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1
InTRODuCTIOn

& 
OuTLIne Of The TheSIS

“L’art de la médecine consiste à amusant alors que le patient cures de la nature.”

-Voltaire-



10	 Chapter	1



IntroduCtIon	&	outlIne	of	the	thesIs	 11

“………Thou cold sciatica, 
Cripple out senators, that their limbs may halt 
As lamely as their manners…..” 

William Shakespeare 1564 Timon of Athens, Act IV. Scene I

Shakespeare permitted Timon of Athens to rage against false friends in high places 
and wish them to suffer from sciatica. Although the natural course of sciatica is said 
to be favorable, classical literature, myths and even the Bible refer to sciatica as a 
punishment or demon curse, which disables people by means of excruciating lower 
leg pain. 
 The literal translation of the Greek word ‘sciatica’ is hip pain1, which leaves room 
for dispute about today’s use of the word ‘sciatica’ in scientific communications. Un-
doubtedly “lumbosacral radicular syndrome” (LSRS) or sciatic neuralgia is a better 
description of the disease but it is not often used in peer reviewed manuscripts and 
thus in this thesis. Sciatica is defined as pain radiating from the low back or buttock 
into a lumbar or sacral dermatome. In addition to radiating leg pain patients may 
present with motor and sensory deficits and decreased tendon jerks or reflexes as 
a result of malfunction of the compressed spinal nerve, near its exit from the dural 
sac. Generally this area of the nerve is misnamed as the nerve root. Strictly speaking, 
the roots or radices have their origin proximal to the spinal cord or conus medul-
laris. Although literally incorrect, this thesis makes use of the term ‘nerve root’ to 
describe the former anatomical area of the nerve, to avoid inconsistencies with ex-
isting scientific publications. Compression of the spinal nerve root generates pain 
directly or indirectly by an inflammatory response. The most frequently cited cause 
of impingement of lumbar nerve roots is extruded or herniated disk material, which 
occupies the natural space under and beside the nerve root and displaces the nerve 
within the bony margins of the nerve root, which extends from the lateral recess to 
the intervertebral foramen. Through a weak spot in the annulus fibrosis, the fibrous 
outer ring of the intervertebral disk, the centrally located soft nucleus pulposis tis-
sue leaks outward, which results in three successive degrees of disk herniation: local 
disk protrusion, disk extrusion and sequestrated nuclear fragments in the epidural 
space. A herniated disk most commonly occurs at one of the two lower disk levels 
of the lumbar spine. The intensity of pain and severity of neurological deficit vary 
and are not correlated with either site or size of the herniated disk. Sciatica results in 
loss of the ability to move freely and function normally at home and work or during 
leisure activities. In the vast majority of cases sciatica decreases in the course of two 
months2;3.
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How to intervene in the natural course for the remaing minority of patients with per-
sistent sciatica?
Before the advent of disk surgery in 19344;5, this problem was of great interest to 
physicians and scientists for many centuries.
 It is generally believed that Hippocrates (460-370 BC) was the first to describe 
the treatment of sciatica6. He advocated traction as a beneficial method to relieve 
patients of their pain and loss of function (ref). However, when Egyptian, Etruscan, 
and Arabic manuscripts (1550 BC) were reviewed, earlier descriptions of the clinical 
phenomena of spinal disorders were encountered7. Furthermore the Bible describes 
Jacob as enduring sciatica after struggling with an angel in the desert (fig.1). 

Whereas the emperor’s physician Galen (129-200 A.D.)8 is claimed to be the first pio-
neer of spinal research, Caelius Aurelianus, born in Algeria (400 A.D.), was the first 
author to describe sciatica7. He taught and practiced in Rome and described sciatica 
as a clinical syndrome with pain radiating to the buttocks and leg. “In advanced 
stages muscle wasting could occur”. He associated the radiating complaints with lift-

Figure 1. “Just before crossing into the land, Jacob wrestles with an angel and defeats him. Jacob refuses to release 
the angel until the angel blesses him. The angel gives Jacob a new name—Yisrael—Israel, “the God fighter,” “one 
who struggles with God.” But in the struggle, Jacob is also hurt. Torah tells us that the angel wrenches Jacob’s 
thigh. The Hebrew text says he tears Jacob’s sciatic nerve, which we know runs all the way down the lower back 
(Genesis 32:25–29). Further, Torah says that Jacob was limping (Genesis 32:32)”. 
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ing heavy objects and published his hypotheses in “De Morbis acutis et chronicis”9 
(figure 2). 
 Paulus of Aegina (625-690 A.D.) seems to be the first one to perform laminecto-
mies when the posterior elements were fractured and pushed into the spinal cord 
or cauda equina10. The next known successful laminectomy was performed almost 
12 centuries later! After the fall of Rome, during the Dark Ages, knowledge and 
many of the skills of this ancient era were lost or not described.

Just before the 16th century Sabuncuöglu (Turkish scientist and physician), who treated 
patients with medicine and heat cauterization, and described this therapy for non-re-
fractory sciatica in “The Imperial Surgery”11; Turgut, 2007 2713 /id}. In the same cen-
tury Andreas Vesalius (1514-1564) wrote and depicted his findings about human inter-
vertebral disk spaces and the spinal column in “De humani Corporis Fabrica” (1543)12 
13. The second person, after Caelius Aurelianus, who discussed sciatica in depth as a 
clinical entity was Domenico Cotugno (1736-1822). His monograph “De ischiade ner-
vosa commentarius”14 described this radiating pain as a disease of the sciatic nerve. For 
at least a century sciatica was known as “Cotugno’s disease”15. He (figure 3) did not 
relate the disease of the sciatic nerve to compression of the root in the spinal canal or to 
the plate drawings of disks by Vesalius. In the belief that the pain arose from the nerve 
itself, Cotugno probably was not aware of a possible relationship.

Figure 2.
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“for it seems to be an acrid and irritating matter, which lying on the 
nerve, preys on the stamina, and gives rise to pain”. 

Domenico Cotugno 1764

Localization of neurological complaints or deficit and their anatomical correlation with 
the spinal cord and cauda equine was of no concern to scientists after Hippocrates. In 
the 18th century this problem was a primary concern for the first time when Giovanni 
Morgagni (1682-1771) described neural tissue compression caused by “tumors”, which 
in fact were probably cases of Pott’s disease16. Spinal surgery for this reason was not 
performed until 1829 when Alban G. Smith performed a laminectomy in the United 
States17. An anatomical relationship between sciatica and compression of nerve roots in 
the spinal canal was still not suspected by the scientific community, not even after the 
earliest report of posterior displacement of intervertebral disk material in 1806 by Ko-
cher18. During post mortem investigations the latter scientist suspected the correlation 
between disk displacement at the spinal cord level and loss of function below this level.
 Rudolf Virchow (1821-1902) described the traumatic rupture of an intervertebral 
disk in 185719 which was known thereafter as “Virchow’s Tumor”20. A few year later 
in 1864 Ernest Lasègue (1816-1883) recognized the association between sciatica and 
low back pain and wrote about the physical signs of patients’ neuritis21-23. However, 
while living in the same time period and scientifically interested in closely correlated 
pathology, the completely different scopes of the works of Ernest Lasègue and Ru-
dolf Virchow prevented the recognition of one disease. It was at least a half a century 
later before this relationship was described.
 In 1909 Fedor Krause described (figure 4) the surgical relief of sciatic pain24. To-
gether with Oppenheim, he reported on the removal of an “enchondroma”, which 
in retrospect can be regarded with certainty as a ruptured disk. 

Figure 3.
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In the same year Taylor described an unilateral approach performed on a cadaver25. 
Joel Goldthwait (1911)26 reported on a patient with recurrent sciatica who had been 
operated on by Harvey Cushing27. No lesion was found but they concluded that the 
pain originated from recurrent disk dislocation into the spinal canal, explaining the 
negative surgical exploration by assuming that the disk had slipped back into place. 
Goldthwait, who hypothesized that this condition could produce sciatica, was with 
far in advance of his time but failed to arouse much interest. Looking at his manu-
script today, his honest description of the negative exploration by Cushing resembles 
the experience of many surgeons today, despite the help of sophisticated imagery. 
Four years later Charles Elsberg (1915) surgically removed a piece of ruptured liga-
ment of “subflavum” which was compressing the fourth lumbar nerve root; the sci-
atica then disappeared28;29. 
 Walter Dandy introduced air myelography in 1918 for the diagnosis of space- oc-
cupying brain lesions. It never worked well for spinal pathology but it was a big step 
forward in neuro-imaging after the discovery of the X-ray in 1895 by William Conrad 
Roentgen30. In 1920 an assistant of the French neurosurgeon Sicard injected Lipiodol 
into the subarachnoid spaces by mistake. After this “mistake” they observed the pa-
tient in the vertical position under the fluoroscope and to their surprise saw the first 
myelogram; they described lesions compressing lesions the dural sac31.
 In 1927 Putti suggested that sciatica was caused by an inflammation of the lumbar 
nerve roots in the spinal neuroforamina32;33. He thought that the pain was second-

Figure 4. Surgical transdural approach of ‘disk enchondroma’ by Dr. Oppenheim as described by Fedor Krause, 1909.
“He made a low lumbar midline incision and reflected the paravertebral muscles far laterally exposing the laminae 
with their spinous processes. The laminar arches were removed in one piece, after which the dura was opened longitu-
dinally, nerve roots separated and again opening the dura but now the posterior dural sac covering the space-occupy-
ing lesion. This so-called enchondroma, a tumor of cartilaginous tissue had a close relationship with the lumbar disc 
and seemed to originate from it”.
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ary to irritation caused by arthritis of the posterior intervertebral articulations. In 
addition to the fact that his conclusions were far ahead of his time, he was the first 
to conclude that sciatica could be explained by degenerative low back disorders and 
not by a tumor. 
 In the same period Walter Dandy 1929 found cartilaginous fragments (extruded 
and sequestrated disk material) lying loose in the spinal canal. He discovered that 
these nodules were of disk origin and could produce sciatica30. He thought that the 
“lumbar disk syndrome” was related to trauma and that the disk was affected by a 
process he called osteochondritis desiccans with fragments acting as a sequester. His 
drawings are beautiful examples of a herniated disk. In his opinion the lumbar spine 
had a predisposition toward such pathology because of a deficiency of the posterior 
longitudinal ligament in this area. At that time neurosurgical and orthopedic societ-
ies were still convinced that nerve root compression was caused by a benign tumor, 
whereas neurological and rheumatological literature did focus on an inflammation 
of the sciatic nerve. 
 However Dandy stated that removal of these masses would cure the pain and 
improved function. Unfortunately he still called these masses “tumors”, which in a 
strict sense they are, but this did not result in a scientific breakthrough. In the same 
year this observation was also reported in Paris by the neurologist, Alajouanine, who 
successfully guided a famous general surgeon, Petit Dutaillis, who used a transdural 
approach for a “disk tumor” at the level L3-L434-36.
 Shortly thereafter the German pathologist Schmorl (1931) described his findings 
on the anatomy and pathology of disks investigated by radiological examination of 
post-mortem dissection of spines37. These descriptions established modern under-
standing of degenerative changes and disk herniations. 
 A neurosurgeon, William Jason Mixter (figure 5), and an orthopedic surgeon, 
Joseph Seaton Barr, working close together presented their surgical and pathology 

Figure 5. Dr. William Jason Mixter, neurosurgeon
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findings and conclusions at the annual meeting of the New England Surgical Society 
in September 19334. Barr was assigned to review Schmorl’s German book37 and had 
great interest in the histology of the disk. After treating a sciatic patient conserva-
tively without success, he performed a Lipiodol myelogram and convinced Mixter 
to perform surgery. During surgery a “disk tumor” was removed. The patient did 
well and Barr asked the pathologist to review the slides together. He immediately 
recognized the microscopic pictures as being nucleus pulposis shown by Schmorl 
in his photographs. They reviewed cases which in recent years had been depicted 
as chondroma’s and related diagnoses. Their publication the next year in 1934 4con-
vinced the world that sciatica is not caused by a tumor, but that a simple herniation 
of the nucleus pulposis gives rise to compression of the nerve root. This publication 
changed the treatment of sciatica. The message was to relieve sciatica by surgery and 
that the results obtained were very satisfactory if compression had not lasted for too 
long a period. Most scientific societies adopted this view. Farfan even stated that the 
“Dynasty of the Disk” had started5. After this breakthrough publication, lumbar dis-
kectomy became and remained the most frequently performed neurosurgical inter-
vention worldwide. In the Netherlands the first disk surgeries were performed not 
earlier than after 193738;39 From that time until 198340 a major question did not arise. 

What is the appropriate conservative treatment strategy and how long should this pe-
riod of natural cure last before surgery is discussed with the patient?
In retrospect however Ernest Hunt questioned the publication directly in the same 
journal in 19344, asking whether the extensive transdural approach described by 
Mixter and Barr could be replaced by displacement of the dura and nerve root medi-
ally. Moreover he asked whether most patients really needed to undergo surgery.

“I should think there might be a question as to when we should con-
sider that lesion important enough or large enough to justify the rath-
er severe operation of laminectomy; that is to say, are there instances 
in which with the passing of time nature would take care of it without 
the necessity of operation with attendant risk, which was apparently 
five percent in this group?”

Comment Ernest Hunt (N. Eng. Journal 1934)

As expected his latter comment had little impact on society compared to the fact that 
surgery was a safe and effective option for sciatica. It was suddenly a curable disease 
in the hands of surgeons. 
 The direct comparison between surgery and conservative treatment has only 
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been described properly once in a randomized trial performed by Henrik Weber40. 
Although the study received considerable methodological criticism, it is still only one 
of the few trials which tried to directly compare surgery versus conservative treat-
ment. The well known favorable natural course of sciatica and innovative findings 
with regard to the pathogeneses41 changed scientific ideas about the treatment of 
sciatica to a more conservative and medical approach again. In well designed experi-
mental and clinical studies strong evidence was found of an inflammatory response 
by nuclear disk tissue on lumbar nerve roots, causing sciatic neuralgia by a local 
release of phospholipase A2 (PLA-2), leukotrienes or cytokines, such as various inter-
leukins (IL) and tumor necrosis factor-a (TNF-a)42 (figure 6). 

Although apparently very attractive to direct treatment to the chemical or immuno-
logical pathogeneses of sciatic neuralgia, randomized controlled trials, investigating 
treatment by corticosteroids42 and anti-TNF-a43 failed to show beneficial short- and 
long-term effects of this potential hazardous medical treatment when compared 
with placebo.
 Besides spontaneous cure surgery remains the only proven effective treatment 
option to directly resolve mechanical compression and hypothetically indirect chem-
ical irritation of compressed nerve roots.

Still being the most frequent procedure carried out by neurosurgeons worldwide 
one would expect that lumbar disk surgery would be high on the agenda of scientific 
meetings as well as orthopedic and neurosurgical journals. This, however, is not the 
case, probably because lumbar disk surgery is considered to be highly effective, is not 

Figure 6. Adapted with permission from Stafford et al. 2007
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very difficult to perform and most spine surgeons do not doubt the scientific basis of 
timing disk surgery after 6 weeks of persistent sciatica44;45 . 

objective and outline of this thesis

After the first description of surgery for sciatica in 19344 and despite the warning 
about performing surgery too soon by Ernest Hunt, disk surgery increased in popu-
larity with highly variable rates of surgery between countries in the last decade of the 
twentieth century46. The main explanation for this difference rates of surgery rates 
is the timing of disk surgery per country47. The United States and The Netherlands 
await the natural cure of sciatica for 6 weeks before surgery is considered, while for 
instance the United Kingdom and Sweden wait at least several months and offer 
surgery only after a prolonged period of conservative treatment without any result. 
Which timing strategy is the best is unknown and has not yet been investigated 
in a randomized trial; only a few observational cohort series have been described. 
Although the randomized Weber trial and recent SPORT trial48;49compared surgery 
with conservative treatment, they were not designed to evaluate the current timing 
of disk surgery for sciatica. 
 The main objective of this thesis is to compare at random the effectiveness over 
one year and at two years of the timing of disk surgery after 6 to 12 weeks of sciatica 
with a strategy of prolonged conservative care for some months. 

When a physician meets a patient with sciatica, information is gathered to predict the 
absence or presence of a disk herniation and to decide what the appropriate treat-
ment strategy should be within the framework of the natural course. In chapter 2 
the actual state of the art of the diagnosis and treatment of sciatica is described. 
 Data that define the optimal timing strategy for sciatica are not available. De-
spite ample available epidemiological methods to compare at random surgery after 
6 weeks of severe sciatica with conservative care and delayed surgery, such a trial 
had not yet been designed yet. In chapter 3 the design is described of the Sciatica 
Trial, a randomized cost-effectiveness study to answer the question whether the cur-
rent international guideline which recommends surgical intervention after 6 to 8 
weeks of conservatively treated sciatica is supported by high level evidence .
Chapter 4 presents the short-term one year results of this randomized controlled 
trial, comparing early surgery with prolonged conservative treatment for patients 
with a clear surgical indication after 6 to 12 weeks of sciatica.
 Before implementation of a new treatment algorithm can be considered, the re-
sults of epidemiological outcome research should be weighed against the direct and 



indirect costs of the different treatment strategies compared. The results of this cost-
effectiveness analysis are reported in chapter 5.
 The presence of a positive straight leg raising test, neurological deficit, MRI ap-
pearances of the disk herniation and patient preference guide clinicians in their deci-
sion to plan surgery. A subgroup analysis of predictive variables and their interaction 
with the randomized surgical timing strategy is the main subject of chapter 6. 
 According to the study protocol conservative treatment could be followed by sur-
gery after a delayed period of time following randomization. Persistent complaints 
of sciatica, despite adequate guidance and analgesics, were of major importance for 
the decision to perform late surgery. Chapter 7 might be of great interest to patients 
and physicians who want to know early in the disease which variables affect the risk 
of delayed surgery.
 Most intervention studies focus on good outcome. The societal impact of unsat-
isfactory outcome of low back disorders is however high. What is the one year prog-
nosis for patients with sciatica of at least 6 weeks duration, which variables influence 
the outcome and does gender play a role? To answer these questions in chapter 8, 
all randomized patients of the Sciatica Trial are described as an observational cohort 
with an unsatisfactory result at one year as outcome of interest.
 The goal of this randomized trial was to evaluate the timing of surgery and it’s 
effect on speed of recovery. The high costs of low back disorders are however due 
to persisting, recurrent or deteriorating sciatica, chronic low back pain and the in-
ability to work or perform daily duties. In chapter 9 the 2-year results of this trial are 
described and contemporary scientific study results are compared with other studies 
on surgical timing.
 A synthesis of the results in chapter 10 includes our future scientific “quest” to 
define further the optimal timing of disk surgery for sciatica. The dissertation is con-
cluded with a summary in chapter 11. 
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introduction

Sciatica affects many patients who are commonly treated in primary health care 
settings, but a small proportion of patients are referred to secondary care and may 
eventually undergo surgery. Many synonyms for sciatica are being used in the lit-
erature such as lumbosacral radicular syndrome, ischias, nerve root pain and nerve 
root entrapment. 
 The most important symptoms are pain radiating in the leg and related disability. 
In approximately 90 % of the cases, sciatica is caused by a herniated disk with associ-
ated nerve root compression, but lumbar stenoses and (less frequently) tumors are 
also possible causes. The diagnostic and therapeutic management of patients with 
sciatica is characterized by a considerable variation within and between countries. 
There is, for example, a striking variation in the surgery rates for lumbar diskectomy 
between countries46. A more recent publication confirms the still large variation of 
disk surgery, even within one country50. This may in part be caused by a paucity of 
evidence regarding the value of diagnostic and therapeutic interventions and the 
lack of clear clinical guidelines, but may also reflect differences in health care and 
insurance systems. This review presents the current state-of-science regarding the 
diagnosis and treatment of sciatica.

methods

We used the Cochrane library to identify relevant systematic reviews evaluating 
the effectiveness of conservative and surgical interventions for sciatica. Medline 
searches up to december 2006 were used to find other relevant systematic reviews 
on diagnosis and treatment of low back pain. Keywords were sciatica, hernia nuclei 
pulposi, ischias, nerve root entrapment, systematic review, meta-analysis, diagnosis, 
and treatment. In addition, our personal files were used for additional references, 
including a few publications of recently conducted randomized clinical trials. Finally 
we checked if clinical guidelines were available.

Who gets it?
Exact figures on the incidence and prevalence of sciatica are lacking. In general, an 
estimated 5-10 % of patients with low back pain suffer from sciatica, while reported 
lifetime prevalences of low back pain range from 49 % to 70 %(w2). Direct estimates 
of (disk-related) sciatica in the open population show an annual prevalence rate of 
2.2 % (2). A few individual and occupational risk factors for the occurrence of sciatica 
have been reported (table 1). Factors that have been associated with the occurrence 
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of sciatica include age, length, mental stress, cigarette smoking and some occupa-
tional factors such as exposure to vehicular vibration (w2,2,3) For an association of 
sciatica with gender or physical fitness there is conflicting evidence (w2,2,3).

How is it diagnosed?
The diagnostic process is mainly based on history taking and physical examination. 
By definition the patients suffer from radiating pain in the leg. Patients may be asked 
to report the distribution of their pain and whether the pain radiates below the knee. 
Pain drawings may be used to evaluate the distribution of pain. Sciatica is character-
ised by radiating pain following a dermatomal pattern. Patients may also report sen-
sory symptoms. Physical examination largely depends on neurological testing. The 
most applied test is the straight leg raising (SLR) test or Lasègue’s sign. Patients with 
sciatica may also suffer from low back pain, but the back pain is usually less severe 
than the leg pain. The diagnostic value of history and physical examination has not 
been well studied51. There are no history items or physical examination tests with 
both high sensitivity and high specificity. The pooled sensitivity of the straight leg 
raising test is estimated to be 91 % with a corresponding pooled specificity of 26 %52. 
The only test with a high specificity is the crossed SLR test with a pooled specificity 
of 88 % but the sensitivity is only 29 %52. Overall, if a patient reports the typical ra-
diating pain in one leg combined with a positive result on one or more neurological 
tests indicating nerve root tension or neurological deficit the diagnosis sciatica seems 
justified. Table 2 shows the signs and symptoms that are relevant for the distinction 
between sciatica and non-specific low back pain.

What is the value of imaging?
Diagnostic imaging is, in general, only useful if its results influence further manage-
ment of the patient. In acute sciatica, the diagnosis will be based on history taking 
and physical examination and treatment will be conservative (non-surgical). Imag-

Table 1. Risk factors for acute sciatica62;70

Occurrence

Individual factors Age (peak 45-64 years)
Length (higher)
Smoking
Mental stress

Occupational factors Strenuous physical activity: Frequent lifting especially 
while bending and twisting 
Occupational driving of motor vehicle, including whole-
body vibration
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ing may only be indicated at this stage if there are indications or ‘red flags’ that the 
sciatica may be caused by underlying pathologies (infections, malignancies) other 
than disk herniation.
 Diagnostic imaging may also be indicated in patients with severe symptoms who 
fail to respond to a period of 6-8 weeks of conservative care. In these cases surgery 
might be considered and imaging is used to identify if a herniated disk and nerve 
root compression indeed is present, and what its exact localisation and size is. It is 
very important for the decision to operate or not that the clinical findings and symp-
toms of the patient correspond well with the imaging findings. This is especially rel-
evant because disk herniations identified with CT and/or MRI are highly prevalent 
(varying from 20 %-36 %) in asymptomatic people not having sciatica at all53;54. It 
is also true that in many people with clinical symptoms of sciatica no lumbar disk 
herniations are present on imaging scans55;56. At present, there is no clear advan-
tage of one type of diagnostic imaging method compared to others. Although some 
authors favor MRI above other imaging techniques because of the higher radiation 
dose of CT and/or the better performance of MRI with visualising soft tissues57;58, 
there is evidence that CT and MRI both are equally accurate for diagnosing lumbar 
disk herniation59. The use of X-rays for diagnosing lumbar disk herniation is not rec-
ommended because X-rays are not able to visualise the disk59. 

What is the prognosis?
In general, the clinical course of an episode of acute sciatica is favourable and most pain 
and related disability will resolve within a couple of weeks. For example, in a random-
ized trial evaluating NSAIDs versus placebo in patients with acute sciatica in primary 
care 60 % of all patients recovered within a period of 3 months and 70 % within 12 
months3. Improvement rates of patients with acute sciatica included in placebo groups 
in randomized trials evaluating non-surgical interventions indicate that about 50 % 
of the patients report ‘improvement’ within 10 days and about 75 % report improve-
ment after a period of 4 weeks2. These figures show that in the majority of patients the 

Table 2. Indicators for sciatica.
Unilateral leg pain > LBP

Radiates to foot or toes

Numbness & paresthesia in the same distribution

Straight leg raising (SLR) test induces more leg pain

Localized neurology (i.e. limited to one nerve root)

Source: Waddell (The Back pain revolution, 1998)71
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prognosis is good, but at the same time a substantial proportion (up to 30 %) continues 
to suffer from their complaints after a period of one year and longer.2;3

What is the efficacy of conservative treatments for sciatica?
Conservative treatment is primarily aimed at pain reduction, either by pain medica-
tion or by reducing pressure on the nerve root. A recent systematic review found that 
the available conservative treatments do not clearly improve the natural course of 
sciatica in most of the patients nor do they reduce symptoms60. Adequately inform-
ing patients about the causes and expected prognosis of sciatica may be regarded as 
an important part of the management strategy. However, patient-education has not 
specifically been investigated in RCTs in patients with sciatica.
 Table 3 summarizes the evidence of effectiveness of commonly available conser-
vative treatments for sciatica, including injection therapy. For most of the available 
interventions strong evidence is lacking. The contrast of bedrest versus advice on 
staying active does not show large differences in effect regarding pain and func-
tional status61. Because of this finding bedrest, which for a long period has been 
the mainstay of treatment of sciatica, is not widely recommended anymore62;63. An-
algesics, NSAIDs and muscle relaxants do not clearly seem to be more effective in 
reducing symptoms than placebo. Evidence is lacking for opioids and various com-
pound medications. A previous systematic review also reported that there was no 
evidence that traction, NSAIDs, intramuscular steroids, and tizanidine are superior 
to placebo2. This review suggested that epidural steroid injection might be effective 
in patients with acute sciatica. However, a more recent systematic review including 
a larger number of randomised trials reported that there was no evidence of posi-
tive short effects of corticosteroid injections and that the long term effects were un-

Table 3. Evidence of conservative treatments for sciatica
Beneficial

Trade off Bed rest

Likely to be beneficial Advice to stay active (in CR bedrest)

Unknown effectiveness Analgesics/NSAIDs
Acupuncture
Epidural steroid injections
Spinal manipulation
Traction therapy
Physical therapy 
Behavioral treatment Multidisciplinary treatment 

Unlikely to be beneficial

Ineffective or harmful
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known60. The same systematic review reported that active physical therapy (exercis-
es) appeared not to be better compared with inactive (bedrest) treatment and other 
conservative treatments such as traction, manipulation, hotpacks or a corset)60.

What is the role of surgical procedures in patients with sciatica? 
Surgical intervention is focused on removal of disk herniation and eventually part 
of the disk or be directed at foraminal stenosis with the purpose of eliminating the 
suspected cause of the sciatica. The treatment is directed at easing the leg pain and 
corresponding symptoms and not directly at reducing the accompanying back pain. 
There is consensus that a cauda equina syndrome is an absolute indication for imme-
diate surgical intervention. For unilateral sciatica the decision for surgery is elective. 
Until recently there was only one relatively old randomised trial available comparing 
surgical intervention versus conservative treatment for patients with sciatica40. This 
study showed that surgical intervention had better results after one year, while after 
4 and 10 years of follow up there were no significant differences40.
 The Cochrane review summarized the available randomised clinical trials evalu-
ating disk surgery and chemonucleolyses64. Chemonucleolyses concerns injection 
with the enzyme chymopapain in the discus with the purpose of shrinking the nu-
cleus pulposus. They reported better results of disk surgery compared to chemonu-
cleolyses (in patients with severe sciatica of relatively long duration). Chemonucle-
olyses was more effective than placebo. So, indirectly they suggested disk surgery 
to be more effective than placebo also. Based on data from three trials the authors 
concluded that there is considerable evidence that surgical diskectomy provides ef-

A patient’s perspective (A)
After an episode of lumbago during a vacation, I continuously had low back pain and tingling feet for 
about 9 months. Then suddenly my right foot started to hurt badly and after a while the pain became 
so severe that I was unable to leave my house. The specialist ordered an MRI scan and it revealed a 
large lumbar disk herniation. Since it only got worse after that, I decided to have surgery. 
After the operation, I recovered quickly and the back pain and leg pain were completely gone. I soon 
was able to go back to work and rebuild my social life. Unfortunately, after a couple of months the low 
back pain and the other symptoms returned, although not as severe as before surgery. A new MRI scan 
now revealed two small disk herniations and two bad intervertebral disks. The specialist told me that 
it was too early for a second operation.
Now it is unclear to me what the doctor can do about it and I don’t even know which measures I can 
take myself. The constant back and leg pain are greatly interfering with my work and my social life. I 
sometimes feel like an elderly person because of my physical limitations. I try to stay positive, but it is 
hard to cope with the uncertainty. 

Ms P., aged 32 years, Rotterdam



28	 Chapter	2

fective clinical relief for carefully selected patients with sciatica due to lumbar disk 
prolapse that fails to resolve with conservative management. A recently published 
review came to the same conclusion65. The Cochrane review further concluded that 
the long term effects of surgical intervention are unclear and that there also is a lack 
of evidence on the optimal timing of surgery64.

Recent RCTs not yet included in systematic reviews 
Two additional RCTs have been published comparing disk surgery versus conserva-
tive treatment. One trial (n=56) compared miscrodiskectonomy with conservative 
treatment in patients with 6 to 12 weeks of sciatica66. Overall no significant differ-
ences were found regarding leg pain, back pain, subjective disability over a two-year 
follow-up period. However, patients in the diskectomy group initially seemed to im-
prove more rapidly regarding leg pain. The large SPORT randomised trial and re-
lated observational cohort study was conducted in the USA48;49. Patients with at least 
6 weeks of sciatica with confirmed disk herniation were invited for either participa-
tion in a randomized trial or in an observational cohort study. Patients in the trial were 
randomised to disk surgery or conservative care. Patients in the cohort study decided 
themselves to receive disk surgery or conservative care based on their preference. The 
randomised trial (n=501) showed that both treatment groups improved substantially 
over a two-year period for all primary and secondary outcome measures. There were 
small differences in favor of the surgery group, but these differences were not statis-
tically significant for the primary outcome measures. Remarkably, only 50 % of the 
patients randomised to the surgery group actually received surgery within 3 months 
after inclusion. At the same time 30 % randomized to conservative care received sur-
gery within this 3-month period67. After 2 years follow-up 45 % of the conservative 
group underwent surgery versus 60 % in the surgery group49.
 The observational cohort included 743 patients. Both groups improved substantially 
over time, but the surgery group showed significantly better results regarding pain and 
function in comparison with the patients receiving conservative treatment. The authors 
suggest that these findings should be interpreted with caution, because of potential 
confounding by indication and by the self-reported nature of the outcome measures48.
 The results indicate that both conservative treatment and disk surgery are rele-
vant treatment options for patients with sciatica of at least 6 weeks duration. Surgical 
intervention may provide some quicker relieve of symptoms compared to conserva-
tive treatment, but there are no large differences in success rate after one to two years 
follow-up. Patients (and doctors) may thus weigh the benefits and harms of both 
options in order to make their individual choices. This is especially relevant since 
the preference of patients for a certain type of treatment may have a direct positive 
influence on the magnitude of the treatment effect. 
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What are the recommendations in clinical guidelines?
Although in many countries there are clinical guidelines available for the manage-
ment of non-specific low back pain this is not the case for sciatica68. Table 4 shows 
the recommendations from the recently issued clinical guidelines for sciatica (lum-
bosacral radicular syndrome of the Dutch College of General Practice63. After ex-
cluding specific pathologies based on red flags the diagnosis is made on the basis 
of history taking and physical examination. Initial treatment is conservative, with 
a strong focus on patient-education, advice to staying active and continuing daily 
activities and adequate pain treatment. In this phase there is no role for imaging. 
Referral to a medical specialised, e.g. neurologist, rheumatologist, spine surgeon is 
indicated in patients who do not improve their symptoms after conservative treat-
ment for a period of at least 6-8 weeks. In these referred cases surgery may be con-
sidered. Immediate referral is indicated in cases with a cauda equina syndrome. 
Acute severe paresis or progressive paresis are also reasons for referral (within a 
few days).

Table 4.  Summary of recommendations of the clinical guideline for diagnosis and 
treatment of sciatica of the Dutch College of General Practice63.

Summary of recommendations for diagnosis of sciatica:

• Check ‘red flags’ for malignancies, osteoporotic fractures, radiculitis and cauda-equina syndrome
•  History taking for determining localization, severity , loss of strength, sensibility disorders, duration, 

course, influence of coughing, rest or movement, and consequences for daily acitivities.
• Physical examination: neurological testing: straight leg raising test (SLR)/Laseque sign
•  In case of leg pain according to dermatomal pattern, positive SLR, loss of strength or sensibility dis-

orders further investigate: reflexes (Achilles/knee tendon); sensibility of lateral and medial sides of 
feet and toes, strength of big toe during extension, walking on toes and heel (left-right differences), 
crossed Laseques sign.

•  Imaging or laboratory diagnostics are only indicated in red flag conditions but are not useful in cases 
of (suspected) disk herniation

Summary of recommendations for treatment of sciatica:

•  Explain cause of the symptoms and reassure patients (symptoms usually diminish over time without 
specific measures)

•  Advise to stay active and continue daily activities; a few hours of bedrest may provide some symp-
tomatic relief but does not improve a faster recovery

•  Prescribe medication if necessary (according to 4 steps) 1) paracetamol, 2) NSAIDs, 3) Tramadol; or 
paracetamol/NSAID in combination with codeine, 4) morfine

•  Refer to neurosurgeon immediately in case of cauda-equina syndrome or acute severe paresis or 
progressive paresis (within a few days)

•  Refer to neurologist, neurosurgeon or orthopedic surgeon to consider surgery in cases of intractable 
radicular pain (not responding to morfin) or if pain and suffering do not dimish after 6-8 weeks of 
conservative treatment . (note: in other countries referrals to rheumatologist or physiatrist are more 
common due to local circumstances)
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Promising developments 
More evidence based information has become available regarding the efficacy of sur-
gical versus conservative care for patient with sciatica. Important knowledge is the 
initial finding that in the long run (after 1-2 years follow-up) there are no important 
differences in effect between these two distinct approaches. Although it must be 
stressed that there is only limited evidence available on long term effects of either 
conservative or surgical interventions. In addition, part of this finding may be ex-
plained because patients who initially receive conservative care undergo disk sur-
gery at a later stadium. In all available studies it appears that fortunately a substantial 
part of the patients improve over time. This holds true for patients receiving surgery 
as well as patients receiving conservative treatment. Patients receiving disk surgery 
are more likely to get quicker relieve of their leg symptoms compared to patients re-
ceiving conservative care. After an initial period of 6-8 weeks without improvement 
of symptoms patients may thus opt for disk surgery to get quicker relieve of their leg 
pain. Patients who are hesitant regarding surgery and who can bear the severity of 
their symptoms may also opt for continued conservative care. Patient preference is 
therefore an important feature in this decision proces. 
 The last years have shown a switch in the management of sciatica from more pas-
sive treatments, including bed rest towards a more active approach and the advice 
to patients to continue their daily activities as much as possible. 

