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Abstract

Chronic low back pain (CLBP) is one of the main causes of
disability in the western world with a huge economic burden
to society. As yet, no specific underlying anatomic cause
has been identified for CLBP. Imaging often reveals degen-
erative findings of the disc or facet joints of one or more
lumbar motion segments. These findings, however, can also
be observed in asymptomatic people. It has been suggested
that pain in degenerated discs may be caused by the ingrowth
of nerve fibers into tears or clefts of the annulus fibrosus or
nucleus pulposus, and by reported high levels of pro-inflam-
matory mediators. As this so-called discogenic pain is often
exacerbated by mechanical loading, the concept of relieving
pain by spinal fusion to stabilise a painful spinal segment,
has been developed. For some patients lumbar spinal fusion
indeed is beneficial, but its results are highly variable and hard
to predict for the individual patient. To identify those CLBP
patients who will benefit from fusion, many surgeons rely on
tests that are assumed to predict the outcome of spinal fusion.

The three most commonly used prognostic tests in daily prac-

tice are immobilization in a lumbosacral orthosis, provocative

discography and trial immobilization by temporary external
transpedicular fixation.

Aiming for consensus on the indications for lumbar fusion
and in order to improve its results by better patient selection, it
is essential to know the role and value of these prognostic tests
for CLBP patients in clinical practice.

The overall aims of the present thesis were:

1) to evaluate whether there is consensus among spine sur-
geons regarding the use and appreciation of prognostic tests
for lumbar spinal fusion;

2) to verify whether a thoracolumbosacral orthosisis (TLSO)
truly minimises lumbosacral motion;

3) to verify whether a TLSO can predict the clinical outcome
of fusion for CLBP;

4) to assess whether provocative discography of adjacent
segments actually predicts the long-term clinical outcome
fusion;

5) to determine the incidence of postdiscography discitis, and
whether there is a need for routine antibiotic prophylaxis;

6) to assess whether temporary external transpedicular fixation
(TETF) can help to predict the outcome of spinal fusion;

7) to determine the prognostic accuracy of the most com-
monly used tests in clinical practice to predict the outcome
of fusion for CLBP.

The results of a national survey among spine surgeons in
the Netherlands were presented in Study I. The surgeons were
questioned about their opinion on prognostic factors and about
the use of predictive tests for lumbar fusion in CLBP patients.

The comments were compared with findings from the pre-
vailing literature. The survey revealed a considerable lack
of uniformity in the use and appreciation of predictive tests.
Prognostic factors known from the literature were not consis-
tently incorporated in the surgeons’ decision making process
either. This heterogeneity in strategy is most probably caused
by the lack of sound scientific evidence for current predictive
tests and it was concluded that currently there is not enough
consensus among spine surgeons in the Netherlands to create
national guidelines for surgical decision making in CLBP.

In Study II, the hypothesized working mechanism of a pan-
taloon cast (i.e., minimisation of lumbosacral joint mobility)
was studied. In patients who were admitted for a temporary
external transpedicular fixation test (TETF), infrared light
markers were rigidly attached to the protruding ends of Stein-
man pins that were fixed in two spinal levels. In this way
three-dimensional motion between these levels could be anal-
ysed opto-electronically. During dynamic test conditions such
as walking, a plaster cast, either with or without unilateral
hip fixation, did not significantly decrease lumbosacral joint
motion.

Although not substantiated by sound scientific support,
lumbosacral orthoses or pantaloon casts are often used in
everyday practice as a predictor for the outcome of fusion.
A systematic review of the literature supplemented with a
prospective cohort study was performed (Study III) in order
to assess the value of a pantaloon cast in surgical decision-
making. It appeared that only in CLBP patients with no prior
spine surgery, a pantaloon cast test with substantial pain relief
suggests a favorable outcome of lumbar fusion compared to
conservative treatment. In patients with prior spine surgery the
test is of no value.

It is believed by many spine surgeons that provocative dis-
cography, unlike plain radiographs or magnetic resonance
imaging, is a physiologic test that can truly determine whether
a disc is painful and relevant in a patient’s pain syndrome,
irrespective of the morphology of the disc. It has been sug-
gested that in order to achieve a successful clinical outcome
of lumbar fusion, suspect discs should be painful and adjacent
control discs should elicit no pain on provocative discogra-
phy. For this reason, a cohort of patients in whom the decision
to perform lumbar fusion was based on an external fixation
(TETF) trial, was analysed retrospectively in Study IV. The
results of preoperative discography of solely the levels adja-
cent to the fusion were compared with the clinical results after
spinal fusion. It appeared that in this select group of patients
the discographic status of discs adjacent to a lumbar fusion did
not have any effect on the clinical outcome.
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The most feared complication of lumbar discography is dis-
citis. Although low in incidence, this is a serious complication
for a diagnostic procedure and prevention by the use of pro-
phylactic antibiotics has been advocated. In search for clinical
guidelines, the risk of postdiscography discitis was assessed
in Study V by means of a systematic literature review and a
cohort of 200 consecutive patients. Without the use of pro-
phylactic antibiotics, an overall incidence of postdiscography
discitis of 0.25% was found. To prove that antibiotics would
actually prevent discitis, a randomised trial of 9,000 patients
would be needed to reach significance. Given the possible
adverse effects of antibiotics, it was concluded that the routine
use of prophylactic antibiotics in lumbar discography is not
indicated.

In Study VI, the middle- and long-term results of external
fixation (TETF) as a test to predict the clinical outcome of
lumbar fusion were studied in a group of back pain patients
for whom there was doubt about the indication for surgery.
The test included a placebo trial, in which the patients were
unaware whether the lumbar segmental levels were fixed or
dynamised. Using strict and objective criteria of pain reduc-
tion on a visual analogue scale, the TETF test failed to pre-
dict clinical outcome of fusion in this select group of patients.
Pin track infection and nerve root irritation were registered as
complications of this invasive test. It was concluded that in
chronic low back pain patients with a doubtful indication for
fusion, TETF is not recommended as a supplemental tool for
surgical decision-making.

In Study VII, a systematic literature review was performed
regarding the prognostic accuracy of tests that are currently
used in clinical practice and that are presumed to predict the
outcome of lumbar spinal fusion for CLBP. The tests of inter-
est were magnetic resonance imaging (MRI), TLSO immo-
bilisation, TETF, provocative discography and facet joint
infiltration. Only 10 studies reporting on three different index

tests (discography, TLSO immobilisation and TETF) that
truly reported on test qualifiers, such as sensitivity, specific-
ity and likelihood ratios, could be selected. It appeared that
the accuracy of all prognostic tests was low, which confirmed
that in many clinical practices patients are scheduled for
fusion on the basis of tests, of which the accuracy is insuf-
ficient or at best unknown. As the overall methodological
quality of included studies was poor, higher quality trials that
include negatively tested as well as positively tested patients
for fusion, will be needed. It was concluded that at present,
best evidence does not support the use of any prognostic test
in clinical practice. No subset of patients with low back pain
could be identified, for whom spinal fusion is a reliable and
effective treatment.

In literature, several studies have reported that cognitive
behavioural therapy or intensive exercise programs have treat-
ment results similar to those of spinal fusion, but with consid-
erably less complications, morbidity and costs. As the find-
ings of the present thesis show that the currently used tests do
not improve the results of fusion by better patient selection,
these tests should not be recommended for surgical decision
making in standard care. Moreover, spinal fusion should not
be proposed as a standard treatment for chronic low back pain.
Causality of nonspecific spinal pain is complex and CLBP
should not be regarded as a diagnosis, but rather as a symptom
in patients with different stages of impairment and disability.
Patients should be evaluated in a multidisciplinary setting
or Spine Centre according to the so-called biopsychosocial
model, which aims to identify underlying psychosocial fac-
tors as well as biological factors. Treatment should occur in a
stepwise fashion starting with the least invasive treatment. The
current approach of CLBP, in which emphasis is laid on self-
management and empowerment of patients to take an active
course of treatment in order to prevent long-term disability
and chronicity, is recommended.
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Introduction

Spinal fusion for chronic low back pain

Low back pain has become a major health problem in the
western world with 1-year prevalences ranging from 22 to
65% and life-time prevalences of up to 84% (Walker 2000).
About 20% of those who suffer from low back pain seek medi-
cal attention. The economic burden to society is huge and can
be divided into direct costs of health care utilisation (hospi-
talisation, medication, tests and therapies) and indirect costs
of lost productivity due to work absenteeism and early retire-
ment. In a relatively small Western-European country, such
as the Netherlands, the total costs of back pain in 2003 were
estimated at 4.4 billion euros (Slobbe 2006), which are mainly
employment-related costs (van Tulder et al. 1995). The total
annual costs of back pain in the USA exceed 100 billion dol-
lars (Katz 2006).

Waddell (Waddell 1996) suggested a simple and practical
classification, which divides low back pain into three catego-
ries: (1) pain caused by specific spinal pathology, e.g. tumor,
infection or trauma, (2) nerve root or radicular pain and (3)
nonspecific low back pain, which constitutes a large heteroge-
neous group of patients (about 85% of total cases (Deyo and
Bass 1989)). In these patients imaging often reveals signs of
degeneration of one or more intervertebral discs, such as disc
space narrowing, vertebral endplate changes (Weishaupt et al.
2001), annular disruption (Aprill and Bogduk 1992) and/or
facet joint arthropathy. These degenerative findings, however,
can also be observed in asymptomatic subjects (Jensen et al.
1994) and thus, are nonspecific for low back pain.

The present thesis concerns patients who suffer for at least
three months from nonspecific pain or discomfort in the
lumbar region, with or without referred leg pain (Airaksinen
et al. 2006), and who all have signs of degeneration of the
lumbar spine on plain radiographs or magnetic resonance
imaging (MRI), further to be mentioned as chronic low back
pain (CLBP) patients.

CLBP can result in serious physical and social restric-
tions and has a substantial impact on the life style of those
affected. Several socioeconomic risk factors for the onset and
persistence of CLBP have been identified (Bigos et al. 1991;
Mclntosh et al. 2000): Job dissatisfaction, physically strenu-
ous work, low education and Workers’ Compensation insur-
ance are all associated with CLBP and resulting disability
(Katz 2006). Patients out of work for 6 months due to low
back pain have a 50% chance of returning to their previous
job, whereas those who have been out of work for two years
or more are unlikely to get reemployed again (Waddell 1996).
In addition, factors such as smoking, obesity, psychological

distress, depressive mood and to a lesser extent somatisa-
tion, have been reported to result in increased risk of persist-
ing symptoms and disability (Pincus et al. 2002). Treating
this large heterogeneous group of CLBP patients with signs
of degeneration of the intervertebral disc and/or facet joints
on imaging, is both challenging and frustrating, as clinicians
cannot rely on a true consensus among the peers for a rational
therapeutic approach.

Lumbar spinal fusion for CLBP

The exact etiology and pathophysiology of intervertebral disc
degeneration is unknown and believed to result from multiple
complex interactions of biologic and biomechanical factors.
Genetic predisposition appears to play an important role and
several gene forms associated with disc degeneration have
been identified (Cheung et al. 2006; Battie et al. 2008). Histo-
logically, degenerative lumbar discs reveal abnormal ingrowth
of sensory nerve fibers in the endplates and the nucleus pulpo-
sus (Coppes et al. 1997). Radial fissures in the annulus fibro-
sus have been linked to the ingrowth of free nerve endings (so-
called nociceptors) and blood vessels with a granulation zone
(Peng et al. 2005). This ingrowth of nerve endings has been
suggested to correlate to the dull chronic back ache, often
referred to as “discogenic pain”, that is experienced by CLBP
patients, and which is exacerbated by mechanical loading of
the spine. Additionally, degenerative herniated discs contain
high levels of pro-inflammatory mediators and cytokines
(Kang et al. 1997; Burke et al. 2002), such as interleukin-6,
nitric oxide, prostaglandin E2 (Kang et al. 1996) and phos-
pholipase A2 (Franson et al. 1992). All these findings have
strengthened the idea that disc degeneration, with or without
secondary osteoarthritis of the synovial facet joints, could be
a major pathway for CLBP. The assumption that the pain is
largely associated with continued motion at the affected disc
level has led to the concept of stabilisation of a painful degen-
erative motion segment (i.e., intervertebral disc and facet
joints) by spinal fusion to alleviate pain and reduce disability.

Spinal fusion was first described in 1891 for stabilisation
of vertebral segments in spinal tuberculosis (Hadra 1891) and
has a well-established role in the treatment of spinal fractures
and deformities. Its role in the treatment of CLBP, however,
remains controversial (Turner et al. 1992; Krismer 2002). Epi-
demiological research reveals large variation in the amount
of spinal fusion operations between countries (Cherkin et al.
1994) and even between different regions within the same
country up to 20-fold ranges in fusion rate have been reported
(Katz 1995; Weinstein et al. 2006). Although socio-economic
factors and the availability of spine surgery in a region or
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Figure 1. The rise of spinal fusion procedures for degenerative condi-
tions in the USA between 1988 and 2001. Note the rapid increase after
1996, when fusion cages were approved. (Courtesy from Mr Richard
A Deyo, J Am Board Fam Med 2009; 22: 62—68, reproduced with per-
mission).

country may differ, such wide geographic variations suggest
a poor level of professional consensus on the indications for
spinal fusion in CLBP patients.

In a Cochrane review in 1999 (Gibson et al. 1999), no evi-
dence was found on the effectiveness of fusion for lumbar
degenerative disc disease (DDD) or low back pain, as com-
pared to natural history, placebo, or conservative treatment.
Despite the absence of concurrent reports of clarified indica-
tions or improved efficacy, there was a 220% increase in the
rate of lumbar spine fusion surgery from 1990 to 2001 in the
USA (Figure 1, (Deyo et al. 2005)). This rise coincided with
the promotion and FDA-approval of the fusion cages (inter-
body implants to enhance stability and fusion) in 1996. As a
result, Medicare expenses for lumbar fusion increased from
75 million dollars in 1992 to 482 million dollars in 2003,
which was about half of total USA spending for spine surgery
(Weinstein et al. 2006).

