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Chapter 1

Introduction & Outline of the Thesis
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Sciatica, more accurately called lumbosacral radicular syndrome or sciatica neuralgia, is one of 
the most common lumbar-spine disorders. Sciatica is generally defined as pain radiating to the 
leg below the knee following a dermatomal pattern.1 It is probable that human’s upright posture 
and relative longevity have exposed our species to a special, unwelcome affinity for lumbar disc 
syndrome and associated sciatica.2 The prevalence of sciatic symptoms reported in the literature 
varies considerably ranging from 1.6% in the general population to 43% in a selected working 
population.3 The natural history of acute sciatica is in general favorable, although a substantial 
proportion (up to 30%) continues to have pain for one year or longer.1, 4, 5 Sciatica is associated 
with significant short- and sometimes long-term morbidity. This affliction, certainly in the 
industrialized countries, ranks as one of the most costly and ubiquitous medical problems.6

the long way toward overcoming the scientific confusion

In classical literature sciatica has been of great interest to Greco-Roman and Eastern scientists 
and physicians.7 The Greek physician Hippocrates (460-370 BC) is generally believed to be the 
first to describe the treatment for sciatica. Since ancient times many etiological explanations for 
sciatica have been proposed. Domenico Cotugnio (1736-1822), a skilled Italian physician and 
anatomist, was the first to really add something new to the description of sciatica in his 1764 
seminal paper “De ischiade nervosa commentarius”.7, 8 He explained the sciatic complaints as a 
consequence of neuritis or edema of the sciatic nerve. As treatment he recommended cautery, 
saying that he had never seen a failure after this procedure (a triumph that might be explained 
by the reluctance of patients to return to his care after having suffered unbearable pain during 
treatment, and so unabling him to really measure the effectiveness of this procedure).7 For years 
this inflammation of the sciatic nerve, described as sciatic neuritis, was the origin of pain. In 
1857 Rudolf Virchow (1821-1902) described the traumatic rupture of an intervertebral disc, 
which afterwards became known as “Virchow Tumor”.9 In 1858 the famous German patholo-
gist Hubert von Luschka (1820-1875) discovered at autopsy several instances of asymptomatic 
herniated lumbar discs, which he erroneously described as cartilaginous tumors of the disc.10 
He speculated that in more advanced cases this finding might produce neurological complaints. 

With the introduction of effective anesthesia in the second half of the 19th century it 
became possible to operate upon the vertebral column and observe anatomic relationships.7 
In 1909, the German neurosurgeon Fedor Krause (1857-1937) and his neurologist colleague 
Hermann Oppenheim (1858-1919) reported on the removal of an “enchondroma”, which in 
retrospect must have been a ruptured disc.11 In 1911 Joel Goldthwait (1866-1961) reported 
on a patient with recurrent sciatica and low back pain, in whom Harvey Cushing (1869-1939) 
had performed a negative surgical exploration.12 Despite that no lesion was found Goldwait 
believed that a “disclocated” disc, not evident at surgery, could have produced sciatica. In 1915 
Charles Elsberg (1871-1948) reported “a surgical cure for sciatica” effected by the removal of 
a piece of ruptured ligamentum of “subflavum” which was compromising a nerve root.7, 13 In 
1929 the famous neurosurgeon Walter Dandy (1886-1946) at John Hopkins found cartilagi-



11

nous fragments lying loose in the spinal canal which he believed might well produce sciatica 
by compressing the adjacent nerve roots.14 He even argued that by their removal, the patient’s 
pain and suffering could be cured. Unfortunately, the importance of this paper went largely 
unrecognized as he continued to call these disc protrusions tumors. 

In 1932 the prominent neurosurgeon William Jason Mixter (1880-1958) (Figure 1)  and 
his orthopaedic colleague Joseph Seaton Barr (1901-1964) questioned whether “enchondro-
mas” were truly the cause of sciatica and set out to review all of the previously diagnosed 
“enchondromas” at Massachusets General Hospital.15 They observed that most of these cases 
were pathologically identical to normal disc material. Mixter later would recall that “this made 
us certain that we were dealing with a considerable group of lesions previously described 
as neoplasm, but undoubtedly of traumatic origin.”16 They concluded that enchondromas, 
Schmorl’s nodules, and ruptured intervertebral discs were one and the same, and that the 
lesion was a common cause of the classic signs and symptoms of sciatica. Their ideas were met 
with considerable resistance at first. Mixter reports that he had asked for permission from the 
surgical executive committee at Massachusets General Hospital to present his findings at a 
meeting of the Massachusetts Medical Society, and “permission was refused on the ground that 
the subject was far too controversial to be given in such a meeting.”15, 16 In the spring of 1933 
Barr did get a chance to present their work to a group at the Brigham Hospital Reunion, but 
the article essentially failed to spark any interest.15 Finally, Mixter and Barr’s report was read 
before the New England Surgical Society on September 30, 1933. In their famous publication 
in the August 2 issue of the New England Journal of Medicine in 1934 they stated17:

Figure 1. Dr. William Jason Mixter, neurosurgeon
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“We conclude from this study: that a herniation of the nucleus pulposus into the 

spinal canal, or as we prefer to call it, rupture of the intervertebral disc, is a not 

uncommon cause of symptoms. That the lesion frequently has been mistaken for car-

tilaginous neoplasm arising from the intervertebral disc… That the treatment of this 

disease is surgical and that the results obtained are very satisfactory if compression 

has not been too prolonged”. 
This landmark report of Mixter and Barr greatly revolutionized medical think at the time, 

ushering in a greater interest in the lumbar disc as a source of sciatica and in the surgical treat-
ment of such a disorder. In fact the report caused a shift in clinical management from largely 
conservative to that of surgery, which has come to be known as the “Dynasty of the Disc”.15, 

18 Surgery for back and leg pain in association with nerve root compression has become one of 
the most commonly performed operative procedures worldwide.

revival of scientific confusion

Walter Dandy (1886-1946) introduced air myelography in 1918 at the Johns Hopkins Hospi-
tal for the diagnosis of space- occupying brain lesions. The difficulties in properly performing 
this procedure limited its widespread use in the spine. In 1920 the French neurologist and 
radiologist Jean Sicard (1872-1929) introduced iodinated contrast myelography, allowing the 
relatively accurate diagnosis of intraspinal pathology.19 In subsequent decades the accuracy and 
safety of this diagnostic procedure were greatly improved. 

In 1977 the first Magnetic Resonance Imaging (MRI) body scan of a human being was per-
formed.20, 21 Within a few years spinal MR imaging became available and was rapidly becoming 
the imaging modality of choice for most spinal disorders. However, the high-resolution images 
which allowed many investigators to detect an enormous variety of previously unappreciated 
anatomical variations in patients undergoing diagnostic workups for sciatica, also caused scien-
tific confusion of our understanding of sciatia.22 For example, in the early nineties of the 20th 
century several MRI studies showed a high prevalence of disc herniations ranging from 20 to 
76% in persons without any symptoms.23-25 Even in patients who were re-imaged after earlier 
disc surgery, MRI studies have found herniations in up to 53% of persons who at the time 
of the re-imaging had no symptoms.26-28 Despite this scientific confusion, however, MRI is 
considered the imaging procedure of choice for patients suspected of lumbar disc herniations23, 

29 and is frequently performed in patients with persistent or recurrent symptoms of sciatica.30 
Moreover, abnormal MRI findings frequently result in surgical treatment or other invasive 
procedures such as epidural injections.31, 32

The controversy discussed above challenges our understanding of sciatica and the value of 
MRI in patients with sciatica. Many anatomical abnormalities detected with high-resolution 
imaging may not be of clinical consequence but are now exposing patients to interventions 
with potential risks. Establishing correlations between MRI findings and clinical outcome in 
patients with sciatica may not only help improve our understanding of the etiology of sciatica, 
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but it may also provide anchor points for new therapeutic approaches or fine-tuning of existing 
therapeutic strategies. To uncover the relevance of imaging findings it does not only require 
knowledge regarding their prevalence, but also their behavior of change with time, spectrum of 
changes and their relation with clinical outcome.33 As the source for determining the clinical 
relevance of MR imaging findings data from the Sciatica Trial will be used in this thesis.

The Sciatica Trial is a multicentre prospective randomized controlled trial among patients 
with 6-12 weeks sciatica and disc herniation on MRI. An early surgery strategy was compared 
to prolonged conservative care for an additional 6 months followed by surgery for patients who 
did not improve or who did request it earlier because of aggravating symptoms.34, 35 The trial 
showed faster recovery after early surgery as compared to a strategy of prolonged conservative 
care with surgery if needed, but there were no significant differences in clinical outcomes 
after one year. The randomized patients were part of a larger group of patients with sciatica 
who underwent a baseline MRI to assess the eligibility for the sciatica trial. All patients who 
underwent MRI (regardless of participation in the randomized controlled trial) were followed 
up for one year. Furthermore, all randomized patients underwent MRI at baseline and after 
one year. The 12 months evaluation period was selected since postoperative fibrosis usually 
stabilizes by 6 months, with no further changes at 12 months.36 

objective and outline of this thesis

The main objective of this thesis is to uncover the relationship between MRI findings and clini-
cal outcome in patients with sciatica. As with any diagnostic study requiring expert reading, 
interpretation of MRI findings may be inconsistent between examiners. In chapter 2 results 
are reported regarding the intra- and inter-observer variation in MRI evaluation among two 
neuroradiologists and one neurosurgeon who routinely assess spinal MRIs. It has been sug-
gested that inconsistency in interpretation may lead to alternative treatment options between 
clinicians and therefore may impact the outcome of patient treatment. In chapter 3 clinical 
outcome results are reported of patients in whom spine specialists independently agreed about 
the presence of a disc herniation or nerve root compression, those with inconsistent MRI 
interpretation, and those in whom spine specialists independently agreed about the absence 
of those findings.  

The natural history of acute sciatica is in general favorable, although a substantial propor-
tion (up to 30%) receives surgery. Chapter 4 presents the results of both qualitative and quan-
titative MRI evaluations in predicting surgery for sciatica in a group of prolonged conservative 
care patients. 

Patients with sciatica frequently complain about associated back pain. Chapter 5 reports 
on the MRI differences between patients who suffer from sciatica with disabling back pain as 
compared to patients who suffered from predominantly sciatica, and on the significance of 
these MRI differences for prognosis.
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Despite being scientifically debated, MRI is frequently repeated in patients with persistent 
or recurrent symptoms of sciatica. Chapter 6 reports on the 1-year MRI findings of sciatica 
patients who were treated with either surgery or conservative treatment, changes of MRI find-
ings over time, and their correlation with clinical outcome. 

In the search for causes of associated back pain in patients with sciatica, vertebral endplate 
signal changes (VESC, also called Modic changes) visualized by MRI have been proposed as a 
possible cause. VESC are a frequent surgical indication to perform a fixation of two or more 
vertebrae in the lower spine or replacing the disc by a prothesis. Chapter 7 reports on VESC 
findings, changes of VESC findings over time and the correlation between VESC findings and 
back pain in sciatica.

Gadolinium-enhanced MRI is frequently performed in patients with persistent or recurrent 
symptoms of sciatica after surgical treatment, as it has been proposed to differentiate between 
postoperative epidural scar tissue and recurrent disc herniation: scar tissue has a homogenous 
enhancement pattern while disc herniation usually lacks central enhancement. Chapter 8 
reports on the reliability of enhancement findings, their prevalence and their correlation with 
clinical outcome. 

A synthesis and discussion about the results are given in chapter 9. The dissertation is 
concluded with a summary in chapter 10.
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a b s t r a c t

background

Magnetic Resonance Imaging (MRI) is considered the mainstay imaging investigation in 
patients suspected of lumbar disc herniations. Both imaging and clinical findings determine 
the final decision of surgery. The objective of this study was to assess MRI observer variation in 
patients with sciatica who are potential candidates for lumbar disc surgery.  

methods

Patients for this study were potential candidates (n=395) for lumbar disc surgery who under-
went MRI to assess eligibility for a randomized trial. Two neuroradiologists and one neurosur-
geon independently evaluated all MRIs. A four point scale was used for both probability of disc 
herniation and root compression, ranging from definitely present to definitely absent. Multiple 
characteristics of the degenerated disc herniation were scored. For inter-agreement analysis 
absolute agreements and kappa coefficients were used. Kappa coefficients were categorized as 
poor (<0.00), slight (0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-
0.80) and excellent (0.81-1.00) agreement.    

results

Excellent agreement was found on the affected disc level (kappa range 0.81-0.86) and the 
nerve root that most likely caused the sciatic symptoms (kappa range 0.86-0.89). Interobserver 
agreement was moderate to substantial for the probability of disc herniation (kappa range 
0.57-0.77) and the probability of nerve root compression (kappa range 0.42-0.69). Absolute 
pairwise agreement among the readers ranged from 90-94% regarding the question whether 
the probability of disc herniation on MRI was above or below 50%. Generally, moderate 
agreement was observed regarding the characteristics of the symptomatic disc level and of the 
herniated disc. 

conclusion

The observer variation of MRI interpretation in potential candidates for lumbar disc surgery 
is satisfactory regarding characteristics most important in decision for surgery. However, there 
is considerable variation between observers in specific characteristics of the symptomatic disc 
level and herniated disc. 
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i n t r o d u c t i o n 

Sciatica is defined as intense leg pain in an area served by one or more spinal nerve roots and 
is occasionally accompanied by neurological deficit.1 Sciatica places a heavy burden on public 
health as it is a major source of lost productivity.2 The most common cause of sciatica is a 
herniated disc.1 Magnetic resonance imaging (MRI) is considered the imaging procedure of 
choice for patients suspected of lumbar herniated discs.3,4,5 MRI is indicated in patients with 
severe symptoms who fail to respond to conservative care for at least 6 to 8 weeks.1 In these 
cases surgery as a treatment modality might be considered and MRI is used to assess if a herni-
ated disc with nerve root compression is indeed present. Both imaging and clinical findings 
determine the final decision of surgery.6 The important role of MRI in clinical decision making 
makes a reliable interpretation of lumbar MRI therefore desirable.  

Despite remarkable advancements in diagnostic imaging and surgical techniques the results 
after lumbar disc surgery do not seem to have improved during recent decades: depending 
upon the used outcome measure, the results of lumbar disc surgery are unsatisfactory in 10 to 
40% of the patients.7,8,9 It has been suggested that the poor outcomes following lumbar disc 
surgery may be more often due to the errors in diagnosis than the surgical technique or its 
complications.6,10 For example, a false-positive diagnosis of nerve root compression on MRI 
may lead to unwarranted surgery. Therefore, if truly substantial interpretation variability exists 
among those who routinely interpret spine MRI studies, this would influence treatment deci-
sions with possible negative effects. Unreliable interpretation may also pose research problems 
when attempting to uncover the relationship between specific imaging characteristics and 
patient outcomes. Therefore, insight in the interpretation variability of MRI findings among 
potential candidates for lumbar disc surgery is essential. 

The investigators previously reported the results of a randomized controlled trial comparing 
early surgery with prolonged conservative care for patients with sciatica over one year’s follow-
up.11 The randomized patients were part of a larger group that underwent MRI to assess the 
eligibility for the trial. Within this larger group, we report on the intra- and inter-observer 
variation in MRI evaluation among two neuroradiologists and one neurosurgeon. 
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m a t e r i a l s  a n d m e t h o d s

ethics statement

The medical ethics committees at the nine participating hospitals (Leiden University Medical 
Center, Medical Center Haaglanden, Diaconessen Hospital, Groene Hart Hospital, Reinier 
de Graaf Hospital, Spaarne Hospital, Bronovo Hospital, Rijnland Hospital and Lange Land 
Hospital) approved the protocol. Written informed consent was obtained from all patients.

study population

Patients for this study were patients with 6 to 12 weeks of sciatic symptoms being so severe that 
they were eligible for surgery according to their family practitioners and were therefore referred 
to a neurologist. The attending neurologist subsequently evaluated whether these patients were 
eligible to participate in the Sciatica Trial: a multicenter randomized controlled trial designed 
to determine whether early surgery results in a more effective outcome compared to a strategy 
of prolonged conservative treatment with surgery if needed. Patients were excluded if they were 
presenting with cauda equina syndrome, insufficient strength to move against gravity, identical 
complaints in the previous 12 months, previous spine surgery, pregnancy, severe coexisting 
disease or if they were not between 18 to 65 years of age. All participants who were not meeting 
one or more of the aforementioned exclusion criteria underwent MRI. If the MRI showed a disc 
herniation with nerve root compression correlating with clinical symptoms according to the 
attending neurologist and neurosurgeon the corresponding patient was eligible to participate 
in the randomized clinical trial. Thus if a patient did not display a disc herniation according to 
the neurologist who assessed the MRI at the time of enrollment in the Trial, this patient could 
not enter the randomized controlled Trial. As the purpose of the current study was to evaluate 
observer variation among sciatica patients who are surgical candidates for sciatica, MRIs of all 
patients (regardless of participation in the randomized clinical trial) were again evaluated by 
independent observers (who did not participate in this study before) to determine observer 
variation regarding MRI characteristics. Details of the design and study protocol have been 
published previously.12

mri protocol and image evaluation

MRI scans were performed in all 9 participating hospitals using standardized protocols tai-
lored to a 1.5 Tesla scanner. Sagittal T1 and axial T1 spin echo images of the lumbar spine 
were acquired. In addition, T2 weighted sagittal and axial series were obtained. For research 
purposes also contrast-enhanced (Gadolinium dithylene triamine penta-acetic acid [DTPA] at 
a standard dose of 0.1 mmol/kg body weight) T1 fat suppressed sagittal and axial images were 
obtained. 
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MR images of all included patients were obtained and saved in an Apple PowerBook PC 
laptop with an 1.67 GHz G4 processor running open-source OsiriX Medical Image software 
(Version 3.0.1). Size of the monitor was 15,2 inch, 1280 x 854 pixel resolution.

Two neuroradiologists and one neurosurgeon independently evaluated all MR images, 
blinded to clinical information. None of the readers had been involved in either the selection 
or care of the included patients. The readers were able to freely adjust contrast and image 
brightness and zoom, and were able to compare sagittal and axial images simultaneously. All 
readings were performed on the same Apple PC laptop. Observer experience in reading spine 
MRI’s was 7 and 6 years post-residency for the neuroradiologists and 4 years post-residency 
for the neurosurgeon. 

Each reader received a manual containing definitions of imaging characteristics based on 
the recommendations from the combined task forces of the North American Spine Society, 
the American Society of Spine Radiology, and the American Society of Neuroradiology for 
classification of lumbar disc pathology in order to standardize the nomenclature.13 Pictorial 
examples were also provided where appropriate, gathered from the literature if available. Ver-
tebral endplate signal changes were defined according to criteria of Modic et al.14,15 Before 
beginning the study, the readers met in person to review and refine the standardized definitions 
in case of ambiguities. After reaching final consensus, standardized case record forms with these 
final definitions were used to evaluate the images (Table 1). First, all readers had to choose 
whether the MRI showed an impaired lumbar disc level that may have explained the sciatic 
complaints of the patients. If so, multiple characteristics of the degenerated disc level and disc 
herniation were scored. For both the presence of disc herniation and nerve root compression 
a four point scale was used: “Definite about the presence”, “Probable about the presence” if 
there was some doubt but probability >50%, “Possible about the presence” if there was reason 
to consider but probability <50%, and “Definite about the absence”.

When all three observers finished reading the images they repeated the MRI evaluation for 
ten percent of the evaluated images to provide intra-observer reliability data. The observers 
were not aware they were actually evaluating the images for a second time since in advance 
they were not informed about the conduction of an intra-observer reliability study. The images 
used for this intra-observer study were randomly selected from the first three-quarter of the 
evaluated images to minimize possible effects of recent memories. The time period between the 
first and the second evaluation was at least 2 months for all observers. 
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Table 1 MRI study variables. 

MRI variable Type Categories

Disc level that most 
likely caused the 
lumbosacral radicular 
syndrome of the patient

Disc level 1. L2L3 2. L3L4 3. L4L5 4. L5S1 5. Not applicable, all disc 
levels have a normal disc contour: no disc extension 
beyond the normal margins of the intervertebral disc 
space at any disc level

Disc contour at this disc 
level 

1. Bulging: presence of disc tissue circumferentially 
(50-100%) beyond the edges of the ring apophyses 2. 
herniation: localized displacement of disc material beyond 
the normal margins of the intervertebral disc space

Certainty about the 
presence of this disc 
herniation

1. Definite about the presence: no doubt about the  
presence 2. Probable about the presence: some doubt but 
likelihood > 50% 3. Possible about the presence: reason 
to consider but likelihood < 50% 4. Definite about the 
absence: no doubt about the  absence

Loss of disc height 
(distance between the 
planes of the end-plates 
of the vertebrae craniad 
and caudad to the disc) 
at this disc level

1. Yes 2. No

Signal intensity of 
nucleus pulposus on T2 
images at this level

1. Hypointensity 2. Normal 3. Hyperintensity

Vertebral endplate 
signal changes upper 
endplate

1. No VESC 2. VESC type I: hypointense in T1-weighted 
sequences and hyperintense in T2-weighted sequences 
3. VESC type II: hyperintense both in T1- and T2-weighted 
sequences 4. VESC type III: hypointense both in T1- and 
T2-weighted sequences 5. Mixed VESC type I/II 6. Mixed 
VESC type II/III

Vertebral endplate 
signal changes lower 
endplate

1. No VESC 2. VESC type I 3. VESC type II 4. VESC type III 5. 
Mixed VESC type I/II 6. Mixed VESC type I/III

Spinal canal stenosis 1. Yes 2. No

Absence of epidural fat 
adjacent to the dural 
sac or surrounding the 
nerve root sheath

1. Yes, completely disappeared 2. Yes, partly disappeared
3. No disappearance 

Place of absence of 
epidural fat adjacent 
to the dural sac or 
surrounding the nerve 
root sheath

1. Sub-articular zone: zone, within the vertebral canal, 
sagittally between the plane of the medial edges of 
the pedicles and the plane of the medial edges of the 
facets, and coronally between the planes of the posterior 
surfaces of the vertebral bodies and the under anterior 
surfaces of the superior facets 2. Foraminal zone: zone 
between planes passing through the medial and lateral 
edges of the pedicles 3. Extra-foraminal zone: the zone 
beyond the sagittal plane of the lateral edges of the 
pedicles, having no well-defined lateral border
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Table 1 (Continued)

MRI variable Type Categories

Presence of impaired 
discs on other disc 
levels

1. Yes: presence of disc extension(s) beyond the normal 
margins of the intervertebral disc space at other disc 
levels 2. No: absence of disc extension(s) beyond the 
normal margins of the intervertebral disc space at other 
disc levels 

If a herniation at the 
disc level is considered

Side of this disc 
herniation

1. Right 2. Left 3. Right and left

Location on axial view 
of this disc herniation

1. Central zone: zone within the vertebral canal between 
sagittal planes through the medial edges of each facet 
2. Sub-articular zone: zone, within the vertebral canal, 
sagittally between the plane of the medial edges of 
the pedicles and the plane of the medial edges of the 
facets, and coronally between the planes of the posterior 
surfaces of the vertebral bodies and the under anterior 
surfaces of the superior facets 3. Foraminal zone: zone 
between planes passing through the medial and lateral 
edges of the pedicles 4. Extra-foraminal zone: the zone 
beyond the sagittal plane of the lateral edges of the 
pedicles, having no well-defined lateral border

Location on sagittal 
view of this disc 
herniation

1. Disc level: herniated disc between the end-plates of 
the vertebrae craniad and caudad to the disc 2. Folded 
upwards: disc tissue beyond the end-plate of the 
vertebrae craniad to the disc 3. Folded downwards: disc 
tissue beyond the end-plate of the vertebrae caudad to 
the disc

Size of this disc 
herniation in relation to 
spinal canal

1. Large stenosing: size >75% of the spinal canal 2. Large: 
size 75-50% of the spinal canal 3. Average: size 25-50% of 
the spinal canal 4. Small: size <25% of the spinal canal

Morphology 1. Protrusion: localized displacement of disc material 
beyond the intervertebral disc space, with the base 
against the disc of origin broader than any other imension 
of the protrusion 2. Extrusion: localized displacement of 
disc material beyond the intervertebral disc space, with 
the base agains the disc of origin narrower than any one 
distance between the edges of the disc material beyond 
the disc space measured in the same plane, or when no 
continuity exists between the disc material beyond the 
disc space and that within the disc space 

Nerve root compression Probability of nerve root 
compression

1. Definite about the presence: no doubt about the 
presence 2. Probable about the presence: some doubt but 
likelihood > 50% 3. Possible about the presence: reason to 
consider but likelihood < 50% 4. Definitely no nerve root 
compression

If nerve root 
compression present, 
which nerve root is 
affected

1. L3 2. L4 3. L5 4. S1 5. Not applicable, definitely no nerve 
root compression

Side nerve root 
compression

1. Right 2. Left
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statistical analysis

To assess the intra- and inter-observer reliability, we used percentages of absolute agreement 
and kappa coefficients. Percentage of absolute agreement equals the number of cases for which 
the observers fully agree, proportional to the total number of cases.16 A common interpretation 
of good agreement is 80%.17 However, the absolute percentage of agreement is inadequate, 
because it does not discriminate between actual agreement and agreement which arises due to 
chance.18 A measure which attempts to correct for this is the kappa statistic.19 In case of ordered 
data, we calculated weighted kappa scores which is based on the idea that in any ordered scale 
some possible disagreements are more serious than others. 

The kappa statistic is affected by the prevalence of the events20,21 so that findings with very 
high or low prevalence lead to very low kappa values, even if the observer agreement is high.22 
Therefore, for both the intra- and inter-observer reliability we only calculated kappa values for 
findings reported in more than 10% and less than 90% of all reports.23 

Both weighted and unweighted kappa statistics were computed for all possible pairings of 
observers. In addition we computed overall unweighted kappa coefficients for multiple raters. 
When the number of raters is two, the kappa statistic is based on the observed proportion of 
agreement and the expected proportion of agreement. When there are more than 2 raters, 
STATA (the program used for all analyses, version 12,0) implemented formulas in its statistical 
package that can be found in the statistical book of Fleiss and co-authors.24 While no absolute 
definitions have been accepted for the interpretation of kappa values, we used guidelines 
proposed by Landis and Koch for interpretation.25 Values of less than 0.00 indicated poor; 
0.00-0.20 slight; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; and 0.81-1.00 
excellent or almost perfect agreement. Value of 0.21-0.60 indicates fair to moderate agreement 
and a value of 0.41-0.80 indicates moderate to substantial agreement.

In a subanalysis we calculated interobserver agreement when the probability of disc her-
niation or nerve root compression were dichotomized into “probability> 50%” on one hand 
and “probability < 50%” on the other hand. In a subanalysis we also calculated interobserver 
agreement in the patients who were not randomized. 

Table 1 (Continued)

MRI variable Type Categories

Nerve root thickness 
distal to the site of 
compression

1. Normal 2. Thickened 3. Narrowed 

Flattening of the 
ventrolateral angle of 
the dural sac or the 
emerging root sheath

1. Yes 2. No
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re s u l t s

Of the 599 patients screened for the study, 395 patients considered eligible for inclusion 
underwent MRI of whom 283 patients were randomized and 112 not (Figure 1). Reasons 
why 112 patients were not randomized was that 70 (63%) did not have a disc herniation 
according to the neurologist who assessed the MRI in one of the 9 participating centers at the 
time of enrollment (a visible disc herniation on MRI was a prerequisite to enter the Trial), 31 
(28%) patients recovered before the randomization procedure could take place, and 11 (10%) 
patients refused to be randomized. In total, 283 baseline MRIs of the 283 randomized patients 
and 106 MRIs of the 112 non-randomized patients could be retrieved, bringing the total to 
389 MRIs for the interagreement analysis between the MRI observers of the present study (2 
neuroradiologists and one neurosurgeon, all 3 observers did not have participated in the study 
before). 

 

599 Patients were assessed for eligibility 

 204 Were excluded  
180 Met exclusion criteria 

      24 Refused to participate  

395 Underwent MRI 

112 Were excluded  
70 Had no disc herniation  

   31 Had recoved 
  11 Refused to participate  

283 Underwent randomization 

Fig. 1 Flowchart
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The study population had a mean age of 43.2 years with the majority being men (63%). 
Of the 389 MRIs, there was a definite or probable disc herniation present in 87% of the 
MRIs according to reader A, in 84% according to reader B and in 79% according to reader C 
(neurosurgeon) (Table 2). 

The interobserver agreement was excellent for the disc level that was assumed to cause the 
sciatic symptoms of the patient (Table 3). Excellent agreement was also found on the question 
which nerve root was affected most. With use of a four point scale, interobserver agreement was 
moderate to substantial for the probability of disc herniation (kappa range 0.57-0.77). When 
dichotomizing the answers into “probability of disc herniation > 50%” on one hand and “prob-
ability of disc herniation < 50%” on the other hand, interobserver agreement was substantial 
(kappa range 0.67-0.75). With this dichotomized scale all three observers agreed in 88% of 
the MRIs whether the probability of disc herniation was above or below 50%. With use of a 
four point scale, interobserver agreement regarding the probability of nerve root compression 
was moderate to substantial (kappa range 0.42-0.69). In 50 percent of the evaluated MRIs the 
three observers disagreed on the probability of nerve root compression. The greatest source 
of reader discrepancy was between the category “definite about the presence” and “probable 
about the presence”, accounting for 58% of all disagreements across all reading pairs. When 
dichotomizing the answers into “probability of nerve root compression > 50%” on one hand 
and “probability of nerve root compression < 50%” on the other hand, interobserver agreement 
among the three readers was substantial (kappa range 0.60-0.80). With this dichotomized 
scale all three observers agreed in 82% of the MRIs whether the probability of nerve root 
compression was above or below 50%. In the subgroup consisting of patients who were not 
randomized, interobserver agreement regarding the probability of nerve root compression was 
lower than in the total group (Table 4). When dichotomizing the answers into “probability of 
nerve root compression > 50%” and “probability of nerve root compression < 50%” interob-

Table 2 Summary of the interpretation of 389 MRI images. 

Reader A Reader B Reader C

Probability of disc herniation

Definite: no doubt about the presence of disc herniation 299 (76.9) 298 (76.6) 240 (61.7)

Probable: some doubt but probability > 50% 38 (9.8) 28 (7.2) 67 (17.2)

Possible: reason to consider, but probability < 50% 8 (2.1) 4 (1.0) 16 (4.1)

Definitely no disc herniation present 44 (11.3) 59 (15.2) 66 (17.0)

Probability of nerve root compression

Definite: no doubt about the presence of nerve root compression 222 (57.1) 277 (71.2) 144 (37.0)

Probable: some doubt but likelihood > 50% 97 (24.9) 43 (11.1) 120 (30.8)

Possible: reason to consider, but likelihood < 50% 42 (10.8) 32 (8.2) 64 (16.5)

Definitely no nerve root compression present 28 (7.2) 37 (9.5) 61 (15.7)

Reader A en B represent the two neuroradiologists, while reader C represents the neurosurgeon.
Values are n (%).
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server agreement was moderate to substantial (kappa range 0.45-0.69). Agreement between the 
neuroradiologists was higher compared to the agreement between the neurosurgeon and the 
neuroradiologists.  

The interobserver agreement was moderate to substantial for the signal intensity on T2 im-
ages; moderate for absence of epidural fat and flattening of the dural sac or the emerging root 
sheath; and slight for spinal canal stenosis (Table 5). When disc contour was dichotomized into 
“bulging” and “consideration of herniated disc” absolute agreement among the three observers 
was 95%. 

The interobserver agreement was excellent for side of the disc herniation and location on 
axial view; and moderate for location on sagittal view, size of disc herniation in relation to 
spinal canal and disc morphology (Table 6).

Table 3 Agreement among the readers. 

A vs B A vs C B vs C All observers

%
agreement kappa

%
agreement kappa

%
agreement kappa

%
agreement

multirater
kappa

Disc level that is 
assumed to cause the 
lumbosacral radicular 
syndrome ¶

92.0 0.86 88.4 0.81 90.5 0.84 86.4 0.84

Most affected nerve 
root (including side)

91.0 0.89 88.7 0.86 89.7 0.88 86.1 0.88

Probability of disc 
herniation  
(4 categories)ò

88.2 0.77 78.7 0.67 75.6 0.61 72.8 0.57

Probability  of disc 
herniation  
(2 categories)‡

93.6 0.75 91.8 0.71 90.0 0.67 87.7 0.71

Probability of nerve 
root compression  
(4 categories)ò

75.1 0.69 59.9 0.56 57.1 0.51 49.9 0.42

Probability of nerve 
root compression  
(2 categories)‡

94.1 0.80 85.4 0.62 84.6 0.60 82.0 0.66

A en B represent the two neuroradiologists, while C represents the neurosurgeon. Analysis with the total 
number of patients (n=389).
¶ The 5 categories were: 1) L2L3 2) L3L4 3) L4L5 4) L5S1 5) Not applicable, all disc levels have a normal 
disc contour (no disc extension beyond the normal margins of the intervertebral disc space at any 
lumbar disc level).
ò The 4 categories were: 1) “Definite about the presence” if there was no doubt about the presence 
2) “Probable about the presence” if there was some doubt but the probability was >50% 
3) “Possible about the presence” if there was reason to consider but the probability was < 50%, and 4) 
“Definite about the absence” if there was no doubt about the absence. 
‡ The categories “Definite and probable about the presence” were combined to one category and the 
categories “possible about the presence” and “definite about the absence” were also combined to one 
category.
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Intraobserver agreement regarding the probability of disc herniation and nerve root com-
pression was higher among the neuroradiologists as compared to the neurosurgeon (Table 
7). With use of a dichotomized scale absolute intraobserver agreement regarding nerve root 
compression ranged from 85 to 98%. Intraobserver agreement was substantial for spinal canal 
stenosis (kappa range 0.61-0.69); moderate to substantial for type of vertebral endplate signal 
changes (kappa range 0.52-0.74); fair to moderate for loss of disc height (kappa range 0.32-
0.48) and flattening of the ventrolateral angle of the dural sac or the emerging root sheath 
(kappa range 0.30-0.52). Intraobserver agreement regarding the size and morphology of the 
herniated disc was fair to moderate (for size of the herniated disc kappa range 0.28-0.54, for 
morphology [extrusion versus protrusion] of the herniated disc kappa range 0.29-0.51).

Table 4 Agreement among the readers.

A vs B A vs C B vs C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Disc level that is assumed to cause the 
lumbosacral radicular syndrome ¶

78.3 0.68 61.3 0.47 70.8 0.59 58.5 0.57

Most affected nerve root  
(including side)

72.6 0.67 66.0 0.58 69.8 0.61 59.4 0.62

Probability of disc herniation  
(4 categories)ò

81.1 0.77 69.8 0.61 73.6 0.63 66.0 0.58

Probability  of disc herniation  
(2 categories)‡

87.7 0.75 78.3 0.59 81.1 0.64 73.6 0.65

Probability of nerve root compression 
(4 categories)ò

61.3 0.65 42.5 0.43 48.1 0.42 36.8 0.32

Probability of nerve root compression  
(2 categories)‡

84.9 0.69 72.6 0.48 70.8 0.45 64.2 0.52

A en B represent the two neuroradiologists, while C represents the neurosurgeon. Sub analysis of the 
patients who did not undergo randomization (n=106).
¶ The 5 categories were: 1) L2L3 2) L3L4 3) L4L5 4) L5S1 5) Not applicable, all disc levels have a normal 
disc contour: no disc extension beyond the normal margins of the intervertebral disc space at any disc 
level. 
ò The 4 categories were: 1) “Definite about the presence” if there was no doubt about the presence 
2) “Probable about the presence” if there was some doubt but the probability was greater than 50% 
3) “Possible about the presence” if there was reason to consider but the probability was less than 50%, 
and 4) “Definite about the absence” if there was no doubt about the absence.
‡ The categories “Definite and probable about the presence” were combined to one category and the 
categories “possible about the presence” and “definite about the absence” were also combined to one 
category.
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d i s c u s s i o n

This study showed excellent agreement between observers on the affected disc level (kappa 
range 0.81-0.86) and the nerve root (kappa range 0.86-0.89) that most likely caused sciatica 
in patients who were potential candidates for lumbar disc surgery based on clinical grounds. 
Among the three readers we found also substantial inter- and intra-observer agreement regard-

Table 5 Interobserver agreement regarding characteristics of the impaired disc level. 

A vs B
(n=343)

A vs C
(n=329)

B vs C
(n=327)

All observers
(n=321)

%
agree-
ment kappa

%
agree-
ment kappa

%
Agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Disc contour ‡ 95.9 * 98.2 * 95.1 * 95.0 *

Loss of disc height ò 97.9 0.86 72.2 0.26 72.4 0.26 71.5 0.31

Signal intensity of nucleus pulposus 
on T2 images ¶

95.3 0.75 90.4 0.64 90.7 0.57 88.6 0.61

Type of vertebral endplate signal 
changes upper endplate║ 

75.8 * 83.4 * 84.5 * 72.6 *

Type of vertebral endplate signal 
changes lower endplate║

81.1 * 83.7 * 84.8 * 75.4 *

Spinal canal stenosis ò 63.3 0.21 57.4 0.10 91.3 ** 55.1 0.08

Absence of epidural fat adjacent 
to the dural sac or surrounding the 
nerve root sheath Y

74.0 0.52 74.1 0.54 73.6 0.54 61.7 0.50

Place of absence of epidural fat § 94.4 0.70 96.5 0.72 96.7 0.75 95.3 0.75

Impaired discs on other disc levels ò 93.2 0.79 85.5 0.62 85.4 0.62 82.3 0.68

Nerve root thickness distal to the site 
of compression╞

93.5 *** 93.5 *** 97.5 *** 92.1 0.40

Flattening of the ventrolateral angle 
of the dural sac or the emerging root 
sheath ò

84.3 0.60 78.7 0.51 78.3 0.46 70.9 0.50

The number between brackets on the first row is the number of patients of which the observers 
suggested the same disc level as the symptomatic disc level. A en B represent the two neuroradiologists, 
while C represents the neurosurgeon.
‡ Categories were: bulging disc versus disc herniation.
ò Categories were: yes versus no.
¶ Categories were: 1) Hypointensity 2) Normal 3) Hyperintensity.
║ Categories were: 1) No vertebral endplate signal changes (VESC) 2) VESC type I 3) VESC type II 
4) VESC type III 5) Mixed VESC type I/II 6) Mixed VESC type II/III.
Y Categories were: 1) Yes, completely disappeared 2) Yes, partly disappeared 3) No disappearance.
§ Categories were: 1) Sub-articular zone 2) Foraminal zone 3) Extra-foraminal zone.
╞ Categories were: 1) Normal 2) Thickened 3) Narrowed.
* Prevalence of findings too low (< 10% of the reports) to calculate kappa values.
** Prevalence of spinal canal stenosis too low (< 10% of the reports) to calculate kappa values.
*** Prevalence of thickened nerve roots too low (< 10% of the reports) to calculate kappa values. 
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Table 6 Interobserver agreement regarding characteristics of the disc herniation. 

