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Abstract BACKGROUND CONTEXT: Fusion surgery for degenerative disc disease (DDD) has become a
standard of care, albeit not without controversy. Outcomes are inconsistent and a superiority over
conservative treatment is debatable. Proper patient selection is key to clinical success, and a com-
prehensive understanding of prognostic tests does not currently exist.

PURPOSE: This study aimed to investigate the value of prognostic tests and sociodemographic factors
in predicting outcomes following lumbar fusion surgery for DDD.

STUDY DESIGN: This is a retrospective analysis of prospectively collected data.

PATIENT SAMPLE: We included patients who underwent fusion surgery for DDD between 2010
and 2016.

OUTCOME MEASURES: The outcome measures included pre- and postoperative visual analog
scale and Oswestry Disability Index scores.

MATERIALS AND METHODS: Prospectively collected patient data were reviewed for preop-
erative tests, perioperative data, and clinical outcomes. Prognostic tests used were discography, pantaloon
cast test (PCT), Modic changes, and a summary of physical symptoms, coined “loading factor.” By
means of multivariate stepwise regression, prognostic factors that were useful in predicting out-
comes were identified.

RESULTS: A total of 91 patients fit the inclusion criteria, with a mean follow-up of 33+16 months.
Discography, Modic changes, and loading factor were of no value for predicting outcome scores (p>.05).
A positive PCT predicted improved outcomes in back pain severity, but only in patients without prior
surgery (p=.02). Demographic factors that showed a consistent reduction in back pain were female
sex (p=.021) and no prior surgery at index level (p=.009). No other sociodemographic factors were
of predictive value (p>.05).

CONCLUSIONS: In patients without prior surgery, the PCT appears to be the most promising prog-
nostic tool. Other prognostic selection tools such as discography and Modic changes yield disappointing
results. In this study, female patients and those without prior spine surgery appear to be most likely
to benefit from fusion surgery for DDD. © 2017 Elsevier Inc. All rights reserved.
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Introduction

Low back pain is one of the top-three causes of disabil-
ity in Western societies and imposes significant direct and
indirect socioeconomic costs [1,2]. The etiology of low
back pain is multifactorial, but it is often related to degen-
erative disc disease (DDD) [3-5]. The standard treatment
for progressive DDD in patients who are unresponsive to
long-term conservative treatment is interbody fusion, but
this is controversial [6]. With some reports showing no
benefit compared with conservative treatment, patient selec-
tion is vitally important [7,8]. Various prognostic tests
attempt to identify subsets of patients that might benefit
most from surgery, but the validity of these tests is unclear
[7].

The most widely used preoperative test is provoca-
tive discography [9], which aims to determine to what
extent the disc is responsible for symptoms [7]. Because
weak evidence exists for the usefulness of discography,
and cytotoxic and proinflammatory sequelae of the
injection may accelerate degeneration, examining
the risk-benefit ratio of this invasive method is crucial
[10-14].

Discogenic pain is assumed to originate from nerve in-
growth into the innermost disc mediated by proinflammatory
cytokines, for example, interleukin-1, tumor necrosis factor-
o, and nerve growth factor [15,16]. The expression of these
cytokines is presumed to be amplified by hypermobility, which
is caused by dehydration and disc degradation by matrix
metalloproteinases, for example, MMP1, ADAMTS-4, and
ADAMTS-5 [16,17]. Modic-type end plate changes, which
are characterized by edematous (type I), fatty (II), or scle-
rotic (IIT) turnover, are identified using magnetic resonance
imaging (MRI) [18-21]. These changes could play a role in
effective patient selection for surgery, although there is little
evidence regarding the prognostic value of Modic changes
[19,22,23].

Lumbar fusion aims to reduce back pain by stabilizing
and relieving degenerated segments. The pantaloon cast
test (PCT) and external transpedicular fixation aim to
simulate spinal fusion by limiting lumbar joint mobility
[24,25]. If successful in alleviating pain, it is assumed
that fusion will yield favorable results. Similarly, physical
symptoms can provide clues about whether stabilizing
the segment will improve symptoms. Recently, the daily
course of complaints and the influence of rest, mobility,
and posture have been identified as relevant indicators
[26,27], which we have integrated as “loading factor”
(LF).

