifying subgroups of patients for whom different treatments are 
superior has been referred to as the ‘Holy Grail’ of low back pain research. 
One of the possible subgroups based on pathoanatomical findings are 
patients with degeneration of the spine. In the second part of this thesis, 
we performed an epidemiological study on the characteristics of lumbar 
disc degeneration.

Lumbar disc degeneration is characterized (radiographically) by the 
presence of osteophytes, endplate sclerosis, and disc space narrowing. The 
association between low back pain and degenerative changes in the lumbar 
spine is complex. However, it is known that lumbar disc degeneration can 
be a possible risk factor for back pain in adults, with odds ratios ranging 
from 1.3 to 3.2 [23, 24]. Nevertheless, due to differences in the definitions 
used for lumbar disc degeneration, studies on the relation between low 
back pain and lumbar disc degeneration are difficult to compare. This is 
why it is still difficult to provide a clinically relevant definition for lumbar 
disc degeneration. Therefore, the study in Chapter 6 explores the as-
sociation between various individual radiographic features of lumbar disc 
degeneration and self-reported low back pain.

Patients with low back pain with symptoms due to lumbar disc degenera-
tion could be a subgroup within the population of non-specific low back 
pain patients. Clinical symptoms associated with radiographic lumbar 
disc degeneration may help identify such patients. Although lumbar disc 
degeneration cannot be defined as ‘real’ osteoarthritis because the facet 
joints are the only synovial joints in the spine, it is often used as a proxy 
for osteoarthritis of the spine. Clinical osteoarthritis of the knee and hip 
includes (besides pain) also morning stiffness (ACR criteria) [25, 26]. 
Therefore, in Chapter 7, we examine the association between spinal 
morning stiffness and lumbar disc degeneration. These associations are 
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also compared with the associations between morning stiffness in the legs, 
and knee or hip osteoarthritis.

In Chapter 8 we studied the possible association between osteoarthritis of 
the spine and hip pain. Differentiating back pain from hip pain in patients 
who present with classic signs and symptoms is mostly not difficult. How-
ever, in some cases, patients present with nonspecific complaints of pain in 
the buttock, lateral hip or thigh. The differential diagnosis of this nonspe-
cific pain is broad and includes radiating pain from the lumbar spine. The 
differentiation of signs and symptoms suggestive of hip disorders versus 
spine disorders is important in giving patients the most beneficial treat-
ment, especially if the treatment includes a major reconstructive surgery, 
such as hip replacement. Preoperative identification of factors associated 
with hip pain arising from the lumbar spine would help physicians by 
identifying the subgroup of patients who might not experience full relief 
of pain with a hip arthroplasty. Therefore, the study in Chapter 8 explores 
the association between self-reported hip pain and various individual 
radiographic features of spinal osteoarthritis by vertebral level, including 
osteophytes and disc space narrowing.

Finally, in Chapter 9 the key findings of the previous chapters are sum-
marized and discussed in the context of current knowledge and evidence, 
and directions for future research are provided.
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Abstract
Design

Cross-sectional, observational 
cohort study.

Background

The use of MRI as the initial 
imaging for low back pain has 
increased in general practice. 
However, because few data are 
available on the characteristics 
of these referred patients, more 
insight will provide information on 
how MRI scans are being used by 
general practitioners.

Objective

To describe the characteristics 
and MRI findings of low back pain 
patients from general practice 
referred for MRI, and investigate 
whether baseline characteristics 
differ between patients with and 
without specific findings seen on 
MRI.

Methods

Patients referred by their general 
practitioner for MRI of the lumbar 
spine were recruited. The MRI 
radiology reports were scored for 
the presence of disc bulging, disc 
herniation, nerve root compres-
sion, spinal stenosis, spondylo-

listhesis and serious pathologies 
(i.e. fracture, malignancy, 
discitis). Information on patients’ 
characteristics, characteristics of 
the complaints, and red flags were 
derived from the baseline mea-
surement. Cross-sectional differ-
ences between patients with and 
without specific MRI findings were 
analyzed using a Mann-Whitney 
U-test or a Fisher’s exact test.

Results

A total of 683 low back pain 
patients were included; mean age 
was 49.9 (range 19-80) years and 
53% was male. Mean back pain 
severity score was 6.6 (SD 2.0) 
and 67% of the patients reported 
having chronic low back pain. Of 
all MRI reports, 69% mentioned 
signs of nerve root compression. 
Serious pathologies were reported 
in 3% of the patients. Patients with 
malignancy were older and less 
often reported a history of back 
pain complaints (40% vs. 81%).

Conclusions

Most of these low back pain pa-
tients referred for MRI in general 
practice reported long-lasting 
complaints and severe low back 
pain. The MRI reports showed a 
relatively high number of serious 
spine pathologies.
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Introduction

In the Netherlands, general practitioners (GPs) can refer low back pain 
patients for magnetic resonance imaging (MRI) of the lumbar spine. 
Possible reasons for the use of MRI in general practice are to detect or 
exclude specific pathologies, to reassure the patient (and physician), and/
or to prevent unnecessary referrals to secondary care.
Clinical practice guidelines recommend not to immediately initiate lumbar 
spine imaging in patients with acute or subacute low back pain and without 
features (red flags) suggesting serious underlying conditions [1-4]. Despite 
this recommendation, the use of MRI as the initial imaging for low back 
pain has become more common not only in secondary care, but also in 
primary care [1, 5]. In response, recommendations have been made to 
increase efforts to curb the overuse of lumbar MRI [1]. Nevertheless, a 
more widespread use of MRI in general practice is also advocated by others 
[6].
Meanwhile, data on the characteristics of low back pain patients referred 
to MRI by their GP are lacking. Therefore, to gain insight into the value 
of MRI in primary care, more information is needed on low back pain 
patients referred to MRI by their GP and how MRI scans are used by GPs. 
Furthermore, there is uncertainty regarding the prevalence of serious 
pathologies in primary care as an underlying cause of low back pain [7, 8]. 
Henschke et al. reported that serious pathologies in patients presenting 
to a primary care provider with acute low back pain are rare [9]. Although 
the prevalence of serious pathology in referred patients is expected to be 
higher, clear evidence is lacking.
The aims of this study are to describe the characteristics and MRI findings 
of patients with low back pain from general practice referred for MRI, and 
investigate whether baseline characteristics differ between patients with 
and without specific findings seen on MRI.

Methods

This study used the baseline data of a prospective observational cohort 
study in general practice, with a 12-month follow-up. Eligible patients were 
enrolled between June 2010 and September 2011. The study protocol was 
approved by the Medical Ethics Committee of the Erasmus Medical Center, 
Rotterdam, the Netherlands.
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Study population
Consecutive eligible adults referred by their GP for MRI of the lumbar 
spine were recruited at the MRI Center (the Netherlands). The inclusion 
criteria for the study were aged ≥ 18 years and being referred by their 
GP for MRI of the lumbar spine. Patients were excluded if there were 
contraindications for undergoing MRI, or if the patient had insufficient 
understanding of the Dutch language and/or was incapable of understand-
ing the ramifications of participation.
Eligible patients received written information about the study when they 
made an appointment at the MRI Center and could ask any additional 
questions up until the date of the MRI scan. Patients that declared interest 
in the study provided informed consent.

MRI findings
All patients underwent MRI (1.5 Tesla, Siemens, Erlangen, Germany) as 
scheduled. The MRI protocol consisted of sagittal and transverse T1 and 
T2-weighted sequences. We performed transverse imaging and a three-
dimensional (3D) steady-state sequence (CISS) through affected disks and 
vertebrae. The MRIs were assessed by one of 7 radiologists of the MRI 
Center. As this study was designed to reflect routine general practice as 
closely as possible, we scored the findings described in the MRI radiology 
reports retrieved from the MRI Center, which were identical copies of the 
reports sent to the referring GP. There was no interference with the care 
given by the GP or any other healthcare providers with respect to advice, 
diagnostics or treatment.
A single trained reader [EdS], who was blinded to the participants’ clinical 
data, extracted data from the MRI reports regarding the presence or 
absence of the following findings at each lumbar level (T12-L1 through 
L5-S1): intervertebral disc bulging, disc herniation (protrusion/extrusion 
per level), disc sequestration, nerve root compression, spinal stenosis, 
spondylolisthesis, and serious pathology (fracture, malignancy and/or 
discitis).

Questionnaires
After inclusion, the baseline measurement included validated question-
naires, for which participants were invited by email containing a secured 
link to the online questionnaires. The follow-up period was 12 months, 
with follow-up measurements at 3 and at 12 months. Reminders were sent 
by email after 2 and 3 weeks of non-response.
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The baseline questionnaire included questions on: 1) patient characteris-
tics: age, gender, body mass index (BMI), level of education (seven cat-
egories, ranging from ‘primary school’ to ‘graduate school’), employment 
status, attitude and beliefs about low back pain at baseline measured with 
the Back Beliefs Questionnaire (BBQ, range 9-45) [10] in which a higher 
score indicates better attitude/belief regarding back pain, and quality of 
life (EuroQol, range -0.329 to 1.0 [11]; 2) back pain characteristics: history 
of back pain, duration of back symptoms (five categories, ranging from 
‘less than 6 weeks’ to ‘more than one year’), severity of the low back pain 
at baseline measured on an 11-point numerical rating scale (NRS) [12] 
in which 0 represents ‘no pain’ and 10 represents ‘the worst pain ever’, 
presence of radiating pain in the legs below the knee, severity of radiating 
pain in the leg (NRS), neurological symptoms of the legs determined with 
the question: “Did you have any complaints of numbness or tingling of the 
leg(s), and/or weakness of the leg(s) during the last week“ (answer yes/
no), morning stiffness of the back, disability measured with the Roland 
Disability Questionnaire (RDQ, range 0-24) [13], and history of back 
surgery; and 3) red flags: derived from the Dutch clinical practice guideline 
for low back pain [14] for the presence of two of the most common serious 
pathologies (vertebral fracture and malignancy) [9]. The red flags studied 
for the presence of vertebral fracture included: trauma, age ≥ 70 years, 
and female gender. The red flags studied for the presence of malignancy 
included: back pain started after age 50 years, presence of continuous back 
pain independent of posture or activity, night-time back pain, history of 
malignancy, and unexplained weight loss.

Statistical analysis
Data were checked for inconsistencies and missing baseline data were 
imputed using multivariate imputation resulting in five imputed datasets 
[15]. To enable easy interpretation, the following categorical variables 
were dichotomized: education was dichotomized in low level (compulsory 
education or lower secondary school) and high level; and duration of back 
pain in acute (less than 3 months) and chronic back pain (3 months and 
over).
Descriptive analyses were used to report the baseline characteristics of the 
patients using the mean and standard deviation (SD) for continuous data, 
and proportions for categorical data. Secondly, patients without any MRI 
findings were compared with those with MRI findings, and patients with a 
specific finding seen on MRI (disc herniation with nerve root compression, 
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spinal stenosis, spondylolisthesis, fracture, malignancy or discitis) were 
compared with those without this specific finding.
For the analyses, the Fisher’s exact test was used to compare the categori-
cal variables and a Mann-Whitney U-test was used to compare the numeric 
variables. All analyses were performed using SPSS version 20.0 (SPSS Inc., 
USA).

Results

A total of 683 patients participated in the study (Figure 1). At baseline, 
information on BMI was missing for 8 patients (1%) and information on 
severity of leg pain was missing for 2 patients (0.3%). The baseline charac-
teristics of the patients are presented in Table 1; mean age was 49.9 years 
(SD 12.5; range 19-80) years. In total, 53% of the patients were male, 36% 
reported a low education level and 70% had a paid job.
Mean back pain severity score was 6.6 (SD 2.0) on a 0-10 scale, mean 
disability score on the RDQ was 13.5 (SD 5.2), and 67% of the patients 
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Included in the study n=683 

3-months follow-up n=547 (80%) 

Lost to follow-up 

n=136 

Excluded from the study n=50 

* No baseline questionnaire (n=8) 

* No MRI (n=18) 

* No referral by a general practitioner (n=24) 

Recruited patients 

n=733 

1-year follow up n=474 (69%)  

Lost to follow-up 

n=73 

Figure 1. Flow chart of the study population
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reported having chronic back pain. Of the 455 patients with chronic back 
pain at baseline, 324 patients (71%) reported back pain persisting for ≥ 1 
year. In total, 66% of the patients reported pain radiating to the leg below 
the knee, mean leg pain severity score was 5.6 (SD 2.8), and 77% of the 
patients reported neurological symptoms of the leg(s).

MRI findings
An absence of abnormal MRI findings was reported in only 6% of the 
patients (Table 2). The MRI reports described disc herniation in 72% of the 

Table 2 MRI findings of the 683 included patients
Patients
n=683

No abnormal MRI findings 44	 (6)
Disc bulging 308	 (45) 
	 Single level 103	 (33) 
	 Multiple levels 205	 (67) 
Disc herniation 492	 (72) 
	 Single level 265	 (54) 
	 Multiple levels 227	 (46) 
	 Sequester 42	 (9) 
	 T12-L1 10	 (2) 
	 L1-L2 37	 (8) 
	 L2-L3 66	 (13) 
	 L3-L4 101	 (21) 
	 L4-L5 285	 (58) 
	 L5-S1 272	 (55) 
Nerve root compression 472	 (69) 
Spinal stenosis 87	 (13) 
Spondylolisthesis 56	 (8) 
	 Grade I 42	 (75) 
	 Grade II 5	 (9) 
	 Grade III 0	 (0) 
	 Grade IV 0	 (0) 
	 Unknown 9	 (16) 
Impression fracture 17	 (3) 
	 Recent fracture 4	 (24) 
Malignancy 5	 (0.7) 
Discitis 2	 (0.3) 

Data are presented as numbers (percentages)
MRI: Magnetic Resonance Imaging
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patients and 46% of these patients had disc herniation at multiple levels. 
In terms of their distribution by vertebral level, disc herniation was more 
frequent at the lower lumbar disc levels. In total, 69% of the MRI reports 
mentioned signs of nerve root compression. Disc herniation with nerve 
root compression was reported in 397 (58%) patients.
Spinal stenosis was reported in 87 patients (13%). The MRI reports 
described spondylolisthesis in 56 patients (18%) and 75% of these patients 
had a spondylolisthesis grade I. Regarding serious pathologies, 17 MRI 
reports (3%) mentioned fracture(s), and 4 of these (24%) mentioned a 
recent fracture of which 2 were caused by metastatic cancer. Malignancy 
was reported in 5 patients (0.7%) and discitis was reported in 2 patients 
(0.3%).

Patients without any abnormal MRI findings (6%) were more often female, 
had a slightly higher BMI, and less often reported pain radiating to the 
leg below the knee and neurological symptoms of the legs, compared with 
those with specific MRI findings (Table 1).
Comparison of patients with and without specific MRI findings also 
revealed a number of significant differences. Patients with disc herniation 
with nerve root compression were younger, more often male, had a slightly 
higher BMI, and more often reported acute back pain compared with those 
without. Also, they more often reported pain radiating to the leg below the 
knee and neurological symptoms of the leg(s). In addition, they had more 
severe leg pain (mean 6.0) and a higher level of disability as measured with 
the RDQ (mean 14.0).
Patients with spinal stenosis were more often male and of higher age 
compared to those without. Also, they more often reported a low education 
level and unemployment; however, these differences might be attributed to 
their higher age. Patients with spondylolisthesis more often reported pain 
radiating to the leg below the knee and were of higher age compared with 
those without. Again, the high level of unemployment might be attributed 
to their higher age.

Serious pathology
Patients with an impression fracture were of higher age (borderline 
significant: p=0.08) compared to those without. Patients with malignancy 
were significantly older (mean 65.2 years) and less often reported a history 
of back pain complaints (borderline significant; p=0.05) (40%).
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The red flag ‘trauma’ was reported in 6 patients (35%) with an impression 
fracture; the red flag ‘age over 70 years’ was reported in 4 patients (24%)’ 
and the red flag ‘female gender’ was reported in 10 patients (59%) (Table 
3). In total, 41% of the patients with fracture reported 1 red flag, 29% of the 
reported 2 red flags, and 1 patient (6%) reported 3 red flags.
All 5 patients with malignancy reported the red flag ‘back pain started after 
age 50 years’. None of the patients with malignancy reported the presence 
of continuous back pain independent of posture or activity. In total, 2 
patients (40%) with a malignancy reported 1 of the five red flags, and 3 

Table 3 Frequency of red flag signs and symptoms reported by all included 683 
patients, 17 patients with fracture and 5 patients with malignancy seen on MRI.

Patients
n=683

Fracture
n=17

Malignancy
n=5

Red flags for fracture
Trauma 86	 (13) 6	 (35) - 

Age over 70 years 30	 (4) 4	 (24) - 

Female gender 318	 (47) 10	 (59) - 

Red flags for malignancy    

Age at onset over 50 years 161	 (24) - 5	 (100) 

Continuous back pain 347	 (51) - 0	 (0) 

Back pain at night 364	 (53) - 2	 (40) 

History of malignancy 22	 (3) - 1	 (20) 

Unexplained weight loss 79	 (12) - 0	 (0) 

Red flags fracture    

No positive red flags 310	 (45) 4	 (24) - 

1 positive red flag 316	 (46) 7	 (41) - 

2 positive red flags 53	 (8) 5	 (29) - 

3 positive red flags 4	 (1) 1	 (6) - 

Red flags malignancy    

No positive red flags 127	 (19) - 0	 (0) 

1 positive red flag 235	 (34) - 2	 (40) 

2 positive red flags 233	 (34) - 3	 (60) 

3 positive red flags 80	 (12) - 0	 (0) 

4 positive red flags 8	 (1) - 0	 (0) 

5 positive red flags 0	 (0) - 0	 (0) 

Data are presented as numbers (percentages).
Red flags refer to signs and symptoms which indicate urgent need for treatment, or indicate a 
severe condition.
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patients (60%) reported 2 red flags. Thus, all patients with malignancy 
reported at least 1 red flag at baseline.

Discussion

This study presents the characteristics and MRI findings of low back pain 
patients from general practice referred for MRI of the lumbar spine. A total 
of 683 low back pain patients were included; mean back pain severity score 
was 6.6 (SD 2.0), mean leg pain severity score was 5.6 (SD 2.8), and 67% 
of the patients had chronic low back pain. In total, 69% of the MRI reports 
mentioned signs of nerve root compression. Serious pathologies were 
reported in 3% and patients with malignancy were older and less often 
reported a history of back pain complaints.

In this study, most of the referred patients reported long-lasting back 
complaints. The baseline back pain severity and disability scores were 
generally higher than reported in earlier cohort studies on low back pain 
[16-18], and in three studies on low back pain patients referred for MRI or 
radiography by their primary physician [19-21]. Compared with the study 
of Jarvik et al. [20], our patients also more often reported pain radiating to 
the leg below the knee and more often a history of back surgery. A possible 
reason for these differences might be the Dutch healthcare system. In the 
Netherlands, GPs have a gatekeeping role in the healthcare system, i.e. 
patients need a referral from their GP to consult a hospital specialist. To 
maintain that gatekeeping role, GPs tend to adhere to the Dutch guidelines 
[14]. These guidelines recommend that diagnostic imaging should only 
be performed in patients who have chronic, severe radiculopathy, or with 
features suggesting a serious or specific underlying condition. Therefore, 
the patients in the present study may be worse off in terms of pain, dis-
ability and duration of complaints.

The MRI reports showed disc herniation in 72% and nerve root compres-
sion in 69% of the patients. These prevalences are much higher than 
reported in persons without low back pain [22]. They are also higher than 
reported in cohorts of patients with chronic low back pain [23] and acute 
back pain [24], and in cohorts including patients referred for radiography 
[20] and MRI [25]. Our prevalences match those reported by Hancock 
et al. [26] who compared rates of MRI findings of 30 patients with low 
back pain and 30 pain-free controls. A possible explanation for the high 
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prevalence of nerve root compression in our MRI reports is that there is 
no universally accepted imaging criteria to define nerve root compression 
[27]. When in doubt, radiologists often base their decision regarding the 
presence of nerve root compression on both the MRI and clinical presenta-
tion.
In the present study, the prevalence of serious pathology (3%) might be 
underestimated, i.e. most patients with suspected serious pathology may 
have been referred by their GP to hospital, rather than being referred for 
MRI. On the other hand, the prevalence of serious pathology was three 
times higher than reported in a study on acute low back patients in pain 
primary care [9]; this might be due to the differences in patient character-
istics between the earlier study (shorter duration of complaints, lower age 
range) [9] and our study.
The most common serious pathology was vertebral fracture (3%), which 
is consistent with the findings of Henschke et al. [9]. In our study, malig-
nancy was reported in 5 patients (0.7%) patients, all of whom reported the 
red flag ‘back pain started after age of 50 years’ and only 2 patients were 
known with a history of back pain complaints (40% vs. 81% in the patients 
without malignancy). A recent review assessed the diagnostic performance 
of all red flags for malignancy in low back pain [7, 28]. Of the 8 included 
studies, none included the red flag ‘back pain started after age 50 years’ 
despite that this is often seen by GPs as a warning signal.

Our study has several strengths, including a relatively high number of 
patients and almost no missing data (range 0.3-1%). However, because 
not all known red flags were included in the questionnaire, we were unable 
to evaluate the diagnostic rule developed by Henschke et al. [9]. Another 
limitation is that the presence of several MRI findings might be underesti-
mated (in particular spinal stenosis) due to using the MRI reports instead 
of standardized scoring of the MR images. However, use of the MRI reports 
enabled us to reflect daily general practice as closely as possible.

Implications for researchers and clinicians
The GP plays a vital role in early detection of serious diseases. The diag-
nostic accuracy of red flags for all serious diseases is a challenging topic 
for future research on low back pain. Evaluation of the performance of 
different combinations of red flags is recommended, including all relevant 
red flags currently used in general practice.



30

Dutch guidelines recommend to refrain from routine immediate lumbar 
imaging in patients with low back pain and without features suggesting 
a serious underlying condition [14]. Although a recent review confirmed 
these recommendations [2], it also stated that these conclusions mainly 
apply to patients with acute or subacute, non-specific low back pain. 
Nevertheless, in the present study we observed that the general practitio-
ners in our cohort mostly referred patients with long-lasting severe back 
complaints, and/or severe sciatica. To date there are no studies on the 
diagnostic accuracy of MRI in this specific group of patients. Therefore, the 
use and diagnostic accuracy of MRI in general practice should remain a 
topic for further research and evaluation.
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Abstract
Background

A diverse range of prognostic 
factors have been studied in relation 
to low back pain (LBP). Information 
on the prognostic value of MRI find-
ings could be useful to better inform 
patients with LBP about their 
prognosis. However, the prognostic 
value of MRI findings has mainly 
been studied in patients with 
sciatica and these results may differ 
from studies performed in patients 
with LBP in general practice.

Objective

To investigate the course and added 
prognostic value of baseline MRI 
findings over known prognostic 
factors for recovery at 12-month 
follow-up in patients with LBP 
referred to MRI by their general 
practitioner.

Methods

Patients (aged ≥ 18 years) referred 
by their general practitioner for 
MRI of the lumbar spine were 
recruited. The questionnaires at 
baseline and at 3 and 12-months 
follow-up included potential clinical 
predictors from history taking and 
the outcome. The MRI radiology 
reports were scored for the presence 
of bulging, disc herniation, nerve 

root compression, spinal stenosis, 
spondylolisthesis and serious pa-
thologies. The primary outcome was 
recovery measured with the Global 
Perceived Effect scale. Multivariate 
logistic regression analysis was 
performed in 3 steps: derivation 
of a predictive model including 
characteristics of the patients and 
back pain only (history taking), 
including reported MRI findings 
only, and the addition of reported 
MRI findings to the characteristics 
of the patients and back pain.

Results

Pain severity of the patients 
(n=683) decreased from a mean of 
6.6 (SD 2.0) at baseline to 3.8 (SD 
2.6) at 3-months follow-up and to 
3.8 (SD 2.8) at 12-months follow-
up. At 12-months follow-up 53% 
of the patients reported recovery. 
Lower age, better attitude/beliefs 
regarding back pain, acute back 
pain, presence of neurological 
symptoms of the leg(s), and pres-
ence of non-continuous back pain 
were significantly associated with 
recovery at 12-months follow-up: 
area under the curve (AUC) 0.77. 
Addition of the MRI findings 
resulted in an AUC of 0.78.

Conclusions

At 12-months follow-up, only 53% 
of these patients with low back pain 
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referred for MRI in general practice 
reported recovery. Five clinic 
baseline characteristics were associ-
ated with recovery at 12-months 
follow-up; adding the MRI findings 
did not result in a stronger predic-
tion of recovery.
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Introduction

If a physician suspects the presence of a specific disease, diagnostic imag-
ing can be used. In recent years, general practitioners in the Netherlands 
can refer low back pain patients for MRI of the lumbar spine themselves. 
Possible reasons for the use of MRI in general practice are i) to detect or 
exclude specific pathologies, ii) to reassure the patient (and physician), 
and/or iii) to prevent unnecessary referrals to secondary care. Despite the 
recommendations of the guidelines to use MRI only in specific cases, the 
use of MRI as the initial imaging for low back pain seems to have become 
more common in general practice in countries such as the USA and Austra-
lia [1, 2]. However, data on the use of MRI by general practitioners in the 
Netherlands are still lacking.
The ultimate goal of any diagnostic test is to improve the clinical outcome 
of the patient. Well-conducted randomized trials are the top of the diagnos-
tic evidence hierarchy, because they provide the most direct information on 
the clinical benefits and harms of alternative testing strategies. However, 
in daily practice most studies on diagnostic tests estimate how accurately 
they can identify a disease or condition, or how well the test provides 
prognostic information. Understanding of the prognostic factors in LBP 
and their relative importance may allow to identify patients who are at a 
higher risk for developing chronic LBP. Identification of prognostic factors 
predicting recovery, persistent pain, and disability are important for better 
understanding of the clinical course, to inform patients and physicians, and 
to support therapeutic decision making [3]. A diverse range of prognostic 
factors (demographics, physical factors, and psychological factors) has 
been studied in relation to persistent LBP [4]. The prognostic value of MRI 
findings in relation to recovery has mainly been studied in patients with 
sciatica in secondary care [5-10]; however, these results may differ from 
studies performed in patients with LBP in general practice.
The aim of this study was to investigate the course and the added prog-
nostic value of baseline MRI findings over known prognostic factors for 
recovery at 12-months follow-up in patients with LBP referred to MRI by 
their GP.

Methods

This study is a prospective, observational cohort study in general practice, 
with a 12-month follow-up. Eligible patients were enrolled between June 
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2010 and September 2011. The study protocol was approved by the Medical 
Ethics Committee of the Erasmus Medical Center, Rotterdam.

Study population
Consecutive eligible adults referred by their GP for MRI of the lumbar 
spine were recruited at the MRI Center. The inclusion criteria for the study 
were: aged ≥ 18 years and referred by their GP for MRI of the lumbar 
spine. Patients were excluded from the study if there were contraindica-
tions for undergoing MRI, or if the patient had insufficient understanding 
of the Dutch language and/or was incapable of understanding the ramifica-
tions of participation.
Eligible patients received written information about the study at the time 
they made an appointment for their MRI at the MRI Center, and were 
given the opportunity to ask questions about the study up until the MRI 
appointment date. When the patient was interested, informed consent was 
given.

MRI findings
All patients underwent MRI (1.5 Tesla, Siemens, Erlangen, Germany), as 
scheduled. The MRI protocol consisted of sagittal and transverse T1 and T2 
weighted sequences. We performed transverse imaging through affected 
disks and vertebrae plus a three-dimensional (3D) steady state sequence 
(CISS). The MRIs were assessed by 1 of 7 radiologists of the MRI Center. 
As this study was designed to reflect daily general practice as closely as 
possible, we scored the findings described in the MRI radiology reports 
retrieved from the MRI Center, which were identical copies of the reports 
sent to the referring GPs. There was no interference with the care given by 
the GP or other healthcare providers with respect to advice, diagnostics or 
treatment.
A single reader [EdS], who was trained by a radiologist [EO] and blinded 
to the participants’ clinical data, extracted data from the MRI reports 
regarding the presence or absence of the following findings at each lumbar 
level (T12-L1 through L5-S1): intervertebral disc bulging, disc herniation 
(protrusion/extrusion), nerve root compression, spinal stenosis, spondylo-
listhesis, and serious pathology (fracture, malignancy and/or discitis).

Outcomes and potential predictors
After inclusion, the baseline measurement included validated question-
naires, for which participants were invited by email containing a secured 
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link to the online questionnaires. The follow-up period was 12 months, 
with follow-up measurements at 3 and 12 months. Reminders were sent by 
email after 2 and 3 weeks of non-response.
The primary outcome measure was recovery, defined as a score of ‘strongly 
improved’ or ‘completely recovered’ on the Global Perceived Effect (GPE) 
scale [11]. No recovery was defined as a GPE score of ‘somewhat improved’, 
‘stayed the same’, ‘somewhat worsened’, ‘strongly worsened’, or ‘worse 
than ever’. Secondary outcome measures included severity of back pain 
measured on an 11-point numerical rating scale (NRS) in which 0 repre-
sents ‘no pain’ and 10 represents ‘unbearable pain’ [12]; and disability was 
measured using the Roland Disability Questionnaire (RDQ), with scores 
ranging from 0 (no disability) to 24 (severe disability) [13]. Recovery of 
the secondary outcomes was defined as ‘severity of back pain <3 (NRS)’ or 
‘disability score <4 (RDQ)’ at 12-months follow-up [14].

The baseline questionnaire included measurements of potential predictors 
for recovery. We chose 21 candidate predictors reported to be prognostic 
and/or deemed clinically relevant, taking into account the rule of thumb 
that logistic regression models require a minimum of 10 events per 
predictor [15]. These factors were divided into three categories: 1) Patient 
characteristics: age, gender, body mass index (BMI), level of education, 
employment status, and attitude/beliefs about low back pain at baseline 
(BBQ, range 9-45) [16]; 2) Back pain characteristics: duration of back 
symptoms, history of back pain, severity of back pain at baseline (NRS), 
presence of radiating pain in the legs below the knee, neurological symp-
toms of the legs, morning stiffness of the back, presence of continuous 
back pain independent of posture or activity, disability at baseline (RDQ, 
range 0-24), and history of back surgery; 3) MRI findings: bulging, disc 
herniation, nerve root compression, spinal stenosis, spondylolisthesis, 
and serious pathology (fracture, malignancy and/or discitis). Neurologi-
cal symptoms were determined with the question: “Did you have any 
complaints of numbness or tingling of the leg(s), and/or weakness of the 
leg(s) during the last week” (answer yes/no).

