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Abstract
Background: Decompressive laminotomy is the standard surgical procedure in the treatment of patients with canal
stenosis related intermittent neurogenic claudication. New techniques, such as interspinous process implants, claim a
shorter hospital stay, less post-operative pain and equal long-term functional outcome. A comparative (cost-)
effectiveness study has not been performed yet. This protocol describes the design of a randomized controlled trial
(RCT) on (cost-) effectiveness of the use of interspinous process implants versus conventional decompression surgery
in patients with lumbar spinal stenosis.
Methods/Design: Patients (age 40-85) presenting with intermittent neurogenic claudication due to lumbar spinal
stenosis lasting more than 3 months refractory to conservative treatment, are included. Randomization into
interspinous implant surgery versus bony decompression surgery will take place in the operating room after induction
of anesthesia. The primary outcome measure is the functional assessment of the patient measured by the Zurich
Claudication Questionnaire (ZCQ), at 8 weeks and 1 year after surgery. Other outcome parameters include perceived
recovery, leg and back pain, incidence of re-operations, complications, quality of life, medical consumption,
absenteeism and costs. The study is a randomized multi-institutional trial, in which two surgical techniques are
compared in a parallel group design. Patients and research nurses are kept blinded of the allocated treatment during
the follow-up period of 1 year.
Discussion: Currently decompressive laminotomy is the golden standard in the surgical treatment of lumbar spinal
stenosis. Whether surgery with interspinous implants is a reasonable alternative can be determined by this trial.
Trial register: Dutch Trial register number: NTR1307
Background
Intermittent Neurogenic Claudication (INC) is a complex
of symptoms first described by Van Gelderen in 1948 and
in 1950 by the Dutch neurosurgeon Verbiest, therefore
formerly known as the Verbiest syndrome [1-4]. The
characteristic symptom is described as leg pain (frequently in both legs) which can be exacerbated with prolonged walking or lumbar extension. Others, like Evans,
describe a cramp, tightness or discomfort of the legs after
walking which diminish after a short period of sitting or
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bending forward [1]. Apart from the leg pain, associated
low back pain may occur [5].
Since the description of neurogenic claudication by
Verbiest, explanation of the symptoms has been disputed.
Verbiest stated in 1954: "In the writer's humble opinion
the ligamentum flavum is most unlikely to contact any
spinal root unless this root is distorted from its regular
path"[4]. Evans showed in 1964 a cerebral spinal fluid
stop at the low lumbar levels narrowing of the canal by
degenerative facet arthrosis resulting in nerve root compression. INC is often seen in patients with lumbar
degenerative spinal stenosis [4]. Due to this arthrosis of
the facet joints, lumbar nerve root compression will
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develop. Arnoldi described multiple types of lumbar spinal stenosis. His article published in 1975 was actually a
summarization of a symposium on this subject [4,6].
Presently, his classification is still widely used. Like in any
acquired disease, INC is usually seen in the elderly [1].
The best treatment of NIC due to lumbal stenosis
remains controversial [5,7]. Nonoperative therapy like
epidural steroid injections, nonsteroidal anti-inflammatory medication, analgesics, physical therapy, and spinal
manipulation, is frequently performed [8]. A 2005
Cochrane review found that the paucity and heterogeneity of evidence limited conclusions regarding surgical efficacy for spinal stenosis [7,9-12]. Indeed, Weinstein et al
published in his article the results of a randomized cohort
study with relatively poor results in the non-operative
group [13-15]. Despite the high level of crossovers in
their study, the treatment effect was favoring surgery on
the SF-36 scale for bodily pain. Also Malmivaara et al
showed a better recovery after surgery versus conservative treatment with a difference of improvement of 11.3
on the ODI disability scale [16]. Furthermore Turner et al
published in their attempted meta-analysis a success rate
(good to fair outcome) of 64% after surgical bony decompression in patients with INC [17].
Thomé et al prospectively compared the most typically
used techniques: laminectomy, unilateral laminotomy
and bilateral laminotomy [18]. In the series of Thomé et
al, bilateral laminotomy achieved an 80% success rate. It
was slightly better compared to laminectomy, which had
70% success rate [18]. Many authors claim that bony
decompressive surgery might facilitate spinal fusion in
the future [19,20]. Furthermore, local trauma in these
surgical strategies should not be underestimated [21].
The above described operations are usually performed
under general or local anaesthesia and 2 to 7 days hospitalization may be required, followed by an 8-weeks recovery period. Furthermore, the clinical outcome seems
disappointing, since 35% of the patients documented bad
outcome [13-17].
Minimally invasive surgery has gained popularity in
recent years, resulting in the development of interspinous
implants in the 1980s [22]. One of these models, the Wallis device, was made with a band around the spinous processes. Later in 2003 X-stop, in 2005 Diam, in 2006
Coflex, and afterwards various other kinds of forms were
developed to stabilize or distract the interspinous distance [23-33]. These implants are all placed between
spinous processes, which will lead to distraction of the
interspace with consequent indirect decompression of
the nerve roots. Presently, most publications refer to Xstop implants [8,23-26,29-31,34-36]. It is claimed that this
indirect decompression will reduce the pressure on the
nerves leading to a return to a neutral or slightly tightened position of the vertebral column. Nevertheless, this
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is a far smaller operation and gives perhaps less destruction to the bony elements of the vertebral column. Therefore, IPD is believed to have better short-term recovery
and similar long-term (cost-) effectiveness [8,34,36,37].
Outcomes were reported to be quite favorable in selected
series of poor methodological quality. The first randomized multicentre study on interspinous devices compared
X-stop with non-surgical treatment [36]. After 2 years,
the IPD group shows both clinically and statistically significant improved results in comparison with the conservative treated group [8,36]. However, this trial only
compared IPD with conservative treatment. Good evidence on IPD versus other surgical treatment is not yet
available. Verhoof et al reported in 2008 a high failure rate
in IPD (X-stop), with an average slip on the radiographs
of 19.6%, and a high surgical re-intervention rate (seven
out of the 12) [35]. Strömqvist reported 13 re-operations
in a group of 50 patients [38]. Park et al published one of
the few studies with the Coflex implant [39]. However
they only placed a Coflex implant after bony decompression [40]. Furthermore long term results, despite from
the small retrospective series (twenty patients) of Kondrashov et al, are not yet available [34].
The golden standard in surgical treatment for lumbar
spinal stenosis is bony decompression to which all new
techniques should be compared. The purpose of our
study is to asses whether IPD-surgery is more (cost) effective compared with surgical decompression in patients
with INC due to lumbar stenosis. It is hypothesized that
IPD gives particularly a favorable short term effect,
necessitating a short term evaluation.