Ultimately, success in this category of patients should be
defined by improved physical symptoms (patient-reported
outcome measures) rather than technical success of the pro-
cedure. The aim of this cohort study was to assess if prognostic
tests and preoperative sociodemographic factors are useful
for the outcome-oriented selection of DDD patients for fusion
surgery.

Materials and methods
Overview

We reviewed the prospectively recorded data of all pa-
tients with DDD who underwent single-level lumbar interbody
fusion at a single center (2010-2016). The preoperative tests
used were discography and PCT. The LF was assessed during
outpatient clinics. Modic changes were assessed using MRI
(Magnetom Essenza, Siemens, Munich, Germany, 1.5 Tesla).
Patients were followed-up at 6 weeks, 12 months, and 24
months postoperatively. In June 2016, there was a final mailed
follow-up for visual analog scale (VAS) scores for back (VAS-
BP) and leg pain (VAS-LP), Oswestry Disability Index (ODI),
sociodemographic data, and whether further treatment was
received [28]. This study was approved by the Dutch Central
Committee on Research Involving Human Subjects. In-
formed consent was obtained from all individual participants
included in this study.

Study population and patient selection

The study inclusion criteria were a complete preopera-
tive record, a minimum follow-up of 12 months, and DDD
diagnosed by MRI. An a priori sample size calculation using
SPSS SamplePower 3 (SPSS, Chicago, IL, USA) con-
cluded that for regression analysis with three predictors,
anticipated f°=0.15, and power of 0.8, a minimum of 76 pa-
tients would be needed.

The preoperative exclusion criteria were body mass index
(BMI) >33, age >80, and multilevel disc pathology. Surgi-
cal patient selection was performed in a strict fashion.
Prognostic tests were only considered if patients had expe-
rienced at least 6 months of severe intractable low back pain
and undergone various conservative treatments. Discogra-
phy and PCT were then performed whenever feasible, and
routinely formed the basis for surgical decision making. If
both tests were negative, patients were not considered for
surgery. In all other cases, surgery was recommended as a
“last resort.” Smokers were strongly advised to quit smoking
before surgery.

Discography

All invasive tests were performed by the same anesthe-
tist using consistent technique. Fluoroscopy-guided provocative
discography with 1-2 mL of Xenetix 300 (Guerbet, Villepinte,
France) was followed by discoblock with injection of 2-3 mL
of lidocaine (2%) into the center of the disc. For a positive
outcome, a clear pain response upon provocation and a sig-
nificant alleviation of low back pain (subjective 250% pain
reduction) after discoblock was necessary. Otherwise, the test
was counted as negative.

Pantaloon cast test

Patients were placed in a plaster cast with a pantaloon shape
(Fig. 1) covering the lumbar region up to around T10 and one
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Fig. 1. Ahard plaster cast (pantaloon cast) used for preoperative testing, cov-
ering, and stabilizing the lumbar spine.

thigh of the patient’s choice in an attempt to simulate fixa-
tion. All casts were fitted by the same plaster technician.
Patients were asked to wear the cast for as long as feasible
(up to 14 days), continuing even after significant pain im-
provement had already been achieved, and instructed to move
as freely as possible. A pain reduction of 250% was counted
as a positive result.

Loading factor

This novel factor was determined from patient history. If
patients experienced significantly more back pain during the
day or during axial loading (eg, exercise, prolonged sitting,
or standing), LF was counted as positive (LF+). The LF was
described as negative if patients experienced more pain during
the night or in supine position (LF-). If patients felt that ac-
tivity did not make a notable difference, LF was recorded as
neutral (LFO).

Surgical techniques

In the presence of additional radicular symptoms, mini-
mally invasive transforaminal lumbar interbody fusion was
the surgical technique of choice, and was performed using
the standard technique [29] with pedicle screws inserted per-
cutaneously using robotic guidance (SpineAssist, Mazor
Robotics Ltd, Caesarea, Israel). In the absence of radicular
symptoms, we opted for transaxial lumbosacral fusion
(AxiaLIF, TranS1, Denver, CO, USA) or anterior lumbar

interbody fusion (ALIF). Especially in young men, AxialLIF
was chosen over ALIF because of the latter’s inherent risk
of retrograde ejaculation. Axial.IF was carried out as previ-
ously described [30], and ALIF was performed using a mini-
open approach according to the technique described by Brau
[31] using a screw-augmented cage (Synfix, Synthes Spine,
Inc, West Chester, PA, USA).