A vs B
(n=314)

A vs C
(n=313)

B vs C
(n=301)

All observers
(n=296)

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

Side of disc herniation╞ 98.1 0.96 98.4 0.97 98.0 0.96 97.6 0.97

Location axial view ¶ 94.2 0.88 95.5 0.90 96.7 0.93 95.6 0.92

Location sagittal view ║ 73.2 0.55 76.9 0.63 71.3 0.53 61.4 0.56

Size disc herniation in relation to 
spinal canal
(4 categories) §

56.6 0.46 60.6 0.46 64.3 0.50 42.7 0.36

Size disc herniation in relation to 
spinal canal
(2 categories) ‡

82.1 0.55 76.3 0.35 86.3 0.47 71.5 0.44

Protrusion versus extrusion 77.4 0.48 75.0 0.50 73.7 0.44 63.2 0.46

The number between brackets on the first row is the number of patients of which the observers 
suggested the presence of a disc herniation (on the same disc level). A en B represent the two 
neuroradiologists, while C represents the neurosurgeon.
╞ Categories were: 1) Right 2) Left 3) Right and left.
¶ Categories were: 1) Central zone 2) Sub-articular zone 3) Foraminal zone 4) Extra-foraminal zone.
║ Categories were: 1) Disc level 2) Folded upwards 3) Folded downwards.
§ Categories were: 1) Large stenosing: size >75% of the spinal canal 2) Large: size 50-75% of the spinal 
canal 3) Average: size 25-50% of the spinal canal and 4) Small: size <25% of the spinal canal. 
‡ The categories “large stenosing” and “large” were combined to one category and the categories 
“average” and “small” were also combined to one category.

Table 7 Intraobserver agreement among the three readers based on 40 MRI’s. 

Reader A Reader B Reader C

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

Level that is assumed to cause the lumbosacral 
radicular syndrome ¶

97.5 * 90.0 * 87.5 *

Most affected nerve root 90.0 * 82.5 * 80.0 *

Probability of disc herniation (4 categories) ò 95.0 * 92.5 * 70.0 *

Probability  of disc herniation (2 categories) ‡ 100.0 * 95.0 * 77.5 *

Probability of nerve root compression (4 categories) ò 82.5 * 90.0 * 55.0 *

Probability of nerve root compression (2 categories) ‡ 97.5 * 97.5 * 85.0 0.55

Characteristics of the impaired disc level 

Disc contour 
 (consideration of disc herniation vs bulging) ║

100.0 * 97.2 * 100.0 *

Loss of disc height§ 84.6 0.42 77.8 0.32 74.3 0.48

Signal intensity of nucleus pulposus on T2 images Y 89.7 0.61 80.6 * 85.7 0.37
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Table 7 Intraobserver agreement among the three readers based on 40 MRI’s. (Continued)

Reader A Reader B Reader C

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

Type of vertebral endplate signal changes upper 
endplate╞  

87.2 0.72 94.4 * 88.6 0.74

Type of vertebral endplate signal changes lower 
endplate╞

84.6 0.64 94.4 * 80.0 0.52

Spinal canal stenosis § 84.6 0.69 88.9 0.61 94.3 *

Absence of epidural fat adjacent to the dural sac or 
surrounding the nerve root sheath├

84.6 * 69.4 * 77.1 *

Place of absence of epidural fat adjacent to the dural 
sac or surrounding the nerve root sheath ζ

89.5 * 94.3 * 88.6 *

Impaired discs on other disc levels § 89.7 0.66 94.4 0.82 85.7 0.66

Nerve root thickness distal to the site of compression ╫ 82.1 * 97.2 * 88.6 *

Flattening of the ventrolateral angle of the dural sac or 
the emerging nerve root sheath §

79.5 0.51 83.3 0.52 71.4 0.30

Characteristics the disc herniation

Side of disc herniation 100.0 1.00 94.3 0.89 100.0 1.00

Location axial view Ω 92.3 * 82.9 * 85.7 *

Location sagittal view Ѳ 87.2 0.81 82.9 0.71 71.4 0.56

Size disc herniation (4 categories) ϔ 61.5 0.56 57.1 * 65.7 *

Size disc herniation in relation to spinal canal  
(2 categories) χ 

76.9 0.54 74.3 0.28 85.7 0.37

Protrusion versus extrusion 76.9 0.51 82.9 * 68.6 0.29

Reader A en B represent the two neuroradiologists, while reader C represents the neurosurgeon. 
* Since kappa values are afected by the prevalence of events, kappa values were only calculated for 
findings reported in more than 10% and less than 90% of all reports.
¶ The 5 categories were: 1) L2L3 2) L3L4 3) L4L5 4) L5S1 5) Not applicable, all disc levels have a normal 
disc contour: no disc extension beyond the normal margins of the intervertebral disc space 
ò The 4 categories were: 1) Definite about the presence 2) Probable about the presence 3) Possible 
about the presence 4) Definite about the absence. 
‡ The categories “Definite and probable about the presence” were combined and the categories 
“possible about the presence” and “definite about the absence” were combined to one category.
║ Categories were: bulging disc versus disc herniation.
§ Categories were: yes versus no.
Y Categories were: 1) Hypointensity 2) Normal 3) Hyperintensity.
╞ Categories were: 1) No vertebral endplate signal changes (VESC) 2) VESC type I 3) VESC type II 
4) VESC type III 5) Mixed VESC type I/II 6) Mixed VESC type II/III.
├ Categories were: 1) Yes, completely disappeared 2) Yes, partly disappeared 3) No disappearance.
ζ Categories were: 1) Sub-articular zone 2) Foraminal zone 3) Extra-foraminal zone.
╫ Categories were: 1) Normal 2) Thickened 3) Narrowed.
Ω Categories were: 1) Central zone 2) Sub-articular zone 3) Foraminal zone 4) Extra-foraminal zone.
Ѳ Categories were: 1) Disc level 2) Folded upwards 3) Folded downwards.
ϔ Categories were: 1) Large stenosing: size >75% of the spinal canal 2) Large: size 50-75% of the spinal 
canal 3) Average: size 25-50% of the spinal canal and 4) Small: size <25% of the spinal canal. 
χ The categories “large stenosing” and “large” were combined to one category and the categories 
“average” and “small” were also combined to one category.
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ing the presence of disc herniation and nerve root compression when the four-point scale was 
dichotomized into “probability above 50%” and “probability lower than 50%”. Therefore, 
observer variation of MRI interpretation in potential candidates for lumbar disc surgery is 
satisfactory among spine experts regarding the characteristics most important in the decision 
for surgery. However, generally moderate agreement was found regarding the characteristics of 
the impaired disc level and the herniated disc. The moderate agreements may pose a problem 
when studying the relationships between specific imaging criteria and patient outcome.  

Besides herniated discs, the direct evaluation of nerve roots and spinal canal by MRI has 
been considered an important asset to facilitate decision making in patients with leg and/or 
back pain.26,27,28 Unfortunately, no universally accepted imaging criteria exist to define nerve 
root compression and lumbar spinal stenosis with MRI.6 The interreader agreement regarding 
the presence of nerve root compression varies widely between studies. Cihangiroglu and co-
authors found fair to substantial agreement (kappa= 0.30-0.63) between two neuroradiologists 
for classifying nerve root compression, which was dichotomized as absent or present, in 95 
patients with low back or radicular pain.6 Fair to moderate agreement was found for spinal 
canal stenosis. Van Rijn and co-authors found substantial agreement between two neuroradi-
ologists when evaluating nerve root compression in 59 patients (kappa=0.77).29 Their kappa is 
comparable with the agreement between the neuroradiologists in the present study (kappa = 
0.80). Sorensen et al. found substantial agreement among two radiologists for classifying disc 
morphology of herniation (kappa= 0.68) in 50 low-field MRI scans.30 Jarvik et al. evaluated 
imaging data from 34 patients with back pain.31 Agreement between three radiologists for disc 
morphology was moderate to substantial with weighted kappa values of 0.50 to 0.75 across 
reader pairs. Interobserver agreement regarding the size and location of the disc herniation 
has been poorly investigated in previous studies. Characteristics of the disc level of the disc 
herniation (like signal intensity of the nucleus pulposus, loss of disc height, absence of epidural 
fat adjacent to the dural sac or surrounding the nerve root sheath, flattening of the dural sac or 
the emerging root sheath, and nerve root thickness distal to the site of compression) have also 
been poorly investigated in previous studies

Our results indicate that the assessment of many variables is fairly subjective. However, it 
is crucial that radiologists and clinicians strive to reduce variability in interpretations as incon-
sistency in MRI interpretation may lead to alternative treatment options between clinicians 
and therefore may potentially impact the outcome of patient treatment.32,33 Previous studies 
reported that MRI findings play an important role in the decision for surgery.34,35,36 Carlisle 
et al. observed that sciatica patients who underwent surgery had larger disc herniations and 
smaller spinal canals compared to nonoperative patients.34 Cheng et al. observed that patients 
with either severe disc herniation or severe spinal stenosis were more likely to be classified as 
surgical candidates compared to those with mild to moderate findings.36 Caragee and Kim also 
observed that patients who underwent surgery had larger disc herniations and smaller sizes 
of the remaing spinal canal compared to patients who underwent conservative treatment.35 
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Besides that good reliability of imaging data in degenerative disc disease is important from 
a clinical point of view, it is also important for research purposes attempting to uncover the 
relationship between specific imaging characteristics and patient outcomes, which unfortu-
nately remains controversial, with several studies showing a high prevalence of disc herniations 
in persons without any symptoms.37,38 To gain more insight in the relationship between MRI 
findings and patient outcomes, those interpreting the images must reliably assess the finding. 
One reason that a prediction model might lose its predictive power is the incorrect assessment 
of MRI findings, which causes the inputs in the prediction model to be faulty.39

Within the literature, values of agreement on disc degeneration show a high variation 
depending on the variable investigated.40 Although a few nomenclatures have been proposed, 
none has been widely recognized as authoritative or has been widely used in practice. This 
absence of consensus is greatly related to the multiple controversial aspects of disc abnormali-
ties.41 As a first step in the attempt to achieve better agreements between observers the language 
for image interpretation for degenerative disc disease has to be defined. Radiologists and clini-
cians should strive to define a nomenclature which has the best support among clinicians and 
radiologists. However, despite the adherence to predefined definitions in the present study, the 
MRI observers sill only reached moderate agreements regarding many characteristics of the disc 
level and the herniated disc, which indicate that definitions and the adherence to a well defined 
nomenclature only is probably not sufficient for reaching substantial to excellent agreements 
among observers. In addition to defining the language for image interpretation for degenera-
tive disc disease, reading training might be an important next step.39,42 In support are the results 
of two reliability studies of The Spine Patient Outcomes Research Trial.3,5 In one of the two 
studies the reported agreement on disc morphology was only fair (kappa= 0.24) between the 
clinicians and radiologists.5 In another study inter-reader reliability for disc morphology was 
excellent (kappa= 0.81) between 3 radiologists and 1 orthopedic surgeon.3 The observation of a 
much better agreement in the second study might be explained by a better training of the MRI 
assessors as in that study the MRI assessors, before beginning the study, first evaluated a sample 
set of images with use of definitions and afterwards they met in person to review each image, 
enabling them to better streamline the way of interpreting the images. 

When comparing kappa coefficients between studies caution should be exercised since there 
are other factors that can influence the magnitude of the coefficient, especially the number of 
categories and the prevalence of findings.43 When the prevalence of findings is very low or high, 
kappa values also decline, even when the observed agreement remains unchanged.20,23 However, 
kappa remains the best available method to measure intra- and inter-observer agreement, in 
addition to that explained by chance.23

We deliberately did not organize an extra meeting in which a sample subset of images was 
evaluated as the discussion during this meeting might have caused the observers to adjust their 
diagnostic imaging criteria. This may have led to an overestimation in the interpretation among 
the three readers compared to the situation as it existed before undertaking the meeting. Dur-
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ing the meeting prior to the readings no images were evaluated, only a review of the questions 
and answers used in the case record forms to assure every reader understands their intended 
meaning when evaluating the images. If one does not undertake such a meeting this may pose 
problems when interpreting results as it may well be that a possible low observer agreement 
may not reflect true low agreement but agreement which arises due to the readers giving a dif-
ferent meaning to the questions or answers. We do not think such a meeting has a similar effect 
as evaluating together images before beginning the readings as then some observers may adjust 
their diagnostic criteria according to how other observers are evaluating the images during the 
meeting, with the consequence that one is not measuring the observer agreement as it existed 
before undertaking the meeting. Both procedures might lead to improving kappa coefficients, 
although more negative effects may arise when evaluating images together prior to the readings 
compared to only reviewing the questions and answers. 

Our study has several limitations. An important limitation of the study is the number of 
observers, in particular the inclusion of only one non-radiologist, which limits the statisti-
cal power of the observer variation. Although all analyses were also conducted pairwise, the 
analyses in which all three observers are included should be carefully interpreted in light of the 
low statistical power. The inclusion of more observers having the same background, especially 
the inclusion of one more neurosurgeon in this study, would have strengthened the findings. 
The concordance found in this study may also have been overestimated, since one reading 
pair consisted of two neuroradiologists who had nearly the same observer experience and also 
worked together which may have led to an informal agreement in their diagnostic criteria.22 
Interestingly, however, the agreement between the neuroradiologists was sometimes lower 
compared to that of the reading pairs containing one of the two neuroradiologists and the 
neurosurgeon. The concordance might also have been overestimated since a great part of our 
study sample consisted of a relatively homogeneous study sample with well-defined inclusion 
criteria and known sciatica due to previous confirmed disc herniation by another observer. This 
might also explain why the observed agreement was lower among the patients who finally were 
not randomized.44 However, as the presence of the disc herniations and nerve root compression 
was defined in different chance categories, the influence on the inter-reader reliability might 
have been limited. In addition, the use of standardized reporting forms with definitions and 
multiple choice categories allowed the assessments to be structured far more than possible in 
general clinical practice which also may have caused an overestimation.3 Finally, usual reliable 
statistical packages (STATA, SAS) are only able to calculate unweighted kappa coefficients 
for multiple raters. However, unweighted kappa coefficients are inappropriate for ordinal 
scales since they treat all disagreements equally.43 We encourage the development of statistical 
software that will solve this problem.  
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c o n c l u s i o n s

The observer variation of MRI interpretation in potential candidates for lumbar disc surgery 
is satisfactory among spine experts with regard to clinically relevant parameters like most af-
fected disc level and nerve root, probability of disc herniation and nerve root compression. 
However, in general considerable variation between the observers was found regarding specific 
characteristics of the symptomatic disc level and herniated disc. Therefore, it would be valu-
able to improve the reliability of image interpretation to subsequently increase our knowledge 
regarding the etiology, treatment and prevention of back pain and sciatica.
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a b s t r a c t

purpose

To evaluate the clinical outcome results of patients with sciatica according to consistency in 
Magnetic resonance imaging (MRI) interpretation among spine specialists.

methods

Patients for this study were participants who underwent a baseline MRI to assess the eligibil-
ity for a randomized trial designed to compare the efficacy of early surgery with prolonged 
conservative care for patients with sciatica. Two neuroradiologists and one neurosurgeon inde-
pendently evaluated all MRIs. (In)consistent MRI interpretation was correlated with patient’s 
report of perceived recovery, Roland Disability Questionnaire (RDQ) and visual-analogue 
scale (VAS) for leg and back pain at one year.

results

Of the 389 patients the three MRI observers agreed in 296 (76%) patients about the presence 
of a disc herniation, disagreed in 48 (12%) patients about its presence and agreed in 45 (12%) 
patients about its absence. Of the patients with a (consistent) disc herniation on MRI 84% 
reported perceived recovery after one year compared to 75% of the patients with inconsistent 
interpretation and 58% of the patients in whom all three readers agreed about the absence of a 
herniated disc (P<0.001). The same pattern was observed with the RDQ score (P=0.007), VAS 
leg pain (P=0.06) and VAS back pain (P=0.001). Patients with a (consistent) disc herniation 
had the highest speed of perceived recovery, followed by patients with inconsistent interpreta-
tion and those with absence of disc herniation (P=0.006).

conclusion

At one year follow-up the most favorable clinical outcome results were reported by those 
patients in whom all three MRI observers independently agreed about the presence of disc 
herniation, followed by those with inconsistent interpretation and by those with absence of 
those findings at baseline. 



41

i n t r o d u c t i o n

Sciatica is one of the most common lumbar-spine disorders. It is characterized by radiating 
pain in an area of the leg typically served by one nerve root in the lumbar or sacral spine and 
is occasionally acompanied by neurological deficit.1 The most common cause of sciatica is a 
herniated disc.1 The prevalence of sciatic symptoms varies considerably ranging from 1.6% in 
the general population to 43% in a selected working population.2 Sciatica results in severe pain 
and disability for the individual patient and significant costs in terms of treatment, sick leave, 
and pensions for society.3,4 

Magnetic resonance imaging (MRI) is considered the imaging procedure of choice for pa-
tients suspected of lumbar herniated discs 5,6 and is indicated in patients with severe symptoms 
who fail to respond to conservative care for at least 6 to 8 weeks.1 If a herniated disc with 
nerve root compression is indeed present surgery as a treatment modality might be considered. 
About 20 to 30% of the patients with sciatica finally receives surgery.7 Depending upon the 
used outcome measure, the results of lumbar disc surgery are unsatisfactory in 15 to 40% of 
the patients.8-10 It has been suggested that the poor outcomes following lumbar disc surgery 
may be more often due to the errors in diagnosis than failure of the surgical intervention or 
its complications.11,12 For example, a false-positive diagnosis of a herniated disc with nerve 
root compression on MRI may lead to unwarranted surgery and subsequently a poor clinical 
outcome. Therefore, we hypothesized that patients in whom spine specialists independently 
agree about the presence of a disc herniation might fare better than those with inconsistent 
interpretation or those in whom spine specialists independently agree about the absence of a 
disc herniation.  

The researchers previously reported the results of a randomized controlled trial comparing 
early surgery with prolonged conservative care for patients with sciatica.13 The trial showed 
faster recovery after early surgery compared to a strategy of prolonged conservative care with 
surgery if needed, but without any differences in the clinical outcomes after one year. The 
randomized patients were part of a larger group of patients with sciatica who underwent MRI 
and were followed up for one year. We now report on the clinical outcome of patients with 
sciatica in whom spine specialists independently agreed about the presence of a disc herniation 
or nerve root compression, those with inconsistent MRI interpretation, and those in whom 
spine specialists independently agreed about the absence of those findings.  

m e t h o d s

study population

Patients for this study were participants who underwent an MRI to assess the eligibility for 
a multicenter, prospective, randomized controlled trial designed to determine whether early 
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surgery results in a more effective outcome compared to a strategy of prolonged conservative 
treatment with surgery if needed among patients with 6 to 12 weeks sciatica.13 Patients who 
had symptoms being so severe that they were eligible for surgery according to their general 
practitioners were referred to the neurologist who subsequently evaluated whether these pa-
tients were eligible to participate in the trial. Patients were excluded if they were presenting 
with cauda equina syndrome, insufficient strength to move against gravity, identical complaints 
in the previous 12 months, previous spine surgery, pregnancy or severe coexisting disease. 
Patients who were not between 18 to 65 years of age were also excluded. All participants who 
were not meeting one or more of the aforementioned exclusion criteria and had a lumbosacral 
radicular syndrome lasting between 6 to 12 weeks underwent MRI. MRIs of all patients, 
regardless of participation in the randomized clinical trial, were again evaluated by indepen-
dent observers. The medical ethics committees at the nine participating hospitals approved 
the protocol. Written informed consent was obtained from all patients. Details of the design 
and study protocol of the randomized controlled trial have been published previously.14 In the 
present study, however, the data were analyzed as a cohort study.

mri protocol and evaluation

MRI scans were performed in all 9 participating hospitals with the use of standardized protocols 
tailored to a 1.5 Tesla scanner. Sagittal T1-weighted images and axial T1-weighted spin–echo 
images of the lumbar spine were obtained, as well as T2-weighted sagittal and axial series and 
contrastenhanced (gadolinium) fat-suppressed T1-weighted images.

Two neuroradiologists (BK and GL) and one neurosurgeon (CV) independently evaluated 
all MR images, blinded to clinical information. None of the readers had been involved in 
either the selection or care of the included patients. Observer experience in reading spine 
MRI’s was 7 and 6 years post-residency for the neuroradiologists and 4 years post-residency for 
the neurosurgeon. The observers hold senior positions in busy spinal clinics with a focus on 
advanced spine surgery, and are confronted with spinal MRIs on a daily basis.

For both the presence of disc herniation and nerve root compression a four point scale 
was used: 1 for definite presence, 2 for probable presence if there was some doubt but the 
probability was greater than 50%, 3 for possible presence if there was reason to consider but 
the probability was less than 50%, and 4 for definite absence. For each MRI observer the 
evaluations on the 4 point scale were dichotomized: the first two categories were combined 
and marked as herniated disc or nerve root compression present, the last two categories were 
combined and marked as absence of the abnormalities. Readings between the MRI observers 
were considered inconsistent when one of the three MRI observers had a different evaluation 
based on the dichotomized (made) scale. 
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outcomes

The patients were assessed by means of the Roland Disability Questionnaire for Sciatica (RDQ, 
scores range from 0 to 23, with higher scores indicating worse functional status),15 the 100-mm 
visual-analogue scale (VAS) for leg and back pain (with 0 representing no pain and 100 the 
worst pain ever experienced),16 and a 7-point Likert self-rating scale of global perceived recov-
ery given by the question whether the patient experienced recovery, with answers ranging from 
completely recovered to much worse. Perceived recovery was defined as “complete” or “nearly 
complete disappearance of symptoms” on the patient-reported 7-point Likert scale for global 
perceived recovery, while a score in the remaining five categories was marked as ‘‘no recovery”.13 
Outcome measures were assessed at baseline, 2, 4, 8, 12, 26, 38 and 52 weeks. Patients were 
blinded to results of earlier assessments.  

statistical analysis

The total study population was divided into three groups: a group with consistent MRI inter-
pretation regarding the presence (i.e. all three readers independently agreed about the presence 
of a disc herniation or nerve root compression), a group with inconsistent MRI interpretation 
(i.e. one reader disagreed with the other two), and a group with consistent MRI interpretation 
regarding the absence. Differences between the three groups in clinical outcome at one year 
were assessed by using one-way analysis of variance (ANOVA) for continuous data and Chi-
square test for categorical data. Time from baseline until perceived recovery (as determined 
by the prescheduled moments of outcome registration during the first year) was compared 
between the three groups by use of Kaplan-Meier curves and analyzed by Cox proportional-
hazards models.

We assumed clinical outcome data to be missing at random and used model-based multiple 
imputation to impute the outcome values, a method in which the distribution of the observed 
data is used to construct sets of plausible values for the missing observations (10 imputed 
datasets). Variables included in the model were age, gender, body-mass index, duration of 
symptoms, smoking, treatment group (randomized to surgery, randomized to prolonged 
conservative care or non-randomized), MRI variables (presence of disc herniation, presence 
of nerve root compression and corresponding disc level), and baseline and other follow-up 
measurements of the outcomes being predicted. Complete case analysis (i.e. no imputation) 
was performed as a sensitivity analysis. Statistical significance was defined as P <0.05.

re s u l t s

Of the 599 patients screened for the study, 395 patients considered eligible for inclusion un-
derwent MRI of whom 283 patients were randomized.13 In total, 106 baseline MRIs of the 112 
non-randomized patients and 283 MRIs of the 283 randomized patients could be retrieved, 
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bringing the total to 389 MRIs. The study population had a mean age of 43.2 years with the 
majority being men (63%). The mean duration of sciatica was 9.3 weeks. At baseline, the study 
population reported a mean RDQ of 16.0, VAS-leg pain of 63.2 mm and VAS-back pain of 
33.5 mm. Clinical outcome at 52 weeks was missing in 13-14% of patients (Appendix Table 

Table 1 Agreement among the three observers regarding the presence of disc herniation and nerve 
root compression on MRI. Values are n (%).

Presence of disc 
herniation

Presence of nerve 
root compression

All 3 observers independently agreed about the presence 296 (76) 262 (67)

All 3 observers independently agreed about the absence 45 (12) 57 (15)

Disagreement

2 of the 3 observers independently considered it 
present and 1 observer considered it absent

34 (9) 47 (12)

1 of the 3 observer considered it present and 2 
observers considered it absent

14 (4) 23 (6)

1A T2-weighted sagittal image		     1B T2-weighted axial image

1C T2-weighted sagittal image			     1D T2-weighted axial image
Figure 1 Axial and sagittal T2 images of 1 patient in whom all 3 MRI observers  agreed about the presence 
of disc herniation at disc level L5-S1 (A and B, arrows), and of 1 patient in whom the 3 MRI observers 
disagreed whether a disc herniation is visible at disc level L5-S1 (C and D, arrows) 
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S1). RDQ, VAS-leg and VAS-back pain were comparable among patients for whom clinical 
outcome at 52 weeks was available and those for whom not (P-value range 0.20-0.39).

Of the 389 patients, the three observers independently agreed in 296 (76%) patients about the 
presence of a disc herniation, disagreed in 48 (12%) patients about its presence and agreed in 45 
(12%) patients about its absence (Table 1). An example of complete agreement among the three 
observers about the presence of a disc herniation and an example of disagreement is shown in Figure 1. 

Of the patients with a (consistent interpretation of ) disc herniation on MRI 84% reported 
perceived recovery after one year compared to 75% of the patients with inconsistent interpreta-
tion and 58% of the patients in whom all three readers agreed about the absence of a herniated 
disc (P<0.001). The same pattern was observed with the RDQ score (P=0.007), VAS leg pain 
(P=0.06) and VAS back pain (P=0.001) (Table 2). When comparing the three groups pairwise 
no statistical significant difference was observed between patients with a disc herniation and 
those with inconsistent interpretation in any of the four outcome measures, but statistical 
significant differences were observed between the group with absence of a disc herniation 
compared with the group with a disc herniation or the group with inconsistent interpretation. 

Of the 389 patients, the three observers agreed in 262 (67%) patients about the presence 
of nerve root compression, disagreed in 70 (18%) patients about its presence and agreed in 57 
(15%) patients about its absence (Table 1). Of the patients with (consistent interpretation of ) 
nerve root compression 86% reported perceived recovery after one year compared to 83% of 
the patients with inconsistent MRI interpretation and 49% of the patients in whom all three 
readers agreed about the absence of nerve root compression (P<0.001) (Table 2). The same 
pattern was observed with the RDQ score (P<0.001), VAS leg pain (P=0.001) and VAS back 
pain (P<0.001). Again, when comparing the three groups pairwise no statistical significant 
difference was observed between the patients with nerve root compression and those with 
inconsistent interpretation in any of the four outcome measures, but statistical significant dif-
ferences were observed between the group with absence of nerve root compression compared 
with the group with nerve root compression or the group with inconsistent interpretation.

Results stratified by treatment group are shown in Table 3. Only 4 patients had absence of 
disc herniation in the group randomized to surgery or prolonged conservative care In all three 
treatment groups the same pattern was observed regarding nerve root compression: patients 
with absence of nerve root compression had the worse clinical results compared to those with 
nerve root compression or inconsistent interpretation (Table 3B). 

The Kaplan-meier curves show that patients with a (consistent interpretation of ) disc 
herniation had the highest speed of perceived recovery, followed by patients with inconsistent 
interpretation and those with absence of disc herniation (P=0.006) (Figure 2A). Patients with 
absence of nerve root compression also had a lower speed compared to those with nerve root 
compression or inconsistent interpretation (P=0.006) (Figure 2B and Table 4).   

Sensitivity analyses performed to account for missing clinical data yielded similar results 
(Table S2 and Table S3 Supplementary Appendix).
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d i s c u s s i o n

The present study analyzed the significance of MRI interobserver variability among three spine 
specialists for the one-year outcomes in patients with sciatica who were potential candidates 
for lumbar disc surgery based on clinical grounds. The most favorable clinical outcome results 
after one year follow-up were reported by those patients in whom all three MRI observers in-
dependently agreed about the presence of disc herniation or nerve root compression, followed 

2A					     2B
Figure 2 Inverse Kaplan-Meier Curves estimating the cumulative incidence of perceived 
recovery within the first year after baseline. Recovery was defined as complete or nearly complete 
disappearance of symptoms on the patient-reported 7-point Likert scale for global perceived recovery. 
2A Cumulative incidence of recovery for patients with consistent (all three readers agreed about the 
presence or absence) and inconsistent MRI interpretation (i.e. one reader disagreed with the other two) 
regarding the presence of disc herniation at baseline.
2B Cumulative incidence of recovery for patients with consistent (all three readers agreed about 
the presence or absence) and inconsistent MRI interpretation regarding the presence of nerve root 
compression at baseline.

Table 4 Time to perceived recovery within the first year according to consistency in baseline MRI 
interpretation among three observers. Perceived recovery was defined as “complete” or “nearly 
complete disappearance of symptoms” on the 7-point Likert scale. HR denotes hazard ratio. CI denotes 
confidence interval. 

HR 95% CI P-value

Presence of disc herniation 0.006

Consistent present 1.67 1.16-2.41 0.006

Inconsistent interpretation 1.43 0.90-2.27 0.14

Consistent absent Reference group

Presence of nerve root compression 0.006

Consistent present 1.65 1.19-2.28 0.003

Inconsistent interpretation 1.60 1.08-2.38 0.020

Consistent absent Reference group
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by those with inconsistent interpretation and finally by those in whom independent agreement 
was reached about the absence of those abnormalities. 

The direct evaluation of herniated discs and nerve roots by MRI has been considered an 
important asset to facilitate decision making in patients with leg and/or back pain.5,17,18 Un-
certainty on the presence of a herniated disc with nerve root compression will in most cases 
result in conservative treatment, while a certain herniated disc with nerve root compression 
will in most cases result in surgery.11 However, as with any diagnostic radiographic study, inter-
pretation of the results regarding the presence of a herniated disc and nerve root compression 
may become inconsistent between examiners.11,19-22 It has been suggested that inconsistency in 
interpretation may lead to alternative treatment options between clinicians and therefore may 
impact the outcome of patient treatment.19 Variations in rates of spinal surgery may be related 
in part to substantial variability among physicians in interpreting the abnormalities identified 
with lumbar MRI.23 The results of the present study suggest that based on the consistency in 
interpretation by the MRI assessors prognostic profiles can be made in sciatica, and that the 
mechanism behind these prognostic profiles is probably related to whether there is truly a disc 
herniation or nerve root compression present (if present a favorable prognosis compared with 
unfavorable when absent). The presence of nerve root compression in patients with sciatica has 
earlier been reported to be associated with favorable prognosis in primary care patients with 
sciatica.24 

Principles of rational medicine suggest that outcomes can be improved by providing physi-
cians better diagnostic data that clarify disease characteristics.25,26 Clinical outcomes might be 
poorer when patient heterogeneity is not recognized, leading to a mismatch between patient 
subgroups and intervention type.26,27 The current study show that indeed the best clinical treat-
ment results after one year follow-up are reported by those patients in whom MRI observers 
agreed regarding the presence of a disc herniation or nerve root compression as compared to 
those with inconsistent interpretation or those with absence of those findings. Tremendous 
effort has been put in uncovering the relationship between specific imaging characteristics 
and patient outcomes in sciatica, which unfortunately remains controversial.28,29 To gain more 
insight in the relationship between specific imaging characteristics and patient outcomes, those 
interpreting the images must reliably assess the finding. One reason that a prediction model 
might lose its predictive power is the incorrect assessment of MRI findings (the predictors), 
which causes the inputs in the prediction model to be faulty.30 Therefore, it is not only from 
a clinical but also from a research perspective crucial that radiologists and clinicians strive 
to reduce variability in interpretation.31 In the current study the MRI observers disagreed 
in nearly one fifth regarding the presence of nerve root compression. Specific training and 
defining the language for image interpretation for degenerative disc disease have been proposed 
to reduce variability in interpretation.30,31

We deliberately did not organize a consensus meeting in which a sample of images was 
evaluated. Such a meeting could have caused the observers to adjust their diagnostic imaging 
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criteria and could have overestimated consistency compared to the situation as it existed before 
the study. However, our study has several shortcomings. The concordance found in this study 
may have been overestimated, since one reading pair consisted of two neuroradiologists who 
had nearly the same observer experience and also worked together which may have led to an 
informal agreement in their diagnostic criteria.21 The concordance might also have been over-
estimated since a great part of our study sample consisted of a relatively homogeneous study 
sample with well-defined inclusion criteria and known sciatica due to previous confirmed disc 
herniation by another observer. The found concordance is likely to be higher compared to a 
study sample consisting of patients in whom diagnosis was not confirmed as well as those who 
are confirmed to have or not to have disc herniation.32 And finally, the study population of the 
present study consisted of sciatica patients who had severe symptoms for at least 6 weeks and 
were referred to the neurologists. These patients were willing to undergo surgery, so patients 
with a clear preference for conservative treatment are underrepresented.3

In conclusion, at one year follow-up the most favorable clinical outcome results were 
reported by those patients in whom all three MRI observers independently agreed about the 
presence of disc herniation or nerve root compression, followed by those with inconsistent 
interpretation and finally by those with absence of those findings. 

informed consent

All procedures followed were in accordance with the ethical standards of the responsible com-
mittee on human experimentation (institutional and national) and with the Helsinki Declara-
tion of 1975, as revised in 2000. Informed consent was obtained from all patients for being 
included in the study.
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Table S1 Outcome measurements available at 52 weeks after baseline MRI. The mentioned outcome 
measures were assessed at baseline, 2, 4, 8, 12, 26, 38, and 52 weeks. Values are n (%). Total n=389  

Number of patients 
(%)

Total (n=389)

Global perceived recovery on a 7-point Likert scale at 52 weeksò

Outcome available at 52 weeks 335 (86)

At least one follow-up examination  40 (10)

Lost to follow-up after baseline examination 14 (4)

Roland disability questionnaire at 52 weeks‡

Outcome available at 52 weeks 338 (87)

At least one follow-up examination  37 (10)

Lost to follow-up after baseline examination 14 (4)

Visual Analogue scale for leg pain at 52 weeks¶

Outcome available at 52 weeks 338 (87)

At least one follow-up examination  36 (9)

Lost to follow-up after baseline examination 15 (4)

Visual Analogue scale for back pain at 52 weeks¶

Outcome available at 52 weeks 336 (86)

At least one follow-up examination  38 (10)

Lost to follow-up after baseline examination 15 (4)

ò Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale with 0 representing no 
pain and 100 the worst pain ever experienced.
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Table S2 Clinical outcome measures at one year stratified by consistency in MRI interpretation 
regarding the presence of disc herniation and nerve root compression at baseline.  This analysis only 
included patients with available clinical outcome at one year (n=335). Values are n (%) or means ± SD.

Presence of a herniated disc 
at baseline║

P Value Presence of nerve root compression at 
baseline§

P Value

Consistent 
Present
(n=269)

Inconsistent 
interpretation 

(n=40)

Consistent 
Absent
(n=26) 

Consistent 
present
(n=242)

Inconsistent 
interpretation 

(n=56)

Consistent 
Absent 
 (n=37)

Perceived 
recoveryò

228 (85) 30 (75) 14 (54) <0.001 210 (87) 47 (84) 15 (41) <0.001

Roland 
Disability‡

3.2±5.2 4.7±6.1 6.1±6.3 0.004 3.1±5.0 3.0±4.7 13.3±19.9 <0.001

VAS-Leg 
pain¶

9.9±18.3 14.1±23.1 14.9±23.5 0.10 9.0±17.2 10.5±19.5 14.5±21.0 <0.001

VAS-back 
pain¶

14.4±20.8 18.6±25.9 26.9±30.3 0.005 13.3±19.9 14.5±21.0 34.2±31.2 <0.001

║Of the 335 patients the three observers disagreed in 40 patients about the presence of a herniated 
disc, agreed in 269 patients about its presence and agreed in 26 patients about its absence. 
§ Of the 335 patients, the three observers disagreed in 56 patients about the presence of nerve root 
compression, agreed in 242 patients about its presence and agreed in 37 patients about its absence
ò Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.

Table S3 Time to perceived recovery within the first year according to consistency in MRI interpretation 
at baseline. Perceived recovery was defined as “complete” or “nearly complete disappearance of 
symptoms” on the 7-point Likert scale. This analysis only included patients with available clinical outcome 
at one year (n=335). HR denotes hazard ratio. CI denotes confidence interval. 

HR 95%CI P-value

Presence of disc herniation 0.04

Consistent present 1.80 1.13-2.88 0.01

Inconsistent interpretation 1.58 0.90-2.76 0.11

Consistent absent Reference group

Presence of nerve root compression 0.04

Consistent present 1.66 1.12-2.47 0.01

Inconsistent interpretation 1.58 1.00-2.51 0.05

Consistent absent Reference group
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a b s t r a c t

object

In a randomized controlled trial comparing surgery and prolonged conservative treatment 
for 6-12 weeks sciatica, more than one third of patients assigned to conservative treatment 
underwent surgery. The objective of this study was to evaluate whether Magnetic resonance 
imaging (MRI) at baseline could have predicted this delayed surgery.

methods

Independently evaluated qualitative and quantitative MRI findings were compared between 
those who did and those who did not undergo surgery during follow-up in the conservative 
care group. In addition, area under the receiver operating characteristic (ROC) curve analysis 
was used to assess how well MRI parameters discriminated those who did and those who did 
not undergo delayed surgery (0.5-0.7 poor discrimination, ≥0.7 acceptable discrimination). 

results

Of 142 patients assigned to receive prolonged conservative care, 55 (39%) patients received 
delayed surgery. Of the 55 surgically treated patients 71% had definite nerve root compression 
at baseline compared to 72% of conservatively treated patients (P=0.76). Large disc herniations 
(size >50% of spinal canal) were nearly equally distributed between those who did and those 
who did not undergo surgery (25% vs. 21%, P=0.65). The size of the dural sac was smaller 
in the surgical compared to the non-surgical group (101.2 vs. 122.9 mm2, P=0.01). However, 
the size of the dural sac discriminated poorly between those who did and those who did not 
undergo delayed surgery (area under ROC curve, 0.62). 

conclusion

In patients who suffered from 6 to 12 weeks sciatica MRI at baseline did not distinguish 
between patients who did and those who did not undergo delayed surgery. 
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i n t r o d u c t i o n

Magnetic resonance imaging (MRI) is widely used in diagnosis and treatment planning of 
patients with intervertebral disc herniations.4 It is considered the imaging procedure of choice 
for patients suspected of lumbar disc herniation19,29 and is indicated in patients with severe 
symptoms who fail to respond to conservative care for 6 to 8 weeks.18 Qualitative MR-findings 
such as the presence of disc extrusion or severe nerve root compression have indeed been 
reported to be strongly associated with sciatica.3 In addition, from MR images the size and 
shape of disc herniations can be measured accurately, as can the size and proportions of the 
spinal canal.5 However, limited data is available concerning the predictive value of both quali-
tative and quantitative MRI evaluations in assisting clinical decision making for surgical or 
non-surgical management for sciatica. 