Statistical analysis
Descriptive analyses were used to report the characteristics of the patients 
and the course of back pain over the 12-month follow-up period using the 
mean and standard deviation (SD) for continuous data, and proportions 
for categorical data. Data were screened for inconsistencies and missing 
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baseline data were imputed using multivariate imputation resulting in 
5 imputed datasets [17]. Visual inspection of the linear relationship of 
all continuous variables and the primary outcome revealed nonlinearity 
between BMI and RDQ score at baseline with the outcome. Therefore, BMI 
was dichotomized into <25 and ≥25 and RDQ score into <18 and ≥18. To 
enable easy interpretation of predictors in a clinical setting, we dichoto-
mized the following categorical variables: education was dichotomized 
in low (lower secondary school or compulsory education) and high level 
education; and duration of back pain in acute (≤ 3 months) and chronic 
back pain.
A correlation matrix was observed for all potential predictors to check for 
co-linearity, setting the cut-off value for Pearson’s correlation coefficient 
(R) at 0.70. None of the predictors were highly correlated. Multiple (back-
ward) logistic regression analyses were performed (entry 0.05, removal 
0.10) to determine which baseline factors were associated with the primary 
outcome.
The analyses were carried out in 3 steps: derivation of a predictive model 
1) including patients’ and back pain characteristics only (history taking), 
2) including reported MRI findings only, 3) including both patients’ and 
back pain characteristics and MRI findings. If potential predictors were 
selected in at least 3 of 5 imputed databases in the multivariate analysis, 
they were included in the final model (enter method; p <0.05). To evaluate 
the discriminative ability of the models, a receiver operating characteristic 
curve was generated for the predicted probabilities and the area under the 
curve (AUC) was calculated [18]. The predictive value of the MRI findings 
was evaluated by observing the increase in discriminative ability (AUC) 
with the DeLong test [19].
Additional exploratory analyses were carried out: 1) in the subgroup of 
patients with indications for which clinical practice guidelines recommend 
imaging (specified as patients with pain radiating in the leg below the 
knee (≥7 NRS) for ≥ 6 weeks at baseline), 2) in the subgroup of patients 
without surgery during the 12-month follow-up, and 3) with the secondary 
outcomes ‘severity of back and leg pain <3 (NRS)’ and ‘disability score 
<4 (RDQ)’ at 12-months follow-up. Analyses were performed using SPSS 
version 20.0 (SPSS Inc., USA) and MedCalc version 12.4.0.0 (MedCalc 
Software bvba).
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Results

A total of 683 referred patients participated in the study (Figure 1). During 
follow-up, 547 (80%) patients returned the 3-month follow-up question-
naire and 474 (69%) returned the 12-month follow-up questionnaire. 
Information on BMI at baseline was missing in 8 patients (1%).
The baseline characteristics of the patients are presented in Table 1. The 
mean age of the patients was 49.9 (SD 12.5; range 19-80) years. In total, 
53% of the patients were male. At baseline, 33% of the patients reported 
acute back pain. Of all patients, 66% reported radiating pain in the leg 
below the knee; 77% reported neurological symptoms of the leg(s).
The MRI reports described disc herniation in 72% of the patients; 69% 
of the MRI reports mentioned signs of nerve root compression. Spinal 
stenosis was reported in 13% of the patients. Serious pathologies (fractures, 
malignancies and discitis) were reported in 3% of the patients.

 

 

 

!

Included in the study n=683 

3-months follow-up n=547 (80%) 

Lost to follow-up 

n=136 

Excluded from the study n=50 

* No baseline questionnaire (n=8) 

* No MRI (n=18) 

* No referral by a general practitioner (n=24) 

Recruited patients 

n=733 

1-year follow up n=474 (69%)  

Lost to follow-up 

n=73 

Figure 1. Flow chart of the study population
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Table 1 Baseline characteristics of the included 683 patients and of the 251 patients 
that reported recovery at 12 months follow-up*

Study 
population
n=683

Recovered at 12 
months
n=251

Patient characteristics
Age in years, mean (SD) 49.9	 (12.5) 49.8	 (12.4) 

Male 365	 (53) 146	 (58) 

BMI, mean (SD) 25.9	 (3.8) 26.0	 (3.6) 

	 BMI ≥25 390	 (57) 150	 (60) 

Education level low 244	 (36) 72	 (29) 

Employed (paid job) 479	 (70) 183	 (73) 

Attitude and beliefs about back pain (BBQ), 
mean (SD) 

26.3	 (6.1) 28.0	 (5.8) 

Back pain characteristics   

Acute back pain (<3 months) 228	 (33) 118	 (47) 

History of back pain 549	 (80) 198	 (79) 

Severity of back pain (NRS), mean (SD) 6.6	 (2.0) 6.1	 (2.3) 

Pain radiating in the leg below the knee 450	 (66) 185	 (74) 

Neurological symptoms in legs 525	 (77) 206	 (82) 

Morning stiffness of the back 353	 (52) 117	 (47) 

Continuous back pain 347	 (51) 91	 (36) 

Disability (RDQ), mean (SD) 13.5	 (5.2) 13.6	 (4.8) 

	 RDQ ≥18 173	 (25) 58	 (23) 

History of back surgery 112	 (16) 38	 (15) 

MRI findings   

Bulging 308	 (45) 109	 (43) 

Disc herniation 492	 (72) 200	 (80) 

Nerve root compression 472	 (69) 200	 (80) 

Spinal stenosis 87	 (13) 29	 (12) 

Spondylolisthesis 56	 (8) 18	 (7) 

Serious pathology** 22	 (3) 9	 (4) 

*Data are presented as numbers (percentages) unless otherwise indicated
**Serious pathology: impression fracture, malignancy and/or discitis
SD: standard deviation; BBQ: Back beliefs questionnaire (range 9-45), a higher score indi-
cates better attitude/belief regarding back pain;
NRS: numeric rating scale (range 0-10, 0 means no pain); RDQ: Roland disability question-
naire (range 0-24), a higher score indicates worse health



42

Course
At 3-months follow-up, the mean back pain severity had decreased from 
6.6 (SD 2.0) to 3.8 (SD 2.6) on the 11-point NRS, and 44% of the patients 
reported recovery. At 12-months follow-up, the mean back pain severity 
was 3.8 (SD 2.8), and 53% of the patients reported recovery. The mean 
disability score was 13.5 (SD 5.2) at baseline, 8.5 (SD 6.0) at 3-months, and 
6.5 (SD 5.7) at 12-months follow-up (Table 2).

Predictors of recovery
Table 3 shows the results of the multivariate logistic regression analysis 
regarding the potential predictors on the primary outcome recovery. 
In the first model that included patient and back pain characteristics as 
potential predictors, the variables associated with recovery were: age [odds 
ratio (OR) 0.98; 95% confidence interval (CI): 0.96-0.99], the BBQ score 
(OR 1.1; CI: 1.0-1.1), acute back pain (OR 3.0; CI: 1.9-4.8), neurological 
symptoms of the leg(s) (OR 2.3; CI: 1.4-3.9), and continuous back pain 
independent of posture or activity (OR 0.3; CI: 0.2-0.5). The AUC for this 
model was 0.77 (Table 3).
The second model was calculated with the MRI findings. The variables 
associated with recovery were: discus hernia (OR 1.6; CI 1.1-2.6), and nerve 
root compression (OR 2.2; CI 1.4-3.5). The AUC for this model was 0.63.
When model 2 (the MRI findings) was added to the first model, the AUC 
increased to 0.78 and the variables associated with recovery were: age (OR 
0.98; CI: 0.96-1.0), the BBQ score (OR 1.1; CI: 1.0-1.1), acute back pain (OR 
2.8; CI: 1.7-4.5), neurological symptoms of the legs (OR 2.0; CI: 1.2-3.5), 
continuous back pain independent of posture or activity (OR 0.3; CI: 0.2-
0.5), and nerve root compression (OR 2.2; CI: 1.4-3.4). The discriminative 
ability (AUC) of model 1 and 3 showed no significant difference (p=0.086).

Table 2 Outcomes at baseline, and at 3 and 12-months follow-up
Baseline
(n=683)

3-months 
follow-up
(n=547)

12-months 
follow-up
(n=474)

Recovery (GPE), n (%) - 240 (44) 251 (53)

Severity of back pain (NRS), mean (SD) 6.6 (2.0) 3.8 (2.6) 3.8 (2.8) 

Disability (RDQ), mean (SD) 13.5 (5.2) 8.5 (6.0) 6.5 (5.7) 

GPE: Global Perceived Effect; 7-point Likert scale, dichotomized in 1-2: recovery, 3-7: no 
recovery; NRS: numeric rating scale (range 0-10, 0 means no pain); RDQ: Roland disability 
questionnaire (range 0-24, 0 means no disability), a higher score indicates worse health; SD: 
standard deviation
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Additional exploratory analyses
One of the main groups for which clinical practice guidelines recommend 
imaging is the group of sciatica patients with an indication for surgery, 
specified as sciatica patients with severe pain for ≥ 6 weeks. Additional 
analyses in this group of patients (n=259) showed an AUC of 0.78 for the 
first model (Supplemental Digital Content 1). When the MRI findings were 
added to the first model, the AUC remained 0.78. Again, the discriminative 
ability (AUC) of model 1 and model 3 showed no significant difference (p= 
>0.05).
To study the possible influence of surgery during follow-up, additional 
analyses in patients without surgery during follow-up (n=559) were 
performed (Supplemental Digital Content 2). The analyses showed an AUC 
of 0.80 for the first model. When the MRI findings were added to the first 
model, the AUC (0.80) showed no significant difference.
Secondary analyses with the outcome ‘severity of back and leg pain <3 
(NRS)’ at 12-months follow-up showed an AUC of 0.73 for the first model 

Table 3 Results of multivariate logistic regression analysis regarding potential pre-
dictors and recovery at 12-months follow-up (n=474)
Recovery (GPE) Pooled OR (95% CI)p-value AUC
1. Patient and back pain characteristics 0.77
	 Age 0.98	 (0.96 - 0.99) < 0.01  
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.01  
	 Acute pain at baseline (yes) 3.0	 (1.9 - 4.8) < 0.01  
	 Neurological symptoms in legs (yes) 2.3	 (1.4 - 3.9) < 0.01  
	 Continuous back pain (yes) 0.3	 (0.2 - 0.5) < 0.01  
2. MRI findings    
	 Disc herniation (yes) 1.6	 (1.1 - 2.6) < 0.05 0.63 
	 Nerve root compression (yes) 2.2	 (1.4 - 3.5) < 0.01  
3. Patient and back pain characteristics + MRI findings
	 Age 0.98	 (0.96 - 1.0) < 0.05  
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.01 0.78 
	 Acute pain at baseline (yes) 2.8	 (1.7 - 4.5) < 0.01 

	 Neurological symptoms of legs (yes) 2.0	 (1.2 - 3.5) < 0.01 

	 Continuous tback pain (yes) 0.3	 (0.2 - 0.5) < 0.01 

	 Nerve root compression (yes) 2.2	 (1.4 - 3.4) < 0.01 

GPE: Global Perceived Effect; 7-point Likert scale, dichotomized in 1-2: recovery, 3-7: no 
recovery OR: odds ratio; AUC: area under the curve; BBQ: Back beliefs questionnaire (range 
9-45), a higher score indicates better attitude/beliefs regarding back pain; MRI: magnetic 
resonance imaging
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(Supplemental Digital Content 3). When the MRI findings were added to 
the first model, the AUC (0.74) showed no significant difference. Second-
ary analyses with the outcome ‘disability score < 4 (RDQ)’ at 12-months 
follow-up showed an AUC of 0.76 for the first model (Supplemental Digital 
Content 4). When the variables of the MRI findings were added (model 3), 
none of the MRI findings were significant predictors.

Discussion

This study presents the course of low back pain in 683 patients who 
were referred for MRI of the lumbar spine by their GP and identified 
predictors for recovery at 12-months follow-up. Back pain severity of the 
patients decreased from a mean of 6.6 (SD 2.0) at baseline to 3.8 (SD 2.6) 
at 3-months follow-up and to 3.8 (SD 2.8) at 12-months follow-up. At 
12-months follow-up 53% of the patients reported recovery. Lower age, 
better attitude/beliefs regarding back pain, acute back pain, presence of 
neurological symptoms of the leg(s), and presence of non-continuous back 
pain were significantly associated with recovery at 12-months follow-up 
(AUC 0.77). Addition of the reported MRI findings did not add to the 
predictive value of the prognostic model with clinical factors only.

To our knowledge, this is the first prospective cohort study of patients with 
LBP referred for MRI in a primary care setting. Baseline back pain severity 
scores were higher than reported in earlier LBP cohort studies [4, 20-22]. 
Disability scores are similar to those in two studies that included patients 
with LBP referred for MRI or radiography by their primary physician [20, 
23].
Back pain severity mainly decreased during the first 3 months and then 
remained relatively stable between 3 and 12 months. A similar pattern 
was found in other (back) pain studies [23-26]. In the review by Pengel et 
al. only studies investigating patients with acute back pain were included 
[24]. In our cohort study the pattern was also visible in patients reporting 
chronic back pain. A possible explanation for this observation could be that 
the chronic back pain patients visited their GP during a flare-up of their 
back pain and therefore showed a pain pattern similar to patients with 
acute back pain. Another explanation for the improvement of patients over 
time may be regression to the mean, which is a consequence of random 
variation over time [26].
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In our cohort, MRI reports showed disc herniation in 72% and nerve root 
compression in 69% of the patients. Both these prevalences are higher 
than reported in other cohorts that included patients with LBP [23, 27]. As 
expected, of the serious pathologies (fractures, malignancies and discitis), 
the most frequently observed serious pathology was vertebral fracture 
(3%). This is consistent with a recent study on the prevalence of serious 
spinal pathology in primary care [28].

In the field of LBP, previous studies presented inconsistent conclusions 
regarding important prognostic factors for recovery [29]. Only a small 
number of important prognostic factors were consistently reported; of 
these, both lower age and acute back pain were also related to recovery at 
follow-up in our cohort. Negative beliefs about LBP was only reported in 
one other study as an independent risk factor for poor recovery [30], and 
was associated with high back pain intensity levels in a cross-sectional 
study [31]. Continuous back pain was reported as a factor for poor recovery 
in only one study [32]. The question about the presence of continuous back 
pain independent of posture or activity is often used in primary care, but is 
not often examined in prognostic studies.

A recent review reported that the presence of pain radiating down the leg, 
with neurological findings, was associated with a poor prognosis in patients 
with LBP [33]. In our model, neurological symptoms of the legs were 
positively associated with recovery. An explanation for this could be that 
the included patients without neurological symptoms of the legs tend to be 
worse off in terms of pain, disability and duration of complaints.
The AUC of the multiple regression model remained similar when the 
variables of the MRI findings were added to the model that included 
characteristics of the patients and of back pain. This indicates no additional 
value of the reported MRI findings with regard to the discriminative value 
to predict recovery at 12-months follow-up. The only MRI finding that 
remained in the model was ‘nerve root compression’ and, when it is was 
included, the association of the variables ‘acute pain’ and ‘neurological 
symptoms’ diminished.

Strengths of the present study are that it included a relatively high number 
of patients, had low dropout rates despite the use of online questionnaires, 
and had almost no missing data (1%). However, some limitations need to 
be considered when interpreting the results. One limitation is the pos-
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sibility of selection bias due to the large number of patients (n=2242) not 
willing to participate. However, the characteristics of this latter group (e.g. 
gender, age, living district) showed no significant difference compared with 
those of the included patients.
Also, the presence of several MRI findings might be underestimated 
(in particular spinal stenosis) due to using the MRI reports instead of 
standardized scoring of the MR images. Further research may be needed 
to assess the discriminative value of systematically scored MRIs. However, 
use of the MRI reports reflects daily general practice as closely as possible.

Implications for clinicians
Understanding of the prognostic factors in LBP and their relative impor-
tance may allow to identify patients at a higher risk for developing chronic 
complaints. Predictors for recovery were lower age, acute back pain at 
baseline, the presence of neurological symptoms of the leg(s), the pres-
ence of non-continuous back pain, and better attitude/beliefs regarding 
back pain. Adding MRI findings did not result in a stronger prediction of 
recovery at 12-months follow-up.
These findings suggest that GPs can provide a moderately good prediction 
of the prognosis of their patients with LBP based on their characteristics 
and complaints (history taking); information from the MRI reports does 
not offer added prognostic value. Although MRI reports do not provide ad-
ditional prognostic value regarding recovery, the real diagnostic accuracy 
of lumbar MRI in this group of patients is still unknown.
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Supplemental Digital Content 1 Results of multivariate logistic regression analy-
sis regarding potential predictors and recovery at 12-months follow-up in sciatica 
patients with an indication for surgery* (n=176)
Recovery (GPE) Pooled OR (95% CI)p-value AUC
1. Patient and back pain characteristics 0.78
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.2) < 0.01  
	 Acute pain at baseline (yes) 4.4	 (1.7 - 11.0) < 0.01  
	 Severity of back pain (NRS) 0.6	 (0.4 - 0.9) < 0.05  
	 Morning stiffness of the back (yes) 2.1	 (1.0 - 4.4) < 0.05  
	 Continuous back pain (yes) 0.5	 (0.2 - 1.0)    0.05  
2. MRI findings   0.60 
	 Nerve root compression (yes) 3.0	 (1.4 - 6.4) < 0.01  
3. Patient and back pain characteristics + MRI findings 0.78 
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.2) < 0.01 

	 Acute pain at baseline (yes) 4.8	 (2.0 - 11.4) < 0.01 

	 Severity of back pain (NRS) 0.5	 (0.3 - 0.8) < 0.01 

	 Nerve root compression 3.1	 (1.3 - 7.3) < 0.01 

*Indication for surgery: patients with pain radiating in the leg below the knee (≥7 NRS) for 
more than 6 weeks
GPE: Global Perceived Effect; 7-point Likert scale, dichotomized in 1-2: recovery, 3-7: no 
recovery; OR: odds ratio; AUC: area under the curve; BBQ: Back beliefs questionnaire (range 
9-45), a higher score indicates better attitude/beliefs regarding back pain; NRS: numeric rat-
ing scale (range 0-10, 0 means no pain); MRI: magnetic resonance imaging
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Supplemental Digital Content 2 Results of multivariate logistic regression analy-
sis regarding potential predictors and recovery at 12-months follow-up in patients 
without surgery during follow-up (n=366)
Recovery (GPE) Pooled OR (95% CI)p-value AUC
1. Patient and back pain characteristics 0.80
	 Age 0.97	 (0.95 - 1.0) < 0.05  
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.01  
	 Acute pain at baseline (yes) 3.9	 (2.3 - 6.6) < 0.01  
	 Severity of back pain (NRS) 0.9	 (0.8 - 1.0) < 0.05  
	 Neurological symptoms in legs 1.9	 (1.1 - 3.4) < 0.05  
	 Continuous back pain (yes) 0.4	 (0.2 - 0.6) < 0.01  
2. MRI findings   0.63 
	 Disc herniation (yes) 1.9	 (1.1 - 3.1) < 0.05  
	 Nerve root compression (yes) 1.9	 (1.2 - 3.1) < 0.01  
3. Patient and back pain characteristics + MRI findings 0.80 
	 Age 0.98	 (0.96 - 1.0) < 0.05 

	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.01 

	 Acute pain at baseline (yes) 3.5	 (2.1 - 5.9) < 0.01 

	 Continuous back pain (yes) 0.3	 (0.2 - 0.5) < 0.01 

	 Nerve root compression (yes) 2.1	 (1.3 - 3.6) < 0.01 

	 Spinal stenosis (yes) 0.4	 (0.1 - 0.9) < 0.05 

GPE: Global Perceived Effect; 7-point Likert scale, dichotomized in 1-2: recovery, 3-7: no 
recovery OR: odds ratio; AUC: area under the curve; BBQ: Back beliefs questionnaire (range 
9-45), a higher score indicates better attitude/beliefs regarding back pain; NRS: numeric rat-
ing scale (range 0-10, 0 means no pain); MRI: magnetic resonance imaging
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Supplemental Digital Content 3 Results of multivariate logistic regression analy-
sis regarding potential predictors and the secondary outcome ‘severity of back and 
leg pain <3 (NRS)’ at 12-months follow-up (n=454)
Severity back and leg pain <3 (NRS) Pooled OR (95% CI)p-value AUC
1. Patient and back pain characteristics 0.73
	 Gender 2.0	 (1.3 - 3.0) < 0.01  
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.05  
	 Acute pain at baseline (yes) 2.1	 (1.4 - 3.3) < 0.01  
	 Pain radiating in the leg below the knee (yes) 1.7	 (1.1 - 2.8) < 0.05  
	 Continuous back pain (yes) 0.5	 (0.3 - 0.8) < 0.01  
2. MRI findings   0.58 
	 Disc herniation (yes) 2.5	 (1.5 - 4.0) < 0.01  
3. Patient and back pain characteristics + MRI findings 0.74 
	 Gender 1.8	 (1.2 - 2.8) < 0.01 

	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.05 

	 Acute pain at baseline (yes) 2.0	 (1.3 - 3.2) < 0.01 

	 Pain radiating in the leg below the knee (yes) 1.7	 (1.1 - 2.7) < 0.05 

	 Continuous back pain (yes) 0.5	 (0.3 - 0.8) < 0.01 

	 Disc herniation (yes) 1.8	 (1.1 - 3.0) < 0.05 

NRS: numeric rating scale (range 0-10, 0 means no pain); OR: odds ratio; AUC: area under 
the curve; BBQ: Back beliefs questionnaire (range 9-45), a higher score indicates better at-
titude/beliefs regarding back pain; MRI: magnetic resonance imaging
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Supplemental Digital Content 4 Results of multivariate logistic regression analy-
sis regarding potential predictors and the secondary outcome ‘disability score <4 
(RDQ)’ at 12-months follow-up (n=474)
Severity back pain <3 (NRS) Pooled OR (95% CI)p-value AUC
1. Patient and back pain characteristics 0.76
	 Employed (yes) 1.9	 (1.2 - 3.0) < 0.01  
	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.01  
	 Acute pain at baseline (yes) 2.8	 (1.7 - 4.4) < 0.01  
	 Continuous back pain (yes) 0.5	 (0.3 - 0.7) < 0.01  
	 Disability ≥18 (RDQ) 0.5	 (0.3 - 0.9) < 0.05  
	 History of back surgery (yes) 0.5	 (0.3 - 0.8)    0.01  
2. MRI findings    
	 - - -  
3. Patient and back pain characteristics + MRI findings 0.76 
	 Employed (yes) 1.9	 (1.2 - 3.0) < 0.01 

	 Attitude and beliefs about back pain (BBQ) 1.1	 (1.0 - 1.1) < 0.01 

	 Acute pain at baseline (yes) 2.8	 (1.7 - 4.4) < 0.01 

	 Continuous back pain (yes) 0.5	 (0.3 - 0.7) < 0.01 

	 Disability ≥18 (RDQ) 0.5	 (0.3 - 0.9) < 0.05 

	 History of back surgery (yes) 0.5	 (0.3 - 0.8)    0.01 

RDS: Roland disability questionnaire (range 0-24), a higher score indicates worse health; 
NRS: numeric rating scale (range 0-10, 0 means no pain); OR: odds ratio; AUC: area under 
the curve; BBQ: Back beliefs questionnaire (range 9-45), a higher score indicates better at-
titude/beliefs regarding back pain; MRI: magnetic resonance imaging





55

4 H
ealth care services after lum

b
ar M

R
I

4

Healthcare 
service use after 
lumbar spine MRI 
in general practice
Evelien I.T. de Schepper, Bart W. Koes, 
Erik F.H. Veldhuizen, Edwin H.G. Oei, 
Sita M.A. Bierma-Zeinstra, 
Pim A.J. Luijsterburg



56

Abstract
Design

Observational prospective cohort 
study with a 12-month follow-up.

Background

An understanding of the patterns 
of healthcare services used after 
MRI of the spine in general practice 
would provide information about 
how MRI scans are used in primary 
care. Identification of possible prog-
nostic factors predicting healthcare 
use can be important to inform 
patients and physicians.

Objective

To investigate the association 
between patient characteristics, 
back pain characteristics and MRI 
abnormalities with subsequent 
specialist consultation and/or 
surgery in low back pain patients 
referred to MRI by their general 
practitioner.

Methods

Patients (aged 18 years and over) 
referred by their general practitio-
ner for MRI of the lumbar spine 
were recruited. The MRI radiology 
reports were scored regarding the 
presence of bulging, disc herniation, 
nerve root compression, spinal 

stenosis, spondylolisthesis and 
serious pathologies (i.e. fracture, 
malignancy, discitis). The question-
naires filled in at baseline, and at 3 
and 12-month follow-up, included 
potential clinical predictors from 
history taking and use of healthcare 
services.

Results

Of the 683 included patients, 301 
(55%) reported consultation with a 
specialist during the first 3 months, 
and 124 (18%) underwent spine sur-
gery during the 12-month follow-up. 
Five clinical baseline characteristics 
were associated with consultation, 
including four characteristics from 
history taking. Younger patients, 
with pain radiating in the leg below 
the knee, severe disability, a history 
of back surgery, presence of nerve 
root compression or spinal stenosis 
on MRI were more likely to undergo 
subsequent spine surgery (AUC 
0.75).

Conclusions

At 12-month follow-up, 18% 
of patients with low back pain 
referred for MRI in general practice 
underwent surgery. Six baseline 
characteristics were associated with 
surgery during follow-up; including 
nerve root compression and spinal 
stenosis on MRI.
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Introduction

Dutch general practitioners (GPs) can directly refer low back pain patients 
for magnetic resonance imaging (MRI) of the lumbar spine, the use of 
which has become increasingly routine [1, 2]. MRI can provide anatomical 
information to guide subsequent management when it is used in the 
appropriate clinical context. Clinical practice guidelines recommend to 
reserve MRI for patients with a suspected serious underlying condition 
or neurological deficits or who are candidates for surgery [1, 3-6]. Other 
possible reasons for the use of MRI in general practice are to reassure the 
patient (and physician), or to prevent unnecessary referrals to secondary 
care.
Data on the patterns of subsequent care among patients referred for 
lumbar spine MRI by their GP are scarce. Recently, You et al. [7] reported 
the results of a Canadian retrospective study examining use of healthcare 
services after MRI of the spine requested by a primary care physician. The 
authors determined that MRI scans of the spine performed in symptomatic 
patients in primary care showed a high prevalence of abnormalities, and 
that the results of the MRI scans were not strongly predictive of subsequent 
surgery.
A better understanding of the characteristics of the patients and of the 
patterns of healthcare services used after MRI of the lumbar spine would 
provide information about how MRI findings are used by GPs for subse-
quent management. Identification of possible prognostic factors predicting 
consultation with specialists or surgery can be important to inform patient 
and physician.
This study aimed to investigate the association between specific patient 
characteristics, back pain characteristics and MRI abnormalities with 
subsequent specialist consultation during 3-month follow-up and/or 
surgery during 12-month follow-up in low back pain patients referred to 
MRI by their GP.

Methods

This study is a prospective, observational cohort study in general practice, 
with a 12-month follow-up. Eligible patients were enrolled between 
June 2010 and September 2011. The study protocol was approved by the 
Medical Ethics Committee of the Erasmus Medical Center, Rotterdam, the 
Netherlands.
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Study Population
Consecutive eligible adults referred by their GP for MRI of the lumbar 
spine were recruited at the MRI Center, the Netherlands. The inclusion 
criteria for the cohort study were: an age of 18 years or over and being 
referred by their GP for MRI of the lumbar spine. Patients were excluded 
from the study if there were contra-indications for undergoing MRI, or if 
the patient had insufficient understanding of the Dutch language and/or 
was incapable of understanding the ramifications of participation.
Eligible patients received written information about the study at the time 
they made an appointment for their MRI at the MRI Center, and were 
given the opportunity to ask questions about the study up until the MRI 
appointment date. When the patient was interested, informed consent was 
provided by the patient.

MRI findings
All patients underwent MRI (1.5 Tesla, Siemens, Erlangen, Germany), 
as scheduled. The MRI protocol consisted of sagittal and transverse T1 
and T2-weighted sequences. We performed transverse imaging through 
affected disks and vertebrae plus a three-dimensional (3D) steady state 
sequence (CISS). The MRIs were assessed by one of 7 radiologists of the 
MRI Center. As this study was designed to reflect daily general practice as 
closely as possible, we scored the findings described in the MRI radiology 
reports retrieved from the MRI Center, which were identical copies of 
the reports sent to the referring GP. There was no interference with the 
care given by the GP or other healthcare providers with respect to advice, 
diagnostics or treatment.
A single reader [EdS], who was trained by a radiologist [EO] and blinded 
to the participants’ clinical data, extracted data from the MRI reports 
regarding the presence or absence of the following findings at each lumbar 
level (T12-L1 through L5-S1): intervertebral disc bulging, disc herniation 
(protrusion/extrusion), disc sequestration, nerve root compression, spinal 
stenosis, spondylolisthesis, fracture, malignancy and discitis.

Outcomes and potential predictors
After inclusion, the baseline measurement included validated question-
naires, for which participants were invited by email containing a secured 
link to the online questionnaire. The follow-up period was 12 months, with 
follow-up measurements at 3 and at 12 months. Reminders were sent by 
email after 2 and 3 weeks of non-response.
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The baseline questionnaire included measurements of potential predictors 
for subsequent healthcare use. We selected 24 candidate predictors that 
had previously been reported to be prognostic and/or deemed clinically 
relevant [7-12]. These factors were divided into three categories: 1) Patient 
characteristics: age, gender, body mass index, level of education, employ-
ment status, and attitude and beliefs about low back pain measured with 
the Back Beliefs Questionnaire (BBQ, range 9-45) [13] in which a higher 
score indicates better attitude/beliefs regarding back pain; 2) Back pain 
characteristics: history of back pain, duration of back symptoms, severity 
of back pain measured on an 11-point numerical rating scale (NRS) in 
which 0 represents ‘no pain’ and 10 represents ‘the worst pain ever’, pres-
ence of radiating pain in the legs below the knee, severity of leg pain (NRS), 
neurological symptoms of the legs, morning stiffness of the back, presence 
of continuous back pain independent of posture or activity, disability 
measured with the Roland Disability Questionnaire (RDQ, range 0-24), 
history of back surgery, recent back surgery and recent consultation with 
a specialist; 3) MRI findings: intervertebral disc bulging, disc herniation, 
nerve root compression, spinal stenosis, spondylolisthesis, and serious 
pathology (fracture, malignancy and/or discitis). 