A patient’s perspective (B)
My complaints started about 4 months ago with pain in the lower back. Soon hereafter the pain radi-
ated into my legs for which I went to my general practitioner. His analysis was no herniated disk. A 
muscle relaxant in combination with referral to a physiotherapist would reduce the symptoms. Three 
weeks of physiotherapy followed by several treatments by a chiropractor did not provide any symp-
tom relief. In fact, the symptoms became worse. Especially during walking and standing. Laying down 
and cycling were much better tolerated. Additional complaints were reduced strength in the left leg, 
not being able to stand on the heel or toes, a cold feeling in the lower leg at the end of the day, while 
in the morning it felt like standing in a bunch of needles. 
About 1 month ago, a neurologist diagnosed a herniated disk on the right side based on an MRI-scan 
that was taken. However, this could not explain the symptoms in the left leg. The symptoms in the left 
leg could be due to spinal stenosis. The complaints were not severe enough to recommend surgery 
and the neurologist told me that a substantial improvement was to be expected within a period of 3-4 
months. His advice was to continue normal daily activities as much as possible. At present (one month 
later) I feel some improvement of my symptoms.

Mr. J. V., aged 49 years, The Haque
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Future research 
Further knowledge is desirable regarding the importance of clinical signs and symp-
toms for the prognosis of sciatica and the response to treatment. This includes the 
value of size and location of the disk herniation, (visible) nerve root compression, 
sequestration and the results of history taking and physical /neurological examina-
tion. Subgroup analysis in the Finnish trial showed that diskectomy was superior to 
conservative treatment in cases with herniation at L4-L569. For many of the avail-
able conservative treatments there is no strong evidence for or against their efficacy. 
Much progress can be achieved here. Questions exist regarding the efficacy of pain 
medication for sciatica, the value of physical therapy and of patient-education and 
counseling. No trials have yet evaluated the effectiveness of behavioral treatment 
and multidisciplinary treatment programs.
 TNF-alfa has been identified in animal and human studies to be one of the chemi-
cal factors involved in the etiology of sciatica67;69 The first randomized trial evaluat-
ing TNF-alfa antagonist in patient with sciatica did not find a positive result43 but 
further studies are warranted.

Summary points:
-  Most patients with acute sciatica have a favorable prognosis, but about 20-30 % 

has persisting complaints after 1-2 years
- The diagnosis is based on history taking and physical examination
-  Only in patients with red flags conditions or if disk surgery is considered imaging 

is indicated.
-  Passive (bedrest) treatments have recently been replaced with more active treat-

ment approaches.
- There is consensus that initial treatment is conservative for about 6-8 weeks.
-  Recent evidence suggest that disk surgery may provide quicker relief of leg pain 

compared to conservative care, but after one-two years initial evidence suggests 
that there are no clear differences.

-  Apart from the cauda equina syndrome, patient preference for or against surgrey 
may play an important role in the treatment decision.

-  Further studies are needed investigating the optimal timing of surgery and the 
efficacy of the majority of conservative interventions that are commonly used for 
sciatica.
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abstract

Background: The design of a randomized multicenter trial is presented on the effec-
tiveness of a prolonged conservative treatment strategy compared with surgery in 
patients with persisting intense sciatica (lumbosacral radicular syndrome).
Methods/design: Patients presenting themselves to their general practitioner with dis-
abling sciatica lasting less than twelve weeks are referred to the neurology outpatient 
department of one of the participating hospitals. After confirmation of the diagnosis 
and surgical indication MRI scanning is performed. If a distinct disk herniation is dis-
cerned which in addition covers the clinically expected site the patient is eligible for 
randomization. Depending on the outcome of the randomization scheme the patient 
will either be submitted to prolonged conservative care or surgery. Surgery will be car-
ried out according to the guidelines and between six and twelve weeks after onset of 
complaints. The experimental therapy consists of a prolonged conservative treatment 
under supervision of the general practitioner, which may be followed by surgical inter-
vention in case of persisting or progressive disability. The main primary outcome mea-
sure is the disease specific disability of daily functioning. Other primary outcome mea-
sures are perceived recovery and intensity of legpain. Secondary outcome measures 
encompass severity of complaints, quality of life, medical consumption, absenteeism, 
costs and preference. The main research question will be answered at 12 months after 
randomization. The total follow-up period covers two years.
Discussion: Evidence is lacking concerning the optimal treatment of lumbar disk in-
duced sciatica. This pragmatic randomized trial, focusses on the ‘timing’ of interven-
tion, and will contribute to the decision of the general practictioner and neurologist, 
regarding referral of patients for surgery.
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background

One of the greatest advantages of publishing the design of a randomized controlled 
trial (RCT) before results are available is the accessibility to criticism of the method-
ological quality irrespective of the results. Firstly the scientific reader must be en-
abled to search for epidemiological shortcomings when the results differ from the ex-
pected outcome as compared to results in line with one’s expectations. Secondly, it is 
possible to more extensively elaborate the background and rationale of the research 
question, the study population, the chosen treatments and outcome measures, as 
compared to publications describing the trial results. Thirdly, but not less important, 
publishing the design of a RCT is instrumented in preventing publication bias in 
subsequent meta-analyses. Studies with non-significant results are less likely to be 
published than those with significant results72;73. It is a considerable loss for data 
pooling that unpublished trial results are omitted. After pre-publishing the study 
design even unpublished data can be used in a systematic review, since these can 
be required from the study group. This article describes the rationale and parallel 
group design of a RCT in which the optimal timing of disk surgery for sciatica will 
be investigated.

The lumbosacral radicular syndrome (LSRS or LRS; also called sciatica) is typically 
characterized by radiating pain in the dermatome of a lumbar or sacral spinal nerve 
root. Occasionally more than one root is involved. Contained in the syndrome pain 
may be accompanied with lumbar fixation, reflex abnormalities motor and sensory 
disturbances. In diagnosis includes stenosis of the spinal and/or root canal, infection, 
multiple sclerosis, autoimmune or metabolic neuropathy, and tumour. This study 
will be restricted to herniations at the lowest three lumbar disk levels, since these 
represent the most common sites. In the vast majority of cases LSRS is the result 
of a herniated disk. In the Netherlands annually between 60,000 and 75,000 new 
cases of LSRS are diagnosed by the General Practitioner (GP)74. The presumed direct 
medical costs of treatment of LSRS are € 133 million each year75. Most of these costs 
are attributable to in-hospital treatment; only a small portion is incurred by GP’s or 
physiotherapists (€ 3.2 million). In a study, performed in 1988, more than 11.000 pa-
tients were operated in the Netherlands and this frequency did not change in the 
past years75;76. The combined direct and indirect costs are estimated to be € 1,2 billion 
per year77. The indirect costs are considerable due to the high rate of production loss 
caused by sciatica.
 The natural history of LSRS is in general favourable. In 60-80 percent of patients, 
the leg pain decreased or disappeared within 6-12 weeks after onset40;78-80. These 
patients no longer experienced problems at work or in their private lives after three 
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months. The minority with lasting complaints beyond three months further de-
creases with time. At one year only a small proportion of herniated disks continues 
to produce discomfort and disability. At present it is not possible to identify these 
latter groups of patients in an early stage of their disease by means of intensity of 
pain, neurological deficit, root irritation signs, or diagnostic imaging. For this reason 
it is not helpful to perform early diagnostic imaging (CT or MRI), unless a disease 
entity different from disk herniation is considered. After the indication for surgery 
has been set diagnostic imaging is helpful in defining the exact site of disk herniation 
and its anatomical relationship with the nerve root involved. Since the first publica-
tion on lumbar disk surgery by Mixter and Barr4 many studies have demonstrated 
the success of surgery for the treatment of LSRS. Unfortunately only a few prospec-
tive studies investigated the difference in outcome between surgical and conserva-
tive care40;78;81-85. The published treatment results vary as much as the frequency of 
reported complications and the recurrence rate. The only study, which compared 
surgery with conservative care directly in a RCT, was performed by Weber more 
than 20 years ago40;78. He found better results for surgery at one-year follow-up. At 
four and ten years follow-up the results of surgical and conservative care no longer 
differed. Being the only published RCT comparing surgical and conservative care, 
this study regrettably carries some important methodological flaws in both design 
and outcome measures when compared to today’s epidemiological standard rules86. 
One of the main shortcomings is the exclusion of patients, who do have an indication 
for surgery because of “intolerable” pain. Those are the current patients who ask for 
surgery and are not comparable to the randomized population of Weber. Therefore it 
is impossible to extrapolate and generalize these results to the treatment policy of to-
day. Since 1983 a few cohort studies have been published on non-surgical treatment 
of patients with at least six weeks of leg pain with good short-term results at one-
year follow-up84;87. These studies also suffer from methodological flaws. The only 
conclusion that can be drawn from these reports and the study of Weber is that the 
policy of prolonged conservative care can be effective, as a result of the favourable 
natural course of LSRS. Epidemiological and clinical studies have shown that most 
lumbar disk protrusions resolve spontaneously with the elapse of time88;89. Another 
finding is that prolonged conservative care appears safe and without complications 
if the patient remains active. Recent population based studies however state that 
the natural history is not favourable at all90. Whether particular demographic find-
ings, symptoms, physical signs and/or MRI findings either separately or combined 
do have prognostic value has not been investigated scientifically yet. It would be 
of great value if one were able to identify early in the course of the disease those 
patients who will have an unfavourable outcome without surgery. In spite of the 
known favourable natural course the surgical rate in the Netherlands is quite high46. 
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We perform six times as many lumbar diskectomies compared to Scotland, four times 
the number in England and two times the number in Sweden. In the latter study 
comparing 12 Western countries the United States is the only country where more 
operations are performed for the indication LSRS. There are no substantial differ-
ences in the incidence of this disease in the countries mentioned that can explain the 
difference in surgical rates. There is no indication77 that the surgical rate has changed 
under influence of the consensus reports44;91. Actually change was not likely to occur 
because the published guidelines were representative for daily practice and normal 
care before 1996 in the Netherlands. With respect to the indications for and timing of 
surgery no evidence in the literature is available to either support or contradict these 
guidelines. These guidelines were produced after agreement between all medical 
(sub-) disciplines involved in the care for patients with LSRS. Our high surgical rate, 
as contradictory as it may seem, may reflect good clinical practice.
 Because of the observation that most people recover from their complaints in the 
first 6-8 weeks79;80 this period of persistent radicular leg pain is considered a good 
indication for surgery in the Netherlands. Although there is consensus that surgery 
is only offered in case of persistent pain, the timing of this treatment seems to de-
pend on local production capacity and patient and doctor preferences rather than on 
evidence-based practice. This lack of evidence for the timing of surgery after the 6-8 
week period explains the large variations in daily practice. Exact data on the prob-
lems associated with surgery, such as surgical failure, recurrent disk herniation and 
adverse effects are limited. This is one of the reasons that in some regions surgery 
will only be carried out after a period of 3- 6 months of LSRS92. 

It is not known whether the relative high rate of disk surgery in the Netherlands is 
cost-effective or not, compared to other countries88;89.
 In summary, consensus is missing on the preferred timing of disk surgery, due to 
insufficient evidence that a prolonged conservative care strategy is effective. More 
insight is needed into the potential short-term effects of a relative early surgery strat-
egy, as compared to an extended wait-and-see period. In particular the effects on the 
return to work or resumption of previous daily activities as well as the complications 
of both strategies have not yet been investigated.

The main goal of this comparative study is to investigate whether the completion 
of a 6-12 weeks period of lasting radicular pain constitutes a solid indication for sur-
gery and is superior to prolonged conservative care. A secondary goal is to identify 
possible subgroups of patients who will substantially benefit from one of the pro-
posed treatment strategies. The cost-effectiveness results will be a trade-off between 
a quicker relief of leg pain in the surgery group versus the advantage of lower costs 
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and avoiding the negative effects of surgery in the conservatively treated group. The 
difference in disease related quality of life depends on the duration of persisting pain 
and disability after randomization in the prolonged conservative care group.

This study to investigate this scientific gap in our understanding of the effectiveness 
of surgery for LSRS is in line with a recommendation by the Dutch Health Council in 
1999 to the Minister of Health 75 and the current Cochrane Review88;89. 
 The results of this trial will lead to a more rational use of the existing guidelines if 
the hypothesis is rejected. If the latter is accepted and prolongation of the conserva-
tive treatment policy is more cost-effective than surgery after 6-12 weeks, the current 
guidelines for the timing of surgery need correction. 

methods/design

To answer the main research question the investigators propose to conduct a multi-
centre comparative randomized clinical trial with parallel group design. The main 
research question will be answered after a follow-up of six months (Figure 1). The 
complete follow-up will last two years. The multi-centre design is necessary to col-
lect enough patients in two years. The Medical Ethics Committee of all participating 
hospitals approved the study protocol.

Figure 1. Flow chart of the Sciatica Trial

GP Referral Patients with <6-10 weeks LSRS

Neurologist: Inclusion Criteria LSRS for Sciatica Trial
Research Nurse: Baseline measurements and Informed Consent

Approved Neurosurgeon
Clinical signs related to nerve root compression

Randomization

Surgery in 2 weeks Conservative Care with 
possible late surgery

Main Follow-up visits at 8 
weeks, 6 months, and 1 year

Follow-up 2-year Follow-up 2-year
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Patients
All patients between 18 and 65 years with sciatica of less than 12 weeks duration are 
eligible for this study. Because of the multi-centre (15 hospitals) design the patients 
in a large region in the western part of the Netherlands can be included in this trial 
if they meet the in- and exclusion criteria (Table 1). Because these are the only hos-
pitals, which treat lumbar disk herniations in this area, included patients will reflect 
a representative population treated in primary and secondary care. Inclusion of pa-
tients will be started after a visit to the neurological outpatient clinics. Randomiza-
tion will start after at least 6 weeks persistent disabling pain in the dermatome of the 
leg served by the L4, L5 or S1 root. All 1100 GP’s involved will be informed about 
this study and receive information about developments and the results of the trial. 
They will refer patients within the first 6-12 weeks after onset sciatica. During the 
first visit to the neurological outpatient clinic the patient’s history will be taken and a 
standardized neurological examination will be performed. During this visit the neu-
rologist will inform the patient on the cause and course of a lumbosacral radicular 
syndrome and convey the doubt regarding the timing of surgery for this condition. 
The study will be explained to the patient and in case of a positive reaction an ap-
pointment is made to meet one of the research nurses as soon as possible. 
 Preferably the study MRI scans will be performed after informed consent during 
the first visit to the research nurse. Because the patient needs some time to consider 
participation a second visit will be planned at least two days after the first visit to the 
outpatient clinic. The research nurse will give all extra information needed to under-

Table 1. Selection criteria for trial eligibility
Inclusion criteria: 

• Age 18-65 yr. 
• Persistent radicular pain in the L4, L5 or S1 dermatome with or without mild neurological 

deficit
• Severe disabling leg pain of 6-12 weeks duration
• Evidence of a unilateral disk herniation confirmed on MRI
• Sufficient knowledge of Dutch language
• Informed consent

exclusion criteria: 
• Cauda equina syndrome or severe paresis (MRC<3) 
• Complaints of a lumbosacral radicular syndrome in the same dermatome within the past 12 

months 
• A history of unilateral disk surgery on the same level 
• Spinal canal stenosis 
• Degenerative or lytic spondylolisthesis 
• Pregnancy 
• “Severe life-threatening” or psychiatric illness 
• Planned (e)migration to another country in the year after randomization
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stand the trial and will ask the patient if he/she agrees to be randomized. Informed 
by the radiologist and surgeon, the research nurse will only randomize the patient 
during the third visit if the MRI confirms the presence of unilateral disk herniation 
and the patient is eligible according to the inclusion and exclusion criteria. The pa-
tient will not be aware of detailed MRI data. The radiologist and neurosurgeon inde-
pendently using a standardized Case Record Form (CRF) will register the MRI find-
ings. The MRI will be performed according to a standardized protocol and including 
Gadolinium series for the intended subgroup analysis. 

Treatment allocation
Patients will randomly be allocated to either surgery within 1-2 weeks or prolonged 
conservative treatment by their GP. Patients, their doctors and research nurses can 
obviously not be blinded for the allocated treatment. Blinding of the outcome mea-
surements is not possible, due to the fact that mainly self-reported outcomes are 
used. A randomization list is prepared for every participating hospital. Permuted 
blocks of random number patients are formed to ensure near-equal distribution of 
patients over the two randomization arms in the hospitals. Using random number 
tables generates the random sequence of the permuted blocks. The data manager, 
who is not involved in the selection and allocation of patients will prepare coded, 
sealed envelopes containing the treatment allocation. During the second patient visit 
the research nurse will open the envelope together with the patient and appoint-
ments will be made for the allocated treatment, either surgery or referral back to the 
GP, to ensure that treatment is started as soon as possible after randomization. This 
will be done after checking all the criteria and especially the persistence of pain with 
disability in daily functioning. A letter about the allocated treatment arm informs all 
caregivers. Although the principal investigator will not include and operate upon 
trial patients he may be biased with a preference for surgery, which could theoreti-
cally influence analysis. Therefore the principal investigator is blinded for the allo-
cated treatment. As he is not involved in treatment of the study population blinding 
during later analysis is only possible after blinding during the randomization and 
follow-up period. 

Interventions
After randomization two groups of patients will exist. 
Group A; the surgically treated patients and group B; the conservatively managed 
patients. 

Surgical treatment (A) will be performed in the conventional manner with micro-
scope or loupe magnification. The investigators prefer the standard surgical approach 
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because the other (minimally invasive) surgical approaches have limited indications, 
are not more cost-effective, and have a long learning curve. During the transflaval 
approach care is undertaken to minimize bony removal and on the other hand to 
prevent overstretching of the compromised nerve root. In addition to removal of 
herniated disk material as much as possible nuclear material will be removed with 
pituitary forceps, curettes and rongeurs in order to prevent recurrence. The partici-
pating treating doctors are 2 orthopaedic- and 12 neurosurgeons with large experi-
ence in the standard approach with loupe magnification or microscope. A standard-
ized CRF will register the findings of the surgeon and the herniated disk material 
will be investigated histologically for granular infiltration.
 Surgery will take place as soon as possible and within a maximum of two weeks 
after randomization. Hospital admission will be 2-7 days, including the day of sur-
gery. During the immediate post-operative period the patients will be mobilised 
with the help of a physiotherapist. At home guidance is confirmed by their own 
physiotherapist. The frequency will be 2 times a week for 8 weeks. 

Conservative management (B) will be conducted by the general practitioner (GP) 
or neurologist when necessary. The GP will provide ample information about the 
favourable prognosis of LSRS. The treatment of LSRS is aimed primarily at pain relief 
and maintenance/restoration of normal day-to-day activities. Unfortunately, the ef-
fect of giving information and counselling has not been studied specifically among 
LSRS patients. However, various studies have evaluated the effect of such support for 
people suffering from other pain syndromes93. Inferences can reasonably be made 
from the findings of these studies. Hence, it may be assumed that adequate and un-
ambiguous information about what is wrong (the nature of the condition) and what 
the patient can expect (the prognosis), together with trustworthy counselling can 
reduce the anxiety and uncertainty felt by the patients and thus ease the pain44. The 
GP’s will encourage the patients to continue with normal day-to-day activities in so 
far as possible. When necessary analgesic medication can be prescribed according to 
the guidelines. The GP will advise the patients to stay active and if possible return to 
work and/or their leisure activities. 
 After the first consultation the GP will make a follow-up schedule. During the 
next visit the patient and doctor will look at the changes since the first visit to deter-
mine whether there is any improvement in the ability to perform normal activities. 
The doctor will check the efficacy of the prescribed pain medication and may adjust 
the dose or sort of analgesics according to the NHG guidelines. In these guidelines 
paracetamol is the first choice. If not effective, NSAID’s (ibuprofen, diclofenac or 
naproxen) are to be prescribed. Only in the event of severe disabling pain morphine 
may be given for a restricted period of time. By preference all analgesics should be 
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taken at fixed times of the day rather than on a ‘if necessary’ basis. If the GP and the 
patient conclude that there is considerable kinesiophobia because of the fear that 
the radicular or low back pain will increase, the help of a physiotherapist can be 
recommended. Guided by the GP (and physiotherapist) the patient will upgrade 
his or her activities according to the agreed time schedule87;94. The guide will be 
time, not the intensity of the pain. The GP will be free in her/his choice of prescrip-
tion of medication and referral to physiotherapists. The research nurse will register 
the conservative management strategy after communication with the responsible 
GP. In case of progressive neurological deficit or worsening intolerable pain the GP 
can refer the patient back to the research nurse or neurosurgeon. If, six months after 
randomization, the patient has still not improved or suffers from intermittent LSRS, 
surgical treatment will be offered. Some patients will ask for surgery earlier because 
of worsening drug resistant leg pain. In these cases and in the case of a progressive 
neurological deficit, surgery will be performed in consultation with the patient. If 
after maximum conservative treatment and counselling the patient is still not able to 
cope with the functional disability surgery can be requested. If surgery in these cases 
is not offered by the study-group the patient does have the right to have a second 
opinion with an undependable neurosurgeon of another university hospital.

Outcome assessment
In the LSRS the most common complaints are pain and disability to perform normal 
daily activities. We will use below described validated outcome parameters, which 
will be assessed by means of questionnaires. Patients are not informed about their 
earlier scores. Follow-up examinations by the research nurse will take place 8, 26 and 
52 weeks after randomization and the patients will keep a diary (Table 2). In between 
at 2, 4, 12, 38, and 78 and after 104 weeks the main questionnaire (primary outcome 
measures) will be filled in at home and send to the data centre.

Primary outcome measures:
 1) Roland Disability Questionnaire for Sciatica. This illness-specific 23-item func-
tional assessment questionnaire is frequently used for low back pain and sciatica95;96. 
Scores range from 0 to 23, reflecting a simple unweighted sums of items endorsed 
by the respondent. Patients with high scores at baseline do have a severe disabling 
LSRS. To define recovery a difference of at least 11 points from baseline has to be 
seen4;95. The Roland Questionnaire for Sciatica has a documented high level of in-
ternal consistency; construct validity, and responsiveness95;96. It is the main primary 
outcome measure in this trial. 
 2) Perceived recovery. This is a seven-point Likert scale measuring the perceived 
recovery, varying from ‘completely recovered’ to ‘worse than ever’. This outcome 
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scale has been used in previous studies and appears to be valid and responsive to 
change97. Next to this global self-assessment a job and hobby specific Likert will be 
scored. During the intake of the study the patient will be asked to rank their five 
most important functional disabilities in daily live (work, hobby), which they can use 
in their own evaluation overall and in separate items.
 3) VAS pain in the leg. This parameter will measure the experienced intensity of 
pain in the leg during the week before visiting the research nurse. Pain will be as-
sessed on a horizontal 100 mm scale varying from 0 mm, ‘no pain in the leg’, to 100 
mm, ‘the worst pain ever’. Patients do not see the results of earlier assessments and 
will score the pain experienced at the visit98-102.

Secondary outcome measures: 
 1) EuroQol classification system and VAS rating personal health. A cost-utility 
analysis will be performed using QALY’s based on the EuroQol questionnaire, which 
has been validated in many studies and is easy to fill out79;103;104. The EuroQol will 
be measured twice a week during the first four weeks and at all follow-up moments. 
Patients describe their general health status using the EuroQol classification system, 
consisting of 5 questions on mobility, self care, usual activities, pain/discomfort, and 
anxiety/depression105. From the EQ-5D classification system, the EQ-5D utility index 
will be calculated106. This utility measure reflects how the general public values the 
health status described by the patient, which is preferred for economic evaluations 

Table 2. Data collection and outcome measures

Time in weeks ? 0 2,4 8 12 26 38 52 78 104

Likert X X X X X X X X X X

Neurological examination X X X X

Severity of complaints (VAS) X X X X X X X X X X

McGill X

Health Status (SF 36) X X X X X

Functional Status (RDQ) X X X X X X X X X X

EuroQol/VAS Q-of-life X X X X X X X X X X

MRI X X

Costs X X X X X X X X X X

Prolo X X X X

Complications X X X X

Surgery X X X X X

SFBI X X X X X X
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from a societal perspective. Patients also rated their personal health using a visual 
analog scale (VAS) ranging from worst imaginable health to best imaginable health.
 2) Short-Form 36 (SF-36). Quality of life was also assessed using the RAND-36 
questionnaire. This is a generic health status questionnaire, which can easily be filled 
out at home. The questionnaire consists of 36 items on physical and social function-
ing has 8 domains; 1) physical functioning, 2) physical restrictions, 3) emotional re-
strictions, 4) social functioning, 5) somatic pain, 6) general mental health, 7) vitality, 
8) general health perception. This questionnaire has been used frequently and was 
validated in studies on low back pathology and surgery107;108. From the RAND-36, 
the SF-6D utility index was calculated. Like the EQ-5D, this SF-6D reflects the gen-
eral public’s valuation of the health described by the patient. The SF-6D is a recent 
instrument that has not been used much yet, but it richer classification system could 
make it a more sensitive utility measure than the EuroQol measure.
 3) Sciatica Frequency and Bothersome Index (SFBI). This is a scale from 0 to 6, 
which can assess the frequency (0=not at all to 6=always) and bothersomeness 
(0=not bothersome to 6=extreme bothersome) of back and leg symptoms. The sum 
of the results of four symptom questions yields both indexes, ranging from 0 to 24: 
leg pain; numbness and/or tingling in the leg; weakness in the leg or foot; pain in the 
back or leg while sitting81.
 5) PROLO-scale. This scale measures the evaluation of the research nurse of the 
functional-economic status of the patients. This parameter has been used in stud-
ies on the difference in functional outcome between different techniques of lumbar 
spine fusion104.
 6) VAS pain in the back. This parameter measures the intensity of the pain in the 
back experienced during the week before visiting the research nurse. Assessment 
will be based on a horizontal 100 mm scale varying from 0 mm, ‘no pain in the back’, 
to 100 mm, ‘the worst pain ever’. Patients do not see the results of earlier assessments 
and will score their pain during the visit. This parameter is included because a lot of 
patients with LSRS also have back pain in varying intensities, which can change after 
surgery or conservative treatment109;110. 
 
Other Outcome Measures
 1) Costs. The societal costs during the first year will be estimated in accordance 
with the recent pharmacoeconomic guideline111;112. The costs of hospital admission 
and surgery will be based on an integral top-down cost analysis in three large re-
gional participating hospitals (aggregated according to the total number of patients 
per department). From this institutional analysis, the constant costs per admission 
and the variable costs per admission day will be estimated. From these constant and 
variable costs, the individual costs of hospital admission and surgery for all patients 
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can be estimated, using the duration of the hospitalization. In the study an MRI 
is performed in all cases. The costs of this MRI will only be calculated for patients 
undergoing surgery, because in the normal situation MRI would only be performed 
when a surgical indication exists. 
 Patients will register other health care needs in a diary (including physiotherapy, 
visits to GP’s and specialists, nursing care and medication). Each diary covers a pe-
riod of 3 months and will be discussed with the patient during the follow-up visits 
to the research nurse. The volume of health care will be assessed using standard 
prices112.
 In the diary the patient will also register direct non-medical costs (including time 
costs, travel expenses and domestic help). To estimate productivity costs the patients 
will also report absenteeism in the diary. At the follow-up visits, the research nurse 
will register the work situation, work efficiency and gross wages. Absenteeism will 
be valued according to the friction-cost method.
 2) Incidence of (re-) surgery. One of the goals of the policy for group B is to avoid 
surgery while achieving at least the same effects. The surgical rate is therefore an 
indication of the success or failure of this policy. The incidence of re-operation at the 
same disk level in group A will be an indication of the failure rate for surgery. 
 3) Side-effects or complications that are ascribed to the treatment are recorded by 
the patients, their treating physicians and the research nurses.
 4) MRI findings. The results of the differences between the baseline MRI and the 
MRI made 52 weeks after randomization are important secondary outcome mea-
sures. The difference in size of the disk herniation (in mm), nerve root compression, 
and amount of scar tissue will be registered. Failures of surgery can be recognized by 
inadequate disk removal or decompression of the nerve. The data will be gathered, 
using a standardized CRF, which will be filled out by the local radiologist, orthopae-
dic- or neurosurgeon and (neuro-) radiologist
 

Sample size
The result of this study is based on the short-term success of surgical intervention 
and will be a trade-off between a quicker relief of leg pain versus an advantage in 
cost-effectiveness for conservatively managed patients. The sample size is calculated 
on the basis of the Roland Disability Questionnaire for Sciatica averaged during the 
12 months follow-up period. The numbers used for this sample-size are drawn from 
the Maine Lumbar Spine Study 1 year and recently published 5-year results81;113. The 
difference in the Roland score between the surgical- and non-surgical group in this 
study did not change between 3 and 12 months follow-up as shown in their study81 
and can be averaged over the first year. The main aim of this study is to measure 
the short-term functional difference at 12 months follow-up. Surgical treatment is 
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considered better when the post treatment change is at least 4 points more when 
compared to the conservative treatment arm95;114 and constant over time. Consider-
ing this constant difference and a mean standard deviation=10 over the first year113 
140 patients per treatment arm are needed to reach a power (1-b) of 0,90 with a=0.05 
(two-sided). To answer the main research question 280 patients are needed for analy-
sis with at least 12 months follow-up. The aim is to enrol 300 (150 per arm) patients in 
the study, including 8 % loss to follow-up after 1 year. The total number of operated 
patients each year in all participating hospitals exceeds 1400. With this number of pa-
tients also a clinically important difference in median time to recovery of two months 
can be detected by survival analysis. Although the time to recovery is the main issue, 
the problem of recurrent complaints is still not solved in the different approaches of 
survival and proportional hazard analysis. 

Statistical and cost analysis 
Baseline comparability will be investigated by descriptive statistics to examine if 
randomisation was successful. Differences in success rates between both groups are 
calculated, together with 95 per cent confidence intervals. In addition to an analysis 
of the difference in recovery between the two groups (as explained under the para-
graph Sample Size Calculation) analyses of the difference in time to recovery will be 
carried out. Due to lack of data in the literature we could not base our sample size 
calculations on these differences. Survival-analysis is used to calculate differences in 
median time to recovery. Continuous outcomes are evaluated as change scores (dif-
ferences between baseline measurement and each follow-up measurement). Multi-
variable analyses are performed to adjust for the eventual differences between the 
groups at baseline in prognostic indicators. All the analyses are performed accord-
ing to the intent-to-treat principle. An additional per protocol analysis is performed 
comparing patients in the wait-and-see group who received surgery with patients in 
the same group who had not and with patients in the surgery group. To compare the 
actual treatment sec instead of strategies an explorative analysis will be performed 
in subgroups off all patients who actually received surgery and who did not receive 
surgery in both groups. All patients who withdraw from the study are included in 
the analysis until the time of withdrawal. 
 The result of this study will be a trade off between the disadvantages of surgery 
(hospitalisation, reduced quality of life and costs) versus the possible advantages 
(earlier relief of pain and return to work). For that reason recovery, measured as an 
11 point difference in score when compared to baseline (Roland Disability Question-
naire for Sciatica), is the clinically most relevant patient outcome. Quality of Life 
(SF-36) and perceived recovery are important to compare the reduced quality of life 
from surgery to the possibly prolonged pain from conservative therapy and also 
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to be able to compare cost-effectiveness with that of other spine interventions. The 
EuroQol is important to obtain cost-utility ratio’s that can be compared with those of 
a wide range of other interventions. Utilities are obtained from the descriptive classi-
fication system of the EuroQol, using the model described by Dolan106;115. Conserva-
tive treatment may decrease costs compared to surgery but possibly at the expense 
of delayed effectiveness. In an incremental cost-effectiveness analysis, societal costs 
during the first year will be compared to the primary outcome measure (Roland 
Disability Questionnaire for Sciatica, averaged over the first year), Quality of Life 
(SF-36, during the first year) and perceived recovery (7-points Likert scale). Cost-ef-
fectiveness analyses with these effectiveness measures have been conducted before, 
allowing comparison with other spine interventions. 
 Finally, to answer the second research question explorative analyses are conduct-
ed to investigate whether the treatment effect after two, six and twelve months var-
ies in specific subgroups of patients (Table 3).
 Using logistic regression for success rate and linear regression for severity of the 
disability, each prognostic indicator is checked for interaction with treatment. If the 
interaction term is significant, a stratified analysis will be performed.

Table 3: Selected prognostic variables for subgroup analysis
Demographic variables
• Age < 39 years versus > 39 years, 
• Intellectual versus physical demanding job, 

Anamnestic and neurological variables
• Acute start LSRS versus slow start, 
• History of backpain versus no history, 
• Influence of coughing, sneezing on complaints versus no influence, 
• Difficulty to put on shoes and/or socks versus no difficulty, 
• Straight leg raising  30 degrees versus > 30 degrees, 
• Positive crossed straight leg raising sign versus negative sign, 
• VAS-pain > 70 versus < 69 mm, 
• Tingling/numbness in pain area versus no tingling (9), 
• Pain leg worse by sitting versus no worsening (9), 
• McGill affective high score versus low score, 

Radiological variables
• MRI disk sequester versus contained disk herniation, 
• MRI circumferential gadolinium enhancement versus no enhancement of disk herniation, 
• Mediolateral versus median and lateral disk herniation, 
• High versus low height of disk level (height 9 mm), 

Miscellaneous variables
• Preference for surgery versus no preference for surgery.
• Disk Herniation at L5S1 vs. L4L5
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discussion

In this article the rationale and design of a pragmatic RCT on the cost-effectiveness 
of timing of disk surgery for LSRS is described. The only randomized trial40 so far 
on this subject only included patients where the caregiver was in doubt about the 
surgical indication. Patients with severe disabling pain were not randomized78. The 
Sciatica Trial is directed to those patients with a clear surgical indication according to 
current usual care. The study is pragmatic because it acknowledges that sometimes 
it may not be possible to postpone surgery for every conservative care patient until 
6 months after allocation and that some patients will recover before surgery is per-
formed in the surgical group. In these cases we consider it unethical to hold on to 
the randomized treatment. Because of the Intent-to-Treat analysis these cases will be 
analysed in their own allocated randomization arm and will not cause methodologi-
cal problems because it is two healthcare strategies that are compared, as opposed 
to two treatments. The objective of this trial is to provide evidence on the preferred 
timing of disk surgery for sciatica. A prolonged conservative treatment strategy is 
compared to the international guideline advise of surgery after 6-8 weeks LSRS. The 
intended size of the study population is sufficiently large to detect short and long 
term differences between both strategies. 