In 2001, a Swedish randomised controlled trial (RCT) (Frit-
zell et al. 2001) did show a better outcome in patients treated
with spinal fusion compared to patients who received standard
conservative care, although at longer follow-up this beneficial
effect attenuated (Fritzell et al. 2004). Two more recent RCTs,
which compared fusion surgery to cognitive behavioural based
exercise therapy (Brox et al. 2003) or an intensive rehabilita-
tion program (Fairbank et al. 2005), showed similar results for
surgery and nonsurgery at 1 year, and at 2 years follow-up,
respectively. In the latter trial, fusion had a higher complica-
tion rate (Wilson-MacDonald et al. 2008) and appeared to be
less cost-effective than intensive rehabilitation (Rivero-Arias
et al. 2005). From these trials one might conclude that a con-
siderable amount of patients do not improve after surgery and
that spinal fusion is a questionable treatment for the entire het-
erogeneous group of CLBP patients. In a recently published
survey (Haefeli et al. 2008), renowned spine surgeons did not
consider complications or bad surgery, but bad patient selec-
tion, wrong diagnosis and disproportionate expectations of

patients to be the major factors for poor outcome in spinal
surgery. Therefore, it would be of great value to know whether
the results of fusion surgery can be improved by the identifi-
cation of subgroups of CLBP patients who truly benefit from
spinal fusion.

At present, all routine diagnostic tools to select the right
patient for lumbar fusion appear to be inadequate. History
taking and physical examination may reveal psychological
distress or social factors which can lead to chronicity of pain
and need treatment (Nelson et al. 1979; Deyo et al. 1992).
There are, however, no specific physical findings to predict
the outcome of lumbar fusion (Carragee 2005).The associa-
tion of CLBP with findings on imaging is weak (van Tulder
et al. 1997). Degenerative signs on plain radiographs do not
appear to be correlated with persisting symptoms of CLBP
(Kumar et al. 2001a) and magnetic resonance imaging (MRI),
which has been recommended as the imaging study of choice
for the initial evaluation of patients with CLBP (Resnick et al.
2005), shows high false-positive rates of degenerative findings
in asymptomatic people, especially in the elderly (Boden et al.
1990; Jensen et al. 1994).

Prognostic tests to aid in clinical decision
making

To identify those patients who will benefit from fusion sur-
gery, many surgeons rely on tests that are assumed to predict
the outcome of spinal fusion. In order to improve the results
of lumbar fusion for CLBP and aiming for consensus on the
indications for fusion, it is essential to know the role and value
of these prognostic tests in clinical practice.

In the present thesis, we will focus on the most commonly
used prognostic tests:

Immobilisation in a thoracolumbosacral orthosis
(TLSO)

In order to mimic the immobilising effect of a lumbar fusion,
a standard manufactured brace or corset can be prescribed
or a plaster cast applied on the standing patient usually from
just below the shoulder blades to the middle of the sacrum
(Figure 2). For immobilisation of level L5-S1, one hip is fixed
in 10° of flexion with the thigh-piece ending 10 cm proximal
to the patella. Patients are expected to wear the TLSO or cast
continuously for at least 2 to 4 weeks and are encouraged to
perform as much daily life activities as possible. In case of
significant pain relief while wearing the TLSO, the test is con-
sidered positive.

Identification of painful segments by provocative
discography

This procedure can be performed on an outpatient basis.
Under sterile conditions and with the patient in lateral decu-
bitus position, a stiletted needle is advanced into the intended



Acta Orthopaedica (Suppl 349) 2013; 84

Figure 2. Immobilisation test by a thoracolumbosacral
orthosis, e.g., a plaster cast. Extension of the cast with
a thigh piece is optional and assumed to better immo-
bilise the lumbosacral joint.

disc space (Figure 3). When correct placement of the needle
tip in the center of the disc is verified by biplanar fluoroscopy,
a contrast agent is injected under pressure. If this injection
provokes pain similar to the patient’s usual pain, (i.e., con-
cordant pain) and, preferably, if 1 or 2 discs adjacent to the
suspect disc do not elicit concordant pain on provocation (i.e.,
control levels), the test can be considered positive. In addition,
plain radiographs or CT-scans can be obtained to determine
the extent of degeneration of the injected disc(s).

Trial immobilisation by temporary external transpe-
dicular fixation (TETF)

For this test, patients are hospitalised for 7 to 10 days. Under
general anesthesia, antibiotic prophylaxis and fluoroscopic
control, two screws are inserted percutaneously through the
pedicles into the vertebra above, and two screws into the ver-
tebra below the suspect disc(s), respectively. Postoperatively,
the protruding screw ends are fixed externally with two verti-
cal bars, which immobilises the disc(s) of interest, thus mim-
icking a lumbar fusion (Figure 4). In case of adequate pain
relief, the test is considered positive. Optionally, immobilisa-
tion can be discontinued - without knowledge of the patient -
by fixing the bars horizontally, which, of course, should annul
pain relief (i.e., placebo test).

Aims and outline of the present thesis

The aims of this thesis were to assess the value of three com-
monly used prognostic tests (i.e., immobilization by a TLSO,
provocative discography, trial immobilisation by TETF) for
the clinical outcome of lumbar spinal fusion in CLBP patients,
and to evaluate the use and appreciation of these tests by spine
surgeons in clinical practice.

Figure 3. Provocative discography is performed under sterile condi-
tions and with biplanar fluoroscopic control. The intended disc space
is injected with contrast agent to provoke usual back pain. In addition,
the amount of degeneration can be visualized on plain radiographs or
CT scan.
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Figure 4. Temporary external transpedicular fixation trial: By externally
fixing two vertebrae, one or more vertebral motion segments can be
immobilised, thus simulating the effect of a spinal fusion.

Aim 1: Is there consensus among spine surgeons regarding
the use of prognostic tests for lumbar spinal fusion in CLBP
patients?

In study I the results of a nationwide survey among spine sur-
geons in the Netherlands were presented. The surgeons were
questioned about their opinion on prognostic factors and the
use and appreciation of prognostic tests for lumbar spinal
fusion in CLBP patients.

Aim 2: Does immobilisation by a pantaloon cast truly mini-
mise lumbosacral motion?

In study II the hypothesized working mechanism of a pan-
taloon cast, i.e. mimicking a lumbar fusion by minimisation
of lumbosacral mobility, was tested. In patients, admitted
for a temporary external transpedicular fixation test (TETF),
infrared light markers were fixed to the protruding pins of two
spinal levels. In this way, three-dimensional motion between
these levels could be analysed opto-electronically during
dynamic test conditions. Measurements were performed
before and after the application of a pantaloon cast.
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Aim 3: Can immobilisation by a thoracolumbosacral ortho-
sis (TLSO) predict the clinical outcome of spinal fusion for
CLBP?

In study III a systematic review of the literature supplemented
with the results of a prospective patient cohort study was pre-
sented in order to assess the value of a TLSO in predicting the
long-term clinical outcome of fusion for CLBP.

Aim 4: Does provocative discography of adjacent segments
predict the long-term clinical outcome of spinal fusion for
CLBP?

In study IV the results of provocative discography of levels
adjacent to an intended lumbar fusion were presented in a
cohort of patients for whom the decision to perform fusion
has been based on a TETF trial. The relation between pre-
operative discography results and long-term clinical outcome
was assessed.

Aim 5: What is the incidence of postdiscography discitis and is
there a need for routine antibiotic prophylaxis?

Although low in incidence, intervertebral discitis is the most
feared complication of provocative discography. In study V
the risk of postdiscography discitis and the need for routine
prophylactic antibiotics were studied in a cohort of 200 con-
secutive patients, and by means of a systematic review of the
literature.

Aim 6: Can temporary external transpedicular fixation (TETF)
help to predict the clinical outcome of spinal fusion in CLBP
patients with an equivocal indication for surgery?

In study VI the middle- and long-term results of TETF as a
test to predict the clinical outcome of lumbar fusion, were pre-
sented in a group of CLBP patients with a doubtful indication
for surgery. Suspect lumbar motion segments were temporar-
ily stabilized by external fixation. In case of adequate pain
relief, lumbar fusion was indicated. The test included a pla-
cebo trial, in which the patients were unaware whether the
lumbar segmental levels were fixed or dynamised.

Aim 7: What is the prognostic accuracy of the most commonly
used tests in clinical practice to predict the outcome of spinal
fusion for CLBP?

Study VII presented the results of a systematic literature
review concerning the prognostic accuracy of tests that are
currently used in clinical practice to predict the outcome of
lumbar spinal fusion for CLBP. The tests of interest were mag-
netic resonance imaging (MRI), immobilisation by a thoraco-
lumbosacral orthosis (TLSO), TETF, provocative discography
and facet joint infiltration.
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Methods

Survey Dutch spine surgeons (study I)

A 25-question survey was sent by mail to all surgeon mem-
bers of the Dutch Spine Society, by Memic, a Centre for Data
and Information Management, University of Maastricht, the
Netherlands (www.memic.unimaas.nl). The questionnaire
concerned the selection for spinal fusion of patients with low
back pain caused by degenerative lumbar disc disease with-
out signs of neurological deficit, spinal stenosis, deformity
or spondylolisthesis and in the absence of trauma, tumor or
infections. This group was further referred to as chronic low
back pain patients. Most questions could be answered accord-
ing to a 5-point Likert scale. Surgeon specific factors (e.g.,
discipline, clinical experience), the influence of patient fac-
tors (prognostic factors as reported in literature), and the use
of tests for patient selection (e.g., provocative discography),
were addressed. The respondents were specifically asked to
rely on their own individual opinion and management in prac-
tice.

Data were entered into ExcelTM (Microsoft, Corp., Red-
mond, WA) and all inconsistencies were resolved. Unan-
swered questions were coded as missing. Descriptive statistics
was used in which all frequencies were based on the number
of valid responders.

For analysis the answers on the 5-point Likert scale were
merged into one intermediate option (“neutral”) and 2 oppo-
site categories (“always/almost always” versus “never/almost
never” and “fully/globally agree” versus “globally/fully dis-
agree”). The data were processed with Statistical Package
for the Social Sciences software (SPSS, Inc., Chicago, IL).
Pearson’s chi-square test was used to evaluate whether sur-
geon specific factors were associated with clinical decision
making. Uniformity of opinion was defined to be present if
70% or more of the respondents answered similarly. In other
words, there was no consensus if the proportion of the largest
category was statistically significantly lower than 70% (Pear-
son’s chi-square test). Differences in mean values rating the
impact of factors on decision making, were tested by Indepen-
dent t-test for equality of means. The level of significance was
set at p<0.05.

The effect of an orthosis on lumbosacral motion
(study II)

Ten consecutive patients with intractable low back pain vol-
unteered for this study. They were admitted for a temporary
external fixation test (Magerl 1984; Olerud et al. 1986), for

which two Schanz screws were inserted transpedicularly into
the fourth or fifth lumbar vertebra, and two screws into the
sacrum (Figure 4). For the experiment the external fixator
was removed and a plaster cast was applied on the standing
patient from just below the shoulder blades to the middle of
the sacrum. For unilateral hip immobilisation, the left hip was
fixed in 10 of flexion with the thigh piece 10 cm proximal to
the patella. In both casts a hole was created around the pro-
truding screw ends to permit free range of motion.

Measurements were performed with PRIMAS, an optoelec-
tronic measuring system using infrared light (Hermann 1990).
Two video cameras were placed behind the patient under an
angle of 80°. Two frames, each containing three reflective
spherical markers were attached to the blunt outer end of a
proximal and of a sacral protruding Schanz screw, respectively
. Motion of the proximal frame relative to the sacral frame
was expressed in translations (accuracy + 1 cm) and rotations
(accuracy + 0.3 degrees) around three axes. Continuous reg-
istration with a sampling frequency of 100 Hz were acquired
with the patient in neutral standing position, maximal spinal
flexion and extension, maximal pelvic tilt, and while walk-
ing. All excursions were performed three times and the same
sequence was repeated with the patient wearing a plaster cast
with and without hip extension, respectively.

For analysis median values of the ranges of rotation and
translation during the exercises were calculated. For each step
during walking, the ranges between maxima and minima were
determined. In each patient the difference (delta) between the
ranges without support and those obtained in both casts were
calculated. Statistical analysis by means of a two-way analysis
of variance (ANOVA), taking a probability of 5% as the level
of significance.

Cohort study: Value of an orthosis to predict
clinical outcome (study Ill)

Between April 1990 and October 1999, 278 patients with
more than six months of incapacitating LBP without objec-
tive neurologic motor deficit underwent a temporary external
transpedicular fixation trial (Esses et al. 1989) as a final diag-
nostic test. For all patients the indication for lumbar fusion
had remained unclear after routine diagnostic tests, includ-
ing standard radiographs, either MRI or discography, and a
pantaloon cast test that was not considered to be a decisive
test in surgical decision-making. Thus, the decision to per-
form lumbar fusion or to continue nonsurgical management
was based on the results of the TETF trial. All patients gave



10

Acta Orthopaedica (Suppl 349) 2013; 84

Table 1. Orthosis study: Patient variables for both treatment groups

Conservative
Lumbar fusion  management
(n=107) (n =150)
Age, mean years (SD) 40 (8.8) 41 (8.5)
Gender, female 68 (64%) 97 (65%)
Baseline VAS, mean (SD) 75 (17) 74 (16)
Degenerative disc disease (DDD) 34 (32%) 51 (34%)
Spondylolysis /-olisthesis 3 (3%) 11 (7%)
Prior spine surgery 70 (65%) 88 (59%)
— Postdiscectomy syndrome 29 (27%) 30 (20%)
— Pseudarthrosis 7 (6%) 9 (6%)
— Combination DDD and
prior operation 31 (29%) 46 (30%)
— Postchemonucleolysis 2 (2%) 2 (1%)
— Post-trauma 1 (1%) 1 (1%)

informed consent for the TETF procedure and analysis of the
patients was approved by an institutional review board.

For the pantaloon cast test, a plaster cast was applied on
the standing patient from the nipples to the waist, extending
over one leg to the knee (Figure 2). Patients were expected
to wear this corset for 6 weeks, with an absolute minimum of
three weeks for inclusion in this study. They were encouraged
to perform as many daily life activities as possible. Patients
were instructed to return earlier for cast removal in case of
unbearable pain. At a follow-up visit, generally two weeks
after cast removal, the patients were asked whether they had
experienced substantial pain relief when wearing the cast. If
no significant relief or even a worsening of symptoms had
been experienced, a negative test result was noted; in case of
significant pain relief, the test was considered positive.

Before the allocation to treatment by the TETF trial, the
patients were asked to rate the average pain they had experi-
enced during the previous month on a horizontal Visual Ana-
logue Scale (VAS) from O (no pain) to 100 mm (maximal,
unbearable pain). All patients were admitted to hospital for the
TETEF trial. In case of a significant pain reduction in the fixed
position of the TETF compared to the nonfixed position (pla-
cebo trial), the result was positive with the advice to perform
lumbar fusion (van der Schaaf et al. 1999). If pain reduction
was absent or not substantial, conservative management was to
be continued. At a median follow-up of 76 (15-144) months,
patient satisfaction (global self-rating in excellent, good, fair
or poor) and pain on the VAS were assessed by a questionnaire
that was sent by L.E., who had no previous contact with any of
the patients. For analysis, the pain score on VAS at follow-up
was subtracted from the initial score before the TETF trial.
We defined a decrease of 30% or more from the initial pain
to be clinically relevant and scored this as a successful out-
come. Patients with less than 30% pain reduction were con-
sidered failures. For two of the 278 patients the initial VAS
scores were lacking and 19 patients could not be traced for
follow-up. Thus, 257 patients remained for analysis (Table 1).