The investigators previously reported the results of a randomized controlled trial comparing 
early surgery with prolonged conservative care for patients with 6 to 12 weeks sciatica over one 
year’s follow-up.25 Although early surgery achieved more rapid relief of sciatica than conserva-
tive care, the clinical outcome results were similar after one year. Despite efforts to the contrary, 
39% of the patients assigned to the prolonged conservative treatment group did undergo 
surgery during the first year after randomization.24 Reasons for performing delayed surgery 
were persistent or increasing drug-resistant leg pain and progressive neurological deficit.24 In 
a previous study, baseline clinical parameters were tested whether they could have predicted 
surgery during follow up in this group.24 Patients with higher pain intensity in the leg or higher 
disability scores at baseline had a higher risk of undergoing delayed surgery.24

The objective of this study was to evaluate the predictive value of qualitative and quantita-
tive MRI assessments for delayed surgery. If early in the course of sciatica specific qualita-
tive and quantitative MRI assessments prove to predict which patients will undergo surgery 
anyhow during follow-up, this information could be valuable for both patients and physicians 
as it could enable them to consider early surgery without further delay to reduce the period of 
suffering. 

m e t h o d s

study population

Patients for this study were participants in the Sciatica Trial: a multicenter randomized con-
trolled trial of patients with 6-12 weeks sciatica. An early surgery strategy was compared to 
prolonged conservative care for an additional 6 months followed by surgery for patients who 
did not improve or who did request it earlier because of aggravating symptoms.25,26 Patients 
were included only if they had a dermatomal pattern of pain distribution with concomitant 
neurological disturbances that correlated to the same nerve root being affected on MRI. No 
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minimal disc size was prespecified for entry into the Trial. For the purpose of the present 
study, the patients who originally were allocated at random to prolonged conservative care were 
selected as the study cohort. The medical ethics committee at each of the nine participating 
hospitals approved the protocol. Written informed consent was obtained from all patients. 
Details of the design and study protocol have been published previously.25,26 

treatment

Prolonged conservative treatment was provided by each patient’s practitioner. Patients were 
informed about the favourable prognosis. Prescription of pain medication was allowed and 
was adjusted according to existing clinical guidelines if necessary. Opiates were frequently 
prescribed, but no epidural or periradicular corticosteroids were injected. Patients who were 
fearful of moving were referred to a physiotherapist. Treatment was aimed mainly at resumption 
of daily activities. However if sciatica was still present at 6 months after randomization, surgery 
was considered. Persistent or increasing drug-resistant leg pain and progressive neurological 
deficit were reasons for performing surgery even before 6 months. When patients requested 
surgery, they were again evaluated by their treating physician and the assigned research nurse, 
who had to confirm that recovery had not occurred and that the repeated MRI showed an 
unresolved disc herniation with nerve root compression. Subsequently the neurosurgeon was 
consulted by the patient and surgery was performed if all the indicators did direct in sciatica 
resistant to medical treatment.

mri protocol and Image evaluation 

MRI scans were performed in all 9 participating hospitals using standardized protocols tailored 
to a 1.5 Tesla scanner. Sagittal T1 and axial T1 spin echo images of the lumbar spine were ac-
quired. In addition, T2 weighted sagittal and axial series, and contrast-enhanced (gadolinium) 
T1 fat suppressed sagittal and axial images were obtained. 

Two neuroradiologists (BK and GL) and one neurosurgeon (CV) independently evalu-
ated all MR images. The readers hold senior positions in busy spinal clinics with a focus on 
advanced spine surgery, and are confronted with spinal MRIs on a daily basis. The readers were 
not provided any clinical information and have not been involved in the selection or care of the 
included patients. Definitions of imaging characteristics were based on the recommendations 
from the combined task forces of the North American Spine Society, the American Society of 
Spine Radiology, and the American Society of Neuroradiology for classification of lumbar disc 
pathology.13 Vertebral end plate changes were defined according to criteria of Modic.20,21 Before 
the start of the study, the readers met in person to evaluate and refine the definitions. Standard-
ized case record forms with final definitions were used to evaluate the images (Table 1). 

First, all readers had to choose the disc level with the most severe nerve root compression. 
At this disc level, a four point scale was used for both the presence of disc herniation and 
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Table 1 MRI study variables

Disc level Variable Category

Disc level with the 
most severe nerve 
root compression

Disc level 1. Not applicable: no nerve root compression
2. L2L3 3. L3L4
4. L4L5 5. L5S1

Disc contour at this level 1. Bulging: presence of disc tissue circumferentially 
(50-100%) beyond the edges of the ring apophyses
2. Herniation: localized displacement of disc 
material beyond the normal margins of the 
intervertebral disc space

Certainty about the presence of 
disc herniation

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider 
but probability < 50%
4. Definite about the absence: no doubt about the  
absence

Loss of disc height at this level 1. Yes 2. No

Signal intensity of nucleus 
pulposus on T2 images at this 
level

1. Hypointensity 
2. Normal 
3. Hyperintensity

Certainty about the presence of 
nerve root compression

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider 
but probability < 50%
4. Definite about the absence: no doubt about the  
absence

Spinal canal stenosis 1. Yes 2. No

Disappearance of epidural fat 1. Completely disappeared
2. Partly disappeared     3. No disappearance

Presence of impaired discs at 
more than one level

1. Yes 2. No 

If a disc herniation 
is considered

Location 1. Central zone: zone within the vertebral canal 
between sagittal planes through the medial edges 
of each facet 
2. Sub-articular zone: zone, within the vertebral 
canal, sagittally between the plane of the medial 
edges of the pedicles and the plane of the medial 
edges of the facets, and coronally between the 
planes of the posterior surfaces of the vertebral 
bodies and the under anterior surfaces of the 
superior facets.
3. Foraminal zone: zone between planes passing 
through the medial and lateral edges of the 
pedicles 
4. Extra-foraminal zone: the zone beyond the 
sagittal plane of the lateral edges of the pedicles, 
having no well-defined lateral border
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nerve root compression ranging from definitely present to definitely absent. Clinically relevant 
characteristics of the disc level and disc herniation were scored.

In addition quantitative measurements were performed by an independent researcher (AB), 
blinded to the treatment ultimately received and any other clinical information. He was not 
involved in the clinical treatment of these patients. Scans were examined with attention to 
the intervertebral disc with the most severe nerve root compression according to the three 
observers. On T2-weighted axial views the following parameters were quantified (in square 
millimeters): (i) cross-sectional size of the intervertebral disc prolapse, (ii) basis of the disc 
herniation, (iii) cross-sectional size of the dural sac, and (iv) cross-sectional size of the spinal 
canal not occupied by the disc herniation and without ligamentum flavum (Fig. 1). Next 
two herniation ratio’s (HR) were defined: HR 1, which represents the ratio of the size of the 
herniated disc to the dural sac and HR 2, which represents the ratio of the size of the herniated 
disc to the remaining size of the spinal canal not occupied by the herniated disc. When a disc 
herniation was absent no quantitative measurements were performed. 

outcome

The occurrence of surgery performed during one-year follow-up was the event of interest. The 
patients were assessed by means of the Roland Disability Questionnaire for Sciatica (RDQ, 
scores range from 0 to 23, with higher scores indicating worse functional status),23 the 100-mm 
visual-analogue scale (VAS) for leg and back pain (with 0 representing no pain and 100 the 
worst pain ever experienced),9 and a 7-point Likert self-rating scale of global perceived recovery 
given by the question whether the patient experienced recovery, with answers ranging from 
completely recovered to much worse. Perceived recovery on the 7-point Likert scale for global 

Table 1 (Continued)

Disc level Variable Category

Side 1. Right 2. Left 3. Right and left

Size disc herniation in relation to 
spinal canal

1. Large stenosing, size >75% of the spinal canal
2. Large, size 50-75% of the spinal canal
3. Average, size 25-50% of the spinal canal
4. Small, size <25% of the spinal canal

Form disc herniation 1. Protrusion: localized displacement of disc 
material beyond the intervertebral disc space, with 
the base against the disc of origin broader than any 
other dimension of the protrusion.
2. Extrusion: localized displacement of disc material 
beyond the intervertebral disc space, with the base 
against the disc of origin narrower than any one 
distance between the edges of the disc material 
beyond the disc space measured in the same plane, 
or when no continuity exists between the disc 
material beyond the disc space and that within the 
disc space.
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perceived recovery was used in dichotomized form: “Complete” or “nearly complete disap-
pearance of symptoms” was defined as “perceived recovery”, while a score in the remaining five 
categories was marked as ‘‘no recovery”.25,26 Outcome measures were assessed at baseline, 2, 4, 
8, 12, 26, 38 and 52 weeks. For the purpose of the present study only outcome data from the 
baseline measurements and 52 weeks were used.

statistical analysis

The majority opinion of the three readers regarding the (qualitative) MRI characteristics (an-
swer independently given by minimum 2 out of 3 readers) was used in the statistical analysis. 
Patients were categorized in two groups according to the occurrence of surgery performed 
during the first 12 months after being randomized to prolonged conservative care. Between-
group comparisons for both clinical and MRI variables were performed with Student’s t-tests 
for continuous data and Chi-square tests for categorical data. If a variable proved to be sig-
nificantly different between patients who did and those who did not undergo surgery during 
follow-up the sensitivity and specificity of this variable was determined by using Receiver 
operating characteristic (ROC) curve analysis. The area under the ROC curve (AUC) ranges 
from 0 to 1 and provides a measure of a test’s ability to discriminate between those subjects 

Figure 1 Methods of measuring the different parameters 
Red line represents the size of the basis of the disc herniation, the yellow shaded area represents the size of 
the disc herniation, the green shaded area represents the size of the dural sac, the green and blue shaded 
areas combined represent the size of the remaining spinal canal.
Herniation ratio 1 (disc herniation in relation to the size of the dural sac) = yellow shaded area/green 
shaded area.
Herniation ratio 2 (disc herniation in relation to the size of the remaining spinal canal) = 
yellow shaded area/(green and blue shaded area combined).
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who experience the outcome of interest versus those who do not. To derive the AUC value of 
2 or more variables combined, these variables were first subjected to a logistic regression model 
with the occurrence of surgery as the event of interest, and the predicted probability from that 
model was included in the ROC-curve Analysis.17 We used the traditional following thresholds 
for the area under the ROC curve: 0.5 no discrimination; 0.5 to 0.7 poor discrimination; ≥0.7 
acceptable discrimination; ≥0.8 excellent discrimination; ≥0.9  outstanding discrimination.14 

In a subanalysis characteristics were compared between the patients who did not undergo 
surgery, those who did undergo surgery between 0 and 6 months, and those between 6 and 12 
months. The one-way analysis of variance (ANOVA) was used to test for mean differences in 
continuous data (with Post-hoc analysis using the Bonferroni analysis for the variables which 
showed a statistically significant difference). A P value of <0.05 was considered statistically 
significant. 

re s u l t s

Of 142 patients assigned to receive prolonged conservative care, 55 (39%) patients received 
surgery after a mean period of 18 weeks (22 [15%] within 3 months, 20 [14%] between 3 
and 6 months, 9 [6%] between 6 and 9 months and 4 [3%] after more than 9 months). At 
baseline, age, gender, duration of sciatica and Body Mass Index and level of the herniated 
disc were comparable in the “delayed” surgical and non-surgical group. At baseline, in 39 
(71%) of 55 surgically treated patients there was no doubt about the presence of nerve root 
compression compared to 63 (72%) of 87 conservatively treated patients (P=0.76) (Table 
2). No significant differences existed in prevalence of Vertebral Endplate Signal Changes 
between the “delayed” surgical and non-surgical group (29% vs. 40%, P=0.37). Large disc 
herniations (size >50% of spinal canal) were nearly equally distributed between those who 
did and those who did not undergo surgery (25% vs 21%, P=0.65). Central or subarticular 
located disc herniations were also nearly equally distributed between those who did and 
those who did not undergo surgery (91% vs 90%, P=1.00). Extruded disc herniations were 
observed in 59% of surgically treated patients compared to 70% of conservatively treated 
patients (P=0.12). 

An example of a patient who had a large disc herniation and definite nerve root compres-
sion but who still did not undergo surgery during follow-up is shown in Figure 2.

At baseline, the size of the herniated disc was comparable in the surgical and non-surgical 
group (76.9 vs. 75.7 mm2, P=0.86) (Table 3). The size of the dural sac was smaller in the 
surgical compared to the non-surgical group (101.2 vs. 122.9 mm2, P=0.01). However, the 
ratio of the size of the disc herniation to the dural sac was 0.97 for the surgical group compared 
to a ratio of 0.89 for the non-surgical group (P=0.65). The size of the remaining spinal canal 
was smaller in the surgical group compared to the non-surgical group (159.4 vs. 189.0 mm2, 
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P=0.007), although the ratio of the size of the disc herniation to remaining spinal canal was 
not significantly different between those who did and those who did not undergo surgery (0.57 
vs. 0.49, P=0.33). 

The mean RDQ score at baseline was higher in the surgical group compared to the non-
surgical group (16.9 vs. 13.5, P<0.001). The baseline VAS leg pain was also higher in the 
surgical group compared to the non-surgical group (63.8 vs. 49.2, P<0.001).

The subanalysis comparing characteristics between patients who did not undergo surgery, 
those who did undergo surgery between 6 and 12 months, and those between 6 and 12 months, 

Table 2 Comparison of baseline characteristics between patients who did and those who did not 
undergo surgery for sciatica. Values are n (%) or means ± SD

Surgery (n=55) No surgery (n=87) P-value

Age at baseline MRI 43.6±10.1 43.2±9.3 0.83

Male gender 39 (71) 58 (67) 0.60

Duration of sciatica in weeks 9.6±2.1 9.5±2.2 0.72

Characteristics of the most impaired disc level 

Disc level

L3L4 or L4L5 21 (38) 35 (40) 0.81

L5S1 34 (62) 52 (60)

Presence of disc herniation 0.37

Definite 49 (89) 78 (90)

Probable 3 (6) 8 (9)

Possible 1 (2) 0 (0)

Definite absent 2 (4) 1 (1)

Presence of nerve root compression 0.76

Definite 39 (71) 63 (72)

Probable 11 (20) 18 (21)

Possible 5 (9) 5 (6)

Definite absent 0 (0) 1 (1)

Loss of disc height 51 (93) 76 (87) 0.64

Hypo intense signal intensity of nucleus pulposus on 
T2 images 

50 (91) 77 (89) 0.97

Completely disappearance of epidural fat 36 (66) 54 (62) 0.89

Spinal canal stenosis 7 (13) 8 (9) 0.55

Presence  of impaired discs at other disc levels 44 (80) 63 (72) 0.49

Characteristics of the herniated disc

Located on the right side 23 (43) 45 (52) 0.31

Size>50% in relation to spinal canal 13 (25) 18 (21) 0.65

Extrusion 31 (59) 60 (70) 0.12

Central or subarticular located 48 (91) 77 (90) 1.00
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Fig. 2A T2-weighted sagittal baseline image Fig. 2B T2-weighted axial baseline image

Fig. 2C T2-weighted sagittal image after
 one year follow-up

Fig. 2D T2-weighted axial image after
 one year follow-up

Figure 2 Sagittal and axial T2 weighted MR images of a patient with sciatica who had a large disc 
herniation at disc level L4-L5 at baseline, compressing nerve roots L5 bilaterally and narrowing the spinal 
canal (A and B). This patient did not undergo surgery during the first year and reported complete clinical 
recovery after one year. Repeated MRI after one year follow-up showed decrease of the herniation at disc 
level L4-L5 (C and D).  
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also showed that the three groups only significantly differed in baseline RDQ, VAS-leg pain 
and size of the dural sac and remaining spinal canal (Table 4).  

With surgery as the event of interest, the area under ROC curve for the size of the dural 
sac was 0.62 (95% Confidence Interval [CI] 0.53-0.72), for the size of the spinal canal 0.62 
(95% CI 0.53-0.72), for the VAS of leg pain 0.67 (95% CI 0.58-0.77) and for the RDQ score 
0.70 (95% CI 0.61-0.79). Combined the two MRI variables had an area under ROC curve of 
0.63 (95% CI 0.53-0.72) compared to 0.72 (95% CI 0.64-0.81) when combining the RDQ 
and VAS-leg pain. All four variables combined had an area under ROC curve of 0.76 (95% 
CI 0.68-0.84). 

Despite baseline differences, one year after randomization no significant differences were 
observed between the surgical group and the non-surgical group regarding the clinical outcome 
scores as assessed by VAS of leg pain, VAS of back pain, RDQ and global perceived recovery 
(Table 5). One year after randomization a disc herniation was considered (definite, probable or 
possible present) in 26% of the patients who had undergone surgery compared to 61% of the 
patients who had undergone non-operative care (P=0.001). 

Of the 16 surgical patients who at baseline did not have definite nerve root compres-
sion 87.5% reported perceived recovery at one year as compared to 87.2% of the 39 surgical 
patients who at baseline did have definite nerve root compression (P=0.97). 

Table 3 Baseline quantitative MRI measurements and clinical characteristics in the group that 
underwent surgery and the group that did not undergo surgery for sciatica. Values are n (%) or means 
± SD

Surgery (n=55) No surgery
(n=87)

P-value

Measurements on axial view

Disc herniation (mm2) 76.9±37.6 75.7±38.9 0.86

Basis disc herniation (mm) 20.0±5.8 19.3±6.8 0.54

Dural sac (mm2) 101.2±44.6 122.9±53.8 0.01

Remaining spinal canal (mm2) 159.4±57.0 189.0±65.7 0.007

Ratio disc herniation to dural sac 0.97±0.70 0.89±1.15 0.65

Ratio disc herniation to remaining spinal canal 0.57±0.40 0.49±0.52 0.33

Clinical outcomes

Roland disability score¶ 16.9±4.1 13.5±5.0 <0.001

Visual-analogue scale of leg pain‡ 63.8±23.5 49.2±22.9 <0.001

Visual-analogue scale of back pain‡ 41.9±31.8 33.4±25.7 0.08

¶ The Roland disability questionnaire for sciatica is a disease-specific disability scale that measures 
functional status in patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
‡ The intensity of pain was indicated on a horizontal 100 mm visual analogue scale, with 0 representing 
no pain and 100 the worst pain ever experienced.
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Table 4 Clinical, qualitative and quantitative MRI evaluations of the two surgical groups and the group 
that did not undergo surgery for sciatica. Values are n (%) or means ± SD. 

Surgery within 6 
months
(n=42)

Surgery between 
6-12 months

(n=13)

No surgery
 (n=87)

P-value

Clinical outcomes

Roland disability score 17.4±3.9 15.5±4.6 13.5±5.0 <0.001 ¶

Visual-analogue scale of leg pain 64.2±24.6 62.6±20.2 49.2±22.9 0.002 ‡

Visual-analogue scale of back pain 44.2±32.1 34.6±30.8 33.4±25.7 0.13

Characteristics of the most impaired 
disc level 

Disc level

L3L4 or L4L5 18 (43) 3 (23) 35 (40) 0.43

L5S1 24 (57) 10 (77) 52 (60)

Presence of disc herniation 0.43

Definite 37 (88) 12 (92) 78 (90)

Probable 3 (7) 0 (0) 8 (9)

Possible 1 (2) 0 (0) 0 (0)

Definite absent 1 (2) 1 (8) 1 (1)

Presence of nerve root compression 0.96

Definite 29 (69) 10 (77) 63 (72)

Probable 9 (21) 2 (15) 18 (21)

Possible 4 (10) 1 (8) 5 (6)

Definite absent 0 (0) 0 (0) 1 (1)

Loss of disc height 40 (95) 11 (85) 76 (87) 0.44

Hypo intense signal intensity of nucleus 
pulposus on T2 images 

39 (93) 11 (85) 77 (89) 0.45

Completely disappearance of epidural fat 27 (64) 9 (69) 54 (62) 0.94

Spinal canal stenosis 5 (12) 2 (15) 8 (9) 0.79

Presence  of impaired discs at other disc 
levels

33 (79) 11 (85) 63 (72) 0.71

Characteristics of the herniated disc

Located on the right side 19 (46) 4 (33) 45 (52) 0.43

Size>50% in relation to spinal canal 9 (21) 4 (33) 18 (21) 0.64

Extrusion 23 (56) 8 (67) 60 (70) 0.23

Central or subarticular located 36 (88) 12 (100) 77 (91) 0.45

¶ Bonferroni post-hoc analysis showed P<0.001 for the no surgery group compared with the 0-6 
months surgical group, P=0.43 for the no surgery group compared with the 6-12 months surgical 
group, and P=0.64 for the 0-6 months surgical group compared with the 6-12 months surgical group
‡ Bonferroni post-hoc analysis showed P=0.002 for the no surgery group compared with the 0-6 
months surgical group, P=0.16 for the no surgery group compared with the 6-12 months surgical 
group, and P=1.00 for the 0-6 months surgical group compared with the 6-12 months surgical group
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d i s c u s s i o n

Baseline qualitative MRI findings and the size of the disc herniation did not predict future 
inevitable surgery in patients who were subjected to a wait-and-see policy for sciatica. Patients 
who did undergo surgery during follow-up had at baseline higher RDQ scores, more intense 
leg pain and smaller dural sacs and spinal canals compared to patients who did not undergo 

Table 5 Clinical and MRI parameters at one year follow-up in the group that underwent surgery and the 
group that did not undergo surgery for sciatica. Values are n (%) or means ± SD

Surgery 
(n=54)

No surgery
(n=82)

P-value

Clinical Outcome

Roland disability score¶ 3.2±5.2 3.5±4.9 0.71

VAS leg pain‡ 9.5±19.9 10.9±17.0 0.67

VAS back pain‡ 13.6±23.2 16.4±20.6 0.47

Perceived recovery one year╫ 47 (87) 64 (78) 0.09

Qualitative MRI finings

Presence of disc herniation 0.001

Definite 6 (11) 22 (27)

Probable 7 (13) 21 (26)

Possible 1 (2) 7 (9)

Definite absent 40 (74) 32 (39)

Presence of nerve root compression 0.09

Definite 2 (4) 5 (6)

Probable 4 (7) 6 (7)

Possible 5 (9) 21 (26)

Definite absent 43 (80) 50 (61)

Measurements 

Disc herniation (mm2) 21.3±30.6 37.3±29.7 0.003

Dural sac (mm2) 147.7±61.6 141.5±54.4 0.54

Remaining spinal canal (mm2) 233.1±77.1 211.1±74.7 0.10

Ratio disc herniation to dural sac 0.2±0.4 0.3±0.4 0.07

Ratio disc herniation to remaining spinal canal 0.1±0.2 0.2±0.2 0.02

Clinical outcome data at one year was available for 136 of the 142 patients  
¶ The Roland disability questionnaire for sciatica is a disease-specific disability scale that measures 
functional status in patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
‡ The intensity of pain was indicated on a horizontal 100 mm visual analogue scale, with 0 representing 
no pain and 100 the worst pain ever experienced.
╫ Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
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surgery. The overall results of the current study suggest that MRI is not suitable to distinguish 
between patients who will and those who will not undergo surgery for sciatica.

The natural history of acute sciatica is in general favourable, with spontaneous resolution of 
the leg pain within 18 weeks in the overwhelming majority of cases.25,28,30 When patients fail 
to recover during conservative care, surgery might be considered. The optimal duration of con-
servative care is not well known though. The absolute indications for acute surgery of lumbar 
herniated discs are symptoms of a cauda equina syndrome, presence of acute and severe motor 
deficits, and intractable pain.27 However, these absolute indications rarely occur. In all other 
cases the indications for operation are relative and clear clinical guidelines are lacking. Some 
studies retrospectively evaluated the MRI differences between patients who did and those who 
did not undergo surgery. Carlisle et al. observed that sciatica patients who underwent surgery 
had larger disc herniations and smaller spinal canals compared to nonoperative patients.4 A 
limitation of this study is the retrospective case-matched design and surgical case selection that 
may have been biased towards larger herniations. Cheng et al. retrospectively observed that 
patients with either severe disc herniation or severe spinal stenosis were more likely to be clas-
sified as surgical candidates compared to those with mild to moderate findings.6 Carragee and 
Kim also observed that patients who underwent surgery had larger disc herniations and smaller 
sizes of the remaing spinal canal compared to patients who underwent conservative treatment.5  

Surgical treatment rates for lumbar discectomy vary widely between countries and even 
within countries.8,18 Currently no objective measures are available to determine when to per-
form surgery for sciatica. The current study only thoroughly assessed the predictive value of 
MR imaging for disc surgery. However, the decision for surgery does depend on many factors 
including the pain disability, psychological factors, occupation, expectations, fear of surgery, 
economic and social considerations, sociocultural preferences and even the preference of the 
treating surgeon.8,10,11,15,18,24 The contribution of this present study is that in contrast to the 
earlier mentioned studies4,5,7 MR imaging has no value in the prediction of future surgery 
among patients with sciatica for 6 to 12 weeks. Patients with clear sciatic symptoms and on 
MRI a large herniated disc with clear nerve root compression might still not undergo surgery. 
As published earlier, RDQ scores and VAS intensity of leg pain were better able to discriminate 
between surgical and non-surgical patients,24 although these variables did also not reach excel-
lent discrimination in the current ROC analysis. Valid tools for appropriate patient selection 
for disc surgery are therefore still desirable. 

We previously reported the 1-year follow-up MRI results of all patients who participated in 
the randomized clinical trial.12 At one year follow-up a considerable proportion of patients still 
had a visible disc herniation on MRI (21% of surgically compared to 60% of conservatively 
treated patients). Compared to baseline, nerve root compression had disappeared in 82% of 
surgically treated patients compared to 60% of conservatively treated patients. However, visible 
MRI abnormalities at one year follow-up did not distinguish between patients with persistent 
or recurrent symptoms of sciatica from asymptomatic patients. Other studies have reported 
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similar results.2,16 Jensen did not observe any correlation between improvement in symptoms 
and  improvement of disc herniations and nerve root compression on MRI at 14 months in 
154 conservatively treated patients.16 Bath observed a high incidence (approximately 67%) 
of extrusions and protrusions 2 years postoperatively.2 However, postoperative extrusions or 
protrusions did not correlate with clinical outcomes. A recent systematic review concluded 
that even in the acute setting of sciatica evidence for the diagnostic accuracy of MRI is not 
conclusive.29 This is a well-known paradox in imaging research of sciatica. Although there 
is poorly evidence that imaging findings relate to clinical symptoms, surgery by means of 
microsurgical discectomy often proves helpful for these patients.1,22,25,31 So far there are no 
studies that assessed the role of MRI in decision making for patients with acute or persistent 
sciatica, in particular if treatment strategies according to MRI findings lead to different clinical 
outcomes. Further research is needed to assess the value of MRI in clinical decision making for 
patients with acute and also in those with persistent or recurrent sciatica.

An important limitation of the current study is that the study population consisted of 
patients who had severe sciatic symptoms for at least 6 weeks and who were referred by their 
primay care physician. These patients were willing to undergo surgery, so patients with a clear 
preference for conservative treatment are underrepresented. Also, surgical treatment rates may 
have been relatively low because patients were encouraged to persist with the randomized pro-
longed conservative strategy. Not all patients might have had similar conservative treatments. 
One may get more information out of a prospective cohort study where patients are treated 
with similar nonoperative treatment modalities and then followed for a certain time period (for 
example one year). Baseline MRI findings should then be compared between those who decide 
to have surgery and those who decide not to have surgery during the follow-up period. Another 
limitation is that in this study patients already did experience a sciatic pain period of several 
weeks, before MRI was performed and therefore early anatomical changes might already have 
been occurred since the acute stage. This makes the assessed MRIs in this study less baseline 
than in experimental conditions could have been reached. Besides the limitations this is the 
first study that thoroughly analyzed the predictive value of MR imaging in patients with severe 
sciatica who were subjected to a wait-and-see policy. Furthermore, all MRI scans were blindly 
examined by in total four observers who were not involved in the study before. 

conclusions 

MRI showed a poor ability to discriminate between patients who did and those who did not 
undergo delayed surgery for sciatica. As such the role of MRI remains limited to depict the 
anatomical features and the level of a herniated disc, necessary for the surgical technical ap-
proach, and should not be used as a prognosis tool in the shared decision making discussion 
for surgery versus wait-and-see.
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a b s t r a c t

background

Patients with sciatica frequently do complain about associated back pain. It is not known 
whether there are prognostic relevant differences in Magnetic Resonance Imaging (MRI) 
characteristics between sciatica patients with and without disabling back pain.

methods 

The study population contained patients with sciatica who underwent a baseline MRI to assess 
eligibility for a randomized trial designed to compare the efficacy of early surgery with pro-
longed conservative care for sciatica. Blinded evaluated MRI findings were compared between 
sciatica patients with and without disabling back pain. On the basis of significantly different 
MRI findings four subgroups were defined that were correlated with perceived recovery at one 
year: back pain with and without the MRI characteristic, and no back pain with and without 
the MRI characteristic.

results

Of 379 included sciatica patients, 158 (42%) had disabling back pain. Of the patients 
with both sciatica and disabling back pain 68% did reveal a herniated disc with nerve root 
compression on MRI, compared to 88% of patients with predominantly sciatica (P<0.001). 
The existence of low back pain in sciatica at baseline was negatively associated with perceived 
recovery at one year (Odds ratio [OR] 0.32, 95% CI 0.18-0.56, P<0.001). Sciatica patients 
with disabling back pain in absence of nerve root compression on MRI at baseline reported less 
perceived recovery at one year compared to those with predominantly sciatica and nerve root 
compression on MRI (50% vs 91%, P<0.001)

conclusion

Sciatica patients with disabling low back pain reported an unfavorable prognosis at one-year 
follow-up compared to those with predominantly sciatica. If additionally a clear herniated disc 
with nerve root compression on MRI was absent, the results were even worse. 
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i n t r o d u c t i o n

Patients with sciatica frequently complain about associated back pain.1 Sciatica is associated 
with significant short- and sometimes long-term morbidity. This affliction, certainly in the 
industrialized countries, ranks as one of the most costly and ubiquitous medical problems.2 
In classical literature sciatica has been of great interest to Greco-Roman and Eastern scientists 
and physicians.3 For centuries an inflammation of the sciatic nerve was the origin of pain, 
described as sciatic neuritis,4 until 1934 when Mixter and Barr revolutionized the understand-
ing of sciatica into mechanical origin.3,5 They asserted that sciatica was caused by a herniated 
disc pressing against a nerve root. Worldwide this mechanical compression theory has been 
accepted giving rise to a global implementation of disc surgery as the solution to remove the 
compression on the nerve root and with that resolve the disabling pain problem. However, does 
this theory still find ground or is it worthwhile to think about the renaissance of the old theory 
involving inflammation of the nerve root?

This scientific confusion has been caused by the introduction of modern imaging modalities 
such as Magnetic Resonance Imaging (MRI) which allowed many investigators to detect an 
enormous variety of previously unappreciated anatomical variations in patients undergoing 
diagnostic workups for sciatica.6 For example, several studies show a high prevalence of disc 
herniations ranging from 20 to 76% in subjects without any symptoms.7,8 Furthermore, it 
remains unclear to what extent morphological changes seen on MRI in sciatica patients are 
associated with back pain, rather than being a representation of irrelevant differences between 
individuals.6,7,8 Back pain has been reported to be associated with worse prognosis in patients 
with sciatica,9 but one could question whether it is the back pain itself that causes the worse 
prognosis or the possible MRI anatomical differences between sciatica patients with and with-
out back pain. 

The investigators previously reported the results of a randomized controlled trial comparing 
early surgery with prolonged conservative care for patients with sciatica.10 The trial showed 
faster recovery after early surgery compared to a strategy of prolonged conservative care with 
surgery if needed, but without any differences in the clinical outcomes after one year. The 
randomized patients were part of a larger group of patients with sciatica who underwent MRI 
and were followed up for one year.  In this large group of sciatica patients, we now report on 
the MRI differences between patients who suffered from sciatica with disabling back pain as 
compared to patients who suffered from sciatica only. Furthermore we report on the relevance 
of these MRI differences for prognosis. 
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m a t e r i a l s  a n d m e t h o d s

ethics statement

The medical ethics committees at the nine participating hospitals (Leiden University Medical 
Center, Medical Center Haaglanden, Diaconessen Hospital, Groene Hart Hospital, Reinier 
de Graaf Hospital, Spaarne Hospital, Bronovo Hospital, Rijnland Hospital and Lange Land 
Hospital) approved the protocol. Written informed consent was obtained from all patients.

study population

Patients for this study were patients with intense lumbosacral nerve root pain who underwent 
a baseline MRI to assess the eligibility for the Sciatica Trial: a multicenter, randomized con-
trolled trial designed to determine whether early surgery results in better outcome compared 
to a strategy of prolonged conservative treatment with surgery if needed among patients with 
6-12 weeks sciatica.10,11 Patients who had symptoms being so severe that they were eligible for 
surgery according to their family physicians were referred to the neurologist who subsequently 
evaluated whether these patients were eligible to participate in the trial. Patients were excluded 
if they were presenting with cauda equina syndrome, insufficient strength to move against 
gravity, identical complaints in the previous 12 months, previous spine surgery, pregnancy, 
and severe coexisting disease. Participants who were not meeting one or more of the aforemen-
tioned exclusion criteria and had a lumbosacral radicular syndrome lasting between 6-12 weeks 
underwent an MRI and qualified to be included in this present study (thus for the present 
study it was not necessary to have a herniated disc visible on MRI). All patients with sciatica 
who underwent MRI (regardless of participation in the randomized trial) were followed for one 
year. Details of the design and study protocol have been published previously.11 

mri protocol and image evaluation

MRI scans were performed in all nine participating hospitals using standardized protocols 
tailored to a 1.5 Tesla scanner. Sagittal T1 and axial T1 spin echo images of the lumbar spine 
were acquired. In addition, T2 weighted sagittal and axial series, and contrast-enhanced 
(gadolinium-DTPA) T1 fat suppressed images were obtained. 

Two experienced neuroradiologists (BK and GL) and one neurosurgeon (CV) indepen-
dently evaluated all MR images. The readers were not provided any clinical information and 
had not been involved in the selection or care of the included patients. 

Definitions of imaging characteristics were based on recommendations from the combined 
task forces of the North American Spine Society, the American Society of Spine Radiology, and 
the American Society of Neuroradiology for classification of lumbar disc pathology.12 Vertebral 
Endplate Signal Changes were defined according to criteria of Modic.13,14 Standardized case 
record forms with definitions were used to evaluate the images (Appendix Table S1). 
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First, the blinded readers had to decide which disc level showed the most severe nerve 
root compression. For both the presence of disc herniation and nerve root compression a four 
point scale was used: “definite about the presence”, “probable about the presence”, “possible 
about the presence” and “definite about the absence”. The first two categories were combined 
and marked as having the abnormality present. The latter two categories were combined and 
marked as not having the abnormality present. Clinically relevant characteristics of the disc 
level and disc herniation were scored. Vertebral Endplate Signal Changes were evaluated from 
L2-L3 through L5-S1. 

outcomes

The patients were assessed by means of the Roland Disability Questionnaire for Sciatica (RDQ, 
scores range from 0 to 23, with higher scores indicating worse functional status)15 the 100-mm 
visual-analogue scale (VAS) for leg and low back pain (with 0 representing no pain and 100 the 
worst pain ever experienced),16 and a 7-point Likert self-rating scale of global perceived recov-
ery with answers ranging from completely recovered to much worse. Perceived recovery was 
defined as “complete” or “nearly complete disappearance of symptoms” on the patient-reported 
7-point Likert scale for global perceived recovery, while a score in the remaining five categories 
(varying from ‘‘minimally improved’’ to ‘‘very much worse’’) was marked as ‘‘no recovery”.10,11 
Outcome measures were assessed at baseline, 2, 4, 8, 12, 26, 38 and 52 weeks. 

statistical analysis

The majority opinion of the three readers regarding the MRI characteristics (answer indepen-
dently given by minimum 2 out of 3 readers) was used in the statistical analysis. Interobserver 
agreement regarding the MRI findings was determined by use of absolute percentages of agree-
ment and kappa values (weighted in case of ordered data). 

Disabling back pain was defined in the SIPS research group consensus meeting as a VAS 
for back pain of at least 40, as this cutt-off value is regularly used when the VAS is categorized 
into favorable and unfavorable outcome.17,18 Patients with missing VAS-back pain at baseline 
were excluded. Differences between patients with VAS-back pain of at least 40 and those with 
a VAS lower than 40 were assessed by using Student’s t-test for continuous data and Chi-square 
tests for categorical data. 

Logistic regression was used to determine the association between perceived recovery at one 
year and disabling back pain at baseline. On the basis of MRI characteristics that proved to be 
significantly different in proportions between patients with versus those without disabling back 
pain four subgroups were defined: back pain with and without the MRI characteristic, and no 
back pain with and without the MRI characteristic. Between group differences in continuous 
outcome measures (RDQ and VAS pain scores) during the first year were analyzed by repeated 
measurement analysis of variance.
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We assumed clinical outcome data to be missing at random and used model-based multiple 
imputation to impute the outcome values, a method in which the distribution of the observed 
data is used to construct sets of plausible values for the missing observations (10 imputed 
datasets). Variables included in the imputation model were age, gender, body-mass index, 
duration of symptoms, smoking, treatment group, all used MRI variables (Table S1 Appendix), 
and baseline and other follow-up measurements of the outcomes being predicted. Complete 
case analysis (i.e. no imputation) was performed as a sensitivity analysis. Statistical significance 
was defined as P <0.05.

Table 1 Baseline characteristics stratified by presence of disabling back pain. 