4
One-yeAR ReSuLTS RAnDOMIzeD TRIAL

Surgery versus prolonged conservative treatment for Sciatica 

Wilco C. Peul
Hans C. van Houwelingen

Wilbert B. Van Den Hout
Ronald Brand

Just A.H. Eekhof
Joseph Th. J. Tans

Raph T.W.M. Thomeer
Bart W. Koes

new england Journal of Medicine vol 356(22)()(pp 2245-2256), 2007



50	 Chapter	4

abstract

Background: Lumbar disk surgery is often performed in patients who have sciati-
ca that does not resolve within 6 weeks, but the optimal timing of surgery is not 
known.
Methods: We randomized 283 patients with 6-12 weeks of severe sciatica to early sur-
gery or continued conservative treatment, with delayed surgery if needed. Primary 
outcome measurements were the Roland Disability Questionnaire, visual analogue 
scale for leg pain and patient’s report of perceived recovery during the first year after 
randomization. Repeated measurement analysis by intention-to-treat was used to 
estimate the outcome curves for both groups.
Results: Of 141 patients assigned to undergo early surgery, 125 (89 percent) under-
went microdiskectomy after a mean of 2.2 weeks; of 142 patients designated for con-
servative treatment, 55 (39 percent) were treated surgically after 18.7 weeks. There 
was no significant overall difference in disability scores during the first year (p=0.13) 
Improvement in the intensity of leg pain was faster for patients randomized to early 
surgery (p<.001). Early surgery also achieved a faster rate of perceived recovery haz-
ard ratio (CI) of 1.97 (1.72-2.22), p<.001). In both groups, however, the probability of 
perceived recovery after one year of follow-up was 95 percent. 
Conclusions: The strategies of early surgery and of conservative treatment with de-
layed surgery if needed resulted in similar outcomes at one year, but early surgery 
achieved more rapid recovery and pain relief. 
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Sciatica is characterized by radiating pain in an area of the leg typically served by 
one lumbar or sacral spinal nerve root; sciatica is sometimes associated with sen-
sory and motor deficit. The most common cause of sciatica is a herniated disk. The 
estimated annual incidence of sciatica is 5 per 1000 adults46. The economic impact 
of lumbar spine disorders is high, ranking the fifth most expensive disease category 
for hospital care. It is the most expensive category as far as work absenteeism and 
disablement are concerned77. The natural history of sciatica is favorable, with resolu-
tion of leg pain within 8 weeks from onset in the majority of patients57;79;116. Starting 
from the first successful surgical treatment in 19344 international consensus has been 
that surgery should be offered only if symptoms persist after a period of conserva-
tive treatment117. There is however no consensus on how long conservative therapy 
should be tried before surgery is considered. Sociocultural preferences account for a 
wide variation46 in the rates of surgery. For example in the US and the Netherlands 
surgery rates are relatively high. Dutch guidelines44 recommend offering the patient 
the option of surgery if symptoms do not improve after 6 weeks of conservative 
treatment. However, the optimal timing of disk surgery has not been established. 
This report describes the efficacy of early surgical intervention compared to a strat-
egy of prolonged conservative care and delayed surgery, if needed, for patients with 
disabling sciatica.

methods

We conducted a multicenter prospective randomized trial among patients with 6-
12 weeks of severe sciatica to determine whether a strategy of early surgery leads to 
better outcomes during the first year than a strategy of conservative treatment for an 
additional 6 months and performing delayed surgery for patients who had not im-
proved. The medical ethics committee at each of 9 participating hospitals approved 
the protocol. Written informed consent was obtained from all patients. Details of the 
design and study protocol have been published previously118 (Figure 1).

Eligibility and Randomization
Eligible patients were between 18-65 years of age, had a radiological confirmed disk 
herniation, and had been diagnosed by an attending neurologist with an incapacitat-
ing lumbosacral radicular syndrome lasting between 6 and 12 weeks. Correlation of 
MRI to complaints was registered by the neurosurgeon. At the time of enrolment an 
independent research nurse verified persistence of complaints. Patients presenting 
with a cauda equina syndrome, muscle paralysis or insufficient strength to move 
against gravity were excluded. Patients were also excluded if they had identical com-
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Table 1. Base-line and Follow-up Characteristics of Patients with Sciatica*
early Surgery

(n=141)
Conservative 

(n=142)
Age (yr) 41.7 ± 9,9 43.4 ± 9,6
Male sex –no (%) 89 (63) 97 (68)
Quetelet-index† 25.9 ± 4.1 25.8 ± 4.0
Duration of sciatica in weeks 9.43 ± 2.37 9.48 ± 2.11
Took sick leave from work, no (%) 107 (76) 116 (82)

Duration sick leave in weeks 5.32 ± 2.78 5.28 ± 2.62
Radiating pain left leg-no (%) 67 (48) 73 (51)
Positive straight leg-raising test % ‡ 100 (71) 104 (73)
Positive crossed straight leg-raising test % ‡ 71 (50) 70 (49)
Sensory loss, no (%) 123 (87) 128 (90)
Dermatome anaesthesia, no (%) 31 (22) 33 (23)
Muscle weakness, no (%) 93 (66) 99 (70)
Knee tendon reflex difference, no (%) 54 (38) 51 (36) 
Ankle tendon reflex difference, no (%) 75 (53) 107 (75)

Clinical suspected level herniated disk
Clinical suspected disk level L3-L4 no (%) 6 (4) 5 (4)
Clinical suspected disk level L4-L5 no (%) 69 (49) 57 (40)
Clinical suspected disk level L5-S1 no (%) 66 (47) 83 (58)
Roland Disabilty Questionnaire Score § 16.5 ± 4.4 16.3 ± 3.9

Score on visual analogue scale ¶ 
VAS leg pain 67.2 ± 27.7 64.4 ± 21.2
VAS back pain 33.8 ± 29.6 30.8 ±27.7
VAS leg and back pain 61.0 ± 22.3 58.2 ± 20.0
vAS general health # 47.8 ± 24.5 46.0 ± 24.5

Short form-36 Scores **
SF-36 bodily pain 21.9 ± 16.6 23.9± 18.1
SF-36 physical functioning 33.9 ± 19.6 34.6 ± 19.0
SF-36 social functioning 44.6 ± 30.1 43.3 ± 27.1
SF-36 role-physical functioning 8.2 ± 20.7 8.3 ± 21.0
SF-36 role-emotional functioning 51.0 ± 46.0 52.4 ± 46.0
SF-36 mental health index 67.8 ± 19.7 67.7 ± 19.5
SF-36 vitality 47.5 ± 21.3 47.9 ± 21.3
SF-36 general health perception 64.6 ± 20.3 64.1 ± 20.3

Sciatica frequency/ Bothersome Index ††
Frequency index 16.0 ± 4.6 16,2 ± 4.2
Bothersome index 14.6 ± 5.1 14.5 ± 4.1
Preference conservative treatment-no (%) 42 (30) 43 (30)
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plaints in the past twelve months, a history of spine surgery, bony stenosis, spondy-
lolisthesis, pregnancy or severe comorbidity. 
 A computer-generated permuted-block scheme was used for randomization, 
stratified according to center (n=9). One hour before randomization patients were 
again evaluated. If at that moment, eligibility criteria were no longer met due to 
recovery, patients were excluded. Otherwise they were included and the next num-
bered opaque envelope containing the assigned strategy was opened. Patients could 
not be blinded to treatment arm.

Treatment
Early surgery was scheduled within 2 weeks of assignment and only cancelled if 
spontaneous recovery occurred before the date of surgery. Under either general or 
spinal anesthesia the symptomatic disk herniation was removed by a minimal unilat-
eral transflaval approach with magnification. The goal of surgery was to decompress 
the nerve root and reduce the risk of recurrent disk herniation by an annular fen-

Table 1. Continued
early Surgery

(n=141)
Conservative 

(n=142)
Surgical Treatment during follow-up early Surgery Conservative
Surgery actually performed (%) 125 (89) 55 (39)
Mean time to surgery in weeks (CI) 2.2 (1.9-2.5) 18.7 (14.3-23.0)
Median time in weeks (Interquartile Range) 1.9 (1.1-2.4) 14.6 (6.4-26.0)
Recurrent disk surgery (%) 4 (3.8) 1 (2)

*   Plus-minus value are means ± SD. There were no significant differences among the two groups on any of the 
baseline characteristics.

†   Quetelet-Index or Body-Mass Index is calculated by dividing the weight in kilograms by the squared length in 
meters. Higher scores define overweight.

‡   Lasègue’s sign was defined positive if the examiner observed a typically dermatomal area of pain reproduction 
and pelvic muscle resistance during unilateral provocative straight leg raising below an angle of 60 degrees, 
and crossed positive if the same experience was noted raising the other leg below 90 degrees.

§   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.

#   General Health perception was indicated on a visual analogue scale, on a 100 millimeter line with 0 represent-
ing the worst and 100 the best health perception a patient can imagine.

**  SF-36 is the abbreviation of Medical Outcomes Study 36-Item Short Form Health Survey (Range 0-100) and is 
a generic health status questionnaire consisting of 36 items on physical and social functioning delineating 8 
domains of quality . Higher score indicates less severe symptoms. 

††  The Sciatica Frequency and Bothersome Index (SFBI) is a scale from 0 to 6, which assesses the frequency 
(0=not at all to 6=always) and bothersomeness (0=not bothersome to 6=extreme bothersome) of back and 
leg symptoms. The sum of the results of four symptom questions yields both indexes, ranging from 0 to 24: leg 
pain; numbness and/or tingling in the leg; weakness in the leg or foot; pain in the back or leg while sitting.
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estration, curettage and removal of loose degenerated disk material out of the disk 
space using a rongeur, without any attempt to perform a subtotal diskectomy. The 
duration of the hospital stay depended on the patient’s functional ability to mobilize. 
Usual care was provided according to the protocols of the participating surgical de-
partments. At home the rehabilitation process was supervised by the physiotherapist 
who used a standardized exercise protocol. Patients were advised to resume their 
regular jobs when able, depending on the nature of the work.

Figure 1. Flow-diagram 

Timing of Surgery for Sciatica

n engl j med 356;22 www.nejm.org may 31, 2007 2247

were invited to visit the Web site for our trial, 
which was designed exclusively to inform patients 
about the natural course of their illness and the 
expectation of successful recovery, irrespective of 
the initial intensity of their pain. Treatment was 
aimed mainly at enabling the patients to resume 
daily activities. If necessary, the prescription of 
pain medication was adjusted according to exist-
ing clinical guidelines.11 Patients who were fear-
ful of moving were referred to a physiotherapist. 
If sciatica persisted for 6 months after the patient 
underwent randomization, microdiskectomy was 
offered. Patients who had increasing leg pain not 
responsive to medication or progressive neurologic 
deficits were offered surgery earlier than 6 months 
after randomization.

Outcomes

The patients were assessed by means of the Roland 
Disability Questionnaire for Sciatica,12 the 100-mm 
visual-analogue scale for leg pain,13 and a 7-point 
Likert self-rating scale of global perceived recov-
ery. Functional disability, intensity of leg pain, and 
global perceived recovery were the primary out-
comes and were assessed at 2, 4, 8, 12, 26, 38, and 
52 weeks.

Secondary outcomes were recorded at monitor-
ing visits scheduled at 8, 26, and 52 weeks. At 
these visits the patients underwent a repeated neu-
rologic examination; functional and economic 
observational assessments14 were performed by the 
independent research nurse; and scores on the 
Medical Outcomes Study 36-Item Short-Form Gen-
eral Health Survey (SF-36) scale,15 the Sciatica 
Frequency and Bothersomeness Index,12,16 and a 
100-mm visual-analogue scale for health percep-
tion11 were obtained. Research nurses observed 
their own patients at the planned follow-up times 
and were not blinded to the patients’ treatment 
assignments.

Statistical analysis

The aims of this study were to determine the dif-
ference between the two treatment groups in dis-
ease-specific disability with respect to daily func-
tioning, as measured by the score on the Roland 
Disability Questionnaire and the visual-analogue 
scale for leg pain, and to determine the difference 
in median time to recovery, measured by dichot-
omized self-assessment on the Likert scale as a 
function of time since randomization. On the 
assumption of a mean standard deviation of 10 

points16 during the first year, we calculated that a 
sample of 140 patients per treatment group would 
be required to provide a statistical power of 0.90 
with a two-tailed significance level of 0.05 to de-
tect a difference of at least 3 points in the score on 
the Roland Disability Questionnaire.

Recovery was defined as complete or nearly 
complete disappearance of symptoms as measured 
on a 7-point Likert scale. Although this trial was 
designed primarily to determine average differ-
ences in functional outcome, it was initially esti-
mated that this sample size would also have a 
statistical power of 90% to detect a difference of 
2 months in the median time to recovery with the 
use of estimates from survival models.

Data collection and checking for quality were 

283 Underwent randomization

395 Underwent MRI

112 Were excluded
70 Had no disk herniation
31 Had recovered
11 Refused to participate

599 Patients were assessed for eligibility

204 Were excluded
180 Met exclusion criteria

24 Refused to participate

141 Were assigned to early surgery
125 (89%) Underwent surgery

1 Was lost early to follow-up

3 Were lost to follow-up

140 Were assessed

142 Were assigned to conservative
treatment

55 (39%) Underwent surgery
1 Was lost early to follow-up

2 Were lost to follow-up

141 Were assessed

Figure 1. Enrollment and Outcomes.
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 Prolonged conservative management was provided by the general practitioner. 
Ample information was provided about the favorable prognosis. Study participants 
were offered to visit our trial website, exclusively designed to inform patients about 
their successfully natural course irrespective of the initial pain intensity. Treatment 
was mainly aimed at resuming daily activities. If necessary the prescription of pain 
medication was adjusted according to existing clinical guidelines118. Patients who 
had considerable fear of movement were referred to a physiotherapist. If sciatica 
persisted 6 months after randomization microdiskectomy was offered. Increasing leg 
pain not responsive to medications or progressive neurological deficit were reasons 
for performing surgery earlier than 6 months. 

Outcomes
Patients were assessed by means of the Roland Disability Questionnaire for Sciatica 
(RDQ)114, 100 mm visual analogue scale for leg pain (VAS-leg)109 and a 7-point Likert 
self-rating scale of global perceived recovery. Functional disability, intensity of leg 
pain and global perceived recovery questionnaires were the primary outcomes and 
were assessed at 2, 4, 8, 12, 26, 38 and 52 weeks. 
 Secondary outcomes, such as a repeated neurological examination, functional-
economic observational assessments (PROLO)104 by the independent research 
nurse, as well as the Short Form-36 scale107, Sciatica-Frequency-and-Bothersomeness 
Index165 and a 100 mm visual analogue scale for health perception118 were filled out 
at monitoring visits scheduled at 8, 26 and 52 weeks. Research nurses observed their 
own patients at the planned follow-up moments and were not blinded to the pa-
tients’ treatment assignment.

Statistical analysis
The aim of this study was to estimate the difference between the two treatment 
groups in disease-specific disability of daily functioning measured with the RDQ, 
the VAS-leg pain intensity and to estimate the difference in median time to recovery, 
measured with dichotomized self-assessment on the Likert scale as a function of time 
since randomization. Assuming a mean standard deviation of 10 points81 over the 
first year 140 patients were calculated to be required per treatment arm to provide a 
statistical power of 0.90 with a two-tailed significance level of 0.05 to detect at least 
three points difference on the RDQ. 
 Recovery was defined as complete or near complete disappearance of complaints 
measured with a 7-point Likert scale. Although this trial was primarily meant to 
study average differences in functional outcome, it was also initially estimated that 
this sample size would also have a statistical power of 90 percent to detect a differ-
ence of 2 months in median time to recovery using estimates from survival models. 
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were referred for MRI. At the second visit, 283 pa-
tients continued to have symptoms of sciatica, and 
disk herniation responsible for the symptoms had 
been observed by means of MRI. These patients 
were randomly assigned to one of the two treat-
ment strategies. No significant differences were 
noted in baseline characteristics between patients 
in the two study groups (Table 1). Of 141 patients 
assigned to receive early surgical treatment, 16 re-
covered before surgery could be performed. The 
median time from randomization to surgery for 
the remaining 125 patients was 1.9 weeks (Table 1). 
Of the 142 patients assigned to conservative treat-
ment, 55 underwent surgery during the first year 
after a median period of 14.6 weeks because of 
intractable pain, as measured by a mean score on 
the visual-analogue scale of 54 mm for leg pain 
and a score on the Roland Disability Questionnaire 
of 15.0. In the early-surgery group, 3.2% of patients 
had recurrent sciatica leading to a second surgical 
intervention, as compared with 1.8% of patients in 
the conservative-treatment group who underwent 
surgery. Complications occurred in 1.6% of all sur-
gical patients, consisting of two dural tears and 
one wound hematoma. All complications resolved 
spontaneously. None of the patients had neurologic 
signs after surgery.

The curves for the scores on the Roland Dis-

ability Questionnaire show a separation in favor 
of conservative treatment in the first 4 weeks 
after randomization (Fig. 2). The curves cross at 
4 weeks, indicating the moment when a better 

8

4

12

0
0 4− 4 8 12 16 20 24 28 32 36 5240 44 48

AUC for conservative-
treatment group,

316.3±18.8

AUC for early-surgery
group, 273.9±20.7

16

20

40

0
0 4 8 12 16 20 24 28 32 36 5240 44 48

AUC for conservative-
treatment group,

977.0±68.3

AUC for conservative-
treatment group,

1047.9±77.6

AUC for early-surgery group, 635.3±58.6

60

20
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0
0 4 8 12 16 20 24 28 32 36 5240 44 48

AUC for early-surgery group, 884.2±77.6

60

Mean difference between AUCs, 42.5;
95% CI, −12.4 to 97.4

Mean difference between AUCs, 163.7;
95% CI, −52.5 to 379.9

Mean difference between AUCs, 341.7;
95% CI, 163.8 to 519.6

Figure 2. Curves of Mean (±SE) Scores on the Roland 
Disability Questionnaire (Panel A), the Visual-Analogue 
Scale for Leg Pain (Panel B), and the Visual-Analogue 
Scale for Back Pain (Panel C).

All three panels show curves for the 52 weeks after ran-
domization, with 95% confidence intervals (CIs) repre-
sented by vertical bars and determined with the use of 
repeated-measures analysis. In Panel A, although the 
curves differ for the mean scores on the Roland Dis-
ability Questionnaire (scores range from 0 to 23, with 
higher scores indicating worse functional status) and 
the short-term results at 8 and 12 weeks have nonover-
lapping confidence intervals, the overall difference be-
tween the areas under the curve (AUCs) during the 52 
weeks is not significant (P = 0.13). Panel B shows the 
mean scores on the visual-analogue scale for intensity 
of leg pain. The scale ranges from 0 to 100 mm, with 
higher scores indicating more intense pain. There was 
an early effect on leg pain in favor of the surgical group 
from 2 to 26 weeks, but the scores were nearly equal at 
1 year. The difference between the AUCs was signifi-
cant (P<0.001). Panel C shows the mean scores on the 
visual-analogue scale for intensity of low back pain. 
The initial intensity of low back pain was less than that 
of leg pain. The difference between the AUCs for low 
back pain was not as large as the difference between 
the AUCs for leg pain and was not significant (P=0.14).

Figure 2. Repeated Measurement Analysis Curves 
of Mean scores for Roland Disabilty Questionnaire 
(Panel A), Leg Pain (Panel B) and Back Pain (Panel 
C) on a Visual-Analogue Scale. 
All three panels show the 52-week curves with 95 
percent confidence intervals represented by vertical 
bars at consecutive moments of measurement. Red 
lines represent the conservative treatment group, 
while the blue lines represent early surgery.
Panel A represents the mean disability scores at 
consecutive moments of measurement. Although 
the curves differ, and the short term mean results 
at 8 and 12 weeks show significantly non-overlap-
ping confidence intervals the overall difference be-
tween the areas under the curves (AUC) over 12 
months is not significant (p=0.13).
Panel B represents mean visual analogue scores for 
intensity of leg pain in mm, showing an early effect 
for leg pain in favor of the surgical group from 2 to 
26 weeks, but with near equal scores at one year. 
The difference between the mean AUC’s is signifi-
cantly different (p<0.001).
Panel C represents mean visual analogue scores 
for intensity low back pain in mm. Starting with 
a lower intensity score when compared to leg pain, 
the mean AUC’s exhibit a less strong and not sig-
nificant difference (p=0.14)
* Area’s under the curve are expressed by their 
means ± SE, while the mean difference is ex-
pressed by the corresponding 95 percent confidence 
interval
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 Data collection and quality checking were performed with the ProMISe data man-
agement system of the Department of Medical Statistics & BioInformatics119 of the 
Leiden University Medical Center . For all statistical analyses SPSS 12.0120 was used. 
Differences between groups at baseline were assessed by comparing means, medians 
or percentages, depending on the type of variable. Baseline values of variables were 
used as covariates in the main analyses whenever appropriate to adjust for possible 
differences between the randomized groups and to increase the power of the analy-
ses. Outcomes of function and pain were analyzed using a repeated measurements 
analysis of variance using a first order autoregressive covariance matrix. Estimated 
consecutive scores were expressed as means and 95 % confidence intervals. Point-
wise estimates were obtained using models with time as a categorical covariate to 
allow assessment of systematic patterns. Differences between randomization groups 
were assessed by either estimating the main effect of the treatment or the interac-
tion between treatment and time. As a second approach to quantify the differences 
between the two groups over total follow-up time, “area under the curve” quanti-
ties (AUC) were calculated between randomization and week 52 and subsequently 
compared using Student t-tests. Finally a Kaplan-Meier survival analysis was used 
to estimate the “time elapsed from randomization until recovery” and curves were 
compared using a logrank test. A Cox model was used to compare speeds of recovery 
by calculation of a Hazard Ratio. Whether “speed of recovery” can be demonstrated 
to differ among subgroups118 was assessed by testing the interaction between each 
subgroup variable and the randomization variable with a cutoff value of 0.10 for 
significance in view of the lower power of the interaction test. All analyses were per-
formed by intention-to-treat.

results

Between November 2002 and February 2005, 599 patients meeting the criteria for a 
surgical indication according to their GP were contacted (Figure 1). After initial con-
sultation with the neurologist, 395 patients who met the inclusion criteria were re-
ferred for MRI. At the second visit 283 patients continued to suffer from sciatica, the 
causal disk herniation had been visualized as well and subsequently were allocated 
to one of two treatment strategies. No significant differences were noted in baseline 
characteristics between patients in the two study groups (Table 1). Of 141 patients 
assigned to receive early surgical treatment, 16 patients recovered before surgery 
was actually performed. Median time to early surgery for the remaining 125 patients 
was 1.9 weeks (Table 1) after randomization. Of the 142 patients assigned to the con-
servative treatment group 55 underwent surgery during the first year (Table 1) after 
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Table 2.  Primary and Secondary Outcomes based on Intent-to-Treat Repeated Mea-
surements Analysis and Treatment effects*

Table 2. Continued

2 weeks 8 weeks 26 weeks 52 weeks

Primary Outcomes Surgery
Conser-
vative

Treatment effect 
(95% CI)

Surgery
Conser-
vative

Treatment effect
(95% CI)

Primary Outcomes Surgery
Conser-
vative

Treatment effect 
(95% CI)

Surgery
Conser-
vative

Treatment effect
(95% CI)

Roland Disabilty † 14.4 (0.5) 13.0 (0.5) -1.6 (-2.8 to -0.3) 6.1 (0.5) 9.2 (0.5) 3.1 (1.7 to 4.3) Roland Disabilty † 4.0 (0.5) 4.8 (0.5) 0.8 (-0.5 to 2.1) 3.3 (0.5) 3.7 (0.5) 0.4 (-0.9 to 1.7)

vAS-Legpain ‡ 28.5 (1.9) 44.2 (1.9) 15.7 (11.7 to 19.7) 10.2 (1.9) 27.9 (1.9) 17.7 (12.3 to 23.1) vAS-Legpain ‡ 8.4 (1.9) 14.5 (1.9) 6.1 (2.2 to 10.0) 11.0 (1.9) 11.0 (1.9) 0 (-4.0 to 4.0)

vAS-Backpain § 33.3 (2.1) 34.9 (2.1) 1.5 (-4.5 to 7.4) 14.4 (2.1) 25.7 (2.1) 11.3 (5.6 to 17.4) vAS-Backpain § 15.5 (2.2) 17.8 (2.1) 2.3 (-3.6 to 8.2) 14.2 (2.2) 16.5 (2.1) 2.3 (-3.6 to 8.2)

Likert-Global ‡ ¶ 3.1 (0.1) 3.5 (0.1) 0.4 (0.1 to 0.6) 2.2 (0.1) 3.1 (0.1) 0.9 (0.6 to 1.2) Likert-Global ‡ ¶ 2.1 (0.1) 2.3 (0.1) 0.2 (-0.07 to 0.5) 1.9 (0.1) 2.1 (0.1) 0.2 (-0.1 to 0.4)

Secondary 
Outcomes

Secondary 
Outcomes

PROLO 
functional ||**

1.1 (0.08) 1.1 (0.08) 0.04 (-0.2 to 0.3) 2.8 (0.09) 2.0 (0.09) -0.8 (-1.1 to 0.6)
PROLO 
functional ||**

3.4 (0.08) 2.9 (0.08) -0.5 (-0.7 to -0.2) 3.3 (0.08) 3.3 (0.08)
0. 04 (-0.19 to 

0.28)
PROLO 
economic ||**

1.2 (0.1) 1.3 (0.1) 0.2 (-0.2 to 0.6) 1.8 (0.1) 2.3 (0.1) 0.5 (0.09 to 0.8)
PROLO 
economic ||**

3.0 (0.1) 2.9 (0.1) -0.1 (-0.5 to 0.3) 3.2 (0.1) 3.4 (0.1) 0.2 (-0.2 to 0.6)

Sf-36 bodily pain - - - 62.8 (2.1) 54.4 (2.0) -8.4 (-13.5 to -3.2) Sf-36 bodily pain 76.1 (1.1) 72.8 (1.9) -3.3 (-8.4 to 1.8) 81.2 (2.0) 78.5 (1.9) -2.7 (-7.9 to 2.6)

Sf-36 physical 
functioning

- - - 71.2 (1.7) 61.9 (1.9) -9.3 (-14.2 to -4.4)
Sf-36 physical 
functioning

79.1 (1.9) 77.6 (1.7) -1.5 (-6.4 to 3.4) 84.2 (1.8) 82.0 (1.9) -2.2 (-7.2 to 2.8)

Sf-36 social 
functioning

- - - 69.9 (2.3) 67.6 (2.3) -2.3 (-8.3 to 3.7)
Sf-36 social 
functioning

86.9 (1.8) 82.4 (1.9) -4.5 (-10.6 to 1.4) 89.4 (1.6) 88.1 (1.7) -1.3 (-7.3 to 4.7)

Sf-36 role physical 
functioning

- - - 29.5 (3.1) 29.3 (3.2) -0.2 (-5.9 to 5.5)
Sf-36 role physical 
functioning

69.1 (3.5) 61.9 (3.6) -7.2 (-13.0 to -1.4) 78.4 (3.2) 74.5 (3.3) -3.9 (-9.7 to 1.9)

Sf-36 role emotional 
functioning

- - - 69.3 (3.5) 66.2 (3.7) -3.1 (-9.3 to 3.0)
Sf-36 role emotional 
functioning

84.9 (2.7) 81.0 (3.0) -3.9 (-10.1 to 2.3) 87.2 (2.6) 88.6 (2.5) 1.4 (-4.8 to 7.6)

Sf-36 mental health 
index

- - - 82.1 (1.3) 73.0 (1.7) -9.1 (-13.4 to -4.8)
Sf-36 mental health 
index

83.2 (1.3) 80.5 (1.5) -2.7 (-7.0 to 1.6) 83.0 (1.3) 81.1 (1.4) -1.9 (-6.2 to 2.4)

Sf-36 vitality - - - 67.5 (1.7) 57.1 (1.7) -10.4 (-15.1 to -5.7) Sf-36 vitality 71.7 (1.5) 68.5 (1.6) -3.2 (-7.9 to 1.3) 72.2 (1.7) 69.9 (1.5) -2.3 (-7.1 to 2.5)

Sf-36 general health 
perception

- - - 75.7 (1.5) 65.2 (1.6) -10.5 (-15.2 to -5.8)
Sf-36 general health 
perception

74.1 (1.7) 71.6 (1.6) -2.5 (-7.2 to 2.2) 74.2 (1.8) 74.3 (1.7) -0.1 (-4.8 to 4.7)

SfBI frequency - - - 5.3 (0.4) 9.3 (0.5) 4.0 (2.7 to 5.3) SfBI frequency 4.8 (0.4) 6.6 (0.4) 1.8 (0.7 to 1.9) 4.8 (0.5) 5.3 (0.4) 0.5 (-0.8 to 1.8)

SfBI 
Bothersomeness

4.0 (0.4) 7.6 (0.5) 3.6 (2.3 to 4.9)
SfBI 
Bothersomeness

3.2 (0.4) 4.4 (0.4) 1.2 (0.1 to 1.3) 3.1 (0.4) 3.5 (0.4) 0.4 (-0.7 to 1.5)

vAS health 59.8 (1.9) 55.2 (2.2) 4.6 (-1.2 to 10.4) 74.7 (2.3) 62.7 (2.4) 12.0 (5.3 to 18.8) vAS health 76.2 (2.2) 71.7 (2.4) 4.5 (-2 to 11.0) 79.3 (2.2) 77.9 (2.2) 1.4 (-2.0 to 11.0)

Cumulative 
Surgeries 
performed (%) ††

87 (62) 2 (1) D 85 (61) 123 (87) 16 (11) D 107 (76)
Cumulative 
Surgeries 
performed (%) ††

125 (89) 42 (30) D 83 (59) 125 (89) 55 (39) D 70 (50)

*  Results are described by their mean (SE)
†  Overall difference between scores not significant (p=0.12)
‡  Fixed effects significantly different in favor of early surgery (p < 0.001) 
§  Significantly different in favor of early surgery (p =0.045)
¶  Likert global perceived recovery is defined by a 7-point scale “Worse” to “Complete” recovery. Lower scores 
represent recovery.
||   PROLO is a 4-point qualitative functional-economic scale filled in by the observer; it is divided into a functional 

and an economic scale. A lower value represents poor functioning and decreased possibility to work
**  Functional observation scores show a difference in favor of surgery (p<0.001) while the overall Economic 

scores were not significantly different (p=0.154) with an outcome at 8 weeks in favor of conservative treat-
ment
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Table 2.  Primary and Secondary Outcomes based on Intent-to-Treat Repeated Mea-
surements Analysis and Treatment effects*

Table 2. Continued

2 weeks 8 weeks 26 weeks 52 weeks

Primary Outcomes Surgery
Conser-
vative

Treatment effect 
(95% CI)

Surgery
Conser-
vative

Treatment effect
(95% CI)

Primary Outcomes Surgery
Conser-
vative

Treatment effect 
(95% CI)

Surgery
Conser-
vative

Treatment effect
(95% CI)

Roland Disabilty † 14.4 (0.5) 13.0 (0.5) -1.6 (-2.8 to -0.3) 6.1 (0.5) 9.2 (0.5) 3.1 (1.7 to 4.3) Roland Disabilty † 4.0 (0.5) 4.8 (0.5) 0.8 (-0.5 to 2.1) 3.3 (0.5) 3.7 (0.5) 0.4 (-0.9 to 1.7)

vAS-Legpain ‡ 28.5 (1.9) 44.2 (1.9) 15.7 (11.7 to 19.7) 10.2 (1.9) 27.9 (1.9) 17.7 (12.3 to 23.1) vAS-Legpain ‡ 8.4 (1.9) 14.5 (1.9) 6.1 (2.2 to 10.0) 11.0 (1.9) 11.0 (1.9) 0 (-4.0 to 4.0)

vAS-Backpain § 33.3 (2.1) 34.9 (2.1) 1.5 (-4.5 to 7.4) 14.4 (2.1) 25.7 (2.1) 11.3 (5.6 to 17.4) vAS-Backpain § 15.5 (2.2) 17.8 (2.1) 2.3 (-3.6 to 8.2) 14.2 (2.2) 16.5 (2.1) 2.3 (-3.6 to 8.2)

Likert-Global ‡ ¶ 3.1 (0.1) 3.5 (0.1) 0.4 (0.1 to 0.6) 2.2 (0.1) 3.1 (0.1) 0.9 (0.6 to 1.2) Likert-Global ‡ ¶ 2.1 (0.1) 2.3 (0.1) 0.2 (-0.07 to 0.5) 1.9 (0.1) 2.1 (0.1) 0.2 (-0.1 to 0.4)

Secondary 
Outcomes

Secondary 
Outcomes

PROLO 
functional ||**

1.1 (0.08) 1.1 (0.08) 0.04 (-0.2 to 0.3) 2.8 (0.09) 2.0 (0.09) -0.8 (-1.1 to 0.6)
PROLO 
functional ||**

3.4 (0.08) 2.9 (0.08) -0.5 (-0.7 to -0.2) 3.3 (0.08) 3.3 (0.08)
0. 04 (-0.19 to 

0.28)
PROLO 
economic ||**

1.2 (0.1) 1.3 (0.1) 0.2 (-0.2 to 0.6) 1.8 (0.1) 2.3 (0.1) 0.5 (0.09 to 0.8)
PROLO 
economic ||**

3.0 (0.1) 2.9 (0.1) -0.1 (-0.5 to 0.3) 3.2 (0.1) 3.4 (0.1) 0.2 (-0.2 to 0.6)

Sf-36 bodily pain - - - 62.8 (2.1) 54.4 (2.0) -8.4 (-13.5 to -3.2) Sf-36 bodily pain 76.1 (1.1) 72.8 (1.9) -3.3 (-8.4 to 1.8) 81.2 (2.0) 78.5 (1.9) -2.7 (-7.9 to 2.6)

Sf-36 physical 
functioning

- - - 71.2 (1.7) 61.9 (1.9) -9.3 (-14.2 to -4.4)
Sf-36 physical 
functioning

79.1 (1.9) 77.6 (1.7) -1.5 (-6.4 to 3.4) 84.2 (1.8) 82.0 (1.9) -2.2 (-7.2 to 2.8)

Sf-36 social 
functioning

- - - 69.9 (2.3) 67.6 (2.3) -2.3 (-8.3 to 3.7)
Sf-36 social 
functioning

86.9 (1.8) 82.4 (1.9) -4.5 (-10.6 to 1.4) 89.4 (1.6) 88.1 (1.7) -1.3 (-7.3 to 4.7)

Sf-36 role physical 
functioning

- - - 29.5 (3.1) 29.3 (3.2) -0.2 (-5.9 to 5.5)
Sf-36 role physical 
functioning

69.1 (3.5) 61.9 (3.6) -7.2 (-13.0 to -1.4) 78.4 (3.2) 74.5 (3.3) -3.9 (-9.7 to 1.9)

Sf-36 role emotional 
functioning

- - - 69.3 (3.5) 66.2 (3.7) -3.1 (-9.3 to 3.0)
Sf-36 role emotional 
functioning

84.9 (2.7) 81.0 (3.0) -3.9 (-10.1 to 2.3) 87.2 (2.6) 88.6 (2.5) 1.4 (-4.8 to 7.6)

Sf-36 mental health 
index

- - - 82.1 (1.3) 73.0 (1.7) -9.1 (-13.4 to -4.8)
Sf-36 mental health 
index

83.2 (1.3) 80.5 (1.5) -2.7 (-7.0 to 1.6) 83.0 (1.3) 81.1 (1.4) -1.9 (-6.2 to 2.4)

Sf-36 vitality - - - 67.5 (1.7) 57.1 (1.7) -10.4 (-15.1 to -5.7) Sf-36 vitality 71.7 (1.5) 68.5 (1.6) -3.2 (-7.9 to 1.3) 72.2 (1.7) 69.9 (1.5) -2.3 (-7.1 to 2.5)

Sf-36 general health 
perception

- - - 75.7 (1.5) 65.2 (1.6) -10.5 (-15.2 to -5.8)
Sf-36 general health 
perception

74.1 (1.7) 71.6 (1.6) -2.5 (-7.2 to 2.2) 74.2 (1.8) 74.3 (1.7) -0.1 (-4.8 to 4.7)

SfBI frequency - - - 5.3 (0.4) 9.3 (0.5) 4.0 (2.7 to 5.3) SfBI frequency 4.8 (0.4) 6.6 (0.4) 1.8 (0.7 to 1.9) 4.8 (0.5) 5.3 (0.4) 0.5 (-0.8 to 1.8)

SfBI 
Bothersomeness

4.0 (0.4) 7.6 (0.5) 3.6 (2.3 to 4.9)
SfBI 
Bothersomeness

3.2 (0.4) 4.4 (0.4) 1.2 (0.1 to 1.3) 3.1 (0.4) 3.5 (0.4) 0.4 (-0.7 to 1.5)

vAS health 59.8 (1.9) 55.2 (2.2) 4.6 (-1.2 to 10.4) 74.7 (2.3) 62.7 (2.4) 12.0 (5.3 to 18.8) vAS health 76.2 (2.2) 71.7 (2.4) 4.5 (-2 to 11.0) 79.3 (2.2) 77.9 (2.2) 1.4 (-2.0 to 11.0)

Cumulative 
Surgeries 
performed (%) ††

87 (62) 2 (1) D 85 (61) 123 (87) 16 (11) D 107 (76)
Cumulative 
Surgeries 
performed (%) ††

125 (89) 42 (30) D 83 (59) 125 (89) 55 (39) D 70 (50)

††  Just before crossing over to surgery, patients (n=55) assigned for conservative treatment had a mean VAS leg 
pain score (CI) of 54.0 mm (46.2-61.8) and RDQ score (CI) of 15.0 ( 13.3-16.8).
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results of this study will help in the decision-mak-
ing process.