Neurological symptoms were determined with the question: “Did you have 
any complaints of numbness or tingling of the leg(s), and/or weakness of 
the leg(s) during the last week“ (answer yes/no). Recent back surgery was 
defined as back surgery in the year prior to the baseline measurement. 
Recent consultation with a specialist was defined as a consultation with an 
orthopedic surgeon, neurologist, neurosurgeon or rheumatologist in the 3 
months prior to the baseline measurement.
The follow-up questionnaires at 3 and 12 months included the following 
types of healthcare use due to back pain: 1) medication used in the previous 
3 months, 2) consultation with a GP, physical therapist, specialist (ortho-
paedic surgeon, neurologist, neurosurgeon, rheumatologist), occupational 
physician, psychologist or multidisciplinary pain team in the previous 3 
months, and 3) surgery during follow-up. In the Netherlands, patients can-
not consult a specialist without a referral from their general practitioner.

Statistical analyses
Descriptive analyses were used to report the characteristics of the patients 
and the healthcare use at baseline, at 3-months and at 12-months follow-
up using the mean and the SD for continuous data, and proportions for 
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categorical data. Data were screened for inconsistencies and missing 
baseline data were imputed using multivariate imputation resulting in 
5 imputed datasets [14]. To enable easy interpretation of predictors in 
a clinical setting, we dichotomized the following categorical variables: 
education was dichotomized in low (lower secondary school or compulsory 
education) and high level education; and duration of back pain in acute 
(less than 3 months) and chronic back pain.
A correlation matrix was examined for all potential predictors to check for 
co linearity, setting the cutoff value for Pearson’s correlation coefficient (R) 
at 0.70. None of the predictors were highly correlated. 

Multiple (backward) logistic regression analyses were performed (removal 
0.05) to determine which baseline factors were associated with 1) consulta-
tion with a specialist and 2) surgery. The analyses with the outcome 
consultation were performed with all candidate predictors. The analyses 
with the outcome surgery were performed with a restricted number (N = 
17) of candidate predictors to ensure sufficient power. The restricted candi-
date predictors included were: age, gender, body mass index, attitude and 
beliefs about low back pain (BBQ), duration of back symptoms, severity of 
back pain, presence of radiating pain in the legs below the knee, severity of 
leg pain, neurological symptoms of the legs, presence of continuous back 
pain independent of posture or activity, disability (RDQ), history of back 
surgery, disc herniation, nerve root compression, spinal stenosis, spon-
dylolisthesis, and serious pathology. If potential predictors were selected 
in at least 3 of 5 imputed databases in the multivariate analysis, they were 
included in the final model. 

To evaluate the discriminative ability of the models, a receiver operating 
characteristic curve was generated for the predicted probabilities and the 
area under the curve (AUC) was calculated [15]. Analyses were performed 
using SPSS version 20.0 (SPSS Inc., USA).

Results

A total of 683 referred patients participated in the study (Figure 1). 
During follow-up, 547 (80%) patients returned the 3-month follow-up 
questionnaire and 474 (69%) patients returned the 12-month follow-up 
questionnaire. Information on BMI at baseline was missing in 8 patients 
(1%); information on severity of leg pain (NRS) at baseline was missing in 



61

4 H
ealth care services after lum

b
ar M

R
I

Table 1 Baseline characteristics of the included 683 patients
Study 
population
n = 683

Consultation 
specialist*
n = 301

Surgery**
n = 124

Patient characteristics
Age in years, mean (SD) 49.9	 (12.5) 50.6	 (12.9) 49.5	 (14.0) 

Male 365	 (53) 157	 (52) 71	 (57) 

BMI, mean (SD) 25.9	 (3.8) 26.0	 (3.9) 26.3	 (3.8) 

Education level low 244	 (36) 105	 (35) 45	 (36) 

Employed (paid job) 479	 (70) 204	 (68) 93	 (75) 

Attitude and beliefs about back pain (BBQ), 
mean (SD) 

26.3	 (6.1) 26.4	 (6.1) 26.5	 (6.1) 

Back pain characteristics    

History of back pain 549	 (80) 239	 (79) 96	 (77) 

Acute back pain (<3 months) 228	 (33) 108	 (36) 41	 (33) 

Severity of back pain (NRS), mean (SD) 6.6	 (2.0) 6.8	 (2.0) 7.0	 (1.8) 

Pain radiating in the leg below the knee 450	 (66) 209	 (69) 101	 (82) 

Severity of leg pain (NRS), mean (SD) 5.6	 (2.8) 6.1	 (2.7) 6.6	 (2.4) 

Neurological symptoms legs 525	 (77) 245	 (81) 112	 (90) 

Morning stiffness of the back 353	 (52) 159	 (53) 62	 (50) 

Continuous back pain 347	 (51) 164	 (55) 68	 ( 55) 

Disability (RDQ), mean (SD) 13.5	 (5.2) 14.5	 (4.9) 15.2	 (4.6) 

History of back surgery 112	 (16) 66	 (22) 32	 (26) 

Recent back surgery (< 1 year) 22	 (3) 10	 (3) 6	 (5) 

Recent consultation specialist (< 3 months) 107	 (16) 61	 (20) 23	 (19) 

MRI findings    

Bulging 308	 (45) 136	 (45) 54	 (44) 

Disc herniation 492	 (72) 212	 (70) 101	 (82) 

Nerve root compression 472	 (69) 216	 (72) 109	 (88) 

Spinal stenosis 87	 (13) 45	 (15) 28	 (23) 

Spondylolisthesis 56	 (8) 30	 (10) 15	 (12) 

Serious pathology (fracture, malignancy or 
discitis) 

22	 (3) 11	 (4) 5	 (4) 

Data are presented as numbers (percentages) unless otherwise indicated
* Consultation with a specialist (orthopaedic, neurologist, neurosurgeon, or rheumatologist) 
during the first 3 months of follow-up
** Surgery during 12 months follow-up
SD: standard deviation; BBQ: Back Beliefs Questionnaire (range 9-45), a higher score indi-
cates better attitude/beliefs regarding back pain; NRS: numeric rating scale (range 0-10, 0 
means no pain); RDQ: Roland Disability Questionnaire (range 0-24), a higher score indicates 
worse health
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2 patients (0.4%); and information on consultation with specialists prior to 
inclusion was missing in 1 patient (0.1%).
The baseline characteristics of the patients are presented in Table 1. The 
mean age of the patients was 49.9 (SD 12.5; range 19-80 years). In total, 
53% of the patients were male, 36% had a low education level and 70% 
had a paid job. At baseline, the mean back pain severity was 6.6 (SD 
2.0) and 33% of the patients reported acute back pain. Of all patients, 
66% reported radiating pain in the leg below the knee; 77% reported 
neurological symptoms of the leg(s). The mean disability score (RDQ) was 
13.5 (SD 5.2). The MRI reports described the presence of disc herniation 
in 72% of the patients; 69% of the MRI reports mentioned signs of nerve 
root compression. Spinal stenosis was reported in 13% of the patients and 
spondylolisthesis was reported in 8% of the patients. Serious pathologies 
(fractures, malignancies and discitis) were reported in 3% of the patients.

 

 

 

!

Included in the study n=683 

3-months follow-up n=547 (80%) 

Lost to follow-up 

n=136 

Excluded from the study n=50 

* No baseline questionnaire (n=8) 

* No MRI (n=18) 

* No referral by a general practitioner (n=24) 

Recruited patients 

n=733 

1-year follow up n=474 (69%)  

Lost to follow-up 

n=73 

Figure 1. Flow chart of the study population
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Healthcare use
More than half of the patients (301 of 547, 55%) reported consultation with 
a specialist (orthopedic surgeon, neurologist, neurosurgeon, or rheuma-
tologist) during the first 3 months of follow-up (Table 2). Consultations 
with a psychologist or multidisciplinary pain team were rarely reported 
by the patients. Consultation with the general practitioner decreased after 
3 months of follow-up to 65% of the patients (354 of 547), and after 12 
months of follow-up to 21% (100 of 474 patients). At baseline, 79% of the 
patients reported consultation with a physiotherapist during the 3 months 
prior to the baseline measurement. After 12 months follow-up this had 
decreased to 47% (221 of 474).
Regarding medication use, 559 (82%) of all patients took pain medication 
for their back pain at baseline. More than one analgesic was consumed by 
337 (49%) patients. The most often used analgesics were NSAIDs (63%). 

Table 2 Healthcare use* at baseline, and at 3 and 12-month follow-up.
Baseline
(n = 683)

3-month follow-
up
(n = 547)

12-month 
follow-up
(n = 474)

Consultation
	 General practitioner - 354	 (65) 100	 (21) 

	 Physiotherapist 536	 (79) 417	 (76) 221	 (47) 

	 Specialist** 107	 (16) 301	 (55) 97	 (21) 

	 Company doctor 88	 (13) 143	 (26) 58	 (12) 

	 Psychologist 14	 (2) 23	 (4) 21	 (4) 

	 Multidisciplinary pain team 7	 (1) 13	 (2) 12	 (3) 

Medication use    

	 Medication use 559	 (82) 373	 (68) 185	 (39) 

	 Paracetamol 267	 (39) 192	 (35) 89	 (19) 

	 NSAIDs 429	 (63) 235	 (43) 117	 (25) 

	 Tramadol 126	 (18) 77	 (14) 27	 (6) 

	 Benzodiazepines 82	 (12) 34	 (6) 15	 (3) 

	 Strong opioids 65	 (10) 51	 (9) 9	 (2) 

	� Antidepressants/
Anticonvulsants 

23	 (3) 22	 (4) 11	 (2) 

	 Other 4	 (1) 0	 (0) 2	 (0.4) 

	 Unknown 19	 (3) 13	 (2) 3	 (1) 

Data are presented as numbers (percentages)
* During the last 3 months
** Includes orthopaedic surgeon, neurologist, neurosurgeon, and rheumatologist
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Strong opioids were used in 65 (10%) patients. Usage of neuropathic pain 
medication (antidepressants or anticonvulsants) were rarely reported. 
At 12 months follow-up, the number of patients taking pain medication 
decreased to 185 (39%) patients.

Predictors of health care use
Table 3 shows the results of the multivariate logistic regression analysis 
regarding the potential predictors on the outcome consultation with a 
specialist in the first 3 months of follow-up. In the final model the variables 
associated with consultation with a specialist were: severity of leg pain 
(NRS) [odds ratio (OR) 1.1; 95% confidence interval (CI) 1.0-1.2], disability 
(RDQ) (OR 1.1; CI 1.0-1.1), history of back surgery (OR 2.3; CI 1.3-3.8), 
consultation with a specialist before baseline (OR 2.1; CI 1.2-3.6) and 
spinal stenosis seen on MRI (OR 2.3; CI 1.3-4.2). The AUC for the final 
model was 0.70.
During the 12 months follow-up, 124 patients (18%) underwent surgery for 
their low back pain. Table 4 shows the results of the multivariate logistic 
regression analysis regarding the potential predictors on the outcome 
surgery. In the final model the variables associated with surgery during 12 
months follow-up were: age (OR 0.98; CI 0.96-1.0), pain radiating in the 
leg below the knee (OR 1.9; CI 1.1-3.3), baseline disability score on RDQ 
(OR 1.1; CI 1.0-1.1), history of back surgery (OR 2.1; CI 1.2-3.7), nerve root 
compression (OR 2.8; CI 1.5-5.2) and spinal stenosis seen on MRI (OR 3.2; 
CI 1.7-6.0). The AUC for the final model was 0.75.

Table 3 Results of multivariate logistic regression analysis regarding potential 
baseline predictors for consultation with a specialist* (n = 547)
Consultation specialist Pooled OR (95% CI) P-value AUC

0.70
Severity of leg pain (NRS) 1.1	 (1.0 - 1.2) < 0.01 

Disability (RDQ) 1.1	 (1.0 - 1.1) < 0.01 

History of back surgery (yes) 2.3	 (1.3 - 3.8) < 0.01 

Consultation specialist before baseline** (yes) 2.1	 (1.2 - 3.6) < 0.01 

Spinal stenosis on MRI (yes) 2.3	 (1.3 - 4.2) < 0.01 

* Consultation with a specialist (orthopaedic, neurologist, neurosurgeon, or rheumatologist) 
during the first 3 months of follow-up
** Consultation with a specialist in the 3 months prior to the baseline measurement
OR: odds ratio; CI: confidence interval; AUC: area under the curve; NRS: numeric rating scale 
(range 0-10, 0 means no pain); RDQ: Roland Disability Questionnaire (range 0-24), a higher 
score indicates worse health
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Discussion

This study presents the health care use of the 683 included patients who 
were referred for MRI of the lumbar spine by their general practitioner and 
identified predictors for consultation with a specialist and surgery during 
follow-up. Patients were frequently seen by a specialist during the first 3 
months of follow-up (301 to 547; 55%), and 124 (18%) patients underwent 
spine surgery during the 12 month follow-up. Five baseline characteristics 
were associated with consultation, including four characteristics from his-
tory taking. Younger patients, presence of pain radiating in the leg below 
the knee, higher baseline disability score, recurrent back surgery, presence 
of nerve root compression and/or spinal stenosis on MRI were predictive 
for subsequent spine surgery during the 12 months follow-up.

Reported back pain severity at baseline was higher than reported in 
previous low back pain cohort studies [16-19]. Severity of disability 
resemble reported data in two studies that included low back pain patients 
referred for MRI or radiography by their primary physician [17, 20]. The 
MRI reports showed disc herniation in 72%, and nerve root compression 
in 69% of the patients. The prevalence of disc herniation was higher than 
reported in the study of You et al. including patients referred for MRI in 
primary care [7]. On the contrary, the prevalence of spinal stenosis was 
substantially lower (13% vs. 48%). The presence of spinal stenosis could 
be underestimated as a consequence of using the MRI reports instead of 
standardized scoring of the MR images. The most common serious pathol-

Table 4 Results of multivariate logistic regression analysis regarding potential 
baseline predictors for surgery during 12-month follow-up (n = 477)
Surgery Pooled OR (95% CI) P-value AUC

0.75
Age 0.98	 (0.96 - 1.0) < 0.05 

Pain radiating in the leg below the knee (yes) 1.9	 (1.1 - 3.3) < 0.01 

Disability (RDQ) 1.1	 (1.0 - 1.1) < 0.01 

History of back surgery (yes) 2.1	 (1.2 - 3.7) < 0.01 

Nerve root compression on MRI (yes) 2.8	 (1.5 - 5.2) < 0.01 

Spinal stenosis on MRI (yes) 3.2	 (1.7 - 6.0) < 0.01 

OR: odds ratio; CI: confidence interval; AUC: area under the curve; RDQ: Roland Disability 
Questionnaire (range 0-24), a higher score indicates worse health
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ogy observed was vertebral fracture (3%). This is consistent with a recent 
study about the prevalence of serious spinal pathology in primary care [21].

Predictors of health care use
In this study, patients with higher leg pain scores, higher score for dis-
ability, a history of back surgery, a recent consultation with a specialist or 
spinal stenosis seen on MRI were more likely to consult a specialist during 
the first 3 months of follow-up (AUC 0.70). Spinal stenosis was the only 
MRI finding that predicted referral to a specialist. These findings only 
partially correspond with the conclusions of the Canadian study of You et 
al [7], which reported that patients with disc herniation or spinal stenosis 
on MRI were predictive of subsequent consultation with a spine surgeon, 
with likelihood ratios of 2.01 and 1.52 respectively. This discrepancy can 
possibly be explained by the difference between the Dutch and Canadian 
health care system. 

In the Netherlands, general practitioners have a gatekeeping role in the 
health care system which implies that patients cannot consult a hospital 
specialist without a referral from their general practitioner. To maintain 
this gatekeeping role, the Dutch general practitioners tend to adhere 
strictly to their clinical guidelines formulated by the Dutch College of 
General Practitioners [3]. These guidelines recommend that subsequent 
consultation with a spine surgeon should not be performed in all patients 
with disc herniation or nerve root compression seen on MRI, but only in 
patients who have chronic, severe radiculopathy (i.e. those who may be 
surgical candidates). It could be that because of this, disc herniation or 
nerve root compression seen on MRI was not a significant predictor.

The AUC for the final model was moderate (0.70). A possible reason for 
this could be that there may be other determinants of general practitioners’ 
decisions to refer, but not included in this study, like the patients request 
for a referral even if this is not indicated according to the guidelines [22]. 
This is supported by a recent survey of Canadian primary care physicians, 
which noted that the most common reasons primary care physicians refer 
to a spine surgeon were not only compression of neurological structures 
reported on imaging or persistent symptoms but also patients request for a 
consultation [23]. Future studies need to include this possible determinant 
of general practitioners’ decisions to refer.



67

4 H
ealth care services after lum

b
ar M

R
I

The decision to perform surgery is made after the referral by the general 
practitioner, mostly by the neurosurgeon together with the patient. In 
our study, 124 patients (18%) received spinal surgery. Patients with low 
age, pain radiating in the leg below the knee, high disability, a history of 
back surgery, nerve root compression or spinal stenosis were more likely 
to undergo subsequent spine surgery (AUC 0.75). These findings largely 
correspond with the conclusions of the study of Cheng et al. [8]. In this 
retrospective study of 1586 symptomatic patients from a single academic 
spine surgery practice, MRI findings of disc herniation, spinal stenosis, and 
spondylolisthesis were independent predictors of surgical candidacy. The 
findings also partially correspond with the conclusions of the study of Peul 
et al. [9], which reported high leg pain and more disability at baseline as 
prognostic factors for subsequent surgery in sciatica patients.

Our study had several strengths. It included a relatively high number of 
patients, it had low drop-out rates despite the use of online questionnaires, 
and it had almost no missing data (ranging from 0.1% to 1%). However, 
there are also some limitations of our study that need to be considered 
when interpreting the results. One limitation is that the presence of 
several MRI findings could be underestimated, such as spinal stenosis, as 
a consequence of using the MRI reports instead of standardized scoring of 
the MR images. However, by using the MRI reports we reflect daily general 
practice as close as possible.

Conclusions
At 3 months follow-up, 55% of patients with low back pain referred for 
MRI in general practice reported consultation with a specialist. Five 
baseline characteristics were associated with consultation; including four 
characteristics from history taking. During 12 months of follow-up 18% 
of the patients underwent surgery. Six clinic baseline characteristics were 
associated with surgery during 12 months follow-up; including nerve root 
compression and spinal stenosis seen on MRI.
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Abstract
Study Design

Systematic review of diagnostic 
studies.

Summary of Background Data

A wide range of clinical, radiologic 
and electrodiagnostic tests are used 
to diagnose lumbar spinal stenosis. 
An accurate diagnosis is vital, 
because lumbar spinal stenosis may 
require specific medical advice and 
treatment. Therefore, it is impor-
tant to know the accuracy of these 
diagnostic tests currently available.

Objective

To update our previous systematic 
review on the diagnostic accuracy of 
tests used to diagnose lumbar spinal 
stenosis.

Methods

A comprehensive literature 
search was conducted for original 
diagnostic studies on lumbar spinal 
stenosis, in which one or more 
diagnostic tests were evaluated with 
a reference standard, and diagnostic 
accuracy was reported or could be 
calculated. Our previous systematic 
review included studies up to March 
2004; this review is current up to 
March 2011. Included studies were 

assessed for their methodological 
quality using the Quadas tool. 
Study characteristics and reported 
diagnostic accuracy were extracted.

Results

Twenty-two additional articles over 
the 24 included in the previous 
review met the inclusion criteria. 
Combined, this resulted in twenty 
articles concerning imaging tests, 11 
articles evaluating electrodiagnostic 
tests, and 15 articles evaluating 
clinical tests. Estimates of the 
diagnostic accuracy of the tests 
differed considerably.

Conclusions

There is a need for a consensus on 
criteria to define and classify lumbar 
spinal stenosis. At present the most 
promising imaging test for lumbar 
spinal stenosis is MRI, avoiding 
myelography because of its invasive-
ness and lack of superior accuracy. 
Electrodiagnostic studies showed no 
superior accuracy for conventional 
electrodiagnostic testing compared 
to MRI. These tests should be 
considered in the context of those 
presenting symptoms with the 
highest diagnostic value, including 
radiating leg pain that is exacerbated 
while standing up, the absence of 
pain when seated, the improvement 
of symptoms when bending forward, 
and a wide-based gait.
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Introduction

Lumbar spinal stenosis (LSS) is commonly used to describe patients with 
symptoms related to an anatomic reduction of the lumbar spinal canal size 
[1]. The challenge to the anatomically based definition is that while neces-
sary for the diagnosis of LSS, it is not sufficient to determine the severity 
of symptoms that leads a patient to seek treatment [1]. The extent of 
narrowing of the spinal canal correlates poorly with symptom severity and 
radiologically significant lumbar stenosis can be found in asymptomatic in-
dividuals [1-4]. Furthermore, lower extremity pain, numbness, or weakness 
is frequently seen in the setting of low back pain, and other causes abound. 
As a consequence, correlating symptoms and physical examination findings 
with imaging results is necessary to establish a definitive diagnosis [1].
Unfortunately, there is no generally accepted gold standard for the diagno-
sis of LSS [5, 6]. A wide range of clinical, electrodiagnostic, and radiologic 
tests are currently used to diagnose LSS. It is important to know the 
diagnostic value of these tests because false-positive test results may lead 
to unnecessary surgery and/or expensive or invasive additional diagnostic 
interventions.
Prior studies as recent as 2006 have concluded that no firm conclusions 
could be drawn regarding diagnostic accuracy of different tests due to poor 
study quality [7, 8]. New diagnostic studies have since been published, with 
more recently developed diagnostics tests, and possibly with increasing 
study design quality.

In this article, we performed an update of our previous systematic review 
[8] and systematically reviewed the diagnostic accuracy of tests for the 
assessment of LSS.

Materials and methods

Data Sources and Searches
All 24 articles considered in the previous review [8] were directly included 
in the present one. The previous review was updated up to March 2004. An 
additional literature search using the same search strategy and restricted 
to March 2004 up to March 2011 was performed in Medline (Pubmed) and 
Embase.
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Study Selection
The following selection criteria were used:
1) The study investigated the diagnostic accuracy of imaging, clinical 
examination, and other tests in detecting lumbar spinal stenosis, in an 
adult study population, 2) one or more different diagnostic tests as well 
as a reference test were included within the design, 3) diagnostic accuracy 
was reported or could be calculated, 4) if the results concerned a subgroup 
of patients with lumbar spinal stenosis, these were analyzed separately in 
the same article, 5) the article was written in English, German, French, or 
Dutch.
For this update, two reviewers read all titles/abstracts, independently 
of each other. Articles that could not be excluded based on title and/or 
abstract were retrieved in full text and were read and checked for inclu-
sion by two reviewers independently. If there was no agreement, a third 
reviewer made the final decision.
Additionally, reference lists of all included articles were reviewed to search 
for additional relevant articles.

Data Extraction and Quality Assessment
Two reviewers independently extracted the data. Data describing study 
design, characteristics of the study population, test characteristics and 
diagnostic parameters were extracted. In order to gain insight in the 
diagnostic accuracy, we focused on the sensitivity and the specificity of the 
test at issue.
Four independent reviewers assessed the risk of bias of each included 
study using the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS) tool [9]. The QUADAS tool consists of 11 items that refer to 
internal validity. We added 4 items related to the criteria to diagnose LSS, 
the interobserver variation and the index test (Appendix Figure 1). All 22 
studies of the original review were additionally scored for the additional 4 
items by one author. A radiologist was consulted for the assessment of the 
used technology of the index test (item 12). Disagreements were resolved 
by consensus and in case of persisting disagreement a third review author 
was consulted. We did not use a summary score since the interpretation of 
summary score is problematic and potentially misleading [9, 10].

Data Synthesis and Analysis
All reported calculations and results in the studies were checked. When 
the diagnostic outcomes were not reported, we calculated them if sufficient 
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data were presented. The confidence intervals (CI) of the sensitivity and 
specificity were also calculated. When the sensitivity and specificity were 
not reported and could not be calculated, we extracted other values if 
possible such as positive predictive value (PPV) and negative predictive 
value (NPV). Because of the heterogeneity of the tests, study population, 
and reference standards, statistical pooling was not possible. Therefore, the 
results are summarized in a qualitative manner.

Reference standard
A diagnosis of the clinical syndrome of LSS requires both the presence 
of characteristic symptoms and signs and radiographic or anatomic 
confirmation of narrowing of the lumbar spinal canal [11]. In this update, 
we clearly made the distinction between studies using a clinical reference 
standard and studies using an anatomic reference standard. A clinical 
reference standard was defined when it included expert opinion based on 
clinical findings and imaging and/or surgery, and the spectrum of patients 
was representative of the patients who would receive the test in clinical 
practice. Studies using an anatomic reference standard use only imaging 
and/or surgery findings to diagnose LSS.

Results

Search and selection
In this update, our search strategy in Medline (Pubmed) resulted in 714 
references and Embase yielded an additional 85 references. Reviewing of 
the reference lists resulted in 19 additional articles. In total, 63 articles 
were retrieved in full text. Twenty-two of these articles met the inclusion 
criteria. Including the 24 articles from our previous review, a total of 46 
articles were included for this systematic review [12-58] (Figure 1). Main 
reasons for exclusion were: lack of reference standard, diagnostic accuracy 
was not reported or could not be calculated, study design was a case report 
or case series; inclusion of cervical or thoracic stenosis cases; and/or no 
separate outcomes for cases of LSS were reported.

Type of Studies
Twenty articles evaluated the diagnostic accuracy of imaging tests (i.e., CT, 
MRI, myelography and ultrasound), 11 articles (describing 7 study popula-
tions) evaluated electrodiagnostic tests (i.e., electromyography, dermato-
mal somatosensory-evoked potentials and caudal motor conduction time), 



76

and 15 articles (describing 12 study populations) evaluated clinical tests 
(e.g., standardized history, physical examination, pain drawings and gait 
analyses).
The characteristics of the included studies on imaging tests (N = 20) are 
shown in Appendix Table 1, on electrodiagnostic tests (N = 7) in Appendix 
Table 2, and on clinical tests (N = 12) in Appendix Table 3.

Quality Assessment
The risk of bias assessment of the individual studies is presented in 
Appendix Figure 2. The initial agreement between the reviewers was 75% 
for imaging studies, 77% for electrodiagnostic studies and 87% for clinical 
studies. The initial disagreements were resolved by consensus.

Records identified 
through database 
searches (n = 799) 

Additional records 
identified through other 
sources (n = 19) 

Abstracts screened (n = 818) 

Full-text articles 
assessed for eligibility 
(n = 63) 

Included (n = 22) Studies included in 
previous review (n = 24) 

Total included studies 
(n = 46) 

Excluded (n = 41) 

Figure 1. Flow chart



77

5 D
iag

no
sis o

f lum
b

ar sp
inal steno

sis

Almost none of the studies reported the time period between the index test 
and reference test (item 3), or the interobserver variation of the interpreta-
tion of test results (item 15). The majority of the imaging studies results 
may be influenced by knowledge of the results of the reference standard 
(test review bias). On the other hand, incorporation bias was avoided in the 
majority of the recent studies (item 6). Overall, studies with a more recent 
date of publication tended to have less bias.

Imaging tests
Table 1 presents data on the diagnostic accuracy of the imaging tests. All 
imaging studies used an anatomic reference standard. Summaries of sensi-
tivity and specificity for each imaging test (MRI, CT, etc…) are provided as 
online content (see Document, Supplemental Digital Content 1).
Overall The studies showed no superior accuracy for myelography 
compared to CT, MRI, or 3D-MRM, with MRI and 3D-MRM showing the 
highest sensitivity. Three-sequence MRI appeared to be more sensitive 
than single-sequence MRI. The accuracy of ultrasound appeared to be 
almost equal to that of CT or myelography. The results of a single study 
about the nerve root sedimentation sign suggested a sensitivity of 94% and 
a specificity of 100%.

Electrodiagnostic tests
Table 2 presents data on the diagnostic accuracy of the electrodiagnostic 
tests. This review is updated with 5 additional electrodiagnostic studies 
[21, 28, 29, 32-35, 52, 55]. The electrodiagnostic tests consisted of con-
ventional electromyography (EMG) and nerve conduction studies (NCS), 
dermatomal somatosensory-evoked potentials (DSEP), and the assessment 
of caudal motor conduction time (CMCT) with magnetic stimulation. Four 
separate articles [21, 32-34] described one study population, but varied in 
study design and used different reference standards. The reference stan-
dards were: expert opinion based on a combination of clinical, radiologic, 
and other diagnostic tests; MRI or CT; surgery and myelography.
Summaries of sensitivity and specificity for each electrodiagnostic test 
(EMG, NCS, etc…) are provided as online content (see Document, Supple-
mental Digital Content 2).
Overall The diagnostic accuracy of electrodiagnostic testing was only 
modest for most electrodiagnostic tests studied. Paraspinal mapping had 
a high specificity in two studies and may increase the likelihood of LSS 
when using a reference standard of expert opinion based on clinical and 
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radiologic data [33, 55]. This method therefore may have some utility in 
confirming the clinical significance of radiological LSS among subjects 
with atypical symptoms. The diagnostic accuracy of DSEP and Magnetic 
stimulation MCT remains unclear.