Variable Sciatica with disabling 
back pain
(n=158)

Sciatica with no 
disabling back pain

(n=221)

P-value

Age at baseline MRI 42.8±10.9 43.4±9.6 0.56

Male-sex 92 (58) 147 (67) 0.09

Duration of sciatica (weeks) 9.0±2.4 9.5±3.8 0.11

BMI║ 26.1±4.2 25.9±3.6 0.59

Treatment group 0.09

Non-randomized 48 (30) 50 (23)

Randomized to early surgery 60 (38) 79 (36)

Randomized to prolonged conservative care 50 (32) 92 (42)

Smoking 67 (42) 80 (36) 0.24

Roland disability score for sciatica¶

Baseline 17.4±3.3 15.0±4.5 <0.001

12 months 4.5±5.9 2.9±4.7 0.004

Visual-analogue scale of leg pain‡

Baseline 66.6±20.3 60.7±22.7 0.009

12 months 13.7±22.4 8.7±16.5 0.014

Visual-analogue scale of back pain‡

Baseline 63.3±16.2 12.1±11.6 <0.001

12 months 21.3±26.1 12.2±18.8 <0.001

Perceived recoveryò

12 months 111 (70) 195 (88) <0.001

Values are n (%) or means ± SD.
║Body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters
¶ The Roland disability questionnaire for sciatica is a disease-specific disability scale that measures 
functional status in patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
‡ The intensity of pain was indicated on a horizontal 100 mm visual analogue scale, with 0 representing 
no pain and 100 the worst pain ever experienced.
ò Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
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re s u l t s

Of the 599 patients screened for the study, 395 patients underwent MRI of whom 283 patients 
were randomized.10,19 In total, 283 baseline MRI’s of the 283 randomized patients and 106 
MRI’s of 112 non-randomized patients could be retrieved, bringing the total to 389 MRI’s. Of 
the randomized patients 91% depicted a disc herniation with nerve root compression on MRI 
compared to 49% of the non-randomized patients. Baseline VAS of back pain was not available 
for 10 (2.6%) patients. Of the 379 eligible patients, 158 (42%) had a VAS of at least 40 with 
a mean of 63.3 (95% Confidence Interval [CI] 61-66) and 221 (58%) patients had a VAS 
of back pain of less than 40 with a mean VAS of 12.1 (95% CI 11-14). At baseline, sciatica 
patients with and without disabling back pain had a statistically significant but clinically small 
difference in RDQ and VAS-leg pain (17.4 vs. 15.0 and 66.6 vs. 60.7 respectively) (Table 1). 
Clinical outcome at 52 weeks was missing in 12-13% of patients (Appendix Table S2). Baseline 
RDQ and VAS for leg and back pain were comparable among patients for whom clinical 
outcome at 52 weeks was available and those for whom not (P-value range 0.21-0.42).

Substantial agreement was found for the MRI assessed presence of disc herniation (kappa 
range 0.67-0.75) and nerve root compression (kappa range 0.60-0.80) (Appendix Table S3). 

Table 2 Comparison of MRI characteristics between sciatica patients with and without disabling back 
pain at baseline.  

Sciatica with disabling 
back pain
 (n=158)

Sciatica with no 
disabling back pain

 (n=221)

P-value

MRI characteristic

Presence of disc herniation 120 (76) 202 (91) <0.001

Presence of nerve root compression 108 (68) 195 (88) <0.001

Presence of Vertebral Endplate Signal Changes 
at one or more lumbar level ¶

63 (41) 94 (43) 0.91

Type 1 3 (5) 6 (6)

Type 2 58 (92) 84 (89)

Type 3 0 (0) 1 (1)

Mixed Type 1 and 2 2 (3) 3 (3)

Presence of Schmorl’s nodules (herniation of the 
disc into the vertebral-body endplate)  at one or 
more levels

18 (12) 25 (11) 0.94

Values are n (%)
¶ Vertebral Endplate Signal Changes were defined according to criteria of Modic and their presence 
was assessed from vertebral endplates L2-L3 through L5-S1. Type 1 lesions: hypointense in T1-weighted 
sequences and hyperintense in T2-weighted sequences. Type 2 lesions: increased signal on T1 weighted 
sequences and isointense or slightly hyperintense signal on T2 weighted sequences. Type 3 lesions: 
hypointense both in T1- and T2-weighted sequences.
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Moderate agreement was found for the size of the disc herniation (kappa range 0.35-0.55) and 
presence of vertebral endplate signal changes (kappa range 0.49-0.67).

mri differences with and without disabling back pain

Of patients with both sciatica and disabling back pain 76% had a disc herniation on MRI 
compared to 91% of patients without disabling back pain (P<0.001) (Table 2). Nerve root 
compression on MRI was observed less frequently in patients with both disabling sciatica 
and back pain compared to patients with predominantly sciatica (68% vs. 88%, P<0.001). 
No significant differences existed in prevalence of Vertebral Endplate Signal Changes between 
sciatica patients with and without disabling back pain (41% vs. 43%, P=0.70). 

A comparison of the characteristics of the herniated disc itself between sciatica patients 
with and without disabling back pain is shown in Table 3. Large disc herniations (size >50% of 
spinal canal) were observed in an equal percentage (18%) between patients with and without 
disabling back pain. Also, no significant difference existed in extrusions between patients with 
and without disabling back pain (64% vs. 67%, P=0.66). 

clinical outcome in relation to disabling back pain and mri differences 

The existence of disabling back pain in sciatica at baseline was negatively associated with per-
ceived recovery at one year (Odds ratio [OR] 0.32, 95% CI 0.18-0.56, P<0.001). This result 
was consistent with the continuous outcomes RDQ and VAS pain scores (Appendix Figure 
S1). By contrast, presence of disc herniation on MRI at baseline was positively associated with 
perceived recovery at one year (OR 3.18, 95% CI 1.6-6.4, P=0.001). Same holds for nerve root 
compression (OR 4.99, 95% CI 2.7-9.2, P<0.001). 

The reported prevalence of perceived recovery at one year was 81% for sciatica patients 
who had at baseline disabling back pain and nerve root compression, 50% for patients who 
had at baseline back pain but no nerve root compression, 91% for patients who had at base-
line no back pain but depicted nerve root compression on MRI, and 73% for patients who 
had at baseline no back pain and no nerve root compression (P<0.001) (Table 4). In the 
stratified analysis according to treatment group the overall trends were comparable with the 
non-stratified analysis (Appendix Table S4).  

In patients with disabling back pain, those who also had nerve root compression on MRI 
significantly reported more favorable recovery from their back pain at one year compared to 
those who had not depicted nerve root compression at baseline (Figure 1).  

The sensitivity analyses yielded comparable results (with complete case analysis instead of 
multiple imputation of missing data) (Appendix Table S5).  
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Table 3 Comparison of the characteristics of the herniated disc on MRI between sciatica patients with 
and without disabling back pain at baseline. Values are n (%). N=330

Sciatica with 
disabling back 

pain
 (n=125)

Sciatica with no 
disabling back 

pain
 (n=205)

P-value

Size of disc herniation

Size > 50% in relation to spinal canal 23 (18) 37 (18) 0.95

Size < 50% in relation to spinal canal 102 (82) 167 (81)

Not classifiable 0 (0) 1 (1)

Location of disc herniation

 Central and/or subarticular 111 (89) 183 (89) 0.70

Foraminal and/or extraforaminal 14 (11) 20 (10)

Not classifiable 0 (0) 2 (1)

Morphology of disc herniation

Extrusion 80 (64) 138 (67) 0.66

Protrusion 42 (34) 65 (32)

Not classifiable 3 (2) 2 (1)

Loss of disc height at the disc level of the disc 
herniation

Yes 112 (90) 186 (91) 0.96

No 10 (8) 17 (8)

Not classifiable 3 (2) 2 (1)

Signal intensity of nucleus pulposus on T2 images  
at the disc level of the disc herniation

Hypointensity 110 (88) 185 (90) 0.72

Normal 10 (8) 15 (7)

Hyperintensity  (0) 1 (1)

Not classifiable 5 (4) 4 (2)

Presence of Vertebral Endplate Signal Changes at 
the disc level of the disc herniation ¶

Type 1 2 (4) 6 (7) 0.70

Type 2 51 (93) 76 (91)

Type 3 0 (0) 0 (0)

Mixed Type 1 and 2 2 (4) 2 (2)

Values are n (%)
¶ Vertebral Endplate Signal Changes were defined according to criteria of Modic. Type 1 lesions: 
hypointense in T1-weighted sequences and hyperintense in T2-weighted sequences. Type 2 lesions: 
increased signal on T1 weighted sequences and isointense or slightly hyperintense signal on T2 
weighted sequences. Type 3 lesions: hypointense both in T1- and T2-weighted sequences. 
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d i s c u s s i o n

In this study of patients with sciatica who were followed for one year, those with disabling back 
pain at baseline reported an unfavorable prognosis at one-year follow-up compared to those 
with predominantly sciatica. If additionally a herniated disc with nerve root compression on 
MRI was absent, the results were even worse. Herniated discs and nerve root compression on 
MRI were more prevalent among patients with predominantly sciatica compared to those who 
suffered from additional disabling back pain. However, vertebral endplate signal changes were 
equally distributed between those with and without disabling back pain. Remarkably large 
disc herniations and extruded disc herniations were also equally distributed between the two 
groups.

Over the past two decades there has been an ongoing scientific debate about the clinical 
relevance of MRI morphological variations.7,8 To uncover the relevance of imaging findings, 
knowledge regarding their prevalence and relation with symptoms in different (sub)groups is 
needed. However, in most clinical studies, patients with herniated discs have been reported as 
a single pathological group.20 Comparable to this study, some researchers have attempted to 

Table 4 Clinical outcome measures at one year according to subgroups at baseline. Subgroups defined 
by the presence of disabling back pain and the presence of a disc herniation or nerve root compression 
on MRI at baseline. Values are n (%) or means ± SD. N=379

Clinical outcome at one year

Perceived 
recoveryò

Roland 
Disability‡

VAS-Leg 
pain¶

VAS-back 
pain¶

Subgroups according to back pain and presence of 
nerve root compression on MRI at baseline

Back pain and nerve root compression (n=108) 87 (81) 3.6±5.8 11.8±21.7 17.4±23.9

Back pain and no nerve root compression (n=50) 25 (50) 6.4±5.8 17.8±23.5 29.6±28.8

No back pain and nerve root compression (n=195) 177 (91) 2.7±4.4 7.6±14.1 11.4±17.2

No back pain and no nerve root compression (n=26) 19 (73) 4.5±6.6 16.7±27.9 18.7±27.4

Subgroups according to back pain and presence of 
disc herniation on MRI at baseline

Back pain and disc herniation (n=120) 90 (75) 4.2±6.2 14.4±23.9 20.0±26.2

Back pain and no disc herniation (n=38) 22 (58) 5.4±5.1 11.6±16.8 25.2±25.8

No back pain and disc herniation (n=202) 181 (90) 2.8±4.5 7.7±14.1 11.6±17.3

No back pain and no disc herniation (n=19) 14 (74) 4.1±6.5 18.8±31.7 18.3±29.9

ò Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale
that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, 
with higher scores indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
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identify MRI differences between (sub)groups. MRI differences have been reported between 
patients with both sciatica and low back pain compared to asymptomatic control subjects,7 
and between sciatica patients compared to low back pain patients.21 The finding that vertebral 
endplate signal changes was equally distributed between those with and without disabling back 
pain was surprising as they are hypothesized to be a causative factor in low back pain.22,23 The 
finding that extruded disc herniations and large disc herniations were also equally distributed 
between the two groups was also surprising as both findings have been reported to correlate 
with the severity of symptoms in sciatica.6,7 However, these studies did not compare these find-
ings between sciatica patients with and without back pain. Comparable to this study, Vroomen 
described a more favourable prognosis for patients with compared to those without nerve root 
compression on MRI.24

The preoccupation with the herniated disc as a source of disabling low back and leg pain 
has led disc surgery to become one of the most commonly performed operative procedures. 
However, disc herniations are often seen on imaging studies in patients without symptoms.7,8 
Contrary, in this study, a substantial number of patients without disc herniation or nerve 

Figure 1 Repeated measurement analysis curve of Mean Scores for back pain on the Visual-Analogue 
Scale. Sciatica patients with both disabling back pain and nerve root compression on MRI were compared 
with patients with disabling back pain but who did not depict nerve root compression on MRI at baseline. 
The vertical bars represent 95% confidence intervals. 
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compression suffered from sciatica. The worldwide accepted mechanical compression theory 
therefore seems not to offer a sufficient explanation for the cause of the disabling back and leg 
symptoms in sciatica. Some researchers suggested that inflammation of the nerve root may also 
be a major factor in sciatica.25,26 Back in time, Cotugnio, an 18th Century Italian physician, 
explained the sciatic complaints as a consequence of neuritis or edema of the sciatic nerve.3,4 
If this hypothesis is correct, the finding that sciatica patients with back pain less often had 
a herniated disc compared to patients with predominantly sciatica may be explained by a 
higher inflammatory component in sciatica patients with back pain. This may also explain why 
sciatica patients with back pain fared worse compared to patients with predominantly sciatica 
as the extent of inflammation may be a causative factor in the cases with persistent pain and 
functional disability. 

The results after lumbar disc surgery do not seem to have improved during recent decades. 
Depending upon the used outcome measure, both classical studies and recent randomized 
controlled trials show that during longer follow-up treatment results for sciatica are satisfac-
tory in 60 to 85% of the patients.10,19,27,28,29 The number of proposed interventions, developed 
by numerous disciplines, is overwhelming. The results of this study indicate that in sciatica 
subgroups with different prognostic profiles can be identified. A shift from a “one-size fits all” 
approach, where heterogeneous groups of patients receive broadly similar treatments, towards 
targeted treatments according to prognostic profiles or specific characteristics, may help to 
improve the treatment results.30

A strength of this study was the blinded MRI assessment and follow-up of all patients with 
6-12 weeks sciatica who underwent MRI, regardless of participation in the randomized trial. 
A limitation of the present study is that the study population consisted of sciatica patients 
who had severe symptoms and were referred to the neurologists. These patients were willing 
to undergo surgery, so patients with a clear preference for conservative treatment are under-
represented. Some might view the agreement among MRI readers as suboptimal. However, the 
kappa values are comparable with those found in previous studies 8,31,32 and therefore one might 
consider them to reflect existing agreement among expert readers in clinical practice. 

c o n c l u s i o n s

Sciatica patients with disabling low back pain reported an unfavorable prognosis at one-year 
follow-up compared to those with predominantly sciatica. If additionally a clear herniated disc 
with nerve root compression on MRI was absent, the results were even worse. Further research 
is needed to identify the reasons behind the different prognostic profiles in sciatica and how to 
apply new or existing therapeutic strategies accordingly.



85

re f e re n c e s

	 1.	 Koes BW, van Tulder MW, Peul WC (2007) Diagnosis and treatment of sciatica. BMJ 334: 1313-1317.
	 2.	  Dagenais S, Caro J, Haldeman S (2008) A systematic review of low back pain cost of illness studies in 

the United States and internationally. Spine J 8: 8-20.
	 3.	  Robinson JS (1983) Sciatica and the lumbar disk syndrome: a historic perspective. South Med J 76: 

232-238.
	 4.	  Cotugnio D (1764.) De ischiade nervosa commentarius. Neapoli apud frat Simonios 12 ed. Viennæ:.
	 5.	  Mixter WJ, Barr JS (1934) Rupture of Intervertebral Disc with Involvement of Spinal Canal. N Engl J 

Med 211: 210-215.
	 6.	  Beattie PF, Meyers SP, Stratford P, Millard RW, Hollenberg GM (2000) Associations between patient 

report of symptoms and anatomic impairment visible on lumbar magnetic resonance imaging. Spine 
(Phila Pa 1976) 25: 819-828.

	 7.	  Boos N, Rieder R, Schade V, Spratt KF, Semmer N, et al. (1995) 1995 Volvo Award in clinical sciences. 
The diagnostic accuracy of magnetic resonance imaging, work perception, and psychosocial factors in 
identifying symptomatic disc herniations. Spine (Phila Pa 1976) 20: 2613-2625.

	 8.	  Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic MT, Malkasian D, et al. (1994) Magnetic 
resonance imaging of the lumbar spine in people without back pain. N Engl J Med 331: 69-73.

	 9.	  Haugen AJ, Brox JI, Grovle L, Keller A, Natvig B, et al. Prognostic factors for non-success in patients 
with sciatica and disc herniation. BMC Musculoskelet Disord 13: 183.

	 10.	  Peul WC, van Houwelingen HC, van den Hout WB, Brand R, Eekhof JA, et al. (2007) Surgery versus 
prolonged conservative treatment for sciatica. N Engl J Med 356: 2245-2256.

	 11.	  Peul WC, van Houwelingen HC, van der Hout WB, Brand R, Eekhof JA, et al. (2005) Prolonged 
conservative treatment or ‘early’ surgery in sciatica caused by a lumbar disc herniation: rationale and 
design of a randomized trial [ISRCT 26872154]. BMC Musculoskelet Disord 6: 8.

	 12.	  Fardon DF, Milette PC (2001) Nomenclature and classification of lumbar disc pathology. Recom-
mendations of the Combined task Forces of the North American Spine Society, American Society of 
Spine Radiology, and American Society of Neuroradiology. Spine (Phila Pa 1976) 26: E93-E113.

	 13.	  Modic MT, Masaryk TJ, Ross JS, Carter JR (1988) Imaging of degenerative disk disease. Radiology 168: 
177-186.

	 14.	  Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR (1988) Degenerative disk disease: assessment 
of changes in vertebral body marrow with MR imaging. Radiology 166: 193-199.

	 15.	  Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, et al. (1995) Assessing health-related quality of 
life in patients with sciatica. Spine (Phila Pa 1976) 20: 1899-1908; discussion 1909.

	 16.	  Collins SL, Moore RA, McQuay HJ (1997) The visual analogue pain intensity scale: what is moderate 
pain in millimetres? Pain 72: 95-97.

	 17.	  Peters ML, Sommer M, de Rijke JM, Kessels F, Heineman E, et al. (2007) Somatic and psychologic 
predictors of long-term unfavorable outcome after surgical intervention. Ann Surg 245: 487-494.

	 18.	  Yamashita K, Ohzono K, Hiroshima K (2006) Patient satisfaction as an outcome measure after surgical 
treatment for lumbar spinal stenosis: testing the validity and discriminative ability in terms of symptoms 
and functional status. Spine (Phila Pa 1976) 31: 2602-2608.

	 19.	  Peul WC, van den Hout WB, Brand R, Thomeer RT, Koes BW (2008) Prolonged conservative care 
versus early surgery in patients with sciatica caused by lumbar disc herniation: two year results of a 
randomised controlled trial. BMJ 336: 1355-1358.

	 20.	  Carragee EJ, Han MY, Suen PW, Kim D (2003) Clinical outcomes after lumbar discectomy for sciatica: 
the effects of fragment type and anular competence. J Bone Joint Surg Am 85-A: 102-108.



86 Chapter 5

	 21.	  Modic MT, Obuchowski NA, Ross JS, Brant-Zawadzki MN, Grooff PN, et al. (2005) Acute low 
back pain and radiculopathy: MR imaging findings and their prognostic role and effect on outcome. 
Radiology 237: 597-604.

	 22.	  Albert HB, Kjaer P, Jensen TS, Sorensen JS, Bendix T, et al. (2008) Modic changes, possible causes and 
relation to low back pain. Med Hypotheses 70: 361-368.

	 23.	  Jensen TS, Karppinen J, Sorensen JS, Niinimaki J, Leboeuf-Yde C (2008) Vertebral endplate signal 
changes (Modic change): a systematic literature review of prevalence and association with non-specific 
low back pain. Eur Spine J 17: 1407-1422.

	 24.	  Vroomen PC, Wilmink JT, de KM (2002) Prognostic value of MRI findings in sciatica. Neuroradiology 
44: 59-63.

	 25.	  Chen C, Cavanaugh JM, Ozaktay AC, Kallakuri S, King AI (1997) Effects of phospholipase A2 on 
lumbar nerve root structure and function. Spine (Phila Pa 1976) 22: 1057-1064.

	 26.	  Saal JS, Franson RC, Dobrow R, Saal JA, White AH, et al. (1990) High levels of inflammatory phos-
pholipase A2 activity in lumbar disc herniations. Spine (Phila Pa 1976) 15: 674-678.

	 27.	  Jacobs WC, van Tulder M, Arts M, Rubinstein SM, van Middelkoop M, et al. (2011) Surgery versus 
conservative management of sciatica due to a lumbar herniated disc: a systematic review. Eur Spine J 20: 
513-522.

	 28.	  Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE (2005) Long-term outcomes of surgical and nonsurgi-
cal management of sciatica secondary to a lumbar disc herniation: 10 year results from the maine lumbar 
spine study. Spine (Phila Pa 1976) 30: 927-935.

	 29.	  Weber H (1983) Lumbar disc herniation. A controlled, prospective study with ten years of observation. 
Spine (Phila Pa 1976) 8: 131-140.

	 30.	  Konstantinou K, Beardmore R, Dunn KM, Lewis M, Hider SL, et al. (2012) Clinical course, charac-
teristics and prognostic indicators in patients presenting with back and leg pain in primary care. The 
ATLAS study protocol. BMC Musculoskelet Disord 13: 4.

	 31.	  Brant-Zawadzki MN, Jensen MC, Obuchowski N, Ross JS, Modic MT (1995) Interobserver and 
intraobserver variability in interpretation of lumbar disc abnormalities. A comparison of two nomencla-
tures. Spine (Phila Pa 1976) 20: 1257-1263; discussion 1264.

	 32.	  Jarvik JG, Haynor DR, Koepsell TD, Bronstein A, Ashley D, et al. (1996) Interreader reliability for a 
new classification of lumbar disk disease. Acad Radiol 3: 537-544.



87

Disc contour at this disc 
level 

1. Bulging: presence of disc tissue circumferentially (50-
100%) beyond the edges of the ring apophyses
2. Herniation: localized displacement of disc material 
beyond the normal margins of the intervertebral disc 
space
3. Not applicable, all disc levels have a normal disc 
contour: no disc extension beyond the normal margins of 
the intervertebral disc space at any disc level

Certainty about the 
presence of this disc 
herniation

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider but 
probability < 50%
4. Definite about the absence: no doubt about the  
absence

Loss of disc height 
(distance between the 
planes of the end-plates 
of the vertebrae craniad 
and caudad to the disc) 
at this disc level

1. Yes 
2. No

Signal intensity of 
nucleus pulposus on T2 
images at this level

1. Hypointensity
2. Normal
3. Hyperintensity

If a herniation at 
the disc level is 
considered

Side of this disc 
herniation

1. Right 
2. Left 
3. Right and left

Location on axial view 
of this disc herniation

1. Central zone: zone within the vertebral canal between 
sagittal planes through the medial edges of each facet 
2. Sub-articular zone: zone, within the vertebral canal, 
sagittally between the plane of the medial edges of 
the pedicles and the plane of the medial edges of the 
facets, and coronally between the planes of the posterior 
surfaces of the vertebral bodies and the under anterior 
surfaces of the superior facets.
3. Foraminal zone: zone between planes passing through 
the medial and lateral edges of the pedicles 
4. Extra-foraminal zone: the zone beyond the sagittal 
plane of the lateral edges of the pedicles, having no well-
defined lateral border.

MRI variable Type Categories

Disc level with the 
most severe nerve 
root compression

Disc level 1. L2L3
2. L3L4
3. L4L5
4. L5S1
5. Not applicable, all disc levels have a normal disc 
contour: no disc extension beyond the normal margins of 
the intervertebral disc space at any disc level

Table S1 MRI study variables. The three readers (2 neuroradiologists and one neurosurgeon) 
independently used the same case record form.
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Size of this disc 
herniation in relation to 
spinal canal

1. Large stenosing: size >75% of the spinal canal
2. Large: size 75-50% of the spinal canal
3. Average: size 25-50%  of the spinal canal
4. Small: size <25%  of the spinal canal 

Morphology 1. Protrusion: localized displacement of disc material 
beyond the intervertebral disc space, with the base 
against the disc of origin broader than any other 
dimension of the protrusion.
2. Extrusion: localized displacement of disc material 
beyond the intervertebral disc space, with the base agains 
the disc of origin narrower than any one distance between 
the edges of the disc material beyond the disc space 
measured in the same plane, or when no continuity exists 
between the disc material beyond the disc space and that 
within the disc space. 

Nerve root 
compression 

Certainty about the 
presence of nerve root 
compression

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider but 
probability < 50%
4. Definite about the absence: no doubt about the  
absence

Separate for every 
end plate from level 
L2-L3 through  L5-S1

Presence of vertebral 
endplate signal 
changes (VESC) 

1. No VESC
2. VESC type 1: hypointense in T1-weighted sequences 
and hyperintense on T2-weighted sequences
3. VESC type 2: increased signal on T1 weighted sequences 
and isointense or slightly hyperintense signal on T2 
weighted sequences
4. VESC type 3: hypointense both on T1- and T2-weighted 
sequences
5. VESC type 1 and 2

Presence of Schmorl’s 
nodes (herniation of the 
disc into the vertebral-
body end plate) 

1. Yes
2. No



89

Table S2 Outcome measurements available at 52 weeks after baseline MRI. The mentioned 
outcome measures were assessed at baseline, 2, 4, 8, 12, 26, 38, and 52 weeks. Values are n (%). Total 
n=379  

Number of patients (%)

Visual Analogue scale for back pain at 52 weeks¶

Outcome available at 52 weeks 332 (88)

At least one follow-up examination  37 (10)

Lost to follow-up after baseline examination 10 (3)

Global perceived recovery on a 7-point Likert scale at 52 weeksò

Outcome available at 52 weeks 330 (87)

At least one follow-up examination 39 (10)

Lost to follow-up after baseline examination 10 (3)

Roland disability questionnaire at 52 weeks‡

Outcome available at 52 weeks 333 (88)

At least one follow-up examination 36 (9)

Lost to follow-up after baseline examination 10 (3)

Visual Analogue scale for leg pain at 52 weeks¶

Outcome available at 52 weeks 334 (88)

At least one follow-up examination 35 (9)

Lost to follow-up after baseline examination 10 (3)

¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
ò Global perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale
that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, 
with higher scores indicating worse functional status.
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Table S3 Interobserver agreement regarding the MRI characteristics. Reader A en B represent the 
two neuroradiologists, while reader C represents the neurosurgeon. Kappa values and percentages of 
agreement for the characteristics of disc herniation were only calculated if the observers agreed about 
their presence (e.g. when a reading pair showed disagreement about the presence of disc herniation, 
this patient did not contribute to the interagreement analysis regarding the characteristics of the 
herniated disc).

A vs B A vs C B vs C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Disc level with the most severe 
nerve root compression ¶

92.0 0.86 88.4 0.81 90.5 0.84 86.4 0.84

Probability of disc herniation  
(2 categories) ‡

93.6 0.75 91.8 0.71 90.0 0.67 87.7 0.71

Probability of nerve root 
compression 
(2 categories) ‡

94.1 0.80 85.4 0.62 84.6 0.60 82.0 0.66

Presence of vertebral end plate 
changes ò

73.8 0.49 83.4 0.67 81.0 0.60 69.1 0.58

Presence of Schmorl’s nodes ò 80.3 0.25 81.6 0.47 82.6 0.26 72.2 0.33

Characteristics disc herniation

Location axial view ╞ 94.2 0.88 95.5 0.90 96.7 0.93 95.6 0.92

Size disc herniation in relation to 
spinal canal

(2 categories) ║

82.1 0.55 76.3 0.35 86.3 0.47 71.5 0.44

Protrusion versus extrusion 77.4 0.48 75.0 0.50 73.7 0.44 63.2 0.46

Loss of disc height of the disc 
level ò

97.9 0.86 72.2 0.26 72.4 0.26 71.5 0.31

Signal intensity of nucleus 
pulposus on T2 images § 

95.3 0.75 90.4 0.64 90.7 0.57 88.6 0.61

¶ The 5 categories were: 1) L2L3 2) L3L4 3) L4L5 4) L5S1 5) Not applicable, all disc levels have a normal 
disc contour: no disc extension beyond the normal margins of the intervertebral disc space at any disc 
level. 
‡ The categories “Definite and probable about the presence” were combined to one category and the 
categories “possible about the presence” and “definite about the absence” were also combined to one 
category.
ò Categories were: yes versus no.
╞ Categories were: 1) Central zone 2) Sub-articular zone 3) Foraminal zone 4) Extra-foraminal zone.
║ The categories “large stenosing” and “large” were combined to one category and the categories 
“average” and “small” were also combined to one category.
§ Categories were: 1) Hypointensity 2) Normal 3) Hyperintensity.
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Table S4 Clinical outcome measures at one year stratified according to subgroups at baseline and 
treatment group. Values are n (%) or means ± SD. 

Clinical outcome at one year

Perceived 
recoveryò

Roland 
Disability‡

VAS-Leg 
pain¶

VAS-back 
pain¶

Patient not randomized

Back pain and nerve root compression (n=14) 11 (79) 3.4±4.2 5.9±8.5 18.5±21.3

Back pain and no nerve root compression (n=34) 16 (47) 6.3±5.2 14.8±17.3 29.2±2.6

No back pain and nerve root compression (n=33) 31 (94) 2.7±3.9 7.3±13.6 7.5±13.0

No back pain and no nerve root compression (n=17) 11 (65) 5.7±7.1 20.6±32.3 22.8±31.2

Patients assigned to surgery

Back pain and nerve root compression (n=52) 42 (81) 3.4±6.2 12.9±22.2 15.6±22.2

Back pain and no nerve root compression (n=8) 4 (50) 8.7±7.4 34.7±33.6 36.6±34.4

No back pain and nerve root compression (n=73) 69 (95) 2.4±4.4 6.7±14.5 10.9±18.6

No back pain and no nerve root compression (n=6) 4 (67) 4.3±7.0 11.7±18.0 15.3±20.7

Patients assigned to conservative care

Back pain and nerve root compression (n=42) 34 (81) 4.1±5.9 13.0±23.7 19.5±26.9

Back pain and no nerve root compression (n=8) 2 (25) 9.8±5.0 31.8±25.4 39.2±32.0

No back pain and nerve root compression (n=89) 77 (87) 3.1±4.5 9.1±14.0 13.1±17.2

No back pain and no nerve root compression (n=3) 3 (100) 1.0±1.7 2.3±2.3 3.7±4.0

ò Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale
that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, 
with higher scores indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
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Table S5 Clinical outcome measures at one year according to subgroups at baseline. Subgroups 
defined by the presence of back pain and disc herniation or nerve root compression on MRI at baseline. 
This analysis only included patients with available clinical outcome at one year. Values are n (%) or means 
± SD. N=330

Clinical outcome at one year

Perceived 
recoveryò

Roland 
Disability‡

VAS-Leg 
pain¶

VAS-back 
pain¶

Subgroups according to back pain and presence of 
nerve root compression on MRI at baseline

Back pain and nerve root compression (n=101) 80 (79) 3.8±5.9 12.1±22.0 17.9±24.4

Back pain and no nerve root compression (n=30) 10 (33) 8.3±5.8 22.8±25.6 35.9±30.5

No back pain and nerve root compression (n=176) 161 (91) 2.6±4.4 7.1±13.1 10.9±16.5

No back pain and no nerve root compression (n=23) 16 (70) 4.7±6.9 17.9±28.8 19.7±28.3

Subgroups according to back pain and presence of 
disc herniation on MRI at baseline

Back pain and disc herniation (n=111) 82 (74) 4.4±6.3 14.9±24.4 20.8±26.8

Back pain and no disc herniation (n=20) 8 (40) 6.9±5.2 12.9±15.6 28.3±27.1

No back pain and disc herniation (n=185) 167 (90) 2.8±4.5 7.3±13.2 11.3±16.7

No back pain and no disc herniation (n=14) 10 (71) 4.1±7.0 22.3±34.8 21.1±33.2

ò Perceived recovery was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale
that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, 
with higher scores indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
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S1B Curve for the mean scores on the visual-analogue scale for intensity of back pain (scale ranges 
from 0 to 100 mm, with higher scores indicating more intense pain) in relation to disabling back pain at 
baseline.

S1A Curve for the mean Roland Disability Questionnaire (scores range from 0 to 23, with higher scores 
indicating worse functional status) in relation to disabling back pain at baseline. 
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S1C Curve for the mean scores on the visual-analogue scale for intensity of leg pain (scale ranges from 0 
to 100 mm, with higher scores indicating more intense pain) in relation to disabling back pain at baseline.
Figure S1 Repeated measurement analysis curves of Mean Scores on the Roland Disability Questionnaire 
(1A), the Visual-Analogue Scale for back pain (1B), and the Visual-Analogue Scale for leg pain (1C) in 
relation to disabling back pain at baseline. The vertical bars represent 95% confidence intervals.
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a b s t r a c t

background

Magnetic resonance imaging (MRI) is frequently performed during follow-up in patients with 
known lumbar-disk herniation and persistent symptoms of sciatica.
The association between findings on MRI and clinical outcome is controversial.

methods

We studied 283 patients in a randomized trial comparing surgery and prolonged
conservative care for sciatica and lumbar-disk herniation. Patients underwent MRI at
baseline and after 1 year. We used a 4-point scale to assess disk herniation on MRI,
ranging from 1 for “definitely present” to 4 for “definitely absent.” A favorable clinical
outcome was defined as complete or nearly complete disappearance of symptoms at
1 year. We compared proportions of patients with a favorable outcome among those
with a definite absence of disk herniation and those with a definite, probable, or
possible presence of disk herniation at 1 year. The area under the receiver-operating character-
istic (ROC) curve was used to assess the prognostic accuracy of the 4-point
scores regarding a favorable or unfavorable outcome, with 1 indicating perfect discriminatory 
value and 0.5 or less indicating no discriminatory value.

results

At 1 year, 84% of the patients reported having a favorable outcome. Disk herniation
was visible in 35% with a favorable outcome and in 33% with an unfavorable outcome
(P = 0.70). A favorable outcome was reported in 85% of patients with disk herniation and 83% 
without disk herniation (P = 0.70). MRI assessment of disk herniation did not distinguish 
between patients with a favorable outcome and those with an unfavorable outcome (area under 
ROC curve, 0.48).

conclusions

MRI performed at 1-year follow-up in patients who had been treated for sciatica and
lumbar-disk herniation did not distinguish between those with a favorable outcome
and those with an unfavorable outcome. (Funded by the Netherlands Organization
for Health Research and Development and the Hoelen Foundation; Controlled Clinical
Trials number, ISRCTN26872154.)
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i n t r o d u c t i o n

Sciatica is a relatively common condition, with a lifetime incidence of 13 to 40%.1 The most 
common cause of sciatica is a herniated disk. The natural history of sciatica is favorable, with 
spontaneous resolution of leg pain within 8 weeks in the majority of patients.2 Surgery should 
be offered only if symptoms persist after a period of conservative treatment. However, con-
trary to what one might expect, given the advancements in diagnostic imaging and surgical 
techniques, the results after lumbar-disk surgery do not seem to have improved during recent 
decades. Both classical studies and randomized, controlled trials have shown that during longer 
follow-up at least 15 to 20% of patients report recurring or persistent symptoms after a first 
episode of sciatica, regardless of whether they underwent surgery.3-6 Persistent or recurrent sci-
atica despite treatment leads to physical and emotional suffering for the patient and substantial 
costs in terms of treatment, sick leave, and pensions for society.7, 8 

Magnetic resonance imaging (MRI), which is considered the imaging procedure of choice 
for patients in whom lumbar-disk herniation is suspected,9, 10 is frequently performed in patients 
with persistent or recurrent symptoms of sciatica.11 However, the association between findings 
on MRI and symptoms is controversial, with several studies showing a high prevalence of disk 
herniation, ranging from 20 to 76%, in persons without any symptoms.9, 12 Even after disk 
surgery, MRI studies have shown disk herniation in up to 53% of asymptomatic persons.13-15 
Therefore, one could question the value of repeating MRI in clinical practice, given the high 
percentage of MRI abnormalities in persons with no clinical history of sciatica or physical 
findings of nerve root pain.11, 16 Despite the scientific debate,  physicians often order repeat 
MRI studies (usually with gadolinium) for patients with persistent or recurrent symptoms of 
sciatica.11 Moreover, abnormal MRI findings frequently result in surgical treatment or other 
invasive procedures, such as epidural injections.17, 18 

We previously reported the clinical outcome results of a randomized, controlled trial, which 
was designed to define the effect of timing of surgery for patients with sciatica.4 The trial 
showed that recovery after early surgery was faster than a strategy of prolonged conservative 
care with surgery if needed, but there were no significant differences in clinical outcomes after 
1 year. We now report on the radiologic findings at 1 year, changes in these findings over time, 
and their correlation with clinical outcome. 

m e t h o d s

study population

Patients in this study were participants in the Sciatica Trial, a multicenter, randomized trial 
among patients with a history of 6 to 12 weeks of sciatica and disk herniation, as seen on 
MRI. Patients were included only if they had a dermatomal pattern of pain distribution with 
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concomitant neurologic disturbances that correlated with the same nerve root being affected 
on MRI. An early surgery strategy was compared with prolonged conservative care for an 
additional 6 months followed by surgery for patients whose symptoms did not improve or who 
requested surgery earlier because of aggravating symptoms.4, 19 The medical ethics committee 
at each of the nine participating hospitals approved the protocol, which is available with the 
full text of this article at NEJM.org. Written informed consent was obtained from all patients.

mri protocol and image evaluation

Patients underwent MRI at baseline and 1 year after randomization. The 1-year evaluation 
period was selected since postoperative fibrosis usually stabilizes by 6 months, with no further 
changes at 1 year.20 

MRI scans were performed at each study center with the use of standardized protocols 
tailored to a 1.5-Tesla scanner. Sagittal T1-weighted images and axial T1-weighted spin–echo 
images of the lumbar spine were obtained, as well as T2-weighted sagittal and axial series and 
contrast enhanced (gadolinium) fat-suppressed T1-weighted images.

Two experienced neuroradiologists and one neurosurgeon independently evaluated all MRI 
scans. The readers were not provided any clinical information and had not been involved in the 
selection or care of the included patients. 

Definitions of imaging characteristics were based on recommendations from the combined 
task forces of the North American Spine Society, the American Society of Spine Radiology, and 
the American Society of Neuroradiology for classification of lumbar-disk pathology.21 Before 
the start of the study, the readers met in person to evaluate and refine the definitions. Standard-
ized case-record forms with final definitions were used to evaluate the images (see Table S1 in 
the Supplementary Appendix, available at NEJM.org).

First, the readers had to decide which disk level showed the most severe nerve-root compres-
sion. At this level, the disk contour was categorized into one of three categories: disk herniation, 
bulging disk, and normal disk. Afterward, the readers used a 4-point scale to evaluate the scans 
for the presence of disk herniation and root compression as follows: 1 for definite presence, 2 
for probable presence, 3 for possible presence, and 4 for definite absence.