Of these 257 patients, 158 had undergone prior spine surgery
while 99 patients had no history of spine surgery. A model
was made using a logistic regression to determine which vari-
ables contributed to the clinically relevant pain decrease of
30% or more on the VAS score. The scalar variables included
were age, duration of symptoms and length of follow-up. The
dichotomized variables included were gender, prior spine sur-
gery, pantaloon cast test result and treatment (lumbar fusion or
conservative management). Variables with a p-value less than
0.10 were considered to be possible contributors. Two inter-
action terms were included: prior spine surgery versus treat-
ment and pantaloon cast test result versus treatment. Pearson’s
Chi-Square test was used to calculate statistical significance of
differences between groups and correlations were tested with
Spearman’s Rank Correlation test. A p-value of 0.05 was con-
sidered significant.

Value of adjacent level discography to predict
the outcome of fusion (study V)

From April 1990 to October 1999, 209 patients for whom the
indication for a lumbar fusion remained uncertain after routine
diagnostic tests underwent a temporary external transpedicu-
lar fixation trial (Esses et al. 1989) as the final, decisive test.
All patients had suffered from incapacitating low back pain
for more than one year and had no objective neurologic motor
deficit. Routine diagnostic tests comprised standard radio-
graphs and provocative discography that included the assess-
ment of discs adjacent to the level(s) intended for fusion. The
eventual decision whether to perform lumbar fusion or to con-
tinue nonsurgical management was determined by the TETF
trial for which all patients gave informed consent.

Lumbar discography was performed in the Radiology
Department on an outpatient basis by orthopaedic residents
affiliated with the spine unit (Figure 3). No standard seda-
tives or prophylactic antibiotics were used. With the patient
in the left lateral decubitus position, the technique described
by McCulloch and Waddell (McCulloch and Waddell 1978)
was used. The skin was prepared with Betadine and draped
in the routine manner. After infiltration of the skin with local
anaesthetic (Lidocain 1%), a stiletted double needle (18-gauge
outer and 22-gauge inner solid needle) was advanced into the
intended disc space (Fraser et al. 1987). Correct placement
of the needle tip into the centre of the disc was verified by
biplanar fluoroscopy. In case the disc centre could not be
reached properly, an open, more flexible 22-gauge needle
was advanced through the outer needle to reach the centre.
Subsequently, Isovist®, a water-soluble nonionic contrast
agent (Schering AG, Berlin, Germany) was injected. Next
to the disc(s) that was suspected to be the source of pain in
the patient based on plain radiographs or MRI, generally two
adjacent discs (1 proximal and 1 distal level or 2 proximal
levels in case L5—S1 was suspect) were tested. Attention was
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paid to whether the patient experienced pain during injection.
The patient was asked about the extent and location of the
pain and whether this pain was similar to his/her usual pain
(i.e. concordant pain). The injection endpoint was defined by
manual resistance. The morphological pattern of the disc was
described according to the criteria of Adams (Adams et al.
1986) in which the discogram types I and Il were scored as
normal, whereas the types III-V were considered to be degen-
erative (Wetzel et al. 1994). For each disc separate needles
were used. One hour after the procedure, patients were sent
home with the instruction to return immediately in case of
aggravated back pain or fever within the next few weeks (Wil-
lems et al. 2004). Routine follow-up was at 6 to 12 weeks after
the procedure.

All patients were admitted to hospital for the TETF trial
and were asked to rate their pain on a horizontal visual ana-
logue scale (VAS) ranging from 0 (no pain) to 100 mm (maxi-
mal, unbearable pain). The levels considered for fusion were
immobilized by TETF. In case of a significant pain reduction
in the fixed position compared to the nonfixed state (dynami-
sation) (van der Schaaf et al. 1999), the result of the TETF
trial was considered to be positive and lumbar fusion of the
intended level(s) was performed. If pain reduction was absent
or not substantial, conservative management with commonly
practiced measures, such as physical therapy, manipulations,
rehabilitation programs, analgesics, lumbar orthoses or nerve
root blocks was to be continued. A standardised nonoperative
treatment was not advocated because we feel that commonly
used conservative methods tailored to the individual patient
portray the real life situation for the average chronic LBP
patient (Fritzell et al. 2001). At follow-up, a questionnaire
was sent to the patients by L.E. who had no previous contact
with any of the patients. Pain on the VAS and patient satisfac-
tion (global self-rating of outcome in excellent, good, fair or
poor) were thus assessed in both the fused and conservatively
treated patients. In every patient the pain score at follow-up
was subtracted from the initial pain score. We considered an
individual decrease in pain of 30% or more of the initial pain
to be a clinically relevant improvement and defined this as a
successful outcome. Patients with less than 30% pain reduc-
tion were considered failures. For analysis, the discographic
findings of all patients with at least one injected disc adja-
cent to the levels that had been immobilised by TETF, were
reviewed and scored as follows: If provocation of these adja-
cent disc(s) had produced concordant pain, the discography
result was considered negative (which would mean that fusion
is not recommendable). If injection into these disc(s) had pro-
voked unfamiliar pain or no pain at all, the discography result
was positive. From one of the original 209 patients the initial
data were lost and 11 cases could not be traced for follow-
up: Two patients with symptomatic adjacent discs and eight
patients with asymptomatic discs who had received conserva-
tive treatment and the only fused lost-to-follow-up case was a
patient with asymptomatic discs at discography.

Table 2. Adjacent level discography: Diagnosis of all analysed
patients (numbers)

Fusion and Fusion and
symptomatic asymptomatic Conservative
adjacent discs adjacent discs management
(n=22) (n=60) (n=115)
Degen. disc disease (DDD) 4 20 39
Spondylolysis /-olisthesis 2 3 7
Prior spine surgery 16 37 69
— Postdiscectomy 5 18 16
— Pseudarthrosis 1 6 7
— Combination DDD and

prior operation 7 12 43
— Post-chemonucleolysis & 0 2
— Post-trauma 0 1 1

Thus, 197 patients (63 male, 134 female) with a mean age of
40 (SD 8.5) years remained for analysis at a mean follow-up
of 80 (35) months (range 15-144 months; Table 2). Based on
the TETF results, 115 patients were managed conservatively
and 82 patients underwent a lumbar fusion: 24 patients had
an anterior interbody fusion (stand-alone or circumferential)
and 58 patients received an instrumented posterolateral inter-
transverse process fusion. For statistical analysis, the vari-
ables to be tested (either dichotomized or ordinally scaled)
were age, gender, previous spine surgery, length of follow-up,
preoperative VAS pain score, provocative discography result
of adjacent discs, treatment (lumbar fusion or conservative),
and clinical outcome. A logistic regression model was made to
determine which variables contributed significantly to a clini-
cally successful outcome. Pearson’s Chi-Square test was used
to calculate statistical significance of differences between
groups. For insight into the magnitude of effect, odds ratios
(OR) with confidence intervals (CI) were calculated for any
parameter with a p-value of 0.05 or less. Correlations were
tested with Spearman’s Rank Correlation test. A p-value of
0.05 was considered to be significant.

Postdiscography discitis (study V)

During 1 year the records of all consecutive patients under-
going lumbar discography as part of the work-up for degen-
erative lumbar disc disease were investigated. All procedures
were carried out in the Radiology Department by orthopaedic
residents affiliated with the spine unit. No standard preop-
erative sedation was used, and no prophylactic antibiotics
were administered. The patients were placed in the left lat-
eral decubitus position (McCulloch and Waddell 1978). The
skin was prepared with Betadine and draped in a routine
manner. An image intensifier was used to provide both lat-
eral and anteroposterior views of the spine. After superficial
infiltration of local anesthetic, a solid stiletted double needle
(18-gauge outer and 22-gauge inner needle) was advanced to
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centre of the intended disc space. After fluoroscopic confir-
mation, the inner solid needle was removed, and Isovist, a
water-soluble, non-ionic contrast dye (Schering AG, Berlin,
Germany) was injected slowly. If the disc centre could not
be approached properly, an open, more flexible 22-gauge
needle was advanced through the outer needle to reach the
centre. Volume and pressure of the dye injected, as well as its
distribution pattern in the disc were scored according to the
criteria of (Adams et al. 1986), and the patient’s response was
registered. For each disc level, separate needles were used.
One hour after the procedure, patients were sent home with
the instruction to return immediately in case of aggravated
back pain or fever. Routine control followed at 6—12 weeks
after discography. In case of pain, discomfort, or fever, labo-
ratory and radiologic controls were performed. Discitis was
diagnosed when erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were raised and magnetic resonance
imaging (MRI) revealed the typical increased bony signal in
the vertebral bodies with destruction of the endplates and
paravertebral signal enhancement (Schulitz and Assheuer
1994). In those cases where the records did not reveal the
postdiscography status or follow-up had been less than 12
weeks, patients were approached by telephone and ques-
tioned for the above-mentioned symptoms during the first 3
months after the procedure.

Literature search strategy and selection criteria

To obtain all relevant literature, the most common databases
of published literature were used: Medline (1966 to Janu-
ary 2003), Current contents (1996 to February 2003) and the
Cochrane database of randomised controlled trials (2003,
Issue I). No restrictions were made on language or date. On
the basis of the abstracts, articles were selected by two inde-
pendent reviewers. The references from the selected articles
were checked in the same way to ensure no relevant articles
were missed. Articles were finally included when they met the
following criteria:

e Lumbar discography should be performed at all levels with
an adequately described two-needle technique under strict
aseptic conditions.

e The presence of complications, such as postdiscography
discitis must have been specifically looked for at follow-up
and should be noted as such.

e The exact number of patients and those lost to follow-up
should be noted.

Preferably a minimum follow-up of 3 months was used. If
both reviewers could not reach consensus, a third reviewer
was consulted.

Value of temporary external fixation to predict
clinical outcome (study VI)

Patients with chronic low back pain and an equivocal indi-

Table 3. TETF: Descriptives and mean VAS scores for pain in the
patient groups with a negative and those with a positive external
fixation test result

Negative test Positive test

No. of patients (n=301) 176 125

Age (years) 42 (9.3) 41 (8.7)
Duration of complaints (years) 6.1 (6.7) 5.5 (5.1)
Length of follow-up (months) 81 (35) 76 (34)

Previous spine surgery (%) 65 62

VAS before test 74 (15) 74 (18)
VAS at follow-up 63 (27) 54 (32)
Difference (before — follow-up) 11 (28) 20 (32)

cation for fusion after routine diagnostic tests, such as plain
radiographs, MRI, plaster cast immobilisation or discography,
were selected for this test. On the basis of the data from routine
testing, the symptomatic levels to be immobilised were deter-
mined. The patients were hospitalised for 7 to 10 days. Under
general anesthesia and fluoroscopic control, self-tapping 5
mm diameter Schanz’s screws were inserted transpedicularly.
The screw ends were fixed externally by bars either vertically
with immobilisation of the vertebral segments involved or
horizontally, in which the levels were not immobilised (dyna-
mised state). Each position was maintained for 2 to 3 days
and the patient was unaware whether the levels involved were
fixed or dynamised. At the end of the test, the screws were
removed under general anesthesia.

Suitable candidates for fusion were those patients who
experienced adequate pain relief in fixation and definitely less
pain relief in the dynamised position.

Before the test, pain was registered on a visual analogue
scale (VAS) from O (no pain) to 100 points (maximal pain).
Similar pain assessment was performed at follow-up by means
of a written questionnaire. The test result, type of treatment
after the test (fusion or conservative), age, gender, duration
of symptoms, and preoperative diagnosis were the variables
tested.

Between October 1989 and October 2000, 330 patients (123
male, 207 female, mean age of 42 (SD 9) years) with a mean
duration of symptoms of 6 (5) years, underwent the test (Table
3). The median follow-up period was 79 (15-144) months.

Questionnaire data were missing for 29 patients (Two
patients did not complete the test due to complications, two
deceased, 8 could not be found 17 forms were not returned).
Thus the response was 92% with 108 male and 193 female
patients who were used for analysis.

The test result was determined by the VAS score at fixation
subtracted from the VAS in the dynamised position. A reduc-
tion of 30 points or more was considered as a positive test
result.

The VAS score at follow-up after treatment subtracted form
the VAS score before the test was used as the outcome param-
eter. A reduction of more than 30% or more was considered
to be a clinically relevant improvement in pain. Nominal and
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ordinal-scaled variables were analysed using chi-square tests.
Differences in means of continuous and interval scaled vari-
ables were analysed by paired and unpaired Student’s t test
and analyses of variance, with alpha set at 0.05.

Systematic review of the literature (study VII)
Data sources and searches

A literature search was conducted according to the guide-
lines by Devillé et al. (2002). We explored Pubmed (1966 —
November 2010) and Embase (1974 — November 2010) data-
bases and used search terms for relevant test procedures, study
design and patient population. For the tests the following
terms were used: immobilisation, thoracolumbosacral ortho-
sis, surgical cast(s), provocative discography, discography,
temporary external fixation, facet joint blocks, zygapophyseal
joint blocks, imaging and MRI. For study design we used the
terms prognosis, prognostic, accuracy, predictive, diagnosis,
diagnostic test(s), and diagnostic technique(s), and for patient
population the terms lumbar spine, lumbar vertebrae, lum-
bosacral, spinal, low back pain, degenerative disc disease,
intervertebral disc(k), disc degeneration, failed back surgery
syndrome, spondylosis, spinal fusion and spondylodesis. Both
Mesh terms and free text words were entered.

Study selection

Two authors (PW, JBS) screened the titles and abstracts of all
references identified by the search to determine whether they
met the following inclusion criteria:

* Patients should suffer from low back pain for at least 3
months.

 Studies should contain both patients with a positive and
patients with a negative index test result, who subsequently
underwent spinal fusion.

e Clinical outcome after fusion, which was considered as
the reference standard, should be presented per individual
patient in such a way that a relevant clinical improvement
cut-off could be defined for analysis and outcome could be
dichotomized into “success” or “failure”.

* Pain, subjective improvement, back-specific disability, dis-
ability for work, or patient satisfaction should have been
incorporated as a clinically-relevant outcome measure.

e Studies should include at least 20 patients.

e There were no restrictions by language.

 Study populations with objective neurologic motor deficit,
fracture, infectious disease, ankylosing spondylitis, neo-
plasm, congenital or adolescent idiopathic scoliosis, kypho-
sis, or adult scoliosis were excluded.