Clinical tests
Table 3 presents data on the diagnostic accuracy of the clinical tests. This 
review is updated with 7 additional clinical studies [12, 22, 40, 42, 43, 
49, 57, 58]. One study had many aspects that were unclear or internally 
contradictory, therefore no data are reported [58].
The clinical tests consisted of questionnaires, standardized history and 
physical examination, gait-analyses, treadmill tests, and pain drawings 
analyzed in three different ways but in the same study population [44-46]. 
The reference standards were: expert opinion based on a combination of 
clinical, radiologic, and other diagnostic tests; MRI or CT; fluoroscopi-
cally guided injections and myelography. One population was studied in 
2 separate reports: the first involved history and physical examination 
findings, and the second, questionnaire items [42, 57].
Summaries of sensitivity and specificity for each clinical test are provided 
as online content (see Document, Supplemental Digital Content 3).
Overall The symptoms of radiating leg pain, thigh pain and pain that 
is exacerbated while standing up showed the highest sensitivity for LSS. 
Bilateral buttock or leg pain, the absence of pain when seated, the improve-
ment of symptoms when bending forward, and a wide-based gait were 
generally the most useful clinical findings for ruling in the diagnosis of LSS, 
as reflected by large magnitude likelihood ratios (> 5.0 or < 0.20), while 
having at least fair moderate sensitivity [12, 41, 42]. In contrast, the clinical 
findings of symptoms related to cauda equina syndrome and urinary dis-
turbances were highly specific, but insensitive [42]. In general, individual 
physical examination tests were not as useful as symptoms. Simple clinical 
diagnostic support tools may help to synthesize the independent diagnostic 
value of combinations of history and physical examination measures.
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Discussion

The purpose of the present study was to update a previously published 
systematic review on the diagnostic accuracy of tests used to diagnose 
LSS [8]; an additional 22 articles were included. Our updated review 
shows no superior accuracy for myelography compared to CT, MRI, or 
3D-MRM, with MRI and 3D-MRM showing the highest sensitivity. The 
diagnostic accuracy of electrodiagnostic testing was only modest and 
showed no superior accuracy compared to MRI. Paraspinal mapping had 
a high specificity in two studies and it may have some utility in confirming 
the clinical significance of radiological LSS among subjects with atypical 
symptoms. Several clinical findings may be useful for the diagnosis of LSS, 
including radiating leg pain that is exacerbated while standing up, the 
absence of pain when seated, the improvement of symptoms when bending 
forward, and a wide-based gait. However, the accuracy of these findings 
has yet to be corroborated in properly designed confirmatory studies.

Quality
In the included studies, there was high heterogeneity in study design, 
diagnostic test of interest, test characteristics, patient characteristics, 
reference standard, and definition of lumbar spinal stenosis. Because of the 
heterogeneity of the studies, we refrained from statistical pooling.
The definition of LSS was often unclear or not specified at all (item 
13). Furthermore, QUADAS items were frequently scored as unclear or 
inadequate because of poor reporting of data. In many older studies, 
specificity was not reported or could not be calculated. Without the cor-
responding specificity of a test one cannot make assumptions concerning 
the probability of having LSS. Shortcomings in design, data collection, and 
reporting affect the estimates of diagnostic accuracy, mostly resulting in an 
overestimation [59].
The recent studies more often had a prospective design, especially so for 
the studies of clinical tests. Furthermore, almost all recent studies avoided 
differential verification bias. Differential verification bias occurs when 
people with a positive index test receive another, often more invasive 
reference test, resulting in an overestimation of sensitivity and an underes-
timation of specificity.
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Gold standard
Recent studies have shown us that there is a need for a consensus on crite-
ria to define and classify lumbar spinal stenosis [5, 6]. A vague definition 
of an illness and imprecise criteria to either rule-in or rule-out an illness, 
poses a major problem when performing research in patients with such a 
disorder [6]. In the absence of widely accepted diagnostic criteria, almost 
all included studies devised their own construct. This limits the generaliz-
ability of findings. Further research on lumbar spinal stenosis is essential, 
but at a time when other musculoskeletal disease experts are considering 
revisions of well-established sets of criteria [60, 61], the absence of diag-
nostic and/or classification criteria in the field of lumbar spinal stenosis 
should be considered a major focus for international organizations and 
clinical investigators.
For our review, we regarded expert opinion based on clinical findings and 
imaging and/or surgery as the best available reference standard, according 
to current clinical practice. However, all imaging studies in this review 
used an anatomic standard, based on imaging and/or surgery findings. 
Surgical findings depend on positioning of the patient, and the clinical 
observation of the anatomy may be equivocal, depending on the examiner’s 
views of how the clinical syndrome of LSS and its subtypes typically pres-
ent. Besides, when surgical confirmation is used as a reference standard, 
blinding is usually infeasible, and verification bias is likely to be present 
[62]. It should also be noted that for those studies using imaging either 
as a reference standard or a diagnostic test, positioning may in theory 
also affect the appearance of stenosis, but the specific impact of postural 
dynamics on accuracy has not been well studied.
Recent studies about clinical tests used the consensus diagnosis of multiple 
expert spine clinicians as reference standard. However, this induces a 
problem with incorporation bias whereby the overall clinical findings are 
taken into account in establishing the diagnosis. Because a diagnosis of the 
clinical syndrome of LSS requires information from the clinical examina-
tion, such bias is unavoidable [11].

Limitations
Although a thorough search in Medline and Embase was performed, 
papers reporting on diagnostic tests of spinal stenosis different from those 
included in the review we present may have been missed. However, in 
the references of the included studies only one study not found with the 
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systematic search was identified. Therefore, it seems unlikely relevant 
diagnostic studies have been missed.

Conclusions for clinical practice
Further research on lumbar spinal stenosis is essential, but the absence of 
diagnostic and/or classification criteria should be considered a major focus 
for international organizations and clinical investigators. Furthermore, we 
recommend the use of a clinical reference standard.
Given the literature to date, at present the most promising imaging test for 
LSS is MRI, avoiding myelography because of its invasiveness and lack of 
superior accuracy. Electrodiagnostic studies showed no superior accuracy 
for conventional electrodiagnostic testing compared to MRI. These tests 
should be considered in the context of those presenting symptoms with the 
highest diagnostic value, including radiating leg pain that is exacerbated 
while standing up, the absence of pain when seated, the improvement of 
symptoms when bending forward, and a wide-based gait.
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Supplemental digital content 1
MRI

Eight studies reported the sensitiv-
ity for MRI [13, 15, 17, 20, 38, 47, 
49, 55] which ranged from 60% to 
96%. Two recent studies reported 
the diagnostic accuracy of MRI 
to detect foraminal stenosis, the 
sensitivity ranged from 77% to 96%, 
the specificity ranged from 43% to 
68% [13, 20]. One study reported 
the diagnostic accuracy of the nerve 
root sedimentation sign. A positive 
sedimentation sign was defined as 
the absence of sedimented lumbar 
nerve roots in the supine position. 
The results of this study suggested 
a sensitivity of 94% and a specificity 
of 100% [15]. In a study that used 
a three-sequence MRI protocol as 
a reference standard, a sensitivity 
of 60% was shown MRI with a 
single-sequence; the corresponding 
specificity was 95% [49].

3D-MR Myelography

Three studies reported the sensitiv-
ity for three-dimensional magnetic 
resonance myelography (3D-MRM) 
[13, 25, 30] which ranged from 60% 
to 100%. One study reported the 
diagnostic accuracy of 3D-MRM 
to detect foraminal stenosis, the 
sensitivity ranged from 60% to 96%, 
the specificity ranged from 84% to 
99% [13].

CT

Seven studies reported the sensitiv-
ity for CT [14, 16, 18, 23, 27, 47, 55] 
which ranged from 21% to 100%. 
The specificity ranged from 60% to 
98%.

Myelography

 Ten studies reported the sensitivity 
for conventional myelography [14, 
16-18, 25, 27, 30, 36, 38, 47], which 
ranged from 54% to 100%. Of the 9 
studies that investigated myelogra-
phy as well as CT, MRI, or 3D-
MRM, 5 studies showed a higher 
sensitivity for MRI, 3D-MRM, or 
CT than for myelography [14, 17, 
25, 27, 47], and 4 studies showed a 
similar sensitivity for myelography 
as for CT or MRI [14, 17, 18, 30]. A 
higher sensitivity for myelography 
was reported in 3 studies [16, 18, 
38]. The specificity of myelography 
(88% and 91%) was slightly higher 
than that of CT and MRI (75%, 88% 
and 90%) in the two studies that 
reported the specificity of these 
tests [17, 47].
One study reported the sensitivity 
for CT-myelography, which was 
87% [17]. One study reported the 
sensitivity for epidurography, which 
was 94% [55]. In addition, one 
study reported the sensitivity for 
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epidural venography, which was 
77% [36].

Radiography

The sensitivity and specificity of 
plain radiography, as shown by one 
study in which CT was used as a 
reference standard, were 66% and 
93%, respectively [24].

Ultrasound

Ultrasound of the lumbar spine 
was evaluated in two studies: one 
study used surgery as a reference 
standard, and the other study 
used myelography or CT as the 
reference standard [26, 53]. The 
sensitivity ranged from 90% to 95%, 
the specificity ranged from 96% to 
100%.
One study investigated the diag-
nostic accuracy of ultrasound of the 
calcaneus to detect anatomic LSS 
[46]. The sensitivity was 52%, and 
the specificity was 70%.
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Supplemental digital content 2
Electromyography and Nerve 
Conduction Studies

Three studies investigated the 
diagnostic accuracy of electromy-
ography to detect LSS [21, 28, 29, 
32-34, 54].
The first article by Haig et al. [33] 
evaluated the diagnostic accuracy 
of electromyography and nerve 
conduction studies using a clinical 
reference standard. The sensitivity 
of EMG was 63%; the specificity 
was 54%. The sensitivity of NCS 
was 54%; the specificity was 75%. 
The combined accuracy of EMG and 
NCS had a sensitivity of 79% and 
a specificity of 50%. In addition to 
the conventional EMG evaluation 
the article reported the diagnostic 
accuracy of paraspinal mapping; the 
sensitivity was 29%, the specificity 
was 100%.

The following articles by Haig et 
al. [32, 34] used clinical confirma-
tion of LSS only as the reference 
standard without consideration of 
imaging and/or surgery findings. 
The overall evaluation of MRI had 
a sensitivity of 59% and a specificity 
of 44%. A minimum canal diameter 
of ≤ 11.95 mm had a sensitivity of 
27% and a specificity of 77%. The 
sensitivity and specificity of EMG 
(including paraspinal mapping) and 
NCS combined were 73% and 48%, 

respectively. The findings on MRI 
were able to differentiate persons 
with LSS from asymptomatic 
subjects but not from persons with 
mechanical low-back pain, whereas 
electrodiagnosis was able to mar-
ginally discriminate all groups.
The article of Chiodo et al. assessed 
the asymptomatic subjects among 
the previously described study 
population [21]. The specificity 
for EMG was 59%; the specificity 
for MRI was 44%. There was no 
statistically significant relationship 
between the false positive rate of 
electrodiagnosis and MRI.
The study of Yagci et al. evaluated 
the diagnostic accuracy of paraspi-
nal mapping using a clinical refer-
ence standard [54]. The sensitivity 
ranged from 72% to 97%, and the 
specificity ranged from 63% to 
100% .

The study of Fisher et al. compared 
the diagnostic accuracy of 
conventional electrodiagnosis 
and computerized recording and 
analysis of EMG and NCS (NC-stat) 
[28, 29]. MRI or post-myelographic 
CT was used as a reference standard 
. The sensitivity for EMG was 60%, 
and the specificity was 82%. The 
sensitivity for EMG combined with 
NCS was 90%, and the specificity 
was 45%. The sensitivity for NC-stat 
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ranged from 60% to 90%, and the 
specificity ranged from 27% to 82%.

DSEP

Two studies investigated the 
diagnostic accuracy of dermatomal 
somatosensory-evoked potentials 
(DSEP). One study had CT or MRI 
as a reference standard [52]; this 
study showed a sensitivity of 96%, 
the specificity was not reported. The 
other study had surgery as a refer-
ence standard [51]; the sensitivity 
ranged from 78% to 94%, but the 
specificity was not reported.

Magnetic stimulation MCT

One study investigated the diag-
nostic accuracy of the caudal motor 
conduction time (caudal MCT) after 
magnetic stimulation. This study 
showed a sensitivity of 56% [35], 
the specificity was not reported.

Selective lumbar root sheath 
infiltration

One study investigated the diagnos-
tic accuracy of selective lumbar root 
sheath infiltration with successful 
outcome of surgery as a reference 
standard. This study did not report 
a sensitivity or specificity but 
showed a positive predictive value 
of 95% [19].
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Age and Comorbidities

Three studies reported the sensitiv-
ity for the patient characteristic age 
[22, 40, 41]. The sensitivity of the 
patient characteristic younger than 
60 years was 15%; the specificity 
was 62% [41]. The sensitivity of the 
patient characteristic older than 65 
years was 77%; the specificity was 
69% [40]. The sensitivity for the 
presence of orthopaedic conditions 
was 18%; the specificity was 91% 
[56].

Symptoms

Four studies reported the sensitivity 
for different pain locations [12, 22, 
40, 50]. Radiating pain, calf pain, 
thigh pain, and moderate back pain 
all had a high sensitivity (>90%) 
[12, 22, 50]. Bilateral symptoms 
and leg pain that was worse than 
back pain had a specificity of 98% 
and 92% [12, 22]. Exacerbation 
while standing up had a sensitivity 
of 92% [56]; no pain when seated 
and improvement when bending 
forward had a specificity of 93% and 
92% [40, 41].
The presence of symptoms related 
to cauda equina syndrome had a 
specificity of 99%. The specificity of 
urinary disturbance was 98% [41]. 
However, these symptoms were 

insensitive and present in only a 
small percentage of patients.

Physical examination

In general, physical examination 
tests had a lower sensitivity than 
clinical symptoms. One study found 
that the specificity of a wide-based 
gait was 97%, and the specificity of 
an abnormal Romberg test result 
was 91% [40].

Diagnostic support tools

Two studies used predictor 
variables that were independently 
associated with LSS to create risk 
scores for diagnosing LSS [39, 41, 
56]. The sensitivity of a score of 7 or 
higher on a clinical diagnostic tool 
including history and examination 
findings was 95% [39] and 93% 
[41]; the specificity was 40% [39] 
and 72% [41]. Sensitivity was 
optimized by the combination of 
history and examination findings, 
but this resulted in a lower overall 
specificity. The sensitivity of a score 
of 5 or higher on a diagnostic tool 
including only questionnaire-based 
items was 81%; the specificity was 
58% [56]. On testing in a validation 
sample, the sensitivity was 75%, and 
the specificity was 51% [56].
One study created a diagnostic 
tool to indicate the likelihood of 

Supplemental digital content 3
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the presence of LSS, composed of 
patient characteristics and clinical 
symptoms [22]. Having 4 of 5 
positive findings had a sensitivity of 
6% and a specificity of 98%.
One other study investigated the 
diagnostic accuracy of a Pain 
Response to Activity and Position 
Questionnaire (PRAP) [50]. A 
positive PRAP had a sensitivity of 
52%, and a specificity of 74%.

Pain drawings

One study investigated the diag-
nostic accuracy of pain drawings 
with a clinical reference standard 
[43-45]. The sensitivity of statistical 
analysis of the pain drawings in a 
two category prediction was 34%; 
the specificity was 83% [43]. The 
sensitivity of an expert evaluation 
of the pain drawings was 58%; the 
specificity was 88% [44].

Treadmill

Two studies investigated the 
diagnostic accuracy of a treadmill 
test. One study used CT or MRI as 
a reference standard; the sensitivity 
was 77%, and the specificity was 
95% [31]. The other study had 
myelography as a reference stan-
dard; the sensitivity ranged from 
38% to 100%, and the specificity 
ranged from 33% to 87% [37].

Gait-analyses

One study investigated the diagnos-
tic accuracy of gait-analyses; this 
study showed a sensitivity of 97% 
and a specificity of 80% [48].

Physiotherapist assessment

One study investigated the diag-
nostic accuracy of a physiotherapist 
assessment to detect anatomic 
lumbar stenosis; this study showed 
a sensitivity of 23% [42].
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99 
 

Item 1* Was the spectrum of patients representative of the patients who will receive the test in 
practice? 

Item 2*  Is the reference standard likely to classify the target condition correctly? 
Item 3* Is the time period between the reference standard and index test short enough to be 

reasonably sure that the target condition did not change in the time between the two 
tests? 

Item 4 Did the whole sample or a random selection of the sample, receive verification using 
the intended reference standard? 

Item 5  Did patients receive the same reference standard irrespective of the index test result? 
Item 6 Was the reference standard independent of the index test (i.e. the index test did not 

form part of the reference standard)? 
Item 7 Were the reference standard results interpreted without knowledge of the results of 

the index test? 
Item 8 Were the index test results interpreted without knowledge of the results of the 

reference standard? 
Item 9 Were the same clinical data available when test results were interpreted as would be 

available when the test is used in practice? 
Item 10* Were uninterpretable/ intermediate test results reported for both reference test and 

index test? 
Item 11  Were withdrawals from the study explained? 
 
Additional QUADAS 
 
Item 12 Was the index test applied correctly? The execution of the index test should be 

described in sufficient detail to permit replication of the test 
Item 13*  Were cut-off values/gradings or “positive results” of the reference test clearly defined? 
Item 14  Were cut-off values/gradings or “positive results” of the index test clearly defined? 
Item 15*  Were data on interobserver variation reported and within an acceptable range? 
 
 
 Appendix Figure 1. The items of the QUADAS tool for methodological assessment 

of diagnostic studies

*Item 1: All people should have symptoms of lumbar spinal stenosis. People should not have 
confirmed lumbar spinal stenosis at the start of the study.
*Item 2: Surgical confirmation or a combination of clinical diagnosis (low back pain and clau-
dicatio) and radiologic imaging methods together were used as a reference standard.
*Item 3: The time period is less than one year.
*Item 10: Uninterpretable of both reference test and index test.
*Item 13: Studies with a reference test of expert opinion/consensus are scored not applicable 
(NA)
*Item 15: Acceptable range: ICC >0.75, kappa >0.60
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Imaging 
Aota 2007 [15] - + ? - + + + + - + + + - + + 
Arrault 1987 [16] - + ? - - + - + - - ? - - - ? 
Barz 2010 [17] - + + + + - + - + + + + + + + 
Bell 1984 [18] - + ? - - + - + - - ? - - - ? 
Bischoff 1993 [19] ? + ? - - + - + - - ? - + + ? 
Bolender 1985 [20] - + ? - - + - ? ? - ? + ? + ? 
Chang 2010 [22] - ? ? + + + ? ? ? ? ? + + + ? 
Donmez 1990 [25] + + ? - - + - + ? - ? - - - ? 
Eberhardt 1994 [27] + + + + + + - ? ? - - + - - ? 
Engel 1985 [28] + + ? - - + ? + + - - + - - ? 
Feldmeyer 1982 [29] + + ? - - + - + ? - - - - - ? 
Freund 1997 [32] + + ? ? ? + - + - ? - + - - ? 
Herkowitz 1982 [38] - + ? - - + - ? ? - ? - - - ? 
Ilkko 1989 [39] - - + + + + + + ? - - + + + ? 
Jia 1991 [41] - + ? - - + - ? ? - ? - - - ? 
Mariconda 2004 [49] - - ? + + + + ? + + + + + + ? 
Modic 1986 [50] + + ? - - + - + - - - + - - ? 
Rankine 1997 [52] + - + + + - + + - - - + + + - 
Tervonen 1989 [56] + - + + - + + + + - ? + + + ? 
Yan 2010 [58] - + ? - ? ? + ? ? ? + ? + + ? 
 
Electrodiagnostic 
Castro 1991 [21] ? - ? - - + - + + - + + + + ? 
Fisher 2007, 2008 [30,31] + + + - + + + ? + ? - - - - NA 
Haig 2005,2006,2007 
Chiodo 2007 [23,34,35,36] + + ? + + + + + - + + + NA + NA 

Han 2004 [37] - + ? - + + + ? ? ? + + - + ? 
Shen 2008 [54] - + ? - + + ? - + ? + - - + ? 
Snowden 1992 [55] + - ? - - + + + ? - ? + ? + ? 
Yagci 2009 [57] - + ? + + + + + - + + - NA - NA 
 
Clinical 
Cook 2010 [24] - - ? + ? - - ? + ? ? + NA + ? 
Fritz 1997 [33] + - ? + - + + ? ? - - + - + ? 
Jensen 1989 [40] + - ? + + + + + + - ? - + + ? 
Kato 2009 [42] + - ? + + - - + + + + + NA + ? 
Katz 1995 [43] - - ? + + - + + + ? - - NA + ? 
Konno(1) 2007 
Sugioka 2008 [44,59] + + ? + + + + + + + + + NA + - 

Konno(2) 2007 [60] - - ? - + + + - ? ? - + NA - - 
Laslett 2005 [45] - - + - + + + + + ? + ? - + - 
Ljunggren 1991 [14] + + ? + ? + ? + + ? ? + NA + ? 
Mann 1991,1992,1993 
[46,47,48] - + ? + - + + + + - - ? NA ? - 

Papadakis 2009 [51] - ? ? ? + + ? ? ? ? ? + - + ? 
Roach 1997 [53] + + ? + - - + + + - + ? NA ? + 

 

Appendix Figure 2. Review author’s judgements about each methodological qual-
ity item for each included study
? = Unclear
NA = Not applicable
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Abstract
Study design

Cross-sectional open population 
based study (nested in a prospective 
cohort study).

Objective

To explore the association of the 
different individual radiographic 
features, including osteophytes 
and disc space narrowing, with 
self-reported low back pain. Dif-
ferent definitions of lumbar disc 
degeneration with self-reported 
low back pain and disability were 
considered in a large open popula-
tion sample. Furthermore, in order 
to disentangle the discrepancies 
in reported strength of the as-
sociations, we characterized the 
frequency of the different individual 
radiographic features of lumbar 
disc degeneration and definitions of 
lumbar disc degeneration, as well as 
their association with low back pain 
status, by age, gender and vertebral 
level.

Summary of background data

Currently within the literature, 
there have been no studies that 
have explored different definitions 
of lumbar disc degeneration and 
their association with low back pain 
within one study sample.

Methods

The intervertebral disc spaces (L1/2 
to L5/S1) were evaluated for the 
presence and severity of anterior 
osteophytes and disc space narrow-
ing using a semi-quantitative score 
(grade 0-3). Logistic regression 
was used to determine the as-
sociation between these individual 
radiographic features of lumbar disc 
degeneration and different defini-
tions of lumbar disc degeneration 
for low back pain.

Results

Lumbar radiographs were scored 
for 1204 men, and 1615 women. 
Osteophytes were the most frequent 
radiographic feature observed, with 
men having the greatest frequency. 
Disc space narrowing was more 
frequent in women than men. Both 
radiographic features increased in 
frequency with age.
Disc space narrowing appeared 
more strongly associated with low 
back pain than osteophytes, espe-
cially in men (odds ratio (OR) = 1.9; 
95% confidence interval (CI): 1.4 to 
2.8). Disc space narrowing at two or 
more levels appeared more strongly 
associated with low back pain than 
disc space narrowing at only one 
level (OR = 2.4; 95% CI: 1.6 to 3.4). 
After excluding level L5/S1, the 
strength of almost all associations 
increased.
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Conclusions

We are the first to report different 
possible lumbar disc degeneration 
definitions and their associations 
with low back pain. Disc space 
narrowing at two or more levels 
appeared more strongly associated 
with low back pain than other 
radiographic features, especially 
after excluding level L5/S1.
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Introduction

Back pain is one of the most common musculoskeletal complaints of the 
elderly, with a point prevalence of 26.9% in the Netherlands [1]. Van 
Tulder et al., [2] preformed a systematic review and reported that lumbar 
disc degeneration (LDD) could be a possible risk factor for back pain 
in adults, with odds ratios varying from 1.3 to 3.2. However, the review 
reported that the methodological quality of most of these studies was low. 
They also stated that the studies were difficult to compare due to difference 
in gender frequencies, age groups, settings, radiographic grading systems 
and definitions for LDD.
LDD is characterized radiologically by the presence of osteophytes, end-
plate sclerosis, and disc space narrowing. In 1993, Lane et al., presented 
a reliable grading system for these individual radiographic features (IRF) 
[3]. In a recent review [4], this grading system was recommended for use 
in epidemiologic studies, as their Interclass Correlation Coefficient (ICC) 
for inter-observer reliability were >0.60, with the exception of endplate 
sclerosis. There have been a number of recent studies that have used the 
classification of the IRF of disc degeneration, as defined in Lane et al., [5-
7]. One of these studies described the occurrence of these separate features 
and their relationship with back pain in the open population, but only in a 
limited sample [6].
However, it is still unknown how to combine the IRF and how to define a 
clinically relevant definition for LDD. For example, currently there is no 
consensus about whether the lumbosacral disc should be scored. Some 
studies have included the lumbosacral level in their definition of LDD 
[8-10], while others have not [6, 11]. Currently within the literature, there 
have been no studies that have explored different definitions of LDD and 
their association with low back pain (LBP) within one study sample.
The purpose of this study was to explore the association of the different 
IRF, including osteophytes and disc space narrowing, with self-reported 
LBP. Different definitions of LDD with self-reported LBP and disability 
were considered in a large open population sample. Furthermore, in order 
to disentangle the discrepancies in reported strength of the associations, 
we characterized the frequency of the different IRF of LDD and definitions 
of LDD, as well as their association with LBP status, by age, gender and 
vertebral level.
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Materials and methods

Study population
The data for this study originate from data of the Rotterdam Study, an 
open population prospective cohort of people aged 55 years and older. 
The study design has been described previously [12]. The baseline 
measurements were conducted between 1990 and 1993. The focus was on 
neurogeriatric, cardiovascular, ophthalmologic and locomotor diseases. 
At baseline, trained interviewers performed an extensive home interview 
on demographic characteristics, medical history, risk factors for chronic 
diseases and medication use. Radiographs were taken at the research 
centre at baseline. In total, 7983 participants were examined, however, 
for feasibility reasons, only lumbar radiographs of 2819 participants were 
scored. These participants were selected on availability of radiograph data 
for a follow-up measurement 6.6 years later.

Radiographic scoring
Lumbar lateral radiographs were scored by a single observer trained by a 
radiologist for the presence of the individual radiographic features of disc 
degeneration. The observer was blinded to clinical characteristics of the 
participants. Each vertebral level from L1/2 to L5/S1 was reviewed for the 
presence and severity of osteophytes (anterior) and vertebral narrowing, 
using the Lane et al. atlas [3, 4] . In this atlas grade 0 = none; grade 1 = 
mild; grade 2 = moderate; and grade 3 = severe. The lumbosacral disc 
space was defined as narrowed when its height was less than that of the 
disc space between the third and fourth lumbar vertebrae. This is due to 
a normal progression of increasing disc-space height from the third and 
fourth to the fourth and fifth lumbar vertebrae, and then a relative narrow-
ing of the height of the lumbosacral disc space. Sclerosis was not scored 
because of the earlier reported low ICC for this feature [3].
Inter-observer reproducibility was assessed by a second independent 
observer who evaluated a random selection of 140 (5%) X-rays. The ICC 
was 0.83 for osteophytes and 0.77 for vertebral narrowing, indicating good 
reproducibility.

Back pain and disability
Back pain was determined from interviewing the participants during the 
home visits. Participants were asked “Did you have complaints of the low 
back during the last month?”. LBP was defined to be present if the answer 
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was positive. Participants were also asked “What is the duration of the 
present low back complaints?”. We defined chronic LBP to be present if 
the duration of the LBP was more than one year. In this way the definition 
chronic LBP included long lasting chronic complaints.
Participants also visited the research center, where radiographs were 
carried out. Height and weight were measured with participants wearing 
indoor clothing and without shoes. Body mass index (BMI) was calculated 
as weight in kilograms divided by length in meters squared (kg/m²). Dual 
energy radiograph absorptiometry was used to assess the bone mineral 
density (BMD) at the femoral neck. Stanford Health Assessment Question-
naire (HAQ) was used to assess disability. A mean score ≥ 0.5 was used to 
indicate a moderate to severe disability [13].

Statistical Analyses
We defined disc space narrowing to be present if the grade was mild, 
moderate, or severe (grade ≥1). Because of the small proportion of subjects 
without osteophytes, we used a higher cutoff value for this feature. We 
defined osteophytes to be present if the grade was moderate or severe 
(grade ≥2). Using these definitions we calculated the prevalence of the IRF 
by vertebral level (L1/2 to L5/S1), age and gender.
To analyze data we defined the lower back as one unit with five sub-joints. 
Subsequently, we calculated the frequency of each of the IRF at the lower 
back with the question: “Is there somewhere in the lower back a certain 
grade of narrowing/osteophytes?”.
We characterize three possible LDD definitions, “narrowing”, “osteo-
phytes”, and “both”. “Narrowing” is positive when there is a grade ≥ 1 
narrowing at two or more levels and “osteophytes” is positive when there 
is a grade ≥ 2 osteophytes at two or more levels. When “narrowing” and 
“osteophytes” both are positive, it is assigned “both”. To explore the role of 
the lumbosacral disc space, we also investigate the three LDD definitions 
after excluding the vertebral level L5/S1. These were classified “narrowing 
1-4”, “osteophytes 1-4” and “both 1-4”.
To explore the association between the IRF, the LDD definitions and LBP, 
LBP was used as the dependent variable with adjustments made for age 
and gender. The assessments of the association were adjusted for BMI, as 
this variable has been reported to be associated with both LBP and some 
of the individual LDD features [5, 9, 14, 15]. The associations were also 
adjusted for BMD, even though this variable has not been reported to be 
associated with LBP [16]. However, in our data BMD was shown to be 
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associated with LBP in men but not in women. The associations were not 
adjusted for smoking and education, as these variables were shown to be 
not associated with LBP. The results of these analyses are expressed as 
odds ratios (OR) with 95% confidence intervals (CI), stratified for gender 
and age groups. The same methods were used to explore the association 
between the IRF and chronic LBP. The associations with disability were 
additionally corrected for hip OA and knee OA (defined by Kellgren and 
Lawrence grade ≥ 2); Kellgren and Lawrence data of the knee OA were only 
available for 50% of the participants. Therefore, these latter analyses were 
limited to half of the sample. Finally, the independency of the different 
features in the association with LBP was checked; besides the correcting 
variables, both features were simultaneously included in the model. The 
model included the two most favorable definitions for osteophytes and 
narrowing (“narrowing 1-4” and “osteophytes 1-4”), and subsequently two 
summary scores as the grade of the number of levels affected by osteo-
phytes or narrowing.
Statistical analysis was performed using SPSS version 15 (SPSS Inc, 
Chicago, USA).