Scans that were categorized as “definite absence” of disk herniation may have included 
those with either a normal or bulging disk. When a disk herniation was considered to be 
present (definite, probable, or possible), multiple characteristics of the disk herniation were 
additionally scored. 

outcomes

In the randomized trial, the original primary outcome measure that was used to define a 
favorable outcome at 1 year was the Roland Disability Questionnaire (RDQ) for Sciatica 
(with scores ranging from 0 to 23, with higher scores indicating worse functional status).22 
Original secondary outcome measures were the response of a 7-point Likert self-rating scale 
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of global perceived recovery (with a higher score indicating better recovery) and the 100-mm 
visual-analogue scale for leg pain (with 0 representing no pain and 100 the worst pain ever 
experienced).23 Since the responsiveness of the RDQ score has been shown to depend on the 
external criteria used to assess pain or disability,24 we decided to define a favorable outcome 
at 1 year as complete or nearly complete disappearance of symptoms on the patient-reported 
7-point Likert scale for global perceived recovery.4, 19 All outcome measures were assessed at 
baseline and at 2, 4, 8, 12, 26, 38, and 52 weeks. 

Patients were not aware of results of earlier assessments and MRI findings. For the purposes 
of this study, the results at baseline and at 1 year were used in the analysis.

statistical analysis

The majority opinion of the three readers regarding the MRI characteristics (answered indepen-
dently by at least two of the three) was used in the statistical analysis. Interobserver agreement 
regarding the MRI findings was determined with the use of absolute percentages of agreement 
and kappa values (weighted in cases of ordered data). In analyses comparing ratings for the 
presence or absence of disk herniation or root compression, the ratings were dichotomized 
(definitely, probably, or possibly present vs. definitely absent). Mean scores on the RDQ and 
visual-analogue scale for leg and back pain were stratified and compared according to MRI 
findings. In a subanalysis, MRI characteristics were also compared between patients without 
persistent leg or back pain and those with such pain, defined as a score on the visual-analogue 
scale of leg or back pain of a least 40 mm,25, 26 or less than 30% of improvement in the score 
between baseline and 1 year.27, 28 MRI characteristics were also compared between patients with 
a score on the RDQ of less than 14 and those with a score of 14 or more.29 

Analysis of the receiver-operating-characteristic (ROC) curve was used to assess the di-
agnostic accuracy of ordinal 1-year MRI findings (4-point scale for assessing disk herniation 
and root compression) for a favorable outcome at 1 year. The area under the ROC curve 
(AUC) ranges from 0 to 1 and provides a measure of a test’s ability to discriminate between 
participants who have the outcome of interest and those who do not.30 A test that correctly 
classifies all participants has an AUC of 1.0, and a test with no discriminatory value has an 
AUC of 0.5 or less.30

We also used basic measures of diagnostic test accuracy: sensitivity (proportion of patients 
with an unfavorable outcome who had an abnormal test finding), specificity (proportion of 
patients with a favorable outcome with no abnormal test finding), positive predictive value, 
and negative predictive value. For binary variables, these measures were derived from two-by-
two tables. For ordinal variables (e.g., presence of disk herniation and root compression), these 
measures were derived by varying the cutoff point used to define a positive test. Differences 
between groups for continuous data were assessed by means of Student’s t-test. In logistic-
regression models, the association between MRI findings and clinical outcome was adjusted 
for randomized treatment and treatment received. Model-based multiple imputation was used 
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Table 1 Baseline characteristics of the intention-to-treat groups and the as-treated groups. 

Intention to treat Analysis¶ As- treated Analysis¶

Randomized to 
early surgery 

(N=131)

Randomized 
to prolonged 
conservative 
care (N=136)

Received 
surgery (n=170)

Received no 
surgery
(n=97)

Age-yr 41.7±9.9 43.2±9.2 41.8±9.8 43.5±9.2

Male sex 84 (64.1) 96 (70.6) 111 (65.3) 69 (71.1)

Body-mass indexò * 26.0±4.1 25.6±3.3 26.2±3.9 25.1±3.4

Duration of sciatica in weeks 9.5±2.4 9.6±2.2 9.5±2.4 9.6±2.1

Receipt of pain medication 121 (92) 120 (88) 87 (91) 154 (91)

Suspected disk level and type of 
displacement on MRI 

L3L4 Herniation 5 (3.8) 4 (2.9) 7 (4.1) 2 (2.1)

L4L5 Herniation 59 (45.0) 50 (36.8) 71 (41.8) 38 (39.2)

L4L5 Bulging 2 (1.5) 1 (0.7) 3 (1.8) 0 (0)

L5S1 Herniation 64 (48.9) 79 (58.1) 88 (51.8) 55 (56.7)

L5S1 Bulging 1 (0.8) 2 (1.5) 1 (0.6) 2 (2.1)

Nerve root compression on MRI

Definite 82 (62.6) 96 (70.6) 112 (65.9) 66 (68.0)

Probable 35 (26.7) 29 (21.3) 42 (24.7) 22 (22.7)

Possible 11 (8.4) 10 (7.4) 13 (7.6) 8 (8.2)

Definitely not 3 (2.3) 1 (0.7) 3 (1.8) 1 (1.0)

Time between baseline and 
follow-up MRI-wk

53.4±3.1 52.7±3.8 53.0±3.7 53.0±3.2

Sensory loss 84 (64.1) 102 (75.0) 118 (69.4) 68 (70.1)

Abnormal reflexes ╫ 82 (62.6) 97 (71.3) 111 (65.3) 68 (70.1)

Muscle weakness║ 94 (71.8) 109 (80.1) 130 (76.5) 73 (75.3)

Abnormal result on neurological 
test╞ ** 

122 (93.1) 124 (91.2) 162 (95.3) 84 (86.6)

Roland Disability score ‡ ** 16.4±4.5 16.1±4.0 16.7±4.2 15.4±4.1

VAS leg pain in mm § *    66.9±20.0 63.5±21.2 67.2±19.9 61.5±21.5

VAS back pain in mm § 33.8±29.3 30.7±27.0 34.1±30.2 28.9±23.8

Values are n (%) or means ± SD. 
No significant baseline differences were observed in the intention-to-treat group
* P<0.05 for the difference in the as-treated group
** P<0.01 for the difference in the as-treated group
¶ Based on n=267 as one year after randomization a second MRI was available for 267 of the 283 
randomized patients
ò Body-mass index is the weight in kilograms divided by the square of the height in meters
╫ Reflexes were rated as abnormal if absent, less than the other side, or in case of an extensor plantar 
response (Babinski sign).
║ Muscle strength was considered normal in case of MRC Grade 5 whereas Grade 4 or less was rated 
abnormal.
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╞ Six neurological tests were performed (Lasègue’s sign, Crossed straight-leg raising, Kemp’s sign, 
Bragard’s Sign, walking on heels and walking on toes). One or more abnormal tests was considered to 
be an abnormal result.
‡ The Roland Disability Questionnaire for Sciatica  measures the functional status of patients with pain 
in the leg or back. Scores range from 0 to 23, with higher scores indicating worse functional status.
§ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.

Table 2 Differences in 1-year MRI findings between patients who actually received surgery and those 
who did not receive surgery during the first year (as-treated). 

Surgery
(170)

No surgery
(97)

P Value

Disk herniation¶ <0.001

Definite 15 (8.8) 25 (25.8)

Probable (some doubt but probability > 50%) 18 (10.6) 26 (26.8)

Possible (reason to consider, but probability < 50%) 2 (1.2) 7 (7.2)

Definitely not

Normal disk 106 (62.4) 23 (23.7)

Bulging disk 29 (17.1) 16 (16.5)

As compared with baseline <0.001

Disappeared 134 (78.8) 37 (38.1)

Reduced in size 24 (14.1) 51 (52.6)

Unchanged or enlarged in size  8 (4.7) 7 (7.2)

Not applicable, no disk herniation at baseline 4 (2.4) 2 (2.1)

Nerve-root compression‡ <0.001

Definite 5 (2.9) 6 (6.2)

Probable (some doubt but probability > 50%) 6 (3.5) 6 (6.2)

Possible (reason to consider, but probability < 50%) 16 (9.4) 26 (26.8)

Definitely not 143 (84.1) 59 (60.8)

As compared with baseline <0.001

Disappeared 140 (82.4) 58 (59.8)

Reduced 16 (9.4) 29 (29.9)

Unchanged or increased 14 (8.2) 10 (10.3)

Values are n (%). 
* Shown are values at 1 year for 267 of 283 patients for whom data were available on a second 
magnetic resonance imaging (MRI) scan.
¶ A four point scale was used for the presence of disk herniation ranging from 1 (definitely present) 
to 4 (definitely absent). When a disk herniation was definitely absent the disk contour could be either 
normal or a bulging disk.
‡ A four point scale was used for the presence of nerve root compression ranging from 1 (definitely 
present) to 4 (definitely absent).
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to account for missing data with respect to clinical outcome at 1 year (with the use of variables 
mentioned in Tables 1 and 2). As sensitivity analyses, we performed analysis as observed (e.g., 
no imputation), analysis using the last-observation-carried-forward method, and analysis in 
which all three readers agreed about the MRI findings.

re s u l t s

patients

Of the 599 patients who were screened for the Sciatica Trial, 283 underwent randomization 
in our study.4 One year after randomization, results on a second MRI were available for 267 
patients (94.3%) (Table S2 in the Supplementary Appendix). Baseline characteristics were 
similar among patients for whom a second MRI was available, as compared with those for 
whom a second scan was not available. 

Of the 267 patients who were eligible for analysis, 131 had been randomly assigned to 
undergo early surgery and 136 to receive prolonged conservative care. Of the 131 patients in 
the surgery group, 15 recovered before surgery could be performed. Of the 136 patients in 
the conservative care group, 54 eventually underwent surgery within the first year. Baseline 
characteristics of the intention-to-treat and the as-treated groups are shown in Table 1.

One year after randomization, 84% of the patients reported having a favorable outcome on 
the basis of the global perceived recovery scale. Clinical outcomes at 1 year were missing for 2 
to 3% of the patients (Table S3 in the Supplementary Appendix). 

Moderate-to-substantial agreement was found for the MRI assessment of the presence of a 
herniated disk (kappa range, 0.57 to 0.67), nerveroot compression (kappa range, 0.46 to 0.74), 
and scar tissue (kappa range, 0.50 to 0.77) (Table S4 in the Supplementary Appendix).

mri findings at 1 year 

At 1-year follow-up in the as-treated analysis, a herniated disk was considered to be present 
in 21% of patients who had undergone surgery and in 60% of those who had received con-
servative treatment (P<0.001) (Table 2). Nerve-root compression was observed significantly 
more frequently in patients who had received conservative treatment than in those who had 
undergone surgery (39% vs. 16%, P<0.001). As compared with baseline, root compression 
had disappeared in 82% of patients who had undergone surgery and in 60% of those who had 
received conservative treatment (P<0.001).

In the intention-to-treat analysis, results according to randomized group are shown in Table 
S5 in the Supplementary Appendix. At 1-year followup, a herniated disk was considered to be 
present in 22% of patients in the surgery group and in 47% of patients in the conservative-care 
group (P<0.001).
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association between mri findings and clinical outcome

At 1 year, disk herniation was visible in 35% of the patients with a favorable outcome and in 
33% of those with an unfavorable outcome (95% confidence interval [CI] for difference in 
proportion, −18.8 to 12.6; P = 0.70) (Table 3). Nerve-root compression was considered to be 
present in 24% of the patients with a favorable outcome and in 26% of the patients with an 
unfavorable outcome. Similar results were observed in patients with persistent leg and back 
pain at 1 year and in those without such pain and in those with an RDQ score of at least 14 
and those with a score of less than 14 (Table S6 in the Supplementary Appendix).

Readers’ ratings on the 4-point scale assessing the presence of disk herniation on MRI did 
not distinguish between patients with a favorable outcome versus those with an unfavorable 
outcome (AUC, 0.48; 95% CI, 0.39 to 0.58) (Fig. S1A in the Supplementary Appendix). 
Depending on the cutoff point on the 4-point scale that was used to determine a positive 
test, sensitivity ranged from 0.14 to 0.32 and specificity from 0.65 to 0.85 (Table S7 in the 

Table 3 MRI findings according to favorable outcome at one year. 

MRI findings Unfavorable 
outcome 

(n=43)

Favorable 
outcome 
(n=224)

Difference in 
proportion 

(95% CI)

P Value

Disk herniation

Presence at 1 year¶ 14 (33) 79 (35) -2.7 (-18.8 to 12.6) 0.70

Size at 1 yr, as compared with baseline size

Disappeared 28 (65) 143 (64) 1.3 (-14.2 to 17.5) 0.84

Reduced 9 (21) 66 (29) -8.5 (-22.5 to 7.2) 0.31

Unchanged 3 (7) 7 (3) 3.9 (-0.0 to 10.0) 0.23

Enlarged  2 (5) 3 (1) 3.3 (-0.0 to 0.07) 0.43

Not applicable, no disk herniation at 
baseline

1 (2) 5 (2) 0.1 (-4.8 to 4.9) 0.98

Nerve-root compression

Presence at one year‡ 11 (26) 54 (24) 1.5 (-13.1 to 15.4) 0.87

Visibility on MRI at 1 yr, as compared with 
baseline

Disappeared 29 (67) 169 (75) -8.0 (-22.1 to 6.8) 0.30

Reduced 6 (14) 39 (17) -3.5 (-15.0 to 10.0) 0.69

Unchanged 6 (14) 13 (6) 8.1 (-0.00 to 16.4) 0.06

Increased 2 (5) 3 (1) 3.3 (-0.03 to 0.07) 0.43

Favorable outcome was defined as complete or nearly complete disappearance of symptoms according 
to the 7-point Likert scale for global perceived recovery. CI denotes confidence interval. Values are n 
(%). Total n=267
¶ A four point scale was used for the presence of disk herniation ranging from 1 (definitely present) to 4 
(definitely absent). Cases with definite, probable, or possible disk herniation are presented.
‡ A four point scale was used for the presence of nerve root compression ranging from 1 (definitely 
present) to 4 (definitely absent). Cases with  nerve root compression (definite, probable, or possible 
nerve root compression are presented.
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Supplementary Appendix). The AUC for MRI-assessed nerve-root compression was 0.52 (95% 
CI, 0.42 to 0.61) (Fig. S1B in the Supplementary Appendix). 

Table 4 Clinical Outcomes at 1 year, According to MRI findings. 

Presence of a herniated 
disk

P Value Presence of nerve root 
compression

P Value

Yes
(n=93)

No 
(n=174)

Yes 
(n=65)

No 
(n=202) 

Outcome

Favorable clinical outcomeò 79 (85) 145 (83) 0.70 54 (83) 170 (84) 0.87

Roland Disability Questionnaire ‡ 3.4±5.3 3.4±5.5 0.98 3.8±5.4 3.3±5.5 0.57

VAS-Leg pain¶ 11.7±21.9 10.5±18.4 0.66 11.4±21.7 10.8±19.1 0.85

VAS-back pain¶ 15.8±23.7 15.0±21.5 0.79 13.3±19.9 15.8±23.0 0.52

Values are n (%) or means ± SD. Total n=267
ò Favorable clinical outcome was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica measures the functional status of patients with pain 
in the leg or back. Scores range from 0 to 23, with higher scores indicating worse functional status.
¶ The intensity of pain is indicated on 100 mm visual analogue scale (VAS) with 0 representing no pain 
and 100 the worst pain ever experienced.

Table 5 Unadjusted and multivariable analyses of association between one-year MRI findings and 
favorable outcome at one year. 

Outcome Univariate analysis Adjusted for 
assigned treatment 

¶

Adjusted for 
received treatment 

‡

Multivariate 
analysis╞

OR 95% CI P-
value

OR 95%CI P-
value

OR 95%CI P-
value

OR 95%CI P-
value

No Disk 
herniation§

0.87 0.43- 
1.76

0.70 0.82 0.40- 
1.71

0.60 0.76 0.35- 
1.65

0.49 0.97 0.39-
2.52

0.95

No nerve-root 
compression║

1.07 0.50- 
2.29

0.87 1.03 0.48- 
2.25

0.93 1.00 0.45- 
2.21

0.99 1.84 0.66-
5.12

0.24

Favorable outcome was defined as complete or nearly complete disappearance of symptoms according 
to the 7-point Likert scale for global perceived recovery. OR denotes odds ratio. CI denotes confidence 
interval. Total n=267
§ A four point scale was used for the presence of disk herniation ranging from 1 (definitely present) to 4 
(definitely absent).  
║ A four point scale was used for the presence of nerve root compression ranging from 1 (definitely 
present) to 4 (definitely absent). 
¶ An early surgery strategy vs. prolonged conservative care for an additional 6 months followed by 
surgery if needed.
‡ Analysis adjusted for actual received treatment (surgery vs. no surgery during the first year).
╞ Analysis adjusted for randomized treatment, age, gender, body-mass index, smoking, Roland 
Disability Questionnaire score at baseline, Visual Analogue scale for leg and back pain at baseline and 
presence of one or more abnormal neurological tests (Lasègue’s sign, Crossed straight-leg raising, 
Kemp’s sign, Bragard’s Sign, walking on heels and walking on toes).
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Of the patients with disk herniation at 1 year, 85% reported a favorable outcome, as com-
pared with 83% with no disk herniation at 1 year (P = 0.70) (Table 4). Of the 93 herniated 
disks, 70% were classified as protrusion and 30% as extrusion. Of the patients with a  protru-
sion, 16% reported having an unfavorable outcome, as compared with 14% of the patients 
with an extrusion (P = 0.87).

Of the 170 patients who underwent surgery during the first year, 150 (88%) had visible 
scar tissue on MRI. Of the patients with visible scar tissue, 86% reported a favorable outcome, 
as compared with 75% with no visible scar tissue (P = 0.19). Of the patients with visible scar 
tissue, 96% had scar tissue that surrounded the nerve root and 4% had scar tissue that did not 
surround the nerve root. 

After adjustment for randomized treatment, the presence of disk herniation on MRI was 
not associated with a favorable outcome at 1 year (odds ratio, 0.82; 95% CI, 0.40 to 1.71; P = 
0.60), nor was MRI-assessed nerve-root compression (odds ratio, 1.03; 95% CI, 0.48 to 2.25; 
P = 0.93), the size of the disk herniation (odds ratio, 1.48; 95% CI, 0.43 to 5.01; P = 0.53), 
or the herniation form (protrusion vs. extrusion) (odds ratio, 0.88; 95% CI, 0.25 to 3.16; P = 
0.85) (Table 5, and Table S8 in the Supplementary Appendix). Sensitivity analyses that were 
performed to account for missing data and interobserver agreement yielded similar results (see 
the Supplementary Appendix).

d i s c u s s i o n

In this study of patients with symptomatic lumbar disk herniation at baseline who were treated 
with either surgery or conservative treatment and followed for 1 year, the presence of disk 
herniation on MRI at 1-year follow-up did not distinguish patients with a favorable clinical 
outcome from those with an unfavorable outcome. Therefore, patients asking for reimaging 
because of persistent or recurrent symptoms should be informed about the difficulty in MRI 
interpretation after a first episode of acute sciatica. A recent systematic review concluded 
that even in the acute setting of sciatica, evidence for the diagnostic accuracy of MRI is not 
conclusive.10 

Other studies have reported results similar to our findings.7, 13 In a report on 154 conser-
vatively treated patients, Jensen et al.7 did not observe any correlation between improvement 
in symptoms and improvement of disk herniation and nerve-root compression on MRI at 14 
months. Bath et al. 13 observed a high incidence (approximately 67%) of extrusions and protru-
sions 2 years postoperatively, although these findings did not correlate with clinical outcome. 
In a retrospective evaluation of morphologic changes on MRI in 77 patients who had received 
conservative treatment for sciatica, Komori et al.31 found that such changes did correspond 
with clinical results. However, the investigators found that morphologic changes tended to lag 
behind actual improvement in leg pain.
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In a landmark study, Jensen et al.12 suggested that by considering protrusions and extrusions 
as two different types of herniation, MRI interpretations could gain specificity for clinically 
important disk lesions. The authors reached this hypothesis because of the high prevalence (ap-
proximately 30%) of disk protrusions among their asymptomatic volunteers, whereas only 1% 
had an extrusion. However, in our study, distinguishing between protrusions and extrusions 
did not have diagnostic value. A limitation of the study by Jensen et al. was that it involved 
only asymptomatic volunteers.

The postoperative formation of epidural scars is a common phenomenon32 and is hypoth-
esized to cause mechanical traction on the dura or nerve roots, resulting in persistent back and 
leg pain after spinal surgery. Some studies have supported this hypothesis,20, 33 whereas other 
studies have not shown a correlation between epidural-scar formation and clinical outcome.34, 

35 We did not find a positive correlation between the presence of scar tissue and symptoms. One 
of the strengths of our study is that the presence of scar tissue was examined by three observ-
ers. Our results show that clinicians should not automatically ascribe recurrent or persistent 
symptoms to visible scar formation on MRI.

An important limitation of our study is that the reported MRI findings and their relation 
with clinical outcome was only once, at 1 year after randomization. It is uncertain whether 
we would have found similar results at other time points. In addition, some observers might 
view the agreement among MRI readers as suboptimal. However, the kappa values are similar 
to those in previous studies,12, 36, 37 and therefore one might consider them to reflect existing 
agreement among expert readers in clinical practice.

In summary, in patients who had undergone repeated MRI 1 year after treatment for 
symptomatic lumbar-disk herniation, anatomical abnormalities that were visible on MRI did 
not distinguish patients with persistent or recurrent symptoms of sciatica from asymptomatic 
patients. Further research is needed to assess the value of MRI in clinical decision making for 
patients with persistent or recurrent sciatica.
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Methods sensitivity analysis

1.  a n a l y s e s  t o a c c o u n t f o r m i s s i n g c l i n i c a l  d a t a

Depending on the clinical outcome, data at one year was missing in 2 to 3% of the included 
cases (see Table S3 of this Appendix). In the main analysis we used model-based multiple impu-
tation to account for missing clinical outcome data at one year (using the variables mentioned 
in Table 1 and 2 of the manuscript to predict the missing values). 

As sensitivity analyses to account for these missing data, we performed analysis as observed 
(e.g., no imputation, thus depending on the clinical outcome 6 or 7 patients with missing 
data were excluded from the analysis) and analysis using the last-observation-carried-forward 
method (depending on the clinical outcome the last observation was carried forward for 6 or 7 
patients. These last observations were derived from the period 8-52 weeks after randomization).  

All sensitivity analyses performed to account for missing data yielded similar results as 
the analyses presented in the manuscript. In this Appendix we include some examples of the 
sensitivity analyses by presenting the ROC curves. Figure S2A and S2B of this Appendix show 
the ROC curves of one-year MRI findings when the last-observation-carried-forward method 
was used. Figure S3A and S3B of this Appendix show the ROC curves of one-year MRI find-
ings when the cases with no reported clinical data at one year were excluded. 

2. Analyses to account for interobserver agreement
In the main statistical analysis, as presented in the manuscript, we used the majority opinion of 
the three readers regarding the MRI characteristics (answer independently given by minimum 
2 out of 3 readers). As sensitivity analyses we reproduced all analyses using only the cases in 
whom all 3 readers independently agreed regarding the presence of an MRI characteristic. All 
analyses yielded similar results. In this Appendix we include some examples of the sensitivity 
analyses by presenting the area under the ROC curve for MRI assessed disc herniation and 
nerve root compression and the clinical outcomes stratified by the MRI findings at one year. 
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Figure S1 Receiver operating characteristic (ROC) curve of one-year MRI findings. The curves show 
the ability of MRI variables to differentiate between patients with favorable outcome (defined as complete 
or nearly complete disappearance of symptoms on the 7-point Likert scale, n=43) and patients with 
unfavorable outcome at one year (n=224). The dotted line is a reference line with an area under the curve 
of 0.5, indicating no discriminatory value.
A) ROC curve of the MRI assessed presence of a herniated disc at one year. 
B) ROC curve of the MRI assessed nerve root compression at one year. 
The points in the curves indicate the actual results (sensitivity and 1-specificity) associated with different 
MRI interpretations. For both the presence of a herniated disc and root compression an ordinal four point 
scale was used, ranging from 1 (definitely present) to 4 (definitely absent). AUC denotes area under the 
curve. CI denotes confidence interval.  

S1A					     S1B

Figure S2 Receiver operating characteristic (ROC) curve of one-year MRI findings. The curves show 
the ability of MRI variables to differentiate between patients with favorable outcome (defined as complete 
or nearly complete disappearance of symptoms on the 7-point Likert scale, n=42) and patients with 
unfavorable outcome at one year (n=225). The dotted line is a reference line with an area under the curve 
of 0.5, indicating no discriminatory value. Seven (3%) patients had missing clinical outcome data at one 
year. The last-observation-carried-forward method was used to account for this missing data. 
A) ROC curve of the MRI assessed presence of a herniated disc at one year. 
B) ROC curve of the MRI assessed nerve root compression at one year. 
The points in the curves indicate the actual results (sensitivity and 1-specificity) associated with different 
MRI interpretations. For both the presence of a herniated disc and root compression an ordinal four point 
scale was used, ranging from 1 (definitely present) to 4 (definitely absent). AUC denotes area under the 
curve. CI denotes confidence interval.  
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S2A					     S2B

Figure S3 Receiver operating characteristic (ROC) curve of one-year MRI findings. The curves show 
the ability of MRI variables to differentiate between patients with favorable outcome (defined as complete 
or nearly complete disappearance of symptoms on the 7-point Likert scale, n=41) and patients with 
unfavorable outcome at one year (n=219). Seven (3%) patients had missing clinical outcome data at one 
year. These seven patients were excluded from the analysis (so n=260 instead of n=267)
A) ROC curve of the MRI assessed presence of a herniated disc at one year. 
B) ROC curve of the MRI assessed nerve root compression at one year. 
The points in the curves indicate the actual results (sensitivity and 1-specificity) associated with different 
MRI interpretations. For both the presence of a herniated disc and root compression an ordinal four point 
scale was used, ranging from 1 (definitely present) to 4 (definitely absent). AUC denotes area under the 
curve. CI denotes confidence interval.  

S3A 					     S3B
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example sensitivity analyses to account for interobserver agreement 

-	 Using MRI assessed presence of disc herniation to discriminate between subjects with 
favorable outcome versus subjects with unfavorable outcome revealed an AUC of 0.48 
(95% CI 0.39-0.58) when all participants (n=267) were included.  

-	 Using MRI assessed presence of disc herniation to discriminate between subjects 

with favorable outcome versus subjects with unfavorable outcome revealed an 

AUC of 0.48 (95% CI 0.38-0.59) when only participants with full agreement [n=200]) 
were included.  

-	 Using MRI assessed nerve root compression to discriminate between subjects with favor-
able outcome versus subjects with unfavorable outcome revealed an AUC of 0.52 (95% CI 
0.42-0.61) when all participant (n=267) were included.  

-	 Using MRI assessed nerve root compression to discriminate between subjects with 

favorable outcome versus subjects with unfavorable outcome revealed an AUC 

of 0.49 (95% CI 0.37-0.61) when only participants with full agreement [n=200]) were 
included.  

In this Table only cases were included in whom all three readers independently agreed 
regarding the presence of the MRI characteristic 

Presence of a herniated 
disc on MRI at one year 

(total n=200)

P Value§ Presence of root compression 
on MRI at one year

(total n=189)

P Value§

Yes
(n=62)

No 
(n=138)

Yes 
(n=46)

No 
(n=143) 

Clinical outcome at one 
year

Favorable clinical 
outcome

53 (86) 115 (83) 0.84 40 (87) 121 (85) 0.81

Roland Disability 
Questionnaire 

3.7±5.1 3.7±5.8 0.59 4.0±5.6 3.4±5.5 0.32

VAS-Leg pain 9.5±18.4 11.6±19.5 0.93 11.8±23.3 11.5±19.7 0.84

VAS-back pain 12.4±16.9 15.2±20.9 0.72 13.7±20.1 15.6±22.5 0.70

ò Favorable clinical outcome was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale
that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, 
with higher scores indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
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Table S1 MRI study variables. For both the MRI at baseline and one year after randomization the three 
readers (2 neuroradiologists and one neurosurgeon) independently used the same case record forms, 
with the exception that the one-year case record forms also included questions regarding the presence 
of scar tissue and how the size of the disc herniation was related to the baseline size.  

MRI variable Type Categories

Disc level that 
most likely 
caused the 
lumbosacral 
radicular 
syndrome at 
baseline

Disc level 1. L2L3
2. L3L4
3. L4L5
4. L5S1

Disc contour at this disc 
level 

1. Normal: no disc extension beyond the normal margins of 
the intervertebral disc space 
2. Bulging: presence of disc tissue circumferentially (50-100%) 
beyond the edges of the ring apophyses
3. Consideration of a disc herniation: localized displacement of 
disc material beyond the normal margins of the intervertebral 
disc space

Certainty about the 
presence of a disc 
herniation

1. Definite about the presence: no doubt about the  presence
2. Probable about the presence: some doubt but probability 
> 50%
3. Possible about the presence: reason to consider but 
probability < 50%
4. Definite about the absence: no doubt about the absence of 
a disc herniation.

Size disc herniation in 
relation to baseline size 

1. Not applicable, herniation completely disappeared
2. Disc herniation reduced in size
3. No size reduction of disc herniation 
4. Herniation increased in size

If a herniation at 
the disc level is 
considered

Side of this disc 
herniation

1. Right 
2. Left 
3. Right and left

Location on axial view 
of this disc herniation

1. Central zone: zone within the vertebral canal between 
sagittal planes through the medial edges of each facet 
2. Sub-articular zone: zone, within the vertebral canal, 
sagittally between the plane of the medial edges of the 
pedicles and the plane of the medial edges of the facets, and 
coronally between the planes of the posterior surfaces of 
the vertebral bodies and the under anterior surfaces of the 
superior facets.
3. Foraminal zone: zone between planes passing through the 
medial and lateral edges of the pedicles 
4. Extra-foraminal zone: the zone beyond the sagittal plane 
of the lateral edges of the pedicles, having no well-defined 
lateral border

Size of this disc 
herniation in relation to 
spinal canal

1. Large stenosing: size >75% of the spinal canal
2. Large: size 75-50% of the spinal canal
3. Average: size 25-50%  of the spinal canal
4. Small: size <25%  of the spinal canal 
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Table S1 (Continued)

MRI variable Type Categories

Form disc herniation 1. Protrusion: localized displacement of disc material beyond 
the intervertebral disc space, with the base against the disc of 
origin broader than any other dimension of the protrusion.
2. Extrusion: localized displacement of disc material beyond 
the intervertebral disc space, with the base against the disc of 
origin narrower than any one distance between the edges of 
the disc material beyond the disc space measured in the same 
plane, or when no continuity exists between the disc material 
beyond the disc space and that within the disc space. 

Nerve root 
compression 

Probability of nerve 
root compression

1. Definite about the presence: no doubt about the  presence
2. Probable about the presence: some doubt but probability 
> 50%
3. Possible about the presence: reason to consider but 
probability < 50%
4. Definite no clinical relevant nerve root compression

If nerve root 
compression present, 
which nerve root is 
affected

1. L3 
2. L4 
3. L5 
4. S1

Side nerve root 
compression

1. Right 
2. Left

Scar tissue Presence 1. Yes: scar tissue present 
2. No: scar tissue absent 

If present, place scar 
tissue

1. Scar tissue surrounds the nerve root
2. Scar tissue does not surround the nerve root

Table S2 One year after randomization a second MRI was available for 267 (94.3%) out of 283 
participants. Reasons for why no second MRI at one year was available for the remaining 16 patients are 
listed in the Table. 

Number of patients (total n=16) Reason why no second MRI was available one year after randomization

3 Stopped participating in the study after 8 weeks 

1 Stopped participating in the study after 12 weeks

1 Stopped participating in the study after 16 weeks

1 Stopped participating in the study after 26 weeks

1 Did not show up on the scheduled appointment 

1 Pregnancy

5 A second MRI was actually performed at 52 weeks, but we were not 
able to retrieve these MRIs. These 5 MRI’s might have been lost during 
the storage process at the centers were the MRI’s were performed or 
during the collection of the MRI’s 

3 Reason unknown
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Table S3 Outcome measurements available at 52 weeks after randomization. The mentioned outcome 
measures were assessed at baseline, 2, 4, 8, 12, 26, 38, and 52 weeks. Values are n (%).   

Number of patients with 
available clinical outcome at 

52 weeks 
Total n=267

Outcome 

Global perceived recovery on a 7-point Likert scale at 52 weeks 260 (97)

Roland disability questionnaire at 52 weeks‡ 261 (98)

Visual Analogue scale for leg pain at 52 weeks¶ 261 (98)

Visual Analogue scale for back pain at 52 weeks¶ 260 (97)

‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale
that measures the functional status of patients with pain in the leg or back. Scores range from 0 to 23, 
with higher scores indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.

Table S4 Interobserver agreement regarding characteristics of the lumbar vertebral disc level at one 
year. Reader A en B represent the two neuroradiologists, while reader C represents the neurosurgeon. 
Significant kappa values are in bold, which means that the kappa values significantly differed from 
value zero. Guidelines proposed by Landis and Koch were used for interpretation. Values of less than 
0.00 indicated poor reliability; 0.00 to 0.20, slight reliability; 0.21 to 0.40, fair reliability; 0.41 to 0.60, 
moderate reliability; 0.61 to 0.80, substantial agreement; and 0.81 to 1.00, excellent or almost perfect 
agreement. Kappa values and percentages of agreement for the place of  scar tissue and characteristics 
of disc herniation were only calculated if the observers agreed about their presence (e.g. when a reading 
pair showed disagreement about the presence of disc herniation, this patient did not contribute to the 
interagreement analysis regarding the characteristics of the herniated disc).

A vs B A vs C B vs C All observers

MRI characteristics at one year %
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Probability presence of disc 
herniation (4 categories)‡

77.6 0.64 74.5 0.67 79.3 0.67 69.0 0.57

Probability presence of disc 
herniation (2 categories) ¶

81.9 0.61 87.5 0.74 85.4 0.67 77.5 0.67

Probability presence of nerve root 
compression (4 categories)‡

68.7 0.52 68.8 0.53 88.1 0.74 64.7 0.46

Probability presence of  nerve root 
compression (2 categories) ¶

76.1 0.48 88.0 0.53 92.0 0.76 73.3 0.57

Presence of scar tissueò 88.7 0.77 73.6 0.50 76.1 0.53 69.1 0.59

Place of scar tissue* 97.8 0.66 95.1 0.43 100.0 1.00 96.8 0.49

Characteristics of the disc herniation

Size in relation to baseline size║ 79.8 0.67 84.9 0.74 84.2 0.69 71.7 0.65

Location╞ 87.3 0.79 81.8 0.72 91.9 0.86 85.5 0.82
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Table S4 (Continued)

A vs B A vs C B vs C All observers

MRI characteristics at one year %
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Size disc herniation in relation to 
spinal canal§

68.3 0.56 72.7 0.55 82.3 0.70 61.3 0.51

Herniation form** 75.8 0.51 86.2 0.65 83.6 0.67 73.8 0.62

‡ The four categories were: 1) “Definite about the presence” if there was no doubt about the presence 
2) “Probable about the presence” if there was some doubt but the probability was greater than 50% 
3) “Possible about the presence” if there was reason to consider but the probability was less than 50%, 
and 4) “Definite about the absence” if there was no doubt about the absence (Table 1 Supplementary 
appendix).
¶ The categories “Definite, probable and possible about the presence” were combined to one category. 
The other category was “Definite about the absence” (Table 1 Supplementary appendix).
ò The categories were: 1) “Yes” or 2) “No” (Table 1 Supplementary appendix). 
* The categories were: 1) “Scar tissue surrounds the nerve root” or 2) “Scar tissue does not surround the 
nerve root” (Table 1 Supplementary appendix). 
║ The categories were: 1) “Disc herniation completely disappeared” 2) “Disc herniation reduced in size” 
3) “No size reduction of disc herniation” and 4) “Herniation increased in size” (Table 1 Supplementary 
appendix).   
╞ The categories were: 1) “Central zone” 2) “Sub-articular zone” 3) “Foraminal zone” and 4) “Extra-
foraminal zone” (Table 1 Supplementary appendix).   
§ The categories were: 1) “Large stenosing: size >75% of the spinal canal” 2) “Large: size 75-50% of the 
spinal canal” 3) “Average: size 25-50% of the spinal canal” and 4) “Small: size <25% of the spinal canal” 
(Table 1 Supplementary appendix).   
** The categories were: 1) “Protrusion” and 2) “Extrusion” (Table 1 Supplementary appendix). 

Table S5 Differences in 1-year MRI findings and clinical outcome between patients who were 
randomized to early surgery and those who were randomized to prolonged conservative care 
(intention-to-treat). Values are n (%). Total n=267

Early surgery
(n=131)

Prolonged 
conservative 

care 
(n=136)

P Value

Clinial outcome at one year 

Favorable clinical outcomeò 111 (85) 113 (83) 0.65

Roland Disability‡ 3.4±5.8 3.5±5.1 0.84

VAS-Leg pain¶ 11.3±20.8 10.6±18.6 0.77

VAS-back pain¶ 14.9±22.5 15.6±22.1 0.82

MRI findings

Disc contour one year after randomization

Normal 79 (60) 50 (37) <0.001

Bulging 23 (18) 22 (16)

Definite (100%) herniation 12 (9) 28 (21)

Probable (some doubt but probability > 50%) herniation 16 (12) 28 (21)
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Table S5 (Continued)

Early surgery
(n=131)

Prolonged 
conservative 

care 
(n=136)

P Value

Possible (reason to consider but probability < 50%) 
herniation

1 (1) 8 (6)

Disc herniation one year after randomization compared to 
baseline

Disappeared 100 (76) 71 (52) <0.001

Reduced in size 22 (17) 53 (39)

Unchanged or enlarged in size  6 (5) 9 (7)

Not applicable, no disc herniation at baseline 3 (2) 3 (2)

Nerve root compression one year after randomization

Definitely no root compression 109 (83) 93 (68) 0.021

Possible: reason to consider but probability < 50% 16 (12) 26 (19)

Probable: some doubt but probability > 50% 2 (2) 10 (7)

Definite: no doubt about the presence 4 (3) 7 (5)

Nerve root compression one year after randomization 
compared to baseline

Disappeared 106 (81) 92 (68) 0.038

Reduced 15 (11) 30 (22)

Unchanged or increased 10 (8) 14 (10)

Clinical outcome

ò Favorable clinical outcome was defined as complete or nearly complete disappearance of symptoms 
according to the Likert-7 point scale.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.