Full publications of studies which were considered as poten-
tially relevant by both authors were retrieved. The articles
were read and checked for final inclusion independently. Any
disagreement with regard to study selection was discussed in
consensus meetings. In cases where disagreement persisted, a

Table 4. QUADAS for prognostic studies: criteria to assess risk of
bias

1. Was the spectrum of patients representative of the patients who
will receive the index test in practice?

2. Were selection criteria clearly described?

3. Were the outcomes used to assess recovery collected by means
of validated measures of acceptable quality? @

4. Was a sufficiently long follow-up period (two years or more) used
to asses the outcome of the spinal fusion operation? 2

5. Did all patients receive spinal fusion followed by the outcome
assessment regardless of the index test result?

6. Was the execution of the index test described in sufficient detail
in order to permit replication of the test?

7. Was a clear cut-off point used to qualify positive versus negative
results of the index test? 2

8. Did the effect sizes that were used to consider patients as
being recovered (i.e., the reference standard) meet accepted
standards of clinical relevance, i.e., a minimal important change
(MIC) of 30% or more? 2

9. Were the clinical outcomes after fusion assessed without knowl-
edge of the results of the index test?

10. Were the same clinical data available when index test results
were interpreted as would be available when the test is used in
practice?

11. Were uninterpretable results of the index test reported?

12. Were withdrawals from the study explained?

QUADAS = quality assessment of diagnostic accuracy studies (20)
2ltems 3, 4, 7, and 8 are modified items.

third reviewer was consulted for the final decision. The refer-
ences of the articles identified by the search were checked for
additional eligible studies.

Data extraction and assessment of bias

Relevant study data were retrieved by the same two review-
ers using standardised forms. Extracted information included:
standard reference data (first author, journal and publication
year), number of patients, characteristics of study population
before surgery (i.e., age, gender, severity and duration of pain
and/or disability), index test, spinal fusion method, outcome
measures, and clinical outcome.

The two reviewers independently assessed the risk of bias of
included studies by means of a modified version of the Qual-
ity Assessment for Diagnostic Accuracy Studies (QUADAS)
checklist (Whiting et al. 2003). The QUADAS is a gener-
ally acknowledged checklist to assess the quality of primary
studies of diagnostic accuracy. As there are no gold standard
criteria for quality assessment of studies of prognostic accu-
racy, we modified the QUADAS checklist, as listed in Table
4. Disagreements between both reviewers were discussed and
resolved in a consensus meeting.

Data synthesis and analysis

By combining outcome (dichotomized into “success” or “fail-
ure”) with the test results (positive or negative), two by two
tables with four cells (true positives, false negatives, false posi-
tives and true negatives) could be generated, and test qualifiers,
such as sensitivity, specificity, predictive values and likelihood
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ratios with 95% confidence intervals were calculated. Calcula-
tions were done with MetaDisc statistical software version 1.4
(Zamora et al. 2006). Statistical pooling was only performed
if studies on a specific test were not hampered by statistical
or clinical heterogeneity. Statistical heterogeneity was defined
as non-overlapping 95% confidence intervals for estimates of
sensitivity and specificity, and a difference in these estimates

among the studies of more than 20% (Jellema et al. 2010; van
der Windt et al. 2010). We considered studies as clinically het-
erogeneous when patient groups, outcome measures, or the
execution of index tests were different. In cases of statistical
or clinical heterogeneity we refrained from statistical pooling
and the results were presented per individual study.
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Findings and discussion

Survey Dutch spine surgeons (study I)

Of 132 active spine surgeons, 93 (70%) completed and
returned the questionnaire. Thirty-one of the 93 respondents
(33%) declared not to perform spinal fusion for low back pain
and were excluded from further analysis. The characteristics
of the final group of 62 respondents are listed in Table 5. The
level of experience for neurosurgeons and orthopaedic sur-
geons was equal: 11 of 16 versus 33 of 46 worked ten years or
more in clinical practice, respectively.

Prognostic factors

The respondents’ comments on prognostic factors are listed in
Table 6. For 7 of the 11 items there was no consensus (signifi-
cantly less than 70% uniformity of opinion).

More than 70% of the respondents would fuse patients over
60 years old for back pain. Years of clinical experience or
specialty did not appear to be of influence (p=0.5, and p=0.7,
respectively). Only 1 of 15 neurosurgeons fused patients
below 20 for back pain, versus 14 of 46 orthopaedic surgeons
(p=0.06).

Eighteen orthopaedic surgeons performed fusion of 3 or
more levels for low back pain, whereas no neurosurgeon did
(p=0.003).

Tests for patient selection

The surgeons’ appreciation and use of predictive tests are
listed in Tables 7a and 7b, respectively. Apart from MRI, there

Table 5. Survey: Characteristics of the 62 respondents

Orthopaedic Neuro- All
surgeons surgeons respondents
(n) (n) (n)
No. of respondents 46 16 62
Age
< 50 years 22 10 32
= 50 years 24 6 30
Clinical experience
< 10 years 13 5 18
= 10 years 33 11 44
Type of hospital
University/specialised 13 5 18
General B3] 11 44
No. of fusions for CLBP/year
1-10 24 9 33
10-25 9 6 15
25-50 7 1 8
=50 6 0 6

Abbreviation: CLBP = chronic low back pain; n = number

was no uniformity regarding the value of these tests for clini-
cal decision making.

Mainly orthopaedic surgeons (21 of 46, versus 2 of 16 neu-
rosurgeons, p=0.03) considered provocative discography to be
a valid predictor of fusion. Spine surgeons working in gen-
eral hospitals (20 of 43), appeared to believe more in the test
than academic surgeons did (3 of 18, p=0.03). There was no
relation with clinical experience (p=0.4). Apart from the use
of discography, differences in discipline or clinical experi-
ence did not appear to be of significant influence on treatment
strategy. In the evaluation of chronic low back pain no other
predictive tests than those mentioned in Tables 7a and 7b were
used on a regular basis.

Table 6. Survey: Respondents’ opinion to what extent patient-spe-
cific prognostic factors influence their clinical decision making in
the treatment of CLBP. The numbers listed are percentages of valid
responses

Patient-specific prognostic factors p-value @

Maximum number of

levels for fusion 1 level 2 levels = 3 levels

18 (30.5) 23 (39.0) 18 (30.5) <0.001
Minimum age patient <20 yrs 20-30yrs =30yrs

15 (24.6) 25 (41.0) 21 (34.4) <0.001
Maximum age patient 40-50 yrs 50-60yrs =60 yrs

5(8.1) 12 (19.4) 45 (72.5) NS
Minimal length
conservative therapy <6 mo 0.5-1 yr =1yror

3(4.8) 36 (58.1) 23(37.1) NS
Maximum Body Mass
Index (BMI) <31 31-37 =37

29 (46.8) 18 (29.0) 15 (24.2) <0.001
Maximum number
of cigarettes / day 0 1to 20 20 or more

29 (47.5) 7 (11.4) 25 (40.9) <0.001
Referral overweight
patients to dietician  Always Sometimes Never

29 (46.8) 20 (32.3) 13 (21.0) <0.001
Psychological
screening referral Always Sometimes Never

10 (16.2) 28 (45.2) 24 (38.7) <0.001
Different criteria for
primary DDD versus
prior spine surgery Agree Neutral Disagree

44 (71.0) 8(12.9) 10 (16.1) NS
Work status affects
outcome Agree Neutral Disagree

29 (46.7) 17 (27.4) 16 (25.9) <0.001
Litigation procedures
affect outcome Agree Neutral Disagree

43 (69.3) 9 (14.5) 10 (16.2) NS

Abbreviation: DDD = degenerative disc disease, NS = not significant.
a Chi-square test: p<0.05 means significantly less than 70% consen-
sus, NS implies uniformity.
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Table 7a. Survey: Respondents’ opinion on predictive tests for clini-
cal decision making. The numbers listed are valid responses and
respective percentages

Predictive test Agree (%) Neutral (%) Disagree (%) p-value @

MRI sufficient for

decision making 10 (16) 11 (18) 41 (66) NS
Cast immobilisation

valuable test 25 (40) 15 (24) 22 (35) <0.001
Cast immobilisation

too unpleasant 11 (18) 16 (26) 35 (56) 0.03
PD proven

valuable test 23 (38) 16 (26) 22 (36) <0.001
PD too many

complications 3 (5) 14 (23) 44 (72) NS
TETF valuable

test 8 (13) 33 (55) 19 (33) 0.01
TETF too many

complications 20 (33) 31 (51) 10 (16) 0.001

Abbreviations: MRI = magnetic resonance imaging, PD = provocative
discography, TETF = temporary external transpedicular fixation, NS
= not significant.

2 Chi-square test: p<0.05 means significantly less than 70% consen-
sus, NS implies uniformity.

Table 7b. Survey: The use of predictive tests by the surgeons in
clinical practice. The numbers listed are valid responses and their
respective percentages

Use of test Always (%) Sometimes (%) Never (%) p-value 2
Facet joint blocks 5(8) 32 (52) 25 (40) 0.002
Cast immobilisation 20 (33) 23 (38) 18 (30) <0.001
PD 25 (42) 10 (17) 24 (41) <0.001
TETF 0 (0) 3 (5) 58 (95) NS

Abbreviations: PD = provocative discography, TETF = temporary
external transpedicular fixation, NS = not significant.

2 Chi-square test: p<0.05 means significantly less than 70% consen-
sus, NS implies uniformity.

Individual decision making in clinical practice

Figure 5 shows the importance of predictive tests and prog-
nostic factors for clinical decision making as rated on a scale
from O to 10. Patient history and imaging were valued signifi-
cantly higher than predictive tests, psychological screening or
patient preferences (all respective comparisons: p<0.01, Inde-
pendent t-test).

Twenty-seven (45%) surgeons responded to have a proto-
col for decision making to which they frequently or always
adhered. Of those 35 respondents who did not have such a
protocol, 23 (68%) replied that there should be guidelines. In
other words, 50 respondents (83%) felt that clinical guidelines
in the management of CLBP patients are prerequisite.

Comparison with related research

Older age is an acknowledged predictor of poor outcome
(DeBerard et al. 2001). Nevertheless, almost three quarters

history [
MRI | ‘ ‘ ——
plain radiography | : : ‘.—‘%4
physical exam | ‘ : .‘—F%
discography | : : ]
pantaloon cast ] : : ]
patient's preference e
psychol. screening %%
facet joint block ] i
bone scintigraphy T
TETF =
0 é 4 6 8 10

Figure 5. Survey: The importance of listed factors in clinical decision
making (presented as mean + SD) as rated by the respondents on a
scale from 0 (no importance) to 10 (maximal importance). Abbrevia-
tions: MRI = magnetic resonance imaging, TETF = temporary external
transpedicular fixation.

(73%) of the respondents fused patients above 60 for low back
pain.

Despite the fact that 2 or 3-level fusions have been reported
to have proven higher rates of pseudarthrosis with lower patient
satisfaction as compared to single level fusions (Turner et al.
1992), over 30% of the respondents would consider fusion of
3 levels or more.

Although fusion surgery is not recommended unless 2 years
of conservative treatment have failed (Airaksinen et al. 2006),
63% of the surgeons felt that less than 1 year of conservative
therapy is enough to consider fusion.

Obesity is an independent risk factor for low back pain,
and surgery in these patients is significantly associated with
major complications, such as thrombo-embolism and infec-
tion (Patel et al. 2007). Nevertheless, 53% of the respondents
would operate for chronic low back pain on obese patients
and 24% on the morbid obese. Less than half of the surgeons
(47%) consistently referred overweight patients to a dietician.

There was no consensus regarding smoking, which is known
to be an independent risk factor for low back pain (Deyo and
Bass 1989) and associated with worse results of spinal fusion
(Wilson-MacDonald et al. 2008). About 41% would fuse
heavy smokers, whereas 48% would not operate smokers for
back pain.

Psychologically stressful work has been associated with low
back pain and disability (Katz 2006), and it has been reported
that psychological distress, depressive mood and somatisation
lead to an increased risk of chronicity (Pincus et al. 2002).
In addition, presurgical depression is associated with worse
patient outcome after lumbar fusion (DeBerard et al. 2001).
Only 16% of the respondents referred patients routinely for
psychological screening and 39% never referred for this pur-
pose at all.

There is strong evidence that clinical interventions are not
effective in returning patients back to work once they have
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Table 8. Motion analysis: Patient characteristics and angles of lumbosacral sagittal rotation (degrees) in the unrestricted condition and in
both plaster cast conditions, while performing spinal flexion-extension, pelvic tilt, and walking

Spinal flexion-extension Pelvic tilt Walking

External No Cast — Cast + No Cast—  Cast+ No Cast — Cast +

fixation plaster hip hip plaster  hip hip plaster hip hip
Patient no. Sex Age level cast fixation  fixation cast fixation  fixation cast fixation  fixation
1 M 43 L4-S1 3.0 4.9 0.6 3.5 3.4 0.2 2.2 1.0 2.6
2 M 46 L4-S1 6.7 2.4 2.2 0.2 0.3 1.9 1.2 2.8 1.8
3 M 41 L4-S1 6.3 1.7 1.3 0.5 1.2 0.6 2.1 2.1 2.0
4 M 30 L4-L5 0.5 1.9 2.0 0.5 2.7 1.9 1.1 0.9 1.1
5 F 34 L5-S1 0.9 0.5 0.5 2.1 0.9 0.9 1.6 1.7 1.4
6 M 49 L5-S1 2.8 0.1 0.2 0.4 1.6 0.7 2.4 2.7 1.7
7 F 25 L5-S1 0.1 0.3 0.6 0.7 1.0 0.8 1.0 1.0 0.8
8 M 37 L5-S1 0.7 0.4 1.1 1.2 1.5 1.2 0.8 6.4 21
9 F 28 L5-S1 1.1 0.7 1.2 1.2 1.6 1.4 3.2 1.1 3.5
10 M 34 L5-S1 2.0 2.3 0.8 0.7 0.4 0.7 2.5 3.7 1.9

been off work for a longer time (Airaksinen et al. 2006).
About half of the respondents agreed that the work status of
patients with low back pain affects outcome considerably and
69% acknowledged that litigation or workers’ compensation
are of great influence on decision making, as they have been
associated with persisting pain and disability (Katz 20006).

Two-thirds (66%) of the respondents considered findings
on plain radiographs and MRI-scan alone to be insufficient
for surgical decision making (Table 7a). This is in accordance
with the literature indicating that degenerative or black discs
on MRI do not appear to have a strong clinical relevance
(Boden et al. 1990; Jarvik et al. 2001) and that there is no cor-
relation between radiographic signs of degeneration and clini-
cal outcome (van Tulder et al. 1997).