Methods/design
An observer and patient blinded randomized (cost-)effectiveness trial in the treatment of lumbar spinal stenosis is
presented. In this trial two surgical techniques are compared in a parallel group design. The primary outcome
measurement is the Zurich Claudication Questionnaire.
The follow-up period will last 1 year. In order to collect
enough patients, a multi-center design is necessary. The
study protocol was approved in all participating hospitals
(see table 1: list of hospitals).
Our primary question is whether IPD-surgery is more
(cost-)effective compared with surgical decompression
after 8 weeks in people with intermittent neurogenic
claudication due to lumbar stenosis. The main advantage
of IPD might be a faster recovery after surgery, but after
long term follow-up it is unknown if this treatment effect
will remain. Therefore, in addition, long-term follow-up
(one year) will be compared with short-term follow-up.
Patients

All patients between 40 and 85 years with at least three
months of INC due to spinal canal stenosis are eligible for
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Table 1: list of hospitals participating in the Felix Trial
N

Hospital

1

Leiden University Medical Centre

2

Medical Centre Spaarne, Hoofddorp

3

Medical Centre Rijnland, Leiderdorp

4

Medical Centre Diaconessenhuis, Leiden

5

Medical Centre Haaglanden, The Hague

6

Medical Centre Bronovo, The Hague

7

Medical Centre Groene Hart, Gouda

8

Medical Centre Reinier de Graaf, Delft

9

Medical Centre Vlietland, Schiedam

10

Medical Centre Canisius Wilhelmina, Nijmegen

11

Medical Centre Haga, The Hague

12

Medical Centre Isala, Zwolle

13

Medical Centre Alkmaar

14

Medical Centre Tergooier, Hilversum

15

University Medical Centre Leiden

N, number of participating hospital in order of participating in
this Felix Trial

this study. Imaging studies (MRI) must confirm a narrowed lumbar spinal canal, nerve root canal or intervertebral foramen at one or two levels. Patients have
received at least three months of conservative therapy.
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Lumbar discectomie is not possible during IPD surgery.
Therefore, patients should be excluded when a surgical
relevant herniated disc is present. Additional inclusion
and exclusion criteria are listed in table 2 (inclusion and
exclusion criteria).
Patients are referred by a neurologist with MRI and
conventional imaging of the lumbar spine. During the
first visit to the neurosurgical outpatient clinic, the
patient's history and a standard neurological examination
will be documented. Conform our selection criteria, the
neurosurgeon decides whether a patient is eligible for the
Felix (Foraminal Enlargement Lumbar Interspinous distraXion) trial and informs the patient about both surgical
techniques. The study, with both treatment options, will
be explained to patients and, in case of a positive reaction, appointments are made with research nurses.
Because the patient needs some time to consider participation, the first visit to the research nurse is planned after
at least 2 days. After informed consent, the questionnaires, outcome measures and baseline variables are
recorded.
Ethical considerations

In concordance to the decloration of Helsinki, the study
has been reviewed by an independent ethical committee
and approved as being ethically constituted. The design
of this study is approved by the Leiden Ethical Medical
Committee. Every participating center independently
needs an approval before they may include patients for