Table S6 MRI differences stratified according to clinical outcome at one year. 
A) MRI differences between patients with a Visual Analogue Scale (VAS) for leg pain of at least 40mm and 
patients with VAS for leg pain less than 40mm. This cutt-off value is often used when an absolute VAS 
score (with 0 representing no pain and 100 the worst pain ever experienced) is categorized into favorable 
and unfavorable outcome.1, 2 Values are n (%).
B) MRI differences between patients with less than 30% improvement and patients with at least 30% 
improvement in Vas-leg pain between baseline and one year, since a 30% improvement has been 
proposed to be a clinically meaningful improvement when comparing before and after measures of pain 
and functional status for individual patients.3-5 Total N=266 instead of 267 as one patients had at baseline 
a VAS-leg of 0. Values are n (%).
C) MRI differences between patients with a VAS for back pain of at least 40mm and patients with VAS for 
back pain less than 40mm.1, 2 Values are n (%).
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D) MRI differences between patients with less than 30% improvement and patients with at least 30% 
improvement in Vas-back pain between baseline and one year.3-5 Total N=232 as 35 patients had at 
baseline a VAS-back of 0. Values are n (%). 
E) MRI differences between patients with a Roland disability questionnaire (RDQ) score of least 14 and 
patients with an RDQ less than 14. This cut-off value is often used when the RDQ is dichotomized into 
favorable and unfavorable outcome.6, 7 Values are n (%).   
F) MRI differences between patients with less than 30% improvement and patients with at least 30% 
improvement in RDQ between baseline and one year.3-5 Values are n (%).
S6A 

VAS-leg pain ≥40 at one 
year

(n=24)

VAS-leg pain <40 at one 
year

(n=243)

P Value

MRI findings at one year

Presence of disc herniation at one 
year

10 (42) 83 (34) 0.43

MRI assessed presence of nerve 
root compression 

6 (25) 59 (24) 0.87

S6B 

<30% improvement in VAS-
leg pain between baseline 

and one year 
(n=23)

≥30% improvement in 
VAS-leg pain between 
baseline and one year

(n=243)

P Value

MRI findings at one year

Presence of disc herniation at one 
year

9 (39) 84 (35) 0.63

MRI assessed presence of nerve 
root compression

5 (22) 60 (25) 0.84

S6C 

VAS-back pain ≥40 at one 
year

(n=34)

VAS-back pain <40 at one 
year

(n=233)

P Value

MRI findings at one year

Presence of disc herniation at one 
year

11 (32) 82 (35) 0.92

MRI assessed presence of nerve 
root compression

5 (15) 60 (26) 0.25

S6D

<30% improvement in VAS-
back pain between baseline 

and one year 
(n=66)

≥30% improvement in 
VAS-back pain between  
baseline and one year

(n=166)

P Value

MRI findings at one year

Presence of disc herniation at one 
year

23 (35) 58 (35) 0.93

MRI assessed presence of nerve 
root compression

15 (23) 41 (25) 0.85
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S6E 

RDQ≥14 at one year
(n=22)

RDQ< 14 at one year
 (n=245)

P Value

MRI findings at one year

Presence of disc herniation at one 
year

6 (27) 87 (36) 0.49

MRI assessed presence of nerve 
root compression

5 (23) 60 (24) 0.92

S6F

<30% improvement in RDQ 
between baseline and one 

year 
(n=29)

≥30% improvement in 
RDQ between  baseline 

and one year
(n=238)

P Value

MRI findings at one year

Presence of disc herniation at one 
year

9 (31) 84 (35) 0.69

MRI assessed presence of nerve 
root compression

7 (24) 58 (24) 0.98

Table S7 Accuracy measures of one-year MRI findings for favorable outcome at one year. 
Favorable outcome was defined as complete or nearly complete disappearance of symptoms according 
to the Likert-7 point scale. Total n=267

Sensitivity¶
(95% CI)

Specificity§
(95% CI)

Positive 
predictive 

value╞
(95% CI)

Negative 
predictive 

value‡
(95% CI)

MRI assessed presence of disc 
herniation at one year  

Definite (no doubt about the 
presence)

0.14 
(0.04-0.24)

0.85 
(0.80-0.90)

0.15 
(0.04-0.26)

0.84 
(0.79-0.88)

Definite or probable (Probability 
>50%)

0.28 
(0.14-0.41)

0.68 
(0.62-0.74)

0.14 
(0.07-0.22) 

0.83 
(0.77-0.88)

Definite, probable or possible 
(Probability >0%)

0.32 
(0.18-0.46)

0.65 
(0.58-0.71)

0.15 
(0.08-0.22)

0.83 
(0.78-0.89)

Characteristic of the herniated 
disc

Size >25% in relation to spinal 
canal

0.40 
(0.14-0.66)

0.70
(0.60-0.81)

0.19 
(0.04-0.34)

0.87 
(0.78-0.95)

Extrusion instead of protrusion 0.29 
(0.05-0.53)

0.69 
(0.59-0.79)

0.14 
(0.01-0.27)

0.84
(0.75-0.94)

MRI assessed presence  of nerve 
root compression at one year 

Definite (no doubt about the 
presence)

0.07 
(0.00-0.14)

0.96 
(0.94-0.99)

0.27 
(0.01-0.54)

0.84 
(0.80-0.89)

Definite or probable (Probability 
>50%)

0.15
(0.04-0.26)

0.93
(0.89-0.96)

0.29 
(0.10-0.48)

0.85 
(0.80-0.89)
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Table S7 (Continued)

Sensitivity¶
(95% CI)

Specificity§
(95% CI)

Positive 
predictive 

value╞
(95% CI)

Negative 
predictive 

value‡
(95% CI)

Definite, probable or possible 
(Probability >0%)

0.25 
(0.12-0.38)

0.76 
(0.70-0.81)

0.17 
(0.08-0.26)

0.84 
(0.79-0.89) 

¶ Sensitivity indicates the proportion of patients with unfavorable outcome who had an abnormal test 
finding. 
§ Specificity indicates the proportion of patients with favorable outcome with no abnormal test finding.
╞ Positive predictive value indicates the proportion of patients with an abnormal test finding who did 
report unfavorable outcome.
‡ Negative predictive value indicates the proportion of patients with no abnormal test finding who did 
report favorable outcome.

Table S8 Uni- and multivariate analysis of the characteristics of the disc herniation at one year to 
determine predictive value on favorable outcome at one year.

Comparison 
(%)

Univariate analysis Adjusted for random-
ized treatment ¶

Adjusted for received 
treatment ‡

Multivariate adjust-
ment╞

OR 95% 
 CI

P- 
value

OR 95% 
CI

P- 
value

OR 95% 
CI

P- 
value

OR 95% 
CI

P- 
value

Size disc 
herniation 
<25% in 
relation to 
spinal canal 
(69) vs. size 
25-75% in 
relation to 
spinal canal 
(31)

1.58 0.5-
5.3

0.46 1.48 0.4-
5.0

0.53 1.54 0.5-
5.2

0.49 0.74 0.1-
5.8

0.77

Protrusion 
(70) vs. 
extrusion 
(30)

0.90 0.3-
3.2

0.87 0.88 0.2-
3.2

0.85 0.88 0.2-
3.2

0.85 1.96 0.3-
13.6

0.50

Favorable outcome was defined as complete or nearly complete disappearance of symptoms according 
to the 7-point Likert scale for global perceived recovery. OR denotes odds ratio. CI denotes confidence 
interval. Total n=93
¶ An early surgery strategy vs. prolonged conservative care for an additional 6 months followed 
by surgery for patients who did not improve or who did request it earlier because of aggravating 
symptoms.
‡ Analysis adjusted for actual received treatment (surgery vs. no surgery during the first year).
╞ Analysis adjusted for randomized treatment, age, gender, body-mass index, smoking, Roland 
Disability Questionnaire score at baseline, Visual Analogue scale for leg and back pain at baseline 
and presence of disturbed neurological tests (six neurological tests were performed [Lasègue’s sign, 
Crossed straight-leg raising, Kemp’s sign, Bragard’s Sign, walking on heels and walking on toes]. One or 
more disturbed tests was considered to be an abnormal result).
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a b s t r a c t

background context

Patients with sciatica frequently experience disabling back pain. One of the proposed causes for 
back pain is Vertebral Endplate Signal Changes (VESC) as visualized by Magnetic Resonance 
Imaging (MRI). 

purpose

To report on VESC findings, changes of VESC findings over time and the correlation between 
VESC and disabling back pain in patients with sciatica.

study design/setting

A randomized clinical trial with one year follow-up.

patients sample

Patients with 6-12 weeks sciatica who participated in a multicentre randomized clinical trial 
comparing an early surgery strategy to prolonged conservative care with surgery if needed. 

outcome measures

Patients were assessed by means of the 100-mm visual-analogue scale (VAS) for back pain (with 
0 representing no pain and 100 the worst pain ever experienced) at baseline and one year. 
Disabling back pain was defined as a visual analogue scale score of at least 40mm. 

methods

Patients underwent MRI both at baseline and after one year follow-up.  Presence and change 
of VESC was correlated with disabling back pain using Chi-square tests and logistic regression 
analysis. This study was supported by a grant from the Netherlands Organisation for Health 
Research and Development (ZonMW) and the Hoelen Foundation, The Hague.

results

At baseline 39% of patients had disabling back pain. Of the patients with VESC at baseline 
40% had disabling back pain compared to 38% of the patients with no VESC (P=0.67). The 
prevalence of type 1 VESC increased from 1% at baseline to 35% one year later in the surgical 
group compared to an increase from 3 to 11% in the conservative group. The prevalence of 
type 2 VESC decreased from 40 to 29% in the surgical group while remaining almost stable 
in the conservative group at 41%. The prevalence of disabling back pain at one year was 12% 
in patients with no VESC at one year, 16% in patients with type 1 VESC, 11% in patients 
with type 2 VESC and 3% in patients with both type 1 and 2 VESC (P=0.36). Undergoing 
surgery was associated with increase in the extent of VESC (Odds ratio [OR] 8.6, 95% CI 
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4.7-15.7, P<0.001). Patients who showed an increase in the extent of VESC after one year did 
not significantly report more disabling back pain compared to patients who did not show any 
increase (OR 1.2, 95% CI 0.6-2.6, P=0.61). 

conclusion

In this study undergoing surgery for sciatica was highly associated with the development of 
VESC after one year. However, in contrast with the intuitive feeling of spine specialists, those 
with and those without VESC reported disabling back pain in nearly the same proportion. 
Therefore VESC does not seem to be responsible for disabling back pain in patients with 
sciatica.
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i n t r o d u c t i o n

Sciatica, more accurately called lumbosacral radicular syndrome, is one of the most common 
lumbar-spine disorders. The natural history of sciatica is favorable, with spontaneous resolu-
tion of the leg pain within 8 weeks in the majority of patients.1 About 20 to 30% of the 
patients with sciatica receives surgery.2 However, contrary to what one might expect given 
the advancements in diagnostic imaging and surgical techniques, the results after lumbar disc 
surgery for patients with radiculopathy due to a herniated disc do not seem to have improved 
during recent decades. Both classical and recent randomized controlled trials demonstrated 
that during longer follow-up at least 15-35% of the patients has an unsatisfactory outcome.3-10 
One of the most persistent accompanying complaints is chronic low back pain.9, 11, 12 A consid-
erable proportion of the costs and suffering due to sciatica can be attributed to the minority 
of patients that continues to experience symptoms like back pain.12, 13 The identification of 
determinants of back pain and factors that promote persisting of back pain would be valuable 
as low back pain increasingly poses an economic burden to industrialized society, mainly in 
terms of the large number of work days lost.13-15  

In the search for causes of associated back pain in patients with sciatica, vertebral endplate 
signal changes (VESC) visualized by Magnetic Resonance Imaging (MRI) have been proposed 
as a possible cause. In 1988 Modic described three types of signal changes.16, 17 Type 1 lesions, 
hypointense on T1-weighted images and hyperintense on T2-weighted images, represent mar-
row edema, and are associated with an acute process.16, 18, 19 Type 2 lesions, the most common 
type, have increased signal on T1 weighted images and isointense or slightly hyperintense 
signal on T2 weighted images, and represent fatty degeneration of subchondral marrow and 
are associated with a chronic process.16, 20 Type 3 lesions, hypointense both on T1- and T2-
weighted sequences, are considered to correlate with subchondral bone sclerosis.16, 21 

The prevalence of VESC varies greatly among studies ranging from less than 1% in adoles-
cents from the Danish general population22 to 100% in selected patient populations.23 Some 
studies observed an association between VESC and back pain,24-27 while other studies did not 
observe any association.28-31 Studies correlating VESC on consecutive MRIs in patients with 
sciatica are limited, especially studies comparing surgery with conservative treatment for the 
development of VESC. The determination of the clinical relevance of VESC is meaningful as 
accompanying endplate changes in patients suffering from radiculopathy due to a disc hernia-
tion are a frequent surgical indication to perform, in addition to the usual disc surgery for the 
radiculopathy, a fixation of two or more vertebrae in the lower spine or replacing the disc by 
a prothesis.32-35 Lack of evidence and guideline consensus did result in a global problem of 
practice variation with regard to spinal surgery.36, 37

The investigators previously reported the results of a randomized controlled trial comparing 
early surgery with prolonged conservative care for patients with sciatica.38 The trial showed 
faster recovery after early surgery, but the overall 1-year functional recovery rate was similar. 
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As the study protocol reported, patients underwent an MRI both at baseline and one year after 
randomization.38 We now report on VESC findings, changes of VESC findings over time and 
the correlation between VESC findings and back pain in sciatica. 

m e t h o d s

study population

Patients for this study were participants in a multicentre randomized trial among patients with 
6-12 weeks sciatica (n=283). Patients were included only if they had a dermatomal pattern 
of pain distribution with concomitant neurological disturbances that correlated to the same 
nerve root being effected on MRI.38 An early surgery strategy was compared to prolonged 
conservative care for an additional 6 months followed by surgery for patients who did not 
improve or who did request it earlier because of aggravating symptoms. The surgical treatment 
was standardized in this study (the symptomatic disk herniation was removed by a minimal 
unilateral transflaval approach with magnification. The goal of surgery was to decompress the 
nerve root and reduce the risk of recurrent disk herniation by performing an annular fenestra-
tion, curettage, and removal of loose degenerated disk material from the disk space with the 
use of a rongeur). Patients underwent MRI at the time of the initial diagnosis of sciatica and 
after one year of follow-up.38 The medical ethics committees at the nine participating hospitals 
approved the protocol. Written informed consent was obtained from all patients. Details of the 
design and study protocol were published previously.38

mri protocol and image evaluation

MRI scans were performed in all nine participating hospitals using standardized protocols 
tailored to a 1.5 Tesla scanner. Sagittal T1 and axial T1 spin echo images of the lumbar spine 
were acquired. In addition, T2 weighted sagittal and axial series, and contrast-enhanced 
(gadolinium-DTPA) T1 fat suppressed images were obtained. 

Two neuroradiologists and one neurosurgeon independently evaluated all MR images ac-
cording to a predefined protocol (Appendix Table S1). Definitions of imaging characteristics 
were based on the recommendations from the combined task forces of the North American 
Spine Society, the American Society of Spine Radiology, and the American Society of Neurora-
diology for classification of lumbar disc pathology.39 VESC were defined according to criteria 
of Modic (as defined in the introduction).16, 17 The observers graded the extent of VESC using 
three categories: mild, moderate and severe. As studies did not observe any VESC at level 
L1-L2,21 all three observers only evaluated images from L2-L3 through L5-S1. Observers also 
evaluated the presence of Schmorl’s nodes (herniation of the disc into the vertebral-body end 
plate). The observers were not provided any clinical information and have not been involved in 
the selection or care of the included patients. Observer experience in reading spine MRIs was 
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Table 1 Baseline characteristics of the intention-to-treat groups and the as-treated groups. Values are n 
(%) or means ± SD. N=263

Intention to treat As treated 

Randomized 
to early 
surgery 
(N=129)

Randomized 
to prolonged 
conservative 
care (N=134)

Received 
surgery 
(n=168)

Received no 
surgery
(n=95)

Age 41.7±10.0 43.2±9.3 41.9±9.8 43.5±9.3

Male sex 84 (65) 95 (71) 111 (66) 68 (72)

Body-mass indexò * 26.0±4.1 25.6±3.3 26.2±3.9 25.1±3.4

Duration of sciatica in weeks 9.5±2.4 9.6±2.2 9.5±2.4 9.6±2.1

Smoking 51 (40) 47 (35) 65 (39) 33 (35)

Vertebral Endplate Signal Changes (VESC)

No VESC 82 (64) 69 (51) 99 (59) 52 (55)

VESC Type 1 2 (2) 2 (1) 1 (1) 3 (3)

VESC Type 2 44 (34) 62 (46) 67 (40) 39 (41)

VESC Type 3 0 (0) 0 (0) 0 (0) 0 (0)

VESC Type 1 and 2 1 (1) 1 (1) 1 (1) 1 (1)

Suspected disc level and type of 
displacement on MRI 

L3L4 Herniation 5 (4) 4 (3) 7 (4) 2 (2)

L4L5 Herniation 58 (45) 50 (37) 70 (42) 38 (40)

L4L5 Bulging 2 (2) 1 (1) 3 (2) 0 (0)

L5S1 Herniation 63 (49) 77 (57) 87 (52) 53 (56)

L5S1 Bulging 1 (1) 2 (2) 1 (1) 2 (2)

MRI assessed nerve root compression

Definite 80 (62) 94 (70) 110 (65) 64 (67)

Probable 35 (27) 29 (22) 42 (25) 22 (23)

Possible 11 (9) 10 (7) 13 (8) 8 (8)

Definitely no root compression 3 (2) 1 (1) 3 (2) 1 (1)

Weeks between baseline and follow-up MRI 53.4±3.1 52.7±3.8 53.0±3.7 53.1±3.2

Roland Disability score ‡ * 16.3±4.4 16.1±4.0 16.7±4.2 15.4±4.1

VAS leg pain in mm § *    66.7±20.1 63.3±21.2 67.1±20.0 61.2±21.5

VAS back pain in mm § 33.6±29.5 30.5±27.1 33.9±30.4 28.7±23.9

Values are n (%) or means ± SD. N= 263.
No significant baseline differences were observed in the intention-to-treat group
* P<0.05 for the difference in the as-treated group
ò Body-mass index is the weight in kilograms divided by the square of the height in meters
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status.
§ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
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7 and 6 years post-residency for the neuroradiologists and 4 years post-residency for the neu-
rosurgeon. The observers hold senior positions in busy spinal clinics with a focus on advanced 
spine surgery, and are confronted with spinal MRIs on a daily basis.

outcome

Patients were assessed by means of the 100-mm visual-analogue scale (VAS) for back pain 
(with 0 representing no pain and 100 the worst pain ever experienced) and a 7-point Likert 
self-rating scale of global perceived recovery ranging from completely recovered to much worse. 
The outcome measures were assessed at baseline, 2, 4, 8, 12, 26, 38 and 52 weeks. The patients 
did not see the results of earlier assessments and were also blinded to the MRI results. 

statistical analysis

The majority opinion of the two neuroradiologists and neurosurgeon regarding the different 
MRI characteristics (answer independently given by minimum 2 out of 3 observers) was used 
in the statistical analysis. In the cases all three observers gave a different answer (e.g. observer 
A reported no VESC, observer B VESC Type 1 and observer C VESC Type 2), an additional 
senior neurosurgeon (15 years post-residency experience) independently evaluated the cases of 
disagreement, and his opinion regarding the VESC type was subsequently used in the statisti-
cal analysis. Interreader agreement between the three observers for the baseline and one year 
follow-up images was assessed with absolute percentages of agreement and kappa coefficients. 
At the design phase it was pre-specified that kappa values would be calculated only for findings 

Table 2 Detailed description of the alteration of Vertebral Endplate Signal Changes 
(VESC) types between baseline and one year in the surgical and conservative group.

Received surgery 
(n=168)

Received no surgery
(n=95)

No change in VESC type between baseline and one year 55 (33) 78 (82)

Change from no VESC at baseline to 

VESC Type 1 at one year 50 (30) 5 (5)

VESC Type 2 at one year 22 (13) 7 (7)

VESC Type 1 and Type 2 at one year 13 (8) 1 (1)

Change from VESC type 1 at baseline to VESC Type 2 at one 
year

2 (1) 0 (0)

Change from VESC type 2 at baseline to 

VESC Type 1 at one year 7 (4) 2 (2)

VESC Type 1 and 2 at one year 7 (4) 0 (0)

Different changes: at one endplate change from no VESC to 
VESC Type 1 and at another endplate change from VESC type 
2 at baseline to VESC Type 1 at one year 

9 (5) 1 (1)

Otherwise 3 (2) 1 (1)

Values are n (%)
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reported in more than 10 and less than 90% of all reports40 since the kappa statistic is affected 
by the prevalence of the events, so that findings with very high or low prevalence lead to very 
low kappa values, even if the observer agreement is high.41, 42 

Disabling back pain was defined in the research group consensus meeting as a VAS for back 
pain of at least 40 mm, as this cutt-off value is regularly used when the VAS is categorized into 
favorable and unfavorable outcome.43, 44 Perceived recovery on the 7-point Likert scale was 
defined as “complete” or “nearly complete recovery”. The other (five) categories corresponded 
to “unsuccessful recovery”. 

Baseline and follow up characteristics of the surgical and conservative treatment group were 
compared using Student’s t-test for continuous data and Chi-square tests for categorical data. 
Logistic regression analysis (univariate and multivariate analysis) was used to determine which 

 Surgically treated patients (n=168)

59

1

40

1

19

35
29

17

0

20

40

60

80

100

No VESC at
any level 

VESC type 1 VESC type 2 VESC type 1
and 2 

Pe
rc

en
ta

ge
 (%

)

Baseline
1-year follow-up

 
	 1A

 Conservatively treated patients (n=95)

55

3

41

1

45

11

42

2
0

20

40

60

80

100

No VESC at
any level 

VESC type 1 VESC type 2 VESC type 1
and 2 

Pe
rc

en
ta

ge
 (%

)

Baseline
1-year follow-up

 	 1B
Figure 1 Prevalence of Vertebral Endplate Signal Changes (VESC) types at baseline and one year later in 
1A) surgically treated patients and 1B) conservatively treated patients. 
Analysis based on the “as-treated” groups.  
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baseline factors were associated with the presence of VESC at baseline. Repeated measurement 
analysis of variance was applied when analyzing differences in mean VAS-back pain during 
follow-up between patients with and without VESC. Since we specifically wanted to determine 
the influence of surgical treatment versus conservative treatment on progression of VESC, all 
analyses were performed according to the per-protocol analysis. As sensitivity analyses, we 
performed analysis excluding the cases in which all three MRI assessors disagreed on the VESC 
type. A P value of <0.05 was considered statistically significant.

re s u l t s

patient characteristics

Of the 599 patients screened for the study, 283 patients were randomized. One year after 
randomization a second MRI was available for 267 (94.3%) of patients (Appendix Table S2). 
Baseline characteristics were similar among randomized patients for whom a second MRI was 
available compared to those for whom not. In total, 263 one-year MRIs could be evaluated 
properly due to the availability of both T1 and T2 images. Of the 263 patients who were 
eligible to be analyzed for the current study, 129 patients were randomized to early surgery 
and 134 to prolonged conservative care. Of the 129 patients randomized to early surgery, 
15 recovered before surgery could be performed. Of the 134 patients assigned to prolonged 
conservative care, 54 eventually received surgery within the first year. 

Table 3 Factors associated with presence of Vertebral Endplate Signal Changes (VESC) at one or more 
lumbar levels at baseline (n=263). 

Association between 
general factors and 
VESC at any lumbar level

Comparison (%) Univariate analysis Multivariate analysis

OR 95%CI P-value OR 95%CI P-value

VAS back pain Per additional score 1.00 0.99-1.01 0.67

Age Per additional year 
of age

1.07 1.04-1.10 <0.001 1.06 1.03-1.09 <0.001

BMI Per additional unit 1.04 0.97-1.11 0.29

Gender Male (68) vs female  
(32)

0.56 0.33-0.94 0.029 0.49 0.27-0.86 0.013

Presence of Schmorl’s 
nodes at one or more 
lumbar level 

Yes (11) vs no (89) 2.60 1.18-5.72 0.017 2.98 1.28-6.94 0.012

Presence of impaired 
discs at more than one 
level

Yes (79) vs no (21) 3.09 1.57-6.09 0.001 2.50 1.22-5.12 0.012

OR denotes odds ratio. CI denotes confidence interval.
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 		  2A Surgically treated patients

		  2B Conservatively treated patients
Figure 2 Repeated measurement analysis curve of Mean Scores for back pain on the Visual Analogue 
Scale. Sciatica patients with and without vertebral endplate signal changes on baseline MRI were 
compared. The vertical bars represent 95% confidence intervals.
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Absolute percentages of pairwise agreement among the three MRI observers for the pres-
ence and type of VESC varied from 75 to 99% (Appendix Table S3). As the prevalence of 
some VESC types were too low (< 10% of the reports) we did not calculate any kappa values 
for VESC. In 8 baseline MRIs and 9 one-year MRIs (3.4%) all three observers gave a different 
score regarding VESC type in the same patient (one reader no VESC, one reader VESC type 1 
and one reader VESC type 2).  

vesc findings at baseline and one year follow-up

At baseline, VESC were observed in 41% of 168 surgically treated patients compared to 45% 
of 95 conservatively treated patients (P=0.51). At baseline there was no difference in the types 
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Figure 3A) Disabling back pain at one year according to the type of Vertebral Endplate Signal Changes at 
one year. Disabling back pain was defined as a visual analogue scale score of at least 40mm on a scale of 
0-100 (with 0 representing no pain and 100 the worst pain ever experienced) 
3B) Perceived recovery at one year according to the type of Vertebral Endplate Signal Changes at one year. 
Recovery was defined as “complete” or “nearly complete recovery” on the 7-point Likert scale. The other 
(five) categories corresponded to “No recovery”. VESC denotes Vertebral Endplate Signal Changes.  
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of VESC between surgically and conservatively treated patients (P=0.39) (Table 1). When 
VESC were considered present at baseline, 91% in the conservative treatment group displayed 
VESC type 2 compared to 97% in the surgical group.

At one year follow-up, 67% of the patients who had undergone surgery altered in VESC 
type compared to 18% of the patients who were treated conservatively (P<0.001). In the surgi-
cal group the most common conversion was from no VESC to VESC type 1, while in the 
conservative group slightly more conversions were from no VESC to VESC type 2 (Table 2). 
The prevalence of VESC type 1 increased from a prevalence of 1% at baseline to 35% one year 
later in surgically treated patients compared to an increase from 3% to 11% in conservatively 
treated patients (Figure 1). The prevalence of VESC type 2 decreased from 40 to 29% in the 
surgical group while remaining stable at about 41% in the conservative group. 

At one year follow-up, 67% of the patients of surgically treated patients showed an increase 
in the extent of VESC compared to 19% of conservatively treated patients (P<0.001, Appendix 
Figure S1). A decrease in the extent of VESC after one year was observed in a minority of 
patients: 2% of surgically treated patients displayed a decrease in VESC compared to 5% of 
the conservatively treated patients. 

factors associated with the presence and change of vesc

The presence of VESC at one or more levels at baseline was significantly associated with 
increasing age, female gender, the presence of Schmorl’s nodes and the presence of impaired 
disc levels at one or more levels (Table 3). Considering only the impaired disc level that was 
assumed by the observers to cause the lumbosacral radicular syndrome, the presence of VESC 
at this level was significantly associated with loss of disc height of the same disc level, female 
gender, presence of VESC at other levels and presence of Schmorl’s nodes (Appendix Table S4). 
Undergoing surgery was significantly associated with increase in the extent of VESC between 
baseline and one year (OR 8.56, 95% CI 4.67-15.67, P<0.001). 

correlation between vesc and clinical outcome (disabling back pain and recovery) 

At baseline, 40% of the patients with VESC had disabling back pain compared to 38% of the 
patients with no VESC (P=0.67). Of the patients with no or mild VESC at baseline 38% had 
disabling back pain compared to 41% of the patients with moderate to severe VESC (P=0.75). 
Patients who were surgically treated and displayed VESC at baseline reported higher VAS 
back pain scores during the first 8 weeks compared to surgically treated patients who had not 
displayed VESC at baseline, but after this short-term period the mean VAS back pain scores of 
these two groups converged (Figure 2).  

At one-year follow-up, the prevalence of disabling back pain was 12% in patients with no 
VESC at one year, 16% in patients with type 1 VESC, 11% in patients with type 2 VESC and 
3% in patients with both type 1 and 2 VESC (P=0.36) (Figure 3A). When stratifying according 
to received treatment during the first year also no significant differences in the prevalence of 
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disabling back pain existed between patients with the different types of VESC (Figure S2, 
P=0.29 in patients who had undergone surgery and P=0.93 in patients who had not undergone 
surgery). Of the patients with no or mild VESC at one year 11% had disabling back pain com-
pared to 14% of the patients with moderate or severe VESC (P=0.39). Patients who showed 
an increase in the extent of VESC between baseline and one year did not significantly report 
more disabling back pain at one year compared to patients who did not show any increase in 
the extent of VESC (Odds ratio [OR] 1.21, 95% Confidence Interval [CI] 0.57-2.58, P=0.61). 

Of the patients with VESC at one year 84% reported perceived recovery compared to 
88% of the patients with no VESC (P=0.36). No significant differences in the prevalence of 
perceived recovery existed among patients with the different types of VESC (P=0.25) (Figure 
3B). In addition, patients who showed an increase in the extent of VESC over one year did not 
significantly report less recovery compared to patients who did not show any increase in the 
extent of VESC (OR 1.57, 95% CI 0.79-3.11, P=0.20). 

Sensitivity analyses to account for disagreement in VESC type yielded similar results (Figure 
S3). Also similar results were obtained when the analyses were stratified according to no VESC, 
VESC at one level and VESC at more than one level (Figure S4). 

d i s c u s s i o n

Undergoing disc surgery for sciatica was highly associated with progression in the extent of 
VESC compared to non-operative care in this study. In one year about two thirds of surgi-
cally and one fifth of conservatively treated patients displayed an increase of VESC. However, 
both at baseline and after one year follow-up, those with and those without VESC reported 
disabling back pain in nearly the same proportion. In addition, the proportion of patients 
reporting perceived recovery after one year was also nearly equally distributed between those 
with and without VESC. Therefore the results do present evidence that VESC are not respon-
sible for disabling back pain in patients with sciatica. This remarkable scientific finding is in 
contrast with the intuitive intervention-prognostic diagnostic and treatment regimen of spinal 
physicians. 

Studies correlating VESC to back pain in patients with sciatica are limited with conflict-
ing results.23 VESC have been reported to be associated with low back pain in the general 
population aged 40 years26 and in working populations.27, 45 Two studies did not observe more 
VESC among chronic low back pain patients compared to control subjects,46 or between VESC 
and previous back pain in subjects without current back pain or sciatica.31 Two earlier studies 
investigated the correlation between VESC and low back pain in patients treated for lumbar 
disc herniations, with contradictory results to the present study. Barth et al. evaluated MR 
images of 84 surgically treated patients for lumbar disc herniations.47 Unfortunately the VESC 
were described by only one radiologist and MRI follow-up time ranged from 18 to 29 months. 
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After exclusion of reoperated patients, pre- and postoperative images were only available for 19 
of 32 patients in the microdiscectomy group. Although back pain was significantly associated 
with progressive endplate changes, the clinical relevance of the association might be limited 
due to the relatively low observed spearman correlation coefficient (r=0.343).48 No analysis 
was presented stratified according to VESC type. Albert et al. evaluated VESC in patients 
treated conservatively for sciatica.20 Unfortunately the VESC were also described by only one 
radiologist. At 14 months follow-up, 60% of patients with VESC had self-reported back pain 
compared to 20% of patients without VESC. However, the proportion of patients with back 
pain did not significantly differ between the VESC types. Possibly, the results of the current 
study are contradictory with these two studies due to the definition of back pain. While they 
used self-reported back pain as the outcome we defined ‘disabling back pain’ based on patients’ 
reported VAS for back pain. 

The causes of VESC are not known. One theory is that toxic substances produced after dam-
age of a disc invade the endplates and vertebral bones through micro fractures in the endplates 
and cause an inflammatory reaction.49 Trauma to a disc by surgery causing the production of 
irritating substances may therefore accelerate the progression of VESC. The finding in this 
study of considerably more VESC in surgically treated compared to conservatively treated 
patients after one-year follow-up supports this theory. The extent of excision of the herniated 
disc might also be well correlated with the extent of the development of VESC. In support of 
this hypothesis is the study of Barth et al. who observed that patients who underwent standard 
discectomy (removal of herniated material plus discal tissue from the intervertebral space) 
developed significantly more VESC as compared to patients who underwent the less invasive 
sequestrectomy (only removal of the herniated material).47

The results of the present study are in line with previous studies showing a positive associa-
tion between the prevalence of VESC with increasing age,19, 21, 23 disc degeneration (loss of disc 
height, presence of impaired disc at more than one level)17, 18, 23, 49 and Schmorl’s impressions.49 
However, the finding of an association between female gender and VESC differs from previous 
findings in the literature showing no difference in the prevalence rates in relation to gender.23 
Two studies that examined VESC in unoperated sciatica patients did not provide any informa-
tion regarding the relation of gender and prevalence of VESC.20, 21 The current study finding 
should be confirmed by future research. 

The most common VESC at baseline was VESC Type 2, a finding in concordance with pre-
vious studies in unoperated sciatica patients.20, 21 The most common conversion in the surgical 
group was progression from no VESC at any level to type 1. In the study of Rahm et al. most 
patients developed VESC type 2 changes after lumbar discectomy.50 However, contrary to the 
12 months time interval between initial and follow-up MRI in this study, their interval varied 
from 32 to 59 months. In general it is agreed that VESC type 1 are unstable lesions which may 
convert to type 2 or back to normal.51 The high observed prevalence of type 1 lesions at 12 
months may still represent the more active stage of inflammation following disc surgery and 
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these lesions may convert to type 2 or back to normal over time. Furthermore, the observation 
that 81% of conservatively treated patients did not convert from one VESC type to another 
after one year is in concordance with longitudinal studies that investigated the natural course 
of VESC and have observed that 48% to 86% of people do not convert from one VESC type 
to another over periods of 14 to 72 months.17, 19-21, 52 

An important limitation to be considered is that the study population consisted of sciatica 
patients raising the difficulty of generalizing the results to a population with back pain but 
without radicular symptoms. In general prevalence of VESC is higher in clinical than in non-
clinical populations.23 However, after one year the overwhelming majority of patients recovered 
from sciatic symptoms. Still patients exhibiting VESC at one year did not report more back 
pain compared to patients who did not display any VESC at one year. Also approximately 3% 
of the cases had three different VESC readings. However, similar results were obtained when 
those cases were left out of the analyses. Finally, the reported VESC and their relation with 
back pain were timed only once, one year after randomization. Although seemingly generaliz-
able to other time points it is scientifically uncertain if we would have found comparable results 
at other moments.

In summary, in this one year follow-up study undergoing surgery for sciatica was highly 
associated with the development of VESC. However, both at baseline and after one year, those 
with and those without VESC reported disabling back pain in nearly the same proportion. 
Therefore the results indicate that VESC are not responsible for disabling low back pain in 
patients with sciatica and one should be reticent to offer back surgery based on MRI endplate 
changes.
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Table S1 MRI study variables

Disc level Variable Category

Separate for every 
end plate from 
level L2-L3 through  
L5-S1 

Presence of vertebral end plate 
signal changes (VESC) 

1. No VESC
2. VESC type 1: hypointense on T1-weighted 
sequences and hyperintense on T2-weighted 
sequences
3. VESC type 2: increased signal on T1 weighted 
sequences and isointense or slightly hyperintense 
signal on T2 weighted sequences
4. VESC type 3: hypointense both on T1- and T2-
weighted sequences
5. VESC type 1 and 2

Extent of vertebral endplate 
signal changes

1. mild 
2. moderate 
3. severe

Presence of Schmorl’s nodes 
(herniation of the disc into the 
vertebral-body end plate)

1. Yes
2. No

From level L1-L2 
through L5-S1

Presence of impaired discs at 
more than one level

1. Yes 2. No 

Disc level with the 
most severe nerve 
root compression

Disc level 1. Not applicable: no symptomatic disc level
2. L2L3
3. L3L4
4. L4L5
5. L5S1

Loss of disc height at this level 1. Yes 2. No

Signal intensity of nucleus 
pulposus on T2 images at this 
level

1. Hypointensity 2. Normal 3. Hyperintensity

Disc contour at this level 1. Normal: no disc extension beyond the normal 
margins of the intervertebral disc space 
2. Bulging: presence of disc tissue circumferentially 
(50-100%) beyond the edges of the ring apophyses
3. Consideration of a disc herniation: localized 
displacement of disc material beyond the normal 
margins of the intervertebral disc space

Certainty about the presence of 
a disc herniation

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider 
but probability < 50%
4. Definite about the absence: no doubt about the 
absence of a disc herniation.
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Table S1 (Continued)

Disc level Variable Category

Probability of nerve root 
compression

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider 
but probability < 50%
4. Definite no clinical relevant nerve root 
compression

Table S2 One year after randomization a second MRI was available for 267 (94.3%) out of 283 
participants. Reasons for why no second MRI at one year was available for the remaining 16 patients are 
listed in the Table. 