Opinion differed about trial immobilisation with a panta-
loon cast: 40% of the respondents agreed that it is a valuable
test and 36% disagreed. This resembles conflicting reports
from the literature claiming that the test is not predictive of
fusion outcome (Axelsson et al. 1995) or that only in highly
selected patient groups the pantaloon cast test may be of value
(Willems et al. 2006).

Provocative discography is a controversial test, which is
highly variable in chronic pain patients and can also be posi-
tive in pain-free individuals (Carragee et al. 2000). Its value in
predicting the outcome of fusion for low back pain is debated
(Colhoun et al. 1988; Willems et al. 2007), which was reflected
in the completely contradictory respondents’ opinions. Trial
immobilisation with a temporary external fixator is known
for its high complication rate (Bednar 2001) and because of
ambiguous results, its use is not recommended (Elmans et
al. 2005). In the present survey, external fixation was not fre-
quently used (94% never used it) and only 13% believed in its
predictive value.

Lumbar facet injections have been reported not to be predic-
tive of either arthrodesis or nonsurgical treatment of back pain
(Esses and Moro 1993). Accordingly, only 8% used facet joint
blocks on a regular basis as a predictor of spinal fusion.

The effect of an orthosis on lumbosacral motion
(study )

Translations were around 1 mm which was too small given
the accuracy of the system, and were excluded from analy-
sis. Noteworthy rotations of more than 1.0 degrees, were
only found in the sagittal plane (Table 8). Although larger LS
motion has been reported while measuring with the patient
in lateral decubitus position, we chose to measure patients in
standing and walking positions because for us, the immobilis-
ing effect of a plaster cast in common daily life activities was
of interest.

In the flexion-extension exercise (Figure 6a), the patients
with motion measured across two segments (L4-S1, patients
1, 2 and 3) showed considerably higher rotation and signifi-
cantly more reduction of motion by both plaster casts than the
other patients (F(1,8) = 6.1; p = 0.04). During walking (6¢),
considerably more sagittal rotation was found for both cast
conditions than in the other two exercises, reaching almost the
level of significance (F(1,9) =4.99; p = 0.05). The decrease in
motion by both plaster casts in the static measurements was
therefore not present during walking. This interesting observa-
tion deserves further attention, although the small number of
patients and the generally low values of sagittal rotation in this
study may have limited statistical value.

Our findings are consistent with those of a study (Lums-
den and Morris 1968) in which Steinmann pins were inserted
into the spinous process of L5 and the posterior superior iliac
spines and a lumbar orthosis appeared to rather increase than
decrease lumbosacral rotations during normal levels of walk-
ing. Buchalter et al. (1988) reported that casts and orthoses
do not provide sufficient rigidity to adequately immobilise
the lumbar spine. With a rigid support, optimal restriction of
movement is achieved approximately midway in lengtj and
decreases toward the ends (Fidler and Plasmans 1983). Adding
hip fixation to the support should thus provide maximal stabi-
lisation of the LS joint. However, Axelsson et al. (1993), using
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Figure 6a. The differences (Delta) in range of sagittal rotation from both
plaster casts to the range obtained in each patient in the condition with
no support, during spinal flexion-extension. Note that a negative delta
represents an immobilising effect.
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Figure 6b. The differences (Delta) in range of sagittal rotation from both
plaster casts to the range obtained in each patient in the condition with
no support, during pelvic tilt. Note that a negative delta represents an
immobilising effect.
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Figure 6c¢. The differences (Delta) in range of sagittal rotation from both
plaster casts to the range obtained in each patient in the condition with
no support, during walking. Note that a negative delta represents an
immobilising effect.

roentgen stereophotogrammetry, found no significant stabilis-
ing effect by a molded, rigid TLSO with unilateral hip immo-
bilisation on sagittal, vertical, or transverse translations. They
suggested that plaster casts restrict gross motions of the trunk
rather than exert a specific stabilising effect on intervertebral
mobility of the lumbosacral joint.

The accuracy of the PRIMAS system for static and moving
markers in our experimental set-up appeared to be 0.3 degrees,

which implies that rotational ranges less than 0.6 degrees
should be analysed with great caution.

Additionally, the standardised position in which the patients
were placed in the field of measurement, may have differed
between the exercise sequences. Calculation showed that a
deviation of 10 degrees in position produced an error of 1.6%
in sagittal rotation, which we deemed an acceptable limita-
tion for the experiment. In that respect, PRIMAS seems to be
an accurate method for continuous registration of lumbosacral
kinematics during dynamic exercises in patients with chronic
low back pain.

Cohort study: Value of an orthosis to predict
clinical outcome (study Ill)

Of the 257 analyzed patients, 98 experienced significant pain
relief when wearing the pantaloon cast, whereas 159 patients
had a negative test result. Apart from inconvenience, no com-
plications from wearing the cast were noted. There was no
significant correlation between the pantaloon cast test result
and the advice from the TETF trial (rtho=0.01, p=0.891).
Based on the TETF, 107 patients actually underwent lumbar
fusion: 79 patients underwent an instrumented posterolateral
intertransverse process fusion and 28 patients had an anterior
interbody fusion. For both operation techniques about 40% of
the patients had a clinically relevant improvement.

According to the logistic regression model, only the inter-
actions between treatment and the pantaloon cast test result
(p=0.08) and that between treatment and whether the patient
had undergone prior spine surgery (p=0.004) were factors
contributing to successful pain relief in the study population.
These interaction relations were tested by a separate Chi-
square analysis on clinical outcome x pantaloon cast test result
both for patients with and without a history of prior spine sur-
gery. For the group of 99 patients with no prior spine surgery,
the patients with a positive pantaloon cast test who underwent
a lumbar fusion, had a significantly better outcome than those
managed conservatively (p = 0.002, Table 9a). Those with a
negative test showed no difference in outcome between fusion
and conservative treatment. In the group of 158 patients with
prior spine surgery no difference in outcome was found (Table
9b). None of the patient groups showed a significant differ-
ence in outcome after lumbar fusion between the patients with
a positive and those with a negative pantaloon cast test.

The use of a plaster cast test in surgical decision-making
for chronic LBP patients remains controversial. In search
for scientific proof, the clinical outcome of 257 chronic LBP
patients who either underwent lumbar fusion or conserva-
tive management was assessed in the present cohort study. In
patients with no history of prior spine surgery and a positive
pantaloon cast test, the success rate for lumbar fusion was
significantly higher than that for conservative management
(p=0.002), although the number of patients in both subgroups
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Table 9a. Orthosis: Summary of results in the 99 patients without prior spine surgery, classified by treatment and

pantaloon cast test result

Lumbar fusion

Conservative management

Pantaloon cast test: A. Positive B. Negative C. Positive D. Negative
Number of patients 15 22 20 42

Median duration of pain, years (range) 3.0 (0.5-10) 3.8 (1.0-18) 2.5(0.5-20) 3.3 (0.5—22)
Median follow-up, months (range) 66 (40-137) 77 (18-124) 52 (32-115) 69 (30-144)
Baseline VAS, mean (SD) 74 (15) 72 (18) 66 (17) 72 (14)
Post-treatment VAS, mean (SD) 32 (26) 43 (34) 67 (21) 56 (29)
Pain relief of = 30% on VAS 2, n (%) 11 (73%) 13 (59%) 4 (20%) 17 (40%)

a Significantly more pain relief of = 30% on VAS in Group A compared to Group C (p = 0.002).
No significant difference in pain relief between the Groups A and B (p = 0.4), Band D (p =0.2) or Cand D (p = 0.1)

Table 9b. Orthosis: Summary of results in the 158 patients with prior spine surgery, classified by treatment and

pantaloon cast test result

Lumbar fusion

Conservative management

Pantaloon cast test: A. Positive B. Negative C. Positive D. Negative
Number of patients 28 42 35 53

Median duration of pain, years (range) 3.5(1.0-20) 4.0 (0.5-31) 4.0(1.0-22) 3.0 (1.0-21)
Median follow-up, months (range) 53 (18-138) 89 (23-137) 89 (30-136) 89 (23-137)
Baseline VAS, mean (SD 76 (19) 77 (16) 74 (17) 77 (16)
Post-treatment VAS, mean (SD) 61 (28) 67 (29) 65 (29) 63 (27)
Pain relief of = 30% on VAS 2, n (%) 8 (29%) 12 (29%) 9 (26%) 21 (40%)

2 No significant differences in pain relief between any of the groups

was relatively small (15 and 20 patients, respectively, Table
9a). Within the lumbar fusion treatment group, the outcome
between patients with a positive pantaloon cast test was not
significantly different from that for patients with a negative
test (73% versus 59%, respectively, Table 9a). Thus, a nega-
tive pantaloon cast test does not mean that lumbar fusion will
not be successful. In patients with prior spine surgery, the suc-
cess rate for lumbar fusion was low and the pantaloon cast
test was of no value (Table 9b). If in these patients equivocal
results exist after routine diagnostic tests, great caution with
regard to lumbar fusion is warranted. These findings are in
accordance with other reports, stating that there are no reliable
tests for preoperative selection of failed back surgery patients
and that, consequently, the results of lumbar fusion are dis-
couraging (Lehmann et al. 1987; Turner et al. 1992; Wetzel
et al. 1994).

Although we realise that pain is merely one of the many fac-
tors related to the problem “chronic low back pain”, the crite-
rion of pain reduction on a Visual Analogue Scale was chosen
to assess successful outcome. Despite the inherent inaccuracy
in how the patient puts a dot on the line, it is our opinion that,
because the patient serves as his own control, this is an objec-
tive method to evaluate outcome of treatment in chronic pain
(Price et al. 1983). Because of the heterogeneity in VAS scores
within each group, the difference between pain on VAS before
allocation and at follow-up was calculated on an individual

level and not on a group level. In this way, it was possible to
assess clinically relevant improvements in pain. It should be
acknowledged that the cut-off level of 30% pain reduction to
define success or failure is arbitrary and debatable and one
should realise that, as we know from clinical practice, many
of the cases defined as success in the present study still suffer
from residual low back pain after treatment.

The length of follow-up did not appear to be a contribut-
ing factor to pain reduction in the logistic regression (p=0.86).
Nevertheless, the large range in follow-up and thus the great
variety in interval between the pre- and posttreatment pain
assessment, should be regarded as a limitation of the present
cohort study.

TETF is an invasive test and high incidences of pin tract
infections and neurological complications have been reported
(Jeanneret et al. 1994; Lund et al. 2002). Therefore, the TETF
trial was only used as a final diagnostic test in patients for
whom the indication for lumbar fusion remained unclear after
routine diagnostic tests. The patient population in the current
study might thus be biased because “clear-cut” cases that were
indicated for fusion straight away were not included in the
trial. This may limit the generalisability of the current study’s
findings in other settings and may have led to lower overall
results for lumbar fusion. Our aim, however, was not to assess
the success of lumbar fusion in chronic low back pain patients,
but to evaluate whether a pantaloon cast test can help select



20

Acta Orthopaedica (Suppl 349) 2013; 84

those patients who will benefit more from lumbar fusion than
from nonsurgical treatment.

Naturally, a randomised study would be the best way to eval-
uate a preoperative selection test. Within the limits of current
clinical practice we considered the present cohort study design
to be a reasonable alternative as the pantaloon cast test result
had no correlation with the surgical decision-making based
on the TETF trial (rho=0.01, p=0.9). In this way, whether
after a positive or a negative pantaloon cast test, the groups of
fused and conservatively managed patients were fairly equal
in size and had similar patient characteristics making analysis
between these groups more valid.

Founded on the surgeon’s personal belief or experience
rather than supported by scientific literature, the pain-reliev-
ing effect obtained by spinal immobilization in a lumbar
orthosis or pantaloon cast is widely used for patient selection
in clinical practice. The mechanical basis, however, is poor,
as several studies could not determine a stabilising effect on
intervertebral mobility (Axelsson et al. 1992; Axelsson et al.
1993; Willems et al. 1997). In fact, radiographic studies have
even suggested that motions at lower lumbar levels actually
increase when orthoses are worn (Axelsson et al. 1993; Tuong
et al. 1998). The main effect produced by a corset is a reduc-
tion in gross motion of the trunk (Lantz and Schultz 1986;
Buchalter et al. 1988) rather than the fixation at one individual
level. This gross effect makes comparison to a single level
fixation questionable, which is supported by the fact that there
appeared to be no correlation between the results of the TETF
trial and the pantaloon cast test. The pain relief provided by a
corset is probably not caused by motion restriction but by an
increase in passive trunk stiffness of up to 40% (Cholewicki
et al. 1999; Cholewicki et al. 2003) with a possible general
unloading effect on the trunk structures and reduced intradis-
cal pressures (Nachemson and Morris 1964). Such pain relief
caused by this unloading effect does not appear to be specific,
as we found that a negative pantaloon cast test does not at
all exclude the possibility that the patient will benefit from
lumbar fusion.

Adjacent level discography to predict the clinical
outcome of fusion (study IV)

No serious complications related to the discography proce-
dure were registered. If degenerative discs are considered to
be painful and normal discs to be asymptomatic, morphology
predicted the discographic pain response in about 75% of the
patients (21 painful and degenerative discs, 126 asymptomatic
discs with normal morphology, Table 10). About two-thirds
of the degenerative adjacent discs were painful as compared
to a quarter of the adjacent discs with normal morphology (p
= 0.000 chi-squared test, OR 6.2, 95% CI 2.7-13.9). There
was no correlation (rho=0.1, p=0.3) between the result of pro-
vocative discography and the TETF trial result. According to

Table 10. Adjacent level discography: Cross-tabulation of the mor-
phologic (Adams’ criteria) and the symptomatic status of the adja-
cent discs assessed by provocative discography in all 197 patients

Symptomatic Not symptomatic Total
Degenerative 21 11 32
Normal morphology 39 126 165
Total number of patients 60 137 197

the logistic regression model, only treatment (lumbar fusion
versus conservative management) appeared to be a contribut-
ing factor to successful pain relief (p=0.01, OR 2.2, 95% CI
1.2-3.9). One can conclude that a patient in this study who
underwent a fusion operation had approximately twice as
much chance of having at least a 30% reduction in pain as
a patient who was treated conservatively. The other variables
in the logistic regression did not contribute significantly to
having at least a 30% reduction in pain: age (p=0.5), gender
(p=0.2), preoperative VAS score (p=0.8), previous spine sur-
gery (p=0.06), interaction previous spine surgery and treat-
ment (p=0.98), provocative discography (p=0.99) and length
of follow-up (p=0.5).