Results

Subject characteristics
Baseline characteristics are shown in Table 1. There were 1204 men (mean 
age 65.3 years, standard deviation (SD) 6.4) and 1615 women (mean age 
65.9 years, SD 6.8). LBP during the last month was reported more often by 
women than men (326 (20.2%) vs. 173 (14.4%) p < 0.05) (Table 1). Chronic 
LBP was reported in 84% of the current LBP cases and was also more often 
reported by women (280 (17.3%) vs. 140 (11.6%) p < 0.05).

Influence of gender and vertebral level
The prevalence of the IRF in men and women is shown in Table 1. 
Osteophytes were the most frequent observed radiographic feature and 
were more common in men than women (95% vs. 91%; p<0.05). Disc space 
narrowing was more frequent in women than men (65% vs. 53%; p<0.05). 
In terms of their distribution by vertebral level, narrowing was more 
frequent at the lower lumbar disc levels.
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Association with back pain
Table 2 shows the association between LDD and low back pain, adjusted 
for age, gender, BMI and BMD. The presence of disc space narrowing grade 
≥ 1 and ≥ 2 was significantly associated with LBP in the last month, only 
in men (Nar ≥ 1 OR = 1.9; 95% CI: 1.4 to 2.8 and Nar ≥ 2 OR = 1.6; 95% 
CI: 1.1 to 2.4) (Table 2). The presence of osteophytes grade ≥ 2 was not 
significantly associated with back pain in men or women.
“Narrowing” was associated with LBP in men and women (men OR = 2.4; 
95% CI: 1.6 to 3.4 and women OR = 1.7; 95% CI: 1.3 to 2.3). “Osteophytes” 

Table 1 Frequency of osteophytes and disc space narrowing in men and women. 
Men, 
N = 1204

Women, 
N = 1615

All, 
N = 2819

LBP, 
N = 499

Age (years) Mean ± SD 65.3 ± 6.4 65.9 ± 6.8 65.7 ± 6.6 65.4 ± 6.7

Body mass index (BMI) 
Mean ± SD

25.9 ± 2.9 26.6 ± 3.8 26.3 ± 3.5 26.4 ± 3.6

Bone mineral density femoral 
neck (BMD) Mean ± SD

0.89 ± 0.12 0.82 ± 0.13 0.85 ± 0.13 0.85 ± 0.13

Low back pain (%)†
Chronic low back pain (%)‡

173 (14.4)
140 (11.6)

326 (20.2)
280 (17.3)

499 (17.7)
420 (14.9)

499 (100)
420 (84.2)

Osteophytes low back (%)

Grade ≥ 1
Grade ≥ 2
Grade 3

1148 (95.3)
832 (69.1)
536 (44.5)

1467 (90.8)
929 (57.5)
505 (31.3)

2615 (92.8)
1761 (62.5)
1041 (36.9)

469 (94.0)
323 (64.7)
199 (39.9)

Narrowing low back (%)

Grade ≥ 1
Grade ≥ 2
Grade 3

637 (52.9)
286 (23.8)
40 (3.3)

1048 (64.9)
525 (32.5)
107 (6.6)

1685 (59.8)
811 (28.8)
147 (5.2)

335 (67.1)
173 (34.7)
37 (7.4)

Osteophytes ≥2 (%)

L1-2
L2-3
L3-4
L4-5
L5-S1

282 (23.4)
347 (28.8)
428 (35.5)
403 (33.5)
312 (25.9)

297 (18.4)
404 (25.0)
364 (22.6)
354 (21.9)
303 (18.8)

579 (20.5)
751 (26.6)
792 (28.1)
757 (26.9)
615 (21.8)

112 (22.4)
155 (31.1)
155 (31.1)
145 (29.1)
121 (24.2)

Narrowing ≥1 (%)

L1-2
L2-3
L3-4
L4-5
L5-S1

107 (8.9)
135 (11.3)
153 (12.7)
268 (22.2)
408 (34.0)

201 (12.5)
307 (19.0)
342 (21.1)
526 (32.6)
662 (41.0)

308 (10.9)
442 (15.7)
495 (17.6)
794 (28.2)
1070 (38.0)

71 (14.2)
115 (23.0)
136 (27.3)
187 (37.5)
214 (42.9)

† Low back pain: complaints of the low back during last month
‡ Chronic low back pain: duration present low back complaints > 1 year
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was equally strong associated with back pain in men and women (men OR 
= 1.5; 95% CI: 1.1 to 2.2 and women OR = 1.5; 95% CI: 1.2 to 2.0). “Both” 
also showed an association with back pain for both men and women (men 
OR = 2.2; 95% CI: 1.4 to 3.2 and women OR 1.9; 95% CI: 1.4 to 2.6). The 
strength of almost all the associations increased for chronic low back pain, 
especially for men (“narrowing” OR = 3.0; 95% CI: 2.0 to 4.4).
After including both features in the model, the presence of osteophytes was 
not significantly associated with back pain in men or women (“osteophytes 
1-4” men OR = 1.0; 95% CI: 0.7 to 1.4 and women OR = 1.2; 95% CI: 0.9 to 
1.6).

Lumbosacral level
The strength of the associations including disc space narrowing increased 
by excluding level L5/S1, particularly for “narrowing1-4” in both men and 
women (men OR = 2.4; 95% CI: 1.5 to 3.6 and women OR = 2.0; 95% CI: 
1.5 to 2.7).
The presence of disc space narrowing, with grade ≥ 1 and ≥ 2 was associ-
ated with LBP in both men and women, after excluding level L5/S1 (Table 
2). The strength of the association also increased with increasing severity 
of disc space narrowing (Nar ≥ 1 1-4; OR 2.2; 95% CI: 1.6 to 3.1 and Nar ≥ 2 
1-4; OR 2.5: 95% CI: 1.6 to 4.0).

Influence of age
The prevalence of osteophytes and disc space narrowing increased with age 
for both men and women (Table 3). In men, “narrowing” was more greatly 
associated with LBP in the age groups 55-59 and 60-64 (55-59 OR = 3.5; 
95% CI: 1.7 to 7.5 and 60-64 OR = 4.1; 95% CI: 2.2 to 7.8), while in women, 
“narrowing” was highly associated with LBP in the age groups 65-69 and 
70-74 (65-69 OR = 2.0; 95% CI: 1.1 to 3.5 and 70-74 OR 3.1; 95% CI: 1.7 to 
5.8).

Disability
After adjusting for age, sex, BMI, BMD, and radiologic osteoarthritis of the 
hip and knee, “narrowing” was associated with disability (men OR = 2.1; 
95% CI: 1.1 to 3.7; women OR = 2.0; 95% CI: 1.4 to 2.9; all OR = 1.9; 95% 
CI: 1.4 to 2.6). After excluding level L5/S1, the strength of the association 
remained stable (all OR = 2.0; 95% CI: 1.4 to 2.8). After including LBP in 
the model, the strength of the association diminished only slightly (all OR 
= 1.7; 95% CI: 1.2 to 2.4).
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Discussion

We are the first to report in one paper, multiple LDD definitions and their 
associations with low back pain, for the separate genders and discreet 
age groups. In this study, disc space narrowing appeared to be more 
strongly associated with LBP than osteophytes, especially in men. Disc 
space narrowing at two or more levels appeared more strongly associated 
with LBP than disc space narrowing at only one level. The strength of the 
associations increased with chronic LBP. The majority of the associations 
were strengthened by excluding level L5/S1.
The most frequently observed radiographic feature of LDD was 
osteophytes, with greater frequency in men than in women. Narrowing, 
however, was more common in women than in men and was also shown to 
be more frequent at the lower disc levels. Both IRF increased in frequency 
with age.

How do these findings compare with those of other studies?
Data from many studies suggest an association with LDD and low back 
pain with odds ratio varying from 1.3 to 3.2 [2]. However, we are not aware 
of data from population-based samples that have investigated the associa-
tion of different definitions of lumbar disc degeneration with self-reported 
low back pain. MacGregor et al.,[17] preformed a study, using MRI scans 
to assess risk factors associated with severe back pain. They investigated 
a number of features including; disc height, signal change, disc bulge and 
anterior osteophytes, and made a sum score for all features together. This 
sum was associated with severe back pain. However they did not state 
which features had the highest predictive capability. Some studies suggest 
an association between osteophytes and LBP [6, 8, 10] and some studies 
suggest an association between disc space narrowing and LBP [6, 8, 9, 18]. 
Our data confirms the association between LBP and disc space narrow-
ing. In addition, our data suggest an association with osteophytes, only 
when a more specific definition (“osteophytes”) is used. However, when 
osteophytes and disc space narrowing were both included in the model, 
there was no association with osteophytes anymore. Therefore osteophytes 
do not have an independent association with low back pain and seem 
therefore an inferior derivate from disc space narrowing.
Some studies suggest that the strength of the association between LBP 
and disc space narrowing grows with increasing severity of disc space 
narrowing [6, 9]. Our data confirm this, but only when L5/S1 is excluded. 
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Further, our data indicate that the association between LBP and disc space 
narrowing increases when a greater number of levels are affected.

The explanation for the stronger association between LBP and disc space 
narrowing compared with the presence of osteophytes is unknown. It is 
possible that the reduction of space between the vertebrae as a conse-
quence of the degenerative disc is more likely to lead to increased pressure 
on facet joints and spinal ligaments.
The explanation for the stronger association between back pain and disc 
space in men compared with the association in women is also unknown. 
It is possible that even though women reported LBP more often, only a 
small proportion of the complaints are due to LDD, whereas other factors 
determine the feeling of pain. Men and women could also report pain 
differently therefore effecting the association between back pain, disc space 
narrowing and gender. Cecchi et al., showed that women presented with 
significantly more severe pain than men [19].
A possible explanation for the stronger association between LBP and disc 
space narrowing, excluding level L5/S1, is the possible overrating of the 
narrowing grade of the lumbosacral disc. The height of the lumbosacral 
disc is difficult to score due to its narrowed height relative to disc L4/L5. 
The lumbosacral disc is also different in appearances among different in-
dividuals, independently of disease [8, 20]. Therefore, by using the lumbar 
disc definition “narrowing 1-4”, the inconsistency of the grading scores 
at this level is ruled out. Furthermore, some differences in the reported 
associations in the prior studies can be explained by our stratified results. 
Possible explanations for relatively low odds ratios previously reported 
could be due to the use of a young age group [8], the use of women only [9] 
and scoring of the lumbosacral level [8-10].

Our data confirms the findings from recent population based radiographic 
surveys showing a greater frequency and severity of osteophytes in men 
than in women [6, 10]. A possible explanation for the greater frequency 
in men is the higher BMD in men. However, after including BMD in the 
model, although less explicit, men still show a greater frequency and 
severity of osteophytes.
Surprisingly our data suggest a greater frequency and severity of narrowing 
in women than in men. We found no explanation for this finding so far.
Our data confirms that the prevalence of osteophytes and disc space 
narrowing increases with age in both men and women [6].
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Our study had several advantages. It was population based with a relatively 
high number of subjects. We used a semi-quantitative score, using stan-
dard radiographs, to characterize the presence and severity of LDD. Assess-
ment of the radiographs was taken without knowledge of the questionnaire 
data, and so errors in classification are likely to have been non-directional.
However, there are several limitations in our study that need to be consid-
ered when interpreting the results. There could be selection bias in favor of 
relatively healthy participants. The participants in the present study had to 
be mobile enough to visit the research center for radiograph examination, 
both for the baseline and follow up appointments (mean 6.6 years) [21]. 
In other words, patients with the most severe symptoms were most likely 
not included, but this may be inevitable in long term prospective cohort 
studies.
The results of the present study may be flawed by the decision not to use 
a frontal lumbar radiographs. Therefore, there is a possibility that a single 
sided disc space narrowing or a lateral osteophyte is missed. Also, on a lat-
eral radiograph the facet joints cannot be judged. However, clinical insights 
indicate that choosing between both of them, a lateral lumbar radiographs 
gives more information about disc space narrowing and osteophytes.
In literature, others have chosen three months or even six months as the 
dividing line between acute and chronic pain [22]. However, we defined 
chronic LBP to be present when the duration of the LBP was more than one 
year. In this way the definition chronic LBP included long lasting chronic 
complaints with long lasting impact on one’s life. When we defined chronic 
LBP to be present when the duration of the LBP was more than six months, 
the OR of the associations diminished with 0.1 to 0.2.

What are the implications of these findings for researchers and clinicians?
From our data, a useful case definition for LDD can be deduced; specifi-
cally disc space narrowing at two or more levels from L1/2 to L4/L5. This 
definition shows the strongest relationship with LBP and represents a more 
generalized form of LDD. As a result it might be a promising clinically 
relevant phenotype in genetic and epidemiologic LDD research.
Our data provides evidence for a moderate association between disc space 
narrowing and LBP. This association is only slightly less than the associa-
tion of pain and radiological knee osteoarthritis [23] and even slightly 
more than the association of pain and radiological hand osteoarthritis [24] 
in the same population sample.
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The most important aspect of our data is that disc space narrowing at two 
or more levels is even more related to chronic LBP. The ability of LDD in 
predicting LBP at the follow up period was unfortunately not possible to 
investigate, as no questions about LBP specifically were asked at the follow 
up visit.

Conclusion
In conclusion, our data provides evidence for an association between 
disc space narrowing and LBP especially in men, with the association 
increasing, with increasing numbers of affected intervertebral disc spaces. 
Furthermore, our data highlights the frequent occurrence of IRF, as well as 
the increased frequency in age, of the IRF of LDD in population samples of 
men and women.
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Abstract
Objective

To explore the associations between 
spinal morning stiffness and lumbar 
disc degeneration (LDD).

Design

Data from a cross-sectional general-
population-based study (Rotterdam 
Study-I) were used. Intervertebral 
disc spaces and osteophytes of 
people aged ≥55 years were scored 
on lumbar lateral radiographs (L1-2 
through L5-S1 was scored). Logistic 
regression analysis was used to 
explore associations between 
spinal morning stiffness and two 
definitions of LDD (i.e. ‘narrowing’ 
and ‘osteophytes’). Spinal morning 
stiffness combined with low back 
pain and its association with LDD 
was also analyzed. Similar analyses 
were performed for knee and hip 
pain, morning stiffness in the 
legs, and radiographic knee and 
hip osteoarthritis (OA) in order to 
compare these associations with 
those of LDD. All analyses were 
adjusted for age, gender, and body 
mass index (BMI).

Results

Lumbar lateral radiographs were 
scored for 2819 participants. Both 
definitions of LDD were associated 

with spinal morning stiffness: 
adjusted odds ratio (aOR) 1.3; 95% 
confidence interval (CI): 1.1-1.6 for 
‘osteophytes’ and aOR 1.8; 95% CI: 
1.4-2.2 for ‘narrowing’. Both the 
odds ratios increased when spinal 
morning stiffness was combined 
with low back pain: aOR 1.5; 95% 
CI: 1.1-2.0 for ‘osteophytes’ and 
aOR 2.5; 95% CI: 1.9-3.4 for ‘nar-
rowing’. When morning stiffness in 
the legs was combined with knee 
or hip pain, the associations with 
radiographic knee or hip OA were: 
aOR 3.0; 95% CI: 2.1-4.1 for knee 
OA and aOR 3.1; 95% CI: 1.9-5.0 for 
hip OA.

Conclusions

Reported spinal morning stiffness 
is associated with LDD. The 
associations increased when we 
combined spinal morning stiffness 
with low back pain. The magnitude 
of the association for the definition 
‘narrowing’ is similar to the associa-
tion between morning stiffness in 
the legs and knee or hip OA.
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Introduction

Low back pain is a major health problem, also in the elderly. It is the most 
reported pain site of all musculoskeletal complaints [1]. Low back pain is 
often defined as pain possibly with muscle tension or stiffness, localized be-
low the costal margin and above the inferior gluteal folds, with or without 
radiating leg pain [2]. Since patients with non-specific low back pain are 
not only a large but also a very heterogeneous group regarding etiology, 
prognosis and susceptibility to treatment, it is important to identify sub-
groups within this population. Low back pain patients with symptoms due 
to lumbar disc degeneration (LDD) or lumbar osteoarthritis (OA) could 
be such a subgroup, and clinical symptoms associated with radiographic 
LDD may help identify those with symptoms due to LDD or lumbar OA in 
clinical practice.
An association between radiographic LDD and low back pain has been 
reported in several studies [3-7]. The study of de Schepper et al. compared 
associations between different definitions of LDD and low back pain [3]. 
They found an association for the definition based on the presence of disc 
space narrowing, as well as for the definition based on the presence of 
osteophytes [3].
Although there are no official classification criteria for LDD, it is often 
characterized by narrowing of the disc space and the presence of osteo-
phytes, seen at the lumbar radiograph [4]. Disk degeneration is associated 
with and often precedes facet joint OA [8-10]. Although LDD cannot be 
defined as real OA because the facet joints are the only synovial joints in 
the spine, LDD is often used as a proxy for OA of the spine, in particular 
when imaging (preferably with magnetic resonance imaging) of the 
synovial joints is not available. OA of the knee and hip already has clinical 
classification criteria, described by the American College of Rheumatology 
(ACR). The ACR criteria describe that, besides pain, morning stiffness is an 
important criteria for hip and knee OA [11, 12].
Therefore, the present study explores the association between: 1) spinal 
morning stiffness and LDD, and 2) spinal morning stiffness in combination 
with low back pain and LDD, cross-sectional in a large general population 
study. These associations are also compared with the associations between 
morning stiffness in the legs, and knee or hip OA.
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Methods

Study population
This study used data from the Rotterdam Study, a general population 
prospective cohort study of people aged 55 years and older living in Rotter-
dam (The Netherlands). All inhabitants of Ommoord, a district of the city 
Rotterdam, aged 55 years and older (n= 10,215) were invited to participate 
in this study. In total, 7983 adults participated in the baseline measure-
ments (78% of the invited inhabitants) [13]. The detailed study design has 
been described elsewhere [13, 14]. The present study used the baseline 
measurements (RS I-1) which were collected in 1990-1993, and included a 
home interview and radiographs made in a research center in the partici-
pant’s district. The Medical Ethics Committee of Erasmus Medical Center 
approved the protocol of the Rotterdam Study. The present study consisted 
of a random selection of 2819 participants with spinal radiographs avail-
able at both baseline and at 6.6 years follow-up, as described in a previous 
study [3].

Radiographs
The lumbar spine levels L1-2 through L5-S1 were scored on the lateral 
lumbar radiograph for the presence and severity of osteophytes (anterior) 
and disc space narrowing, using the system of Lane et al. [15]. This system 
grades both osteophytes and disc space narrowing on a scale from 0-3, in 
which 0 = none, 1 = mild, 2 = moderate, and 3 = severe. The Lane atlas 
contains lumbar radiograph in which the different grades of osteophytes 
and narrowing are illustrated. Disc space narrowing was scored if the 
height between the lumbar vertebrae was different from the normal pro-
gression of the spine. The Lane atlas is one of the systems recommended in 
a recent review on existing grading scales [16].
All spinal radiographs were scored by a single reader [EdS], who was 
trained to score the radiographs and blinded to the participants’ clinical 
data. A random selection of spinal radiographs (140; 5%) was evaluated 
by another trained reader to obtain the interobserver reproducibility. The 
intraclass correlation coefficient (ICC) was 0.83 for scoring osteophytes 
and 0.77 for scoring disc space narrowing, which indicates a good repro-
ducibility [3].
An earlier report of the Rotterdam Study [3] analyzed the association 
between different radiographic features of LDD and low back pain. They 
concluded that the association increased after excluding level L5-S1 from 
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the analysis, and when disc space narrowing or osteophytes were present at 
two or more vertebral levels [3]. Disc space narrowing of the lumbosacral 
disc is also more difficult to score due to its narrow height and because the 
variable height of a normal disc at this level makes it difficult to establish 
pathology [17, 18]. We used the two different definitions of LDD proposed 
in the study of de Schepper et al., i.e. ‘narrowing’ and ‘osteophytes’. 
‘Narrowing’ is defined as disc space narrowing (grade ≥1) at two or more 
vertebral levels (L1-2 through L4-L5), and ‘osteophytes’ as the presence 
of osteophytes (grade ≥2) at two or more vertebral levels (L1-2 through 
L4-L5) [3].
From the 2819 participants of this study, available weight-bearing anterior-
posterior radiographs of right/left knees and the pelvis, were scored for 
knee and hip OA. Radiological knee and hip OA was assessed using the 
original description of the Kellgren and Lawrence (K&L) grading system 
[19-21]. Radiographic knee OA was present if the right and/or left knee 
had a K&L score of ≥ 2. If one of the joints was replaced, the score of the 
other knee was used in the analyses. The participant was excluded from 
the analysis if both knees had undergone joint replacement. The same 
definitions were used for the hip joints. The knee and hip radiographs were 
scored by several trained readers, who were also blinded to all clinical data 
of the participants [20, 22].

Pain and morning stiffness
Questions about pain and morning stiffness were asked during an 
extensive home interview as part of the baseline measurements. The 
interviewer asked if joint complaints were present during the last months. 
If the participants answered yes, the interviewer asked whether the pain 
was present in the following sites: low back, left knee, right knee, left hip, 
and/or right hip. The participant had to answer the question for each site 
separately; it was possible to have complaints at several sites. Knee pain or 
hip pain was positive if pain was present on the left and/or right side. Back 
pain was positive if the participant had pain in the lower back during the 
last month.
The interviewer also asked about the presence, duration and location of 
morning stiffness. If morning stiffness was present, the interviewer asked 
what its duration was (possible answers were: less than half an hour, half 
an hour to 1 h or more than 1 h), and where it was located. The location of 
the stiffness was divided in: 1) legs, 2) arms, 3) back and/or neck, and 4) 
legs and arms and back. Spinal morning stiffness was present if the partici-
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pant answered that the morning stiffness was located at ‘3’ or ‘4’. Morning 
stiffness in the legs was defined as stiffness in location ‘1’ or ‘4’.

Statistical analysis
Multivariable logistic regression analysis was used to explore the associa-
tions between morning stiffness and the different radiological features.
First, we explored the association between the duration of spinal morning 
stiffness, a categorical variable, and the two different definitions of LDD 
(earlier described). Second, we explored the associations between the two 
definitions of LDD and 1) the presence of spinal morning stiffness, and 
2) spinal morning stiffness in combination with low back pain. Third, 
we assessed whether the association of morning stiffness and LDD was 
independent of back pain. Finally, we analyzed the association between the 
two definitions of LDD and morning stiffness lasting < 1 h. Participants 
with spinal morning stiffness lasting > 1 h were excluded from this analy-
sis. All analyses were adjusted for age, gender, and body mass index (BMI) 
because earlier studies already reported an association between LDD and 
these variables [3, 18, 23]. The results of the second and fourth analyses 
were also presented without adjustment for these variables.
The same four analyses were also used to explore the associations between 
radiographic knee or hip OA and 1) morning stiffness in the legs, and 
2) morning stiffness in the legs in combination with knee or hip pain, 
respectively.

Results

Population characteristics
Table 1 presents the characteristics of the study participants. The popula-
tion comprised 1204 men and 1615 women with a mean age of 65.7 
years. Low back pain was reported by 499 participants: 173 men and 326 
women. Knee pain was reported by 516 participants and hip pain by 328 
participants. Spinal morning stiffness was more often present (22.6%) than 
morning stiffness in the legs (22.0%). When comparing men and women, 
men showed a higher prevalence of osteophytes (35.6% vs. 25.4%) and a 
slightly higher percentage of radiographic hip OA (7% vs. 6.7%). Lumbar 
intervertebral disc space narrowing and radiographic knee OA were 
more often present in women than in men: 22.5% of the women met the 
definition of narrowing compared with 13.5% of the men, and 20.1% of the 
women had radiographic knee OA compared to 10.5% of the men.
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LDD and spinal morning stiffness
Table 2 shows the associations between the different durations of spinal 
morning stiffness and both definitions of LDD. The definition ‘narrowing’ 
was more strongly associated than the definition ‘osteophytes’ for the 
categories spinal morning stiffness <0.5 h, and spinal morning stiffness 
≥0.5 h to ≤1 h. The category spinal morning stiffness > 1 h was more 
strongly associated with ‘osteophytes’ than with ‘narrowing’.
The associations between the dichotomous variable spinal morning stiff-
ness and both definitions of LDD were statistically significant. The associa-
tion with ‘narrowing’ was stronger than the association with ‘osteophytes’: 
adjusted odds ratio (aOR) 1.8; 95% confidence interval (CI): 1.4-2.2 and 
aOR 1.3; 95% CI: 1.1-1.6, respectively. When we also adjusted the analyses 

Table 1 Characteristics of the study population.
Men (n =1204)
n (%)

Women (n =1615)
n (%)

All (n =2819)
n (%)

Age: mean ± SD 65.3 ± 6.4 65.9 ± 6.8 65.7 ± 6.6

BMI: mean ± SD* 25.9 ± 2.9 26.6 ± 3.8 26.3 ± 3.5

Pain last month

	 Low back pain 173 (14.4) 326 (20.2) 499 (17.7)

	 Knee pain 154 (12.8) 362 (22.4) 516 (18.3)

	 Hip pain 84 (7) 244 (15.1) 328 (11.6)

Morning stiffness

	 Spinal morning stiffness§ 210 (17.4) 426 (26.4) 636 (22.6)

	 Morning stiffness in legs§ 197 (16.4) 424 (26.3) 621 (22.0)

Radiographic features

	 ‘osteophytes’ 429 (35.6) 410 (25.4) 839 (29.8)

	 ‘narrowing’ 162 (13.5) 363 (22.5) 525 (18.6)

	 Knee K&L ≥2† 126 (10.5) 324 (20.1) 450 (16)

	 Hip K&L ≥2‡ 84 (7) 109 (6.7) 193 (6.8)

Bilateral knee replacement 0 (0) 0 (0) 0 (0)

Bilateral hip replacement 6 (0.5) 18 (1.1) 24 (0.9)

‘Osteophytes’: the presence of osteophytes (grade ≥2) at two or more vertebral levels on 
lateral lumbar radiographs.
‘Narrowing’: disc space narrowing (grade ≥1) at two or more vertebral levels on lateral lumbar 
radiographs.
* BMI was missing for 12 participants; seven men and five women.
§ Location of morning stiffness was missing for eight participants; four men and four women.
† �Knee Kellgren & Lawrence (K&L) score was missing for 169 participants; 58 men and 111 

women.
‡ Hip K&L score was missing for seven participants; two men and five women.
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for back pain, the association became somewhat lower, but stayed statisti-
cally significant: aOR1.3; 95% CI: 1.0-1.5 for the definition ‘osteophytes’ 
(p-value < 0.05) and aOR1.5;95% CI: 1.2-1.9 for the definition ‘narrowing’ 
(p-value < 0.01). The strength of the associations increased when spinal 
morning stiffness was combined with low back pain: aOR 2.5 95% CI: 
1.9-3.4 for ‘narrowing’ and aOR 1.5; 95% CI: 1.1-2.0 for ‘osteophytes’. The 
association did not increase when analyzing the associations between 
spinal morning stiffness < 1 h and LDD. All associations are presented in 
table 3.
The associations decreased when we included only those participants with 
back pain (n=499) in the analysis: aOR 1.4; 95% CI: 1.0-2.1 for the as-
sociation between morning stiffness and ‘narrowing’ and aOR 1.2; 95% CI: 
0.8-1.8 for the association between morning stiffness and ‘osteophytes’.

Radiological knee and hip OA and morning stiffness in the legs
Table 4 presents data on associations between the different durations 
of morning stiffness in the legs and radiographic knee and hip OA. The 
associations between morning stiffness in the legs, and both knee and 
hip K&L score, were moderate and only statistically significant for knee 
OA: aOR 1.6; 95% CI: 1.2-2.0 for knee OA, and aOR 1.4; 95% CI: 1.0-1.9 
for hip OA. When we also adjusted the analyses for knee/hip pain, the 
association became somewhat lower and the association between morning 

Table 2 Associations regarding different durations of spinal morning stiffness and 
LDD.

‘Osteophytes’ ‘Narrowing’
Absent
n

Present
n

aOR 
(95% CI)

Absent
n

Present
n

aOR 
(95% CI)

No spinal morning stiffness 1549 626 Ref. category 1816 359 Ref. category

Spinal morning stiffness
	 lasting < 0.5 h 351 156 1.2 (1.0-1.5) 383 124 1.7 (1.3-2.1)**

Spinal morning stiffness
	 lasting ≥0.5 to ≤ 1 h 55 36 1.7 (1.1-2.7)* 60 31 2.3 (1.4-3.7)**

Spinal morning stiffness
	 lasting >1 h 19 16 2.4 (1.2-4.8)*26 9 1.9 (0.9-4.3)

‘Osteophytes’: the presence of osteophytes (grade ≥2) at two or more vertebral levels on 
lateral lumbar radiographs.
‘Narrowing’: disc space narrowing (grade ≥1) at two or more vertebral levels on lateral lumbar 
radiographs.
aOR: adjusted odds ratio; adjusted for age, gender and BMI.
* P<0.05; ** P<0.01.
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stiffness in the legs and knee OA was no longer statistically significant: 
aOR1.2; 95% CI: 0.9-1.6 for radiographic knee OA and aOR1.1; 95% CI: 
0.8-1.6 for radiographic hip OA.The strength of the associations increased 
when morning stiffness in the legs is combined with knee or hip pain. 
When individuals had both morning stiffness as well as pain in the knee, 
the association with radiographic knee OA was aOR 3.0; 95% CI: 2.1-4.1. 
The association between morning stiffness in the legs in combination 
with hip pain and radiographic hip OA was aOR 3.1; 95% CI: 1.9-5.0. The 
strength of the associations did not increase much when replacing morning 
stiffness in the legs with morning stiffness in the legs with a short duration 
in the analysis (morning stiffness < 0.5 h for the analysis of knee OA and 
morning stiffness < 1 h for the analysis of knee OA defined according to the 
ACR criteria [11, 12]). Table 5 presents the associations between morning 
stiffness in the legs, knee/hip pain and knee/hip K&L score.