Number of patients (total 16) Reason why no second MRI was available one year after randomization

3 Stopped participating in the study after 8 weeks 

1 Stopped participating in the study after 12 weeks

1 Stopped participating in the study after 16 weeks

1 Stopped participating in the study after 26 weeks

1 Did not show up on the scheduled appointment 

1 Pregnancy

5 A second MRI was actually performed at 52 weeks, but we were not 
able to retrieve these MRIs. These 5 MRI’s might have been lost during 
the storage process at the centers were the MRI’s were performed or 
during the collection of the MRI’s 

3 Reason unknown

Table S3 Interobserver agreement regarding the type of Vertebral Endplate Signal Changes 
(VESC) and other MRI findings. The observers could choose from the following categories: No VESC, 
VESC type 1, VESC type 2, VESC type 3 and VESC type 1 and 2. A en B represent the neuroradiologists 
and C represents the neurosurgeon. 
A) Interobserver agreement regarding the type of Vertebral Endplate Signal Changes (VESC)
B) Interobserver agreement regarding other MRI findings used in the current study
S3A

A vs B A vs C B vs C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Type of vertebral endplate signal 
changes upper endplate L2L3

98 * 98 * 99 * 97 *

Type of vertebral endplate signal 
changes lower endplate L2L3

97 * 96 * 97 * 96 *

Type of vertebral endplate signal 
changes upper endplate L3L4

95 * 96 * 97 * 94 *

Type of vertebral endplate signal 
changes lower endplate L3L4

96 * 96 * 97 * 94 *
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Table S3 (Continued)

A vs B A vs C B vs C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Type of vertebral endplate signal 
changes upper endplate L4L5

84 * 85 * 87 * 80 *

Type of vertebral endplate signal 
changes lower endplate L4L5

84 * 84 * 87 * 79 *

Type of vertebral endplate signal 
changes upper endplate L5S1

75 * 79 * 77 * 69 *

Type of vertebral endplate signal 
changes lower endplate L5S1

75 * 81 * 76 * 69 *

* Prevalence of some VESC types too low (< 10% of the reports) to calculate kappa values 

S3B

A vs B A vs C B vs C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment

multi-
rater

kappa

Presence of Schmorl’s nodes§ 78 0.20 79 0.41 83 0.24 70 0.28

Presence of impaired discs at more 
than one level§

93 0.80 84 0.60 84 0.60 81 0.66

Characteristic of the impaired disc 
level that was assumed to cause the 
sciatic symptoms

Level¶ 97 0.95 99 0.97 98 0.96 97 0.96

Loss of disc height§ 99 * 73 0.27 74 0.29 72 0.34

Intensity of nucleus pulposus on T2 
images at one or more levelsY 

96 * 92 * 90 * 89 *

Nerve root compression‡ 90 * 90 0.56 90 0.56 89 0.72

* Since kappa values are afected by the prevalence of events, kappa values were only calculated for 
findings reported in more than 10% and less than 90% of all reports.
§ Categories were: yes versus no.
¶ The 5 categories were: 1) L2L3 2) L3L4 3) L4L5 4) L5S1 
Y Categories were: 1) Hypointensity 2) Normal 3) Hyperintensity.
‡ Categories were: probability> 5% vs probability<50%.

Table S4 Uni- and multivariate analysis to determine predictive value on the presence of Vertebral 
Endplate Signal Changes at the disc level that is assumed to cause the sciatic symptoms (n=263). OR 
denotes odds ratio. CI denotes confidence interval.

Comparison (%) Univariate analysis Multivariate analysis

OR 95%CI P-value OR 95%CI P-value

VAS back pain Per additional 
score 

1.00 0.99-1.01 0.42
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Table S4 (Continued)

Comparison (%) Univariate analysis Multivariate analysis

Demographic variables

Age Per additional year 1.03 1.00-1.06 0.058

Gender Male (68) vs female 
(32)

0.44 0.26-0.76 0.003 0.46 0.26-0.81 0.007

MRI characteristics of 
the disc level that is 
assumed to cause the 
sciatic symptoms

Disc level L4L5 (44) vs L5S1 
(56)

0.75 0.44-1.29 0.30

Presence of Schmorl’s 
nodes 

Yes (5) vs no (95) 3.73 1.18-11.79 0.025 3.45 1.04-11.40 0.042

Loss of disc height at the 
disc level

Yes (91) vs no (9) 3.57 1.03-12.32 0.044 3.34 0.94-11.81 0.062

Signalintensity of nucleus 
pulposus on T2 images at 
one or more levels 

Hypointens (91) vs 
normal (9)

2.24 0.73-6.83 0.16

Presence of nerve root 
compression on MRI 

Probability >50% 
(90) vs probability 
<50% (10)

0.98 0.40-2.37 0.96

Presence of impaired 
discs at other disc levels 

Yes (79) vs no (21) 1.72 0.87-3.40 0.12

Presence of VESC at other 
disc levels

Yes (20) vs no (80) 2.12 1.14-3.93 0.017 1.99 1.04-3.83 0.039
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Appendix Figure S1 Progression in the extent of VESC between baseline and one year in patients 
who underwent surgery and patients who received conservative care  

Appendix Figure S2 A) Disabling back pain at one year according to the type of Vertebral Endplate 
Signal Changes at one year in A) patients who underwent surgery during the first year and B) patients 
who underwent no surgery during the first year. Disabling back pain was defined as a visual analogue 
scale score of at least 40mm on a scale of 0-100 (with 0 representing no pain and 100 the worst pain ever 
experienced) 
S2A Patients who underwent surgery during the first year
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S2B Patients who underwent no surgery (conservative treatment) during the first year

Appendix Figure S3 Disabling back pain at A) baseline and B) one year according to the type of Vertebral 
Endplate Signal Changes (VESC). This analysis only included patients in whom at least 2 out of the 3 MRI 
readers gave the same score regarding VESC type.
S3A Baseline (n=255). 

At baseline only 1 patient displayed VESC type 1 and 1 patient VESC type 1 and 2  
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S3B One-year follow-up (n=254) 

Appendix Figure S4 Disabling back pain at A) baseline and B) one year according to Vertebral 
Endplate Signal Changes (VESC) at one or more levels. 
S4A Baseline

S4B One-year follow-up
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a b s t r a c t 

background context

Gadolinium-enhanced Magnetic resonance imaging (Gd-MRI) is often performed in the 
evaluation of patients with persistent sciatica after lumbar disc surgery. However, correlation 
between enhancement findings and clinical findings is debated and limited data is available 
regarding the reliability of enhancement findings.  

purpose

To evaluate the reliability of Gd-MRI findings and their correlation with clinical findings in 
patients with sciatica. 

study design/setting

A randomized clinical trial with one year follow-up.

patients sample

Patients with 6-12 weeks sciatica who participated in a multicentre randomized clinical trial 
comparing an early surgery strategy to prolonged conservative care with surgery if needed. In 
total 204 patients underwent Gd-MRI at baseline and after one year.

outcome measures

Patients were assessed by means of the Roland Disability Questionnaire (RDQ) for Sciatica, 
visual-analogue scale (VAS) for leg pain and patient-reported perceived recovery at one year. 
Kappa coefficients were used to assess interobserver reliability.

methods

In total 204 patients underwent Gd-MRI at baseline and after one year. MRI findings were 
correlated to the outcome measures using The Mann-Whitney U test for continuous data 
and Fisher’s exact tests for categorical data. This study was supported by a grant from the 
Netherlands Organisation for Health Research and Development (ZonMW) and the Hoelen 
Foundation, The Hague. None of the authors of this study has any conflict of interest. 

results

Poor to moderate agreement was observed regarding gadolinium enhancement of the her-
niated disc and compressed nerve root (kappa <0.41) which was in contrast with excellent 
interobserver agreement about the disc level of the herniated disc and compressed nerve root 
(kappa >0.95). Of the 59 patients with an enhancing herniated disc at one year, 86% reported 
recovery compared to 100% of the 12 patients with non-enhancing herniated discs (P=0.34). 
Of the 12 patients with enhancement of the most affected nerve root at one year 83% reported 
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recovery compared to 85% of the 192 patients with no enhancement (P=0.69). Patients with 
and without enhancing herniated discs or nerve roots at one year reported comparable out-
comes on RDQ and VAS-leg pain.

conclusion

Reliability of Gd-enhanced MRI findings was poor to moderate and no correlation was ob-
served between enhancement findings and clinical findings at one year follow-up.
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i n t r o d u c t i o n

Sciatica is one of the most common lumbar-spine disorders and a major source of lost pro-
ductivity.1, 2 The most common cause of sciatica is a disc herniation.3 Since the natural history 
of sciatica is favorable, surgery should be offered only if symptoms persist after a period of 
conservative treatment.4, 5 The reported prevalence of satisfactory results following initial 
surgery varies between 80 and 95%.6-12 However, repeated surgery is less successful: only 60 to 
82% of patients with recurrent disc herniation improve after surgery.13-16 In patients who have 
only epidural scar tissue and no other abnormalities, the success rate of repeat surgery is even 
lower: 17 to 38%.14, 16, 17 Therefore evidence of scar tissue alone is often regarded as a contra-
indication for repeat surgery while evidence of (recurrent) disc herniation may be an indication 
for a repeated surgical procedure.18 Contrast-enhanced Magnetic Resonance Imaging (MRI) is 
frequently performed in patients with persistent or recurrent symptoms of sciatica after surgical 
treatment, as it has been proposed to differentiate between postoperative epidural scar tissue 
and recurrent disc herniation: scar tissue has a homogenous enhancement pattern while disc 
herniation usually lacks central enhancement.16, 18-21 

The investigators previously reported the 1-year MRI results of patients with symptomatic 
lumbar disc herniations at baseline who were treated with either surgery or conservative treat-
ment.22 At one year follow-up a considerable proportion of patients still had a visible disc 
herniation on MRI (21% of surgically compared to 60% of conservatively treated patients). 
However, presence of disc herniation on MRI did not correlate to the clinical status and could 
not distinguish patients with persistent or recurrent symptoms of sciatica from asymptomatic 
patients. In the search for causes for persistent sciatica, previous studies have observed an 
association between enhancement of the nerve root and clinical findings in sciatica.18, 20, 23-25 
However, other studies have not shown an association between nerve root enhancement and 
clinical outcome.26, 27 Moreover, as with any diagnostic radiographic study, interpretation of the 
results regarding the assessment of contrast enhancement may become inconsistent between 
examiners. The reliability of enhancement findings has been poorly investigated in previous 
literature.

The specific objectives of the present study were to evaluate interobserver agreement among 
experienced readers regarding MRI enhancement findings, and how well enhancement of 
nerve root and disc herniation are correlated with clinical outcome and neurological findings 
at baseline and after one year. 
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m e t h o d s

study population and randomization

Patients for this study were participants in a multicentre randomized controlled trial among 
patients with 6-12 weeks sciatica with a disc herniation on MRI. Patients were only included if 
they had a dermatomal pattern of pain distribution with concomitant neurologic disturbances 
that correlated with the same nerve root being affected on MRI. An early surgery strategy was 
compared to prolonged conservative care for an additional 6 months followed by surgery for 
patients who did not improve or who did request it earlier because of aggravating symptoms.22 
Patients were excluded if they were presenting with cauda equina syndrome, insufficient 
strength to move against gravity, identical complaints in the previous 12 months, previous 
spine surgery, pregnancy, spinal stenosis, spondylolisthesis, or severe coexisting disease. 

A computer-generated permuted-block scheme was used for randomization, with patients 
stratified according to center (n=9). One hour before randomization, the patients were evalu-
ated again, and patients who had recovered from their symptoms were excluded from the trial. 
For patients who were included, the next numbered opaque envelope containing the assigned 
treatment was opened and the patient was assigned to a treatment group.

Surgery was performed in the conventional manner with microscope or loupe magnifica-
tion. During a consensus meeting before the trial, the surgical method was discussed, and no 
alternative methods of surgery were allowed. The goal of surgery was to decompress the nerve 
root and reduce the risk of recurrent disc herniation by performing an annular fenestration, 
curettage, and removal of loose degenerated disc material from the disc space.

The medical ethics committees at the nine participating hospitals approved the protocol. 
Written informed consent was obtained from all patients. Details of the design and study 
protocol were published previously.28 

mri protocol and image evaluation

Patients underwent MRI at baseline and after one year follow-up. The 12 month evaluation 
period was selected since postoperative fibrosis stabilizes by 6 months, with no further changes 
at 12 months.29 

MRI scans were performed in all 9 participating hospitals using standardized protocols 
tailored to a 1.5 Tesla scanner. Sagittal T1 and axial T1 spin echo images of the lumbar spine 
were acquired. In addition, T2 weighted sagittal and axial images were obtained. For research 
purposes also contrast-enhanced (Gadolinium-DTPA at a standard dose of 0.1 mmol/kg body 
weight) T1 fat suppressed sagittal and axial images were obtained. 

Two neuroradiologists (BK and GL) and one neurosurgeon (CV) independently evaluated 
all MR images. The readers were not provided any clinical information and had not been 
involved in the selection or care of the included patients. Before the start of the study, the 
readers met in person to evaluate and refine standardized definitions of imaging characteristics. 
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After reaching final consensus, standardized case record forms with these final definitions were 
used (Appendix Table S1). Observer experience in reading spine MRIs was 7 and 6 years post-
residency for the neuroradiologists and 4 years post-residency for the neurosurgeon. 

First, the blinded readers had to decide on the baseline MRI which disc level showed the 
most severe nerve root compression. For both the presence of disc herniation and nerve root 
compression a four point scale was used, ranging from 1 (definitely present) to 4 (definitely 
absent). The size of the disc herniation was also evaluated. The same disc level thought to 
cause symptoms at baseline was evaluated on the one-year MRI. On the one-year MRI the 
readers had also to assess whether scar tissue was present (no, moderate or severe). The readers 
evaluated the enhancement on the baseline and one year MRI of the following structures using 
different categories (Appendix Table S1): 1. Disc herniation (if present): no, any edge, com-
plete circumferential or diffuse enhancement, 2. Most affected nerve root: no, mild or strong 
enhancement and 3. Scar tissue (if present at one year): yes vs no enhancement. Structures were 
considered enhanced when brighter compared with the precontrast image.

neurological examination

Patients underwent a standardized neurological examination by trained research nurses. The 
examination was performed blind to the MRI results. Sensation was dichotomized as normal or 
abnormal for each dermatome. Muscle strength MRC grade 5 was considered normal, whereas 
Grade 4 or less was rated abnormal. Reflexes were rated as abnormal if absent, less than the 
contralateral side, or in case of an extensor plantar response. 

outcomes

The outcome measures of the trial were the Roland Disability Questionnaire (RDQ) for 
Sciatica (scores range from 0 to 23, with higher scores indicating worse functional status),30 
the 100-mm visual-analogue scale (VAS) for leg pain (with 0 representing no pain and 100 
the worst pain ever experienced),31 and a 7-point Likert self-rating scale of global perceived 
recovery given by the question whether the patient experienced recovery, with answers ranging 
from completely recovered to much worse. Perceived recovery on the 7-point Likert scale was 
used in dichotomized form: “Complete” or “nearly complete disappearance of symptoms” was 
defined as “perceived recovery”, while a score in the remaining five categories (varying from 
‘‘minimally improved’’ to ‘‘very much worse’’) was marked as ‘‘no recovery”.22 These outcome 
measures were assessed at baseline, 2, 4, 8, 12, 26, 38 and 52 weeks. 

Patients were blinded to results of earlier assessments and MRI findings. For the purpose of 
the present study the results at baseline and 52 weeks were used in the analysis. 

statistical analysis

Interobserver agreement regarding the MRI findings was determined by use of absolute per-
centages of agreement and kappa values (weighted in case of ordered data). Since the kappa 
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statistic is affected by the prevalence of the events,32, 33 kappa values were only calculated for 
findings reported in more than 10% and less than 90% of all reports.34 Kappa values and 
percentages of agreement for the enhancement of the structures were also only calculated if 
the observers marked the same structure as affected (e.g. when there was disagreement about 
the most affected nerve root in a patient, this patient did not contribute to the interagreement 
analysis regarding the enhancement of the most affected nerve root). Values of less than 0.00 
indicated poor; 0.00-0.20 slight; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 
and 0.81-1.00 excellent or almost perfect reliability.35

When the MRI findings were correlated with clinical outcome, the majority opinion of the 
three readers regarding the MRI findings was used (answer independently given by minimum 2 
out of 3 readers). In analyses comparing enhancement/no enhancement of disc herniation, rat-
ings were categorized as 1, 2, 3 (any edge, complete circumferential, or diffuse enhancement) 
vs. 4 (no enhancement). In analyses comparing enhancement/no enhancement of the affected 
nerve, ratings were categorized as mild or strong enhancement vs. no enhancement. Differ-
ences between MRI findings were assessed by using The Mann-Whitney U test for continuous 
data and Fisher’s exact tests for categorical data. Statistical significance was defined as P< 0.05.

re s u l t s

Of 599 patients screened for the Trial, 283 patients were randomized.22 One year after ran-
domization a second MRI was available for 267 (94.3%) patients. However, at baseline 230 
(81%) underwent MRI with gadolinium and at one year 245 (87%) patients. No significant 
differences in patient characteristics existed between patients who underwent Gd-MRI and 
conventional MRI. In total 204 patients (72%) underwent Gd-MRI both at baseline and one 
year. Of the 204 patients who were eligible to be analyzed for the present study, 105 patients 
were randomized to early surgery and 99 to prolonged conservative care. Of the 105 patients 
randomized to early surgery, 12 patients recovered before surgery could be performed. Of the 
99 patients randomized to prolonged conservative care, 36 eventually received surgery within 
the first year. Thus, during the first year after randomization 129 patients underwent surgery 
and 75 patients conservative care. Baseline characteristics of the intention-to-treat and the 
as-treated groups are demonstrated in Table 1.

interagreement analysis at baseline

At baseline, interobserver agreement was excellent regarding the disc level with the most severe 
nerve root compression (kappa=0.96), most affected nerve root (kappa=0.96) and probability 
of nerve root compression (kappa=1.0) (Table 2). However, interobserver agreement was only 
fair to moderate regarding enhancement of the herniated disc (kappa=0.40-0.41) and the most 
affected nerve root (kappa=0.28). 
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interagreement analysis one year	

After one year substantial interobserver agreement was found regarding the question whether 
the disc herniation was still present (kappa=0.67) (Table 3). However, when disc herniation 
was still considered present at one year, the MRI assessors reached only slight to fair agreement 
regarding its enhancement (kappa=0.13-0.32). Interobserver agreement was only slight regard-
ing the question whether the affected nerve root was enhanced at one year (kappa=0.10). For 
the presence of scar tissue at one year interobserver agreement was moderate to substantial 
(kappa=0.59). All readers marked scar tissue as enhanced in at least 97% when they considered 
it present, which led to a multirater agreement regarding the enhancement of scar tissue of 
97.6%.

Table 1 Baseline characteristics of the intention-to-treat groups and the as-treated groups. 

Intention to treat As treated 

Randomized to 
early surgery 

(N=105)

Randomized 
to prolonged 

conservative care 
(N=99)

Received 
surgery 
(n=129)

Received no 
surgery
(n=75)

Age 42.4±10.4 43.0±9.5 42.1±10.2 43.6±9.4

Male gender 66 (63) 71 (72) 80 (62) 57 (76)

Duration of sciatica in weeks 9.5±2.3 9.5±2.2 9.5±2.3 9.6±2.2

Suspected disc level 

L3L4 5 (5) 2 (2) 6 (5) 1 (1)

L4L5 48 (46) 35 (35) 54 (42) 29 (39)

L5S1 52 (50) 62 (63) 69 (53) 45 (60)

MRI assessed nerve root 
compression

Definite 66 (63) 70 (71) 87 (67) 49 (65)

Probable 30 (29) 22 (22) 32 (25) 20 (27)

Possible 8 (8) 6 (6) 9 (7) 5 (7)

Definitely no root compression 1 (1) 1 (1) 1 (1) 1 (1)

Weeks between baseline and 
follow-up MRI

53.3±2.9 52.7±3.9 52.9±3.6 53.2±3.2

Roland Disability score ‡ 16.2±4.3 15.9±3.9 16.2±4.3 15.7±3.8

VAS leg pain in mm §    66.1±20.0 62.0±21.1 65.6±20.5 61.7±20.8

VAS back pain in mm § 33.4±29.0 28.5±25.9 32.7±29.7 28.0±23.2

Values are n (%) or means ± SD. 
No significant baseline differences were observed in the intention-to-treat group and the as-treated 
groups
‡ The Roland Disability Questionnaire for Sciatica  measures the functional status of patients with pain 
in the leg or back. Scores range from 0 to 23, with higher scores indicating worse functional status.
§ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced.
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mri findings 

Baseline 

When using the majority opinion of the three readers regarding the MRI findings, of the 
204 patients 81% of patients showed enhancement of the herniated disc and 30% showed 
enhancement of the affected nerve root. 

One year

Of the 129 surgically treated patients, 26 still had a herniated disc at one year and 88% of these 
herniations enhanced. Of these 26 disc herniation, 17 (65%) were small (size <25% of spinal 
canal). Of the 75 conservatively treated patients, 45 still had a herniated disc at one year and 
80% of these herniations enhanced. Of these 45 disc herniations, 32 (71%) were small. 

Five percent of surgically treated patients showed one-year enhancement of the affected 
nerve root as compared to 7% of conservatively treated patients (P=0.76) (Table 4). 

Of the 115 patients diagnosed with scar tissue at one year (108 had moderate scar tissue and 
7 severe), 113 (98%) had undergone surgery. Of the 115 patients with visible scar tissue, 96% 
had scar tissue that surrounded the nerve root and 4% had scar tissue that did not surround 
the nerve root.

Table 2 Interobserver agreement regarding MRI findings at baseline. 

A vs. B A vs. C B vs. C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

Disc level with most severe nerve 
root compression

97.4 0.95 99.1 0.98 97.4 0.95 97.0 0.96

Probability of disc herniation 96.5 * 99.6 * 96.1 * 96.1 *

Enhancement disc herniation  
(4 categories) ò

55.0 0.42 50.0 0.34 64.3 0.48 47.8 0.41

Enhancement disc herniation  
(2 categories) ├

78.2 0.38 77.5 0.35 78.1 0.50 66.5 0.40

Probability  nerve root compression 100.0 1.00 100.0 1.00 100.0 1.00 100.0 1.00

Most affected nerve root 97.8 0.97 97.0 0.96 96.5 0.96 95.7 0.96

Enhancement most affected nerve 
root

58.2 0.27 53.2 0.23 84.8 0.60 48.4 0.28

A en B represent the two neuroradiologists, while C represents the neurosurgeon. Kappa values and 
percentages of agreement for the enhancement of the structures were only calculated if the observers 
marked the same structure as affected (e.g. when there was disagreement about the most affected 
nerve root in a patient, this patient did not contribute to the interagreement analysis regarding the 
enhancement of the most affected nerve root). 
ò The categories were: 1) No 2) Any edge 3) Complete circumferential and 4) Diffuse enhancement
├ The categories “any edge, complete circumferential and diffuse enhancement” were combined to one 
category. The other category was “no enhancement” 
* Prevalence of one category too low (< 10% of the reports) to calculate kappa values
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baseline enhancement findings in relation to clinical data

Patients with and without an enhancing herniated disc at baseline showed comparable baseline 
scores on the RDQ and VAS for leg and back pain (Table 5). At baseline, 80% of the patients 
with enhancing disc herniation had muscle weakness compared to 62% of the patients with 

Table 3 Interobserver agreement regarding MRI findings at one year. 

A vs. B A vs. C B vs. C All observers

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

%
agree-
ment kappa

Probability  of disc herniation 82.4 0.61 87.6 0.74 85.4 0.66 77.6 0.67

Enhancement disc herniation  
(4 categories) ò

48.2 0.32 57.5 0.35 55.4 0.32 36.4 0.32

Enhancement disc herniation  
(2 categories) ├

67.9 0.10 75.0 0.23 67.9 0.24 54.4 0.13

Probability nerve root compression 75.2 0.46 77.2 0.51 92.1 0.76 72.6 0.55

Enhancement of the nerve root that 
was most affected at baseline 

78.8 0.24 73.5 0.03 92.7 * 72.3 0.10

Presence of scar tissue 87.8 0.75 74.2 0.51 77.0 0.55 69.5 0.59

Enhancement scar tissue ╞ 99.2 ** 97.9 ** 97.7 ** 97.6 **

A en B represent the two neuroradiologists, while C represents the neurosurgeon. Kappa values and 
percentages of agreement for the enhancement of the structures were only calculated if the observers 
marked the same structure as affected (e.g. when there was disagreement about whether at one year a 
herniated disc was still visible, this case did not contribute to the interagreement analysis regarding the 
enhancement of the herniated disc).
ò The categories were: 1) No 2) Any edge 3) Complete circumferential and 4) Diffuse enhancement
├ The categories “any edge, complete circumferential and diffuse enhancement” were combined to one 
category. The other category was “no enhancement” 
╞ Yes vs. no
* Prevalence of “mild and strong enhancement” too low (< 10%) to calculate kappa values
** Prevalence of “no enhanced scar tissue” too low (< 10% of the reports) to calculate kappa values

Table 4 Differences in 1-year MRI findings between patients with and without surgery during the first 
year (as-treated). Values are n (%). Total n=204

Surgery
(129)

No surgery
(75)

P Value

Enhancement disc herniation at one year

Enhanced 23 (18) 36 (48) 0.52

No enhancement 3 (2) 9 (12)

Not applicable, no disc herniation at one year 103 (80) 30 (40)

Enhancement at one year of the nerve root thought at 
baseline to cause symptoms

Enhanced 7 (5) 5 (7) 0.76

No enhancement 122 (95) 70 (93)
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non-enhancing herniated discs (P=0.02). Patients with enhancing disc herniation had more 
frequently sensory loss compared to patients with non-enhancing herniated discs (74 vs. 54%, 
P=0.02). At baseline, 84 and 77% of the patients with enhancement of the affected nerve root 
had muscle weakness and sensory loss respectively compared to 72 and 68% of the patients 
with non-enhancing nerve roots (P=0.11 and P=0.24). 

Patients with and without enhancement of the herniated disc or affected nerve root at 
baseline showed comparable scores on RDQ, VAS-leg and Likert scale of global perceived 
recovery after one year (Table 5). Patients with enhancing nerve roots reported lower VAS-back 
pain scores at one year compared to patients with no enhancing nerve roots at baseline (9.9 

Table 5 Outcome measures at baseline and after one year stratified by enhancement of the herniated 
disc and affected nerve root at baseline. Of the 204 patients with both Gd-MRI at baseline and one year, 
200 patients had a herniated disc at baseline. Values are n (%) or means ± SD.

Enhancement disc herniation at 
baseline

Enhancement of the affected nerve root
at baseline

Yes
(n=161)

No
(n=39)

P Value Yes
(n=61)

No
(n=143)

P Value

Roland Disability ‡

Baseline 16.3±4.0 14.9±4.7 0.10 16.5±3.4 15.9±4.4 0.58

One year 3.3±5.2 3.8±6.1 0.96 2.8±4.8 3.8±5.6 0.15

VAS-leg pain ¶

Baseline 63.2±21.0 67.6±19.5 0.22 64.8±19.7 63.9±21.0 0.90

One year 10.5±18.9 12.2±21.7 0.72 9.1±16.2 11.5±20.4 0.56

VAS-back pain ¶

Baseline 29.7±26.8 32.9±29.6 0.63 26.7±25.2 32.7±28.4 0.13

One year 13.5±20.1 18.1±25.8 0.87 9.9±17.2 16.2±22.6 0.02

Perceived recovery at 
one year 

139 (86) 32 (82) 0.46 55 (90) 119 (83) 0.28

Muscle weakness 

Baseline 128 (80) 24 (62) 0.02 51 (84) 103 (72) 0.11

One year 34 (21) 10 (26) 0.53 14 (23) 30 (21) 0.85

Sensory loss

Baseline 119 (74) 21 (54) 0.02 47 (77) 96 (68) 0.24

One year 49 (30) 15 (38) 0.34 20 (33) 45 (31) 0.87

Reflex loss

Baseline 102 (64) 25 (64) 1.00 44 (72) 87 (61) 0.15

One year 70 (43) 19 (49) 0.59 26 (43) 64 (45) 0.88

‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced
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vs. 16.2mm, P=0.02). The same results were observed in both conservatively and surgically 
treated patients.

one-year enhancement in relation to one-year clinical data 

Patients with and without enhancing herniated disc at one year did not significantly differ 
in perceived recovery (86% vs. 100% P=0.34) (Table 6). Of the few patients with one-year 
enhancement of the nerve root 83% reported perceived recovery compared to 85% of the 
patients with no enhancement (P=0.69). Patients with and without enhancing herniated discs 
or nerve roots showed comparable outcomes on RDQ, VAS-leg pain, VAS-back pain and 
neurological findings. Analyses stratified according to surgical status at one year yielded similar 
results (Table S2). 

d i s c u s s i o n

Within patients with symptomatic lumbar disc herniations at baseline who were followed for 
1 year, this study presented poor to moderate agreement about gadolinium enhancement in 
lumbar spine MRIs between observers which is in firm contrast with their excellent agreement 
about the disc level of the herniated disc and compressed nerve root. This study also showed 
that even with Gd-MRI only moderate agreement was reached regarding the presence of scar 

Table 6 Clinical outcome measures at one year stratified by MRI findings at one year. Of the 204 
patients with both Gd-MRI at baseline and one year, 71 still had a herniated disc at one year.  

Enhancement disc herniation at one 
year

One-year enhancement of the nerve 
root most affected at baseline

Yes
(n=59)

No
(n=12)

P Value Yes
(n=12)

No
(n=192)

P 
Value

One year outcome

Perceived recovery 51 (86) 12 (100) 0.34 10 (83) 164 (85) 0.69

Roland Disability ‡ 3.4±4.9 2.2±3.7 0.34 2.8±3.9 3.5±5.5 0.83

VAS-leg pain ¶ 11.1±20.7 4.0±6.1 0.43 5.6±7.5 11.1±19.7 1.00

VAS-back pain ¶ 14.2±20.2 4.8±5.8 0.17 7.8±9.6 14.7±21.7 0.59

Muscle weakness 8 (14) 3 (25) 0.38 2 (17) 42 (22) 1.00

Sensory loss 17 (29) 6 (50) 0.18 2 (17) 63 (33) 0.35

Reflex loss 22 (37) 5 (42) 0.76 5 (42) 85 (44) 1.00

Values are n (%) or means ± SD.
‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced
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tissue at one year.  Furthermore, no relationship was observed between enhancement findings 
and clinical findings at one year. 

Previous studies reported contradictory results regarding the clinical value of nerve root 
enhancement in patients with sciatica.18, 20, 23-26 Two studies reported a correlation between 
nerve root enhancement on MRI and clinical symptoms in patients who had undergone 
lumbar disc surgery.18, 20 Unfortunately these two studies included only patients with residual 
or recurrent sciatica after surgery and thus lacked comparisons with asymptomatic patients 
(as control subjects). In a prospective cohort study, in which symptomatic and asymptomatic 
persons were evaluated, Nygaard et al. found no association between nerve root enhancement 
and clinical outcome one year after surgery when patients with recurrent disc herniation were 
excluded.26 Taneichi et al. did also not observe an association between nerve root-enhancement 
and radicular symptoms in the post-operative lumbar spine.27

Since the interobserver agreement regarding the enhancement findings was poor to moder-
ate, one could question the added value of correlating enhancement findings with clinical 
findings. With the exception of one study (kappa=0.66 for nerve root enhancement between 
two radiologists)26 no prevailing studies reported on the interobserver agreement with regard to 
the enhancement findings. Within the radiological literature, values of agreement show a high 
variation depending on the variable investigated.36 Even regarding the most involved disc level, 
important for making treatment decisions, in 3% of the cases disagreement arose in this study, 
which is in agreement with previous literature.37 However, it is crucial that radiologists and 
clinicians strive to reduce variability in interpretations as inconsistency in interpretation may 
lead to alternative treatment options between clinicians and therefore may impact the outcome 
of patient treatment.38, 39 Moreover, to gain more insight in the relationship between specific 
imaging characteristics and patient outcomes, those interpreting the images must reliably assess 
the finding. One reason that a prediction model might lose its predictive power is the incorrect 
assessment of MRI findings, which causes the inputs in the prediction model to be faulty.40 

The present study has several limitations. Firstly, the reported MRI findings and their 
relation with clinical outcome was timed only once, one year after randomization. Although 
seemingly generalizable to other time points during the first year it is scientifically uncertain 
if we would have found comparable results at other moments. Secondly, 72% underwent Gd-
MRI both at baseline and one year. We can not exclude the possibility of other findings if all 
patients underwent Gd-MRI. Finally, we did not use pixel values in the determination of nerve 
root enhancement and did also not measure the length of root enhancement,18, 20 but presence 
or absence of enhancement was based on the readers visual intuitive impression as this is still 
the most common technique used in clinical practice.  

In summary, reliability of MRI enhancement findings was poor to moderate and no rela-
tionship was observed between enhancement findings and clinical findings at one year. Further 
research is needed to assess the value of Gd-MRI in clinical decision making of patients with 
acute and persistent or recurrent sciatica. 
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Table S1 MRI study variables. For both the MRI at baseline and one year after randomization the three 
readers (2 neuroradiologists and one neurosurgeon) independently used the same case record forms, 
with the exception that the one-year case record forms also included questions regarding the presence 
of scar tissue and its enhancement.  

MRI variable Type Categories

Disc level with the 
most severe nerve root 
compression

Disc level 1. L2L3
2. L3L4
3. L4L5
4. L5S1
5. Not applicable, all disc levels have a normal disc 
contour 

Disc contour at this 
disc level 

1. Normal: no disc extension beyond the normal margins 
of the intervertebral disc space 
2. Bulging: presence of disc tissue circumferentially (50-
100%) beyond the edges of the ring apophyses
3. Consideration of a disc herniation: localized 
displacement of disc material beyond the normal 
margins of the intervertebral disc space

Certainty about the 
presence of a disc 
herniation

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: some doubt but 
probability > 50%
3. Possible about the presence: reason to consider but 
probability < 50%
4. Definite about the absence: no doubt about the 
absence of a disc herniation

If a herniation at the 
disc level is considered

Gadolineum 
enhancement of the 
intervertebral disc 
herniation

1. No enhancement
2. Any edge enhancement
3. Complete circumferential enhancement
4. Diffuse enhancement

Size of this disc 
herniation in relation to 
spinal canal

1. Large stenosing: size >75% of the spinal canal
2. Large: size 75-50% of the spinal canal
3. Average: size 25-50%  of the spinal canal
4. Small: size <25%  of the spinal canal 

Scar tissue Presence 1. No: scar tissue absent
2. Yes, moderate scar tissue present
3. Yes, severe scar tissue present 

If present, place scar 
tissue

1. Scar tissue surrounds the nerve root
2. Scar tissue does not surround the nerve root

Gadolineum 
enhancement

1. Yes
2. No

Nerve root 
compression 

Probability of nerve 
root compression

1. Definite about the presence: no doubt about the  
presence
2. Probable about the presence: (probability > 50%)
3. Possible about the presence: reason to consider but 
probability < 50%
4. Definite about the absence: no doubt about the 
absence of a disc herniation
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Table S1 (Continued)

MRI variable Type Categories

If root compression 
present, which nerve 
root is affected

1. L3      2. L4 
3. L5      4. S1
5. Not applicable, definitely no nerve root compression

Side nerve root 
compression

1. Right 
2. Left

Gadolineum 
enhancement of the 
affected nerve root

1. No enhancement
2. Yes, mild enhancement 
3. Yes, strong enhancement

Table S2A Clinical outcome measures at one year stratified by MRI findings at one year. Values are 
n (%) or means ± SD. 
A) Group that underwent surgery during the first year. Of the 129 surgical patients with both Gd-MRI at 
baseline and one year, 26 still had a herniated disc at one year. 
B) Group that underwent conservative care during the first year. Of the 75 conservative patients with 
both Gd-MRI at baseline and one year, 45 still had a herniated disc at one year.
S2A

Enhancement disc herniation at 
one year

One-year enhancement of the 
nerve root most affected at 

baseline

Yes
(n=23)

No
(n=3)

P Value Yes
(n=7)

No
(n=122)

P Value

One year outcome

Perceived recovery 20 (87) 3 (100) 1.00 6 (86) 105 (86) 1.00

Roland Disability ‡ 3.3±5.0 2.3±4.0 0.82 2.0±3.7 3.6±5.8 0.55

VAS-leg pain ¶ 13.0±25.5 2.3±2.5 0.90 5.3±9.4 11.9±21.5 0.78

VAS-back pain ¶ 13.7±22.4 3.7±3.2 0.93 5.9±10.8 14.8±22.9 0.29

Muscle weakness 2 (9) 1 (33) 0.32 1 (14) 29 (24) 1.00

Sensory loss 4 (17) 3 (100) 0.01 1 (14) 40 (33) 0.43

Reflex loss 10 (44) 3 (100) 0.22 5 (71) 54 (44) 0.25

‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced
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S2B

Enhancement disc herniation at one 
year

One-year enhancement of the nerve 
root most affected at baseline

Yes
(n=36)

No
(n=9)

P Value Yes
(n=5)

No
(n=70)

P Value

One year outcome

Perceived recovery 31 (86) 9 (100) 0.57 4 (80) 59 (84) 1.00

Roland Disability ‡ 3.4±5.0 2.1±3.8 0.32 4.0±4.3 3.4±4.9 0.69

VAS-leg pain ¶ 9.8±17.2 4.6±6.9 0.33 6.0±4.6 9.6±16.1 0.80

VAS-back pain ¶ 14.5±19.0 5.1±6.6 0.11 10.6±7.8 14.7±19.7 0.74

Muscle weakness 6 (17) 2 (22) 0.65 1 (20) 13 (19) 1.00

Sensory loss 13 (36) 3 (33) 1.00 1 (20) 23 (33) 1.00

Reflex loss 12 (33) 2 (22) 0.70 0 (0) 31 (44) 0.07

‡ The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the 
functional status of patients with pain in the leg or back. Scores range from 0 to 23, with higher scores 
indicating worse functional status
¶ The intensity of pain is indicated on a horizontal 100 mm visual analogue scale (VAS) with 0 
representing no pain and 100 the worst pain ever experienced
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Since ancient times many etiological explanations for sciatica have been proposed. In 1934 
Mixter and Barr revolutionized the understanding of sciatica when they asserted that sciatica 
was caused by a herniated disc pressing against a nerve root.1, 2 Worldwide this mechanical 
compression theory has been accepted giving rise to a greater interest in the lumbar disc as 
a source of sciatica and in the surgical treatment of such a disorder, which has come to be 
known as the “Dynasty of the Disc”.3, 4 Surgery for back and leg pain in association with nerve 
root compression has become one of the most commonly performed operative procedures 
worldwide. The mechanical concept of root compression by a herniated disc offers a satisfying 
explanation for most symptomatic patients. However, the scientific confusion lies in the obser-
vation of several Magnetic resonance imaging (MRI) studies showing a high prevalence of disc 
herniations ranging from 20 to 76% in persons without any symptoms.5, 6 Nevertheless, MRI 
is considered the imaging procedure of choice for patients suspected of lumbar disc hernia-
tion5, 7 and is also frequently performed in patients with persistent or recurrent symptoms of 
sciatica.8 As such MRI is thus widely used in diagnosis and treatment planning of patients with 
intervertebral disc herniations.9 The aim of this thesis was to uncover the relationship between 
MRI findings and clinical outcome in patients with sciatica. In this chapter the relationship 
between clinical outcome on one hand and baseline and follow-up MRI findings on the other 
hand will be placed in a scientific context. Furthermore the limitations and future research 
directions will be discussed.  

how is interobserver agreement among spine specialists regarding mri findings and 
does it impact clinical outcome?