Table 2: inclusion and exclusion criteria
Exclusion/Inclusion

Reason

Patient will be excluded

signed informed consent
40 to 85 years
has INC, as noted by leg/buttock/groin pain with or without back pain
at least three months conservative treatment
has a regular indication for surgical intervention INC
has a narrowed lumbar spinal canal, nerve root canal or intervertebral foramen at one or two levels
confirmed by MRI
is physically and mentally willing and able to comply with, or has caregiver why is willing and able to
comply with, the post-operative evaluations

Patient will be included

has a cauda equina syndrome
has a herniated disc at the same level, necessitating lumbar discectomy
has Paget's disease, severe osteoporosis or metastasis to the vertebrae
has significant scoliosis (Cobb angle >25 degrees)
has had previous surgery of the same lumbar level
has degenerative spondylolisthesis > grade 1 (scale 1 to 4) at the affected level
has significant instability of the lumbar spine
has severe co morbid conditions
has a fused segment at the indicated level
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this trial. Freely given informed consent will be obtained
from a patient before inclusion in this study. This means
that a patient has the right to know that he is being asked
to take part, and that he does not have to do so unless he
chooses. The patient will also be informed that there will
be no financial rewards if he or she agrees to participate.
Randomization procedure

Patients will be randomly allocated to either IPD or conventional decompression. Randomization will take place
in the operating room within 4 weeks after inclusion by
the research nurse. A randomized block design, stratified
by hospital and research nurse, is used to ensure equal
distribution of both treatments while ensuring by imposing a variable, random block size that the next treatment
is not predictable for the surgeon. The randomization
was prepared by the study statistician and the principle
data manager at the department of Biostatistics. They
were not involved in the selection and allocation of
patients and prepared coded, sealed envelopes containing
the treatment allocation. In the operating room, after
induction of anesthesia, the surgeon will open the envelope and the allocated treatment will be performed.
Patients, nursery department and research nurses are
kept blinded for the allocated treatment during the follow-up period of 1 year. The operation report will be kept
separately and will only be available in case of complications or reoperations.
Interventions

After the induced general anesthesia, randomization in
group (A) IPD and (B) surgical decompression will be
performed. The patient is positioned in knee-elbow position or prone, dependent by the preference of the surgeon. The affected spinal level is verified fluoroscopically.
The participating surgeons have experience in both techniques and performed at least five implant operations and
15 bony decompression operations.
A) IPD

A median lumbar incision is made over the spinous processes, the laminae of the affected level(s) are exposed
subperiosteally, and the supraspinous ligament will be
incised. The interspinous ligament of the affected level is
removed. No decompression will be performed and the
ligamentum flavum will remain intact. A Coflex™ device
is placed in the created space between the spinous process with insertion of instrumentation. The wound will be
closed in layers with a suction drain. The titanium
Coflex™ implant that fits between the spinous processes
of the lumbar spine is comprised of two components: a
wing assembly and a spacer assembly. The Coflex™ is
available in 5 sizes: 8 mm, 10 mm, 12 mm, 14 mm and 16
mm. The size refers to the minor diameter of the oval
spacer assembly of the Coflex™. Patients will be operated
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with loupe magnification or microscope depending surgeon's preference. When an IPD fails, a standard laminotomy will be performed.
B) Surgical decompression

Similarly as in group A, a median lumbar incision will be
made and the paravertebral muscles will be dissected
subperiosteally and retracted bilaterally. Decompression
will be applied via partial resection of the affected laminae and no complete laminectomy will be performed.
The lateral recess will be opened bilaterally and medial
facetectomy will be performed in order to maintain stability of the segments. The wound will be closed in layers
with a suction drain. Like in the IPD group, patients will
be operated with loupe magnification or microscope
depending on the surgeon's preference.
The patient will be allowed to leave the bed and walk
without aid on the day of surgery. If the patient regains
his/her physical function, the patient will be discharged.
In both studies, patients and their guided physiotherapists are stimulated to resume home activities and work
as soon as possible. The latter are blinded for the allocated treatment arm as well.
Baseline data

The baseline questionnaire assesses demographics, hobbies, sports, work status, smoking status, low back pain
history, family history of INC, co-morbidity, weight and
length. The patient's satisfaction at work will be registered. The patient's and the surgeon's treatment preference for IPD or decompression surgery will be assessed
on a 5-point scale ranging from "strong preference for
IPD" to "strong preference for decompression surgery".
Outcome assessment

The validated outcome parameters described below will
be used in this study and assessed by means of questionnaires. Follow-up examinations by the research nurse will
take place at 2, 4, 8 weeks, 3, 6, 12, 24 and 60 months after
randomization (see table 3: flowchart). Patients will be
neurologically examined (at 8 weeks, 6, 12, 24 and 60
months) and the main questionnaires will be filled out at
home with a request to complete and return them. The
outpatient control by the neurosurgeon will be at 8 weeks
and more often if necessary (see table 3: flowchart).
Primary outcome measurement

The disorder-specific functional score will be the primary
outcome measure and can be obtained by completing the
ZCQ, also known as the Brigham Spinal Stenosis Questionnaire and Swiss Spinal Stenosis Questionnaire [4143]. The ZCQ scale consists of 3 subscales: symptom
severity, physical function and patient satisfaction.
Domain scores ranges from 1 to 5, 1 to 4, and 1 to 4
respectively. Like in the study of Tuli in 2006, we chose
threshold scores for each scale based on prior work [41-
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Table 3: Flowchart
Obtained patients' information