Discussion

This study investigated the associations between morning stiffness and 
different radiological features: LDD, hip K&L score and knee K&L score. 
We found a moderate association between both definitions of LDD and 
spinal morning stiffness. The association showed to be independent of 
back pain, but increased when spinal morning stiffness was combined with 
low back pain. The definition ‘narrowing’ was more strongly associated 
with spinal morning stiffness, and the combination of spinal morning 

Table 4 Associations between different durations of morning stiffness in the legs 
and radiographic knee or hip OA.

Knee K&L ≥2 Hip K&L ≥2
Ab-
sent
n

Pres-
ent
n

aOR 
(95% CI)

Ab-
sent
n

Pres-
ent
n

aOR 
(95% CI)

No morning stiffness in 
the legs

1751 304 Ref. category 2033 139 Ref. category

Morning stiffness in the 
legs lasting <0.5 h

366 120 1.6 (1.2-2.1)** 460 44 1.4 (1.0-2.0)

Morning stiffness in the 
legs lasting ≥0.5 ≤1 h

51 22 1.9 (1.1-3.3)* 68 7 1.2 (0.5-2.8)

Morning stiffness in the 
legs lasting >1 h

24 1 0.2 (0.0-1.6) 23 2 1.4 (0.3-5.9)

aOR: adjusted odds ratio; adjusted for age, gender and body mass index.
*P < 0.05; **P < 0.01.
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stiffness and low back pain, than was the definition ‘osteophytes’. These 
associations for LDD were similar compared to the associations found for 
radiographic knee and hip OA. To the best of our knowledge, this is the 
first study investigating the association between spinal morning stiffness 
and low back pain with LDD.
Earlier, de Schepper et al. analyzed the association between LDD and low 
back pain in this same population, reporting an association of odds ratio 
(OR) 2.1 for the definition ‘narrowing’ and OR 1.4 for ‘osteophytes’ [3]. 

Table 5 Associations between morning stiffness in the legs, knee pain and radio-
graphic knee OA.

Knee K&L ≥2 Hip K&L ≥2
Ab-
sent
n

Pres-
ent
n

aOR 
(95% CI)

Ab-
sent
n

Pres-
ent
n

aOR 
(95% CI)

No morning stiffness in the 
legs

1751 304 Ref. category 2033 139 Ref. category

Morning stiffness in the legs 444 144 1.6 (1.2-2.0)** 555 53 1.4 (1.0-1.9)

No morning stiffness in the 
legs

1751 304 Ref. category 2033 139 Ref. category

Morning stiffness in the legs 
without knee/hip pain

315 64 1.0 (0.7-1.3) 433 28 0.9 (0.6-1.4)

Morning stiffness in the legs 
in combination with 	
knee/hip pain

129 80 3.0 (2.1-4.1)** 122 25 3.1 (1.9-5.0)**

No morning stiffness in the 
legs

1751 304 Ref. category 2033 139 Ref. category

Short morning stiffness in 
the legs §†

366 120 1.6 (1.2-2.1)** 528 51 1.4 (1.0-2.0)

No morning stiffness in the 
legs

1751 304 Ref. category 2033 139 Ref. category

Morning stiffness in the legs 
with a short duration, 	
without knee/hip pain

264 52 1.0 (0.7-1.4) 415 27 0.9 (0.6-1.4)

Morning stiffness in the legs 
with a short duration, in 	
combination with knee/hip 
pain§†

102 68 3.1 (2.2-4.4)** 113 24 3.2 (2.0-5.3)**

aOR: adjusted for age, gender and BMI.
* P<0.05; ** P<0.01.
§ Morning stiffness in the legs with a short duration, was defined as <0.5 h for the analysis of 
the knee and <1 h for the analysis of the hip.
† Participants with morning stiffness in the legs >0.5 h were excluded from the analysis of the 
knee and participants with morning stiffness in the legs >1 h were excluded from the analysis 
of the hip.
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When comparing these associations for back pain with the results of the 
present study, both associations were higher when spinal morning stiffness 
was combined with low back pain, compared with the associations for back 
pain alone. Another study analyzing the association between low back 
pain and LDD also compared disc space narrowing with the presence of 
osteophytes [6]. Both these studies found a stronger association between 
low back pain and LDD for adults with narrowing of the spine than adults 
with osteophytes [3, 6]. This is consistent with our results, which show a 
stronger association for ‘narrowing’ than for ‘osteophytes’ when analyzing 
the relation with spinal morning stiffness.

Our results indicated that there is a moderate association between spinal 
morning stiffness and LDD. This might indicate that spinal morning 
stiffness is one of the symptoms that clinicians could use for sub-grouping 
low back pain patients with symptoms due to LDD. However, the associa-
tion was lower when we only included participants with back pain in the 
analysis. This might indicate that the presence of morning stiffness is 
less discriminative in people with back pain. More studies with back pain 
patients are needed to confirm our association, and to explore whether 
treatment response or prognosis differs between patients with pain and 
morning stiffness, and other patients with non-specific low back pain. In 
this population, a receiver operating characteristic (ROC) curve could be 
made to examine accuracy of the selection.
Earlier studies of patients with knee pain also reported a similar moderate 
association between morning stiffness and radiographic knee OA [24, 25]. 
According to Duncan et al., the relation became stronger when the severity 
of morning stiffness increased [25]. Reijman et al. also analyzed the as-
sociations between different definitions of radiographic hip OA and clinical 
symptoms, such as pain and morning stiffness, in the Rotterdam Study; they 
found a moderate association between hip pain and hip K&L score ≥ 2 and a 
similar association between morning stiffness and hip K&L score ≥ 2 [20].
We expected to find a difference between the associations of (1) morn-
ing stiffness, and (2) morning stiffness with a short duration, with the 
radiographic features LDD, knee or hip OA, because morning stiffness in 
the knee < 0.5 h or hip < 1 h is an ACR criterion for knee or hip OA [11, 
12] and spinal morning stiffness > 1 h is one of the criteria for ankylosing 
spondylitis [26, 27] however, no such a difference was found. It must be 
noted, however, that power for this stratified analysis was limited, and so 
no final conclusion can be drawn from this result.
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Limitations
Our study had a few limitations which might influence the results. First, 
only lateral radiographs of the lumbar spine were assessed. Therefore, 
single-sided disc space narrowing and lateral osteophytes may have been 
missed. Second, because only lateral radiographs of the lumbar spine were 
available, we could not score the facet joints, which are the only synovial 
joints in the spine. Therefore we could not examine if the presence of facet 
joint OA is responsible for the association between spinal morning stiffness 
and LDD or whether LDD is associated with morning stiffness indepen-
dently of facet joint OA.

A third limitation is that, for another study purpose, only baseline radio-
graphs of participants with baseline and 6.6 years follow-up measurements 
were scored. On average, participants who were available for 6.6-years 
follow-up measurements were younger and healthier during baseline than 
those participants who were not available for follow-up measurements. 
This caused some selection bias in our study sample.

The fourth limitation is that the location of morning stiffness was described 
as ‘spinal morning stiffness’ and ‘morning stiffness in the legs’ without 
distinction between the precise locations. Therefore we are unable to 
differentiate between morning stiffness in the hip/knee, or morning 
stiffness in the cervical, thoracic or lumbar spine. When we analyzed the 
association between morning stiffness in the legs and radiographic OA in 
the lower body (hip and/or knee OA), it did not result in a much higher 
association: aOR 1.6; 95% CI: 1.3-2.0. Another limitation related to the 
location of morning stiffness is that participants who indicated that the 
morning stiffness was located in the arms, spine, and the legs (location 4) 
had a positive score for both spinal morning stiffness and morning stiffness 
in the legs. If we had more precise information about the location of the 
morning stiffness and radiographic information of the facet joint, the 
associations might have been different.

In conclusion, spinal morning stiffness is frequently reported in this study 
population. According to our analyses, there appears to be a small associa-
tion between spinal morning stiffness and LDD. The magnitude of the 
association was higher when spinal morning stiffness was combined with 
low back pain.
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Abstract
Purpose

A possible cause of hip pain is the 
presence of radiating pain from the 
higher lumbar spine. Identification 
of factors associated with hip pain 
arising from the lumbar spine 
would aid the physician. The first 
step in identifying possible factors 
is to look at the association between 
hip pain and osteoarthritis of the 
lumbar spine.

Methods

In an open population based 
study of people 55 years and older 
(Rotterdam study), 2819 lumbar 
radiographs were scored for the 
presence and severity of individual 
radiographic features of disc de-
generation. Hip osteoarthritis was 
scored on anteroposterior pelvic 
radiographs, and questionnaires 
including self-reported hip pain 
were taken. Logistic regression ad-
justed for possible confounders was 
used to determine the association 
between self-reported hip pain and 
the individual radiographic features 
of lumbar disc degeneration.

Results

The presence of disc space narrow-
ing grade ≥ 1 at level L1/L2 was 
significantly associated with hip 

pain in the last month (men OR = 
2.0; 95% CI: 1.1 to 3.8 and women 
OR = 1.7; 95% CI: 1.1 to 2.5). The 
presence of disc space narrowing 
grade ≥ 1 at level L2/L3 was only 
significantly associated with hip 
pain in women. The strength of 
the associations increased for 
self-reported chronic hip pain, espe-
cially in men (L1/L2 OR = 2.5; 95% 
CI: 1.3 to 5.0). The presence of disc 
space narrowing at the lower levels 
(L3/L4/L5/S1) was not significantly 
associated with hip pain.

Conclusion

Our data provide evidence for an as-
sociation between hip pain and disc 
space narrowing at disc level L1/L2 
and L2/L3. In case of uncertainty 
of the cause of hip pain, evaluation 
of lumbar radiographs may help to 
identify those hip pain patients who 
might have pain arising from the 
lumbar spine.
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Introduction

Hip pain is a common symptom among older adults, with a point preva-
lence of 14.3% reported in the United States [1]. The differential diagnosis 
of hip pain is broad and includes intra-articular pathology, extra-articular 
pathology and other causes like radiating pain from the lumbar spine. 
Differentiating back pain from hip pain in patients who present with classic 
signs and symptoms is mostly not difficult and generally does not require 
further testing to establish an accurate diagnosis. However, in some cases, 
patients present with nonspecific complaints of pain in the lumbar spine, 
buttock, lateral hip, or thigh [2]. The differentiation of signs and symptoms 
suggestive of hip disorders versus spine disorders is important in giving 
patients the most beneficial treatment, especially if the treatment includes 
a major reconstructive surgery, such as hip replacement.
Differentiating whether hip-pain originates from the hip, the spine or 
both may be challenging. Brown et al. [3] attempted to determine which 
physical signs and symptoms best predict the primary source of pain in 
patients with hip-, spine- or concomitant disorders. After final diagnosis 
with imaging studies, they found that although limited internal rotation, 
groin pain and a limp are more commonly associated with a hip disorder, 
these symptoms are also seen in patients with spine alone or both hip- and 
spine-disorders.
To make a differentiation between hip and spine originated hip pain there 
have been a few studies about the usefulness of local anaesthetic with(out) 
corticosteroid hip infiltrations, to differentiate intra-articular causes of hip 
pain from spinal causes [4,5,6,7]. To our knowledge, there have been no 
studies about the usefulness of local spine infiltrations to differentiate hip 
and spine originated hip pain. However, infiltration of every patient with 
atypical hip pain for possible coexistent lumbar spine osteoarthritis would 
be counterproductive and costly. Preoperative identification of factors 
associated with hip pain arising from the lumbar spine would aid the 
physician by identifying the subgroup of patients who might not experience 
full relief of pain with a hip arthroplasty.
One of the first steps to identify possible factors is to look at the association 
between hip pain and osteoarthritis of the lumbar spine. The purpose of 
this study was to explore the association of self-reported hip pain with the 
different individual radiographic features (IRF) of spinal osteoarthritis by 
vertebral level, including osteophytes and disc space narrowing.
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Materials and methods

Study population
The data for this study originate from data of the Rotterdam Study, an 
open population prospective cohort of people aged 55 years and older. The 
objective of the Rotterdam Study is to investigate the incidence of, and risk 
factors for, chronic disabling diseases. The study design has been described 
previously [8]. All 10,275 inhabitants of Ommoord (a district in Rotterdam, 
the Netherlands) were invited to participate. The baseline measurements 
were conducted between 1990 and 1993. In total, 7983 participants were 
examined.
For this study, 2819 lumbar radiographs were scored. The selection was 
based on the availability of radiographs of the hip and spine at a follow-up 
measurement 6.6 years later [9,12].

Radiographic scoring
Lumbar lateral radiographs were scored by a single observer trained by a 
radiologist for the presence of the individual radiographic features of disc 
degeneration. The observer was blinded to clinical characteristics of the 
participants. Each vertebral level from L1/2 to L5/S1 was reviewed for the 
presence and severity of osteophytes (anterior) and vertebral narrowing, 
using the Lane atlas [10,11]. In this atlas grade 0 = none; grade 1 = mild; 
grade 2 = moderate; and grade 3 = severe. The lumbosacral disc space was 
defined as narrowed when its height was less than that of the disc space 
between the third and fourth lumbar vertebrae. This is due to a normal 
progression of increasing disc-space height from the third and fourth to 
the fourth and fifth lumbar vertebrae, and then a relative narrowing of the 
height of the lumbosacral disc space. Sclerosis was not scored because of 
the earlier reported low ICC for this feature [11].
Inter-observer reproducibility was assessed by a second independent 
observer who evaluated a random selection of 140 (5%) X-rays. The ICC 
was 0.83 for osteophytes and 0.77 for vertebral narrowing, indicating good 
reproducibility.
Weight bearing anteroposterior radiographs of the pelvis were obtained. 
One trained reader evaluated the radiographs obtained at baseline, un-
aware of the clinical status of the participants [9]. At baseline, radiological 
osteoarthritis of the hip was quantified by measurements following the 
Kellgren & Lawrence grading system (atlas-based) in five grades (from 0 to 
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4). A person was considered to have osteoarthritis of the hip, if the Kellgren 
& Lawrence score of one or both joints was equal to or larger than two [9].

Hip pain
Hip pain and low back pain were determined from interviewing the 
participants during the home visits. Participants were asked “Did you have 
complaints of the (left and/or right) hip during the last month?”. Hip pain 
was defined to be present if the answer was positive. Participants were 
subsequently asked “What is the duration of the present hip complaints?”. 
For low back pain similar questions were asked. We defined chronic hip 
pain to be present if the duration of the hip joint pain was more than one 
year.
Participants also visited the research center, where X-rays were obtained. 
Height and weight were measured with participants wearing indoor cloth-
ing and without shoes. Body mass index (BMI) was calculated as weight in 
kilograms divided by length in meters squared (kg/m²).

Statistical Analyses
We defined disc space narrowing to be present if the grade was mild, 
moderate, or severe (grade ≥1). Because of the small proportion of subjects 
without osteophytes, we used a higher cutoff value for this feature. We 
defined osteophytes to be present if the grade was moderate or severe 
(grade ≥2) [12]. Using these definitions we calculated the prevalence of the 
IRF by vertebral level (L1/2 to L5/S1) and gender.
In order to explore the association between the IRF by vertebral level and 
hip pain, hip pain was used as the dependent variable with adjustments 
made for age and gender. The assessments of the associations were also 
adjusted for radiological hip osteoarthritis, as this variable was shown to 
be associated with disc space narrowing and of course with hip pain. The 
same was true for low back pain [12]. In addition, the assessments of the 
association were also adjusted for BMI, as this variable has been reported 
to be associated with both hip pain and some of the individual radiographic 
features [13,14,15].
In a separate analysis we explored the association between the IRF by 
vertebral level and hip pain in subjects with no sign of radiological hip 
osteoarthritis. The results of the analyses are expressed as odds ratios 
(OR) with 95% confidence intervals (CI), stratified for gender. The same 
methods were used to explore the association between the IRF and chronic 
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hip pain. Statistical analysis was performed using SPSS version 15 (SPSS 
Inc, Chicago, USA).

Results

Subject characteristics
Baseline characteristics are shown in Table 1. There were 1204 men (mean 
age 65.3 years, standard deviation (SD) 6.4) and 1615 women (mean age 
65.9 years, SD 6.8). Hip pain during the last month was reported more 
often by women than men (244 (15.1%) vs. 84 (7.0%) p < 0.05) (Table 1). 
Chronic hip pain was reported in the majority (82%) of the current hip 
pain cases and was also more often reported by women (208 (12.9%) vs. 
62 (5.1%) p < 0.05). Radiological hip osteoarthritis was observed in 209 
(7.4%) persons (Kellgren & Lawrence ≥2 in one or both hips).

Influence of gender and vertebral level
The prevalence of the IRF in men and women is shown in Table 1. Osteo-
phytes were the most frequent observed radiographic feature and were 
slightly more common in men than women (95% vs. 91%; p<0.05). Disc 
space narrowing was more frequent in women than men (65% vs. 53%; 
p<0.05). In terms of their distribution by vertebral level, narrowing was 
more frequent at the lower lumbar disc levels.
Disc space narrowing grade ≥ 1 at level L1/L2 was more common in 
persons with hip pain (19% vs. 10%; p <0.05). And hip pain was more 
common in persons with disc space narrowing grade ≥ 1 at level L1/L2 
(21% vs. 11%; p <0.05).

Association with LDD
Table 2 shows the association between hip pain and the IRF, adjusted 
for age, gender, BMI, hip arthritis and low back pain. The presence of 
disc space narrowing grade ≥ 1 at level L1/L2 was significantly associated 
with hip pain in the last month, both in men and women (men OR = 2.0; 
95% CI: 1.1 to 3.8 and women OR = 1.7; 95% CI: 1.1 to 2.5) (Table 2). The 
presence of disc space narrowing grade ≥ 1 at level L2/L3 was significantly 
associated with hip pain in the last month, only in women (OR = 1.6; 95% 
CI: 1.1 to 2.2). The strength of the associations increased for the partici-
pants with chronic hip pain, especially for men (L1/L2 OR = 2.5; 95% CI: 
1.3 to 5.0). The strength of the associations also increased for the group of 
subjects with no radiological hip osteoarthritis (men chronic pain L1/L2 



157

8 D
isc d

eg
eneratio

n asso
ciated

 w
ith hip

 p
ain

OR = 2.7; 95% CI; 1.3 to 5.5 and women chronic pain L1/L2 OR = 2.0; 95% 
CI; 1.3 to 3.2).
The presence of disc space narrowing at the lower levels (L3/L4/L5/S1) 
was not significantly associated with hip pain. The presence of disc space 
narrowing grade ≥ 2 was not explored, because of the low number of 
persons with disc space narrowing grade ≥ 2 at the upper levels.
The presence of osteophytes grade ≥ 2 was not significantly associated with 
hip pain at any level (data not shown).

Table 1. Frequency of hip pain and individual radiographic features of the low back 
in men and women

Men,
N = 1204

Women,
N = 1615

All,
N = 2819

Hip pain,
N = 328

Age (years) Mean ± SD 65.3 ± 6.4 65.9 ± 6.8 65.7 ± 6.6 66.2 ± 6.8

Body mass index (BMI) Mean ± SD 25.9 ± 2.9 26.6 ± 3.8 26.3 ± 3.5 27.0 ± 3.9

Hip pain (%)†
Chronic hip pain (%)‡
Hip osteoarthritis (%)

 84 (7.0)
 62 (5.1)
 94 (7.8)

244 (15.1)
208 (12.9)
115 (7.1)

328 (11.6)
270 (9.6)
209 (7.4)

328 (100)
270 (82.3)
51 (15.5)

Osteophytes low back (%)

Grade ≥ 1
Grade ≥ 2
Grade 3

1148 (95.3)
832 (69.1)
536 (44.5)

1467 (90.8)
929 (57.5)
505 (31.3)

2615 (92.8)
1761 (62.5)
1041 (36.9)

306 (93.3)
217 (66.2)
134 (40.9)

Narrowing low back (%)

Grade ≥ 1
Grade ≥ 2
Grade 3

637 (52.9)
286 (23.8)
40 (3.3)

1048 (64.9)
525 (32.5)
107 (6.6)

1685 (59.8)
811 (28.8)
147 (5.2)

210 (64.0)
115 (35.1)
  20 (6.1)

Osteophytes ≥2 (%)

L1-2
L2-3
L3-4
L4-5
L5-S1

282 (23.4)
347 (28.8)
428 (35.5)
403 (33.5)
312 (25.9)

297 (18.4)
404 (25.0)
364 (22.6)
354 (21.9)
303 (18.8)

579 (20.5)
751 (26.6)
792 (28.1)
757 (26.9)
615 (21.8)

84 (25.6)
105 (32.0)
100 (30.5)
94 (28.7)
68 (20.7)

Narrowing ≥1 (%)

L1-2
L2-3
L3-4
L4-5
L5-S1

107 (8.9)
135 (11.3)
153 (12.7)
268 (22.2)
408 (34.0)

201 (12.5)
307 (19.0)
342 (21.1)
526 (32.6)
662 (41.0)

308 (10.9)
442 (15.7)
495 (17.6)
794 (28.2)
1070 (38.0)

63 (19.2)
81 (24.7)
78 (23.8)
111 (33.8)
127 (38.7)

†	 Hip pain: complaints of the hip joint during last month
‡	 Chronic hip pain: duration present hip joint complaints > 1 year
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Discussion

The differentiation of signs and symptoms suggestive of hip disorders 
versus spine disorders is important in giving patients the most beneficial 
treatment. The purpose of this study was to explore the association of self-
reported hip pain with the different individual radiographic features (IRF) 
of spinal osteoarthritis. In this study, disc space narrowing at level L1/L2 
appeared to be associated with pain in the hip region, especially in men. 
The strength of the associations increased for participants with chronic hip 
pain and in those without radiological signs of hip osteoarthritis. These 
results suggest that in case of uncertainty of the cause of hip pain, evalu-
ation of lumbar radiographs may help to identify those hip pain patients 
that may benefit most from further diagnostic evaluation.

Table 2 Association between disc space narrowing and hip pain
Men, N = 1204

Narrowing level N (%) Hip pain OR (95% CI) Chronic hip pain
OR (95% CI)

L1-L2
L2-L3
L3-L4
L4-L5
L5-S1

107 (8.9)
135 (11.3)
153 (12.7)
268 (22.2)
408 (33.9)

2.0 (1.1 – 3.8)*
0.9 (0.4 – 1.8)
1.1 (0.6 – 2.1)
1.2 (0.7 – 2.0)
0.7 (0.4 – 1.1)

2.5 (1.3 – 5.0)**
1.1 (0.5 – 2.4)
1.1 (0.5 – 2.2)
1.4 (0.8 – 2.5)
0.6 (0.4 – 1.1)

Women, N = 1615
Narrowing level N (%) Hip pain OR (95% CI) Chronic hip pain OR 

(95% CI)

L1-L2
L2-L3
L3-L4
L4-L5
L5-S1

201 (12.5)
307 (19.0)
342 (21.1)
526 (32.6)
662 (41.0)

1.7 (1.1 – 2.5)*
1.6 (1.1 – 2.2)*
1.0 (0.7 – 1.4)
0.9 (0.7 – 1.3)
1.0 (0.7 – 1.3)

1.8 (1.1 – 2.7)**
1.6 (1.1 – 2.3)*
1.1 (0.7 – 1.5)
1.0 (0.7 – 1.4)
0.9 (0.7 – 1.2)

All, N = 2819
Narrowing level N (%) Hip pain

OR (95% CI)
Chronic hip pain
OR (95% CI)

L1-L2
L2-L3
L3-L4
L4-L5
L5-S1

308 (10.9)
442 (15.7)
495 (17.6)
794 (28.2)
1070 (38.0)

1.8 (1.3 – 2.5)**
1.4 (1.0 – 1.9)*
1.1 (0.8 – 1.4)
1.0 (0.8 – 1.3)
0.9 (0.7 – 1.1)

2.0 (1.4 – 2.8)**
1.5 (1.1 – 2.1)*
1.1 (0.8 – 1.5)
1.1 (0.8 – 1.5)
0.8 (0.6 – 1.1)

Adjusted for age, gender, BMI, hip arthrosis and low back pain
*	 p = < 0.05
**	 p = < 0.01
OR	 odds ratio
CI	 confidence interval
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Our data provides evidence for radiating pain from the higher lumbar 
spine as a possible cause of hip pain in a cross-sectional open population 
based study. One of the explanations that can be found for the association 
between hip pain and disc space narrowing at level L1/L2 and L2/L3 is 
“referred pain”. The term “referred pain” is used for pain localized not in 
the site of its origin but in areas that may be adjacent or at a distance from 
such a site. Several theories have been proposed to explain the “referred 
pain” phenomenon, with the convergence-projection theory the most 
widespread [16,17]. Input from different tissue types converge on the same 
dorsal horn neurons [18]. And after activation, increased nociceptive input 
is transmitted supraspinally and misinterpreted at the cortical level as 
pain from other tissues. It is possible that the reduction of space between 
the vertebrae as a consequence of the degenerative disc leads to increased 
pressure on spinal ligaments and other supporting tissues. This can be 
misinterpreted at the cortical level as pain from other tissues, like the hip 
region. Experimental studies have confirmed that noxious stimulation 
of interspinous ligament, facet joint, and paravertebral muscles causes 
referred pain that can radiate into the extremity [19,20,21].

Another explanation for the radiating pain from the higher lumbar spine 
can be found in the dermatomal innervations of the hip region. It is sug-
gested that impingement of the higher lumbar spinal nerve roots (L1-L3) 
can cause pain in the dermatomal distribution surrounding the hip. The 
dermatomal distribution of the L1 spinal nerve is located in the groin and 
the upper part of the buttock. The distribution of the L2 spinal nerve is 
located in the outside thigh. It is possible that reduction of space between 
the vertebrae as a consequence of the degenerative disc is more likely to 
lead to impingement of the L1 and L2 nerve roots, and therefore causes 
pain in the dermatomal distribution. Spinal nerve roots pass through 
the intervertebral foramen as they travel from the spinal cord toward the 
periphery. It has been reported that narrowing of the disc space can reduce 
the vertical diameter of this intervertebral foramen [22].

 The explanation for the stronger association between hip pain and disc 
space narrowing compared with the presence of osteophytes is unknown. 
This study evaluates the severity of anterior osteophytes, unfortunately 
we could not evaluate any bony aspects of the intervertebral foramen. The 
explanation for the stronger association between hip pain and disc space 
narrowing at L1/L2 in men compared with the association in women is 
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also unknown. It is possible that even though women reported hip pain 
more often, only a small proportion of the complaints are due to disc space 
narrowing, whereas other factors determine the feeling of pain. Men and 
women could also report pain differently therefore effecting the association 
between hip pain, disc space narrowing and gender. Cecchi et al., showed 
that women presented with significantly more severe pain than men [23]. 
Finally, the explanation for the absence of an association between hip pain 
and disc space narrowing at L2/L3 in men compared to women is also 
unknown. It is maybe due to an evidently lower prevalence of disc space 
narrowing at L2/L3 in men compared to women.

Our study had several advantages. It was population based with a relatively 
high number of subjects. We used a semi-quantitative score, using 
standard radiographs, to characterize the presence and severity of hip and 
spine osteoarthritis. Assessment of the radiographs was carried out without 
knowledge of the questionnaire data, and so any errors in classification 
are likely to have been non-directional. We defined chronic hip pain and 
chronic low back pain to be present if the duration of the hip joint pain 
was more than one year. In literature, others have chosen three months or 
even six months as the dividing line between acute and chronic pain [24]. 
However, with our definition, chronic pain included long lasting chronic 
complaints with long lasting impact on ones life.

However, there are several limitations in our explorative study that need to 
be considered when interpreting the results. Our data did not include the 
precise location of the hip pain. This limitation is partly undermined by the 
fact that the dermatomal distribution of L1 and L2 includes the upper part 
of the buttock, the groin and the lateral thigh, which covers a wide area of 
the hip region. Further, our data did not include a clinical evaluation of the 
hip pain. In this way we could not account for the potential of soft-tissue 
pathology contributing to the reported hip pain.
Moreover, hip osteoarthritis was only considered when the Kellgren & 
Lawrence score of one or both joints was equal to or larger than two in 
agreement with conventional epidemiological definitions for hip osteo-
arthritis [25]. In this way there is still a possibility of the presence of hip 
osteoarthritis which is not clearly visible yet on radiographs at that time 
point. To exclude the possibility of this confounding, we reanalyzed the 
data with adjusting for presence of radiographic hip osteoarthritis 6.6 years 
later. We defined a new variable that included all the participants with hip 
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osteoarthritis at baseline and/or hip osteoarthritis 6.6 years later (n = 413). 
The strength of the associations was unchanged (for chronic pain the L1/L2 
OR was 1.9; 95% CI; 1.3 to 2.7; again higher in men (OR = 2.7; 95% CI; 1.4 
to 5.3) than in women (OR = 1.7; 95% CI; 1.1 to 2.6).
Furthermore, there could be some selection bias in favor of relatively 
healthy participants. The participants in the present study had to be mobile 
enough to visit the research center for X-ray examination, both for the 
baseline and follow up appointments (mean 6.6 years) [9]. In other words, 
patients with the most severe symptoms were most likely not included, but 
this may be inevitable in long-term prospective cohort studies.

What are the implications of these findings for researchers and clinicians?
Accurate diagnosis of pain originating from the hip joint can be clinically 
challenging. There have been several studies about the usefulness of hip 
injections to differentiate intra-articular causes of hip pain from spinal 
causes [4,5,6,7]. To our knowledge, there have been no studies about 
the usefulness of local spine infiltrations to differentiate hip and spine 
originated hip pain. A possible explanation for this is the availability of a 
successful treatment for degenerated hip disease (hip arthroplasty), but 
less predictable treatment options for degenerative spine disorders.
The differentiation of signs and symptoms suggestive of a hip disorder is 
important in giving patients adequate information regarding their condi-
tion and for applying the most beneficial treatment. Our data provides 
evidence for an association between hip pain and disc space narrowing 
at disc level L1/L2 and L2/L3. In case of uncertainty of the cause of hip 
pain, evaluation of lumbar radiographs may help to identify those hip pain 
patients who might have pain arising from the lumbar spine. Perhaps hip 
infiltration in patients without higher lumbar disc degeneration is even 
unnecessary. However, well designed studies are needed to verify this 
hypothesis.