In patients who suffered from sciatica for 6 to 12 weeks and who were potential candidates for 
lumbar disc surgery based on clinical grounds interobserver agreement among two neurora-
diologists and a neurosurgeon was almost perfect for the affected disc level and the nerve root 
that most likely caused the sciatic symptoms (chapter 2). Substantial inter- and intra-observer 
agreement was observed regarding the presence of disc herniation and nerve root compres-
sion when the categories were “probability above 50%” and “probability lower than 50%”. 
However, in general moderate agreement was found regarding the more specific characteristics 
of the impaired disc level (like signal intensity on T2 images and absence of epidural fat) and 
characteristics of the disc herniation (like its location, size and whether it should be classi-
fied as a protrusion or as an extrusion), which indicate that the assessment of many variables 
is fairly subjective. Within the literature, values of agreement on disc degeneration show a 
high variation depending on the variable investigated.10 Although a few nomenclatures for 
degenerative disc disease have been proposed (like The Combined Task Force nomenclature 
or the Nordic Modic Consensus Group classification),11 none has been widely recognized as 
authoritative or has been widely used in practice. This absence of consensus is greatly related to 
the multiple controversial aspects of disc abnormalities.12 However, good reliability of imaging 
data in degenerative disc disease is important to determine the relationship between specific 
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imaging characteristics and patient outcomes. To gain more insight in this relationship, those 
interpreting the images should reliably assess the finding. One reason that a prediction model 
might lose its predictive power is the incorrect assessment of MRI findings (the predictors), 
which causes the inputs in the prediction model to be faulty.13 As a first step on the road 
to determine the relationship between specific imaging characteristics and patient outcomes, 
radiologists and clinicians should strive to reduce variability in interpretations and adhere 
to a specific nomenclature for degenerative disc disease.14 However, despite the adherence to 
predefined definitions in this thesis, the MRI assessors in this thesis sill only reached moder-
ate agreements regarding many characteristics of the disc level and the herniated disc, which 
indicate that definitions and the adherence to a well defined nomenclature only is not enough 
for reaching substantial to excellent agreements. In addition to defining the language for image 
interpretation for degenerative disc disease, specific training might be an important next step.13, 

14 In support are the results of two reliability studies of The Spine Patient Outcomes Research 
Trial.15, 16 In one of the two studies the reported agreement on disc morphology was only fair 
(kappa= 0.24) between the clinicians and radiologists.15 In another study inter-reader reliability 
for disc morphology was excellent (kappa= 0.81) between 3 radiologists and 1 orthopedic 
surgeon.16 The observation of a much better agreement in the second study might be explained 
by a better training of the MRI assessors as in that study the MRI assessors, before beginning 
the study, first evaluated a sample set of images with use of definitions and afterwards they met 
in person to review each image, enabling them to better streamline the way of interpreting the 
images. 

It has been suggested that the poor outcomes following lumbar disc surgery may be more 
often due to the errors in diagnosis than failure of the surgical intervention or its complica-
tions.17, 18 After one year follow-up the most favorable clinical outcome results were reported 
by those patients in whom all three MRI observers independently agreed about the presence 
of disc herniation or nerve root compression, followed by those with inconsistent interpreta-
tion and finally by those in whom independent agreement was reached about the absence of 
those findings (chapter 3). Thus based on the consistency in MRI interpretation different 
prognostic profiles could be made in sciatica. These results enable spine physicians to better 
inform patients with sciatica about their prognosis. If for example a spine surgeon and a radi-
ologist both agree about the presence of a disc herniation the patient can be informed about 
a likely favorable prognosis, compared to a less favorable prognosis when the spine surgeon 
and radiologist do disagree about the presence of a disc herniation. The mechanism behind 
these prognostic profiles is probably related to whether there is truly a disc herniation or nerve 
root compression present: if present a favorable prognosis compared with unfavorable when 
absent. This hypothesis is supported by an earlier study that observed that  presence of nerve 
root compression in patients with sciatica is associated with favorable prognosis in primary care 
patients with sciatica.19
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can mri help to predict surgery for sciatica?

The natural history of acute sciatica is in general favorable, with spontaneous resolution of the 
leg pain within 8 weeks in the overwhelming majority of cases.20, 21 When patients fail to re-
spond to conservative care, surgery might be considered. However, the duration of conservative 
care is not well defined. Of the patients who were randomized to receive prolonged conserva-
tive care in the Sciatica Trial a considerable part of 39% ultimately received surgery during the 
first year.22, 23 Qualitative MRI parameters and the baseline size of the disc herniation did not 
significantly differ between the surgical and non-surgical group (chapter 4). Patients who did 
undergo surgery during follow-up had at baseline higher RDQ scores, more intense leg pain 
and smaller dural sacs and spinal canals compared to patients who did not undergo surgery. 
However, additional Receiver operating characteristic curve analysis showed that the MRI vari-
ables have only a poor ability to discriminate between patients who underwent delayed surgery 
and patients who did not. The overall results suggest that MRI is not suitable to distinguish 
between patients who will and those who will not undergo surgery for sciatica. 

are there prognostic relevant mri differences between sciatica patients with and 
without disabling back pain? 

Patients with sciatica frequently complain about associated back pain.24 Patients with both 
sciatica and disabling back pain at baseline (defined as a Visual Analogue Scale for back pain of 
at least 40mm on a 0-100mm scale25, 26) reported an unfavorable prognosis at one-year follow-
up compared to those with predominantly sciatica (chapter 5). If additionally a clear herniated 
disc with nerve root compression on MRI was absent, the results were even worse (one-year 
satisfactory results ranged from 50 to 91%). Herniated discs and nerve root compression on 
MRI were more prevalent among sciatica patients with compared to those without disabling 
back pain. However, vertebral endplate signal changes were equally distributed between those 
with and without disabling back pain. Large disc herniations and extruded disc herniations 
were also equally distributed between the two groups.

The clinical relevance of MRI morphological variations has been ongoingly debated over 
the past two decades.5, 6 MRI differences have been reported between patients with both sci-
atica and low back pain compared to control subjects without symptoms,5 and between sciatica 
patients compared to low back pain patients.27 However, previous studies did not compare 
these findings between sciatica patients with and without back pain. Disc herniations are often 
seen on imaging studies in patients without symptoms.5, 6 Contrary, in chapter 5 it was shown 
that a substantial number of patients without disc herniation or nerve root compression suf-
fered from sciatica. Some researchers suggested that inflammation of the nerve root may also be 
a major factor in sciatica.28, 29 If this hypothesis is correct, the finding that sciatica patients with 
back pain less often had a herniated disc compared to patients with predominantly sciatica 
may be explaind by a higher inflammatory component in sciatica patients with back pain. This 
may also explain why sciatica patients with back pain fared worse compared to patients with 
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predominantly sciatica as the extent of inflammation may be a causative factor in the cases with 
persistent pain and functional disability. 

Despite remarkable advancements in diagnostic imaging and surgical techniques the 
results after lumbar disc surgery do not seem to have improved during recent decades: both 
classical studies and recent randomized controlled trials show that during longer follow-up 
treatment results for sciatica are satisfactory in 60 to 85% of the patients.18, 23, 30-33 The number 
of proposed interventions developed by numerous disciplines including family practice, neu-
rosurgery, orthopedic surgery, neurology, anesthesiology, psychiatry, physical therapy, social 
work, chiropractics, is overwhelming. Many widely prescribed treatments have no evidence for 
efficacy. Other effective treatments, which may be of benefit for subsets of patients, are indis-
criminately applied. The results in chapter 5 of this thesis indicate that in sciatica subgroups 
with different prognostic profiles can be identified. A shift from a “one-size fits all” approach, 
where heterogeneous groups of patients receive broadly similar treatments, towards targeted 
treatments according to prognostic profiles or specific characteristics, may help to improve the 
treatment results.34 

do anatomical abnormalities on follow-up mris explain why patients experience 
persistent or recurrent symptoms of sciatica?

MRI is considered the imaging procedure of choice for patients suspected of lumbar disc 
herniation5, 7 and is frequently performed in patients with persistent or recurrent symptoms of 
sciatica.8 Patients with sciatica and symptomatic lumbar disc herniations at baseline who were 
followed for one year in the Sciatica Trial still showed abnormalities in a considerable percent-
age after one year: 21% of surgically treated patients still had a herniated disc on MRI at one 
year compared to 60% of conservatively treated patients (Chapter 6). However, the presence 
of disc herniation or nerve root compression on MRI at one year follow-up did not distinguish 
patients with favorable clinical outcomes from those with unfavorable clinical outcomes. The 
presence of scar tissue was also not associated with patient outcome. The results give rise to a 
paradox that although imaging findings are not associated with patient outcomes in patients 
with recurrent or persistent symptoms of sciatica still many studies have shown that 60 to 82% 
of patients with a recurrent disc herniation on MRI improves after repeat surgery.35-38 Despite 
this paradox, the results have implications for both clinicians and patients. 

Clinicians should be more cautious in ascribing persistent or recurrent symptoms of sciatica 
to anatomical abnormalities visible on MRI. Although many physicians are aware that ana-
tomical abnormalities correlate poorly with low back pain, for many it seems intuitively right 
to repeat MRI in patients with recurrent or persistent symptoms of sciatica who in an earlier 
stage did show abnormalities in presence of acute sciatic symptoms. Imaging has high costs, 
not only because of the direct costs of the imaging itself, but also due to the downstream effects 
such as additional tests, follow-up, referrals and invasive procedures.39, 40 
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For many physicians it is a logical step to perform surgery or other invasive procedures such 
as epidural injections in case repeat MRI still shows the abnormalities. Increased frequency of 
lumbar MRI has been shown to be associated with higher rates of spine surgery.40, 41 However, 
the real issue is that until now, no better patient outcomes have been demonstrated with this 
increased use of advanced imaging.41, 42 For example, in a randomized trial of simple versus 
advanced imaging for patients with low back pain, patients who received an MRI were twice 
as often more likely to undergo surgery over the subsequent year than were those undergoing 
plain radiography.42 However, clinical outcomes at 1 year were equivalent, despite the differ-
ence in surgery rates. Based on the results of this thesis, it may well be that also for patients 
with recurrent or persistent sciatica follow-up clinical outcomes are simillar between those 
who undergo and those who do not undergo repeated MRI, rendering it of no benefit in the 
evaluation of patients with recurrent or persistent symptoms of sciatica.   

Patients asking for reimaging because of persistent or recurrent symptoms should be 
informed about the difficulty in MRI interpretation after a first episode of acute sciatica.
Wanting diagnostic testing is a frequent reason for repeated office visits for patients suffering 
from chronic back pain.43 Many patients believe that the more diagnostics tests performed, 
the higher and better the quality of care.44 Many physicians admit they succumb to their 
patients who are asking for spine imaging, even after explaining to the patient that imaging is 
unnecessary.45 However, spine imaging may have an adverse effect as telling patients that they 
have a back imaging abnormality could result in unintended harms related to labeling.46 In a 
randomized controlled trial involving patients with acute back pain or sciatica, patients were 
randomly assigned to whether or not receive their imaging results. Patients who received their 
imaging results reported less improvements in general health than those who were blinded to 
their results.47 The mindset of patients that more imaging testing means better care must be 
abandoned in favor of a more evidence-based approach.39 Patient education about the limits of 
spine imaging may help to bring patient’s expectations more in line with the evidence.  

are vertebral endplate signal changes associated with back pain in sciatica?

Patients with sciatica frequently experience disabling back pain. One of the proposed causes for 
back pain is Vertebral Endplate Signal Changes (VESC) as visualized by MRI. VESC are even 
a frequent surgical indication to perform a fixation of two or more vertebrae in the lower spine 
or replacing the disc by a prothesis, resulting in rising back surgery rates. The results in chapter 
7 showed that undergoing disc surgery for sciatica was highly associated with progression in 
the extent of VESC compared to non-operative care. However, both at baseline and after one 
year follow-up, those with and those without VESC reported disabling back pain (defined as 
a Visual Analogue Scale for back pain of at least 40mm on a 0-100mm scale25, 26) in nearly the 
same proportion, regardless of having undergone surgery or not. Therefore the results suggest 
that VESC are not responsible for disabling back pain in patients with sciatica and one should 
therefore be reticent to offer back surgery based on VESC. 
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The relevance of VESC is highly debated in current literature.48 VESC have been reported 
to be associated with low back pain in the general population aged 40 years49 and in work-
ing populations.50, 51 Two studies did not observe more VESC among chronic low back pain 
patients compared to control subjects,52 or between VESC and previous back pain in subjects 
without current back pain or sciatica.53 Two earlier studies investigated the correlation between 
VESC and low back pain in patients treated for lumbar disc herniations, with contradictory 
results to the present study.54, 55 Unfortunately in both studies the VESC were described by only 
one radiologist. Possibly, results in the current thesis are contradictory with these two studies 
due to the definition of back pain. While they used self-reported back pain as the outcome, in 
this thesis ‘disabling back pain’ was defined according to patients’ reported VAS for back pain.

In this thesis VESC Type 2 was the most common VESC at baseline (when patients 
presented with acute sciatica), a finding in concordance with previous studies in unoperated 
sciatica patients.54, 56 The most common conversion in the surgical group was progression from 
no VESC at any level to type 1. In the study of Rahm et al. most patients developed VESC 
type 2 changes after lumbar discectomy.57 However, contrary to the 12 months time interval 
between initial and follow-up MRI in this thesis, their interval varied from 32 to 59 months. 
In general it is agreed that VESC type 1 are unstable lesions which may convert to type 2 
or back to normal.58 The high observed prevalence of type 1 lesions at 12 months may still 
represent the more active stage of inflammation following disc surgery and these lesions may 
convert to type 2 or back to normal over time. Furthermore, the observation that 81% of 
conservatively treated patients did not convert from one VESC type to another after one year 
is in concordance with longitudinal studies that investigated the natural course of VESC and 
have observed that 48 to 86% of people do not convert from one VESC type to another over 
periods of 14 to 72 months.54, 56, 59-61 

should one give gadolinium-based contrast when imaging patients with sciatica?

Gadolinium (Gd)-enhanced MRI is frequently performed in patients with persistent or recur-
rent symptoms of sciatica after surgical treatment.8, 38, 62-64 The MRI assessors (2 experienced 
neuroradiologists and one neurosurgeon) presented substantial disagreement about gadolinium 
enhancement in lumbar spine MRIs between observers which was in firm contrast with their 
excellent agreement about the disc level of the herniated disc and compressed nerve root at 
baseline (chapter 8). Furthermore, no relationship was observed between enhancement find-
ings and clinical findings at one year. The overall results indicate that Gd-MRI is not more 
helpful than non-enhanced MRI in the post-treatment evaluation of patients with sciatica. 

Since the interobserver agreement regarding the enhancement findings was rather low, one 
could question the added value of correlating enhancement findings with clinical findings. To 
truly uncover the meaning of enhancement findings those interpreting the images must reliably 
assess the enhancement finding as one reason that a prediction model might lose its predictive 
power is the incorrect assessment of MRI findings, which causes the inputs in the prediction 
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model to be faulty.13 It is crucial that radiologists and clinicians strive to reduce variability in 
interpretations as inconsistency in interpretation may lead to alternative treatment options 
between clinicians and therefore may impact the outcome of patient treatment.11 65

This thesis did not demonstrate an added value of Gd-MRI over non-enhanced MRI, which 
is in contrast with the expected diagnostic value. Given the additional costs of invasive contrast 
infusion compared to unenhanced MRI scanning, the addition of gadolinium in the postsurgi-
cal lumbar spine leads to more confusion at a higher financial reimbursement rate. Combined 
with the results in chapter 6 and 7 one could question the value of obtaining follow-up MRI at 
all when evaluating patients with recurrent or persistent symptoms of sciatica. 

strengths and weaknesses

A strength of the studies in this thesis was that all images were assessed by two experienced 
neuroradiologists and one neurosurgeon who independently evaluated all MR images, blinded 
to clinical information. None of the readers had been involved in either the selection or care 
of the included patients. In addition, no meeting was organized in which a sample subset of 
images was evaluated as the discussion during this meeting might have caused the observers to 
adjust their diagnostic imaging criteria. Such a meeting could have led to an overestimation in 
the agreement among the three readers compared to the situation as it existed before undertak-
ing the meeting. Moreover, the presence of disc herniation and nerve root compression was 
assessed with a four point scale providing the MRI assessors the opportunity to express their 
uncertainty. Another strength was that all sciatica patients who underwent MRI at baseline 
were followed, regardless of participation in the randomized controlled trial. At last, the 
percentage of patients who underwent MRI at one year follow-up is high (94.3%), especially 
in light of the observation that the majority of patients was recovered and one therefore may 
expect less willingness of patients to undergo repeat MRI. 

The current thesis has also several shortcomings. Firstly, the interobserver agreement ob-
served may have been overestimated, since one reading pair consisted of two neuroradiologists 
who had nearly the same observer experience and also worked together which may have led to 
an informal agreement in their diagnostic criteria.66 However, the agreement between the neu-
roradiologists did not substantially differ from that of the reading pairs containing one of the 
two neuroradiologists and the neurosurgeon. Secondly, the use of standardized reporting forms 
with definitions and multiple choice categories allowed the assessments to be structured far 
more than possible in general clinical practice which may have caused an overestimation in the 
interobserver agreements.16 Thirdly, the study population consisted of sciatica patients who had 
severe symptoms and were referred to the neurologists. These patients were willing to undergo 
surgery, so patients with a clear preference for conservative treatment are underrepresented in 
the current thesis. Fourthly, the reported MRI findings and their relation with clinical outcome 
was timed only once, one year after randomization. It is uncertain if comparable results at other 
time points would have been observed. 
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current status and future perspective

The results of this thesis have placed the relevance of MRI findings in patients with sciatica 
in a new light and many findings are in contrast with the intuitive feelings and ideas of spinal 
physicians. The finding that in patients re-imaged one year after treatment for sciatica, ana-
tomical abnormalities visible on MRI did not distinguish patients with persistent or recurrent 
symptoms of sciatica from asymptomatic patients was remarkable. The same holds for a lack of 
a correlation between vertebral endplate signal changes and back pain. Gadolinium-enhanced 
MRI did also not prove more helpful than non-enhanced MRI in the post-treatment evalua-
tion of patients with sciatica.

The role of MRI in patients with sciatica should be rethought, especially in patients with 
recurrent or persistent symptoms of sciatica. The results of this thesis counteract the intui-
tive feeling of the necessity of repeating MRI in these patients. The mindset of patients that 
more imaging testing means better care should be reshaped in favor of a more evidence-based 
approach. MRI may be repeated only when repeat surgery is considered in presence of un-
favorable clinical history and physicical examination. More research is needed to assess the 
value of MRI in clinical decision making for patients with persistent or recurrent sciatica, in 
particular if treatment strategies according to MRI findings lead to different clinical outcomes 
in patients who experience persistent or recurrent symptoms of sciatica. It also remains unclear 
why symptoms relate poorly to evidence of disc herniation or nerve root compression on MRI. 
Inflammation of the nerve root may be a more important factor than mechanical compression. 
It seems that we will make a paradigm shift from mechanical into inflammatory origin, which 
comes down to going back in time to the 18th century when Cotugnio argued that sciatic 
complaints are a consequence of neuritis or edema of the sciatic nerve. Insight in the balance 
of mechanical and inflammatory factors may enable us to solve the paradox of no relationship 
between presence of a disc herniation on MRI and patient outcome in patients with recurrent 
or persistent sciatica while surgery is often helpful for these patients. 

Prognostic profiles in sciatica vary greatly (ranging from 50 to 91% in this thesis). Reasons 
behind the different prognostic profiles in sciatica are currently not known. It may well be 
that the inflammatory component, which is currently not visible or quantifiable, plays also an 
important role in this observation. More research is needed to identify the reasons behind the 
different prognostic profiles in sciatica and how to apply new or existing therapeutic strategies 
accordingly. A shift from a “one-size fits all” approach towards targeted treatments according 
to prognostic profiles or specific characteristics will probably improve the treatment results.

At last, to thoroughly gain insight in the clinical relevance of imaging findings, good in-
terobserver agreement is a prerequisite, which for some (especially gadolinium-enhancement) 
findings in this thesis was very low. As earlier mentioned, no nomenclature in the literature 
has been widely recognized as authoritative or has been widely used in practice. It is worthwile 
to consider approaches how to reach more consensus and how to subsequently adhere to one 
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nomenclature. Specific imaging training and defining the language for image interpretation by 
involving the various desciplines may help to attain this goal.

conclusion

In contrast with the intuitive feeling of physcians many worrisome MRI findings do not cor-
relate with patient outcome in patients with sciatica. Physicians should not ascribe persistent 
or recurrent symptoms of sciatica to the presence of abnormalities visible on MRI.  However, 
many issues remain to be solved, especially the paradox of no association between presence of 
a disc herniation on MRI and patient outcome in patients with recurrent or persistent sciatica 
while surgery is often helpful for these patients.  

Physicians should inform their patients about the limits of spine imaging in sciatica. One 
possible strategy is to explain patients of how common worrisome MRI findings are observed 
in persons who do not have any symptoms. This thesis enables physicians to implement this 
strategy and in that way reshape the mindset of many patients thinking that knowing imaging 
findings can only be good.
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Sciatica is one of the most common lumbar-spine disorders and ranks, certainly in the industri-
alized countries, as one of the most costly medical problems. The main objective of this thesis 
was to uncover the relationship between MRI findings and clinical outcome in patients with 
sciatica. 

The basis of this study was the Sciatica Trial: a multicentre prospective randomized con-
trolled trial among patients with 6-12 weeks sciatica. An early surgery strategy was compared 
to prolonged conservative care for an additional 6 months followed by surgery for patients 
who did not improve or who did request it earlier because of aggravating symptoms. The trial 
showed faster recovery after early surgery as compared to a strategy of prolonged conservative 
care with surgery if needed, but there were no significant differences in clinical outcomes 
after one year. The randomized patients were part of a larger group of patients with sciatica 
who underwent a baseline MRI to assess the eligibility for the Sciatica Trial. All patients who 
underwent MRI (regardless of participation in the randomized controlled trial) were followed 
up for one year. Furthermore, the patients who were randomized underwent MRI both at 
baseline and after one year.

Chapter 1 gives an introduction and some historical facts about sciatica. Despite many 
etiological explanations being proposed since ancient time, it was until 1934 when Mixter 
and Barr overcame the scientific confusion and asserted that sciatica was caused by a herniated 
disc pressing against a nerve root. However, the scientific confusion revived when modern 
imaging modalities such as MRI were introduced which allowed many investigators to detect 
an enormous variety of previously unappreciated anatomical variations in patients undergo-
ing diagnostic workups for sciatica. Several MRI studies showed a high prevalence of disc 
herniations ranging from 20 to 76% in persons without any symptoms. Even in patients who 
were re-imaged after earlier disc surgery, MRI studies have found herniations in up to 53% of 
persons who at the time of the re-imaging had no symptoms. Despite the scientific debate MRI 
is considered the imaging procedure of choice for patients suspected of lumbar disc herniations 
and is frequently performed in patients with persistent or recurrent symptoms of sciatica. 
Moreover, abnormal MRI findings frequently result in surgical treatment or other invasive 
procedures such as epidural injections. 

Chapter 2 describes interobserver agreement among two neuroradiologists and one neuro-
surgeon with regard to MRI characteristics in patients with sciatica who were potential candi-
dates for lumbar disc surgery on clinical grounds. The interobserver agreement was high with 
regard to clinically relevant parameters like most affected disc level and nerve root, probability 
of disc herniation and nerve root compression. However, in general considerable variation 
between the observers was observed regarding specific characteristics of the symptomatic disc 
level (like signal intensity on T2 images, absence of epidural fat and flattening of the dural 
sac or the emerging root sheath) and the disc herniation (like its location, size and whether it 
should be classified as a protrusion or as an extrusion). 
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Chapter 3 reports on the implications of MRI interobserver variability among three spine 
specialists for the one-year outcomes in patients with sciatica who were potential candidates 
for lumbar disc surgery based on clinical grounds. The most favorable clinical outcome results 
after one year follow-up were reported by those patients in whom all three MRI observers in-
dependently agreed about the presence of disc herniation or nerve root compression, followed 
by those with inconsistent interpretation and finally by those in whom independent agreement 
was reached about the absence of those abnormalities. 

Of the patients who were randomized to receive prolonged conservative care in the Sciatica 
Trial a considerable part of 39% ultimately received surgery during the first year. Chapter 
4 evaluates whether qualitative and quantitative MRI assessment could have predicted this 
delayed surgery. Qualitative MRI parameters and the baseline size of the disc herniation did 
not significantly differ between the surgical and non-surgical group. Patients who did undergo 
surgery during follow-up had at baseline smaller dural sacs and spinal canals compared to pa-
tients who did not undergo surgery. However, ROC curve analysis showed that these variables 
have only a poor ability to discriminate between patients who underwent surgery and those 
who did not. 

Chapter 5 reports on the prognostic value of low back pain in relation to MRI findings in 
patients with sciatica. Patients who had disabling back pain at baseline reported an unfavorable 
prognosis at one-year follow-up compared to those with predominantly sciatica. If addition-
ally a clear herniated disc with nerve root compression on MRI was absent, the results were 
even worse. Herniated discs and nerve root compression on MRI were more prevalent among 
patients with predominantly sciatica compared to those who suffered from additional disabling 
back pain. However, vertebral endplate signal changes were equally distributed between those 
with and without disabling back pain. Large disc herniations and extruded disc herniations 
were also equally distributed between the two groups. 

Chapter 6 reports on the 1-year MRI findings of sciatica patients who were treated with 
either surgery or conservative treatment, changes of MRI findings over time, and their correla-
tion with clinical outcome. At one year follow-up a considerable proportion of patients still 
had a visible disc herniation on MRI (21% of surgically compared to 60% of conservatively 
treated patients). However, the presence of disc herniation or nerve root compression on MRI 
did not distinguish patients with persistent or recurrent symptoms of sciatica from asymptom-
atic patients. 

Chapter 7 reports on Vertebral Endplate Signal Changes (VESC) findings, changes 
of VESC findings over time and the correlation between VESC findings and back pain in 
sciatica. Undergoing disc surgery for sciatica was highly associated with progression in the 
extent of VESC compared to conservative (non-operative) care. In one year about two thirds 
of surgically and one fifth of conservatively treated patients displayed an increase of VESC. 
However, both at baseline and after one year follow-up, those with and those without VESC 
reported disabling back pain in nearly the same proportion. In addition, the proportion of 
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patients reporting perceived recovery after one year was also nearly equal between those with 
and without VESC. 

Chapter 8 reports on the reliability of enhancement findings, their prevalence and their 
correlation with clinical outcome. The MRI observers (two neuroradiologists and one neu-
rosurgeon) showed excellent agreement regarding the disc level of the herniated disc and the 
most affected nerve root. Moreover, they agreed on the presence of a disc herniation and nerve 
root compression. This was in contrast to their agreement on the enhancement of disc hernia-
tion and the affected nerve root, which was only fair. One year after treatment, the observers 
reached substantial agreement regarding the presence of a disc herniation and whether the 
nerve root was still compressed. However, again, they substantially disagreed on the enhance-
ment of the herniated disc and nerve root. The observers reached moderate to substantial 
agreement regarding the presence of scar tissue at one year. If they judged scar tissue to be 
present, they nearly always regarded it as enhanced. At one year no relationship was observed 
between enhancement of the nerve root or disc herniation and clinical findings.   

c o n c l u s i o n

Patients who also suffered from disabling back pain in the acute stage of sciatica reported an 
unfavorable prognosis at one-year follow-up compared to those with predominantly sciatica. 
If additionally in the acute stage of sciatica a clear herniated disc with nerve root compression 
on MRI was absent, the results after one-year follow-up were even worse. MRI-findings in the 
acute stage were not acceptably able to discriminate between those who did and those who 
did not undergo surgery. At one year follow-up, anatomical abnormalities visible on MRI 
did not distinguish patients with persistent or recurrent symptoms of sciatica from patients 
without symptoms. Vertebral Endplate Signal Changes were not associated with disabling back 
pain, neither in the acute stage of sciatica nor after one year of follow-up. The reliability of 
Gadolinium-enhanced MRI findings was low and enhancement findings did not correlate with 
clinical findings at one-year follow-up.
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n e d e r l a n d s e s a m e n v a t t i n g

Het lumbosacraal radiculair syndroom (LSRS, in de volksmond ook wel ischias genoemd) is 
een van de meest voorkomende lumbale wervelkolom-aandoening en is, zeker in de geïndus-
trialiseerde landen, een van de meest kostbare medische condities. De belangrijkste doelstelling 
van dit proefschrift was om inzicht te verwerven in de relatie tussen MRI-bevindingen en 
klinische uitkomst bij patiënten met LSRS. 

De basis van deze studie was de Sciatica Trial: een gerandomiseerd multicentrisch onder-
zoek bij patiënten met 6-12 weken LSRS. De effectiviteit van vroeg chirurgisch ingrijpen 
werd vergeleken met die van verlengd afwachtend beleid voor een extra 6 maanden, gevolgd 
door een operatie voor patiënten die niet herstelden of die er eerder om vroegen als gevolg 
van verergerende pijn. De studie toonde sneller herstel aan na vroeg chirurgisch ingrijpen in 
vergelijking met een strategie van verlengd afwachtend beleid met een operatie als dat nodig is, 
maar na 1 jaar waren er geen significante verschillen in klinische uitkomsten. De gerandomi-
seerde patiënten maakten deel uit van een grotere groep patiënten met LSRS die een aanvangs 
(baseline) MRI hadden ondergaan om te beoordelen of de patienten in aanmerking kwamen 
voor de Sciatica Trial. Alle patiënten die een MRI hebben ondergaan (ongeacht deelname 
aan de gerandomiseerde studie) werden gedurende een jaar gevolgd. Daarnaast hebben de 
gerandomiseerde patiënten zowel op baseline als op 1 jaar een MRI ondergaan. 

Hoofdstuk 1 bevat een introductie en enkele historische feiten over het LSRS. Ondanks 
de vele etiologische verklaringen die sinds de oudheid zijn voorgesteld, was het pas in het 
jaar 1934 dat Mixter en Barr de wetenschappelijke verwarring omtrend LSRS overwonnen 
en beweerden dat het LSRS wordt veroorzaakt door een hernia die tegen een zenuwwortel 
aandrukt. De wetenschappelijke verwarring werd echter weer herboren met de introductie van 
moderne beeldvormings modaliteiten zoals de MRI die vele onderzoekers in staat stelden om 
een enorme verscheidenheid van niet eerder opgemerkt anatomische variaties te ontdekken bij 
patiënten die diagnostische procedures voor LSRS ondergingen. Verschillende MRI studies 
toonden hoge prevalenties aan van discus hernia’s, variërend van 20 tot 76% in personen 
zonder symptomen. Zelfs in patiënten die nogmaals een MRI hebben ondergaan na discus 
hernia chirurgie, hebben MRI studies hernia’s geobserveerd tot in wel 53% van de personen die 
ten tijde van de herhaalde MRI scan geen symptomen hadden. Ondanks het wetenschappelijk 
debat wordt MRI als de beeldvormings procedure van eerste keus beschouwd voor patiënten 
die verdacht worden van een lumbale discus hernia en wordt MRI ook vaak uitgevoerd bij pa-
tiënten met aanhoudende of terugkerende symptomen van LSRS. Bovendien leiden afwijkende 
MRI bevindingen vaak tot chirurgische behandelingen of andere invasieve procedures, zoals 
epidurale . 

Hoofdstuk 2 beschrijft de interbeoordelaars variatie tussen twee neuroradiologen en en 
een neurochirurg met betrekking tot MRI-kenmerken bij patiënten met LSRS die potentiële 
kandidaten waren voor een lumbale discushernia operatie op basis van klinische gronden. De 



188 Chapter 10

interbeoordelaars overeenkomst was hoog met betrekking tot klinisch relevante parameters 
zoals het meeste aangedane discus niveau en zenuwwortel, en de waarschijnlijkheid van een 
discus hernia en zenuwwortel compressie. In het algemeen werd er echter een aanzienlijke 
variatie tussen de beoordelaars waargenomen met betrekking tot specifieke kenmerken van 
het meest aangedane niveau (zoals signaalintensiteit op T2 sequenties, afwezigheid epiduraal 
vet en zichtbaarheid wortelzakje) en de discus hernia zelf (zoals locatie, grootte, en of het 
geclassificieerd moet worden als protrusie of extrusie). 

Hoofdstuk 3 rapporteert over de implicaties van interbeoordelaars variatie tussen drie 
wervelkolomspecialisten voor de 1-jaars uitkomsten in patiënten die potentiële kandidaten 
waren voor een lumbale discushernia operatie op basis van klinische gronden. Na 1 jaar follow-
up werden de meest gunstige klinische uitkomst resultaten gerapporteerd door de patiënten 
bij wie allerdrie de MRI beoordelaars het onafhankelijk eens waren over de aanwezigheid van 
een hernia of wortelcompressie, gevolgd door patiënten met inconsistente MRI interpretatie, 
en tenslotte door degenen bij wie de beoordelaars het eens waren dat er geen discus hernia of 
wortelcompressie bij aanvang aanwezig was. 

Van de patiënten die werden gerandomiseerd voor afwachtend (conservative) beleid in de 
Sciatica Trial werd uiteindelijk een aanzienlijk deel van 39% geopereerd in het eerste jaar na 
randomisatie. Hoofdstuk 4 evalueert of kwalitatieve en kwantitatieve MRI evaluaties deze  
chirurgie hadden kunnen voorspellen. Kwalitatieve MRI parameters en de aanvangsgrootte 
van de hernia verschilden niet significant tussen de chirurgische en niet-chirurgische groep. 
Patiënten die wel geopereerd werden hadden bij aanvang (baseline) kleinere durale zakken en 
spinale kanalen in vergelijking met patiënten die niet werden geopereerd. Echter, ROC-curve 
analyse toonde aan dat deze variabelen een slecht vermogen hebben om goed onderscheid te 
maken tussen patiënten die wel en geen operatie ondergaan voor LSRS. 

Hoofdstuk 5 rapporteert over de prognostische waarde van lage rugklachten in relatie tot 
MRI bevindingen bij patiënten met het LSRS. Patiënten die bij baseline invaliderende rugpijn 
hadden rapporteerden een ongunstige prognose na een jaar in vergelijking met patienten met 
alleen overwegend LSRS. Als bovendien een duidelijke discus hernia met zenuwwortel com-
pressie op MRI afwezig was, waren de resultaten nog slechter. Discus hernia’s en zenuwwortel 
compressie op MRI kwamen vaker voor onder patiënten met overwegend LSRS in vergelijking 
met degenen die naast LSRS ook invaliderende pijn in de rug hadden. Vertebrale eindplaat 
signaal veranderingen waren evenredig verdeeld tussen degenen met en zonder invaliderende 
rugpijn. Grote en geëxtrudeerde hernia’s waren ook gelijk verdeeld tussen beide groepen. 

Hoofdstuk 6 rapporteert over de 1-jaars MRI bevindingen in patiënten met LSRS die wer-
den behandeld met ofwel een operatie of afwachtend (conservatief ) beleid, veranderingen van 
MRI-bevindingen over de tijd, en de correlatie tussen MRI bevindingen en klinische uitkomst. 
Na een jaar follow-up had een aanzienlijk deel van de patiënten nog steeds een hernia op MRI 
(21% van de chirurgisch behandelde patiënten vergeleken met 60% van conservatief behan-
delde patiënten). Echter de aanwezigheid van hernia of zenuwwortel compressie op MRI kon 
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niet discrimineren tussen enerzijds patiënten met aanhoudende of terugkerende symptomen 
van LSRS en anderzijds patiënten zonder symptomen. 

Hoofdstuk 7 rapporteert over Vertebrale Eindplaat Signaal Veranderingen (VESV), ver-
anderingen van VESV over de tijd en de correlatie tussen VESV bevindingen en rugpijn in 
LSRS. Het ondergaan van een operatie voor LSRS was sterk geassocieerd met progressie in de 
mate van VESV ten opzichte van conservatieve (niet-operatieve) zorg. In een jaar tijd toonde 
ongeveer twee derde van chirurgisch en een vijfde van conservatief behandelde patiënten een 
toename van VESV. Echter, zowel bij aanvang als na een jaar follow-up, was er nauwelijks een 
proportioneel verschil wat betreft invaliderende rugpijn tussen de personen met en zonder 
VESV. Daarnaast was de proportie van patienten die volledig van LSRS waren hersteld ook 
nagenoeg gelijk tussen de personen met en zonder VESV. 

Hoofdstuk 8 rapporteert over de interbeoordelaars variatie van Gadolinium-aankleuringen, 
de prevalentie van Gadolinium aankleuringen, en hun relatie met klinische uitkomst. De MRI 
beoordelaars (twee neuroradiolgen en 1 neurochirurg) toonden een uitstekende overeenstem-
ming met betrekking tot discus niveau van de hernia en de meest getroffen zenuwwortel. 
Bovendien een goede overeenstemming aangaande de aanwezigheid van een hernia en wortel-
compressie.  Dit in tegenstelling tot alleen een redelijke overeenstemming met betrekking tot 
de aankleuring van de discus hernia en de aangedane zenuwwortel. Een jaar na de behandeling 
bereikten de beoordelaars substantiële overeenstemming met betrekking of er nog steeds een 
hernia aanwezig is en of de zenuwwortel nog gecomprimeerd wordt. Zij waren het echter weer 
aanzienlijk oneens over de aankleuring van de hernia en de zenuwwortel. De beoordelaars 
bereikten matige tot substantiële overeenstemming met betrekking tot de aanwezigheid van 
littekenweefsel na een jaar. Als ze beoordeelden dat littekenweefsel aanwezig is, beschouwden 
ze het bijna altijd als aangekleurd. Na 1 jaar werd geen relatie gevonden tussen aankleuring van 
de zenuwwortel of discus hernia en klinische bevindingen. 

c o n c l u s i e 

Patiënten die in het acute stadium van LSRS ook invaliderende rugpijn hadden rapporteerden 
een ongunstige prognose na een jaar in vergelijking met patienten met alleen overwegend LSRS. 
Als bovendien een duidelijke discus hernia met zenuwwortel compressie op MRI afwezig was, 
waren de resultaten nog slechter. MRI-bevindingen in het acute stadium van LSRS konden 
geen onderscheid maken tussen patiënten die wel en geen operatie hebben ondergaan voor 
LSRS. Na een jaar follow-up konden anatomische afwijkingen zichtbaar op MRI ook geen 
onderscheid maken tussen enerzijds patiënten met aanhoudende of terugkerende symptomen 
van LSRS en anderzijds patiënten zonder symptomen. Vertebrale Eindplaat Signaal Veran-
deringen waren niet geassocieerd met invaliderende rugpijn, noch in het acute stadium van 
LSRS, noch na een jaar follow-up. De interbeoordelaars variatie met betrekking tot wel of geen 
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Gadolinium-aankleuring van MRI bevindingen was laag en er werd geen relatie geobserveerd 
tussen Gadolinium-ankleuring en klinische bevindingen na een jaar follow-up.
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