Data and statistics

Continuous variables were reported as meanststandard de-
viations and categorical variables as percentages. Clinical
success, and thus the minimal clinically important differ-
ence (MCID), was defined as >30% improvement [32]. We
stratified continuous variables into two groups for dichoto-
mous analysis (BMI <25:>25 kg/m?, age <40:>40 years, history
of pain <12:>12 months).

Data were analyzed using SPSS V24.0 (IBM SPSS, IBM
Corp, Armonk, NY, USA). Wilcoxon tests were used to
compare related data, and Bonferroni correction for multi-
ple testing was applied. For 2x2 comparison of categorical
data, a chi-square was used. Prognostic variables for each
outcome score were analyzed using Kruskal-Wallis tests. The
cutoff for further analysis was p<.2 to achieve broad inclu-
sion. The remaining variables were entered into a multivariate
stepwise linear regression model to predict change scores for
VAS and ODI. The least significant variable was repeatedly
excluded until only significant prognostic factors remained.
The same procedure, but using logistic regression, was per-
formed to identify prognostic factors for MCID. A two-
tailed p<.05 was regarded as significant.

Results

During the study period, 124 patients with DDD, all of
whom had undergone at least 6 months of unsuccessful con-
servative treatment, were observed. Fig. 2 shows a flowchart
of the study population. After appropriate clinical selection,
91 patients (73.4%) underwent surgery; all met the inclu-
sion criteria. Thirty-three patients (26.6%) were not operated
as they either had two negative tests or had not undergone
sufficient conservative treatment. Of the surgical patients, 72
(79.1%) underwent discography, whereas 65 (71.4%) under-
went the PCT. The LF and Modic changes were identified
in all cases. No dropouts were recorded. Detailed baseline
patient characteristics are shown in Table 1.

Surgical technique did not influence outcomes (all p>.2).
At baseline, 53 patients (58.2%) had not undergone prior
surgery at index level. Perioperative and outcome data are sum-
marized in Table 2. Compared with baseline, VAS-BP
improved by 47.5+30.6 points (—=57.8%), VAS-LP im-
proved by 21.8140.6 (—48.0%), and ODI improved by
29.8421.0 (—59.0%) (all p<.001) at a final follow-up (33£16
months). MCID was achieved in 65 patients (71.4%) for VAS-
BP, 47 (51.6%) for VAS-LP, and 69 (75.8%) for ODI. Ability
to work increased from 57.3% to 80.8% (p<.001).
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Fig. 2. Study flow chart.

Analgesic medication was fully discontinued by 57.5% at the
final follow-up, whereas 19.2% still used these medications
daily. In total, 61.6% of patients were satisfied, and 90.4%
would choose this treatment again.

One (1.1%) infection and one (1.1%) permanent quadri-
ceps paresis were encountered. Revision surgery was

Table 1
Baseline population statistics
Standard

Baseline No. Range deviation
Male sex 37 (40.7%)
No prior surgery at index level 53 (58.2%)
Index level

L2-1L3 1(1.1%)

L3-L4 2(2.2%)

L4-L5 22 (24.2%)

L5-S1 66 (72.5%)
Smoking status

Smoker 30 (33%)

Quit smoking 20 (21.6%)

Non-smoker 38 (41.7%)
Preoperative ability to work

Fully able 23 (25.3%)

Limited 28 (30.8%)

Not able 38 (41.7%)
Age (y) 43 19-64 10.4
Body mass index (kg/m?) 24.5 17.9-32.7 3
History of back and leg pain (mo)  21.6 4-120 295
Back pain severity (VAS) 82.2 40-100  12.6
Leg pain severity (VAS) 45.4 0-100  30.5
Oswestry Disability Index 50.5 16-84 13.7

VAS, visual analog scale.

performed for persisting pain in five (5.5%) cases, and a Tarlov
cyst (index level, achieved MCID) in one (1.1%) case. Table 3
summarizes the outcomes of the predictive tests. Fig. 3 pro-
vides boxplots of the outcomes. The PCT was worn for a mean
of 12.742.7 days (range 4-15 days), with 46 patients (70.8%)
reaching the 14-day threshold. No adverse events were ob-
served during testing. Older patients were more likely to have
a positive PCT outcome (p=.002), whereas BMI and sex had
no influence (both p>.05).