This study had several features that may limit 
the generalizability of its findings. First, patients 
assigned to conservative therapy were guided by 
research nurses who participated in pain manage-
ment. Although this additional support did not 
prevent surgery in 39% of patients with severe 
sciatica, it does not reflect usual care. This must 
be kept in mind when a strategy of prolonged con-
servative treatment is implemented for wider pop-
ulations. Second, it was clearly impossible for the 
patients and the nurses to be blinded to the treat-
ment assignment. Finally, the time until recovery 
was determined on the basis of examinations per-
formed only at predefined times during follow-up. 
The exact date of recovery was not determined, 
resulting in an underestimation of the speed of 
recovery in the interval between the sampling time 

points; however, both treatment groups were af-
fected in the same way.

In the present study, patients with sciatica who 
were considering disk surgery were provided in-
formation about how early surgery and conserva-
tive treatment affect three outcome measures: 
disease-specific disability, intensity of leg pain, 
and time to recovery. Our findings suggest that 
patients are more likely to choose surgery if they 
are not able to cope with leg pain, find the natu-
ral course of recovery from sciatica unacceptably 
slow, and want to minimize the time to recovery 
from pain. Patients whose pain is controlled in a 
manner that is acceptable to them may decide to 
postpone surgery in the hope that it will not be 
needed, without reducing their chances for com-
plete recovery at 12 months. Although both strat-
egies have similar outcomes after 1 year, early 
surgery remains a valid treatment option for well-
informed patients.
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Figure 3. Inverse Kaplan–Meier Curves Estimating the Cumulative Incidence 
of Recovery.

The median time to recovery was 4.0 weeks (95% CI, 3.7 to 4.3) in the early-
surgery group and 12.1 weeks (95% CI, 9.5 to 14.8) in the conservative-
treatment group. The number of patients who had not yet recovered at 
each examination is shown, as are the absolute percent difference between 
the conservative-treatment group and the early-surgery group in patients 
who had recovered (95% confidence interval). Recovery was defined as 
complete or nearly complete according to the Likert 7-point scale (higher 
scores indicate worse outcome). The hazard ratio, estimated with the unad-
justed Cox model with recovery as an end point, was 1.97 (95% CI, 1.72 to 
2.22) in favor of early surgery.

Figure 4 (facing page). Time to Complete Recovery  
According to Baseline Characteristics of the Patients.

Hazard ratios (black squares) and 95% confidence in-
tervals (horizontal lines) show the effect within each 
subgroup. P values are for the interaction between 
treatment effect and the predefined subgroup variables 
for the group receiving prolonged conservative treat-
ment as compared with the early-surgery group. Age, 
Lasègue’s sign, crossed straight-leg raising, score on 
the visual-analogue scale of leg pain, and McGill affec-
tive score were dichotomized before being entered into 
the Cox proportional-hazards model. Similar results 
were obtained when analyses of continuous variables 
were performed. Lasègue’s sign was defined as posi-
tive if the examiner observed production of pain with a 
typically dermatomal pattern of distribution and pelvic-
muscle resistance during unilateral provocative 
straight-leg raising below an angle of 60 degrees, and 
crossed straight-leg raising was defined as positive if 
the examiner observed production of pain with a typi-
cally dermatomal pattern of distribution and pelvic-
muscle resistance when the other leg was raised below 
90 degrees. The McGill affective score (range, 0 to 5) 
measures the qualitative perception of pain by the pa-
tient. High affective dimensional scores correlate with 
a more depressed and anxious mood. Sequestered disk 
herniations are characterized by a defect in the anulus 
fibrosus and loose disk fragments in the epidural space 
as visualized by MRI.

Figure 3. Inverse Kaplan Meier Curves representing Cumulative Incidence of Recovery * † .

Not recovered 8w 26w 38w 52w
Early Surgery 54 13 10 6
Conservative 97 48 28 8
D % 36 22 9 6

CI of D % § 25-47 12-32 0.7-17 0.1-12

Median time to recovery (CI 95 %) was 4.0 (3.7-4.3) weeks for early surgery and 12.1 (9.5-14.8) weeks for conserva-
tive treatment. The number of patients who had not yet recovered patients at each measurement are listed, with the 
proportion difference D (%) of recovered patients and 95 percent confidence interval. 
*  Recovery is defined as complete or near complete recovery using the Likert 7-point scale. 
†  Log Rank (p< 0.001)
‡   The hazard ratio (with 95 percent confidence interval and p value) , obtained with the unadjusted Cox model, esti-

mates the average ratio of recovery rate between patients assigned to receive a strategy of early surgery, versus the 
rate among those assigned to conservative treatment. 

§  95 percent Confidence Interval of Difference

Cox Proportional Hazard Ratio (95% CI) ‡ 1.97 (1.72-2.22) p<0.001

a median period of 14.6 weeks, because of intractable pain expressed by a mean VAS-
leg score of 54 mm and RDQ of 15.0, measured shortly before choosing surgery. In 
the early surgery group 3.2 percent suffered recurrent sciatica leading to a second 
surgical intervention, compared to 2 percent after delayed surgery. Complications 
occurred in 1.6 percent of all surgical patients, involving 2 dural tears and 1 wound 
hematoma. All complications recovered spontaneously. None of the patients devel-
oped neurological signs after surgery.
  After randomization, RDQ curves (Figure 2) initially separate in favor of con-
servative treatment. The slopes cross at 4 weeks, indicating the moment when a 
better outcome was noted in the early surgery arm. The major difference in func-
tion was noted between 8 and 12 weeks. Analysis of the area under the curves 
(AUC) of the mean RDQ revealed no significant difference (p=0.13) over the 52-
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week follow-up period. The difference between the AUC’s of the mean VAS-leg 
pain however was significantly (p<0.001) in favor of early surgery. After surgery, 
leg and concomitant back pain diminished quickly whereas a slower and linear 
recovery of pain was noted in the prolonged conservative treatment group. One 
year after randomization the RDQ, Likert and VAS-leg pain scores however show 
nearly equal recovery rates for the two arms (Table 2). The subgroup of 55 patients 
with persistent sciatica and delayed surgery experienced identical improvement of 
these scores at one year, when compared those patients allocated to early surgery. 
The survival analysis (Figure 3; logrank p<0.001) highlights the influence of early 
surgery on the speed of recovery during the first 9 months, but the difference in 
cumulative incidence of recovery decreased over time with similar recovery rates 
of about 95 % for both groups after one year. Median time (CI) to recovery was 4.0 
(3.7-4.4) weeks for early surgery and 12.1 (9.5-14.9) weeks for prolonged conserva-
tive treatment. 
 The Hazard Ratio as estimated in a univariable Cox model with recovery as an 
endpoint, was 1.97 (1.72-2.22), favoring early surgery. Analyses of treatment groups 
according to predefined baseline characteristics showed that surgery was beneficial 
in all subgroups assessed, with the possible exception of patients without sciatica 
provocation by sitting (Figure 4). 

discussion

Although relief of complaints was twice as fast for sciatica patients treated with early 
surgery, this multicenter randomized trial demonstrated that this strategy did not 
result in a better overall 1-year functional recovery rate when compared with a pol-
icy of prolonged conservative treatment with eventually offering delayed surgery. 
During one year 89 percent of patients in the early surgery group and 39 percent 
of the conservative treatment group were treated by microdiskectomy. At one-year 
follow-up no significant differences were detected in mean scores for any outcome 
measurement, including leg pain. Thus, the major advantage of early surgical treat-
ment remained the faster relief of sciatica.
 Slow recovery of daily functioning two weeks after early surgery may have been 
caused by standard microdiskectomy techniques when compared to modern micro-
endoscopic or sequestrectomy methods121-123. This period was however followed by 
faster recovery during the following weeks, but without an overall significant differ-
ence over the first year. RDQ scores did not reach the minimal clinical important dif-
ference (MCID) of 4 points, required to conclude clinical relevance in favor of early 
surgery114;118. Leg pain exhibited a significantly faster recovery in the early surgery 
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Figure 4: Time to complete recovery according to baseline patient characteristics. Hazard ratios (black squares), 95 % 
CI’s (horizontal lines) show the effect within each subgroup. P values for the interaction between treatment effect and 
the predefined subgroup variables for prolonged conservative treatment versus early surgery are shown. 
*  These variables were dichotomized before entered in the Cox proportional hazard model. Results were comparable 

when analyses of continuous variables were performed.
†  Lasègue’s sign was defined positive if the examiner observed a typically dermatomal area of pain reproduction and 

pelvic muscle resistance during unilateral provocative straight leg raising below an angle of 60 degrees, and crossed 
positive if the same experience was noted raising the other leg below 90 degrees.

‡  The McGill affective score measure the qualitative perception of pain by the patient. High affective dimensional 
scores correlate to a more depressed and anxious individual mood when compared to patients who report low affec-
tive scores.

§  Sequestrated disk herniations are defined by a defect in the annulus fibrosis and loose disk fragments in the epidural 
space, visualized by MRI scanning.
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group but maximum differences between mean scores were less then 20 mm, on a 
100 mm scale, and at one year scores approached equivalence. 
 The benefits of surgery on speed of recovery and pain relief were consistent 
among all predefined subgroups except for patients who did not have provocation 
of sciatica by sitting. The interaction level is however marginally significant and the 
majority of patients (76 %) did experience provocation of sciatica by sitting. It is how-
ever reasonable to assume that daily functioning is highly influenced by the impos-
sibility to sit. Remarkably and unexpected were the absent interactions of Lasègue’s 
sign, pain intensity, MRI disk sequestrations and patient preferences with treatment 
strategies.
 Since 1934 many studies have demonstrated the success of surgical treatment 
of sciatica. Weber’s landmark study comparing surgery with conservative care in a 
randomized clinical trial, excluding patients with “intolerable” pain, demonstrated 
surgery to be superior at one-year follow-up while after four years the results no lon-
ger differed40;124;125. Surgery did show some early benefit in a randomized study126 
comparing surgery to corticosteroids. Weinstein et al. recently reported the results of 
their carefully designed SPORT trial trying to answer the same research question but 
failed to show any benefit of surgery on primary outcomes in their intention-to-treat 
analyses49. Substantial cross-over, however, occurred in both treatment arms leading 
to only 14 % proportional difference in surgery rates at six weeks. Furthermore only 
59 % actually underwent this intervention after being allotted to surgery, apparently 
planned at highly variable moments in time during the first year instead of an early 
execution. Also in contrast to our study which enrolled patients with 6-12 weeks of 
sciatica, in the Weinstein et al study at least 20 % of patients at baseline had com-
plaints for at least 6 months122. Notwithstanding the fact that primary outcomes of 
our study were also strongly influenced by a substantial crossover during conserva-
tive treatment, timing of surgery was executed early in the intervention arm. While 
61 % of patients recovered quickly without surgery, the remaining 39 % continued 
to register relatively high pain and disability scores concordant with physical suffer-
ing for a prolonged period of time until surgery was performed. Recently Österman 
reported results of a comparable designed trial, showing the same trend with earlier 
recovery of those assigned to surgery and nearly 40 % undergoing seemingly “inevi-
table” surgery during conservative management, but did not accrue enough patients 
to gain adequate statistical power66.
 Sciatica results in high direct and indirect costs77. Most of these costs are not gener-
ated by medical treatment but are attributed to production loss. Annually more than 
1.5 million disk surgeries are performed127 worldwide, using different time windows 
for treatment. Prior studies did not succeed to evaluate how timing of surgery affects 
outcomes. Patients need a thorough understanding of the course of symptoms to in-



form their decisions about surgery. The results of this study will help in the decision 
making process. 
 This study had several limitations, which may limit the generalizability of its find-
ings. Patients randomized to conservative therapy were guided by research nurses 
who participated in pain management. Although this additional support did not 
prevent surgeries in 39 % of patients with severe sciatica, it does not reflect usual 
care. This must be kept in mind when implementing a strategy of prolonged con-
servative treatment for general populations. It is clearly impossible to blind patients 
and independent research nurses. A methodological point of attention is the fact that 
“time until recovery” was calculated only at predefined moments in follow-up, lead-
ing to interval censoring. The exact date of recovery was not registered, but sampled 
at planned follow-up moments. This leads to an underestimated speed of recovery 
in the interval between the sampling time points, but affects both treatment groups 
in the same way.
 The present study provides individual patients with sciatica, who are considering 
disk surgery, information about how early surgery and conservative treatment affect 
the three separate outcome parameters, i.e. disease specific disability, intensity of leg 
pain and time to recovery. Patients who are not able to cope with leg pain, experi-
ence an unacceptable slow natural course of sciatica and who want to minimize time 
to recovery of pain are likely to choose early surgery. Patients who are achieving 
control of pain that is acceptable to them may decide to postpone surgery with the 
hope that it will not be needed, without reducing the chance on complete recovery 
at twelve months. Although both policies result in equilibrium after one year, early 
surgery remains a valid treatment option for well informed patients.
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abstract

Background: Controversy exists on how long sciatica patients should receive conser-
vative therapy before surgery is offered.
Methods: In a randomized controlled trial, patients with 6-12 weeks of sciatica caused 
by lumbar disk herniation received either six months of prolonged conservative care 
(n=142) or early surgery (n=141). One-year quality-adjusted life years (QALYs) and 
societal costs were estimated from patient-reported utilities (British and US EuroQol, 
Short Form 6D and Visual Analogue Scale) and cost diaries (health care, patient and 
productivity costs).
Results: Compared to prolonged conservative care, early surgery provided faster re-
covery, with a QALY gain of 0.044 according to the British EuroQol (95 %CI 0.005 to 
0.083), 0.032 according to the US EuroQol (95 %CI 0.005 to 0.059), 0.024 according 
to the Short Form 6D (95 %CI 0.003 to 0.046) and 0.032 according to the visual ana-
logue scale (95 %CI -0.003 to 0.066). From the health care perspective, early surgery 
provided higher costs ($2,020 difference; 95 %CI $935 to $3,099), with a cost-utility 
ratio of $46,000 (95 %CI $15,000 to $478,000) per QALY. From the societal perspective, 
savings on productivity costs led to a negligible cost difference ($-13; 95 %CI $-4,475 
to $4,449).
Conclusions: Faster recovery from sciatica makes early surgery more likely to be cost-
effective than prolonged conservative care. The estimated difference in health care 
costs was acceptable and was compensated by the difference in absenteeism. For a 
willingness to pay of $50.000 or more per QALY, early surgery need not be withheld 
for economic reasons.
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introduction

Since the natural history of sciatica is favorable, international consensus has been 
that surgery should be offered only if symptoms persist after a period of conserva-
tive treatment.117 However, the optimal timing of disk surgery has not been scientifi-
cally established.45;46;128 In a randomized controlled trial, we compared early surgery 
to six months of prolonged conservative care.118;129 The trial showed faster recovery 
after early surgery, but without any difference after a year.
 Several economic evaluations have compared surgical procedures130-133 or non-
surgical types of care.134-137 The two economic evaluations that compared surgery to 
conservative care suggested favorable cost-effectiveness for surgery, but used either 
extensive modeling93 or a case-control design.138 As a result, the cost-effectiveness 
of early surgery for sciatica is yet unestablished.139 We therefore conducted a cost-
utility analysis for our randomized controlled trial, comparing observed one-year 
quality-adjusted life years (QALYs) to observed one-year societal costs, to determine 
whether the faster recovery after early surgery is attained at reasonable costs.

methods

Patients participated in a multi-centre randomized controlled trial (ISRCT 26872154), 
comparing six months of prolonged conservative care to early surgery.118 The Medi-
cal Ethics Committees of the nine participating hospitals approved the study and all 
participating patients gave written informed consent. 
 A total sample size of 280 patients was chosen, sufficient to detect a three-point 
difference on the Roland Disability Questionnaire for Sciatica.114 Between November 
2002 and February 2005, 283 patients were enrolled, without clinically or statistically 
significant baseline differences between both randomization groups (Table 1).129 

Patients and treatment
Eligible patients were 18 to 65 years of age, with a radiologically confirmed disk 
herniation, and lumbosacral radicular syndrome that had lasted for 6 to 12 weeks. 
Patients presenting with cauda equina syndrome, muscle paralysis, or insufficient 
strength to move against gravity were excluded. Other exclusion criteria were the 
occurrence of another episode of symptoms similar to those of the current episode 
during the previous 12 months, previous spine surgery, bony stenosis, spondylolis-
thesis, pregnancy, or severe coexisting disease.
 Early surgery was scheduled within 2 weeks after randomization and only can-
celled if spontaneous recovery occurred before the date of surgery. Prolonged con-
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Table 1. Baseline characteristics*

Prolonged conservative 
(n=142)

early surgery 
(n=141)

Age (yr)
Male sex
Quetelet index
Duration of Sciatica in weeks
Sick Leave

43 (10)
68%

26 (4)
9.5 (2.1)

82%

42 (10)
63%

26 (4)
9.4 (2.4)

76%
Positive straight leg-raising test†

Positive crossed straight leg-raising test†

Sensory loss
Dermatome anaesthesia
Muscle weakness
Knee tendon reflex difference
Ankle tendon reflex difference
Finger-ground distance (cm)

73%
49%
90%
23%
70%
36%
75%

35 (17)

71%
50%
87%
22%
66%
38%
53%

33 (16)
Patient-reported visual analogue scales
 VAS leg pain‡

 VAS back pain‡

 VAS leg and back pain‡

 VAS general health§

64 (21)
31 (28)
58 (20)
46 (25)

67 (28)
34 (30)
61 (22)
47 (25)

Roland Disability score¶ 16 (4) 17 (4)

*  Averages (SD) or percentage of patients. There were no statistically significant differences between both ran-
domization groups on any of the baseline characteristics.

†  Lasègue’s sign was defined positive if the examiner observed a typically dermatomal area of pain reproduction 
and pelvic muscle resistance below a unilateral 60 degrees angle provocative straight leg raising, and crossed 
positive if the same experience was noted raising the other leg below 90 degrees.

‡  The intensity of pain was indicated on a 100 millimeter visual analogue scale (VAS), with 0 representing no pain 
and 100 the worst pain ever experienced.

§  General health was indicated on a 100 millimeter visual analogue scale (VAS), with 0 representing the worst 
imaginable health and 100 the best imaginable health.

¶  The Roland Disability Questionnaire for Sciatica is a 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.

servative care was provided by the general practitioner. If sciatica persisted 6 months 
after randomization, microdiskectomy was offered. Increasing leg pain not respon-
sive to medication and progressive neurological deficit were reasons for performing 
surgery earlier than 6 months. All patients were advised to resume their regular jobs 
when they were able, depending on the nature of their work.

Utilities and QALYs
Utilities represent the valuation of the quality of life of the patients, on a scale from 
zero (as bad as death) to one (perfect health). Patients described their quality of life 
using the EuroQol classification system (EQ5D),105 from which British (EQ5D-UK) 
and US (EQ5D-US) utilities were calculated.106;140 Similarly, patients reported their 
quality of life using the Short Form 36 (SF36), from which Short Form 6D (SF6D) 
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utilities were calculated.141 Both EQ5D and SF6D provide societal valuations, which 
is preferred for economic evaluations from a societal perspective. In addition, we 
obtained valuations by the patients themselves, using a visual analogue scale (VAS) 
ranging from 0 (worst imaginable health) to 100 (perfect health). VAS values were 
transformed to a utility scale,142 using the power transformation 1-(1-VAS/100)1.61. 
EQ5D and VAS measurements were obtained at -2, 0, 2, 4, 8, 12, 26, 38, and 52 weeks 
after randomization. SF36 measurements were obtained less frequently, at -2, 8, 26, 
and 52 weeks after randomization. For the EQ5D, SF36 and VAS measurements, 4 %, 
5 % and 5 % of the items were missing, respectively, and were imputed using the 
rounded average within the same randomization group at the same time. Average 
utility during each separate quarter and during the entire year (QALYs) were calcu-
lated from the area under the utility curves.

Costs
Costs during the one-year follow-up period were estimated from the societal per-
spective. Because of the limited time horizon, costs were not discounted. Costs were 
converted to US dollars, at price level 2006 (a 1 = $1.153).143 
 Using cost diaries, patients reported hospitalizations, visits (specialists, general 
practitioner, physical therapy, paramedical professionals, and alternative health 
care), homecare, paid domestic help, informal care, medication and aids (like crutch-
es), out-of-pocket expenses because of the hernia (like swimming) and hours of ab-
senteeism. Diaries were scheduled to be handed in at 2, 4, 8, 12, 26, 38, and 52 weeks 
after randomization. The 26 (9 %) patients that did not return any cost diary were 
equally distributed over both randomization groups (P = 0.98), but were less likely 
to have been operated (P < 0.001). Selective non-response was corrected for by mul-
tiply imputing cost data from patients that did return cost diaries (from the same 
randomization group and with the same surgical status).144 For patients that did re-
turn cost diaries, the diaries covered 97 %, 91 %, 83 % and 84 % of the first to fourth 
quarter, respectively. Periods of time that were not covered by a cost questionnaire 
were imputed with the closest available diary from the same patient.
 In the Dutch funding system, individual hospitals set diagnosis-treatment prices 
for disk surgery, to facilitate competition and price containment. From the prices 
available from 75 different centers, we excluded the 5 % highest and lowest prices. 
The remaining prices ranged from $3,799 to $5,481, with an average of $4,445. To in-
troduce a cost structure dependent on the duration of hospital stay, the average price 
was converted to $2,618 per hospitalization plus $433 per hospitalization day.145;146 
With an average hospital stay of 3.7 days, and adding the costs of related specialist 
visits, this renders average costs per hospitalization equal to the average diagnosis-
treatment price.
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Figure 1. Utility, according to the EQ5D (British and US), SF6D and VAS

Table 2.  Average utility and QALYs, according to the EQ5D (British and US), SF6D 
and VAS

Prolonged 
conservative 

(n=142)

early 
surgery 
(n=141)

Average (SD) Average (SD) Difference P Value*

EQ5D-UK
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 QALYs

0.57 (0.22)
0.74 (0.20)
0.80 (0.18)
0.82 (0.19)
0.73 (0.16)

0.63 (0.18)
0.81 (0.21)
0.83 (0.21)
0.84 (0.18)
0.78 (0.17)

0.062
0.067
0.025
0.021
0.044

0.01
0.006
0.28
0.35
0.03

EQ5D-US
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 QALYs

0.69 (0.15)
0.80 (0.14)
0.85 (0.13)
0.86 (0.14)
0.80 (0.11)

0.73 (0.13)
0.85 (0.14)
0.87 (0.15)
0.88 (0.13)
0.83 (0.12)

0.042
0.049
0.021
0.015
0.032

0.01
0.003
0.20
0.34
0.02

SF6D
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 QALYs

0.63 (0.10)
0.72 (0.11)
0.75 (0.13)
0.77 (0.12)
0.72 (0.09)

0.66 (0.10)
0.75 (0.11)
0.77 (0.12)
0.79 (0.13)
0.74 (0.09)

0.030
0.026
0.020
0.020
0.024

0.01
0.04
0.19
0.18
0.03

VAS
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 QALYs

0.72 (0.19)
0.79 (0.20)
0.83 (0.20)
0.85 (0.19)
0.80 (0.15)

0.79 (0.16)
0.84 (0.20)
0.84 (0.20)
0.85 (0.18)
0.83 (0.14)

0.069
0.046
0.012
0.000
0.032

0.001
0.05
0.62
0.99
0.07

* Unequal-variance t-tests
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 For other health care, Dutch standard prices were used, designed to represent so-
cietal costs and to standardize economic evaluations.145-148 Costs from the health care 
perspective are reported including the patients’ time148 and travel costs,146 which on 
average accounted for 17 % of the total health care costs. Reported hours of absen-
teeism during the one-year follow-up period were valued according to the human 
capital method, at standard costs ranging from $19 per hour for younger women to 
$46 per hour for older men.146

Analysis
According to protocol, the base case analysis compared societal costs to QALYs based 
on the British EQ5D-UK. Sensitivity analyses were performed on the use of differ-
ent utility measures (EQ5D-US, SF6D or VAS) and on the included cost categories 
(health care perspective or only the hospitalization for disk surgery). All analyses 
followed the intention-to-treat principle.
 Depending on the willingness to pay (WTP) for obtained effectiveness, a strategy 
is cost-effective compared to an alternative strategy if it has a better average net ben-
efit (WTP × QALYs - Costs). Given the statistical uncertainty of cost and QALY dif-
ferences, cost-effectiveness acceptability curves graph the probability that a strategy 
is cost-effective, as a function of WTP. Confidence intervals for cost-utility ratios were 
calculated as those WTP values for which the difference in net benefit was not statis-
tically significantly different.149 To facilitate multiple imputation techniques, group 
differences were statistically analyzed using standard unequal-variance t-tests.

result

Utilities and QALYs
According to the EQ5D, the valuation of quality of life two weeks after randomiza-
tion was somewhat worse for early surgery than for prolonged conservative care 
(Figure 1). Other than that, the utility measures were almost consistently better after 
early surgery than after prolonged conservative care. The largest utility difference 
was 0.123 (95 %CI 0.061 to 0.185), according to the EQ5D-UK, 8 weeks after random-
ization. 
 QALYs during all four quarters and according to all four utility measures were 
consistently more favorable after early surgery (Table 2). Both the first and the sec-
ond quarter showed statistically significant differences on all four utility measures. 
Likewise, over the entire first year, early surgery provided significantly (EQ5D-UK, 
EQ5D-US and SF6D) or marginally significantly (VAS) better QALYs. The QALY 
difference amounted to 0.044 according to the EQ5D-UK (95 %CI 0.005 to 0.083), 



72	 Chapter	5

Table 3. Average health care costs and societal costs per patient (in US $)
Prolonged 

conservative (n=129)
early surgery 

(n=128)
Difference

Volume* Costs Volume* Costs Costs P Value†

Hospitalization for disk surgery
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 Total (SD)

20%
13%
6%
3%
40%

743
689
396
155

1,983
(3,735)

88%
2%
0%
1%
89%

3,639
351
145
210

4,345
(3,509)

2,896
-338
-251
55

2,362

<0.001
0.05
0.11
0.67

<0.001

Physical therapy
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 Total (SD)

82%
63%
52%
35%
89%

533
359
289
177

1,358
(1,577)

90%
60%
46%
33%
92%

630
261
159
120

1,170
(1,068)

97
-98
-131
-57
-188

0.15
0.10
0.01
0.24
0.26

Other hospitalizations 
Neurologist
Neurosurgeon
Other specialists
General practitioner
Other paramed. professionals
Alternative care
Home care
Pain medication
Other medication
Aids

4%
0.7
1.1
0.2
4.3
0.3
0.4

4.8 h
86%
22%
16%

70
99
158
26
179
20
28
149
88
12
57

1%
0.7
1.5
0.5
2.6
0.2
0.2

2.6 h
87%
32%
21%

12
104
235
48
111
15
21
77
36
14
60

-58
5
76
23
-69
-5
-7
-72
-52
2
3

0.17
0.84
0.007
0.17
0.006
0.59
0.79
0.53
0.001
0.82
0.95

Total health care costs
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 Total (SD)

1,800
1,205
803
421

4,228
(4,706)

4,728
732
399
388

6,248
(4,303)

2,929
-472
-404
-32

2,020

<0.001
0.02
0.03
0.80

<0.001

Paid domestic help
Informal care
Out-of-pocket 
Productivity costs
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 Total (SD)

1.5 h
25.2 h
12%

193 h
117 h
67 h
39 h
416 h

17
306
24

7,383
4,533
2,582
1,478
15,976

(17,810)

3.1 h
71.2 h
13%

224 h
76 h
46 h
31 h
377 h

36
867
126

8,098
2,519
1,505
1,140
13,261

(14,303)

18
561
102

714
-2,013
-1,077
-339

-2,715

0.26
0.04
0.18

0.42
0.004
0.05
0.50
0.18

Total non-health care costs
 (SD)

16,324
(17,891)

14,290
(14,943)

-2,034 0.33

Total societal costs
 1st quarter
 2nd quarter
 3rd quarter
 4th quarter
 Total (SD)

9,357
5,816
3,453
1,925
20,552

(20,104)

13,305
3,543
2,108
1,582
20,538

(16,157)

3,948
-2,273
-1,345
-343
-13

<0.001
0.005
0.04
0.55
1.00

* Percentage of patients, number of visits, or number of hours
† Unequal-variance t-tests, correcting for selective non-response using multiple imputation
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0.032 according to the EQ5D-US (95 %CI 0.005 to 0.059), 0.024 according to the SF6D 
(95 %CI 0.003 to 0.046) and 0.032 according to the VAS (95 %CI -0.003 to 0.066).

Health care costs
Of the patients randomized to receive early surgery, 89 % indeed received disk sur-
gery during the first year, compared to 40 % for the patients randomized to receive 
prolonged conservative care (Table 3). Four and one percent, respectively, had recur-
rent sciatica leading to a second surgical intervention during the first year. The differ-
ence in disk surgery resulted in a $2,362 cost difference (95 %CI $1,494 to $3,229).
 The higher surgery costs after early surgery were partly compensated for by sta-
tistically significant savings on general practitioner visits, physical therapy in the 
third quarter, and pain medication. Still, over the entire first year, total health care 
costs after early surgery remained significantly higher in comparison to prolonged 
conservative care, with a cost difference of $2,020 (95 %CI $935 to $3,099) per pa-
tient.

Societal costs
Of the non-health care costs, the use of informal care after early surgery was statisti-
cally significantly higher than after prolonged conservative care. Also, productivity 
costs were somewhat higher in the first quarter, but were lower in later quarters (sta-
tistically significant in the second and third quarter). The total difference in absentee-
ism was 39 hours per patient (95 %CI -67 to 144), in favor of early surgery, with an 
associated difference in productivity costs of $2,715 (95 %CI $-1,257 to $6,685). After 
one year, 6 % of the early surgery patients reported being disabled, compared to 4 % 
after prolonged conservative care (difference 2 %; 95 %CI -4 % to 7 %). The total 
non-health care costs after early surgery were lower than after prolonged conserva-
tive care, with a total statistically non-significant difference of $2,034 (95 %CI $-2,025 
to $6,086). This difference was similar in size to the opposite difference in health care 
costs, resulting in a negligible difference in total societal costs of $-13 (95 %CI $-4,475 
to $4,449), slightly in favor of early surgery.