Conclusion
In conclusion, this study explores the association of self-reported hip 
pain with lumbar spine osteoarthritis. Our data provides evidence for an 
association between hip pain and disc space narrowing at disc level L1/L2 
and L2/L3. In case of uncertainty of the cause of hip pain, evaluation of 
lumbar radiographs may help to identify those hip pain patients who might 
have pain arising from the lumbar spine. Well designed studies are needed 
to verify this hypothesis.
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The aim of the work presented in this thesis was to gain more insight into 
the diagnostic tools used in patients with low back pain. First, we examined 
how lumbar MRI is currently used by general practitioners in the Nether-
lands. Then, we updated our earlier systematic review on the diagnostic 
accuracy of tests used to diagnose lumbar spinal stenosis. And finally, we 
performed an epidemiological study to investigate the characteristics of 
lumbar disc degeneration. The previous chapters report on the findings 
of each study that was conducted to achieve this objective. This chapter 
discusses how to interpret these results in the context of existing literature 
and in light of some important methodological issues. Finally, we present 
some implications for future research and clinical practice.

Background

The general practitioner is the healthcare provider that is most often 
visited for back pain [1-3]. Low back pain is usually divided into ‘specific’ 
and ‘non-specific’ low back pain. Specific low back pain is defined as 
symptoms caused by a specific pathophysiological mechanism, such as a 
hernia nuclei pulposi, discitis, malignancy, or fracture. The most common 
specific cause of low back pain is a herniated disc.
Overall, adequate treatment of patients with low back pain begins with 
making the correct diagnosis. The diagnosis determines the appropriate 
steps to be taken, including reassurance and advice, but also referral to 
a second line treatment or to additional diagnostics. How can we make a 
distinction between the small group of patients with a specific disorder and 
the large group of patients with non-specific low back pain?
In the Netherlands the first distinction is made by the general practitioner, 
almost exclusively based on history and physical examination. In ad-
dition, in a small proportion of patients, diagnostic imaging is needed. 
International guidelines recommend the use of imaging only when there 
is suspicion of serious pathology (fracture, malignancy and discitis), or in 
patients with severe sciatica for whom surgery is indicated because they fail 
to respond to conservative care for at least 6-8 weeks [4, 5]. At the mo-
ment, there is widespread consensus that there is no indication to perform 
diagnostic imaging in patients with non-specific back pain.
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MRI in primary care

If a physician suspects the presence of a specific disease, diagnostic 
imaging can be used. In recent years substantial improvements have been 
made in the techniques used to visualize the anatomy of the lower spine, 
and these techniques are now widely available. Advanced imaging with 
MRI is widely used by clinicians from all over the world and also general 
practitioners in the Netherlands are nowadays able to refer patients for 
MRI of the lumbar spine. However, data on the use of MRI by these general 
practitioners was still lacking. Therefore, in the first part of this thesis, we 
examined how lumbar MRI is currently used by general practitioners in 
the Netherlands. For this, we designed an observational prospective cohort 
study with a 12-month follow-up in low back pain patients referred for MRI 
in general practice.
One of the first, most striking, results was that in our cohort of patients 
referred for lumbar MRI by their general practitioner, most of them 
reported long-lasting, severe low back complaints (Chapter 2). When we 
compare these results with the results of other back pain cohort studies, 
there are some noteworthy differences (Table 1). In our cohort, the baseline 
back pain severity and disability scores were generally higher than reported 
in earlier cohort studies on low back pain [6-10]. Also, compared with the 
study by Jarvik et al. [9], our patients more often reported pain radiating to 
the leg below the knee and more often had a history of back surgery.

Furthermore, the MRI reports of our cohort showed a relatively high 
number of disc pathologies, i.e. the MRI reports showed disc herniation in 
72% and nerve root compression in 69% of the patients. These prevalences 
are much higher than reported in persons without low back pain [11] (Table 
2). They are also higher than reported in cohorts of patients with acute 
back pain [12], and in cohorts including primary care patients referred for 
radiography [9, 13]. However, our prevalences did match those reported by 
Hancock et al. [14] who compared rates of MRI findings of 30 patients with 
low back pain and 30 pain-free controls.
These results show that a large proportion of the referred patients in our 
cohort had complaints for which imaging could be indicated. Specifically: 
374 patients (55%) reported sciatica complaints for at least 6 weeks and 
could therefore be candidates for surgery, in which case imaging is recom-
mended. These results are an indication that general practitioners in the 
Netherlands tend to adhere to their guidelines. However, to validate this 
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statement, studies are needed to reveal the reasons why general practitio-
ners refer patients for MRI; such studies will elucidate the decision-making 
process of the general practitioners. Unfortunately, in our cohort, no data 
were collected on the specific reasons for referral of patients. Therefore, in 
the future, we recommended to evaluate and record all reasons for referral, 
including reasons such as ‘reassuring’ the patient, or with the aim to avoid 
unnecessary hospital referrals.

Diagnostic accuracy
In April 2010 the National Health Care Institute of the Netherlands 
established that health care insurers are obliged to also insure MRI if it 
is requested by the general practitioner [15]. Currently, most insurance 
companies reimburse MRI for the lumbar spine in primary care, and there 
are signs that it is widely used.
On the other hand, a recent update of the guideline of the Dutch College 
of General Practitioners (the NHG) recommends no advanced imaging 
in patients with low back pain in general practice at all, but referral to a 
specialist when imaging is needed [16, 17]. They give several reasons for 
this recommendation. First, the workgroup that drafted the guideline finds 
that a significant proportion of general practitioners has difficulty inter-
preting the MRI findings. It says it is, therefore, not to be expected that 
MRI will result in a decrease in the number of referrals to secondary care. 
Second, the workgroup believes it is conceivable that, when MRI diagnos-
tics are available in primary care, MRI is requested more often and earlier 
in the course of the complaints, possibly at the request of the patient. And 
it has never been demonstrated that early imaging has a positive influence 
on the course of the symptoms or reduction of patient anxiety. Third, the 
workgroup believes that it is likely that the high prevalence of findings 
that are of no clinical consequence will lead to an increase in experience of 
illness and anxiety in the patient.

In this way the NHG distances itself from the decision by the National 
Health Care Institute to give general practitioners the opportunity to refer 
low back pain patients for MRI themselves. Is this a good development or 
do we fall short when we withhold MRI from general practitioners?
The ultimate goal of any diagnostic test is to improve the clinical outcome 
of the patient. From several randomized controlled trials we know that im-
mediate routine lumbar-spine imaging in patients with low back pain and 
no features suggesting a serious underlying condition, does not improve 
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clinical outcomes compared with usual clinical care without immediate 
imaging [18]. These conclusions are mainly based on studies including 
patients with acute or subacute, non-specific low back pain. Nevertheless, 
in the present study (Chapter 2) we observed that the general practitio-
ners in our cohort mostly referred patients with long-lasting severe back 
complaints, and/or severe sciatica. To date there are no studies on the 
diagnostic accuracy of MRI in this specific group of patients. Although we 
now know that MRI reports do not provide additional prognostic value 
regarding recovery (Chapter 3), we can conclude that the real diagnostic 
accuracy of lumbar MRI in this group of patients is still unknown.

The use of MRI by general practitioners to diagnose and manage patients 
with low back pain might indeed lead to more false-positive findings and 
increased medical costs. But on the other hand, there is a possibility that it 
could also lead to a faster diagnosis, better reassurance of the patients, and 
might even avoid unnecessary hospital referrals. In Chapter 4 we noted 
that 55% of the patients in our cohort were referred to a specialist after 
MRI. Thus, there is a possibility that the use of MRI by the general practi-
tioner resulted in less referrals to the hospital in up to 45% of the patients.
In order to evaluate whether MRI of the lumbar spine should enter the 
diagnostic pathway in primary care through early access for general 
practitioners, or be restricted to secondary care at the request of specialists, 
a well-designed randomized trial on the diagnostic accuracy and cost-
effectiveness is required.

Red flags
One of the other main reasons to refer a patient with low back pain for 
imaging is when there is suspicion of serious pathology (fracture, malig-
nancy and discitis). Identification of serious pathologies (when they exist) 
is important in clinical assessment and further evaluation and, usually, 
specific treatment is required, particularly for malignancy [19, 20]. Despite 
the potential consequences of a late or missed diagnosis of these serious 
pathologies, their low prevalence in primary care settings does not justify 
routine ancillary testing of patients presenting with low back pain [21]. For 
this reason, accurate screening tools to aid clinical decisions as to when to 
refer for further testing are essential. Most clinical practice guidelines for 
back pain recommend the use of red flags to help identify those patients 
with a higher likelihood of spinal fracture or malignancy, who then become 
candidates for more extensive diagnostic investigations [17, 21, 22]. 
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However, because various guidelines have produced different lists of red 
flags to screen for spinal fracture and malignancy, this has led to confusion. 
None of the guidelines endorse the same single set of red flags for either 
condition; this means that, for clinicians, it remains unclear what red flags 
they should use in clinical care [23]. For example, a red flag such as ‘back 
pain started after the age of 50 years’ is often seen by general practitioners 
as a warning signal. In our study (Chapter 2), malignancy was reported 
in 5 patients, all of whom reported the red flag ‘back pain started after the 
age of 50 years’. However, despite this, of the 8 studies on the diagnostic 
performance of red flags for malignancy in low back pain [24], none 
included this particular red flag. Furthermore, no study presented data on 
a combination of red flags to identify spinal malignancy.
The diagnostic accuracy of red flags for all serious diseases remains a 
challenging topic for future research on low back pain. Recently, Dutch re-
searchers were able to access associations between red flags and vertebral 
fractures in primary care [25]. Age ≥75 years, trauma, osteoporosis, a back 
pain intensity score ≥7, and thoracic pain were associated with a higher 
chance of getting the diagnosis of a vertebral fracture. In our opinion, an 
evaluation is also needed of the performance of different combinations of 
red flags to screen for malignancy, including all relevant red flags currently 
used in general practice.

Lumbar spinal stenosis
Sciatica, also known as lumbosacral radicular syndrome, is characterized 
by radiating pain in the leg in the area served by one or more of the spinal 
nerve roots. About 90% of the time, sciatica is due to a spinal disc hernia-
tion pressing on one of the lumbar or sacral nerve roots. Another cause of 
sciatica is stenosis of the spinal canal. Lumbar spinal stenosis is commonly 
used to describe patients with symptoms related to an anatomic reduction 
of the lumbar spinal canal size [26]. This spinal stenosis arises especially 
with increasing age due to the degenerative spine. One of the radiological 
tests currently used to diagnose lumbar spinal stenosis is MRI.

In our cohort study, the MRI reports showed spinal stenosis in only 13% 
of the cases (Chapter 2). This prevalence is much lower than reported in 
other cohorts including low back pain patients (Table 2). One reason for 
this could be that the general practitioners in our cohort decided to refer 
patients likely to have spinal stenosis to a specialist instead of referring 
them for MRI. Another reason could be the fact that there is no generally 
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accepted gold standard for the diagnosis of lumbar spinal stenosis [27, 28]. 
In our cohort, because we used the MRI reports, we relied on diagnostic 
radiology. Thus, due to the use of MRI reports instead of standardized 
scoring of the MR images, the presence of spinal stenosis might be 
underestimated. However, the challenge to this anatomically based scoring 
definition is that while necessary for the diagnosis of lumbar spinal ste-
nosis, it is not sufficient to determine the severity of symptoms that leads 
a patient to seek treatment [26]. The extent of narrowing of the spinal 
canal correlates poorly with symptom severity, and radiological significant 
lumbar stenosis can be found in asymptomatic individuals [26, 29-31]. 

Due to poor correlation between the extent of narrowing and symptom 
severity, correlating symptoms and physical examination findings with 
imaging results is necessary to establish a definitive diagnosis [26]. 
Nowadays, a wide range of clinical, electrodiagnostic, and radiological 
tests are used to diagnose lumbar spinal stenosis. It is important to know 
the diagnostic value of these tests because false-positive test results may 
lead to unnecessary surgery and/or costly or invasive additional diagnostic 
interventions. In Chapter 5 we systematically reviewed the diagnostic 
accuracy of tests for the assessment of lumbar spinal stenosis. We conclude 
that, at present, MRI is the most promising imaging test for lumbar spinal 
stenosis, avoiding myelography and electrodiagnostic studies. However, 
because the extent of narrowing of the spinal canal correlates poorly with 
symptom severity, it is necessary to correlate the imaging results with 
symptoms and physical examination findings.

In studies on the diagnostic accuracy of tests in detecting lumbar spinal 
stenosis, there is considerable heterogeneity in the definition of lumbar 
spinal stenosis, i.e. the definition of lumbar spinal stenosis was often 
unclear or not specified at all. Other studies have also shown that there is a 
need for consensus on the criteria used to define and classify lumbar spinal 
stenosis [27, 28]. A vague definition of an illness, and imprecise criteria to 
either rule in or rule out an illness, pose a major problem when performing 
research in patients with such a disorder [28]. In the absence of widely 
accepted diagnostic criteria, studies will devise their own construct and 
this limits the generalizability of the findings. Further research on the use 
of diagnostics in lumbar spinal stenosis is essential. However, at a time 
when other musculoskeletal disease experts are considering revisions of 
well-established sets of criteria [32, 33], the absence of diagnostic and/
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or classification criteria in the field of lumbar spinal stenosis should be 
considered a major focus for international organizations and clinical 
investigators. Recent studies on clinical tests used the consensus diagnosis 
of multiple expert spine clinicians as reference standard. However, this 
raises a problem related to incorporation bias, whereby the overall clinical 
findings are taken into account in establishing the diagnosis. However, 
because a diagnosis of the clinical syndrome of lumbar spinal stenosis 
requires information from the clinical examination, we think that such a 
bias is unavoidable.

Lumbar disc degeneration

Once patients with radiculopathy and serious causes of back pain (such as 
fracture and malignancy) are excluded, the remaining patients (about 90%) 
are those with so-called ‘non-specific low back pain’. In these patients, 
clinicians tend to apply generic symptomatic treatments, such as advice to 
stay active and avoid bed rest, and the use of analgesic medicines, exercise 
and manipulation. Although this approach is relatively simple, it does not 
always work well. The limitations of current approaches are illustrated 
by many systematic reviews of treatments for low back pain that reveal 
that existing treatments for non-specific low back pain have, at best, only 
small effects [34-36]. One reason for this might be that the ‘one-size fits 
all approach’ advocated by guidelines fails to target treatments at patients 
who might benefit the most, thereby ‘diluting’ their potential benefits [37]. 
Identifying subgroups of patients for whom different treatments are supe-
rior has been referred to as the ‘Holy Grail’ of low back pain research. One 
of the possible subgroups based on pathoanatomical findings are patients 
with severe degeneration of the spine. In the second part of this thesis, we 
performed an epidemiological study to investigate the characteristics of 
lumbar disc degeneration.

Lumbar spine osteoarthritis
One of the most common findings on radiography is lumbar disc degenera-
tion, which is characterized by the presence of osteophytes, endplate 
sclerosis, and disc space narrowing. Large population-based studies have 
consistently demonstrated that disc degeneration is associated with low 
back pain [38, 39]. In Chapter 6, we contributed to the evidence by 
reporting different (possible) definitions of lumbar disc degeneration and 
their association with low back pain. Disc space narrowing at 2 or more 
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levels appeared to be more strongly associated with low back pain than 
osteophytes, and that association was only slightly less than the association 
of pain and radiologic knee osteoarthritis [40] and slightly more than the 
association between pain and radiological hand osteoarthritis [41] in the 
same open population sample.
However, the association between low back pain and degenerative changes 
in the lumbar spine remains complex. In the spine, the presence of both 
disc degeneration and osteophyte formation at the same vertebral level 
has been used to define lumbar spine osteoarthritis [42]. Estimates of the 
presence of lumbar spine osteoarthritis are high, ranging from 40-85%; 
however, this large range is primarily due to differences in definitions [43, 
44]. The definition is debatable because it lacks the anatomical synovial 
structures necessary to meet the definition of osteoarthritis. Therefore, one 
of the other definitions used to define lumbar spine osteoarthritis includes 
the facet joint, which is a synovial joint.

At every spinal level, the paired facet joint and the intervertebral disc make 
up the ‘three-joint complex’, or the spinal ‘motion segment’. The facet 
joint itself tends to degenerate in concert with the disc [45]. Suri et al. [46] 
observed degeneration of the spine with an ordered sequence beginning 
in the anterior structures (disc degeneration) which, in some cases, was 
followed by degeneration of the posterior joint (facet joints). However, 22% 
of individuals demonstrated an atypical pattern of degeneration, beginning 
in the posterior joints. Increased age and body mass index, as well as 
female gender, were related to this facet joint osteoarthritis. Other studies 
have been unable to link facet osteoarthritis with low back pain [47-49], 
except for the study of Suri et al. [50] which shows that the presence and 
extent of severe facet joint osteoarthritis was associated with back pain in 
community-based older adults, independent of sociodemographics, health 
factors, and disc height narrowing. Furthermore, there are indications 
that facet joint degeneration may be associated with osteoarthritis in 
other joints [51]. Goode et al. [52] found a significant association between 
radiographic knee osteoarthritis and hand osteoarthritis and facet joint 
osteoarthritis; they found no significant association between disc degenera-
tion and hip, knee or hand osteoarthritis, or between vertebral osteophytes 
and hip and hand osteoarthritis. 

Findings such as these suggest that facet joint osteoarthritis may have a 
role in refining back pain case definition or directing back pain treatment 
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for older adults. However, a complicating factor is that facet osteoarthritis 
is best assessed with CT which, unfortunately, contains too much radia-
tion to use in research or clinical practice. As such, a clinically relevant 
definition that combines spine features to accurately represent spine 
osteoarthritis is needed.

Osteoarthritis of the knee and hip has clinical classification criteria, as de-
scribed by the American College of Rheumatology (ACR). The ACR criteria 
state that, besides pain, morning stiffness is an important criteria for hip 
and knee osteoarthritis [53, 54]. Therefore, in Chapter 7 we explored the 
association between spinal morning stiffness and lumbar disc degenera-
tion. We found a moderate association between the two, and the magnitude 
of the association was similar to the association between morning stiffness 
in the legs and knee or hip osteoarthritis. Unfortunately, because of the use 
of lateral radiographs, we were unable to examine if the presence of facet 
joint osteoarthritis was responsible for this association, or whether lumbar 
disc degeneration was associated with morning stiffness independently of 
facet joint osteoarthritis. Our results might indicate that spinal morning 
stiffness is one of the symptoms that clinicians could use for sub-grouping 
low back pain patients with symptoms due to lumbar spine osteoarthritis.

Spine disorders versus hip disorders
In Chapter 8 we studied the possible association between osteoarthritis of 
the spine and hip pain. Differentiating back pain from hip pain in patients 
who present with classic signs and symptoms is mostly not difficult. 
However, in some cases, patients present with nonspecific complaints of 
pain in the buttock, lateral hip or thigh. The differential diagnosis of this 
nonspecific pain is broad and includes radiating pain from the lumbar 
spine.
The differentiation of signs and symptoms suggestive of hip disorders 
versus spine disorders is important in giving patients the most beneficial 
treatment, especially if the treatment includes a major reconstructive sur-
gery, such as hip replacement. In order to make a differentiation between 
hip and spine originated pain there have been a few studies about the 
usefulness of local anesthetic hip infiltrations [55]. However, the available 
evidence had a high risk of bias, and no recommendation could be made 
regarding substantiated favoring or not favoring the use of intra-articular 
injections for the diagnosis of hip osteoarthritis.
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To our knowledge, there have been no studies about the usefulness of 
local spine infiltrations to differentiate hip and spine originated hip pain. 
However, infiltration of every patient with atypical hip pain for possible 
coexistent lumbar spine osteoarthritis would be counterproductive and 
costly. Preoperative identification of factors associated with hip pain 
arising from the lumbar spine would aid the physician by identifying the 
subgroup of patients who might not experience full relief of pain with a hip 
arthroplasty.
Our data in Chapter 8 provided evidence for radiating pain from the 
degenerated higher lumbar spine (L1/L2 and L2/L3) as a possible cause 
of hip pain. We think that in case of uncertainty of the cause of hip pain, 
evaluation of lumbar radiographs may help to identify those hip pain 
patients who might have pain arising from the lumbar spine and, therefore, 
will be unlikely to benefit from hip replacement. However, additional 
well-designed studies are needed to verify this hypothesis.

Implications for clinical practice
The question remains: is the subgroup of patients with lumbar spine 
osteoarthritis a group for whom different treatments are superior?
Currently, our understanding of the conservative treatment for low back 
pain is, stated simply, that some activity is better than no activity [42, 56, 
57]. Exercise therapy is an activity which has long been a treatment option 
for low back pain, with Cochrane and other review indicating some ef-
fectiveness for treating chronic low back pain [58]. The use of conservative 
treatment to prevent spine osteoarthritis or conservative treatment for 
spine osteoarthritis as a primary technique for treating low back pain has 
not yet been reported in the literature [42].
Furthermore, there are secondary intervention techniques specifically 
aimed at treating symptomatic spine osteoarthritis. Facet joint injection 
therapy to treat low back pain has increased dramatically in recent years. 
In the United States, intervention for facet joint pain has increased 
substantially with annual growth of 60% from 1997 to 2006 [59]. However, 
there is little evidence to support the use of this therapy, with recent 
practice guidelines recommending against the use of facet joint steroid 
injections [42, 60].
Furthermore, joint replacement surgery is currently not available for severe 
lumbar osteoarthritis, unlike knee or hip replacement that is available for 
severe knee or hip osteoarthritis.
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Therefore, also in patients with lumbar osteoarthritis, generic symptomatic 
treatments such as advice to stay active, analgesic medicines and patient 
education are recommended. And as a result, the use of lumbar radiogra-
phy to diagnose lumbar osteoarthritis is at present not recommended in 
clinical practice.

Implications for research
Most research has focused on treating symptoms and functional impair-
ment of low back pain rather than on understanding the mechanisms 
underlying the anatomic and functional changes we currently call spine 
osteoarthritis. But because there is no evidence that lumbar imaging 
improves outcomes for patients with low back pain this does not necessar-
ily mean that we should not aim for a better understanding of the pathol-
ogy identified on imaging. To dismiss investigations on imaging (which 
aim to elucidate the source and causes of low back pain) because imaging 
is currently not recommended for low back pain is to miss the point of this 
line of research [34].

We think that besides identifying subgroups based on predicted chronicity 
or pain phenotypes, we should also focus on identifying subgroups based 
on pathoanatomical findings. In other words, there is more need for 
research that aims to identify methods and tests that allow clinicians to 
determine the origin of a patient’s back pain. A good example of this is the 
study of van Hoeven et al. [61, 62]; the authors aimed to design a simple 
referral model for general practitioners that would identify patients at risk 
for axial spondyloarthritis.

A common argument against this is that, currently, there is no evidence 
that diagnosis improves patients’ outcomes [19]. A possible reason for 
this is the fact that it is not possible for a diagnosis to influence patients’ 
outcomes if no effective treatment exists for the specific disease or pathol-
ogy identified. A diagnosis may be of value even without the availability of 
effective treatment, as it may provide a logical pathway for the develop-
ment and testing of future interventions [34]. A better understanding of 
the pathological source of low back pain is likely to precede the identifica-
tion of new and effective treatments for low back pain.
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Low back pain is a major health problem. A recent publication showed 
that from the 289 diseases and conditions that were investigated, low back 
pain leads to the most ‘years lived with disability’. It is one of the most 
frequently occurring musculoskeletal disorders and results in high costs 
due to disability, lost time from work, and medical treatment and care.

Low back pain is usually divided in to ‘specific’ and ‘non-specific’ low back 
pain. Specific low back pain is defined as symptoms caused by a particular 
pathophysiological mechanism, such as hernia nuclei pulposi, discitis, 
malignancy or fracture. Non-specific low back pain is defined as pain for 
which no specific cause can be shown. At about 80 to 95% of people with 
low back pain, no specific cause is found. Overall, adequate treatment of 
patients with low back pain begins with making the correct diagnosis. In 
the Netherlands, the first step in diagnostics patients with low back pain 
is mostly made by the general practitioner, almost exclusively based on 
history and physical examination. In addition, in a small proportion of 
patients, diagnostic imaging is needed. International guidelines recom-
mend the use of imaging only when there is suspicion of serious pathology 
(fracture, malignancy and discitis), or in patients with severe sciatica for 
whom surgery is indicated because they fail to respond to conservative 
care for at least 6 to 8 weeks. Currently, there is widespread consensus 
that there is no indication to perform diagnostic imaging in patients with 
non-specific low back pain.

MRI in primary care

If a physician suspects the presence of a specific disease, diagnostic imag-
ing can be used. In recent years, general practitioners in the Netherlands 
can refer low back pain patients for MRI of the lumbar spine themselves. 
Possible reasons for the use of MRI in general practice are i) to detect or 
exclude specific pathologies, ii) to reassure the patient (and physician), 
iii) and/or to prevent unnecessary referrals to secondary care. Despite the 
recommendations of the guidelines to use MRI only in specific cases, the 
use of MRI as the initial imaging for low back pain seems to become more 
common in general practice. 

However, data on the use of MRI by general practitioners in the Nether-
lands was still lacking. Therefore, we designed an observational prospective 
cohort study with a 12-month follow-up in low back pain patients referred 
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for MRI in general practice. Patients referred by their general practitioner 
for MRI of the lumbar spine were recruited at the MRI Center. The MRI 
radiology reports were scored and information on patients’ characteristics, 
characteristics of the complaint, and red flags were derived at baseline and 
at 3 and 12-months follow-up. 

In Chapter 2, we explored the characteristics and MRI findings of the 
patients with low back pain referred for MRI in general practice. A total 
of 683 patients (53% male) were included, with a mean age of 49.9 (range 
19-80 years). The mean back pain severity was 6.6 (SD 2.0) and 67% of the 
patients reported having chronic low back pain. In total, 69% of the MRI 
reports mentioned signs of nerve root compression. Serious pathologies 
(fracture, malignancy, discitis) were reported in 3% of the patients. Pa-
tients with malignancy were older and reported less often a history of back 
pain complaints. These results showed us that a large proportion of the 
referred patients in our cohort had complaints for which imaging could be 
indicated. Specifically, 374 (55%) reported sciatica complaints for at least 6 
weeks and could therefore be candidates for surgery in which case imaging 
is recommended. These results are an indication that general practitioners 
in the Netherlands tend to adhere to their guidelines. However, to validate 
this statement, studies are needed to reveal the reasons why general 
practitioners refer patients for MRI.

The ultimate goal of any diagnostic test is to improve the clinical outcome 
of the patient. Currently, well-designed randomized trials provide the 
most accurate diagnostic evidence, because they provide the most direct 
information about the clinical benefits and harms of alternative testing 
strategies. However, in daily practice most studies on various diagnostic 
tests estimate how accurately they can identify a disease or condition, 
or how well the test provides prognostic information. Furthermore, 
identification of prognostic factors predicting recovery, persistent pain, and 
disability are important for better understanding of the clinical course, to 
inform patients and physicians and support therapeutic decision making.

In Chapter 3, we investigated the added prognostic value of baseline MRI 
findings over known prognostic factors for recovery. Multivariate logistic 
regression analysis was performed in 3 steps: derivation of a predictive 
model including characteristics of the patients and back pain only (his-
tory taking), including reported MRI findings only, and the addition of 
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reported MRI findings to the characteristics of the patients and back pain. 
At 12-months follow-up 53% of the patients reported recovery. Lower age, 
better attitude/beliefs regarding back pain, acute back pain, presence of 
neurological symptoms of the leg(s), and presence of non-continuous back 
pain were significantly associated with recovery at 12-months follow-up: 
area under the curve (AUC) 0.77. Addition of the MRI findings did not 
resulted in a stronger prediction of recovery. In a clinical perspective, these 
results raise some questions about the usefulness of lumbar MRI in general 
practice. But in the end only a well-conducted randomized trial on the 
diagnostic accuracy and cost-effectiveness can give us more information.

The use of MRI by general practitioners to diagnose and manage patients 
with low back pain could possibly result in avoidance of unnecessary 
hospital referrals. However, data on the patterns of subsequent care among 
patients referred for lumbar spine MRI by their GP are scarce. A better 
understanding of the patterns of healthcare services used after MRI of the 
lumbar spine would provide information about how MRI findings are used 
by GPs for subsequent management. Identification of possible prognostic 
factors predicting consultation with specialists or surgery can be important 
to inform patient and physician. Therefore, in Chapter 4, we investigated 
the association between patient characteristics, back pain characteristics 
and MRI abnormalities with subsequent specialist consultation and/or 
surgery in the same low back pain patients referred to MRI by their general 
practitioner. Of the 683 included patients, 301 (55%) reported consultation 
with a specialist during the first 3 months, and 124 (18%) underwent spine 
surgery during 12 months of follow-up. Younger patients, with pain radiat-
ing in the leg below the knee, severe disability, a history of back surgery, 
presence of nerve root compression or spinal stenosis on MRI were more 
likely to undergo subsequent spine surgery (AUC 0.75).

Lumbar spinal stenosis

One of the anatomical abnormalities that can be found with MR imaging 
is lumbar spinal stenosis. Lumbar spinal stenosis is commonly used to 
describe patients with symptoms related to an anatomic reduction of the 
lumbar spinal canal size. The extent of narrowing of the spinal canal cor-
relates poorly with symptom severity and radiological significant lumbar 
stenosis can be found in asymptomatic individuals. As a consequence, 
correlating symptoms and physical examination findings with imaging 
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results is necessary to establish a definitive diagnosis. A wide range of clini-
cal, electrodiagnostic, and radiological tests are currently used to diagnose 
lumbar spinal stenosis. It is important to know the diagnostic value of 
these tests because false-positive test results may lead to unnecessary 
surgery and/or expensive or invasive additional diagnostic interventions. 

In Chapter 5, we updated our previous systematic review on the diagnos-
tic accuracy of tests used to diagnose lumbar spinal stenosis. Our previous 
systematic review included studies up to March 2004; this review is 
current up to March 2011. Twenty-two additional articles in addition to the 
24 included in the previous review met the inclusion criteria. Combined, 
this resulted in 20 articles concerning imaging tests, 11 articles evaluating 
electrodiagnostic tests, and 15 articles evaluating clinical tests.