For the 82 fused patients the distributions of the VAS scores
before lumbar fusion and at follow-up are shown in Figure 7.
The success rate of those fused with asymptomatic adjacent
discs was equal to the success rate of those fused with painful
adjacent discs (45% versus 45%, respectively, p=0.6, Table 11).
When considering the effect of discographic morphology on
the clinical outcome for lumbar fusion between those patients
with degenerative adjacent discs versus those with normal
adjacent discs, the Pearson’s Chi Square test was not signifi-
cant (p=0.07). Stratification for patients with or without prior
spine surgery did not reveal any effect of discography result
on outcome (Pearson’s Chi Square: no prior surgery, p=0.8;
prior surgery, p=0.7). The method of fusion, whether anterior
interbody fusion or instrumented posterolateral fusion, had no
effect on outcome (success rates of 46% versus 45%, respec-
tively). The outcome by percentage of VAS improvement and
the 4 categories of patient satisfaction (excellent, good, fair or
poor) appeared to correlate well (rho=0.73, p=0.000). Patient
satisfaction, which we consider to be a sufficient quality indi-
cator rather than another validated measure of health outcome,
also did not delineate differences between the two operative
groups (p=0.3).

There is no true consensus in the management of adjacent
segments in spinal fusion. Some authors advocate to limit the
number of segments fused as much as possible because two-
or three-level fusions have a proven higher rate of pseudar-
throsis with less function (Dawson et al. 1981; Jackson et al.
1985; Herkowitz et al. 1999) and lower patient satisfaction
compared to single level fusions (Turner et al. 1992). Others
suggest that surgical fusion of lumbar vertebrae increases the
load on adjacent discs which may accelerate degeneration at
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Figure 7. Adjacent level discography: The distribution of the VAS scores before lumbar fusion
and at follow-up for all fused patients with symptomatic and asymptomatic adjacent discs at
preoperative discography. The VAS scores have been categorised as follows: 0-20, 21-40,

Because degeneration itself appears to
be related to the process of aging, whereas
symptomatic degeneration may point to
deterioration, one could assume that phys-
iologic data from provocative discography
would reflect the clinical scenario better in
chronic LBP patients. This more reliable
preoperative analysis of planned future
transitional levels should lead to a better
prediction of the clinical outcome of
lumbar fusion (Gillet 2003). In the present
study, however, clinical outcome did not
appear to be affected by the preoperative
status of adjacent levels as assessed by
provocative discography. There are, how-
ever, methodological limitations of the
present study that should be addressed.

Provocative discography is a controver-

41-60, 61-80, and 81-100.

Table 11. Adjacent level discography: Variables and clinical out-
come of the 82 patients who underwent lumbar fusion classified
by the result of provocative discography of the adjacent segments

Asymptomatic
adjacent disc(s)

Symptomatic
adjacent disc(s)

Number of patients 60 22
Mean age (years) 39 (7.8) 39 (8.5)
Gender (male / female) 18 /42 6 /16
Mean follow-up in months 80 (36) 76 (38)
(range) (15-137) (18-144)
Mean initial VAS 76 (16) 72 (18)
Mean VAS at follow-up 53 (33) 52 (29)
Patients with pain relief
of =30% on VAS 27 (45%) 10 (45%)

these transitional levels (Lee and Langrana 1984; Lehmann et
al. 1987; Sato and Kikuchi 1993; Chow et al. 1996). However,
in a long-term follow-up study following surgery for lumbar
degenerative disc disease, no correlation between radio-
graphic signs of degeneration at transitional levels and clini-
cal outcome or functional impairment was reported (Kumar
et al. 2001b). In a recent retrospective study Throckmorton
et al. reviewed the outcome after lumbar fusion for degen-
erative instability in 25 patients (Throckmorton et al. 2003).
They reported no adverse impact on clinical outcome when
the lumbar fusion ended adjacent to a degenerative motion
segment as determined from preoperative morphologic MRI
data. As a criticism one might argue that radiographically
degenerative lumbar discs or so-called black discs on MRI do
not appear to have clinical relevance as they are observed in
up to a third of asymptomatic individuals between 20 and 39
years of age (Modic et al. 1988; Boden et al. 1990; Hambly
et al. 1998).

sial test and its validity has not been estab-

lished consistently in literature (Nachem-
son 1989). It has been shown that healthy, previously pain-free
patients can also experience pain from a discogram and the
discographic pain response appears to be highly variable in
patients with chronic pain and somatization disorders (Car-
ragee et al. 2000). It should be stressed that discography is
not a test at the level of a gold standard to identify whether a
disc is truly a clinically significant pain generator in a chronic
LBP patient. It is no more than an assumption frequently given
to the discography result which can be compared to clinical
outcome.

In the present study, provocative discography was executed
by residents who had performed a sufficient number of dis-
cography procedures under supervision to be judged capable
of executing the procedure alone. Nevertheless, it has been
documented that false test results increase with poor injection
technique implying that the performance and evaluation of the
test by residents may be less reliable than by experienced dis-
cographers who perform discography on a routine base.

The decision of which levels were to be fixed by TETF was
based on the combination of conventional radiographs, MRI/
CT and provocative discography that included the assessment
of generally two adjacent discs. In this way, in the individual
patient, an originally adjacent disc that was symptomatic on
injection, may have become a suspect disc and subsequently
been included in the TETF (=proposed fusion) levels. This
may have resulted a bias in the selection of both fusion groups.
For the present protocol, adjacent levels were defined retro-
spectively and the discographic responses of only these levels,
truly adjacent to TETF (=fusion), were studied. Consequently,
in some patients only one adjacent level could be scored for
analysis, which may limit the interpretation of the present
study’s findings.

However, in contrast to most studies, the design of the
present study had the advantage that the decision to perform
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lumbar fusion was not based on the results of adjacent level
discography itself (as defined retrospectively) but on the
TETF results, which were not correlated (rho=0.1, p=0.3).
In this way, a group of fused patients with symptomatic or
degenerative adjacent discs and a group of fused patients with
normal adjacent discs could be compared.

Because TETF is an invasive diagnostic procedure with a
considerable risk of pin tract infection and neurological com-
plications (Soini and Seitsalo 1993; Jeanneret et al. 1994),
only patients for whom routine diagnostic testing was equivo-
cal were included. Such a selection manner is, of course, prone
to bias by the judgment of the individual clinician. Moreover,
whether the TETF trial was positive (sufficient pain relief
to decide for lumbar fusion), was determined by the physi-
cian who coordinated the TETF trial. For his decisions there
is no validity other than clinical experience. These methods
of selection limit the generalisability of the present study to
settings in which patients are selected for lumbar fusion in a
different manner. The aim, however, was not to assess the suc-
cess of fusion in chronic LBP patients but to evaluate whether
the clinical outcome of lumbar fusion is affected by the preop-
erative status of adjacent discs as determined by provocative
discography.

Although pain is only one aspect of the problem of “chronic
low back pain”, it remains the principal indication for opera-
tive treatment. For this reason, the criterion of significant pain
reduction on a VAS was chosen to define successful outcome.
The graphic representation of pain over time by the VAS
has been shown to be well suited for longitudinal outcomes
assessment (Price et al. 1983; Zanoli et al. 2001; Hagg et al.
2003). We chose for the change in pain per individual to define
outcome because of the heterogeneity in VAS scores within
each patient group. It should be acknowledged that the choice
for the cut-off level of 30% improvement in pain to define
success or failure is arbitrary and debatable as it implies (as
we also know from current clinical practice) that many of the
patients defined as a success in the present study still suffer
from residual LBP after treatment.

The spread in time between the pre- and posttreatment pain
assessments could be a confounding factor (in both fusion
groups there were patients with less than 24 months of follow-
up). In the logistic regression, however, length of follow-up
was not found to contribute to the clinical outcome of success-
ful pain relief (p=0.5).

The total number of 82 fused patients in the present study
is small and could lead to a potential type II error. A sample
size calculation (power=0.8, alpha set at 0.05) showed that 67
patients are sufficient to show a 15% difference in the rate of
success between the two groups (a difference less than 15%
would be of little clinical relevance). Therefore, we feel con-
fident that the results presented here justify our critical view
concerning the value of evaluation of adjacent levels by pro-
vocative discography prior to spinal fusion.

Postdiscography discitis (study V)

Discography was performed in exactly 200 patients (88 men,
112 women) with a mean age of 41 (16-62) years. Forty
patients had discography at one level, 85 patients at two levels,
and in 75 patients three levels were involved. Thus, in total
435 discs were injected. Three patients had reported signs of
discomfort or fever at follow-up visit. Laboratory controls,
however, showed no significant elevation of ESR or CRP and
MRI was negative for discitis. As their symptoms resolved
spontaneously, discitis was excluded. As all patients could be
reached by phone, 100% follow-up was achieved. No patient
reported complaints or fever or discomfort regarding his or her
back in the first 3 months after discography, and thus an over-
all incidence of 0% postdiscography discitis was registered.

Literature search

The search yielded 263 references, of which 217 papers were
excluded on the basis of an abstract and title. After applying
the inclusion criteria to the remaining 46 papers, and after
screening additional references, 10 papers, spanning a period
of 40 years, were finally selected (Table 12). Two of these
studies (Osti et al. 1990; Carragee, Chen et al. 2000) actu-
ally reported a minimum follow-up of 3 months, whereas the
remaining studies did not specify the exact term of follow-up.
In only one study prophylactic antibiotics had been used, and a
postdiscography incidence of 0% was found (Osti et al. 1990).
In the other nine studies, no prophylactic antibiotics had been
administered. The studies revealed 12 cases of discitis in 4891
patients or 12,770 discs with an incidence of 0.25% by patient
and 0.09% by disc. Three of these studies (Patrick 1973; Jack-
son et al. 1989; Carragee et al. 2000) as well as the current
study, reported no case of discitis. Combining the literature
with the current patient study leads to an overall incidence of
0.24% by patient and 0.09% by disc.

Postdiscography discitis is considered to be due to bacterial
infection (Fraser et al. 1986; Fraser et al. 1987) and should
not be confused with the common exacerbation of backache
after intradiscal injection most probably due to a mechanical
or chemical cause. The most common causative agents are
Staphylococcus aureus and S. epidermidis, although the inci-
dence of gram-negative bacteria appears to be rising (Rimoldi
and Haye 1996; Hoelscher et al. 2000; Tai et al. 2002). Fraser
et al. (1987) isolated bacteria from the disc in three of four
discitis patients who had open biopsy <6 weeks after discog-
raphy, and they suggested bacteria introduced by the needle
tip to be the initiators of the disease. To eliminate the risk of
injecting a core of soft tissue including skin, the use of stilet-
ted needles and a two-needle technique was recommended,
with which the incidence of discitis could be reduced from
2.7% to 0.7%. In a prospective clinical trial of 127 patients
undergoing lumbar discography with cephazolin added to the
contrast dye, Osti et al. (1990) reported no case of discitis and
recommended the use of a single dose of prophylactic broad-
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Table 12. Postdiscography discitis: Incidences in selected literature and current study by patient and by disc

Study Year  Prophylactic ~ No. of No. of Discitis  Incidence by Incidence by
antibiotics ~ patients discs cases patient (%) disc (%)

Collis and Gardner 1962 No 1,014 2,187 1 0.10 0.05
Patrick 1973 No 123 341 0 0.00 0.00
Colquhoun 1977 No 716 2,000 1 0.14 0.05
Milette and Melanson 1982 No 500 1009 3 0.60 0.30
Fraser et al. 1987 No 210 417 4 1.90 0.98
Guyer et al. 1988 No 2,014 6,042 2 0.10 0.05
Jackson et al. 1989 No 124 231 0 0.00 0.00
Simmons et al. 1991 No 164 465 1 0.61 0.22
Carragee et al. 2000 No 26 78 0 0.00 0.00
Current study 2003 No 200 435 0 0.00 0.00
Literature combined

with current study - No 5,091 13,205 12 0.24 0.09
Osti et al. 1990 Yes 127 337 0 0.00 0.00

spectrum antibiotic either added to the radiographic contrast
material or administered intravenously. However, Eismont et
al. (1987) reported no detectable levels in discs of rabbits after
intravenous administration of either cephalothin or oxacillin,
and Gibson et al. (1987) was unable to retrieve any cephradine
or flucloxacillin from human intervertebral discs intraopera-
tively in 25 scoliosis patients. Boscardin et al. (1992) found
therapeutic levels in only a short period after intravenous
administration of high doses of cefazolin, whereas Rhoten et
al. (1995) found quantifiable levelsof cefazolin and oxacillin
in only 40% of human cervical discs. As the disc is an avas-
cular structure with blood vessels found only at its margins
(Urban et al. 1977), intradiscal nutrition and levels of perme-
ation of drugs depend on passive diffusion through the adja-
cent endplates and the surrounding annulus fibrosis. The disc
has a negatively charged structure, which implies that posi-
tively charged antibiotics, such as gentamycin may diffuse
more rapidly and be more effective than negatively charged
antibiotics, such as cephalosporins. In a prospective study
of 20 patients undergoing spinal surgery, Tai et al. (2002)
could detect no therapeutic level of cefuroxime in the disc,
whereas gentamycin showed a 50% penetration from blood to
disc, well within the therapeutic range. Like other researchers
(Langmayr et al. 1995; Rhoten et al. 1995), they suggested
that high doses of cephalosporins are required to achieve
therapeutic levels in the disc. Important in this respect are the
findings from Hoelscher et al. (2000) that high doses of anti-
biotics, including both cephalosporins and aminoglycosides,
can have deleterious effects on the survival of cultured disc
cells, cell proliferation, and metabolic rates. This may have
serious implications if antibiotics are to be mixed with con-
trast dye and injected directly into the disc, creating local peak
concentrations. Moreover, side effects of aminoglycosides are
well known and sensitisation or anaphylactic reactions should
always be anticipated.

In the present study, lumbar discography was performed in
200 consecutive patients by means of a stiletted two-needle

technique under strict aseptic conditions without the use of
prophylactic antibiotics. A discitis incidence of 0% was found.
As method of study, the routine postclinical assessment was
used, which we consider crucial in the detection of postdis-
cography discitis. It has been stated that underestimation
of discitis incidence is possible because of the latent period
between discography and the onset of symptoms, lack of clini-
cal contact between patient and clinician, and lack of aware-
ness by the clinician (Fraser et al. 1987; Rohde et al. 1998).
Therefore, a routine clinical follow-up visit is mandatory. As
the onset of symptoms of discitis after uneventful discogra-
phy normally develops within a few weeks and at least within
10-12 weeks (Piotrowski et al. 1994; Rohde et al. 1998), we
believe no case of discitis has gone undetected by our method.