V1

In-patient
Out-patient

V3

V4

V5

V6a

V7

V8

V9

V10

x

x

x

x

x

x

x

x

x

x

x
x

Demography & diagnosis

x

Basic physical examination

x

Neurological examination

x

Provide study information

x

Obtain informed consent

x

X-ray

x

x

x

x

Randomisation
ZCQ

V2

x

x
x

x

MRDQ

x

x

Shuttle Walking Test

x

SF-36

x

McGill Pain Questionnaire

x

VAS for legs and back

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Patient Global Impression of
change

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Perceived Recovery

EuroQol & VAS Quality of Life

x

x

x

Patient diary
Review MRI
Complications

x
x

x

Re-operation

x

x
x

x

x

x

x

x

A, questionnaires will be sent per mail with request to complete and return them; V1, Visit 1 - Intake; V2; Visit 2 - surgery; V3, Visit 3 - Follow-up 2
weeks; V4, Visit 4 - Follow-up 4 weeks, V5, Visit 5 - Follow-up 8 weeks; V6, Visit 6 - Follow-up 3 months; V7, Visit 7: Follow-up 6 months; V8, Visit 8
- Follow-up 12 months; V9, Visit 9 - Follow-up 24 months; V10, Visit 10 - Follow-up 60 months

44]. In the symptom severity scale and in the physical
function scale the minimal clinically important difference
(MCID) is 0.5. A mean patient satisfaction score of less
than 2.5 has been shown previously to represent a satisfied patient [42,43]. Despite from the subscale analysis we
dichotomize "succes" and "failure". When the MCID
threshold was achieved in at least two domains, it was
described as an overall succes [44].
Secondary outcome measurements

1) Modified Roland Disability Questionnaire for
Sciatica (MRDQ) The 23-points MRDQ is the most
widely used patient-assessed measure of health for low
back pain and leg pain [45-52]. This questionnaire consist
of 23 questions with higher scores indicating increased
disability [53]. Patrick et al compared MRDQ to patients
satisfactory after from a change of 5 or more, patients feel
themselves better. From a change of 12.4 all symptoms
are completely gone. Others used a change of 4 or more
[7]. The MRDQ will be dichotomized in "good result"

(change of 4 or more) and "poor result" (change of 4 or
less) [49-51].
2) Shuttle walking test (SWT) In this test a distance of
ten meters has to be walked by the patients in a certain
amount of time. This interval will be shortened until the
patient does not finish the ten meters in the prescribed
time. The SWT needs to change by 76 meters to ensure
that walking distance is changed, but large changes can
occur after surgery, and the SWT may thus provide a useful measure on an individual basis [54].
3) SF-36 The questionnaire consists of 36 items on physical and social status of the patient subdivided in 8
domains: physical function, physical restrictions, emotional restrictions, social functioning, somatic pain, general mental health, vitality, and general health perception.
The questions are scored on a scale of 0, "worst health", to
100, "ideal health" [55,56].
4) McGill pain questionnaire This score distinguishes
three dimensions of pain: sensoric, affective and evaluative dimension [57,58].
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5) Visual Analogue Scale (VAS) score of back pain and
leg pain This parameter will measure the experienced
back and leg pain intensity in the week before visiting the
research nurse. Pain will be assessed on a horizontal 100
millimeters scale varying from 0 millimeter, "no pain", to
100 millimeters, "the worst pain imaginable" [59].
6) Likert scale This 7-point perceived recovery scale varies from "completely recovered" to "worse than ever". Like
the patient global impression of change, the scale will be
completed by the patient and research nurse. For analysis
purposes this test will be dichotomized in "recovered"
and "not recovered" [60].
7) Hospital Anxiety Depression Scale (HADS) This
scale consists of a 7-item depression scale and a 7-anxiety
scale. The score range from 0-21 with a high score being
indicative for depression/anxiety.
Costs

To estimate utilities the EuroQol is used [61-64]. The
EuroQol consists of 5 dimensions: mobility, self-care,
daily activities, pain/discomfort, and anxiety/depression.
Together with the remaining life expectation, they form
QALY's. The QALY is a measure for the number of years
someone still may expect, corrected for their quality. The
EuroQol will be repeated once every two weeks during
the first 8 weeks after surgery. These frequent EuroQol
measurements during the first 8 weeks have been chosen
in order to record the changes of quality of life. After this
first period EuroQol will be recorded on regular basis
during the patient's visit to the research nurse (see table
3: flowchart). The patients are also instructed to record a
diary in which, for example, work activities will be
enlisted. Furthermore direct medical costs will be estimated on basis of the cost centre method.
Complications and re-operation incidence