Cost-utility analysis
In the base case analysis, comparing societal costs to QALYs based on the British 
EQ5D-UK, both costs and QALYs were in favor of early surgery. As a result, early 
surgery was preferred to prolonged conservative care, regardless the willingness to 
pay per QALY. The same holds true for the other utility measures (EQ5D-US, SF6D 
and VAS), but with somewhat smaller QALY differences.
 From the health care perspective or taking only the costs for disk surgery hospi-
talizations into account, the higher health care costs were no longer compensated by 
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productivity costs. The estimated cost-utility ratios were $46,000 (95 %CI $15,000 to 
$478,000) and $54,000 (95 %CI $24,000 to $516,000) per QALY, respectively. A com-
monly used rule-of-thumb classifies costs as definitely acceptable up to $20,000 per 
QALY, as acceptable up to $50,000 per QALY, and as possibly acceptable up to $100,000 
per QALY.150 According to this rule, the higher health care costs for early surgery are 
classified as acceptable.
 Uncertainty about cost-effectiveness was considerable, primarily because the dif-
ference in QALYs was only just statistically significant. Given the statistical uncer-
tainty of the cost and QALY differences, the probability that early surgery is cost-ef-
fective, compared to prolonged conservative care, varies with the willingness to pay 
per QALY (Figure 2). From the health care perspective, this probability was 55 % at 
$50,000 per QALY and was 86 % at $100,000 per QALY. From the societal perspective, 
these probabilities increased to 79 % and 90 %, respectively.

discussion

Our randomized controlled trial compared early surgery to six months of prolonged 
conservative care, in patients with a lumbosacral radicular syndrome that had lasted 
for 6 to 12 weeks.118 The trial showed faster pain relief and perceived recovery af-
ter early surgery, but without any difference after a year.129 In both randomization 
groups, about 95 % of patients reported complete or near complete disappearance of 
symptoms. Likewise, the utility measures reported here, showed a faster recovery af-
ter early surgery, with a largest utility difference of 0.123 at 8 weeks. The total QALY 
difference was estimated at 0.044, which is the equivalent of a life prolongation of 
16 days in perfect health. 

Figure 2. Cost-effectiveness acceptability curves (according to the British EQ5D-UK)
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 In the economic evaluation, we studied whether the faster recovery after early 
surgery was attained at reasonable costs. The difference in health care costs was es-
timated at $2,020 and mostly consisted of the difference in surgery costs. This dif-
ference is relatively small, because with prolonged conservative care, 40 % of the 
patients still underwent surgery because complaints increased or persisted after six 
months. Partly due to increased absenteeism directly after surgery, the observed to-
tal difference in absenteeism in favor of early surgery was only 37 hours. Still, this 
limited difference in productivity costs was sufficient to compensate for the differ-
ence in health care costs. As a result, from the societal perspective, early surgery was 
preferred on both QALYs and costs. From the health care perspective, the cost-utility 
ratio was estimated at $46,000 per QALY. From both perspectives, albeit with consid-
erable uncertainty, early surgery was more likely to be cost-effective than prolonged 
conservative care, according to the current economic threshold of $50.000 or more 
per QALY.150 Nevertheless, if a well-informed patient prefers conservative care, there 
is no health-economic reason to opt for early surgery, since surgery does not reduce 
costs and the QALY difference was relatively small.
 Although the two earlier economic evaluations by Malter93 and by Hansson138 
reported favorable cost-utility for disk surgery too, our results differ from theirs in 
a number of ways. Firstly, our observed QALY difference of 0.044 is considerably 
smaller. Based on the trial by Weber,125 Malter’s modeled a tenfold larger difference 
of 0.43 QALY, of which 0.10 QALY in the first year. Weber’s control patients took 
longer to improve than our control patients, which is probably due to the more fre-
quent disk surgery in our trial. Hansson estimated a 0.327 QALY difference, but this 
estimate was based on two measurements only, after 28 days and 2 years, which 
makes it impossible to estimate the course over time. Secondly, Malter’s assumed av-
erage charge for disk surgery was considerably higher than our price ($11,930 versus 
$4,445). Yet, our price is similar to the cost estimate used by Hansson ($4,685) and to 
Malter’s alternative HMO costs ($5,170), which Malter considers a better estimate of 
the true surgery costs. Thirdly, in our trial, the initial absenteeism due to surgery was 
compensated by lower absenteeism during the rest of the year, whereas in Hansson’s 
study it was compensated by less frequent permanent disability. We did not find a 
difference in permanent disability, which may be due to the more frequent surgery 
in our control group or due to Hansson’s non-randomized case-control design.
 Our study has a number of limitations. Firstly, our Dutch setting may differ from 
other settings, both with respect to health care and labour. Like in the United States, 
surgery rates in the Netherlands are relatively high.46 In settings with lower surgery 
rates, patients in the control group would be less likely to receive surgery, which 
might lead to larger QALY and cost differences, with an as yet unknown influence 
on the cost-utility ratio. Secondly, the duration of follow-up was only one year. How-



ever, the similarity of our randomization groups after one year makes group differ-
ences beyond the first year improbable in our trial. Thirdly, as patients were inevi-
tably aware of which randomization group they were in, their reported utilities and 
costs may have been influenced by their treatment preference. Finally, some may 
consider the number of cross-overs in our study a limitation: 40 % of the patients 
randomized to receive prolonged conservative underwent disk surgery at any time 
during the first year. Compared to other recent randomized trials, our number of 
cross-overs was similar to the trial by Österman66 and considerably less than the trial 
by Weinstein.48;49 More importantly, we do not think that cross-overs are a limitation: 
our analysis does not evaluate surgery itself, but compares a strategy of early surgery 
to a strategy of prolonged conservative care. That persistent or increasing complaints 
cause some patients to cross-over, is part of clinical reality and should therefore also 
be part of the economic evaluation. 
 In conclusion, faster recovery from sciatica makes early surgery more likely to 
be cost-effective than prolonged conservative care, in patients with 6 to 12 weeks of 
sciatica caused by lumbar disk herniation. The estimated difference in health care 
costs was acceptable and was compensated by the difference in absenteeism. For a 
willingness to pay of $50.000 or more per QALY, early surgery need not be withheld 
for economic reasons.
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abstract

Context: After 6 to 12 weeks sciatica caused by a lumbar disk herniation, surgery 
speeds up recovery. Conservative care yields similar results at one year. 
Objective: To determine whether baseline variables modify the difference in outcome 
between these treatment strategies. 
Design, Setting and Patients: Baseline data of 283 patients enrolled in a multicenter 
randomized trial, comparing early surgery with prolonged conservative care, were 
used to analyze effect modification of the allotted treatment strategy by predefined 
variables. 
Main Outcome measures: Recovery was registered by patients on a 7-point Likert scale, 
which for this study was dichotomized into “complete recovery” or “no recovery”. 
For predictors shown to modify the effect of the treatment strategy (inferred from a 
significant interaction effect in a Cox model), repeated measurement analyses with 
the Roland Disability Questionnaire and VAS pain as continuous outcomes were 
performed for every level of that predictor (stratification).
Results: Presumed predictive variables did not have any interaction with treatment 
as far as speed of recovery is concerned, while “sciatica provoked by sitting” could 
be shown to be a significant effect modifier (p=0.07). In a Cox model we estimated a 
Hazard Ratio (surgery versus conservative) of 2.2 (95 % CI; 1.7 to 3.0) in favor of sur-
gery when sciatica was provoked by sitting, while the HR was 1.3 (95 % CI; 0.8 to 2.2) 
when this sign was absent. The interaction effect is marginally significant (although 
interactions are usually tested at the 10 % level) but on the other hand the patterns 
generated by the repeated measurement analyses of all primary outcomes are com-
pletely consistent with the induced pattern in survival analysis.
Conclusions: Classical signs do not help to decide when to operate for sciatica, where-
as treatment effects of early surgery are emphasized when sciatica is provoked by 
sitting and negligible when this symptom is absent.
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Sciatica is characterized by radiating pain in an area of the leg typically served by one 
lumbar or sacral spinal nerve root and is sometimes associated with sensory and motor 
deficit. Apart from infrequent causes, sciatica is due to a herniated lumbar disk. Because 
of the high prevalence in general practice and the major impact of low back disorders 
on society77, surgery is frequently performed to speed up recovery of sciatica. Probably 
as a result of socio-cultural circumstances, different timing of surgical removal of the 
herniated portion of the disk appears to vary greatly in the western countries46. Re-
cently the option of surgery was offered to patients after only 6 weeks of unremitting 
sciatica. The major reason to offer early surgery was the unattractive alternative: the 
slow natural course of sciatica, occasionally extending over 4 years40;117. Globally two 
options were available: (1) early surgery and (2) prolonged conservative care, possibly 
with surgery at a later date. Since surgery is economically affordable and relatively 
safe, most patients in western countries prefer early surgery rather than to wait for 
months or even years, risking long term work-disability and presence of chronic pain. 
Recently a randomized trial provided evidence that the prolonged conservative care 
strategy resulted in complete recovery at one year but it took twice as long compared 
to early surgery129. The one-year effects of the two assigned treatment strategies were 
similar as far as function and pain were concerned in the randomized cohorts. The 
contribution to the clinical standard by this study is that patients, opting for surgery, 
now are able to base their decision on realistic data about the alternative natural course, 
with similar outcomes at one year compared to early surgery. If fast recovery is war-
ranted individual decisions are still difficult. because both populations were heteroge-
neous regarding prognostic factors. Moreover surgery could not be avoided for 39 % 
of patients during prolonged conservative care. Although the complementary 61 % of 
patients recovered without intervention, they suffered sciatica for a prolonged period. 
Since treatment effects can differ between subgroups of patients, this might influence 
the indication for early disk surgery. 
 Therefore, it would be of great interest to patients and physicians to define deter-
minants which occur early in the course of sciatica and predict the speed of recovery 
and therefore help in the decision about when to perform surgery. We carried out 
a subgroup analysis of data from the aforementioned randomized trial to evaluate 
anamnestic, neurological, and radiological variables which might in theory influence 
the difference in rate of recovery between the two treatment strategies.

methods

A multicenter prospective randomized trial was designed to determine for patients 
with a short duration of severe sciatica, whether early surgery resulted in a more 
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effective outcome during the first year, compared to a strategy of prolonged con-
servative treatment possibly with delayed surgery if indicated. The medical ethics 
committee at each of the 9 participating hospitals approved the protocol. Written 
informed consent was obtained from all patients. Details of the design, study proto-
col and prognostic variables were published previously together with the primary 
outcomes118. 

Patients
Eligible patients were 18-65 years of age, with radiological confirmation of a clinically 
expected disk herniation causing an incapacitating lumbosacral radicular syndrome 
lasting between 6 and 12 weeks as documented by the attending neurologist. At the 
time of enrolment and randomization an independent research nurse verified persis-
tence of complaints and surgical indication. Patients were excluded if they presented 
with a cauda equina syndrome or severe paresis (MRC<3). Identical complaints in 
the past twelve months, a history of spinal surgery, bony stenosis, spondylolisthe-
sis, pregnancy or severe comorbidity also led to exclusion. A computer generated 
permuted-block scheme was used for randomization, stratified according to center 
(n=9). The patients were randomized by opening an opaque envelope containing 
the patient’s assigned strategy. Obviously it was not possible to blind patients or 
their physicians. 

Treatment
Early surgery was scheduled within 2 weeks of assignment and only cancelled if 
spontaneous recovery occurred before the date of surgery. Under either general or 
spinal anaesthesia the herniated part disk was removed together with as much as 
possible degenerated nuclear material. Bony removal to gain access to the disk space 
was minimized and likewise subtotal disk excision was never pursued. The duration 
of the hospitalization depended on the patient’s functional abilities. Since the proto-
col of the participating surgical departments was not changed, usual care was pro-
vided. At home the rehabilitation process was supervised by the physiotherapist on 
the base of a standardized exercise protocol. Patients were advised to resume their 
regular jobs from 6 weeks on, depending on the nature of the work. Postoperative 
care included out-patient control at 8 weeks or earlier if the patient worried about 
the course and suffered aggravation of symptoms.
 Prolonged conservative management was provided by the general practitioner. 
Ample information was provided about the favorable prognosis. If necessary the 
prescription of pain medication was adjusted according to existing clinical guide-
lines. If there was considerable fear of movement, the help of a physiotherapist was 
recommended. Further on treatment was aimed mainly at resumption of daily activi-
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ties. However if sciatica was still present at 6 months after randomization, microdis-
kectomy was offered after a repeat MRI showed the disk herniation again. Increasing 
drug-resistant leg pain or progressive neurological deficit were reasons for perform-
ing surgery even before 6 months. 

Outcomes
Functional outcome assessed by means of the Roland Disability Questionnaire for 
Sciatica (RDQ), intensity of leg or back pain by a 100 mm visual analogue scale for 
leg pain (VAS-leg and VAS-back) and a questionnaire of patient’s global impression 

Table 1. Predefined prognostic variables. *
Demographic Variables
• Age < 40 years versus  40 years,
• Intellectual versus physically demanding job, 
• Gender

Anamnestic and Neurological Variables 
• Acute start LSRS versus slow start, 
• History of back pain versus no history, 
• Influence of coughing, sneezing on complaints versus no influence, 
• Difficulty to put on shoes and/or socks versus no difficulty, 
• Straight leg raising  30 degrees versus > 30 degrees, † 
• Positive crossed straight leg raising sign versus negative sign, † 
• VAS-pain > 70 versus < 69 mm, ‡ 
• Tingling/numbness in pain area versus no tingling, 
• Pain leg worse by sitting versus no worsening, 
• McGill affective high score versus low score, §

Radiological Variables 
• MRI disk sequester versus contained disk herniation, ¶ 
•  MRI circumferential gadolinium enhancement versus no enhancement of disk herniation, ||

Miscellaneous Variables 
• Preference for surgery versus no preference for surgery, 
• Disk herniation at L5S1 vs. L4L5.

*  During the design of the trial, variables were selected on the physiological assumption to be correlated to speed 
of recovery

†  Lasègue’s sign was defined positive if the examiner observed a typically dermatomal area of pain reproduction 
and pelvic muscle resistance during unilateral provocative straight leg raising below an angle of 60 degrees, 
and crossed positive if the same experience was noted raising the other leg below 90 degrees.

‡  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.

§  The McGill affective score measure the qualitative perception of pain by the patient. High affective dimensional 
scores correlate to a more depressed and anxious individual mood when compared to patients who report low 
affective scores.

¶  Sequestrated disk herniations are defined by a defect in the annulus fibrosis and loose disk fragments in the 
epidural space, visualized by MRI scanning.

||  Enhancement of the rim of disk herniation might correspond to removal of the herniated portion by an inflam-
matory reaction



82	 Chapter	6

Table 2.  Cox model recovery rates of early surgery compared to prolonged con-
servative care *

Subgroup Proportion 
(%)

Lower Mean upper p-value 
interaction

Overall 100 1.72 1.97 2.22
Age 0.12
  < 40 years 41 1.69 2.50 3.66
   40 years 49 1.21 1.68 2.32
Intellectual job 0.83
  non-intellectual 36 1.21 1.88 2.92
  Intellectual 64 1.45 2.00 2.76
Physical demanding work 0.61
  non-physical 61 1.29 1.80 2.51
  physical demanding 39 1.37 2.06 3.1
Sex 0.64
  Male 66 1.57 2.12 2.87
  Female 34 1.20 1.87 2.92
Start Sciatica 0.91
  acute severe 61 1.40 1.94 2.68
  slowly increasing 39 1.27 1.89 2.79
Influence intra-abdominal 
pressure

0.45

  Provocation sciatica 73 1.57 2.10 2.81
  no provocation 27 1.06 1.70 2.74
Lasègue’s sign † 0.88
  straight leg raising > 60 ° 25 1.17 1.92 3.15
  straight leg raising  60 ° 75 1.50 2.01 2.70
Crossed straight leg raising † 0.17
  Negative 41 1.11 1.61 2.34
  Positive 59 1.64 2.28 3.18
VAS legpain intensity ‡ 0.98
  > 70 54 1.35 1.94 2.79
   70 46 1.37 1.93 2.71
Sciatica provocation by sitting  0.07
  no provocation 24 0.80 1.30 2.2
  Provocation 76 1.70 2.24 2.99

McGill affective scores § 0.60
  low score < 3 49 1.34 2.05 3.00
  high score 51 1.47 1.90 2.46
MRI Sequester  ¶ 0.81
 contained disk herniation 59 1.40 1.96 2.74
  Sequester 41 1.23 1.84 2.75
MRI Gadolinium || 0.60

  no enhancement 34 1.425 2.32 3.77

  enhancement 66 1.38 1.97 2.83
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of change questionnaires on a 7-points Likert self-rating scale of recovery were filled 
out at 2, 4, 8, 12, 26, 38 and 52 weeks109;114. 
 For the current subgroup analyses, the patient’s global impression of change 
(PGIC) was used as dependant variable in dichotomized form. Next to obvious 
methodological advantages this dichotomized outcome form is easily applicable in 
general practice. “Very much improved” and “much improved” were coded as recov-
ered, while “minimally improved”, “no change”, “minimally worse”, “much worse” 
and “very much worse” were coded as not recovered. 

Prognostic variables
Possibly prognostic determinants were selected on the basis of classical physiologi-
cal hypotheses or resulted from earlier studies. These socio-demographic, symptom, 
neurological, and radiological variables (Table 1) were collected before randomiza-
tion was performed.

Table 2.  Continued
Subgroup Proportion 

(%)
Lower Mean upper p-value 

interaction
MRI level disk herniation 0.75

  L5S1 61 1.39 1.93 2.67

  L4L5 or L3L4 39 1.19 1.77 2.64

Preference for surgery 0.73

strong preference for surgery 39 1.39 2.07 3.09

  some or no preference 61 1.38 1.90 2.61

Tingling/numbness pain area 0.66

  no sensation 10 1.1 2.3 5.1

  Sensation 90 1.5 1.9 2.5

*  Time to complete recovery according to baseline patient characteristics. Mean hazard ratios show the effect 
within each subgroup, with their corresponding 95 % confidence interval by lower and upper scores. Values 
for the interaction between treatment effect and the predefined subgroup variables for prolonged conservative 
treatment versus early surgery are shown. 

†  Lasègue’s sign was defined positive if the examiner observed a typically dermatomal area of pain reproduction 
and pelvic muscle resistance during unilateral provocative straight leg raising below an angle of 60 degrees, 
and crossed positive if the same experience was noted raising the other leg below 90 degrees.

‡  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.

§  The McGill affective score measure the qualitative perception of pain by the patient. High affective dimensional 
scores correlate to a more depressed and anxious individual mood when compared to patients who report low 
affective scores.

¶  Sequestrated disk herniations are defined by a defect in the annulus fibrosis and loose disk fragments in the 
epidural space, visualized by MRI scanning.

||  Enhancement of the rim of disk herniation might correspond to removal of the herniated portion by an inflam-
matory reaction
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Figure 1 Inverse Kaplan Meier curves. 
Panel A presents the original unadjusted curves (5), while panel B and C represent stratified analyses, for sciatica not 
provoked by sitting and sciatica provoked by sitting, respectively. 

Panel A Unadjusted Survival Curves (5)                          Panel B Sciatica not provoked by sitting

Panel C Sciatica provoked by sitting

Statistical Analysis
Data collection and quality checks were performed using the ProMISe data manage-
ment system of the Department of Medical Statistics & BioInformatics of the LUMC. 
All statistical analyses were carried out using SPSS version 14.0.
 Effect modification of each predictor was first bivariately tested in a model contain-
ing the treatment allocation, the predictor and the interaction between them. If the 
p-value of the interaction term was smaller than 0.10, the predictor and its interaction 
term was retained for a multivariate model. In the multivariate Cox model, first all 
these interaction terms were removed by a backward stepwise procedure, also with a 
threshold of 0.10. The remaining interaction terms determined which predictors were 
subsequently used in a repeated measurements analysis of variance for continuous 
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outcomes (RDQ and VAS) where the predictor was used to define the strata in which 
the repeated effect was estimated. Following the analysis of the interaction effects, ex-
plorative Cox regression analyses of other basal demographic, neurological and radio-
logical variables with some plausible relationship to outcome data were carried out. 

results

Baseline demographic and neurological variables did not differ between groups129. 
The unadjusted hazard ratio as estimated in a univariable Cox model with recovery 
as endpoint was 2.0 (95 % CI 1.7 to 2.2), favouring early surgery (Figure 1 panel A). 
Univariate testing of the predefined prognostic variables showed a significant inter-
action effect of “sciatica provoked by sitting” with the “treatment strategy” (p=0.07), 
but no significant interaction effect of any of the other predefined variables was 
found (Table 2). Interestingly the presumed influence of classical neurological tests 
on speed of recovery could not be confirmed and, in contrast to former medical be-
liefs interactions were even absent, showing equal recovery rates for different levels 
of these variables. Treatment preference of patients did not show any interaction 
with early surgery either.
 A survival model with “treatment-by-randomization”, “sciatica provoked by sit-
ting” as well as their interaction, revealed a differential effect on rate of recovery 
(Figure 1, panel B and C). Survival models lacking the treatment variable as an 
independent variable showed that presence or absence of sciatica provoked by sit-
ting in itself did not provide any prognostic value for the speed of recovery rates. 
Patients with sciatica provoked by sitting did experience a slower rate of recovery 
when randomized to prolonged conservative treatment while surgery accelerated 
the rate of recovery with an estimated hazard ratio of 2.2 (95 % CI; 1.7 to 3.0). When 
patients did not experience leg pain provoked by sitting the survival curves come 
close together, corresponding with similar average speed of recovery rates: HR 1.3 
(95 % CI; 0.8 to 2.2). Repeated measurement analysis, stratified by “sciatica pro-
voked by sitting”, gave similar findings with RDQ and VAS pain outcomes show-
ing diverging curves when sitting provoked sciatica. Areas under the RDQ and 
VAS back pain curves over the first year of early surgery compared to conservative 
treatment were even statistically different (p=0.05 respectively p=0.03) in contrast 
to the original analysis without stratifying variables 129. These outcomes over the 
first year between early surgery and conservative treatment did not show relevant 
differences when sciatica was not provoked by sitting and early surgery even gave 
less favorable results during the first months compared to conservative treatment 
in this group (Figure 2). 
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Panel A †

Panel B ‡
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Figure 2 . Repeated Measurement Analysis stratified for “sciatica provoked by sitting.*
Curves of Mean scores for Roland Disability Questionnaire (Panel A) † , Leg Pain (Panel B) ‡ and Back Pain (Panel 
C) ‡ . All three panels show the 52-week curves with 95 percent confidence intervals represented by vertical bars at 
consecutive moments of measurement. Red lines represent the conservative treatment group, while the blue lines 
represent early surgery. Areas under the curve (AUC) are described by their means ± SE.
Panel A represents the mean disability scores at consecutive moments of measurement stratified for sciatica provoked 
by sitting. The overall difference between the areas under the curves over 12 months is not significant for sciatica not 
provoked by sitting (p=0.77) and significant for provoked by sitting (p=0.05) in favor of early surgery.
Panel B represents mean visual analogue scores for intensity of leg pain in mm. The difference between the mean 
AUC’s is not significant for sciatica not provoked by sitting (p=0.70) and significant for sciatica provoked by sitting 
(p<0.001) in favor of early surgery.
Panel C represents mean visual analogue scores for intensity low back pain in mm. Starting with a lower intensity 
score when compared to leg pain, the mean AUC’s exhibit no significant difference for sciatica not provoked by sitting 
(p=0.47) and significant for sciatica provoked by sitting (p=0.03)

* The mean difference between areas under the curves are expressed by the corresponding 95 percent confidence interval. To 
enhance visualization of the curves the error bars (95 % confidence intervals) are offset.
† 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
‡ 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, with higher scores indicating worse functional status.

Panel C ‡
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discussion

This randomized trial showed that early surgery led to significantly faster recovery 
compared to prolonged conservative care but failed to show any interaction with 
classical neurological signs and magnetic resonance imaging findings. Only “sciatica 
provoked by sitting” showed interaction with timing of surgery, and thus rate of 
recovery. These results were markedly consistent in stratified analyses of all primary 
outcomes over the first year. 
 The finding that classic physical signs and high preference for surgery did not 
affect the results of treatment strategies was surprising and not expected. Currently 
most physicians and physiotherapists refer patients for surgery under the near man-
datory condition that the straight leg raise test provokes sciatica45. The design of this 
trial made it possible to include enough patients with a negative straight leg raising 
test. These, however, form a minority which may be due to selection bias. Therefore 
these results must have to be interpreted very carefully, which also holds true for 
the findings regarding patient preferences. Earlier prognostic studies suggested a 
realistic relationship between patient’s and doctor’s preferences and expectations 
on the one hand and outcome on the other151. These expectations are still likely to 
play a major role since the patients in this randomized trial were very willing un-
dergo surgery; in fact this was their main motive to visit the outpatient clinic of the 
participating hospitals. Only a minority of patients did not have a clear preference 
for surgery and no patient had a preference for the conservative treatment strategy. 
Therefore the lack of influence of patient preferences on treatment strategies is not 
unrestrained applicable to general practice.
 Sequestrated disk herniations also failed to follow a significantly different course 
when allotted to early surgery compared to prolonged conservative care. Earlier ra-
diological studies showed strong associations between the type of disk herniation 
and the natural course or surgical outcome of sciatica152;153. According to some au-
thors sequestrated disk fragments were likely to resolve in the spinal epidural space, 
making surgery an pointless intervention152;154;155. Similar conclusions were drawn 
in the past in favor of MRI gadolinium rim enhancement of the disk herniation, 
representing neo-vascularization corresponding to macrophage resorption of the 
disk fragment156;157. The current study did not show any relationship between this 
variable and timing of surgery. Other important effectiveness studies suggested a 
relationship between spinal level of disk herniation and the surgical timing strategy. 
This was not confirmed by this analysis, which contains more solid data on duration 
of sciatica complaints and timing of surgery49 and sample size66.
 While the scientific value of “sciatica provoked by sitting” as a prognostic vari-
able might be debated, a similar result for this anamnestic variable was found in 
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the randomized bed rest trial to predict the risk for patients undergoing surgery153. 
Although only a marginally significant different interaction effect was found by uni-
variate Cox proportional hazard analysis, these results appeared consistent when 
repeated measurement analysis of primary outcomes was performed. Furthermore 
it is a simple question to ask and physiologically completely understandable that a 
patient, persistently unable to sit, will gain important relief of pain, quality of life 
and function with early surgery. On the other hand if patients do not suffer sciatica 
provoked by sitting, their chances of a beneficial result of early surgery, if any, are 
reduced. Most of the latter patients might be better off with prolonged conservative 
care. Since this subgroup, however, was relatively small, one must interpret these 
results carefully; further investigation in future studies on this subject is needed.
 The lack of a prognostic value of physical signs and symptoms for the outcome 
of sciatica has been reported before, but these studies focussed on the long-term 
results and not on the short-term rate of recovery158-160. It still is important to define 
neurological deficits116 when examining a patient but their predictive value, to alter 
a decision to operate or to advise patients to stay conservative for a prolonged time, 
is minimal or absent. Nowadays, spine-oriented clinics request magnetic resonance 
imaging quite early in the course of sciatica to comfort their patients and discuss 
treatment and prognosis. This study shows evidence of absent predictive and no 
prognostic value for this diagnostic strategy. Magnetic resonance imaging or a CT-
scan is necessary for surgery but is less informative for the patient who must decide 
whether to undergo surgery or not. 

conclusion

Except for absent “sciatica provoked by sitting” early surgery compared to prolonged 
conservative care yielded significantly faster rates of recovery for all investigated 
variables, irrespective of their value. Neurological signs, patient preferences and 
magnetic resonance imaging findings fail to affect the outcome of early surgery ver-
sus prolonged conservative care. But a simple question regarding leg pain provoked 
by sitting, asked by the family practitioner, might help patients to opt for surgery to 
speed up recovery rates from sciatica as well as those who prefer to reduce the risk 
of on back surgery.
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abstract

Background: After 6 weeks of sciatica surgery speeds up recovery. A randomized tri-
al showed that conservative care yields results similar to early surgery at one year. 
However 39 % of this prolonged conservative care group ultimately underwent sur-
gery during one-year follow-up. We evaluated variables to improve prediction of 
surgery in the conservatively treated cohort. 
Methods: Baseline data on 142 patients enrolled in the conservative treatment arm of 
a randomized trial were analyzed to select those that could contribute to the predic-
tion of surgery. The actual occurrence of surgery was used as the dependent out-
come of interest. Variables measured at baseline included neurological examination 
results, the Visual Analogue score for pain (VAS) and the Roland Disability Question-
naire (RDQ).
Results: Of 142 patients receiving conservative care, 39 % underwent surgery after a 
mean period of 18.7 weeks. Higher pain intensity and higher functional limitations 
at baseline were associated with an increased likelihood of surgery during follow-
up. Mutually adjusted Odds Ratios of 1.7 (95 % CI; 1.1 to 2.7) per 20 mm incremental 
intensification of pain on the VAS score and 1.8 (95 % CI; 1.2 to 2.9) per 3 points of 
deterioration of the RDQ score quantify the increasing chance of undergoing de-
layed surgery.
Conclusions: Despite maximal efforts to the contrary, surgery could not be prevented 
for a considerable proportion of patients in a conservatively treated cohort. Com-
pared to those with lower pain and disability scores initially , patients with more 
intense leg pain or higher disability scores were at higher risk to undergo delayed 
surgery.
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In general lumbar disk surgery for sciatica is performed to speed up recovery of leg 
pain and disability161. It ranks high among the most frequently performed surgi-
cal procedures for neuropathy and musculoskeletal disorders.46;77. The timing of 
surgery appears to vary greatly between different countries46. A recently published 
study revealed evidence that for the majority of patients both prolonged conserva-
tive care and early surgery resulted in complete recovery at one year but the con-
servative arm took twice as long to reach recovery129. Delayed surgery, however, 
had been necessary after all for 39 % of the patients assigned to the prolonged con-
servative treatment group, during the first year after randomization. Although the 
intention of prolonged conservative care reduced the number of surgical interven-
tions substantially, those patients who underwent surgery at a later date suffered 
from pain and disability for quite a prolonged period, up to 6 months. It would be 
of great value to patients opting for a strategy of prolonged conservative care, if 
determinants available early in the course of sciatica could be found that would 
improve the prediction of surgery during follow-up. Therefore we evaluated the 
predictive value of clinical, demographic, and radiological variables for surgery 
actually performed in the conservative treatment cohort of a recently conducted 
randomized trial.

methods

A multicenter prospective randomized trial of patients with short-term severe scia-
tica was conducted to determine whether early surgery resulted in a more effec-
tive outcome during the first year compared to a strategy of prolonged conservative 
treatment (including, if indicated, delayed surgery). The medical ethics committee at 
each of the 9 participating hospitals approved the protocol. Written informed con-
sent was obtained from all patients. Details of the design and study protocol were 
published previously118;129.

Patients
Eligible patients were 18-65 years of age, with radiological confirmation of a clinically 
expected disk herniation causing an incapacitating lumbosacral radicular syndrome 
lasting between 6 and 12 weeks as documented by the attending neurologist. At 
the time of enrollment and randomization an independent research nurse verified 
persistence of complaints and the surgical indication. Cauda equina syndrome or se-
vere paresis (MRC<3) were excluded as were identical complaints in the past twelve 
months, a history of spinal surgery, bony stenosis, spondylolisthesis, pregnancy or 
severe comorbidity. 
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 For the purpose of the present analysis, the patients who originally were allo-
cated at random to conservative care were selected as the study cohort.

Treatment
Prolonged conservative management was provided by the general practitioner. Ample 
information was provided about the favorable prognosis. If necessary the prescription 
of pain medication was adjusted according to existing clinical guidelines44. If there 
was considerable fear of movement, the help of a physiotherapist was recommend-
ed. Treatment was aimed mainly at resumption of daily activities. However if sciatica 
was still present at 6 months after randomization, microdiskectomy was considered 
if a repeat MRI still showed the disk herniation. Increasing drug-resistant leg pain or 
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 disk herniation. Subse-
quently the neurosurgeon was consulted by the patient who requested surgery under 
the premise that further recovery was not to be expected in the next few months. If 
surgery was performed, the herniated part of the disk was removed together with as 
much degenerated nuclear material as possible 162. Removal of bone to gain access to 
the disk space was minimized while total disk excision was never performed.

Variables
Prognostic determinants were selected on the basis of classical physiological hypotheses 
or inferred from earlier studies2;163;164. These socio-demographic, anamnestic, neurolog-
ical, and radiological variables were collected before randomization was performed. 

Outcomes
The occurrence of surgery performed during the course of prolonged conservative 
care was the event of interest. Functional outcome as indicated by means of the Ro-
land Disability Questionnaire for Sciatica (RDQ)114;165 and intensity of leg or back 
pain on a 100 mm visual analogue scale for leg pain (VAS-leg and VAS-back)109 was 
assessed at 0, 2, 4, 8, 12, 26, 38 and 52 weeks, respectively. For the present analysis 
only data from the baseline measurements were used. Furthermore a 7-point Likert 
scale evaluated recovery. In a dichotomized form “satisfactory” outcome is similar to 
“complete” or “near-complete” recovery.

Statistical Analysis
Data collection and quality checks were performed using the ProMISe data manage-
ment system of the Department of Medical Statistics & BioInformatics of the LUMC. 



Can	we	predICt	surgery	for	sCIatICa?	 95

All statistical analyses were carried out using SPSS, version 14.0120. All variables were 
recoded before being used in a logistic regression analysis as described previously 
in the protocol118. Since the VAS leg pain and RDQ are both continuous variables 
and the Odds Ratios of these variables correspond by definition to the effect of an 
increase in 1 unit of the underlying scale, these were rescaled (without any effect on 
their significance) for reporting purposes to let the Odds Ratios reflect the effect of an 
increment of 20 mm and 3 points respectively, both corresponding to the estimated 
Minimal Clinical Important Difference166;167.
 The predictive effect of variables was analyzed by constructing a multivariable 
logistic regression model with “the occurrence of surgery during the first twelve 
months” as the outcome of interest. The model was obtained using a stepwise back-
ward elimination process with threshold values of 0.10 and 0.05 for removal and 
inclusion of predictors. Since follow-up observation was complete, there was no cen-
soring and a survival modelling approach was not necessary, the outcome of interest 
simply being the probability of having undergone surgery by month 12 after being 
randomized to conservative care.
 Finally, after having constructed the model that retained all significant predictors, 
the estimated probabilities were tabulated using some typical values of the predic-
tors and the estimated odds ratios were tabulated with their respective confidence 

Table 1.  Baseline scores and outcomes per treatment group at 12 months in pa-
tients initially started with a conservative treatment regimen *

Conservative 
(n=87)

Late Surgery
(n=55)

p-value

Roland baseline † 15.8±3.8 17.1±3.9 >0.05

12 months 3.9 ± 5.2 4.0 ± 6.2 >0.05

VAS leg pain base line (mm)  ‡ 64.0 ± 21.3 65.4 ± 21.3 >0.05

12 months 11.4 ± 17.5 13.4 ± 25.3 >0.05

VAS back pain baseline (mm) ‡ 30.2 ±25.0 32.2 ± 32.3 >0.05

12 months 17.4 ± 21.3 14.6 ±24.8

Satisfactory Recovery % § 79 85 >0.05
(Fisher’s exact Test)

* Means and standard deviations
†  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.