In a review of 15 studies, The North American Spine Soci-
ety () calculated an overall incidence of <0.15% by patient
and <0.08% by disc. Not all of these studies reported the
exact number of patients and those lost to follow-up, and no
distinction was made between studies using a one- or a two-
needle technique. In the present literature search, without the
use of prophylactic antibiotics, overall incidences of 0.25%
by patient and 0.09% by disc were found (Table 12). In one
of these selected papers (Fraser et al. 1987), unusually high
incidences (1.90% and 0.98%, respectively) in 210 patients
were reported. This may have been caused by the fact that
in 61 of these patients, discography was performed by less
experienced physicians, leading to 3 cases of discitis (4.9%),
as opposed to 1 case in 149 patients (0.7%) if the procedure
had been carried out by an experienced discographer. In the
present literature search, only one study of lumbar discogra-
phy with the use of prophylactic antibiotics, in which discitis
was specifically looked for, was selected (Osti et al. 1990). In
this series of 127 patients (337 discs), no case of discitis was
registered. However, to prove that additive antibiotics actually
prevent postdiscography discitis, given the incidence of 0.25%
by patient, a randomised trial of approximately 9000 patients
would be needed to reach significance (calculated sample size
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Table 13. TETF: Characteristics and mean VAS scores for those
patients with a negative and those with a positive test result.

Negative test Positive test

Table 14. Fusion group: Numbers and percentages of patients with
a negative external fixation test and those with a positive test,
respectively, who had a clinically relevant improvement of 30% or
more on the VAS for pain

Total no. of patients = 301 176 125

Age (years) 41.8 (9.3) 40.7 (8.7)
Duration of complaints, year 6.1 (6.7) 5.5 (5.1)
Length of follow-up, months 81 (35) 76 (34)
Previous spine surgery (%) 65 62
Pain on VAS

— before TETF test 74 (15) 74 (18)
— at follow-up 63 (27) 54 (32)
— improvement (before — follow-up) 11 (28) 20 (32)

for dichotomous response variables). Taking into account the
possible adverse effects of antibiotics, we feel there is not
enough evidence to regard the routine use of prophylactic
antibiotics indicated in lumbar discography. At present, as has
been stressed before (Fraser 1996), it is considered imperative
that discography be carried out by a physician who is very
experienced with the procedure, performs it on a routine basis,
and is meticulous with the two-needle technique and aseptic
conditions.

Value of temporary external fixation to predict
clinical outcome (study VI)

The main complications were pin track infection (20 of 330
patients, 2 needed surgical debridement, the other patients
were treated with antibiotics) and nerve root irritation (26
patients (8%), all but 2 completely recovered after the test).
Two patients with nerve root irritation had intractable pain and
the external fixator had to be removed before completion of
the test.

A positive test result was found in 125 patients, and a nega-
tive result in 176 patients. From those with a positive test, 70%
(88 of 125) were treated by fusion, and 80% (141 of 176) of
those with a negative test were not operated on. Both groups
were comparable with regard to diagnosis, and there were no
significant differences in VAS scores at follow-up between
those with a positive and those with a negative test result
(Table 13).

Spinal fusion was performed in 123 patients (41%) and 178
(59%) were treated conservatively. Median follow-up was 78
(18-144) months in the fusion group and 76 (15-144) months
in the conservative group. Ninety operations were postero-
lateral fusions with pedicle screw instrumentation and 33
(27%) anterior fusions. At follow-up, no differences in results
between these groups were found.

Within the fusion group, patients with a negative test showed
an improvement on VAS of 11.2 (SD 33.5) points, whereas
those with a positive test had a mean improvement of 22.2
(30.6) points. Because of the large within-group variations,

Improvement on VAS (before test — follow-up)

< 30% > 30% Total
Negative test, n (%) 25 (71%) 10 (29%) 35 (100%)
Positive test, n (%) 48 (55%) 40 (45%) 88 (100%)
Total, n 73 50 123

this 11-point difference was not statistically significant (df =
121; p = 0.08).

Looking for a clinically relevant improvement, 45% of the
fused patients with a positive test had a decrease in VAS of
30% or more, versus 29% of those with a negative test (Table
14). Again, this 16% difference was not significant, probably
because of the same large within-group variation.

A serious drawback of the external fixation test is that it is
an invasive procedure under general anesthesia. Misplacement
of the screws can lead to neurological damage. The 8% nerve
root irritation in this study is in accordance with the 0-9%
reported in literature (Soini and Seitsalo 1993; Jeanneret et al.
1994; Faraj et al. 1997; Bednar 2001).

Continuous antibiotic prophylaxis appears mandatory:
Since May 1997, flucloxacillin was administered orally in this
trial for as long as the external fixator was in situ, which coin-
cided with a drop in infection rate from 7% to 0%.

The results of this study show that in this heterogeneous
group of patients with chronic low back pain, 62% of whom
had earlier spine surgery, the external fixator test, with and
without dynamisation, fails to predict the long-term outcome
of spinal fusion, and that there is a risk of complications.
Therefore, this test is not recommended as a tool for surgical
decision making in clinical practice.

Systematic review of the literature (study VII)

Figure 8 shows the flow diagram of studies from initial
results of database searches to final inclusion, according to
the PRISMA guidelines 2009 (Liberati et al. 2009). Of the 22
selected full articles, six studies in which only patients with a
positive index test had been selected for lumbar fusion, were
excluded (Bednar and Raducan 1996; Lovely and Rastogi
1997; Madan et al. 2002; Axelsson et al. 2003; Ohtori et al.
2009; Peng et al. 2009). We also excluded six other studies,
in which test accuracy could not be determined because only
mean values of recovery were reported without proportions of
patients with success or failure of treatment (Esses and Moro
1993; Christensen et al. 1996; Buttermann et al. 1997; Cha-
taigner et al. 1998; Derby et al. 1999; Esposito et al. 2006).
Finally, ten studies met the inclusion criteria.
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1,055 records identified through 115 records identified through
literature search of Pubmed literature search of Embase

| |

1,143 records identified through combined literature search after
removal of duplicates

|

1,143 records screened

> 1,124 records excluded based on
evaluation of titles and abstracts

3 additional full-text articles
v included by reference screening

19 full-text articles 12 fulHtext articles excluded
assessed for eligibility —| -6 studies only included patients
l with a positive index test
- 6 studies reported mean outcome
instead of proportions of patients
with successful outcome or failure

A

10 studies included in
qualitative synthesis

Figure 8. Systematic review: PRISMA flow diagram of combined litera-
ture search and selection.

Characteristics of included studies

Study characteristics are listed in Table 15. Three papers
concerned immobilisation by an orthosis, either a fiberglass
pantaloon cast, (Rask and Dall 1993) a canvas corset (Axels-
son et al. 1995), or a plaster pantaloon cast (Willems et al.
2006). Four papers reported on discography, of which two
studies focused on provocative discography of suspect levels
(Colhoun et al. 1988), one study on provocation of the levels
adjacent to the intended fusion (Willems et al. 2007), and the
fourth study focused on the amount of degeneration as reg-
istered at discography in a group of patients with a positive
discographic pain response (Gill and Blumenthal 1992). Three
papers evaluated trial-immobilisation by external fixation,
either with (Jeanneret et al. 1994; Elmans et al. 2005) or with-
out dynamisation (Heini et al. 2004).

The sample sizes of the included studies ranged from 22 to
162. The length of follow-up ranged from 6 months or “when
fusion was noted” (Esses et al. 1989) to 12 years. Either ante-
rior or posterolateral fusion was performed. In those studies
in which both procedures were performed, no difference in
outcome between the two types of fusion was reported (Col-
houn et al. 1988; Willems et al. 2006) Pain appeared to be
the only measure of outcome that was consistently reported
in all included papers. Five studies used a VAS to score pain,
of which three studies defined a cut-off point of at least 30%
decrease in pain as a clinically relevant improvement, one
study a decrease of at least 75%, and one study “little or no
pain on a VAS” (Table 16). The other studies used a subjec-
tive pain scale (“pain free” or “significant pain relief” versus
“insignificant or no pain relief””). No study reporting on facet
joint blocks or MRI could meet the inclusion criteria.

Risk of bias
The two reviewers agreed on 77 of the 120 items (64%)

scored. After discussion, consensus could be reached on all
items. Most disagreements were because of reading errors
or ambiguous reporting. The risk of bias ratings are listed in
Table 16. The most prevalent shortcomings were: Uninterpre-
table index test results were not reported, no clear cut-off point
was defined for positive and negative index test results, and in
all but 3 studies not all patients who were tested underwent
fusion regardless of the index test result (verification bias).

Test accuracy
Table 17 summarises test accuracies from the included stud-
ies.

Orthosis. An orthosis or cast immobilisation could neither
confirm nor rule out a good outcome after spinal fusion with
variable sensitivity (0.43 to 0.94; range positive likelihood
ratio (LR), 0.94 to 1.13) and specificity (0.14 to 0.61; range
negative LR, 0.39 to 1.12).

Provocative discography. The four studies reporting on the
prognostic value of discography showed variable sensitivity
(range 0.40-.88; range positive LR 0.70-1.71) and specificity
(0.25-0.48; range negative LR 0.24-1.40). In one study like-
lihood ratios were statistically significant (positive LR 1.71;
95% CI 1.21-2.41 and negative LR 0.24; 95% CI 0.13-0.43),
but specificity was low, 0.48, meaning that only half of the
patients who would not improve after fusion could be detected.

Temporary external transpedicular fixation. Sensitiv-
ity was generally high (range, 0.80-0.93; range positive LR
1.02—-1.74), but specificity was low (range 0.20-0.47; range
negative LR 0.15-0.94). In one study likelihood ratios were
statistically significant (positive LR 1.74; 95% CI 1.07-2.83
and negative LR 0.15; 95% CI 0.03-0.65), but with a specific-
ity of only 0.47.

Statistical pooling was not feasible because of different
test protocols with no clear cut-off point for a positive versus
negative result, variability in outcome assessment, and hetero-
geneous patient populations (varying diagnoses and different
mix of patients with or without prior spine surgery between
studies).

Limitations

As pain appeared to be the only measure of outcome that
was consistently incorporated in all studies, our analysis was
limited to pain. Although it represents only one aspect of the
complex chronic low back pain problem, pain is the primary
indication for operative treatment.

Substantial risk of bias in most selected studies precluded
firm conclusions. A major drawback was that in all but 3 stud-
ies, a proportion of patients who had undergone the index test
with a negative test result, were denied fusion and had been
excluded from analysis (verification bias). Ideally, fusion
should have been performed completely independent of the
index test result. Because of the substantial risk of bias, het-
erogeneous patient populations, and differences in test proto-
cols, a meta-analysis would very likely have produced mis-
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Table 15. Systematic review: Characteristics of primary prognostic studies on the clinical outcome of lumbar spinal fusion

A B CcC D E F G

Thoracolumbosacral orthosis

Axelssonetal, TUH 50 50 44 28 (56%) Intractable LBP: R Thoracolumbosacral 24 PLF with  Pain free or
1995 (20-68) spondylolisthesis orthosis or canvas autograft  significantly
(n=24), facet/disc corset; improved on
degeneration (n=11) Positive in case of = a 5-point pain
or postlaminectomy 50% subjective pain scale and
syndrome (n=15), relief satisfied on a
duration not specified 3-point satis-
faction scale P
Raskand Dall, TUH 45 25 44 NS > 6 months back pain R Fiberglass pantaloon Minimum PLF with  Significant
1993 (20-61) (mean 3.9 years), no cast; of 6 autograft subjective pain
neurological motor Positive in case relief ®
deficit, herniation of pain relief that
or olisthesis >2mm, returned after
38% with prior spine removal of the cast
surgery
Willems etal, TSH 257 107 40[8.8] 39 (36%) Incapacitating LBP, R Pantaloon plaster Median PLF = 30%
2006 mean 3.7 (0.5-31) cast; of 76 (n=79) or decrease in
years, no neurological Positive in case of ~ (15-144) AF (n=28) pain on a VAS
motor deficit and rou- subjective substan- (0-100)
tine testing indecisive, tial pain relief in the
65% with prior spine cast
surgery (N=70)
Provocative discography |
Colhounetal., TOH 195 168 39 86 (51%) Persistent LBP, no R Provocative discog- Mean of AF or Complete pain
1988 (17-70) previous back surgery, raphy; 43 PLFE relief or signifi-
duration not specified Positive in case of  (24—120) cant subjective
typical pain repro- improvement,
duction which was resumption of
not present in adja- work/normal
cent control discs duties and no
intake of anal-
gesics P
Esses et al., TUH 32 22 41 18 (84%) Longstanding LBP, P Provocative discog- “When  PLF with Complete or
1989 (31-57) mean duration of raphy, no control fusion autograft  significant relief
6.2 (1-20) years, discs; was of pain P
54% with prior spine Positive in case of  noted”
surgery typical pain repro-
duction
GilandBlu- TOH 53 53 34 36 (68%) LBP with a mean dis- NS Discography image Mean of AF with Relief of = 75%
menthal, 1991 (21-50) ability of 11 (3—120) of L5-S1, no control 36 allograft  of initial back
months, all selected disc(s); (24-54) (n=48) or pain on VAS,
by concordant pain Positive in case of autograft return to work
response provoked at annular tear extend- (n=5) and no use of
discography L5-S1 ing to the periphery narcotics
Willems etal., TSH 197 82 40[8.5] 26 (32%) Incapacitating LBP > R Provocative discog- Mean of AF or = 30%
2007 1 year (mean duration raphy of adjacent 80 ALUFE decrease in
not specified), no neu- to intended fusion;  (15-144) pain on a VAS
rological motor deficit Positive in case of (0-100)

and routine testing
indecisive, 65% with

no or unfamiliar pain
reproduction

prior spine surgery

leading results. Therefore, we refrained from statistical pool-
ing of included studies.