The research nurse and the neurosurgeon will record
complications accurately. This may include infections,
post-surgical haematoma, cerebrospinal fluid leakage, an
increase in neurological deficit due to surgery, venous
thrombosis and other side effects.
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patients per group ensures 90% power to confirm the null
hypothesis when IPD is more than 20% superior to
decompression, using a likelihood ratio test in a logistic
regression framework (see figure 1: sample size).
Accounting for about 10% loss to follow-up, this trial will
enroll 216 patients with INC (108 patients in both
groups). A sample size of 80 patients per group (including
10% loss to follow-up) will ensure a power of 80%. The
feasibility of reaching 216 patients available for analysis
will be checked after reaching 160 evaluable patients
without deblinding or even analyzing the data as a group
comparison. This constitutes a methodological valid
approach since no multiple testing is involved and stopping further accrual is not based on an intermediate
effect estimate. Since the power is based on a dichotomization of the underlying ZCQ scale, an alternative primary analysis of the ZCQ itself will also have sufficient
power. The latter analysis will also take the repeated measurements structure into account.
Statistical analysis

Baseline comparability will be assessed by descriptive statistics to determine whether randomization was successful. Differences in outcome between both groups,
together with 95% confidence intervals, will be calculated. Besides a difference in recovery between the two
groups at two specified time points (eight weeks and one
year), analysis of a difference in time to recovery will be
carried out as well, using a survival analysis framework
(COX hazards). All data are analyzed according to the
"intention-to-treat-principle". Furthermore a repeated
measurements analysis of variance will be performed on
the underlying continuous scales. In all analyses the first
assessment of treatment effect will be the estimate of the
main effect within the appropriate model, adjusted for

Sample Size

The sample size calculation is based on the hypothesis
that the short-term results obtained after IPD are equal to
the results obtained after surgical decompression. The
ZCQ at eight weeks will be used as a primary result measure both to answer the first research question and to calculate the sample size. The sample size of the trial is
based on a superiority design and calculated under the
alternative null-hypothesis to reach sufficient power to
enable a distinction between the two arms in terms of
success according to ZCQ if (according to the literature)
results obtained after surgical decompression will be 64%
and the results obtained after IPD will be at least 84%
(20% difference in favor of IPD). A sample size of 98

Figure 1 Sample Size. N1: number of patients needed in the IPD
group, P1: the chosen succes rate of the IPD group; P2: the succes rate
of the decompression group (0.64); N2: number of patients needed in
the decompression group (equal to N1); A: the alfa is two sided 0.05.
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Table 4: Covariates for subanalysis
N

Covariates for subanalysis

1

Age and age banding ( < 60 years, > 60 years or similar
linked to groups size after recruitment)

2

Long medical history of back pain

3

Leg pain intensity

4

Proportion leg pain/back pain

5

Extent of stenosis during MRI examination

6

Kind of stenosis (soft or bony)

7

Sexe

8

Surface area of spinal canal

N, number of covariate (alphabetically ordered)

Table 5: Subgroups
Subgroups

Variables

Demographics

age < 70 years versus > 70
years

Page 7 of 9

dication. This is the first randomized prospective trial
comparing these two surgical techniques. Like the Sciatica-MED trial, the research nurse and the patient are
blinded for the allocated treatment [7]. The objective of
this trial is to determine whether the IPD is more (cost-)
effective after eight weeks compared to the conventional
decompression surgery.
Abbreviations
CRF: case record form; INC: intermittent neurogenic claudication; IPD: interspinous process device; MCID: minimal clinically important difference; MRDQ:
modified Roland disability questionnaire; MRI: magnetic resonance imaging;
QALY: Quality adjusted live years; RCT: Randomized Controlled Trial; SF-36:
short form-36; SWT: Shuttle walking test; VAS: visual analogue scale; ZCQ: Zurich claudication questionnaire.
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women versus men
Anamnestic and neurological
variables

short versus long history of
back pain
more leg pain versus more
back pain

Radiological variables

soft versus bony stenosis
extent of stenosis during MRI
examination

Subgroups bases on the following variables.

the stratification factors and main covariates. Secondly,
an interaction term evaluating a possible effect modification of the treatment effect by the major covariates (see
table 4: covariates for sub analysis) is pre-specified as
being part of proper statistical modeling of the primary
treatment effect. In the presence of severe interaction, the
treatment effect will be presented as a function of the
effect modifiers. In addition, an explorative subgroup
analysis is conducted to investigate whether treatment
effect varies over specific subgroups of patients (table 5:
subgroups). Data will be stored via the internet-based
secure data management system ProMISe of the department of Medical Statistics and Bioinformatics. The analyses will be carried out using appropriate statistical
software (e.g. SPSS, version 17).