§  Likert global perceived recovery is defined by a 7-point scale “Worse” to “Complete” recovery. Satisfactory 
recovery is defined as complete or nearly complete recovery using the Likert 7-point scale.
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intervals. Whether prediction is actually possible in a reliable way for an individual 
patient can be seen in a classification table under the assumption of allocating the 
patient to “surgery” if the probability of surgery is more than 50 % (as is common in, 
for example, diagnostic tests). In view of the restricted size of the study population 
we focused solely on identifying significant risk factors for surgery. No attempts were 
made to perform a more refined analysis with an ROC curve or a training/validation 
subset approach. However we did a linear discriminant analysis (almost identical to 
a logistic regression model in this case) to obtain a classification table which is usually 
shown with a diagnostic test context with cross-validated percentages of correctly 
classified cases.

results

Of 142 patients assigned to receive prolonged conservative care, 55 (39 %) under-
went surgery after a mean period of 18.7 (95 % CI 14.3 to 23.0) and median 14.6 (In-
terquartile range; 6.4 to 26.0) weeks. Before randomization the mean period of sciatic 
complaints was 9.5 (SD; 2.11) weeks for all patients treated conservatively initially. 
The mean Roland disability score for the 55 surgical patients was 15.0 (95 % CI; 13.3 
to 16.8) shortly before surgery, while the mean visual analogue score at that time was 
54 (95 % CI; 46.2 to 61.8) mm. Repeated surgery within the first year was performed 
in a single case. Mean baseline and one-year outcome scores for those eventually 
undergoing surgery in the conservative arm were not significantly different from the 

Table 3. Classification table based on regression formula.
Per protocol treatment Predicted group membership (%)

Predicted non- surgical Predicted surgery

Original †

Conservative 84.6 15.4

Surgery 57.1 42.9

Cross-validated* ‡

Conservative 83.5 16.5

Surgery 63.3 36.7

*  Cross validation was done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case.

† 70 % of original grouped cases are correctly classified.

‡ 67 % of cross-validated grouped cases are correctly classified.
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Figure 1*: 3-D Scatter plot illustrating predicted probabilities of surgery as a function of VAS leg pain and RDQ at 
randomisation. 
*  A patient with a Roland score of 20 and VAS leg pain of 79 mm has a predicted probability to undergo delayed sur-

gery of 0,60, while for a patient with a Roland score of 8 and VAS leg pain of 61 presents a risk of 0.16.
• Individual study patients.

scores for those treated without surgical intervention; the same holds for the propor-
tion of recovered patients (Table 1). 
 Univariate logistic regression models with surgery as the event of interest did 
not reveal a significant association with the classical anamnestic, neurological and 
radiological variables (Table 2). Univariately significant odds ratios were obtained for 
“initially recorded leg pain intensity” (VAS; p=0.03), disability (RDQ; p=0.006) and 
the “Kemp neuroforamen compression test” (p=0.008), as well as for “magnitude of 
preference for surgery” (p=0.04). After entering these variables into one multivari-
able logistic regression model and performing a backward stepwise analysis, VAS 
leg pain intensity and severity of sciatica-specific disability RDQ were retained as 
significant factors. The adjusted Odds ratios were 1.7 (95 % CI; 1.1 to 2.7) per VAS 20 
mm incremental increase in pain and 1.8 (95 % CI; 1.2 to 2.9) per 3 points deteriora-
tion on the RDQ score (Table 2). 
 Predictability of the risk to undergo delayed surgery seems high by the estimated 
odds ratios of leg pain intensity and disability, but the absolute risk never exceeds 
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levels higher than 80 % (table 3). Hence the sensitivity of the combined information 
of the two scores at intake and randomization is only around 43 % and the specific-
ity is around 85 % with a total probability of correctly classifying surgery being esti-
mated at 70 % (67 % cross-validated).

Since odds ratios describe relative effect sizes only, the estimated absolute risks of 
surgery as a function of combinations of pain and disability scores of the study pa-
tients is presented (Figure 1) to illustrate the estimated magnitude of the problem.

discussion

Delayed surgery did not lead to any differences in patient outcome at one year when 
compared to those treated strictly conservatively in a cohort of patients who had suf-
fered from 6 to 12 weeks of sciatica. Baseline intensity of VAS leg-pain and RDQ dis-
ability scores were strong and independent determinants to predict delayed surgery, 
whereas traditional signs such as the straight leg raise test and the size or configura-
tion of the disk herniation had similar distributions in the two groups.
 High initial pain and disability scores were found to be predictive of a higher 
chance on delayed surgery in this study. However, these indicators are not yet used 
for the regular care of sciatica patients 114 but may be valuable in the decision process 
to opt for early surgery or for prolonged conservative care. Indeed, if initial scores 
after 6 to 12 weeks of persistent sciatica correspond to severe disability plus high pain 
intensity and do not regress after a few more weeks of ‘wait-and-see’, one may infer 
that the risk of surgery at a later stage is high. These patients might consider surgery 
without further delay to reduce the period of suffering and absence from work.
 Previously we described the lack of interaction between initial pain intensities 
and the allocated timing of surgery on speed of recovery129. These analyses, however, 
were bound to an Intent-To-Treat methodology and the current 55 surgical patients 
were, thus, part of the prolonged conservative treatment arm as it was a pragmatic 
randomized controlled trial comparing two different timing-of-surgery strategies. 
The current analysis describes the predictive value of pain intensity for surgery per-
formed at a later stage, instead of the possible interaction effects on speed of recov-
ery or outcome per se.
 The current results are clear but some restrictions in study design must be consid-
ered. Patients were recruited from neurological outpatient clinics after the usual re-
ferral by primary care physicians who stated that their patient had persistent sciatica 
and requested for surgery. One may concur that disability and pain are measured by 
subjective questionnaires which, except for study purposes, are not yet used for the 



daily care of spine patients167. However, due to a lack of diagnostic, prognostic and 
outcome properties of neurological and radiological signs, these validated low back 
disease-specific questionnaires might be the best tools we have today to fulfil the 
request of society to measure quality of care.
 So far, this is the first study that thoroughly analyzed variables which possibly 
affect the risk to undergo surgery in a conservative treatment regime for patients 
with 6 to 12 weeks of severe sciatica47. Although our findings may not be surprising 
for most physicians, we do not use these instruments for the regular care of sciatica 
patients. Obviously it is important to quantify the influence of pain and disability on 
the timing of surgery. Since timing of surgery did not influence outcome at 1 year 
the main indication for early surgery is to shorten the period of suffering. High pain 
intensities and disability scores complemented by personal preferences are valid ar-
guments in support of the choice of surgery168.
 Despite maximal efforts of patients and physicians, surgery seems inevitable for a 
considerable proportion of a conservatively treated cohort. Compared to those with 
“tolerable” pain and disability, patients, who experience more intense leg pain and 
worse disability scores, run a higher risk of prolonged suffering and undergo de-
layed surgery and therefore might urge the spine surgeon to opt for earlier surgery 
to shorten their period of illness. Obviously we still can not reliably estimate exactly 
which patient will receive surgery during the follow-up period although the predic-
tion is significantly improved when using these scales.
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abstract

Background: Sciatica caused by a lumbar disk herniation is a frequently diagnosed 
disorder with a favourable natural course. While most prognostic studies focus on 
good outcome, patients might experience unsatisfactory results. Female gender has 
been found to be associated with chronic pain in other musculoskeletal disorders. 
Our aim is to quantify the relationship between gender and (1) rate of recovery and 
(2) outcome at one year. 
Methods: Recovery was registered on a 7-point Likert scale for 283 patients with 6 
to 12 weeks of persistent sciatica who participated in a randomized trial to investi-
gate timing of surgery. Complete and near complete recovery were considered good 
outcomes. Function and pain were registered by the Roland Disability Question-
naire (RDQ) and a visual analogue scale (VAS). An univariate Cox model was used to 
study the influence of variables on rate of recovery while a univariate and multivari-
ate logistic regression analysis evaluated variables predicting unsatisfactory outcome 
at 12 months.
Results: At one year unsatisfactory outcome was registered for 17 % of patients, 11 % 
of all males and 28 % of all females (p<0.001). Patients with an unsatisfactory out-
come had worse RDQ and VAS scores compared to those who recovered satisfacto-
rily (p<0.001). Women had a slower rate of recovery: HR 0.76 (95 % CI 0.59-0.99) and 
were associated with an unsatisfactory outcome represented by an unadjusted odds 
ratio of 3.3 (95 % CI 1.7-6.3) compared to males. 
Conclusions: Besides a slower recovery rate, female gender was a strong predictor of 
unsatisfactory outcome at one year for patients with sciatica.
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introduction

The total impact of lumbar spinal disorders on society is high, since they consti-
tute the fifth most expensive disease category as far as hospital care is concerned 
and are even the most expensive disorder with respect to work absenteeism and 
disability77. Within this group of musculoskeletal disorders sciatica is an impor-
tant subcategory. The literal translation of the Greek word ‘sciatica’ is hip pain , 
which leaves room for dispute about today’s use of the word ‘sciatica’ in scientific 
communications. Undoubtedly “lumbosacral radicular syndrome” (LSRS) or sci-
atic neuralgia is a better description of the disease but it is not frequently used in 
peer-reviewed manuscripts. For this study sciatica is defined as intense leg pain 
in an area served by one or more spinal nerve roots and is occasionally accompa-
nied by neurological deficit. The natural course of sciatica is generally favourable, 
since the radiating ache disappears in the majority of cases within 8 weeks of 
onset51;79. Prognostic studies usually focus on “excellent” outcomes at one year. 
The high indirect costs, however, due to absenteeism from work and disability are 
mainly caused by patients experiencing a slower pace of recovery and those with 
an unsatisfactory outcome in the long term. Insight into determinants of outcome 
is important in order to be able to inform patients and to guide management deci-
sions. 
 Interestingly, some early studies169;170 did show gender to be one of the few 
variables influencing the outcome of sciatica. Female gender compared to male 
appeared to predict worse outcomes. For unknown reasons this finding seems to 
have escaped the attention of studies on spinal disorders in the past two decades. 
Outcome studies of chronic pain management in general have reported that wom-
en experience more pain in more parts of the body, with greater frequency and for 
longer periods compared to men171;172. Explanations for such gender differences 
have included differences in emotional and coping responses to pain between 
men and women. Women not only report greater emotional distress, but may also 
use more emotion-focused problem-solving which may cause the less beneficial 
long-term outcomes173;174. 
 Based upon the findings reported in early studies and recent pain intervention 
effectiveness trials in general, we hypothesized that female patients with sciatica 
would show (1) a slower rate of recovery in the short term and (2) experience a 
higher rate of unsatisfactory outcome in the long term compared to males with 
sciatica. Besides gender we analysed the influence of other demographic, neuro-
logical and radiological determinants on rate of recovery from sciatica and esti-
mated the effect of the unsatisfactory outcomes at one year. 
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Table 1 a. Gender related demographic and clinical characteristics *
variable n Gender

Male (n=186) female (n=97) p value
Age (yrs) 283 42.4 ± 9.6 42.9 ± 10.1 0.66
Duration sciatica (w) 283 9.4 ± 2.0 9.6 ± 2.5 0.49
Time intake to randomization 
(w)

283 2.3 ± 1.0 2.4 ± 1.4 0.45

Randomization (%) 283 0.38
Surgery 142 48 54
Conservative 141 52 46
Timing of surgery n(%) 0.35
Operated < 4 weeks 116 71(40) 45 (49)
Operated between 4-26 weeks 44 32(17) 12(12)
Not operated or later than 26 
weeks

123 83(43) 40 (39)

Absence from work (%) 220 88 84 0.45
Mentally demanding job (%) 167 73 46 <0.001
Physical job (%) 100 41 33 0.13
Spouse/partner
Yes (%) 215 77 74 0.66
Children
Yes (%) 193 69 67 0.68
Smoking
Yes (%) 117 41 42 0.47
Body mass index (kg/m2)    † 283 26.0± 3.7 25.1 ± 3.8 0.05
Sciatica provoked by …..
Sitting (%) 215 80 81 0.74
Coughing, sneeze (%) 206 69 79 0.24
Straight leg raising (degrees) 283 75. ± 24.4 74.9 ± 23.9 0.94
Positive < 60 degrees (%)   ‡ 207 77 70 0.15
Crossed leg raising positive (%) 167 58 62 0.53
Bragard test positive (%) 83 22 46 <0.001
Preference for surgery (%)
Strong 111 39 39 0.97
Roland Disability  § 
Baseline 283 15.9 ± 4.2 17.3 ± 3.9 0.009
Outcome at one year 2.7± 4.3 5.0 ± 7.0 0.001
VAS legpain in mm ¶ 
Baseline 283 63 ± 19.9 72 ± 20.1 <0.001
Outcome at one year 8.0 ± 13.9 16.6± 26.3 <0.001
VAS backpain in mm
Baseline 29.9 ± 27.4 37.1 ± 30.3 0.042
Outcome at one year 12.7 ± 17.4 20.5 ± 28.4 0.006
Recovery at one year, n (%) 0.001
Good outcome 235 165 (89) 70 (72)
Unsatisfactory outcome 47 20 (11) 27 (28)
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methods

Patients
The Sciatica Trial provided extensive one year follow-up data on 283 patients after one 
year of follow-up who had suffered a period of 6 to 12 weeks of severe sciatica129. Eli-
gible patients were 18-65 years of age, had a radiologically confirmed disk herniation, 
and had been diagnosed by an attending neurologist with an incapacitating lumbosa-
cral radicular syndrome lasting between 6 and 12 weeks. Correlation of MRI with com-
plaints was confirmed by the neurosurgeon. At the time of enrolment an independent 
research nurse verified persistence of complaints. Patients presenting with a cauda 
equina syndrome, muscle paralysis or insufficient strength to move against gravity 
were excluded. Patients were also excluded if they had had identical complaints in 
the past twelve months, a history of spinal surgery, bony stenosis, spondylolisthesis, 
pregnancy or severe comorbidity. 
 This randomized multicentre trial assessed the effect on outcome during the first 
year by varying the timing of surgery. Patients aged 18 to 65 years old were allocated 
randomly to either a strategy of prolonged conservative care, possibly with late sur-
gery or early surgery preferably within two weeks. Independent academic research 
nurses assessed and recorded baseline sociodemographic factors, clinical symptoms 
and neurological nerve stretch signs. The individual interviews and physical exami-
nations were performed in a standardized fashion and repeated at each visit to the 
research nurse. 

Table 1b. Pain and disability characteristics per outcome group at 12 months *
Outcome

Good (n=235) unsatisfactory
(n=47)

p value

Roland Disability § 1.6 ± 3.1 12.8 ± 5.5 <0.001
VAS leg pain in mm ¶ 5.1 ± 10.9 40.7± 25.5 <0.001
VAS back pain 9.3 ± 14.5 45.8 ± 27.9 <0.001

* Plus-minus value are means ± SD. 
†  Quetelet Index or Body Mass Index is calculated by dividing the weight in kilograms by the squared of the 

height in meters. Higher scores define overweight.
‡  Lasègue’s sign is positive if the examiner observes a typically dermatomal area of pain reproduction and pelvic 

muscle resistance when the unilateral straight leg is raised below an angle of 60 degrees; it is called crossed 
positive if the same is noted when the other leg is raised below 90 degrees.

§  The Roland Disability Questionnaire for Sciatica is a disease-specific disability scale that measures the func-
tional 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 2.  Univariate analysis of variables for rate of recovery by an unadjusted Cox 
proportional hazard model

variable n univariate Cox Proportional hazard analysis
HR 95 % CI p value

Randomization
 Surgery 141 1.97 1.72-2.22 < 0.001
 Conservative 141 1.00 -
Gender
 Female 97 0.76 0.58-0.99 0.04
 Male 185 1.00 -
Age
 <40 116 1.00 -
  40 166 0.87 0.68-1.12 0.28
Mentally demanding job
 No 92 1.00 -
 Yes 166 1.17 0.90-1.53 0.25
Physical job
 No 158 1.00 -
 Yes 100 1.03 0.80-1.34 0.80
Housewife
 Yes 21 0.78 0.47-1.30 0.34
 No 255 1.00 -
Start sciatica
 Acute 170 1.00 -
 Slow increase 111 1.10 0.86-1.42 0.43
Sciatica provoked by …..
Sitting
 Yes 215 0.72 0.48-1.06 0.098
  No 67 1.00 -
Coughing, sneeze
 Yes 205 1.14 0.86-1.50 0.36
 No 77 1.00 -
VAS leg pain
 < 70 mm 151 1.00 -
  70 mm 130 1.00 0.79-1.28 0.97
Straight leg raising
 Negative  60 ° 69 1.00 -
 Positive <60° 206 0.96 0.73-1.28 0.80
Crossed leg raising
 Negative 116 1.00 -
 Positive 166 0.78 0.61-1.00 0.047
Kemp’s sign
 Positive 121 0.89 0.66-1.10 0.23
 Negative 141 1.00 -
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Table 2.  continued
variable n univariate Cox Proportional hazard analysis
Finger-ground in cm
 >30 156 1.10 0.86-1.42 0.45
  30 119 1.00 -
Bragard’s test
 Positive 83 0.65 0.49-0.86 0.002
 Negative 186 1.00 -
Sensory disturbance
 No 28 1.00 -
 Yes 251 0.95 0.63-1.41 0.79
MRI-level herniation
 L4L5 (and L3L4) 105 1.00 -
 L5S1 166 0.88 0.68-1.11 0.34
MRI-sequester
 No 154 1.00 -
 Yes 107 1.16 0.90-1.50 0.26
MRI-Gadolinium
 No enhancement 71 1.00 -
 Enhancement 138 0.83 0.61-1.11 0.21
Preference surgery
 Strong 111 1.00 -
 Mild 171 0.95 0.74-1.22 0.70

Interventions
Prolonged conservative management was performed by the general practitioner. 
Ample information was provided about the favorable prognosis. Study participants 
were offered access to our trial website, exclusively designed to inform patients about 
the possibility of a successful natural course, irrespective of the initial pain intensity. 
Treatment was aimed mainly at resuming daily activities. If necessary, the prescrip-
tion of pain medication was adjusted according to existing clinical guidelines. Pa-
tients who had considerable fear of movement were referred to a physiotherapist. 
If sciatica persisted 6 months after randomization microdiscectomy was offered. In-
creasing leg pain not responsive to medication or progressive neurological deficit 
were reasons for performing surgery even earlier than at 6 months. 
 Early surgery was scheduled within 2 weeks of assignment and only cancelled if 
spontaneous recovery occurred before the date of surgery. Under either general or 
spinal anesthesia the symptomatic disc herniation was removed by a minimal uni-
lateral transflaval approach with magnification. The goal of surgery was to decom-
press the nerve root and reduce the risk of recurrent disc herniation by an annular 
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Table 3. Univariate and multivariate log rank analysis of predicting factors for un-
satisfactory outcome of sciatica.
variable n univariate analysis Multivariate analysis

OR 95 % CI p value OR 95% CI p value
Randomization 0.27 0.05
 Surgery 141 0.70 0.37-1.31 0.49 0.24-1.00
 Conservative 141 1.00 - 1.00 -
Timing surgery after 
randomization

-

  No surgery or later than 26 
weeks

116 1.00 - - - -

 < 4 weeks) 121 0.78 0.08-1.48 0.49 - -
 4-26 weeks 43 1.05 0.13-1.97 0.92 - -
Gender
 Female 97 3.29 1.72-6.28 <0.001 2.81 1.38-5.74 0.006
 Male 185 1.00 - - 1.00 - -
Age 0.10 -
 <40 116 1.00 - - -
  40 166 1.76 0.89-3.47 - -
Mentally demanding job 0.09 0.89
 No 92 1.00 - 1.00 -
 Yes 166 0.56 0.29-1.09 1.06 0.44-2.53
Physical job 0.67 -
 No 158 1.00 - - -
 Yes 100 1.16 0.59-2.29 - -
Housewife 0.015 0.37
 Yes 21 3.26 1.26-8.44 1.72 0.52-5.65
 No 255 1.00 - 1.00 -
Spouse/partner
 Yes 214 0.69 0.34-1.38 0.29 - - -
 No 68 1.00 - - - -
Children
 Yes 193 1.26 0.63-2.52 0.52 - - -
 No 89 1.00 - - - -
Smoking 0.07 0.05
 Yes 117 1.81 0.96-3.41 2.01 0.99-4.1
  No 165 1.00 - 1.00 -
Quetelet index 282 1.03 0.95-1.12 0.50 - - -
Start sciatica 0.79 -
 Acute 170 1.00 - - -
 Slow increase 111 0.91 0.47-1.77 - -
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Table 3. continued
variable n univariate analysis Multivariate analysis

OR 95 % CI p value OR 95% CI p value
Sciatica provoked by …..
Sitting 0.22 0.63
 Yes 215 1.67 0.74-3.78 1.26 0.50-3.20
  No 67 1.00 - 1.00 -
coughing, sneeze 0.45 -
 Yes 205 0.77 0.39-1.52 - -
 No 77 1.00 - - -
VAS leg pain 0.32 -
 < 70 mm 151 1.00 - - -
  70 mm 129 1.39 0.73-2.62 - -
Straight leg raising 0.81 -
 Negative  60 ° 69 1.00 - - -
 Positive < 60° 206 0.91 0.44-1.89 - -
Crossed leg raising 0.15 0.15
 Negative 116 1.00 - 1.00 -
 Positive 166 1.64 0.84-3.20 1.75 0.82-3.77
Kemp’s sign 0.70
 Positive 121 1.15 0.58-2.27 - -
 Negative 141 1.00 - -
Finger-ground in cm 0.38 -
 >30 156 0.75 0.39-1.42 - -
  30 119 1.00 - - -
Bragard’s test <0.001 0.006
 Positive 83 3.80 1.92-7.50 2.72 1.33-5.58
 Negative 186 1.00 - 1.00 -
Sensory disturbance 0.39 -
 No 28 1.00 - - -
 Yes 251 1.73 0.50-6.00 - -
MRI-level herniation 0.88 -
 L4L5 (and L3L4) 105 1.00 - - -
 L5S1 166 0.95 0.49-1.83 - -
MRI-sequester 0.61 -
 No 154 1.00 - - -
 Yes 107 0.84 0.43-1.63 - -
MRI-Gadolinium 0.04 0.04
 No enhancement 71 1.00 - 1.00 -
 Enhancement 138 2.94 1.07-8.06 0.04 2.88 0.98-8.45 0.05
 No gadolinium 73 5.57 1.68-18.4 0.005 4.49 1.44-14.0 0.01
Preference surgery 0.77 -
 Strong 111 1.00 - -
 Mild 171 0.91 0.48-1.73 - -
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fenestration, curettage and removal of loose degenerated disc material out of the disc 
space using a rongeur, without any attempt to perform a subtotal diskectomy. The 
duration of hospitalization depended on the patient’s functional ability to mobilize. 
Normal care was provided according to the protocols of the participating surgical 
departments. At home the rehabilitation process was supervised by the physiothera-
pist who used a standardized exercise protocol. Patients were advised to resume 
their regular jobs when able, depending on the nature of the work. 
 Follow-up of patients at 2, 4, 8, 12, 26, 38 weeks and at one year was recorded 
according to the trial protocol109 and included perceived recovery measured by a 
7-point Likert scale, a VAS 100 millimetres intensity of leg pain scale, VAS back pain 
and disease-specific functional status measured by the Roland Disability Question-
naire for Sciatica (RDQ). The study was approved by all participating institutes and 
central and local ethics committees. All patients gave informed consent.
 The present study included all patients from both groups of this randomized trial. 
Patients with 6 to 12 weeks of persistent sciatica, with an indication for surgery and 
eligible for trial participation were included in this analysis, irrespective of their ran-
domization status. Except for the actual procedure and the moment of surgical inter-
vention as a possible determinant, all baseline socio-demographic, neurological and 
radiological variables were collected shortly before randomization. In order to study 
the effect of baseline variables on speed of recovery the prescheduled moments of 
outcome registration during the first year were used, while the one year outcome 
was used to estimate the performance of these variables as predictors of an unsatis-
factory result at one year.

Statistical analysis
Data were analysed with the SPSS package (version 14.0 for Windows; SPSS Inc, Chi-
cago, IL, USA). Fisher’s exact test for categorical variables or the t test for continuous 
variables was used to assess differences between baseline and outcome variables. To 
analyse time to recovery and the actual state of recovery at one year the 7 point Lik-
ert scale was dichotomized. “Complete” and “Near complete” recovery, considered 
to be indicative of good or favourable outcome, were defined as “recovery”, while 
a score in the remaining 5 categories was concluded to be a poor or unsatisfactory 
outcome and thus defined as “no recovery”. 
 Descriptive statistics describe the basic properties of “recovered” and “not re-
covered” patients as well as those of both genders. To answer the first hypothesis a 
univariate Cox Proportional Hazard model was used to study the influence of each 
variable on the short-term rate of recovery. The predictive effect of gender and other 
variables was analysed by univariate logistic regression analysis with “no recovery” 
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at twelve months as the outcome of interest. The initial list of prognostic factors, 
chosen in advance by the investigators, was based on potential clinical impor-
tance, based on earlier published results153;163 or current neurological textbooks. 
Variables were used for multivariate analysis if the univariate effects (Cox Propor-
tional Hazard models and logistic regression, respectively) were significant with a 
p-value <0.10. The multivariate modelling process itself was a stepwise backward 
approach starting with the above-mentioned variables, retaining those for which 
the two-sided p value in the multivariate model remained  0.05. The result of ran-
domization was always included in the multivariate model, regardless of signifi-
cance since this factor is the original allocated treatment strategy itself. Repeated 
measurement analysis of variance was applied in case of continuous outcome mea-
sures (disability and pain) with both gender and randomization group as the main 
effects, while their interaction was assessed and possibly added to the model in a 
stepwise forward way.

Role of funding source
The sponsor did not influence the study design and had no role in data collection, 
data analysis or writing of the report. The corresponding author had full access to 
the data and had final responsibility for the decision to submit for publication.

Figure 1. Cox proportional hazard analysis of rate of recovery comparing females to males (p=0.04)
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results

Allocation of an early surgical strategy resulted in 125 of 141 (89 %) patients who 
actually underwent lumbar diskectomy after a median period of 1.9 weeks, while 
of the 142 conservatively managed patients surgery could not be evaded in 55 
(39 %) after a median time of 14.6 weeks. At different follow-up moments during 
the first year 269 of 283 (95 %) patients registered complete recovery. At exactly 
12 months, however, 83 % of patients reported complete recovery. The patients 
with a good outcome at 12 months of follow-up showed a mean RDQ score of 1.6, 
VAS-leg of 5.1 mm and VAS-back 9.3 mm, while the 17 % of patients with an unsat-
isfactory outcome had a mean RDQ score of 12.8, VAS-leg 40.7 mm and VAS-back 
45.8 mm at 12 months (p<0.001) (Table 1b). At intake 97 (34 %) of 283 patients were 
female. Demographic characteristics of male and female patients were not differ-
ent at baseline, except for mentally demanding work rated by the patient (Table 
1a). Clinical variables, such as disability and pain, showed significantly different 
baseline values, such that females experienced somewhat worse sciatica at intake. 
For the patients allocated to conservative treatment, no proportional difference 

Figure 2. Repeated measurement analyses of primary 
outcomes as a function of sex
Panel A: Roland Disability score for sciatica, Panel B: 
VAS leg pain and Panel C: VAS back pain

A B

C



gender	&	sCIatICa	 113

was noted between genders as far as patients who crossed over to delayed sur-
gery is concerned. Results at 12 months showed a significantly different outcome 
between genders with 28 % of females exhibiting an unsatisfactory perceived out-
come versus 11 % of males (Table 1). The result of the perceived recovery score was 
consistent with other outcomes such as the mean VAS leg pain, back pain and RDQ 
functioning scores (Table 1 and Figure 2). 
 Cox proportional hazard analysis showed a slower rate, HR 0.76 (95 % CI 0.59-
0.99) to complete recovery for females as compared to males (Table 2; Figure 1), while 
interaction with timing of surgery did not influence the result129. Other variables 
with a negative influence on speed of recovery were a positive Bragard’s sign and 
crossed leg raising test. 
 Table 3 shows the results of univariate and multivariate logistic regression analy-
ses of prognostic variables for “no recovery” at 12 months, irrespective of interme-
diate recovery. In the univariate logistic regression analysis, a clear association be-
tween gender and outcome was found. Compared to males, females had a univariate 
Odds Ratio of 3.29 (95 % CI 1.72-6.28) for an unsatisfactory outcome (p<0.001). A 
positive Bragard test, MRI enhancement by gadolinium, and smoking rendered a 
significantly higher chance of an unsatisfactory outcome. Likewise did the variable 
“type of work” after dichotomizing into housewife and other jobs. 
 Only gender and Bragard’s sign were expressed consistently across both analy-
ses. In both logistic regression models and the Cox regression models timing of sur-
gery and neurological, radiological and intensity of pain variables did not have any 
predictive value for outcome at 12 months, while the effect of gender on outcome 
was unequivocal.
 Multivariate analyses showed consistent findings for gender, but also for Bragard 
sign, gadolinium contrast enhancement and smoking (table 3). Furthermore the risk 
of unsatisfactory outcome was influenced significantly (p=0.05) by the allotted treat-
ment strategy with an odds ratio of 0.49 (95 % CI 0.24-1.00) when corrected for gen-
der in favour of early surgery. The estimated risks for an unsatisfactory outcome for 
the variables retained by multivariate analysis, vary substantially on specific combi-
nations of risk factor values (Table 4). Figure 3, which illustrates the repeated mea-
surement analysis results for the primary outcomes of the randomized trial stratified 
for gender, displays a smaller and not significant short-term effect of early surgery 
on early functional recovery in females. Differences between areas under the curves 
of all three primary outcomes over the first year after randomization are statistically 
significant for men in favor of early surgery and not for women.
 With regard to experienced relief of disability, leg-pain and back-pain, the early 
surgery strategy does not seem to be as effective for females compared to men.
 Those males and females who reported recovery at 12 months had similar RDQ 
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Panel A

Panel B
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Figure 3. Repeated Measurement Analysis Curves of Mean scores for Roland Disabilty Questionnaire (Panel A), Leg 
Pain (Panel B) and Back Pain (Panel C) on a Visual-Analogue Scale. *
All three panels show the 52-week curves with 95 percent confidence intervals represented by vertical bars at consecu-
tive moments of measurement. Red lines represent the conservative treatment group, while the blue lines represent 
early surgery. Areas under the curve (AUC) are described by their means (SE).
Panel A represents the mean disability scores at consecutive moments of measurement stratified by gender. 
The overall difference between the areas under the curves over 12 months is not significant for females (p=0.84) and 
significant for males (p=0.01) in favor of early surgery.
Panel B represents mean visual analogue scores for intensity of leg pain in mm. The difference between the mean 
AUC’s is not significant for females (p=0.14) and significant for males (p<0.001) in favor of early surgery.
Panel C represents mean visual analogue scores for intensity low back pain in mm. Starting with a lower intensity 
score when compared to leg pain, the mean AUC’s exhibit a less strong and not significant difference for females 
(p=0.68) and significant for males (p=0.03)
*  The mean difference between areas under the curves are expressed by the corresponding 95 percent confidence 

interval

Panel C



and VAS scores (Table 5). Under the unsatisfactory circumstances of not being recov-
ered at one year, however, females scored significantly worse on both the pain and 
disability scales compared to males. The interaction between gender and perceived 
recovery on all three symptom outcome scores was significant, implying that the 
difference between males and females in any of these outcome scores depends sig-
nificantly on whether they recovered or not.

discussion

Our study showed unequivocally that female gender is an independent predictive 
determinant for an unsatisfactory outcome at one year after 6 to 12 weeks of severe 
sciatica. The estimated unadjusted (crude) odds for a long-term poor outcome was 
3.3 higher for female patients with sciatica than for males and this finding was sta-
tistically highly significant. In addition females showed a slower perceived recovery 
from sciatica, but compared to conservative care it was still significantly faster after 
early surgery. Notwithstanding this important treatment result the early surgery 
strategy failed to yield any early treatment effects on intensity of leg pain in females 
compared to the original repeated measurement analysis of the non-stratified study 
population. Males, however, presented more pronounced early treatment effects 
which were significantly different in favor of early surgery for all three outcomes 
scales (Figure 3). Besides a worse initial value on all pain and disability scales for 
females, the latter also presented with higher pain and disability scores when they 
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Table 4. Estimated risks of unsatisfactory outcome at 12 months, based on a logistic 
regression model using gender, smoking, Bragard and randomization as main ef-
fects. 

variable Randomization Gender
Male (n=186) female (n=97)

Smoking yes
Bragard; Positive Surgery 18 % 38 %

Conservative 31 % 55 %
Negative Surgery  7 % 18 %

Conservative 14 % 31 %
Smoking no  
Bragard; Positive Surgery 10 % 23 %

Conservative 18 % 38 %
Negative Surgery  4 % 10 %

Conservative  7 % 19 %
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recorded unsatisfactory perceived recovery in contrast to males with unsatisfactory 
recovery.
 In addition to gender, smoking and Bragard’s sign seemed to be predictive of an 
unsatisfactory outcome too. When adjusted for gender, multivariate analysis result-
ed in a considerable treatment effect of the early surgery strategy compared to pro-
longed conservative treatment, such that the odds ratio for unsatisfactory outcome 
at one year was halved.
 Irrespective of treatment the proportion of patients with a good outcome was 
83 % at one year. Since this is the actual state of the patients at 12 months, this pro-
portion is lower than the apparently high proportion of 95 % perceived recovery 
during the first year as indicated by survival analysis129. The explanation for this dis-
crepancy is that a considerable proportion of patients had recurrent back or leg pain 
after initial recovery, which could not be taken into account during Kaplan Meier 
calculations, since the survival model measures the time until a good outcome occurs 
for the first time, ignoring any later deterioration of the patient. The results of this 
trial are comparable to previous prognostic studies113;151. Most of these studies focus 
on good outcome and not on predictions of unsatisfactory outcome. Since prolonged 
absence from work is influenced by persistent high RDQ scores and VAS pain scores, 
the mean RDQ and VAS pain scores of patients with an unsatisfactory outcome at 
one year in this trial represent painful and disabling suffering. Quantification of the 
degree of failure has not yet been reported.
 Notwithstanding the unequivocal findings reported here one must interpret these 
results carefully. Since this study was not designed primarily to analyse gender influ-

Table 5. Mean disability pain scores according to outcome group and gender at 12 
months *