Table 2
Perioperative data and general clinical outcomes
Standard
Characteristic No. Range deviation
Length of follow-up (mo) 333 12-60 15.8
Surgical technique
AxiaLIF 47 (51.6%)
ALIF 23 (25.3%)
MI-TLIF 21 (23.1%)
Perioperative data
Estimated blood loss (mL) 97.0 50-2,500 184.9
Dose area product (cGy cm?) 314.6 449-818.6 162.5
Length of surgery (min) 92.6 36-274 64.3
Length of stay (d) 1.5 0-5 0.7
Clinical outcomes at final follow-up
Back pain severity (VAS) 34.7 0-90 29.5
Leg pain severity (VAS) 23.6 0-90 29.0
Oswestry Disability Index 20.7 0-68 19.3

AxiaLIF, transaxial lumbar interbody fusion; ALIF, anterior lumbar
interbody fusion; MI-TLIF, minimally invasive transforaminal interbody fusion;
VAS, visual analog scale.
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Table 3
Results of preoperative predictive tests (p-values for the mean differences are provided)
VAS-BP VAS-LP ODI
Test Result change score p change score p change score P
Discography
Positive 63 (69.2%) 50.2+29.4 41 27.7+39.8 .04 29.6+20.7 .39
Negative 9 (9.9%) 40.6+32.1 5.0£33.9 23.0£22.7
Pantaloon cast test
Positive 55 (60.4%) 52.2427.8 15 22.9+37.5 .63 30.5+21.3 .99
Negative 10 (11.0%) 34.0+34.3 28.1448.5 27.3422.5
Modic changes
None 19 (20.9%) 49.0+28.1 .65 23.2+48.4 22 29.6£22.1 95
Type 1 31 (34.1%) 42.9433.1 16.1+36.3 29.8420.5
Type 2 41 (45.1%) 50.2430.0 30.4440.5 28.6121.3
Loading factor
+ 44 (48.4%) 50.5+28.2 .35 22.6+38.7 .58 30.4+20.2 .30
0 23 (25.3%) 40.0£31.8 23.0445.2 26.8420.4
- 9 (9.9%) 40.0+28.3 11.7430.8 21.6+19.4

VAS-BP, visual analog scale for back pain; VAS-LP, visual analog scale for leg pain; ODI, Oswestry Disability Index.

* p<.05.

Univariate analysis

Univariate analysis was performed for surgical tech-
nique, discography, PCT, Modic changes, LF, prior surgery,
age, sex, BMI, index level, preoperative smoking status, pre-
operative ability to work, history of pain in months, and

occupation. Table 4 lists all prognostic factors with p<.2.
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Fig. 3. Boxplots showing the effect of prognostic factors on the change score for back pain severity. VAS-BP, visual analog scale for back pain.
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Multivariate linear regression analysis

No prior surgery at index level (p=.009) and female sex
(p=-021) were predictors of back pain improvement, explain-
ing 12.8% of the variance. No prior surgery (p=.002) was also
a predictor for achievement of MCID in leg pain, explain-
ing 14.4% of the variance. There was no difference in the
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Table 4
Univariate analysis of prognostic factors for VAS and ODI
Prognostic factor VAS-BP VAS-LP ODI

p n’ p n’ p n
Ability to work 107 0.06
Discography .043 0.07
Index level 126 0.06
Pantaloon cast test 147 0.03
Primary discopathy .012 0.07 152 0.03 192 0.02
Sex .036 0.05 .059 0.04
Type of work .196 0.10

VAS-BP, visual analog scale for back pain; VAS-LP, visual analog scale
for leg pain; ODI, Oswestry Disability Index.