Discussion
In this article a design of a RCT is presented which evaluates the (cost-) effectiveness of IPD versus decompression
surgery in the treatment of intermittent neurogenic clau-

Acknowledgements
The Felix trial is funded by Paradigm Spine/InSpine and will be carried out by
The Leiden - The Hague SIPS group. Furthermore we want to thank the
researchnurses and datamanager of the SIPS group for their work in making
this trial possible.
Author Details
1Department of Neurosurgery, Leiden University Medical Center, Leiden, The
Netherlands, 2Department of Neurosurgery, Medical Center Haaglanden, The
Hague, The Netherlands, 3Department of Medical Statistics, Leiden University
Medical Center, Leiden, The Netherlands and 4Department of General Practice,
Erasmus Medical Center, Rotterdam, The Netherlands
Received: 13 February 2010 Accepted: 27 May 2010
Published: 27 May 2010
©
This
BMC
2010
is
article
Musculoskeletal
an
Moojen
Open
is available
Access
et al; Disorders
licensee
from:
articlehttp://www.biomedcentral.com/1471-2474/11/100
distributed
BioMed
2010, 11:100
Central
under
Ltd.
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

References
1. Evans JG: Neurogenic Intermittent Claudication. Br Med J 1964,
2:985-987.
2. Verbiest H: [Primary stenosis of the lumbar spinal canal in adults, a new
syndrome.]. Ned Tijdschr Geneeskd 1950, 94:2415-2433.
3. Verbiest H: [Further reports on primary stenosis of the lumbar spinal
canal in adults.]. Ned Tijdschr Geneeskd 1951, 95:1965-1970.
4. Verbiest H: A radicular syndrome from developmental narrowing of the
lumbar vertebral canal. J Bone Joint Surg Br 1954, 36-B:230-237.
5. Johnsson KE, Uden A, Rosen I: The effect of decompression on the
natural course of spinal stenosis. A comparison of surgically treated
and untreated patients. Spine (Phila Pa 1976) 1991, 16:615-619.
6. Arnoldi CC, Brodsky AE, Cauchoix J, Crock HV, Dommisse GF, Edgar MA, et
al.: Lumbar spinal stenosis and nerve root entrapment syndromes.
Definition and classification. Clin Orthop Relat Res 1976:4-5.
7. Arts MP, Brand R, Akker ME van den, Koes BW, Bartels RH, Peul WC:
Tubular diskectomy vs conventional microdiskectomy for sciatica: a
randomized controlled trial. JAMA 2009, 302:149-158.
8. Zucherman JF, Hsu KY, Hartjen CA, Mehalic TF, Implicito DA, Martin MJ, et
al.: A multicenter, prospective, randomized trial evaluating the X STOP
interspinous process decompression system for the treatment of
neurogenic intermittent claudication: two-year follow-up results.
Spine (Phila Pa 1976) 2005, 30:1351-1358.

Moojen et al. BMC Musculoskeletal Disorders 2010, 11:100
http://www.biomedcentral.com/1471-2474/11/100