At present, the most promising imaging test for lumbar spinal stenosis 
is MRI, avoiding myelography because of its invasiveness and lack of 
superior accuracy. Electrodiagnostic studies showed no superior accuracy 
for conventional electrodiagnostic testing compared with MRI. These tests 
should be considered in the context of those presenting symptoms with the 
highest diagnostic value, including radiating leg pain that is exacerbated 
while standing up, the absence of pain when seated, the improvement of 
symptoms when bending forward, and a wide-based gait.

Lumbar disc degeneration

Once patients with radiculopathy and serious causes of back pain (such as 
fracture and malignancy) are excluded, the remaining patients (about 85%) 
are those with so called ‘non-specific low back pain’. In these patients, 
clinicians tend to apply generic symptomatic treatments, such as advice to 
stay active and avoid bed-rest, and the use of analgesic medicines, exercise 
and manipulation. Although this approach is relatively simple, it does not 
always work well. The limitations of current approaches are illustrated by 
many systematic reviews of treatments for low back pain that reveal that 
existing treatments for non-specific low back pain have, at best, only small 
effects. 

One reason for this might be that the ‘one-size fits all approach’ advocated 
by guidelines fails to target treatments at patients who might benefit the 
most, thereby diluting their potential benefits. Identifying subgroups of 
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patients for whom different treatments are superior has been referred to as 
the ‘Holy Grail’ of low back pain research. One of the possible subgroups 
based on pathoanatomical findings are patients with severe degeneration 
of the spine. In the second part of this thesis, we performed an epidemio-
logical study to investigate the characteristics of lumbar disc degeneration.

Lumbar disc degeneration is characterized (radiographically) by the 
presence of osteophytes, endplate sclerosis, and disc space narrowing. The 
association between low back pain and degenerative changes in the lumbar 
spine is complex. It is known that lumbar disc degeneration can be a pos-
sible risk factor for back pain in adults, with odds ratios ranging from 1.3 to 
3.2. Nevertheless, due to differences in the definitions used for lumbar disc 
degeneration, studies on the relation between low back pain and lumbar 
disc degeneration are difficult to compare. This is why it is still difficult to 
provide a clinically relevant definition for lumbar disc degeneration.

In Chapter 6, we therefore explored the association of the different indi-
vidual radiographic features of lumbar disc degeneration with self-reported 
low back pain. In an open population based study (Rotterdam Study), 
2819 lumbar radiographs were evaluated for the presence and severity of 
anterior osteophytes and disc space narrowing. Logistic regression was 
used to determine the association between different definitions of lumbar 
disc degeneration for low back pain. Osteophytes were the most frequent 
radiographic feature observed, with men having the greatest frequency. 
Disc space narrowing was more frequent in women. Both radiographic 
features increased in frequency with age. Disc space narrowing appeared 
more strongly associated with low back pain than osteophytes, especially 
in men (OR=1.9; 95% CI: 1.4-2.8). Disc space narrowing at 2 or more levels 
appeared more strongly associated with low back pain than disc space 
narrowing at only 1 level (OR=2.4; 95% CI: 1.6-3.4). After excluding level 
L5-S1, the strength of almost all associations increased. These associations 
are only slightly less than the association of pain and radiologic knee 
osteoarthritis and even slightly more than the association of pain and 
radiologic hand osteoarthritis in the same population sample. From our 
data, a useful case definition for lumbar disc degeneration was deduced; 
specifically disc space narrowing at 2 or more levels from L1/2 to L4/5. As 
a result it might be a promising clinically relevant phenotype in genetic and 
epidemiologic lumbar disc degeneration research.
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Low back pain patients with symptoms due to lumbar disc degeneration 
could be a subgroup within the population of non-specific low back pain 
patients. Clinical symptoms associated with radiographic lumbar disc 
degeneration may help identify such patients. Although lumbar disc 
degeneration cannot be defined as real osteoarthritis because the facet 
joints are the only synovial joints in the spine, it is often used as a proxy 
for osteoarthritis of the spine. Clinical osteoarthritis of the knee and hip 
includes (besides pain) also morning stiffness (ACR criteria). 

In Chapter 7, we therefore explored the association between spinal 
morning stiffness and lumbar disc degeneration. These associations are 
also compared with the associations between morning stiffness in the 
legs, and knee or hip osteoarthritis. Data from the study in Chapter 6 
was used to explore the association between spinal morning stiffness 
and two definitions of lumbar disc degeneration (i.e., ‘osteophytes’ and 
‘narrowing’). Spinal morning stiffness combined with low back pain and 
its association with lumbar disc degeneration was also analyzed. Similar 
analyses were performed for knee and hip pain, morning stiffness in the 
legs, and radiographic knee and hip osteoarthritis in order to compare 
these associations with those of lumbar disc degeneration. Both definitions 
of lumbar disc degeneration were associated with spinal morning stiffness 
(OR=1.3; 95% CI: 1.1-1.6 for ‘osteophytes’ and OR=1.8; 95% CI: 1.4-2.2 
for ‘narrowing’). Both the odds ratios increased when spinal morning 
stiffness was combined with low back pain (OR=1.5; 95% CI: 1.1-2.0 for 
‘osteophytes’ and OR=2.5; 95% CI: 1.9-3.4 for ‘narrowing’). The magnitude 
of the association for the definition ‘narrowing’ is similar to the association 
between morning stiffness in the legs and knee osteoarthritis (OR=3.0; 
95% CI: 2.1-4.1). This might indicate that spinal morning stiffness is one 
of the symptoms that clinicians could use for sub-grouping low back pain 
symptoms due to lumbar disc degeneration.

In Chapter 8 we studied the possible association between osteoarthritis of 
the spine and hip pain. Differentiating back pain from hip pain in patients 
who present with classic signs and symptoms is mostly not difficult. How-
ever, in some cases, patients present with nonspecific complaints of pain in 
the buttock, lateral hip or thigh. The differential diagnosis of this nonspe-
cific pain is broad and includes radiating pain from the lumbar spine. The 
differentiation of signs and symptoms suggestive of hip disorders versus 
spine disorders is important in giving patients the most beneficial treat-
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ment, especially if the treatment includes a major reconstructive surgery, 
such as hip replacement. Preoperative identification of factors associated 
with hip pain arising from the lumbar spine would aid the physician by 
identifying the subgroup of patients who might not experience full relief of 
pain with a hip arthroplasty. 

In Chapter 8, we therefore explored the association of self-reported hip 
pain with the different individual radiographic features of lumbar disc 
degeneration in the 2819 scored lumbar radiographs from the Rotterdam 
study (Chapter 6). The presence of disc space narrowing at level L1/L2 
was significantly associated with hip pain in the last month (men OR=2.0; 
95% CI: 1.1-3.8 and women OR=1.7; 95% CI: 1.1-2.5). The presence of disc 
space narrowing at level L2/L3 was only significantly associated with hip 
pain in women. The strength of the associations increased for self-reported 
chronic hip pain, especially in men (L1/L2 OR=2.5; 95% CI: 1.3-5.0). The 
presence of disc space narrowing at the lower levels (L3/L4/L5/S1) was 
not significantly associated with hip pain. We concluded that in case of 
uncertainty of the cause of hip pain, evaluation of lumbar radiographs may 
help to identify those hip pain patients who might have pain arising from 
the lumbar spine. However, well-designed studies are needed to verify this 
hypothesis.

Finally, in Chapter 9, we reflected on the main findings in this thesis, and 
elaborated on their implications for clinical practice and research.
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Lage rugpijn is een belangrijk gezondheidsprobleem. Uit een recente pu-
blicatie blijkt dat van de 289 ziekten en aandoeningen die zijn onderzocht, 
lage rugpijn tot de meeste ‘jaren geleefd met een beperking’ leidt. Het is 
een van de meest voorkomende aandoeningen van het bewegingsapparaat 
en leidt tot hoge kosten als gevolg van beperkingen, arbeidsongeschiktheid, 
en medische zorg.
Lage rugpijn is meestal verdeeld in ‘specifieke’ en ‘aspecifieke’ lage rugpijn. 
Specifieke lage rugpijn wordt gedefinieerd als rugpijn veroorzaakt door een 
bepaald pathofysiologisch mechanisme, zoals een discus hernia, discitis, 
maligniteit of fractuur. Aspecifieke lage rugpijn wordt gedefinieerd als pijn 
waarvoor geen specifieke oorzaak kan worden aangetoond. Bij ongeveer 
80 tot 95% van de mensen met lage rugpijn wordt geen specifieke oorzaak 
gevonden.
Adequate behandeling van patiënten met lage rugpijn begint vaak met 
het maken van de juiste diagnose. In Nederland wordt de eerste stap in 
de diagnostiek bij patiënten met lage rugpijn meestal gemaakt door de 
huisarts, bijna uitsluitend op basis van anamnese en lichamelijk onder-
zoek. Maar in een klein aantal patiënten blijkt uiteindelijk diagnostische 
beeldvorming nodig te zijn. Internationale richtlijnen raden het gebruik 
van beeldvormende diagnostiek alleen aan wanneer er een vermoeden is 
van ernstige pathologie (fractuur, maligniteit en discitis), of bij patiënten 
met ernstige ischias en een indicatie voor chirurgie omdat ze niet goed 
reageren op conservatieve zorg voor ten minste 6 tot 8 weken. Momenteel 
is er brede consensus dat er geen indicatie is voor diagnostische beeldvor-
ming bij patiënten met aspecifieke lage rugpijn.
Ondanks al deze aanbevelingen, wordt beeldvorming van de lumbale 
wervelkolom (röntgenfoto, CT en MRI) nog vaak uitgevoerd bij patiënten 
met lage rugpijn en wordt deze ook vaak uitgevoerd in afwezigheid van een 
duidelijke indicatie. Het doel van het in dit proefschrift beschreven onder-
zoek is om meer inzicht te verschaffen in de diagnostische instrumenten 
die gebruikt worden bij patiënten met lage rugpijn. Ten eerste hebben we 
onderzocht hoe lumbale MRI momenteel wordt gebruikt door huisartsen in 
Nederland.

MRI in de eerste lijn

Als een arts de aanwezigheid vermoedt van een specifieke ziekte, dan 
kan diagnostische beeldvorming worden gebruikt. Sinds een aantal jaren 
kunnen Nederlandse huisartsen patiënten met lage rugpijn verwijzen voor 
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een MRI van de lumbale wervelkolom. Mogelijke redenen voor het gebruik 
van MRI in de eerste lijn zijn i) het detecteren of uitsluiten van specifieke 
pathologie, ii) het geruststellen van de patiënt (en arts), iii) en/of het 
voorkomen van onnodige verwijzingen naar de tweede lijn. Ondanks de 
aanbevelingen om MRI alleen te gebruiken in specifieke gevallen, lijkt het 
gebruik van MRI als de initiële beeldvorming voor lage rugpijn vaker voor 
te komen in de huisartsenpraktijk. Echter, gegevens over het gebruik van 
MRI door huisartsen in Nederland ontbraken nog. Dit was voor ons een 
reden om een observationele, prospectieve cohort studie op te zetten met 
lage rugpijn patiënten die zijn verwezen voor MRI door hun eigen huisarts. 
De patiënten werden geïncludeerd bij het MRI Centrum, en werden 
vervolgens 12 maanden gevolgd. De MRI-rapporten werden gescoord, en 
informatie over de kenmerken van de patiënt, kenmerken van de klacht, 
en eventuele rode vlaggen werden verzameld op baseline, en na 3 en 12 
maanden follow-up. 

In hoofdstuk 2 deden we onderzoek naar de kenmerken van de patiënten 
en naar de gevonden MRI bevindingen. In totaal werden 683 patiënten 
geïncludeerd (53% man), met een gemiddelde leeftijd van 49,9 (spreiding 
19-80 jaar). De gemiddelde ernst van de rugpijn was 6.6 (SD 2.0) op een 
schaal van 0 tot 10, en 67% van de patiënten meldde chronische klachten. 
In totaal werd er in 69% van de MRI-rapporten melding gemaakt van 
zenuwwortel compressie. Bij 3% van de patiënten werd er melding 
gemaakt van een ernstige afwijking (wervelfractuur, maligniteit, discitis). 
Patiënten met een maligniteit waren significant ouder en rapporteerden 
minder vaak een geschiedenis van rugklachten. Deze resultaten toonden 
ons dat een groot deel van de patiënten in ons cohort klachten had waarbij 
beeldvormende diagnostiek kan worden aangeraden. Specifieker, 374 
patiënten (55%) rapporteerden ischias klachten van tenminste 6 weken en 
hadden dus klachten waarbij beeldvorming kan worden toegepast. Deze 
resultaten zijn een indicatie dat de huisartsen in Nederland zich houden 
aan de richtlijn. Echter, om dit te valideren zijn er studies nodig naar de 
verschillende redenen van huisartsen om patiënten te verwijzen voor MRI.

Het uiteindelijke doel van een diagnostische test is om de klinische 
uitkomst van de patiënt te verbeteren. Momenteel staan goed uitgevoerde 
gerandomiseerde studies bovenaan de onderzoeks hiërarchie, maar in de 
praktijk kijken de meeste studies naar diagnostische tests naar hoe nauw-
keurig zij een ziekte of aandoening aantonen, of hoe goed de test prog-
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nostische informatie geeft. Bovendien, de identificatie van prognostische 
factoren welke herstel, aanhoudende pijn en beperkingen voorspellen zijn 
van belang voor een beter begrip van het klinisch beloop, en om patiënten 
en artsen te informeren en te ondersteunen bij hun therapeutische besluit-
vorming. 

In hoofdstuk 3 onderzochten we daarom de toegevoegde prognostische 
waarde van de MRI bevindingen ten op zichtte van bekende prognostische 
factoren voor herstel. Multivariate logistische regressieanalyse werd 
uitgevoerd in 3 stappen: er werd een voorspellend model gemaakt met de 
kenmerken van de patiënt en zijn/haar rugpijn, met alleen de gerappor-
teerde MRI bevindingen, en met zowel de gerapporteerde MRI bevindin-
gen als de kenmerken van de patiënt en zijn/haar pijn. Bij de 12 maanden 
follow-up gaf 53% van de patiënten aan hersteld te zijn. Lagere leeftijd, 
een betere houding/opvatting over rugpijn, acute rugpijn, neurologische 
symptomen van het been, en de aanwezigheid van niet-continuë rugpijn 
waren significant geassocieerd met herstel: AUC 0,77. Toevoeging van de 
MRI bevindingen leidde niet tot een betere voorspelling van herstel. In 
een klinisch perspectief roepen deze resultaten een aantal vragen op over 
het nut van de lumbale MRI in de huisartspraktijk. Maar uiteindelijk kan 
slechts een goed uitgevoerde gerandomiseerde trial ons meer informatie 
geven over de diagnostische waarde en kosteneffectiviteit.

Het gebruik van MRI door huisartsen voor de diagnose en behandeling 
van patiënten met lage rugpijn zou kunnen leiden tot minder onnodige 
verwijzingen naar de tweede lijn. Echter, gegevens omtrent de patronen 
van zorg na een lumbale MRI in de eerste lijn zijn schaars. Een beter 
begrip van deze patronen zou informatie kunnen verschaffen over hoe de 
uitslagen van de MRI worden gebruikt door huisartsen. Identificatie van 
mogelijke prognostische factoren die een verwijzing naar een specialist of 
een operatie voorspellen kunnen belangrijk zijn voor de patiënt en de arts. 
In hoofdstuk 4 onderzochten we de relatie tussen de kenmerken van de 
patiënt, de kenmerken van de rugklachten, en de MRI afwijkingen met een 
verwijzing naar een specialist en/of een operatie aan de rug in dezelfde 
groep patiënten verwezen voor MRI door hun huisarts. Van de 683 geïn-
cludeerde patiënten, rapporteerde 301 (55%) een bezoek aan een specialist 
in de eerste 3 maanden follow-up, en 124 (18%) ondergingen chirurgie 
van de wervelkolom gedurende de 12 maanden follow-up. Patiënten van 
een jonge leeftijd, met uitstralende pijn in het been onder de knie, met een 
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ernstige beperking, met in de voorgeschiedenis een rugoperatie, en/of met 
zenuwwortel compressie of stenose op MRI hadden meer kans om tijdens 
de follow-up chirurgie aan de rug te ondergaan (AUC 0,75).

Lumbale spinale stenose

Eén van de anatomische afwijkingen die gevonden kan worden met MRI 
is lumbale stenose. Lumbale stenose wordt vaak gebruikt om patiënten 
met symptomen van een anatomische vernauwing van het lumbale 
wervelkanaal te beschrijven. De mate van vernauwing van het wervelkanaal 
correleert slecht met de ernst van de symptomen en een radiologisch 
significante stenose kan ook worden gezien bij asymptomatische indivi-
duen. Om een definitieve diagnose te kunnen stellen zijn er dus specifieke 
symptomen en fysieke bevindingen gecombineerd met anatomische 
afwijkingen nodig. Een breed scala aan klinische, elektrodiagnostische, en 
radiologische testen worden momenteel gebruikt voor het diagnosticeren 
van lumbale spinale stenose. Het is belangrijk om de diagnostische waarde 
van deze testen te weten omdat vals-positieve testresultaten kunnen leiden 
tot onnodige operaties en/of dure of invasieve aanvullende diagnostische 
ingrepen. 

In hoofdstuk 5 hebben we onze vorige systematische review over de di-
agnostische nauwkeurigheid van de tests die worden gebruikt om lumbale 
spinale stenose te diagnosticeren bijgewerkt. Onze vorige systematische 
review bevatte studies tot maart 2004; deze nieuwe review is bijgewerkt 
tot maart 2011. Er voldeden 22 extra artikelen aan de inclusiecriteria, in 
aanvulling op de 24 opgenomen in de vorige review. Dit resulteerde in 
20 artikelen over beeldvormende onderzoeken, 11 artikelen over elektro-
diagnostische testen, en 15 artikelen over klinische testen. Momenteel is 
MRI de meest veelbelovende test voor onderzoek naar lumbale stenose, 
waarbij myelografie moet worden vermeden vanwege de invasiviteit en het 
ontbreken van een betere nauwkeurigheid. Elektrodiagnostische testen 
toonden geen superieure nauwkeurigheid in vergelijking met MRI. De 
uitslag van deze testen moet wel worden geïnterpreteerd samen met de 
symptomen met de hoogste diagnostische waarde, namelijk uitstralende 
pijn in de benen die verergerd tijdens staan, de afwezigheid van pijn bij het 
zitten, de verbetering van de symptomen bij het buigen naar voren, en een 
breed looppatroon.
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Lumbale discus degeneratie

Nadat bij een patiënt met lage rugpijn ischias of een ernstige oorzaak 
(zoals een fractuur en maligniteit) is uitgesloten, wordt bij ongeveer 85% 
uiteindelijk de diagnose aspecifieke rugpijn gesteld. Bij deze patiënten 
worden vaak symptomatische behandelingen voorgeschreven, zoals het 
advies om actief te blijven en bedrust te vermijden, het voorschrijven van 
pijnstillende medicatie en het verwijzen naar een fysiotherapeut. Alhoewel 
deze aanpak relatief eenvoudig is, werkt deze helaas niet altijd goed. De 
beperking van deze huidige benadering wordt geïllustreerd door de vele 
systematische reviews die onthullen dat de bestaande behandelingen voor 
aspecifieke lage rugpijn in het beste geval slechts een klein effect hebben. 
Een reden hiervoor kan zijn dat deze ‘one-size fits all’ benadering ervoor 
zorgt dat behandelingen niet terecht komen bij die patiënten die er het 
meest van zouden kunnen profiteren, waardoor hun potentiële werking 
wordt verdunt. Het identificeren van subgroepen van patiënten voor wie 
bepaalde behandelingen superieur zijn is aangeduid als de ‘heilige graal’ 
van het lage rugpijn onderzoek. Een van de mogelijke subgroepen op basis 
van pathologisch anatomische bevindingen zijn patiënten met ernstige 
degeneratie van de wervelkolom. In het tweede deel van dit proefschrift 
voerden wij een epidemiologische studie uit naar de kenmerken van 
lumbale discus degeneratie.

Lumbale degeneratie wordt radiologisch gekenmerkt door de aanwezigheid 
van osteofyten, sclerose, en tussenwervelschijf vernauwing. Het verband 
tussen lage rugpijn en degeneratieve veranderingen in de lumbale wervel-
kolom is complex. Het is bekend dat lumbale degeneratie een mogelijke 
risicofactor is voor rugpijn bij volwassenen, met odds ratio’s variërend van 
1,3 tot 3,2. Echter, als gevolg van verschillen in de gebruikte definities voor 
lumbale degeneratie, zijn de studies over de relatie tussen lage rugpijn en 
lumbale degeneratie moeilijk met elkaar te vergelijken. Hierdoor is het nog 
onbekend hoe een klinisch relevante definitie voor lumbale degeneratie te 
definiëren.
In hoofdstuk 6 verkenden we de associatie tussen de verschillende 
individuele radiografische kenmerken van lumbale degeneratie en zelf-
gerapporteerde lage rugpijn. In een open cohortonderzoek (the Rotterdam 
Study), werden 2819 lumbale röntgenfoto’s beoordeeld op de aanwezigheid 
en de ernst van osteofyten en tussenwervelschijf vernauwing. Logistische 
regressie werd gebruikt om de associatie tussen verschillende definities 
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van de lumbale degeneratie en lage rugpijn te bepalen. Osteofyten werden 
het meest frequent waargenomen, en kwamen vaker voor bij mannen. 
Tussenwervelschijf vernauwing kwam vaker voor bij vrouwen. Beide 
radiografische kenmerken namen in frequentie toe met de leeftijd. Tus-
senwervelschijf vernauwing bleek sterker geassocieerd te zijn met lage 
rugpijn dan osteofyten, vooral bij mannen (OR = 1,9; 95% CI: 1,4-2,8). 
Tussenwervelschijf vernauwing op 2 of meer niveaus bleek sterker geas-
socieerd met lage rugpijn dan tussenwervelschijf vernauwing op slechts 1 
niveau (OR = 2,4; 95% CI: 1,6-3,4). Na uitsluiting van niveau L5-S1 namen 
bijna alle associaties toe. De gevonden associaties zijn bijna even groot als 
de associaties tussen kniepijn en radiologische knieartrose en zelfs iets 
groter dan de associatie tussen handpijn en radiologische handartrose in 
dezelfde populatie. Uit onze data kan een nuttige definitie voor lumbale 
degeneratie worden afgeleid; tussenwervelschijf vernauwing op 2 of meer 
niveaus van L1/2 tot L4/5. Deze definitie kan een klinisch relevant fenotype 
zijn voor toekomstig genetisch en epidemiologisch onderzoek naar lumbale 
degeneratie.

Hoewel lumbale degeneratie niet kan worden gedefinieerd als artrose 
omdat alleen de facetgewrichten van de rug synovium bevatten, wordt de 
term toch vaak gebruikt als een indicatie voor artrose van de wervelkolom. 
Klinische artrose van de knie en heup omvat naast pijn ook ochtendstijf-
heid (ACR). In hoofdstuk 7 verkenden we daarom de associatie tussen 
ochtendstijfheid van de rug en lumbale degeneratie. Gegevens uit de studie 
van hoofdstuk 6 werden gebruikt om de associatie tussen ochtendstijfheid 
van de rug en twee definities voor lumbale degeneratie ( ‘osteofyten’ en 
‘tussenwervelschijf vernauwing’) te onderzoeken. Tevens werd de associ-
atie tussen ochtendstijfheid gecombineerd met lage rugpijn en lumbale 
degeneratie onderzocht. Vergelijkbare analyses werden uitgevoerd met 
knie en heup pijn, ochtendstijfheid in de benen en radiografische knie en 
heup artrose. Beide definities voor lumbale degeneratie waren geassocieerd 
met ochtendstijfheid van de rug (OR = 1,3; 95% CI: 1,1-1,6 voor ‘osteofyten’ 
en OR = 1,8; 95% CI: 1,4-2,2 voor ‘tussenwervelschijf vernauwing’). Beide 
odds ratio’s stegen wanneer ochtendstijfheid werd gecombineerd met lage 
rugpijn (OR = 1,5; 95% CI: 1,1-2,0 voor ‘osteofyten’ en OR = 2,5; 95% CI: 
1,9-3,4 voor ‘tussenwervelschijf vernauwing’). De omvang van de associatie 
tussen ‘tussenwervelschijf vernauwing’ en ochtendstijfheid van de rug is 
vergelijkbaar met de associatie tussen ochtendstijfheid in de benen en 
knie-artrose (OR = 3,0; 95% CI: 2,1-4,1). We kunnen hieruit concluderen 
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dat klachten van ochtendstijfheid van de rug voor artsen een aanwijzing 
kan zijn voor lumbale degeneratie.

In hoofdstuk 8 hebben we gekeken naar de mogelijke associatie tussen 
artrose van de wervelkolom en heuppijn. Het differentiëren tussen rug- en 
heuppijn bij patiënten met klassieke symptomen is meestal niet moeilijk. 
Echter, in sommige gevallen, presenteren patiënten zich met aspecifieke 
pijnklachten in de bil, de laterale heup of dij. De differentiële diagnose van 
deze aspecifieke pijn is breed en omvat uitstralende pijn vanuit de lumbale 
wervelkolom. De differentiatie tussen symptomen wijzend op een heup 
aandoening versus een aandoening van de rug is van belang bij het geven 
van een behandeling, vooral als de behandeling een grote reconstructieve 
operatie zoals een heupprothese inhoud. Preoperatieve identificatie van 
de factoren die samenhangen met heuppijn als gevolg van een probleem 
in de rug zou artsen kunnen helpen bij het identificeren van die groep 
patiënten die geen volledige verlichting van de pijn zullen ervaren bij een 
heupprothese. 

In hoofdstuk 8 hebben we dan ook gekeken naar de associatie van zelf-
gerapporteerde heuppijn met de verschillende individuele radiografische 
kenmerken van lumbale degeneratie in de 2819 gescoorde röntgenfoto’s 
van de Rotterdam-studie (hoofdstuk 6). De aanwezigheid van tussenwer-
velschijf vernauwing op het niveau L1/L2 was significant geassocieerd met 
heuppijn (mannen OR = 2,0; 95% CI: 1,1-3,8 en vrouwen OR = 1,7; 95% 
CI: 1,1-2,5). De aanwezigheid van tussenwervelschijf vernauwing op het 
niveau L2/L3 was alleen significant geassocieerd met pijn in de heup bij 
vrouwen. De sterkte van de associaties nam toe bij chronische heuppijn, 
vooral bij mannen (L1/L2 OR = 2,5; 95% Cl: 1,3-5,0). De aanwezigheid van 
tussenwervelschijf vernauwing op de lagere niveaus (L3/L4/L5/S1) was 
niet significant geassocieerd met pijn in de heup. We concludeerden dat 
in geval van onzekerheid over de oorzaak van de heuppijn, de evaluatie 
van een lumbale röntgenfoto kan helpen die patiënten te identificeren die 
mogelijk pijn hebben als gevolg van slijtage van de lumbale wervelkolom. 
Echter, er zijn goed opgezette studies nodig om deze hypothese te controle-
ren.

Afsluitend reflecteerden we in hoofdstuk 9 op de belangrijkste bevindin-
gen van dit proefschrift en beschreven we de hieruit volgende implicaties 
voor de klinische praktijk en onderzoek.
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The aim of the work presented in this thesis is 
to gain more insight into the diagnostic tools 
used in patients with low back pain.

In recent years, general practitioners in the Netherlands can 
refer low back pain patients for MRI of the lumbar spine 
themselves. However, data on the use of MRI by general 
practitioners in the Netherlands are still lacking. In the first 
part of this thesis, we examined how lumbar MRI is cur-
rently used by general practitioners in the Netherlands.
 
Identifying subgroups of patients for whom different treat-
ments are superior has been referred to as the ‘Holy Grail’ 
of low back pain research. One of the possible subgroups 
based on pathoanatomical findings are patients with de-
generation of the spine. In the second part of this thesis, we 
performed an epidemiological study on the characteristics 
of lumbar disc degeneration.

Diagnostics in 
low back pain



Stellingen

Diagnostics in low back pain

1.	� Patiënten met lage rugpijn die worden verwezen door hun huisarts voor een MRI 

hebben vaak ernstige en/of langdurige rugklachten (dit proefschrift)

2.	� De uitslag van een lumbale MRI scan aangevraagd door de huisarts heeft geen toege-

voegde prognostische waarde ten opzichte van informatie uit de anamnese 

(dit proefschrift)

3.	� Patiënten met positieve overtuigingen over hun rugpijn hebben een grotere kans op 

herstel (dit proefschrift)

4.	� Lumbale discusdegeneratie is gerelateerd aan het hebben van rugpijn; deze relatie is 

sterker wanneer meerdere niveaus zijn aangedaan (dit proefschrift)

5.	� Ochtendstijfheid van de rug kan een aanwijzing zijn voor lumbale discusdegeneratie 

(dit proefschrift)

6.	� Een diagnose kan van waarde zijn, zelfs zonder de beschikbaarheid van een effectieve 

behandeling, omdat het een logische route kan bieden voor de ontwikkeling en het 

testen van toekomstige interventies – Hancock et al. 2011

7.	� Het vervangen van een gewricht door een prothese resulteert lang niet altijd in een 

gelukkige patiënt – Beswick et al. 2012

8.	 �Educatie bij aspecifieke rugpijn door de huisarts zelf zorgt voor een betere geruststelling 

dan wanneer deze gegeven wordt door een andere zorgverlener uit de eerste lijn zoals 

een doktersassistente of fysiotherapeut – Traeger et al. 2015

9.	� Artsen zullen zich moeten instellen op patiënten met zelf gegenereerde gezondheidsin-

formatie; zij krijgen een belangrijke rol bij het geven van betekenis aan data – Hengst et 

al. 2014

10.	� E-learning met behulp van virtuele patiënten is een uitstekende manier om de ontwikke-

ling van het klinisch redeneren bij studenten te ondersteunen – Bateman et al. 2013

11.	� Een theorie is pas compleet als je hem zo helder hebt dat je hem aan de eerste de beste 

voorbijganger kunt uitleggen – David Hilbert 1900