Only prognostic factors with p<.2 in the univariate analysis are repre-
sented. The eta-squared effect size is reported as 2.

number of prior surgeries between sexes (male: 16 of 37
(43.3%), female: 22 of 54 (40.7%), p=.81), strengthening the
evidence of these being independent predictors. No other sig-
nificant predictors were found. When performing the same
analysis exclusively for primary discopathies, only positive
PCT (p=.02) was a significant predictor for back pain im-
provement, explaining 12.3% of the variance. Table 5 shows
the results of regression analysis. Male sex (p=.013) was the
only predictor of unimproved or worsening back pain.

Discussion

No prior surgery and female sex were significantly asso-
ciated with improved long-term outcomes after fusion, whereas
a positive PCT result was only helpful in identifying better
fusion candidates in a subgroup of primary discopathy pa-
tients. Other commonly used prognostic factors, such as
discography, Modic changes, and LF, showed little to no value.

Discography was not a useful predictor of outcomes in our
cohort. This is in line with reviews, which all failed to show
a significant prognostic effect [7,30,33,34]. However, ran-
domized controlled trials (RCTs) by Margetic et al. [12] and
Lee et al. [35] found a positive predictive effect. We used a
combination of provocative discography and discoblock. An

RCT by Ohtori et al. [36] showed the superiority of discoblock
over provocative discography. Because there is a striking lack
of uniformity among discography techniques (ie, use of prov-
ocation or discoblock, and injection pressures), it is hard to
draw firm conclusions. Overall, there is little supporting ev-
idence for the use of traditional provocative discography [9],
and it should therefore not be used in routine clinical prac-
tice, especially because it can cause clinically relevant injury
to the disc [13,14]. We have ceased using discography as a
tool for patient selection, but it is still used throughout Europe.
That positive discography predicted a greater reduction in leg
pain (p=.04) is remarkable, and could be a consequence of
numbing the branches of the communicating rami that in-
nervate the lateral disc, thus eliminating pseudoradicular pain.

The PCT did not significantly predict outcome scores in
the whole cohort. However, we analyzed a subgroup of 53
patients without prior surgery and found a significant prog-
nostic effect (p=.02). This correlates with a review by Willems
et al. [25], which also found the PCT of value for patients
without prior surgery. In addition, it was found that older pa-
tients were more likely to have a positive PCT outcome.

Although there is little data available on the PCT, owing
to its non-invasiveness, it is a viable option when dealing with
primary discopathy in patients willing and able to tolerate this
cumbersome test. We have routinely used the PCT in clini-
cal practice for 13 years and acknowledge that its
cumbersomeness could be a confounder. Patients who desire
surgery may more easily report a positive test result (Haw-
thorne effect) [37].

Nonetheless, DDD patients who benefit most from fusion
surgery are those who have suffered from intractable pain for
years, tried many conservative treatment strategies in vain,
and are almost desperate for surgery as a “last resort.” The
PCT assesses not only physical components as a “simula-
tion” of fusion, but perhaps also the patients’ mind-set and
their determination for a good outcome.

Modic et al. [18] described tissue changes that are strongly
related to low back pain. There is an ongoing debate regard-
ing the etiology of these changes [21,22,38-40]. Although

Table 5
Stepwise multiple regression models
Model Factors included in model Means p R?
'VAS-BP change score Primary discopathy 54.4+29.1:37.8£30.3 .009 0.128
(Full cohort) No prior surgery-to-prior surgery ratio (p=.002)
n=53:n=38
Sex 53.5+27.2:38.6+33.4 .021
Female-to-male ratio
n=54:n=37
MCID VAS-LP Primary discopathy 81.1%:50% achieved MCID .002 0.144
(Full cohort) No prior surgery-to-prior surgery ratio (p=.002)
n=53:n=38
VAS-BP change score Pantaloon cast test 56.9426.8:29.3+27.8 .02 0.123
(Primary cases) Positive-to-negative ratio (p=.02)

n=37:n=7

VAS-BP, visual analog scale for back pain; MCID VAS-LP, minimal clinically important difference in visual analog scale for leg pain (=30%).
Only models with significant prognostic factors are represented. The p-value of R” represents the significance of the model.
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these are considered a promising prognostic factor, Modic
changes were not clinically predictive in this study. Laustsen
et al. [19] and Ohtori et al. [41] found similar results. Kwon
et al. [42] only found that the rare type III was related to worse
outcomes. It currently seems unlikely that Modic changes have
a generalizable and clinically relevant prognostic value for
fusion surgery.