Gender
Outcomes Male female p-value †

Roland Disability <0.001
Recovered 1.7 (1.2 to 2.3) 1.8 (1.0 to 2.7)
No recovery 10.6 (9.1 to 12.2) 15.2 (13.9 to 16.6)
vAS leg pain in mm  <0.001
Recovered 5.4 (3.3 to 7.4) 5.0 (1.8 to 8.2)
No recovery 27.6 (21.6 to 33.5) 55.9 (50.7 to 61.0)
vAS back pain in mm  <0.001
Recovered 9.3 (6.7 to 12.0) 8.8 (4.7 to 12.9)
No recovery 37.1 (29.5 to 44.6) 53.7 (47.2 to 60.2)

* 12 months mean scores are described with their corresponding 95 % confidence interval (CI)

† P value interaction effect between gender and perceived outcome on Roland and VAS scores.
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ences on outcome, one might argue that the high odds ratio for poor outcome could 
be the result of multiple testing. The latter mechanism is quite certainly responsible 
for the fact that Bragard’s sign was also indicated by the analyses as a predictive fac-
tor. Although this test was standardized and performed independently by trained 
research nurses, these positive neurological nerve stretch signs were found previ-
ously to be quite unreliable in diagnostic studies. However earlier studies40;170 also 
showed less favourable outcomes of treatment of sciatica for females, but these were 
not quantified and supported by pain and disability scores. Furthermore Kostelja-
netz169 in his famous diagnostic placebo-controlled trial found a good outcome for 
90 % of males, compared to only 60 % of females. A good result for 89 % of our males 
one year after treatment for sciatica is in agreement with information provided by 
general physicians and spine surgeons for all of their patients, irrespective of gender. 
The fact that only 72 % of the females in our study and even less in Kosteljantetz’s 
study perceived a good outcome should be taken into account when aiming at the 
prevention of unsatisfactory outcomes and when informing patients. 
 In our study population a proportional gender difference was noted with a pre-
ponderance of male patients. This is remarkable since extramural epidemiological 
studies and conservative treatment trials could not detect differences in incidence 
and prevalence between genders. The baseline characteristics of patients, seeking 
surgical help in most hospital care intervention trials show a minority for females 
compared to men. Since utilization of health care sources for sciatica seems to vary 
between genders, females in surgical populations might differ in baseline charac-
teristics from females in conservative treatment studies and males in surgical series. 
Although eligibility for surgery, as defined by the general practitioner and medical 
specialist, is supposed to be the same, female patients might be less willing to re-
quest surgery and may only consult the spine surgeon at a higher threshold of pain 
and disability compared to males. In surgical studies similar to the current trial, this 
hypothesis is supported by the fact that compared to males females present with 
higher baseline pain intensity and disability scores. This consistent observation sug-
gests that the differences in perceiving pain severity between genders might be an 
important factor. Additional investigation is warranted to characterize the nature 
and practical impact of these effects. During the retrieval of patients, who opted for 
surgery for sciatica, differential selection bias might have occurred. 
 In several studies female gender appeared to be a risk factor for chronic pain and 
disability caused by other musculoskeletal pain disorders as well175. Recent basic and 
clinical research showed biological176;177, social and behavioural178;179 factors to con-
tribute to the risk of pain-induced chronic disability in females. Most factors involved 
are difficult to influence with therapeutic procedures, whereas catastrophizing, more 
prevalent among females, forms an important prognostic variable for developing 
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chronic pain disorders and seems to be susceptible to treatment intervention171;172. 
There may be various reasons why females do worse in terms of pain relief. As stated 
above females in our study as in other surgical trials registered higher baseline values 
for pain and disability, suggesting a worse start when compared to males. However, 
baseline pain intensity and disability did not predict outcome at all and the analyses 
failed to show any confounding or interaction effects with the registered variables.
 Minor differences in the low back disability questionnaire reporting as a function 
of gender have been described before180;181. 
 The design of this randomized trial did not allow the investigators to perform 
an elaborate observational prognostic study. Preferably social-, psychological factors, 
somatization scores, co-morbidities more prevalent in females (e.g. irritable bowel 
syndrome and fibromyalgia) and hormone differences should have been registered 
to account for interaction and confounding effects while estimating the prognostic 
effect of gender on outcome. Furthermore variables to support the difference in the 
prevalence of catastrophizing between genders and the theory of social and cognitive 
behavioural effects were not measured. Despite the prospective nature of a random-
ized trial, this study has to be considered as a post-hoc subgroup analysis with all the 
inherent disadvantages, such as lacking registered baseline variables to control for in 
multivariable regression analyses and possible over-estimation of treatment effects. 
The findings however concur with some previous sciatica studies and recent biologi-
cal and social pain theories, but the results of our repeated measurement analyses, 
with special regard to the randomization effect, need further confirmation by future 
studies. To improve care for sciatica patients a gender-specific approach might be 
necessary but these treatment modalities have not been studied yet. Observational 
studies, starting in an extramural setting, are needed to specify possible gender-spe-
cific factors, responsible for differences between utilization of health care services 
and worse outcomes. Until these data become available discussion about targeted 
treatment strategies remains highly speculative.
 Classical predictive neurological signs and the site or morphology of the disk her-
niation did not influence results, whereas an unsatisfactory outcome at one year was 
influenced markedly by gender and smoking, but modified by early surgery in a 
favourable direction. 
 Prognosis and treatment of sciatica depend strongly on patient preferences and 
realistic expectations. The fact that female gender is with a slower rate of perceived 
recovery and a higher likelihood of unsatisfactory outcome must not be neglected 
and should be taken into account when informing patients individually. 
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abstract

Study design: A randomized controlled trial with parallel group design comparing 
“early”surgery, following clinical guidelines, and prolonged conservative care for 
patients with sciatica.
Objective: To evaluate the effectiveness over a period of 2 years of timing of disk sur-
gery for sciatica .
Summary of Background Data: Lumbar disk surgery is frequently performed on pa-
tients after elapse of at least 6 weeks of non abating sciatica, but the optimal timing 
of surgery is not known. One-year results of a randomized trial showed short-term 
effects in favor of early surgery. Two-year outcomes have not yet been described.
Methods: We randomized 283 patients with 6-12 weeks of sciatica to early surgery or 
an intended 6 months of continued conservative treatment, with delayed surgery 
if needed. Primary outcome measurements were the Roland Disability Question-
naire, Visual-Analogue-Scale for leg pain and Global Perceived Recovery. Repeated 
measurement analysis according to intent-to-treat was used to estimate the outcome 
curves for both groups.
Results: Of 141 patients assigned to undergo early surgery, 125 (89 %) underwent mi-
crodiskectomy after a mean of 2.2 weeks; of 142 patients designated for conservative 
treatment, 62 (44 %) were treated surgically after a mean of 18.7 weeks. There was no 
significant overall difference in disability scores during the first two years (p=0.25). 
Improvement of leg pain was faster for patients randomized to early surgery with a 
significant difference between areas under the curves over two years (p=0.05). Leg 
pain, back pain, functional disability and perceived recovery in both randomization 
groups showed similar results at 2 years. Twenty percent of the patients experienced 
unsatisfactory results at 2 years, as could be concluded from perceived recovery, pain 
and functional scores. 
Conclusions: The two strategies, early surgery and prolonged conservative care, re-
sulted in similar outcomes at two years but early surgery achieved more rapid relief 
of sciatica. 
Summary: To evaluate the timing of lumbar disk surgery, a randomized trial with 
283 patients with sciatica for 6 to 12 weeks was conducted, comparing early surgery 
with prolonged conservative care and possibly delayed diskectomy. Early surgery 
resulted in faster recovery, but with similar outcomes at 1 and 2 years.
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introduction

In Western countries surgical removal of the herniated nuclear part of the disk is rou-
tinely performed to relieve sciatica. The complex of symptoms encompassing sciatica, 
more accurately called the lumbosacral radicular syndrome (LSRS), is characterized 
by radiating pain in an area of the leg typically served by one lumbar or sacral spinal 
nerve root in combination with motor, sensory or tendon reflex abnormalities. It is 
estimated that 5 to 10 out of every 1000 inhabitants in western society develop sciatica 
each year with variable pain intensities and disease courses127. During the first 6 weeks 
the leg pain diminishes in 70 percent of the patients182. Most guidelines recommend 
surgery for the remainder of patients44;45;47;183. The unknown number of months need-
ed for spontaneous recovery from pain and the lack of scientifically proven efficacy 
of alternative therapies, in combination with the personal treatment preference of the 
attending physician, hinder the patient who must decide about the possibility of sur-
gical treatment. Until a few years ago, only one landmark randomized trial40 could be 
retrieved showing that conservative treatment and surgery had similar results after 
4 years of follow-up among patients with moderate pain intensities78. Patients with 
intense sciatica fear chronic disability. Without any outlook for short-term pain relief, 
most of them choose surgery. The continuing uncertainty around the optimal timing 
of surgery for sciatica probably results in large variations in the frequency of low back 
surgery between countries46. Recently extensive data became available from a ran-
domized trial comparing early surgery with prolonged conservative care and possibly 
delayed surgery for patients with severe sciatica129. While substantially fewer opera-
tions were performed during a strategy of prolonged conservative care, early surgery 
resulted in faster recovery from leg pain but failed to yield higher recovery rates at one 
year . The 2-year follow-up results of this trial are presented here.

material and methods

We conducted a multicenter prospective randomized trial among patients with 6 to 
12 weeks of severe sciatica to determine whether a strategy of early surgery leads to 
better outcomes during the first year compared to a strategy of conservative treat-
ment for an additional 6 months and performing delayed surgery for patients with 
persisting pain. The medical ethics committee at each of 9 participating hospitals 
approved the protocol. Written informed consent was obtained from all patients. 
Details of the design and study protocol have been published previously118. The cur-
rent study evaluates the 2-year follow-up data on these patients and focuses on dif-
ferences between the long terms results of the two strategies. 
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Eligibility and Randomization
Eligible patients were between 18-65 years of age, had been diagnosed with an in-
capacitating LSRS by an attending neurologist and had a radiologically confirmed 
disk herniation. Patients presenting with a cauda-equina syndrome or severe pare-
sis (MRC<3) were excluded as well as those with identical complaints in the past 
twelve months, or a history of spinal surgery, spinal stenosis, deformity or severe 
comorbidity. 
 A computer-generated permuted-block scheme was used for randomization, 
stratified according to center (n=9). One hour before randomization patients were 
again evaluated by independent research nurses. If at that moment, eligibility criteria 
were no longer met due to recovery, patients were as yet excluded. Otherwise suc-
cessive numbered opaque envelopes containing the assigned strategy were opened. 

Assessed for eligibility (n=599)

MRI n=395

Randomization n=283

early surgery (n=141)
Surgery n=125 (89%)
Early lost to follow-up (n=1)

Conservative treatment (n=142)
No surgery n=87 (61%)
Early lost to follow-up (n=1)

Lost to follow-up at 1 year (n=4)
Total lost to follow-up (n=11)

Allocation

excluded (n=204)
Exclusion criteria (n=180)
Refused to participate (n=24)

excluded (n=112)
No disc herniation (n=70)
Recovery (n=31)
Refused to participate (n=11)

Lost to follow-up at 1 year (n=3)
Total lost to follow-up (n=12)
No surgery n=80 (56%)

Analyzed at 1 year (n=140)
Analyzed at 2 years (n=130)

Analyzed at 1 year (n=141)
Analyzed at 2 years (n=130)

Follow-up

Analysis

Figure 1. Flow-diagram for 2 years of follow-up *
*  Data of patients lost to follow-up were carried forward for 2 year analysis. No difference was registered between 

Mantel Haenszel analyses with or without these patients.
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Beforehand patients were notified that they were participating in a study compar-
ing 2 different strategies for timing-of-intervention strategies rather than comparing 
surgery with non-surgical treatment. Obviously patients could not be blinded to the 
assigned treatment arm.

Treatment
Early surgery was preferably scheduled within 2 weeks of assignment and only can-
celled if spontaneous recovery occurred before the date of surgery. The disk hernia-
tion was removed through an unilateral transflaval approach using magnification. 
Occasionally, at the discretion of the surgeon, a bilateral exploration was performed . 
After annular fenestration and decompression of the nerve root the risk of recurrent 
disk herniation was reduced by removal of loose degenerated disk material out of 
the disk space using curette and rongeur, without striving for a subtotal diskectomy. 
The duration of the hospital stay depended on the patient’s functional ability to mo-
bilize. At home the rehabilitation process was supervised by the physiotherapist. De-
pending on the nature of their work patients were advised to resume their regular 
jobs after 6 weeks onwards. 
 Prolonged conservative management was provided by the family practitioner. 
Ample information was supplied about the favorable prognosis. Treatment en-
compassed the prescription of effective painkillers according to prevailing guide-
lines and the advice to resume daily activities if feasible. A mobilisation scheme, 
based on time rather than pain, was recommended without checking the compli-
ance. If considerable fear of movement was present, guidance of a physiotherapist 
was recommended. If sciatica persisted 6 months after randomization microdiske-
ctomy was considered. Increasing leg pain not responsive to medications and pro-
gressive neurological deficit were indications to perform surgery earlier, within 
6 months. 

Outcomes
Primary outcomes were measured by means of the Roland Disability Questionnaire 
for Sciatica (RDQ)114, 100 mm visual analogue scale for leg pain (VAS-leg)109 and a 
7-point Likert self-rating scale of global perceived recovery. The questionnaires were 
assessed at 2, 4, 8, 12, 26, 38, 52, 78 and 104 weeks. 
 Secondary outcomes, such as a repeated neurological examination, VAS back 
pain, functional-economic observational assessments (PROLO104 by the indepen-
dent Research Nurse, as well as Quality of Life scales107were filled out at monitoring 
visits scheduled at 8, 26, 52, 78 and 104 weeks. Research Nurses observed their own 
patients at the planned follow-up moments and were aware of the patient’s treat-
ment assignment.
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Table 1 Baseline and Follow-up Characteristics of Patients with Sciatica*
Table 1 Patient Characteristics early Surgery

(n=141)
Conservative 

(n=142)
Age (yr) 41.7 ± 9,9 43.4 ± 9,6
Male sex —no (%) 89 (63) 97 (68)
Quetelet-index† 25.9 ± 4.1 25.8 ± 4.0
Duration of sciatica in weeks 9.43 ± 2.37 9.48 ± 2.11
Took sick leave from work, no (%) 107 (76) 116 (82)
Duration sick leave in weeks 5.32 ± 2.78 5.28 ± 2.62
Radiating pain left leg-no (%) 67 (48) 73 (51)
Positive straight leg-raising test % ‡ 100 (71) 104 (73)
Positive crossed straight leg-raising test % ‡ 71 (50) 70 (49)
Sensory loss, no (%) 123 (87) 128 (90)
Dermatome anaesthesia, no (%) 31 (22) 33 (23)
Muscle weakness, no (%) 93 (66) 99 (70)
Knee tendon reflex difference, no (%) 54 (38) 51 (36) 
Ankle tendon reflex difference, no (%) 75 (53) 107 (75)
Clinically suspected level herniated disk
Clinically suspected disk level L3-L4 no (%) 6 (4) 5 (4)
Clinically suspected disk level L4-L5 no (%) 69 (49) 57 (40)
Clinically suspected disk level L5-S1 no (%) 66 (47) 83 (58)
Preference conservative treatment-no (%) 42 (30) 43 (30)
Surgical Treatment during follow-up early Surgery Conservative 
Surgery actually performed in first year (%) 125 (89) 55 (39)
Surgeries during 2 years (%) 125 (89) 62 (44)
Mean time to surgery in weeks (CI) 2.2 (1.9-2.5) 18.7 (14.3-23.0)
Median time in weeks (Interquartile Range) 1.9 (1.1-2.4) 14.6 (6.4-26.0)
Recurrent disk surgery (%) 7 (6) 4 (6)
Roland Disabilty Questionnaire Score § 16.5 ± 4.4 16.3 ± 3.9
Score on visual analogue scale ¶ 
VAS leg pain 67.2 ± 27.7 64.4 ± 21.2
VAS back pain 33.8 ± 29.6 30.8 ±27.7
Short form-36 Scores ||
SF-36 bodily pain 21.9 ± 16.6 23.9± 18.1
SF-36 physical functioning 33.9 ± 19.6 34.6 ± 19.0

*  Plus-minus value are means ± SD. There were no significant differences among the two groups on any of the 
baseline characteristics.

†  Quetelet-Index or Body-Mass Index is calculated by dividing the weight in kilograms by the squared length in 
meters. Higher scores define overweight.

‡  Lasègue’s sign was defined positive if the examiner observed a typically dermatomal area of pain reproduction 
and pelvic muscle resistance during unilateral provocative straight leg raising below an angle of 60 degrees, and 
crossed positive if the same experience was noted raising the other leg below 90 degrees.

§  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.

||  SF-36 is the abbreviation of Medical Outcomes Study 36-Item Short Form Health Survey (Range 0-100) and is 
a generic health status questionnaire consisting of 36 items on physical and social functioning delineating 8 
domains of quality. Higher score indicates less severe symptoms.
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Statistical analysis
The aim of this study was to estimate the difference between the two treatments in 
disease-specific disability of daily functioning measured with the RDQ. Assuming a 
mean standard deviation of 10 points81 over the first year 140 patients were calcu-
lated to be required per treatment arm to provide a statistical power of 0.90 with a 
two-tailed significance level of 0.05 to detect at least three points difference in the 
RDQ. 
 Recovery corresponded to “satisfactory outcome” and was defined as complete 
or nearly complete disappearance of complaints measured by a 7-point Likert scale. 
The other scores corresponded to “unsatisfactory outcome”. The ratio of the respec-
tive speeds of recovery was estimated using a Cox Proportional Hazard model, pre-
sented as Hazard Ratio with corresponding 95 percent confidence interval. Differ-
ences between groups in the Likert-score at two years were evaluated by Fisher’s 
Exact Tests.
 Data collection and quality checks were performed with the ProMISe web-based 
secure data management system of the Department of Medical Statistics & BioInfor-
matics of the LUMC. For all statistical analyses SPSS 14.0 was used120. Differences be-
tween groups at baseline and after 2 years of follow-up were assessed by comparing 
means, medians or percentages, depending on the type of variable. Baseline values 
of variables were used as covariates in the main analyses whenever appropriate to 
adjust for possible differences between the randomized groups and to increase the 
power of the analyses. Outcomes of function and pain were analyzed using a repeat-
ed measurements analysis of variance with a first order autoregressive covariance 
matrix. Estimated consecutive scores were expressed as means and 95 % confidence 
intervals. Point-wise estimates were obtained using models with time as a categorical 
covariate to allow assessment of systematic patterns. Differences between random-
ization groups were assessed by estimating either the main effect of the treatment or 
the interaction between treatment and time. As a second approach to quantification 
of the differences between the two groups over total follow-up time, “area under the 
curve” quantities (AUC) were calculated between randomization and week 104 and 
subsequently compared using Student t-tests. All analyses were performed accord-
ing to intent-to-treat.

results

Between November 2002 and February 2005, 599 patients had a surgical indication 
for treatment of their sciatica according to their family practitioner (Figure 1). After 
initial consultation with the neurologist, 395 patients met all inclusion criteria and 
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Table 2.  Primary and Secondary Outcomes based on Intent-to-Treat Repeated 
Measurements Analysis *

Table 2.  Continued

8 weeks 26 weeks 52 weeks 104 weeks

Primary
Outcomes

Surgery Conser-
vative

Treatment 
effect

(95% CI)

Surgery Conser-
vative

Treatment 
effect

(95% CI)

Primary
Outcomes

Surgery Conser-
vative

Treatment 
effect

(95% CI)

Surgery Conser-
vative

Treatment 
effect

(95% CI)
Roland
Disabilty 

6.1
(0.5)

9.2
(0.5)

3.1
(1.7 to 4.3)

3.3
(0.5)

3.7
(0.5)

0.4
(-0.9 to 1.7)

Roland
Disabilty

4.0
(0.5)

4.8
(0.5)

0.8
(-0.5 to 2.1)

3.1
(0.5)

2.6
(0.5)

0.5
(-0.8 to 1.8)

vAS-Legpain  10.2
(1.9)

27.9
(1.9)

17.7
(12.3 to 23.1)

11.0
(1.9)

11.0
(1.9)

0
(-4.0 to 4.0)

vAS-Legpain  8.4
(1.9)

14.5
(1.9)

6.1
(2.2 to 10.0)

11.0
(1.9)

9.0
(1.9)

-2
(-6.0 to 2.0)

vAS-
Backpain 

14.4
(2.1)

25.7
(2.1)

11.3
(5.6 to 17.4)

14.2
(2.2)

16.5
(2.1)

2.3
(-3.6 to 8.2)

15.5
(2.2)

17.8
(2.1)

2.3
(-3.6 to 8.2)

15.9
(2.2)

17.3
(2.1)

1.4
(-4.5 to 6.3)

Sf-36
bodily pain

62.8
(2.1)

54.4
(2.0)

-8.4
(-13.5 to -3.2)

81.2
(2.0)

78.5
(1.9)

-2.7
(-7.9 to 2.6)

Sf-36
bodily pain

76.1
(1.1)

72.8
(1.9)

-3.3
(-8.4 to 1.8)

78.4
(1.9)

80.7
(1.8)

2.3
(-2.7 to 7.3

Sf-36
physical 
functioning

71.2
(1.7)

61.9
(1.9)

-9.3
(-14.2 to -4.4)

84.2
(1.8)

82.0
(1.9)

-2.2
(-7.2 to 2.8)

Sf-36
physical 
functioning

79.1
(1.9)

77.6
(1.7)

-1.5
(-6.4 to 3.4)

82.3
(1.9)

83.6
(1.8)

1.3
(-3.7 to 6.3)

Recovered †
Patients (%)

36.5 81.2 44.7 70.8 77.4 6.6 Recovered †
Patients (%)

82.5 85.7 3.2 81.3 78.9 2.4

* Results are described by their mean (SE)
†  Likert global perceived recovery is defined by a 7-point scale “Worse” to “Complete” recovery. Recovery is 

were examined by MRI. At the second visit 283 patients continued to suffer from sci-
atica and the disk herniation had been visualized; they were allocated to one of two 
treatment strategies. No significant differences in baseline characteristics between 
patients were noted for the two study groups (Table 1). Twenty-three patients (8 %) 
were lost to follow-up. Of 141 patients assigned to receive early surgical treatment, 
16 patients recovered before surgery was actually performed. Median time to early 
surgery for the remaining 125 patients was 1.9 weeks (Table 1) after randomization. 
Of the 142 patients assigned to the conservative treatment group 55 underwent sur-
gery during the first year (Table 2) after a median period of 14.6 weeks, because of in-
tractable pain expressed by a mean 54 mm VAS-leg score and RDQ of 15.0, measured 
shortly before deciding to surgery. During the second year after randomization an-
other 7 patients received delayed surgical care because of persistent or intermittent 
pain, resulting in 62 surgically treated patients in the conservative treatment arm. 
In both groups 6 percent of operated patients suffered recurrent sciatica leading to 
a second surgical intervention during the 2 years of follow-up. Complications oc-
curred in 1.6 percent of all surgical patients, involving 2 dural tears and 1 wound 
haematoma. All complications disappeared spontaneously. None of the patients de-
veloped neurological deficit as a result of surgery.
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defined as complete or nearly complete recovery using the Likert 7-point scale. Proportions recovered patients 
between groups at 2 years was not different (p=0.66)

Table 2.  Primary and Secondary Outcomes based on Intent-to-Treat Repeated 
Measurements Analysis *

Table 2.  Continued

8 weeks 26 weeks 52 weeks 104 weeks
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Treatment 
effect

(95% CI)
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Primary
Outcomes

Surgery Conser-
vative

Treatment 
effect

(95% CI)

Surgery Conser-
vative

Treatment 
effect

(95% CI)
Roland
Disabilty 

6.1
(0.5)

9.2
(0.5)

3.1
(1.7 to 4.3)

3.3
(0.5)

3.7
(0.5)

0.4
(-0.9 to 1.7)
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4.0
(0.5)

4.8
(0.5)

0.8
(-0.5 to 2.1)

3.1
(0.5)

2.6
(0.5)

0.5
(-0.8 to 1.8)

vAS-Legpain  10.2
(1.9)

27.9
(1.9)

17.7
(12.3 to 23.1)

11.0
(1.9)

11.0
(1.9)

0
(-4.0 to 4.0)

vAS-Legpain  8.4
(1.9)

14.5
(1.9)

6.1
(2.2 to 10.0)

11.0
(1.9)

9.0
(1.9)

-2
(-6.0 to 2.0)

vAS-
Backpain 

14.4
(2.1)

25.7
(2.1)

11.3
(5.6 to 17.4)

14.2
(2.2)

16.5
(2.1)

2.3
(-3.6 to 8.2)

15.5
(2.2)

17.8
(2.1)

2.3
(-3.6 to 8.2)

15.9
(2.2)

17.3
(2.1)

1.4
(-4.5 to 6.3)

Sf-36
bodily pain

62.8
(2.1)

54.4
(2.0)

-8.4
(-13.5 to -3.2)

81.2
(2.0)

78.5
(1.9)

-2.7
(-7.9 to 2.6)

Sf-36
bodily pain

76.1
(1.1)

72.8
(1.9)

-3.3
(-8.4 to 1.8)

78.4
(1.9)

80.7
(1.8)

2.3
(-2.7 to 7.3

Sf-36
physical 
functioning

71.2
(1.7)

61.9
(1.9)

-9.3
(-14.2 to -4.4)

84.2
(1.8)

82.0
(1.9)

-2.2
(-7.2 to 2.8)

Sf-36
physical 
functioning

79.1
(1.9)

77.6
(1.7)

-1.5
(-6.4 to 3.4)

82.3
(1.9)

83.6
(1.8)

1.3
(-3.7 to 6.3)

Recovered †
Patients (%)

36.5 81.2 44.7 70.8 77.4 6.6 Recovered †
Patients (%)

82.5 85.7 3.2 81.3 78.9 2.4

 The speed of recovery was statistically different between the groups (Cox model, 
p<0.001) resulting in an unadjusted hazard ratio of 1.97 (95 % CI 1.72-2.22): recov-
ery was nearly twice as fast for early surgery129. Ultimately 95 % of patients of both 
groups experienced satisfactory recovery by the end of the first year of follow-up. 
It thus appeared that a slower rate of recovery did not result in a difference in out-
come at one year and this lack of a difference between groups was maintained for 
up to two years. Some patients, however, experienced recurrent low back related 
complaints after the first year, which resulted in 81.3 % satisfactory results at 2 years 
for the early surgery group and 78.9 % for the prolonged conservative care group 
(p=0.66) (Table 2). 
 Repeated measurement analysis of continuous outcomes resulted in different 
courses over time for disability and pain (Table 2; Figure 2). A separation of mean scores 
exists in favor of early surgery during the first half year after randomization, followed 
by converging scores. Areas under the curves (AUC) were significantly different over 
2 years for VAS leg pain (p=0.05) but without an overall significant difference between 
AUC’s for the RDQ (p=0.25) and VAS back pain (p=0.41). Between 12 and 104 weeks 
no statistically significant differences were found between randomized groups for any 
of the primary outcomes at the consecutive fixed follow-up moments. 
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Figure 2. Repeated Measurement Analysis Curves of Mean scores for Roland Disabilty Questionnaire (Panel A), Leg 
Pain (Panel B) and Back Pain (Panel C) on a Visual-Analogue Scale. 
All three panels show the 2-year curves with 95 percent confidence intervals represented by vertical bars at consecu-
tive moments of measurement. Red lines represent the conservative treatment group, while the blue lines represent 
early surgery.
Panel A represents the mean disability scores at consecutive moments of measurement. Although the curves differ, 
and the short term mean results at 8 and 12 weeks show significantly non-overlapping confidence intervals the overall 
difference between the areas under the curves (AUC) over 12 months is not significant (p=0.25).
Panel B represents mean visual analogue scores for intensity of leg pain in mm, showing an early effect for leg pain 
in favour of the surgical group from 2 to 26 weeks, but with near equal scores at one year. The difference between the 
mean AUC’s is significantly different (p<0.05).
Panel C represents mean visual analogue scores for intensity of low back pain in mm. Starting with a lower intensity 
score when compared to leg pain, the mean AUC’s exhibit a less strong and not significant difference (p=0.41)
* Area’s under the curve are expressed by their means ± SE, while the mean difference is expressed by the correspond-
ing 95 percent confidence interval

Panel A Panel B

Panel C
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 Irrespective of assigned treatment those 56 patients (20 %), who had unsatisfac-
tory results according to the global perceived recovery score at two years, had statis-
tically different RDQ, VAS leg pain, and VAS back pain scores (Table 3) as compared 
to those with a satisfactory outcome (Mann-Whitney; p<0.001). Since these outcome 
scores had skewed distributions and large standard deviations, box-plots visualizing 
median, percentiles and outliers are presented instead of 95 % confidence intervals 
(Figure 3).

discussion

Although early surgery compared to prolonged conservative care resulted in twice 
as fast recovery from severe sciatica after a period of six to twelve weeks, one and 
two year outcome scores for both groups were rather similar. The major advantage 
of early surgery for patients is rapid relief of leg pain, reassurance of recovery and 
earlier return to normal activities including work. While a strategy of delayed sur-
gery may cause some additional weeks of suffering, up to 56 % of patients obviated 
surgery. Remarkably, early surgery did not decrease the risk of an unsatisfactory out-
come at 1 or 2 years. Although the risk is relatively low, still 20 % of the patients suf-
fered from recurrent or chronic pain and disability after 1 and 2 years of follow-up.
Since 8 % of patients were lost to follow-up for various reasons the study lost some 
power. Analyses without or including last scores carried forward provided similar 
results. Furthermore baseline characteristics among drop-outs were comparable to 
all those providing the 2 year follow-up data. Nevertheless, it remains possible that 
selective lost-to-follow-up has occurred. 
 Patients randomized to conservative care were guided by research nurses who 
supported patients with information and counselling. It is obviously impossible to 
blind patients and practical limitations prevented the randomization result to be con-
cealed from the independent research nurses. Although this additional support did 
not prevent the operations of 39 % of patients during the first year it does not reflect 
usual care. However, this guidance by research nurses has occurred in all cases and 
therefore may have affected the results in both groups. Obviously research nurses 
are not present in usual care situations hampering implementation of a strategy of 
delayed surgery. However, their counselling function may be performed by the re-
cent introduction of nurse-practitioners or physician-assistants, who are quite able to 
support patients with information and guidance. 
 The finding that ultimately prolonged conservative care results in outcomes simi-
lar to those of early surgery is not new and had already been reported by Weber 
in 198340. In the latter study, however, patients with severe sciatica were excluded. 
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Table 3. Primary outcome scores according to dichotomized perceived recovery 
at 2 years *
Outcome † RDQ vAS leg pain vAS back pain
unsatisfactory recovery ‡ 
(n=56/20 %)

10.8 (5.6) 35.5 (27.0) 53.3 (106.2)

Satisfactory recovery ‡
(n=225/80%)

1.5 (2.8) 5.1 (10.3) 7.4 (11.5)

Total (n=281) 3.4 (5.2) 11.1 (19.3) 16.8 (52.2)

* Scores of primary outcomes are described by their mean (SD)
† Mann-Whitney nonparametric two-sided test for all three outcome differences between groups (p<0.001) 
‡  The 7-point Likert scale was dichotomized. Complete and nearly complete recovery represent “satisfactory” 

outcome, while the other 5 scores ranging from some recovery to severe worsening of complaints were “un-
satisfactory”. 

Figure 3. Boxplots; primary outcome scores according to perceived recovery at 12 months * †
* These scores are defined as outliers 
† Medians are presented in interquartile boxes. Mann-Whitney statistics p<0.001

Panel A Panel B

Since this landmark randomized trial showed outcome scores to converge after only 
4 years, patients with severe sciatica were not easy to convince that postponement of 
surgery might be effective in the short term for at least some of them and would not 
be harmful. After the Weber study several high quality observational cohort series 
presented significantly worse results after prolonged conservative care as compared 
to surgery. Two studies163;184 found a threshold of two months of sciatica, after which 
the risk of an unsatisfactory outcome increases. The present study presents more in-
sight into this topic. Since these otherwise nicely performed studies were not based 
on randomized cohorts, baseline factors of patients may not be completely compa-
rable and therefore interpretation of the results is hazardous. It may be concluded 
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that advising early surgery to all patients with the goal to minimize the chance of 
long-term disability is not justified. Nygaard185 as well as Ng186 pointed out in com-
parable observational studies that delayed surgery after 8 and 12 months of sciatica 
respectively produced worse results compared to timing of surgery before these 
limits. These studies do not per se contradict the present trial, but our data do not 
support their conclusions either. Indeed it is difficult to keep patients with persistent 
sciatica on a conservative treatment plan for longer than 8-12 months. However, the 
substructure of a strategy of surgery before 8 months should be base on a random-
ized controlled trial considering different time windows of complaints. The trend in 
the studies by Weinstein49, Osterman66 and Butterman126, however, does not point 
to an unsatisfactory outcome of prolonged conservative care. Because these trials as 
well as the present study had a randomized design we conclude that early surgery in 
patients, with 6-12 weeks sciatica, does not lead to markedly improved functioning 
over the first year. The therapeutic role of surgery is restricted to faster recovery and 
relief of leg pain, which, however, may yield a valuable gain for a large proportion 
of patients in Western society, who are not able or willing to await the natural course 
with possibly delayed surgery. A second conclusion is that prolonged conservative 
care does not result in an increase in unsatisfactory outcomes at 2 years and disk 
operations may be reduced by at least 50 % with similar outcomes after 1-2 years of 
follow-up. 
 Notwithstanding similar long-term treatment effects presented by four roughly 
comparable randomized controlled trials, our data unequivocally show that pro-
longed conservative care with possibly delayed surgery resulted in a significantly 
slower rate of recovery. If the purpose is to gain fast pain relief, early surgery remains 
a valuable treatment option for well-informed patients after at least 6 weeks of sci-
atica.
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10
SynTheSIS & GeneRAL DISCuSSIOn

“The art of medicine consists of comforting the patient 
for a few months while nature cures the sciatica. “  

(Adaptation of Voltaire)
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The majority of patients with sciatica recover in 2-3 months. After this period general 
practitioners refer patients with persistent leg pain to the neurologist or rheumatolo-
gist. A considerable proportion of these patients however are not diagnosed with a 
radicular syndrome or, if diagnosed, do not have a lumbar disk herniation. The exact 
course of natural recovery from sciatica over the first year is not known. 
 Several conclusions can be drawn from the randomized controlled trial, present-
ed in this thesis. Undoubtedly early surgery for sciatica more quickly relieved the 
excruciating leg pain compared to the prolonged ‘wait and see’ strategy. The positive 
effect of early surgery on the speed of recovery was present for all subgroups except 
for patients without ‘leg-pain provoked by sitting’. After one and two years the re-
sults of early surgery and prolonged ‘wait and see’ were not different. Female gender 
was a strong predictor of unsatisfactory outcome, but this finding resulted from post-
hoc analysis and therefore affirmation of this finding and its possible implications on 
an individual and societal level needs future studies.
 Timing of surgery was based on today’s guidelines. Although not specifically de-
signed for this purpose, one may question to what degree this thesis produces sci-
entific support for the current guideline strategy for the timing of disk surgery. One 
unequivocal answer is hard to give. 