Relevance and implications for clinical practice and
future research

Several studies have reported that cognitive behavioural ther-
apy or intensive exercise programs (Brox et al. 2003; Fairbank

et al. 2005; Guzman et al. 2001) have treatment results similar
to those of spinal fusion, but with considerably less compli-
cations, morbidity and costs (Fritzell et al. 2004; Deyo et al.
2011). The findings of the present review show that the cur-
rently used tests do not improve the results of fusion by better
patient selection, which makes it hard to propose spinal fusion
as a standard treatment for chronic low back pain. Currently
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Table 15. Continued
A B cC D E F G H J K L
Temporary external transpedicular fixation (TETF)
Elmansetal., TSH 330 123 42[9] 45 (37%) Incapacitating LBP > P TETF with dynam-  Median AF (n=33) = 30%
2005 1 year (mean duration ization; of 79 or PLF decrease in
of 6 + 5 years) with Positive if VAS in pla- (15-44) (n=90) pain on a VAS
inconclusive routine cebo was = 30 points (0-100)
testing, 62% with prior more than VAS in
spine surgery fixation
Heini et al., TUH 63 36 48 22 (62%) LBP with a mean P TETF without Mean of PLF, No or little pain
2004 (26-67) duration of 5 (1-20) dynamization; except3 onaVAS and
years, 67% with prior Positive if pain on (23-60) dynamic  no pain medi-
spine surgery VAS and use of anal- fixations  cation P
gesics decreased and 1
sufficiently (esti- anterior
mated by surgeon) fusion
Jeanneretet S RH 101 43 48 25 (58%) Chronic LBP with NS TETF with dynam-  Mean of Posterior Almost com-
al., 1994 (22-74) or without leg pain, ization; or anterior pletely pain
duration not speci- Positive if pain was  (24-92) fusion free, no pain
fied, routine testing reduced at stabiliza- (numbers medication and
indeterminate tion and returned at not speci- working P
destabilization fied)
A Source H Study design
B Setting NS = Not specified
S = Secondary P = Prospective
T = Tertiary R = Retrospective
OH = Orthopedic hospital | Index test and criterion for positive result
RH = Regional hospital J Follow-up in months (range)
SH = Specialized hospital K Method of fusion
UH = University hospital PLF = Postero-lateral fusion
C Included patients, n AF = Anterior fusion
D Patients for current analysis, n 2 numbers not specified
E Mean age [SD] (range) L Criteria for positive reference standard (=fusion outcome)

F Gender: male, n (%)
NS = Not specified

G Patient characteristics
LBP = low back pain

VAS = visual analog scale
b No validated outcome measure reported

Table 16. Systematic Review: Risk of Bias: Number of Quality Criteria of the Modified QUADAS Checklist 2, that were met

(+ = yes; — = no; ? = unclear)

Quality criteria

Source 1 2 3 4 5 6 7 8 10 11 12 Total
Thoracolumbosacral orthosis
Axelsson et al., 1995 + — - + + + + — + ? ? 6
Rask and Dall, 1993 + + - - -+ - - + = =& 6
Willems et al., 2006 - + + + - + - + + — + 8
Provocative discography
Colhoun et al., 1988 + ? - + + + - - + ? ? 5
Esses et al., 1989 + - - - - - ? - o = ? 2
Gill and Blumenthal, 1991 - - ? + + ? + - ? ? + 4
Willems et al., 2007 - + + - + ? + - - 4 7
Temporary external transpedicular fixation
Elmans et al., 2005 - - + + - + + + ? ? o 7
Heini et al., 2004 — — + + — + - — + + + 6
Jeanneret et al., 1994 + ? - + - + - — + - ? 4

2 See Table 1 for complete modified QUADAS checklist.
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Table 17. Systematic review: Summary prognostic accuracy of orthosis, provocative discography, and external transpedicular fixation for

spinal fusion outcome

Positive Negative
Sample predictive  predictive
Source size  Sensitivity Specificity value value Positive LR (95% ClI) Negative LR (95% ClI)
Thoracolumbosacral orthosis
Axelsson et al., 1995 50 0.61 0.35 0.64 0.32 0.94 (0.60 to 1.46) 1.12 (0.52 to 2.41)
Rask and Dall, 1993 25 0.94 0.14 0.74 0.50 1.10 (0.80 to 1.52) 0.39 (0.08 to 5.40)
Willems et al., 2006 107 0.43 0.61 0.44 0.61 1.13 (0.71 to 1.80) 0.92 (0.67 to 1.28)
Provocative discography
Colhoun et al., 1988 168 0.88 0.48 0.88 0.48 1.71 (1.21 to 2.41) 0.24 (0.13 to 0.43)
Esses et al., 1989 22 0.40 0.43 0.60 0.25 0.70 (0.29 to 1.70) 1.40 (0.54 to 3.62)
Gill and Blumenthal, 1991 53 0.81 0.41 0.74 0.50 1.37 (0.89 t0 2.10) 0.47 (0.20 to 1.13)
Willems et al., 2007 82 0.73 0.27 0.45 0.55 0.99 (0.76 to 1.30) 1.01 (0.49 to 2.08)
TETF
Elmans et al., 2005 123 0.80 0.34 0.46 0.71 1.22 (0.98 to 1.51) 0.58 (0.31to 1.11)
Heini et al., 2004 36 0.81 0.20 0.45 0.57 1.02 (0.74 to 1.40) 0.94 (0.24 to 3.60)
Jeanneret et al., 1994 43 0.93 0.47 0.77 0.78 1.74 (1.07 to 2.83) 0.15 (0.08 to 0.65)

Cl = confidence interval; LR = likelihood ratio; TETF = Temporary external transpedicular fixation.

used tests for patient selection should not be recommended for
surgical decision making in standard care.

Future research should focus on identifying subgroups of
patients for whom spinal fusion is a predictable and effective
treatment. Studies should include both positively and nega-
tively tested patients in a randomised design between fusion
and programmed conservative care. Test protocols should be
clearly described and clinical outcome should be defined by
a consensus cut-off point of improvement in pain and func-
tional status, a so-called minimal clinically important change
(Ostelo et al. 2008). Additionally, the role of MRI, as well as

the relation between treatment outcome and patient risk fac-
tors for persistent disabling low back pain, should be further
elucidated. If the results of fusion can be improved by better
patient selection, there could be a role for spinal fusion as the
treatment of choice for some patients. A reliable prediction
of surgical outcome would enable the instalment of clinical
guidelines for surgical decision making. Such guidelines are
needed, not only for patient counselling, but also for com-
munication with insurers, policymakers and other health care
providers who are involved in the management of chronic low
back pain.
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General discussion

The aims of the present thesis were to investigate the value,
use and appreciation of three prognostic tests (i.e., immobili-
zation by a thoracolumbosacral orthosis (TLSO), provocative
discography, and trial immobilization by temporary external
transpedicular fixation (TETF)), which are commonly used in
daily practice for patient selection. These tests aim to predict
the outcome of lumbar spinal fusion either by mimicking a
fusion, or by trying to identify the source of pain in the indi-
vidual patient.

Aim 1: Is there consensus among spine surgeons regarding
the use of prognostic tests for lumbar spinal fusion in CLBP
patients?

A nationwide survey among spine surgeons in the Netherlands
revealed a lack of uniformity in the use and appreciation of
prognostic tests for lumbar fusion in CLBP patients. Prog-
nostic factors known from the literature were not consistently
incorporated in the surgeons’ decision making process either.

Aim 2: Does immobilization by a pantaloon cast truly mini-
mize lumbosacral motion?

The hypothesized working mechanism of a pantaloon cast
(minimisation of lumbosacral joint mobility) was studied in
patients who were admitted for a temporary external transpe-
dicular fixation test. During dynamic test conditions (walk-
ing), wearing a pantaloon cast did not significantly decrease
lumbosacral joint motion.

Aim 3: Can immobilization by a thoracolumbosacral ortho-
sis (TLSO) predict the clinical outcome of spinal fusion for
CLBP?

A prospective cohort study was performed in order to assess
the value of a TLSO in surgical decision-making. It appeared
that only in a small group of CLBP patients with no prior
spine surgery, a pantaloon cast test with substantial pain relief
suggests a favorable outcome of lumbar fusion as compared to
conservative treatment. In patients with prior spine surgery the
test was of no value.

Aim 4: Does provocative discography of adjacent segments
predict the long-term clinical outcome of spinal fusion for
CLBP?

In chapter 4a, , was studied. The results of preoperative dis-
cography of levels adjacent to a spinal fusion were analyzed
retrospectively. It was concluded that in a cohort of patients for
whom the decision to perform lumbar fusion was based on a
TETEF trial, the discographic status of adjacent discs could not
predict the clinical outcome of fusion at long-term follow-up.

Aim 5: What is the incidence of postdiscography discitis and is
there a need for routine antibiotic prophylaxis?

In search for clinical guidelines, the risk of postdiscography
discitis was studied by means of a systematic literature review
and a cohort of 200 consecutive patients. Without the use of
prophylactic antibiotics, an overall incidence of discitis of
0.25% was found in the literature. To prove that antibiotics
actually prevent postdiscography discitis, a randomized trial
of 9,000 patients would be needed to reach significance. Given
the possible adverse effects of antibiotics, it was concluded
that the routine use of prophylactic antibiotics in lumbar dis-
cography is not indicated.

Aim 6: Can temporary external transpedicular fixation (TETF)
help to predict the clinical outcome of spinal fusion in CLBP
patients with an equivocal indication for surgery?

Using strict and objective criteria of pain reduction on a visual
analogue scale, the TETF test failed to predict the clinical out-
come after fusion in a group of patients for whom there was
doubt about the indication for fusion after routine diagnostic
testing.

Aim 7: What is the prognostic accuracy of the most commonly
used tests in clinical practice to predict the outcome of spinal
fusion for CLBP?

In a systematic literature review concerning the prognos-
tic accuracy of magnetic resonance imaging (MRI), TLSO
immobilization, TETF, provocative discography and facet
joint infiltration, only 10 studies could be selected. It appeared
that the overall methodological quality of the included studies
was poor and the determined accuracy of the prognostic tests
was low.

Based on the studies in this thesis, there are no reliable prog-
nostic tests at present, to aid surgeons in the clinical decision
whether or not to perform a lumbar fusion in a patient with
CLBP.

Approach of CLBP patients in daily practice

If it appears from the literature that lumbar spinal fusion as a
treatment for CLBP is no better or worse than structured con-
servative care programs, and if current prognostic tests fail to
improve overall results by better patient selection, should spinal
fusion still be considered as a standard treatment for CLBP?
Basically, the surgical point of view, i.e., the search for an
underlying anatomic cause or pain source, should not be our
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first approach in the evaluation and treatment of CLBP. The
traditional biomedical treatment model does not appear to
work well in these patients. This model suggests the recogni-
tion of symptoms and signs, identification of underlying injury
or disease, treatment with specific therapy and the expectation
that the patient will recover. Such an approach indeed works
well when dealing with patients with specific LBP in whom
causality for the pain can be identified, such as in spondy-
lolisthesis, tumor or trauma. In the case of CLBP, however,
causality is more complex and back pain is rather a symptom
than a diagnosis in patients with different stages of impair-
ment and disability. These patients appear to be better evalu-
ated by the so-called biopsychosocial model (Waddell 1996),
which posits that biologic, social and psychological factors
all are implicated in any given state of health or disease. The
model aims to identify factors associated with delayed recov-
ery (Vlaeyen and Linton 2000) and calls for assessment of cul-
tural beliefs, anxiety, kinesiophobia, depression, stress from
work or family, job dissatisfaction, somatisation, lack of con-
trol, and a high perception of disability. All these factors may
affect the patient’s symptoms and resulting disability. Aiming
to treat underlying psychosocial factors and empowering the
patient to take responsibility for managing his or her own con-
dition, should be key factors in the initial treatment of CLBP
patients. Chronic pain has much less impact on the well-being
of a patient if he or she can function normally. Treatment
should thus primarily focus on functional capacity with return
to work and usual activities, and secondarily on pain relief.

In recent years, strong evidence has emerged that cogni-
tive behavioral therapy should be used in patients with CLBP
(Osteloet al. 2005), especially if psychosocial signs or symp-
toms are present. In occupational settings, it has been shown
that individual graded behavioral-oriented exercise programs
can significantly reduce days lost at work (Staal et al. 2004;
van den Hout et al. 2003). Especially intensive multidisci-
plinary biopsychosocial rehabilitation with a functional resto-
ration approach reduces pain significantly more than inpatient
or outpatient non-multidisciplinary programs or usual care
(Guzman et al. 2001).

Future care for CLBP patients: The case for a
multidisciplinary Spine Centre

In current medical practice, patients seeking care can contact
clinicians from different medical disciplines with expertise
at treating CLBP. These doctors all have their own specific
training skills, opinions and therapy proposals, which may
differ substantially. There is not even assurance that clinicians
within the same medical discipline will offer a similar treat-
ment. This can be both confusing and frustrating for patients.
Ideally, clinicians should be aware of all commonly used ther-
apies and able to counsel their patients which treatment may
be preferable at that moment. Consequently, they should be

willing to refer patients to colleagues, either within or outside
their own discipline, who may be better trained to provide the
most appropriate treatment (Haldeman and Dagenais 2008).

Current evidence points to improved triage of low back pain
patients in a multidisciplinary setting or Spine Center with a
standardized intake, which includes thorough history taking,
physical examination, psychosocial evaluation and adequate
imaging. Patients expect diagnostic explanations, adequate
pain relief from treatment, instructions on how to deal with
persisting pain and disability, and perhaps help with sickness
certification. Good patient counselling that provides a reliable
estimation of the effectiveness of a planned therapy, should be
evidence based, i.e., determined by the individual physician’s
expertise and expectation of treatment success (Campbell and
Guy 2007), combined with the best available clinical evidence
from systematic research (Sackett et al. 1996). Patient edu-
cation on the choice of treatment and the expected outcomes
seems to be a key factor to success and clinical negotiation
appears to be an essential tool when it comes to discussing
pain as an active process involving patient expectations and
coping strategies (Risdon et al. 2003).

Multidisciplinary therapy should provide a treatment regi-
men of evidence-based interventions in a stepwise active
approach (Guzman et al. 2001), starting with intensive exer-
cise programs or cognitive behavioral interventions that may
be combined with pain intervention (medication or neural
ablative procedures) or psychotherapy.

What could be the role of spinal fusion in this
multidisciplinary approach?

In the 2006 European guidelines it was stated that “only if
a prolonged period of acknowledged conservative treatment
modalities fails to relieve symptoms, fusion surgery for CLBP
may be considered” (Airaksinen et al. 2006). However, we
found that fusion results remain unpredictable and current
prognostic tests are not able to improve surgical outcome. For
patient selection, proper diagnostics that include the assess-
ment of the individual patient’s potential to benefit from
surgery, are prerequisite in order to conceive realistic predic-
tions of treatment outcome. So, if we believe there is a role
for spinal fusion in the treatment of CLBP, more high quality
trials to determine prognostic accuracy of tests, as well as the
treatment’s safety and its effect on pain, function and return
to work will be needed (Deyo and Nachemson 2004). RCTs
provide a high level of evidence in comparing effectiveness
of two treatment modalities, but may be restricted by a lim-
ited external validity, which means that the results cannot be
generalised for all CLBP patients (Rothwell 2005). Therefore,
observational data with indeed a lower level of evidence but
a higher feasibility of being closer to daily practice, should
be collected as well. The implementation of currently devel-
oping well-organized spine registries (Roder et al. 2006;
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Stromqvist et al. 2001) should enable the spinal community
to acquire such representative data of high validity. As clini-
cians, we need such data, not only to counsel our patients, but
also to inform other health care providers, insurers and policy

makers whether spinal fusion may truly be an effective treat-
ment strategy for a particular subgroup of CLBP patients, and
whether it can be embedded in the current, widely supported
multidisciplinary active approach of CLBP.
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