Patients with LF+ showed greater improvement than those
with LF— or LFO. A clear trend was observed, albeit without
statistical significance (Fig. 3). The advantage of LF is that
it encapsulates many aspects of physical symptoms that can
be clinically relevant: pain interference in daily activities and
walking, the diurnal course of complaints, and the influence
of rest, mobility, and posture. Their predictive value for patient
selection in spine surgery is controversial [26,27]. Our find-
ings did not provide a conclusive result, potentially due to
the small sample size.

Patients without previous surgery had significantly better
outcomes for back pain. This is not surprising, because surgery
for failed back surgery syndrome is less predictable [26,43-45].
Female sex was a strong positive prognostic factor, which is
likely due to female patients often presenting with worse com-
plaints preoperatively, coupled with greater postoperative
improvement compared with male patients [26,30,46]. Fur-
thermore, male sex was the only predictor of worsening back
pain, thus supporting this finding. Body mass index had no
effect in this cohort, but this is probably due to the exclu-
sion of severely overweight patients from surgery. Although
an effect of obesity on outcomes seems plausible and has been
demonstrated in the Spine Patient Outcomes Research Trial
(SPORT) trial [47], this finding is supported by multiple studies
[26,48,49]. Consistent with the literature, age was also of no
predictive value [26,48,50].

All recent RCTs show that fusion surgery does not produce
significantly better results than conservative treatment [8,51].
This is especially true because physical symptoms can be
due to pseudoradicular nerve or facet joint pathology rather
than disc degeneration seen on MRI. Although surgery may
not provide more success than conservative treatment for
DDD in the general patient population, there are subsets of
patients that will truly benefit more from fusion surgery.
Rigorous patient selection is key to success, and although
finding these subsets is exceedingly difficult as there are no
robust selection tools available, there are some promising
prognostic factors that may guide spine surgeons in this
respect. Traditionally, discography has seen wide adoption,
but has repeatedly failed to prove useful in many trials and
may even do more harm than good [7,9,12-14,30,33-36].
On this basis, we cannot recommend the use of discogra-
phy for surgical patient selection and have ceased using it
routinely.

Although cumbersome, the PCT has shown a prognostic
effect in patients without previous surgery, as confirmed by
another study [25]. We feel that there is a lack of literature
on this test because many see it as archaic, but it may be the
best prognostic tool available. For this reason, we have re-

cently initiated an RCT to systematically trial the PCT on a
higher level of evidence.

We analyzed multiple clinically relevant variables in a ho-
mogenous cohort of single-level discopathy patients. In
addition, we provided one of the longest follow-ups for dis-
copathy after fusion surgery.

We used comparatively strict statistical analyses to com-
pensate for cohort size. Although the cohort was small, an a
priori power analysis concluded that the minimum power of
0.8 was reached. Some subgroup analyses in this study did
not reach the required minimum sample size of 76 patients
and may be underpowered. Post hoc power analyses indi-
cated that the analyses of the PCT subgroup (65 patients),
and the primary discopathy subgroup (53 patients) reached
statistical powers of 0.798 and 0.697, respectively. Al-
though our dataset is relatively complete for a retrospective
study, it would have been interesting to follow up patients
who were not treated surgically. The number of negative PCT
and discography tests was relatively small, and not all pa-
tients underwent both discography and PCT. Finally, one author
(MS) had a potential conflict of interest as a consultant to
Mazor Robotics, Ltd, although this is not directly related to
this study.

Conclusions

Patient selection for fusion surgery for DDD remains
difficult but is key to clinical success. Female patients
without prior surgery at index level are most likely to
benefit from fusion surgery. Preoperative selection tools
such as discography and Modic changes repeatedly yield
disappointing results in clinical trials. Based on previous
reports and the results of this study, we cannot recommend
provocative discography for surgical patient selection. In a
subset of patients without prior surgery at index level, the
PCT helps in surgical decision making. We do not recom-
mend the use of these tests as absolute “red light” or “green
light” indicators, but advocate carefully balancing all other
clinical data against test results and patient expectations.
Rather, their prognostic value should be conferred to the
patient to help create a realistic expectation pattern. The
same applies to sociodemographic prognostic factors such
as gender, which should not form the basis of surgical
decision making.
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