This thesis assesses the efficacy of different timing strategies for surgical treatment 
of sciatica, caused by a lumbar disk herniation. In the first part of this chapter the 
implications of the results for patients with 6 to 12 weeks of persistent sciatica are 
discussed. Is this the appropriate time frame to consider disk surgery? Or is it better 
to await a finally favorable natural course? 
 By reviewing the literature (Chapter 2) and conducting a randomized controlled 
trial (RCT) we now have more knowledge about the results of the current guideline 
regarding efficient timing of surgery. Did we find the optimal period for ‘wait-and-
see’ before surgery? 
 In the second part of this chapter new steps to optimize the treatment strategy for 
sciatica are discussed: comparison in an international context and implementation of 
a new strategy for timing of surgery based on patient preferences.

the oPtimal timing of surgery

Although the execution of the classical guideline recommending early surgery after 6 
weeks of sciatica resulted in quicker relief of leg pain and gave a feeling of complete 
recovery sooner, it did not result in a higher proportion of recovery at 1-year follow-
up compared to prolonged conservative care129. Furthermore our RCT (Chapter 4) 
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could not detect an overall difference in functional disability at 1 year between those 
receiving early surgery after a short period of sciatica on the one hand and those who 
had the intention to delay the execution of surgery on the other. A strong argument 
for the majority of patients to consider ‘early’ surgery was the fear of the sciatic pain 
to become chronic. This fear appears not to be justified, since our search to factors 
predictive of unsatisfactory outcome (Chapter 8) and the 2-year follow-up analysis 
(Chapter 9) did not show differences in chronic pain between the two strategies. 
 Probably surgery after 6 to 12 weeks of sciatica is optimal for those with sciatica 
provoked by sitting (Chapter 6) and for those with intense pain and high disease-
specific disability scores, the baseline values of which predicted a higher probability 
on late surgery in the conservative treatment cohort (Chapter 7). However, since 
these results were derived from subgroup analyses these findings have to be ad-
dressed carefully. From a societal point of view surgery can be considered to be cost-
effective over the first year, when a threshold of $ 50,000 per Quality Adjusted Life 
Year (QALY) is acceptable and definitely is cost-effective when $ 100,000 is deemed 
acceptable (Chapter 5). Although significantly different, the overall one-year differ-
ence in QALY’s was quite low between groups, and early surgery did not yield a 
more favorable long-term effect on direct and indirect costs compared to prolonged 
conservative care. Early surgery did not result in the expected benefit in indirect 
costs. 

Early surgery may be preferred by individuals who outweigh the gain of quick 
recovery against the favorable natural course, which in fact includes a substantial 
chance of late surgery. Sufficiently informed patients are now able to choose, and 
based on the new knowledge physicians and certainly society should not ‘decide’ 
for them 161.

Was the study aPProPriately designed to define the oPtimal 
Waiting Period before surgery?

We conducted this trial to evaluate the effectiveness of the current guideline rec-
ommendation. The major arguments were the varying rates of low back surgery in 
Western society, with a relatively high one in The Netherlands and combined with 
doubt regarding the evidence underlying the internationally well accepted 6-week 
threshold, before surgery is considered. Since previous comparative studies163;186;187 
promoting early surgery had a non-randomized design and the landmark random-
ized study by Weber40, advocating prolonged conservative care, did not include pa-
tients with severe sciatica, there was a scientific need to study a more representative 
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population. Since the main advantage of surgery compared to prolonged conserva-
tive care was expected to be the gain in time to recovery and prevention of chronic 
disability, power and design of the study were focused on short-term results of the 
current guideline and not on a comparison between surgery and non-surgical treat-
ment per se. To evaluate the effect of surgical timing on chronic disability a longer 
follow-up period is necessary.
 In some observational cohort studies delayed surgery after 8 weeks resulted in 
less favorable outcomes compared to surgery before this period163;184. Other studies 
with a comparable design but another time frame provided data that this threshold 
might be 8 or 12 months of persistent sciatica after which period the risk of an unfa-
vourable outcome rises significantly186;187. Our trial results are not in conflict with the 
latter conclusions, but do reject the former. Surgical treatment of every patient with 6 
weeks of persistent sciatica, with the goal to prevent unfavorable outcome or chronic 
pain, will result in an unacceptable high rate of interventions for a disease with a 
favorable natural course. Since our trial does not have the disadvantage of incompa-
rable baseline groups of these observational studies, our results are of a higher level 
of evidence and support the conclusion that the optimal period of “wait-and-see” 
can be defined as longer than this attractively clear-cut 6 to 8 weeks period. 
 For defining the optimal period of ‘wait and see’ before surgery another study 
design has to be considered. In order to estimate the specific effects of surgery, theo-
retically sham surgery for the control group would definitely give the final answer. 
Obviously execution of such a trial is hampered by ethical objections. In addition 
only patients with moderate complaints might opt to be included in such a trial, 
leading to selection bias and a non-representative study population.
 On the basis of our study we cannot answer the question: is the optimal period of 
waiting for surgery 6 weeks or should it be longer? Arguments are lacking to reject 
the current Dutch guideline recommendation about the timing of surgery. The data 
of our study, however, do support an “informed” decision strategy for patients and 
physicians to individually outweigh the advantages and disadvantages of both tim-
ing-of-surgery choices. In patients with severe sciatica one would expect individual 
preferences to present influence on surgical decision making and outcomes, like has 
been established in other diseases and low back related disorders. With regard to 
the short-term speed of recovery or 1-year outcomes this trial did not reveal any 
predictive or interaction effects between personal preferences on the one hand and 
the randomized treatment strategy on the other. Most patients accrued for participa-
tion in this study, however, wanted very urgently to undergo surgery. Patients, who 
preferred non surgical treatment were not included or hypothetically did not visit 
the general practitioners or neurologists at all. This variable selection bias inevitably 
influenced the results of both subgroup analyses of this study. Since ample evidence 
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presents for the high impact of preferences on surgical strategies and outcome we 
advise to reject our conflicting finding and to develop shared informed patient deci-
sion programs which incorporates individual preferences168. 

restrictions in Performance 

Although the over-all results of our study are unequivocal, some points of attention 
need to be highlighted and which may have some implications for future research 
and the daily care of sciatica patients.
•  Since patients were referred by family physicians to neurologists, the eligibility 

criteria were checked. In order to exactly define how many patients were exclud-
ed, all patients should have been registered and reasons for exclusion given by 
the neurologist. However, compliance to this procedure was not optimal despite 
repeated requests from the research team. Although the baseline data of our sam-
ple of patients does represent severe sciatica, patients might have been excluded 
selectively.

•  Research nurses guided the trial patients included in the randomized trial. Al-
though this affected both randomized groups in the same direction, one might 
object that the conservative treatment group received more attention, which is 
not the case in usual care. We do not know what the effect size of this extra at-
tention might be. To reassure future patients about the favorable natural course, 
attention should be given to sufficient counselling and education.

•  Surgery was performed by the conventional microdiskectomy approach, with par-
tial removal of degenerated disk material. Recent data show conflicting evidence 
regarding minimal conservative removal of the sequestrated protrusion only123;188. 
This might have affected the post-operative course in an unfavorable direction. We 
intentionally chose for this conventional approach because it involved usual care, 
and maintains to be the golden standard64. So far, microdiskectomy as an effective 
treatment method has not yet been overshadowed by other approaches.

•  Generally it was advised to resume work 6 to 8 weeks postoperatively. As this 
was regular post surgical care during the execution of the trial, this might have re-
sulted in a relatively small contrast in working disability between the two groups. 
Thus in favor of the conservative treatment arm during cost-effectiveness analy-
sis since these patients started working again despite their pain (Chapter 5). In 
contrast during recent years the period of rehabilitation after surgery has been 
reduced to 2 weeks in most primary care settings.

•  Some patients, assigned to the conservative treatment group, received conflicting 
information, regarding the ‘necessity’ for surgery, and this might have caused 
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them to request for surgery sooner. This could have been prevented by better 
cooperation with physiotherapists and primary care physicians. Hypothetically 
this may have resulted in a larger proportion of patients who underwent surgery 
in the conservative treatment arm than reasonably would have been the case if 
the protocol had been followed strictly.

variations in outcome definitions

These are perhaps the most important points of concern 
•  When designing the study, early surgery was deemed to be superior if the Roland 

disability questionnaire resulted in at least an 3-point average difference during 
all follow-up moments during the first year81;114. Furthermore a perceived recov-
ery difference of more than 20 % at one year would strongly support an early sur-
gery strategy. Both null hypotheses were not rejected and despite this evidence 
in favor of prolonged conservative care, most reviewers and readers highlighted 
the difference in quicker recovery rates in favor of early surgery.

•  Another hypothesis was time until complete recovery. However, the actual mea-
surement of complete recovery was performed at pre-scheduled visits leading to 
interval censoring. Indeed it would have been more appropriate, if registration 
of recovery had been done at the actual (though difficult to observe) moment 
of perceived recovery. Again, this affected both groups, but hypothetically the 
prolonged conservative care group had a disadvantage because meetings with 
research nurses were scheduled at longer intervals in time after 3 months of fol-
low-up, and delayed recovery might have occurred during these intervals.

•  Furthermore the methodology of survival analysis does not take into account 
recurrent sciatica or other low back related complaints. After perceived recov-
ery patients are excluded from analysis and if recurrence of complaints is experi-
enced these patients cannot be re-enrolled. This is a major drawback of pragmatic 
studies investigating the effectiveness of treatments for disorders which might 
recur after recovery. For example in both randomization arms 95 % of perceived 
recovery was registered during the first year according to survival analysis, but at 
exactly 1 year and 2 years of follow-up 87 % and 80 % of all patients, respectively, 
reported that they had recovered. Some individuals reported complete recovery 
but later these same individuals, apparently suffering recurrent symptoms of leg 
or back pain, experienced no improvement or even deterioration compared to 
the pre-randomization status. To solve this problem, it may be necessary to rede-
fine “recovery” by absence of symptoms for at least a well demarcated period of 
time. Unfortunately there are no simple statistical solutions to this problem that 
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affects not only spinal pathology, but rheumatologic and neurological disorders 
as well; however the theory of multi state models, currently becoming “popular” 
as an extension of survival analysis, for example in the framework of bone mar-
row transplants, may offer a perspective here too. In these (complex) models, the 
patient may enter a state of “recovery” but then leave that state again and return 
to it later; the transitions between various states describe the process of falling ill 
and recovery. It is worthwhile to investigate the application of multi state models 
in the context of the before mentioned disorders.

Despite these methodological drawbacks “The Sciatica Trial” irrefutably showed that 
the major advantage of early surgery for patients after 6 to 12 weeks of sciatica is 
quick recovery of leg pain and quality of life but the outcomes at one year are nearly 
equivalent to a strategy of prolonged conservative care with delayed surgery.

does oPtimal surgical timing exist?

We designed this RCT (Chapter 3) to evaluate the current recommendation to carry 
out surgery early, i.e. after 6 weeks of sciatica. Previous reports showed a high inci-
dence of low back surgery in the United States and The Netherlands46. Since medical 
opinions from other Western countries do not differ as to in the recommendations 
to consider surgery after an initial period of 6 weeks of persistent sciatica, it can be 
assumed that incidences reported in Cherkin’s study apparently underreport the 
surgical prevalence from neighbouring European countries.

A recently published randomized trial by Weinstein et al. comparing surgery with 
non surgical treatment per se48;49, included patients with highly variable duration 
of complaints. Their trial results support a rather conservative approach. A surgi-
cal strategy did not lead to significant differences compared to conservative care in 
the intent-to-treat analysis. In contrast to the main study, their observational cohort 
study did present some short term advantages of surgery over conservative care. 
Obviously this finding carries a lower level of evidence than their randomized con-
trolled trial in which they could not reveal any short term superiority of surgery. As 
in our trial there was considerable cross-over from the conservative treatment arm 
to the surgical one. In the early surgical treatment arm of “The Sciatica Trial” this 
intervention was planned prompt after randomization, leading to a mean time of 
less than 12 weeks of complaints before surgery was executed. The timing of surgery 
in the Weinstein study, however, was left to the participating hospitals and patients, 
which resulted in varying periods in time during the first year before surgery was 
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executed. A substantial part of the patients did not undergo surgery at all, while they 
were assigned to this intervention. This lack of contrast between treatment groups 
might have resulted in the absence of differences. Besides the seemingly at random 
scheduling of surgery after allocation of treatment, patients were amply informed 
about both strategies by a video which might have changed the preferences of pa-
tients and caused them to be reluctant to undergo surgery. Moreover, the choice for 
primary outcomes of the SPORT study differed from our trial. While relief of pain 
and speed of global perceived recovery are of primary concern to patients and both 
issues are quite susceptible to treatment, the SPORT study designers decided to eval-
uate general perceived quality of life, measured by the Short-Form 36. Furthermore 
a substantial proportion of their patients had baseline sciatica for at least 6 months, 
resulting in quite variable duration of complaints as compared to our trial, which, 
because of the primary objective to evaluate early timing of surgery, only included 
patients with complaints for less than 12 weeks. In conclusion the apparently similar 
designs of both trials did have different objectives, analysis methods and patient 
populations and thus resulted in a more demarcated early treatment effect in “The 
Sciatica Trial”. But the long term results of their trial49, the Weber trial40, the smaller 
Ostermann’s study66and the present study provide no evidence in favor of surgery 
at 2 year follow-up. Apart from an early gain in recovery in Ostermann’s and our 
study surgery did not prevent an unsatisfactory outcome better than the control 
group. This conclusion raises doubts about the role of surgery in the seemingly unaf-
fected natural course of sciatica. One may concur that a RCT is needed to compare 
microdiskectomy with placebo or sham surgery. At least all these arguments raise 
doubt on the very existence of an optimal timing for surgery in the disease course 
applicable to all sufferers from it.

In addition the question arises whether the study offers data supporting an indi-
vidualized optimal timing of surgery. Our trial protocol (Chapter 3) chose surgery 
delayed until 6 months after randomization for the conservative treatment arm. 
Since baseline complaints lasted on average 9 weeks (2 months) this period of 8 
months of conservative care was expected. Despite strenuous efforts of patients, 
research team and physicians, most of the 55 surgical patients of the conservative 
arm were operated on well before this period resulting in a mean of 27 weeks of 
sciatica complaints before surgery was performed in the prolonged conservative 
care group. Therefore our trial results do not contradict the observational study 
of Nygaard187, who described worse results for patients with at least 8 months of 
complaints compared with those experiencing shorter durations of sciatica before 
surgery was executed. Furthermore in view of the observed difficulties of conserva-
tive treatment for this very painful group it might be a hard job to perform a future 
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randomized trial in this group. However, we cannot state in general that the opti-
mal period is 8 months. 
 For example, high leg pain intensity and the inability to sit and a confirmed disk 
herniation, might be good arguments for an individual patient to time surgery early 
which preference should not be disregarded because of the opinion of treating phy-
sicians. On the basis of patient preferences and good information about the alterna-
tive natural course combined with registered pain and disability scores (Chapter 7), 
we can at present conclude that the optimal timing of surgery is an individual ques-
tion, which cannot be generalized to cover all primary or secondary care patients. 

current status and future research

Implementation of a shared health decision program for sciatica is necessary to im-
prove health care for this specific group of low back disorder patients. Surgery is 
a safe and cost-effective method to conquer sciatic pain quickly. Most neurological 
and radiological signs do not predict the course of sciatica. Since pain and disability 
scores reflect the individual situation, exhibit a predictive value for surgery and can 
be used to monitor the patient with sciatica, there is a need for implementation of 
these scores in daily care to improve the quality of treatment. The occurrence of 
chronic disabling disease after a period of sciatica needs further study. At least early 
surgery does not prevent its development. More elaborate survival models are de-
signed to evaluate recurrence of disease complaints (Chapter 10). For the purpose of 
future intervention prognostic spine studies these sophisticated but complex epide-
miological calculations will be executed in close cooperation with the Department of 
Medical Statistics. The baseline data of the present study will be analysed using these 
multi-state models with the goal to predict unsatisfactory outcome at 2 and 5 years. 
Finally, in our quest to evaluate invasive treatments for spine disorders by compara-
tive cost-effectiveness studies we have to search for novel more rigorous research 
methods to be better able to answer clinically important research questions.
 

conclusion

The results of this thesis do not contradict, nor do they support the current strategy 
of early disk surgery after 6 weeks of sciatica. A hypothetical future study to describe 
the natural course of sciatica during the first year in detail will not change the discus-
sion about the timing of surgery. 
 Compared to prolonged conservative care, early surgery quickly relieves sciatica, 
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especially for those unable to sit as a consequence of provoked leg pain. Furthermore 
those with higher VAS leg-pain en RDQS scores are at a greater risk to suffer pro-
longed disability and delayed surgery when treated conservatively. On the basis of 
the information acquired individual patients now are better able to decide for them-
selves since they can be informed about the expected outcomes of both treatment 
modalities. 
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summary

Background
Although sciatica is as old as mankind its cause remained unknown throughout the 
centuries. The typical symptom complex of a diseased lumbosacral nerve root was 
not correlated with an anatomical substrate until some 75 years ago. The cause is a 
disk herniation, an entity which can easily removed be treated surgically but ap-
pears susceptible to spontaneous cure as well. Although surgery seemed to be the 
preferred method of cure for persistent sciatica from 1934 on, the optimal time of ex-
ecution remained unknown (Chapter 1). A review of literature presented the state of 
the art in epidemiology, diagnosis, conservative and surgical treatments for sciatica 
caused by a disk herniation. The clinical diagnosis is based on descriptive criteria 
and only needs radiological affirmation of nerve root compression before further in-
vasive treatment is discussed. (Chapter 2). The review concluded with uncertainties 
around the appropriate conservative or surgical treatment for disk herniation related 
sciatica. For a disease with such a high incidence, societal impact and internationally 
varying surgery rates, it is amazing to realize that the 6 weeks “wait-and-see” period 
is based on empirical medicine without any substantial evidence. 

Objectives and design of the trial
After evaluation of the existing scientific literature it was clear that, with concern to 
the superiority of ‘relative’ early timing of surgery, no evidence supported this strat-
egy for most patients with 6 to 12 weeks of non-remitting sciatica. Besides this fact 
no prospective trial had been performed yet with the goal to estimate the economic 
and societal impact of disk surgery compared to prolonged conservative care. For 
this reason a randomized trial protocol had to be developed, to answer the ques-
tion whether early surgery would effectively speed up recovery and if this strategy 
was cost-effective compared to prolonged conservative care. A third objective was 
to estimate the effect of early surgery on speed of recovery and 1 year outcome for 
predefined subgroup variables. 
 The design of The Sciatica Trial with subsequent NWO/ZonMW grant approval 
lasted 2-3 years, including considerable methodological struggle but with the gain 
of epidemiological knowledge. Background, methods and design of analysis of this 
trial were described in detail (Chapter 3). To answer the question whether early sur-
gery, after 6 to 12 weeks of sciatica, is an effective treatment, this strategy would have 
to be compared randomly with prolonged conservative care and eventual delayed 
surgery among at least 280 patients. To accrue enough patients with an unequivocal 
radicular syndrome, 9 regional hospitals in Holland participated in the study after 
approval of the protocol by the Medical Ethics Committee. The protocol included a 
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conservative treatment recommendation for participating family practitioners, who 
guided those patients allocated to prolonged non-surgical treatment group.

Key findings
Although relief of complaints was twice as fast for sciatica patients who underwent 
early surgery, this multicenter randomized trial (n=283) demonstrated that this strat-
egy did not result in a better overall 1-year functional recovery rate when compared 
with a policy of prolonged conservative treatment with eventual delayed surgery. 
During one year 89 percent of patients in the early surgery group and 39 percent of 
the conservative treatment group underwent microdiskectomy. At one-year follow-
up no significant differences were detected in mean scores for any outcome mea-
surements, including leg pain. Thus, the major advantage of early surgical treatment 
remained the faster relief of sciatica. The study results indirectly provide individual 
patients with sciatica who are considering disk surgery with information about how 
early surgery and conservative treatment affect the three separate outcome param-
eters, i.e. disease-specific disability, intensity of leg pain and time to recovery. (Chap-
ter 4).
 Faster recovery from sciatica makes early surgery more likely to be cost-effective 
than prolonged conservative care. The estimated difference in health care costs was 
acceptable and was compensated by the difference in absenteeism from work. For a 
willingness to pay $50,000 or more per Quality Adjusted Life Year, early surgery need 
not be withheld for economic reasons. (Chapter 5).
 Except for “sciatica provoked by sitting” early surgery compared to prolonged 
conservative care yielded significantly faster rates of recovery for all investigated 
variables. If patients were able to sit without provoking sciatica early surgery did not 
result in faster recovery compared to conservative treatment. In contrast to former 
beliefs the straight leg raising test and morphology of the disk herniation failed to 
affect the short-term speed of recovery by early surgery versus prolonged conserva-
tive care. (Chapter 6). Higher initial disability scores and intensity of leg pain scores 
were found to have a predictive value for the probability for delayed surgery (39 %) 
in a cohort of 142 patients during a strategy of prolonged conservative care. Surgery 
after 6 to 12 weeks of sciatica may continue to be a valuable tool for those patients 
with continuous pain of high intensity and high disability scores as a sign of severe 
sciatica (Chapter 7). We have demonstrated unequivocally that female gender is an 
independent predictive determinant for an unsatisfactory outcome at one year after 
a 6 to 12-week period of severe sciatica irrespective of surgery. (Chapter 8). The esti-
mated odds for a long-term poor outcome were 3.3 higher for female patients with 
sciatica than for males and this finding was statistically highly significant. In addition 
females exhibited a slower recovery from sciatica. Irrespective of treatment the pro-
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portion of patients with a good outcome was 87 % at one year. Since this is the actual 
state of the patients at 12 months, this proportion is lower than the 95 % perceived 
recovery during the first year as indicated by survival analysis. The mean disability 
and pain scores of patients with an unsatisfactory outcome at one year in this trial 
represent painful and disabling suffering. Quantification of the degree of failure has 
not yet been reported before. 
 During analysis of 2-year follow-up data, both strategies, early surgery and pro-
longed conservative care, resulted in similar outcomes at two years but early surgery 
achieved more rapid leg pain relief. Prolonged conservative care for 6-8 months was 
safe and did not result in a higher proportion of unsatisfactory outcomes at two years. 
(Chapter 9).Remarkably, early surgery did not prevent the risk of an unsatisfactory 
outcome at 1 or 2 years. In our study 20 % of the patients suffered chronic pain after 
a first episode of sciatica. Those with unsatisfactory outcomes scored worse on all 
outcomes corresponding to grave disability. 

conclusions

The optimal timing of surgery for sciatica cannot be defined for all patients, it re-
mains a personal choice. After the classical guideline threshold of 6 to 12 weeks na-
ture is still able to cure sciatica in a considerable proportion (60 %) of patients during 
the following months. Early surgery resulted in a recovery twice as fast compared 
to conservative care. From a cost-utility perspective data analysis showed that early 
surgery is an acceptable treatment. To operate on all patients without recovery in the 
first 3 months, however, would lead to unnecessary interventions, unless patients 
are aware of the potential alternatives for a favorable natural course. There were 
no clinical or imaging predictors of which patients would do better with surgery, 
although the presence of leg pain provoked by sitting was a potential determinant. 
Moreover, more intense leg pain and disability resulted in a higher chance on delayed 
surgery during a strategy of conservative care. Surgery could not prevent grave dis-
ability, which cripples 20 % of patients at 2 years irrespective their treatment. Future 
research will address this problem of chronic disability in this minority of patients, 
which has received only minimal attention in the past. (Chapter 10).
 Physicians are now able to provide their patients with realistic data about the 
different courses of sciatica and thus indirectly to enable them to choose surgery or 
conservative treatment on an individual basis. 
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samenvatting

Achtergrond
Hoewel het lumbosacraal radiculair syndroom (LSRS) zo lang bestaat als de geschie-
denis van onze mensheid, heeft het tot 75 jaar geleden geduurd voordat de weten-
schap een correlatie aantoonde tussen de symptomen van een aangedane lumbale 
zenuwwortel en het oorzakelijk anatomische substraat. Dit bleek te gaan om een 
hernia nuclei pulposis (HNP), welke chirurgisch gemakkelijk verwijderd kan wor-
den, maar blijkbaar ook spontaan kan verdwijnen door een gunstig natuurlijk gene-
zingsproces. Terwijl na 1934 chirurgisch ingrijpen de meest effectieve behandeling 
lijkt te zijn voor een persisterend LSRS, blijft het optimale tijdstip van uitvoering 
onbekend (hoofdstuk 1). Een review van de wetenschappelijke literatuur presen-
teert de huidige stand van zaken van de epidemiologie, diagnostiek, conservatieve 
en chirurgische behandeling van het LSRS veroorzaakt door een lumbale HNP. De 
op circumscripte criteria gebaseerde klinische diagnose is helder en hoeft alleen bij 
die patiënten, waar chirurgische behandeling wordt overwogen, een radiologische 
bevestiging van zenuw wortel compressie (hoofdstuk 2). De review besluit met de 
onduidelijkheid die blijft bestaan rondom de juiste conservatieve of chirurgische 
behandelingsstrategie voor patiënten met een LSRS. Het is op zijn minst verbazing-
wekkend te noemen dat voor deze, frequent voorkomende aandoening met grote 
socio-economische consequenties en internationaal sterk variërende operatie aantal-
len, er geen wetenschappelijk bewijs voor handen is, die het bespreken van chirur-
gisch ingrijpen na 6 weken afwachtend beleid kan rechtvaardigen. Deze periode van 
“wait-and-see” is gebaseerd op empirische geneeskunde. 

Doelstellingen en onderzoeksopzet
Na evaluatie van de bestaande wetenschappelijk literatuur was duidelijk dat er geen 
bewijs voor handen was die een beleid van vroege chirurgie kan ondersteunen voor 
de meeste patiënten met een 6 tot 12 weken durend LSRS. Verder was er nog geen 
studie uitgevoerd met een doelmatigheids opzet om de economische en sociale im-
pact te kunnen meten. De opzet van het protocol voor de “Sciatica Trial”, met ver-
volgens de NWO/ZonMW doelmatigheidsonderzoek subsidie goedkeuring, heeft 2 
tot 3 jaar geduurd en ging gepaard met aanzienlijke methodologische discussies, 
maar met het voordeel van verkrijgen van epidemiologische kennis. Achtergron-
den, onderzoeksmethodes en de wijze van analyse zijn in detail beschreven (hoofd-
stuk 3). Om de vraag, is vroege chirurgie na minimaal 6 en maximaal 12 weken een 
effectieve behandeling, te kunnen beantwoorden dient deze behandelingsstrategie 
in een gerandomiseerd onderzoek te worden vergeleken met een verlengd afwach-
tend beleid, gevolgd door eventueel later chirurgisch ingrijpen. De te onderzoeken 
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populatie moest uit tenminste 280 patiënten bestaan. Na goedkeuring van het on-
derzoeksprotocol door de Medisch Ethische Toetsing Commissie participeerden 9 
regionale ziekenhuizen in Holland in deze studie om voldoende patiënten te kun-
nen includeren met een evident LSRS. Naast de omschrijvingen van klinische diag-
nostiek en behandeling voorzag het onderzoeksprotocol tevens in een uitgebreid 
conservatief behandel advies voor de participerende huisartsen. Zij begeleidden de 
patiënten die waren toegewezen aan een voortgezette conservatieve behandeling. 

Resultaten
Hoewel vroege chirurgie voor LSRS patiënten resulteerde in een 2 keer zo snel her-
stel van klachten in vergelijking met langer afwachten en late chirurgie, liet deze 
multicenter gerandomiseerde studie (n=283) zien dat dit niet gepaard ging met een 
proportioneel verschil in het totale aantal herstelde patiënten 1 jaar na randomisa-
tie. Gedurende dit eerste jaar onderging 89 % van de patiënten een hernia operatie 
indien zij waren geloot voor een vroeg chirurgisch beleid, terwijl 39 % van de pa-
tiënten in de conservatieve groep ook niet aan deze behandeling ontkwamen. De 
gemiddelde 1 jaar pijn-, functionering en kwaliteit-van-leven scores lieten geen sig-
nificante verschillen zien tussen beide groepen. Het enige, maar wel grote, voordeel 
van vroeg chirurgisch ingrijpen is dus een snel herstel van het LSRS. Toekomstige 
individuele LSRS patiënten, die vroege operatie overwegen, kunnen op basis van 
dit studieresultaat worden voorzien van nuttige keuze informatie over het beloop 
van de drie gescheiden uitkomst parameters; ziektespecifiek functioneren, intensi-
teit van beenpijn en tijdsduur tot herstel(hoofdstuk 4).
 Het snellere herstel van LSRS klachten na vroeg chirurgisch ingrijpen, resulteert 
in een hogere waarschijnlijkheid dat dit beleid kosten-effectiever is dan een ver-
lengd conservatieve behandeling. Het geschatte verschil in gezondheidszorg kosten 
was acceptabel en werd gecompenseerd door een verschil in kosten door afwezig-
heid van arbeid welke in het voordeel van vroeg chirurgisch ingrijpen waren. Indien 
men bereid is om 50.000 US dollars te betalen per Quality Adjusted Life Year, zou 
patiënten vroeg chirurgisch ingrijpen niet moeten worden onthouden om economi-
sche redenen (hoofdstuk 5).
 Vergeleken met een strategie van conservatieve behandeling resulteerde vroege 
chirurgie in een significant sneller herstel wat gelijk was voor alle onderzochte vari-
abelen, behalve voor de variabele ‘provocatie van beenpijn door zitten’. Indien pa-
tiënten in staat waren te zitten zonder provocatie van hun LSRS, resulteerde vroege 
chirurgie niet in een sneller herstel dan langer afwachten. In tegenspraak met klas-
sieke neurologische gedachten hadden de proef van Lasègue en de morfologie van 
de discushernia geen invloed op het resultaat van beide behandelingsstrategieën 
met betrekking tot de snelheid van herstel (hoofdstuk 6). Hogere initiële functione-
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ring en beenpijn intensiteit scores bleken een voorspellende waarde te hebben op 
de kans op late chirurgie in de conservatieve behandelgroep. Chirurgie na 6 tot 12 
weken beenpijn blijft een waardevolle behandeling voor patiënten met persisterend 
hoge pijn intensiteit en functionering scores als teken van een ernstig LSRS (hoofd-
stuk 7). We hebben onlosmakelijk vastgesteld dat, met betrekking tot patiënten met 
een 6 tot 12 weken bestaand ernstig LSRS, het vrouwelijke geslacht een onafhanke-
lijke voorspellende determinant is voor een slecht resultaat na 1 jaar. Dit resultaat 
ontstaat onafhankelijk van het ondergaan van chirurgie(hoofdstuk 8).. De geschatte 
odds op een slecht lange termijn resultaat waren 3.3 maal hoger voor vrouwelijke 
patiënten met LSRS dan voor mannen en deze bevinding was sterk significant. Te-
vens blijkt dat vrouwen een langzamer herstel van LSRS vertoonden. Onafhankelijk 
van de ondergane behandelingsstrategie registreerden 87 % van de patiënten op 
1 jaar een goed ervaren herstel. Omdat dit de actuele toestand van de patiënten 
weergeeft op 1 jaar is deze proportie lager dan het 95 % ervaren herstel die werd 
geregistreerd in de Kaplan Meier overlevingsanalyse gedurende het eerste jaar. De 
gemiddelde functionering en pijn scores van patiënten met een slecht resultaat op 
1 jaar zijn representatief voor pijnlijk en invaliderend lijden. Kwantificering van de 
mate van falen van behandeling is nog niet eerder op deze manier gepubliceerd. 
 De 2-jaars data lieten zien dat beide behandelingsstrategieën, vroege chirurgie 
en langer afwachten, resulteerden in identieke uitkomsten, maar dat een vroeg chi-
rurgisch beleid, ondanks de langere follow-up nog steeds resulteerde in een signi-
ficant sneller herstel van beenpijn (hoofdstuk 9). Langer afwachten gedurende 6 
tot 8 maanden bleek echter veilig te zijn en resulteerde niet in een hogere proportie 
van slecht herstel op 2 jaar. Het is opmerkelijk dat vroege chirurgie de kans op een 
slechte uitkomst op 1 en 2 jaar niet beïnvloedde. Uit onze studie blijkt dat 20 % van 
de patiënten chronisch pijnlijk bleven na een eerste episode van LSRS. De patiënten 
met een slecht resultaat scoorden slecht op alle uitkomst schalen, corresponderend 
met ernstige invaliditeit. 

conclusies

Gezien het feit dat het optimale tijdstip van chirurgie niet voor alle patiënten gedefi-
nieerd kan worden, blijft dit een persoonlijke keuze. Na de klassieke richtlijn termijn 
van 6 tot 12 weken geneest de natuur het LSRS alsnog bij een aanzienlijke hoeveel-
heid (60 %) van alle patiënten gedurende de volgende maanden. Indien al deze pa-
tiënten die in de eerste 3 maanden niet herstelden, geopereerd zouden worden, zou 
dat leiden tot veel onnodige ingrepen, tenzij patiënten goed op de hoogte zijn van 
de potentiële kans op een herstel door een gunstig natuurlijk beloop. Een vroege 



operatie resulteerde in een 2 maal sneller herstel van LSRS vergeleken met langer 
afwachten, maar kon ernstige invaliditeit in 20 % van de patiënten na 2 jaar niet 
voorkomen. Toekomstig onderzoek zal aandacht schenken aan het ontstaan van het 
probleem bij deze chronisch pijnlijke patiënten. Wellicht, omdat ze de minderheid 
vormen, heeft dit in het verleden relatief weinig aandacht gehad (hoofdstuk 10). 
 Artsen zijn nu in staat om patiënten te voorzien van realistische data met betrek-
king tot de verschillende herstelkansen van LSRS in de tijd en kunnen dus indirect 
de patiënten in staat stellen om een individuele keuze te maken met betrekking tot 
het moment van operatie ten opzichte van een langer afwachtend beleid. 
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