9.
10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

Gibson JN, Waddell G: Surgery for degenerative lumbar spondylosis.
Cochrane Database Syst Rev 2005:CD001352.
Gibson JN, Waddell G: Surgery for degenerative lumbar spondylosis:
updated Cochrane Review. Spine (Phila Pa 1976) 2005, 30:2312-2320.
Gibson JN, Waddell G: Surgery for degenerative lumbar spondylosis.
Cochrane Database Syst Rev 2005:CD001352.
Gibson JN, Grant IC, Waddell G: The Cochrane review of surgery for
lumbar disc prolapse and degenerative lumbar spondylosis. Spine
(Phila Pa 1976) 1999, 24:1820-1832.
Weinstein JN, Lurie JD, Tosteson TD, Hanscom B, Tosteson AN, Blood EA, et
al.: Surgical versus nonsurgical treatment for lumbar degenerative
spondylolisthesis. N Engl J Med 2007, 356:2257-2270.
Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Blood E, Hanscom B, et
al.: Surgical versus nonsurgical therapy for lumbar spinal stenosis. N
Engl J Med 2008, 358:794-810.
Weinstein JN, Lurie JD, Tosteson TD, Zhao W, Blood EA, Tosteson AN, et al.:
Surgical compared with nonoperative treatment for lumbar
degenerative spondylolisthesis. four-year results in the Spine Patient
Outcomes Research Trial (SPORT) randomized and observational
cohorts. J Bone Joint Surg Am 2009, 91:1295-1304.
Malmivaara A, Slatis P, Heliovaara M, Sainio P, Kinnunen H, Kankare J, et al.:
Surgical or nonoperative treatment for lumbar spinal stenosis? A
randomized controlled trial. Spine (Phila Pa 1976) 2007, 32:1-8.
Turner JA, Ersek M, Herron L, Deyo R: Surgery for lumbar spinal stenosis.
Attempted meta-analysis of the literature. Spine (Phila Pa 1976) 1992,
17:1-8.
Thome C, Zevgaridis D, Leheta O, Bazner H, Pockler-Schoniger C, Wohrle J,
et al.: Outcome after less-invasive decompression of lumbar spinal
stenosis: a randomized comparison of unilateral laminotomy, bilateral
laminotomy, and laminectomy. J Neurosurg Spine 2005, 3:129-141.
Fox MW, Onofrio BM, Onofrio BM, Hanssen AD: Clinical outcomes and
radiological instability following decompressive lumbar laminectomy
for degenerative spinal stenosis: a comparison of patients undergoing
concomitant arthrodesis versus decompression alone. J Neurosurg
1996, 85:793-802.
Fox MW, Onofrio BM: Indications for fusion following decompression for
lumbar spinal stenosis. Neurosurg Focus 1997, 3:e2.
Airaksinen O, Herno A, Kaukanen E, Saari T, Sihvonen T, Suomalainen O:
Density of lumbar muscles 4 years after decompressive spinal surgery.
Eur Spine J 1996, 5:193-197.
Senegas J: [Surgery of the intervertebral ligaments, alternative to
arthrodesis in the treatment of degenerative instabilities]. Acta Orthop
Belg 1991, 57(Suppl 1):221-226.
Bartels RH: The X STOP device. J Neurosurg Spine 2007, 6:620-621.
Chiu JC: Interspinous process decompression (IPD) system (X-STOP) for
the treatment of lumbar spinal stenosis. Surg Technol Int 2006,
15:265-275.
Eichholz KM, Fessler RG: Is the X STOP interspinous implant a safe and
effective treatment for neurogenic intermittent claudication? Nat Clin
Pract Neurol 2006, 2:22-23.
Lee J, Hida K, Seki T, Iwasaki Y, Minoru A: An interspinous process
distractor (X STOP) for lumbar spinal stenosis in elderly patients:
preliminary experiences in 10 consecutive cases. J Spinal Disord Tech
2004, 17:72-77.
Mariottini A, Pieri S, Giachi S, Carangelo B, Zalaffi A, Muzii FV, et al.:
Preliminary results of a soft novel lumbar intervertebral prothesis
(DIAM) in the degenerative spinal pathology. Acta Neurochir Suppl
2005, 92:129-131.
Oppenheimer JH, DeCastro I, McDonnell DE: Minimally invasive spine
technology and minimally invasive spine surgery: a historical review.
Neurosurg Focus 2009, 27:E9.
Siddiqui M, Karadimas E, Nicol M, Smith FW, Wardlaw D: Effects of X-STOP
device on sagittal lumbar spine kinematics in spinal stenosis. J Spinal
Disord Tech 2006, 19:328-333.
Sobottke R, Schluter-Brust K, Kaulhausen T, Rollinghoff M, Joswig B,
Stutzer H, et al.: Interspinous implants (X Stop, Wallis, Diam) for the
treatment of LSS: is there a correlation between radiological
parameters and clinical outcome? Eur Spine J 2009, 18:1494-1503.
Talwar V, Lindsey DP, Fredrick A, Hsu KY, Zucherman JF, Yerby SA:
Insertion loads of the X STOP interspinous process distraction system
designed to treat neurogenic intermittent claudication. Eur Spine J
2006, 15:908-912.

Page 8 of 9

32. Tsai KJ, Murakami H, Lowery GL, Hutton WC: A biomechanical evaluation
of an interspinous device (Coflex) used to stabilize the lumbar spine. J
Surg Orthop Adv 2006, 15:167-172.
33. Wilke HJ, Drumm J, Haussler K, Mack C, Steudel WI, Kettler A:
Biomechanical effect of different lumbar interspinous implants on
flexibility and intradiscal pressure. Eur Spine J 2008, 17:1049-1056.
34. Kondrashov DG, Hannibal M, Hsu KY, Zucherman JF: Interspinous process
decompression with the X-STOP device for lumbar spinal stenosis: a 4year follow-up study. J Spinal Disord Tech 2006, 19:323-327.
35. Verhoof OJ, Bron JL, Wapstra FH, van Royen BJ: High failure rate of the
interspinous distraction device (X-Stop) for the treatment of lumbar
spinal stenosis caused by degenerative spondylolisthesis. Eur Spine J
2008, 17:188-192.
36. Zucherman JF, Hsu KY, Hartjen CA, Mehalic TF, Implicito DA, Martin MJ, et
al.: A prospective randomized multi-center study for the treatment of
lumbar spinal stenosis with the X STOP interspinous implant: 1-year
results. Eur Spine J 2004, 13:22-31.
37. Simons P, Werner D, Krause P, Mark P, Godde G, Reinhard A: Treatment of
neurogenic intermittent claudication (NIC), secondary to lumbar spinal
stenosis (LSS), with the COFLEX® Interspinous Process Decompression
(IPD) system. Early ZCQ outcome results from the European registry 2006.
38. Stromqvist B, Berg S, Gerdhem P, Johnsson R, Sahlstrand T, Tullberg T:
Indirect Decompression (X-Stop) versus Conventional Decompressive
Surgery for Lumbar Spinal Claudication - A Prospective Randomized
Trial. The Spine Journal 7 A.D 7:70.
39. Park SC, Yoon SH, Hong YP, Kim KJ, Chung SK, Kim HJ: Minimum 2-year
follow-up result of degenerative spinal stenosis treated with
interspinous u (coflex). J Korean Neurosurg Soc 2009, 46:292-299.
40. Richter A, Schutz C, Hauck M, Halm H: Does an interspinous device
(Coflex) improve the outcome of decompressive surgery in lumbar
spinal stenosis? One-year follow up of a prospective case control study
of 60 patients. Eur Spine J 2010, 19:283-9.
41. Pratt RK, Fairbank JC, Virr A: The reliability of the Shuttle Walking Test,
the Swiss Spinal Stenosis Questionnaire, the Oxford Spinal Stenosis
Score, and the Oswestry Disability Index in the assessment of patients
with lumbar spinal stenosis. Spine (Phila Pa 1976) 2002, 27:84-91.
42. Stucki G, Liang MH, Fossel AH, Katz JN: Relative responsiveness of
condition-specific and generic health status measures in degenerative
lumbar spinal stenosis. J Clin Epidemiol 1995, 48:1369-1378.
43. Stucki G, Daltroy L, Liang MH, Lipson SJ, Fossel AH, Katz JN: Measurement
properties of a self-administered outcome measure in lumbar spinal
stenosis. Spine (Phila Pa 1976) 1996, 21:796-803.
44. Tuli SK, Yerby SA, Katz JN: Methodological approaches to developing
criteria for improvement in lumbar spinal stenosis surgery. Spine (Phila
Pa 1976) 2006, 31:1276-1280.
45. Deyo RA, Diehl AK: Patient satisfaction with medical care for low-back
pain. Spine (Phila Pa 1976) 1986, 11:28-30.
46. Deyo RA, Patrick DL: The significance of treatment effects: the clinical
perspective. Med Care 1995, 33:AS286-AS291.
47. Hutchinson PJ, Laing RJ, Waran V, Hutchinson E, Hollingworth W:
Assessing outcome in lumbar disc surgery using patient completed
measures. Br J Neurosurg 2000, 14:195-199.
48. Koes BW, van Tulder MW, Thomas S: Diagnosis and treatment of low
back pain. BMJ 2006, 332:1430-1434.
49. Patrick DL, Deyo RA: Generic and disease-specific measures in assessing
health status and quality of life. Med Care 1989, 27:S217-S232.
50. Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, Keller RB: Assessing
health-related quality of life in patients with sciatica. Spine (Phila Pa
1976) 1995, 20:1899-1908.
51. Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, Keller RB: Assessing
health-related quality of life in patients with sciatica. Spine (Phila Pa
1976) 1995, 20:1899-1908.
52. Roland M, Morris R: A study of the natural history of low-back pain. Part
II: development of guidelines for trials of treatment in primary care.
Spine (Phila Pa 1976) 1983, 8:145-150.
53. Schoppink LE, van Tulder MW, Koes BW, Beurskens SA, de Bie RA:
Reliability and validity of the Dutch adaptation of the Quebec Back
Pain Disability Scale. Phys Ther 1996, 76:268-275.
54. Singh SJ, Morgan MD, Scott S, Walters D, Hardman AE: Development of a
shuttle walking test of disability in patients with chronic airways
obstruction. Thorax 1992, 47:1019-1024.

Moojen et al. BMC Musculoskeletal Disorders 2010, 11:100
http://www.biomedcentral.com/1471-2474/11/100

55. Brazier JE, Harper R, Jones NM, O'Cathain A, Thomas KJ, Usherwood T, et
al.: Validating the SF-36 health survey questionnaire: new outcome
measure for primary care. BMJ 1992, 305:160-164.
56. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD: The MOS 36-item ShortForm Health Survey (SF-36): III. Tests of data quality, scaling
assumptions, and reliability across diverse patient groups. Med Care
1994, 32:40-66.
57. Melzack R: The McGill Pain Questionnaire: major properties and scoring
methods. Pain 1975, 1:277-299.
58. Melzack R: The McGill pain questionnaire: from description to
measurement. Anesthesiology 2005, 103:199-202.
59. Carlsson AM: Assessment of chronic pain. I. Aspects of the reliability
and validity of the visual analogue scale. Pain 1983, 16:87-101.
60. Main CJ, Wood PL, Hollis S, Spanswick CC, Waddell G: The Distress and
Risk Assessment Method. A simple patient classification to identify
distress and evaluate the risk of poor outcome. Spine (Phila Pa 1976)
1992, 17:42-52.
61. EuroQol--a new facility for the measurement of health-related quality
of life. In Health Policy Volume 16. The EuroQol Group; 1990:199-208.
62. Dolan P: Modeling valuations for EuroQol health states. Med Care 1997,
35:1095-1108.
63. Drummond MF, Stoddart GL: Economic analysis and clinical trials.
Control Clin Trials 1984, 5:115-128.
64. Torrance GW: Measurement of health state utilities for economic
appraisal. J Health Econ 1986, 5:1-30.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/11/100/prepub
doi: 10.1186/1471-2474-11-100
Cite this article as: Moojen et al., The Felix-trial. Double-blind randomization
of interspinous implant or bony decompression for treatment of spinal
stenosis related intermittent neurogenic claudication BMC Musculoskeletal
Disorders 2010, 11:100

Page 9 of 9

