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Abstract

Purpose A prospective study to evaluate whether cer-
tain baseline characteristics can predict outcome in
patients treated with disc prosthesis or multidisciplinary
rehabilitation.

Methods Secondary analysis of 154 patients with chronic
low back pain (LBP) for at least 1 year and degenerative
discs originally recruited for a randomized trial. Outcome
measures were Oswestry Disability Index (ODI) dichoto-
mized to < or >15 points improvement and whether sub-
jects were working at 2-year follow-up. A multiple logistic
regression analysis was used.

Results In patients treated with disc prosthesis, long
duration of LBP and high Fear-Avoidance Beliefs for work

Additional investigators of the Norwegian Spine Study Group who
participated in the study are listed in the “Appendix.”
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(FABQ-W) predicted worse ODI outcome [odds ratio
(OR) = 1.9, 95% confidence interval (CI) 1.2-3.2 and
OR = 1.7, CI 1.2-2.4 for every 5 years or 5 points]. Modic
type I or II predicted better ODI outcome (OR = 5.3, CI
1.1-25.3). In patients treated with rehabilitation, a high
ODI, low emotional distress (HSCL-25), and no daily
narcotics predicted better outcome for ODI (OR = 2.5, CI
1.4-4.5 for every 5 ODI points, OR = 2.1, CI 1.1-5.1 for
every 0.5 HSCL points and OR = 23.6, CI 2.1-266.8 for
no daily narcotics). Low FABQ-W and working at baseline
predicted working at 2-year follow-up after both treatments
(OR = 1.3, CI 1.0-1.5 for every 5 points and OR = 4.1,
CI 1.2-13.2, respectively).

Conclusions Shorter duration of LBP, Modic type I or II
changes and low FABQ-W were the best predictors of
success after treatment with disc prosthesis, while high
ODI, low distress and not using narcotics daily predicted
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better outcome of rehabilitation. Low FABQ-W and
working predicted working at follow-up.

Keywords LBP - Degenerative disc - Disc replacement -
Multidisciplinary rehabilitation

Introduction

Fusion has been the traditional surgical treatment option
for patients with low back pain (LBP) and radiographic
signs of degeneration. Since the middle of the 1980s
disc prostheses have been introduced as a treatment option
[1-5]. However, in the same period, non-surgical inter-
ventions have also been shown to be effective in treating
patients with chronic LBP, especially multidisciplinary
rehabilitation interventions focusing on physical exercise
and/or cognitive behavioral principles [6-9].

There is limited knowledge about valid predictors of
good or poor outcomes in patients treated with multidis-
ciplinary rehabilitation, fusion and especially disc pros-
thesis [10]. Improving the ability to predict treatment
outcome may allow for better allocation of resources.
Several authors have evaluated predictors of treatment
outcome, but the few prospective studies and the many
retrospective studies conducted are heterogeneous. Popu-
lations, outcome measures and statistical methods differ
greatly from study to study, resulting in a multitude of
possible predictors. In summary, personality traits and
labor-related factors seem, to some degree, to be consistent
predictors [7, 11].

The aim of the present study was to evaluate whether
any physical, socio-demographic, psychological/pain and
radiological characteristics at baseline could predict
improvement in Oswestry Disability Index (ODI) and
return-to work at 2-year follow-up in patients treated with
disc prostheses or with multidisciplinary rehabilitation.

Patients and methods

Data were extracted from a randomized study conducted at
five Norwegian university hospitals [12]. The study was
evaluated and approved by the Regional Committees for
Medical Research Ethics, conducted in accordance with the
Helsinki Declaration and the ICH-GCP guidelines and
registered at http://www.clinicaltrial.gov under the identi-
fier (NCT 00394732).

Design

The present study was an analysis of patients who com-
pleted a rehabilitation program or underwent disc

@ Springer

prosthesis surgery and either attended the 2-year follow-up
or filled in a postal questionnaire. Patients crossing over
from rehabilitation to surgery (n = 5) were analyzed in the
surgical group and patients not completing the rehabilita-
tion program were taken out of the analysis according to
as-treated principles.

Participants

Inclusion criteria were age 25-55 years, LBP as the main
symptom for at least 1 year, ODI score >30%, and
degenerative changes in the intervertebral disc at one or
both of the lower lumbar levels (L4/L5 and/or L5/S1). For
further details see Hellum et al. [12].

Study interventions

Rehabilitation was based on the multidisciplinary treatment
model described by Brox et al. [6], and consisted of a
cognitive approach and supervised physical exercise.

The surgical intervention consisted of replacement of
the degenerative intervertebral lumbar disc with an artifi-
cial lumbar disc (ProDisc II, Synthes Spine, West Chester,
PA, USA) [12].

Dependent variables

The primary outcome measure was the change in func-
tional capacity from baseline to 2-year follow-up, mea-
sured by ODI (version 2.0) [13]. Change in ODI was
dichotomized to < or >15 points improvement. The cut off
value was chosen based on data from the Food and Drug
Administration considering an individual change in ODI of
more than 15 ODI points as the minimal -clinically
important change [12].

A second analysis was performed regarding work status.
Patients who were working part or full time at 2-year
follow-up were categorized as working, likewise students
and homemakers. Data was collected from the patients and
from the National Insurance of employees (NAV).

Baseline variables tested for predictive value
(independent variables)

Potential predictors were registered at baseline and
grouped into physical, socio-demographic, psychological
variables and pain, and radiological variables (Table 1).

Physical variables. Daily consumption of narcotics,
prior surgery, level(s) operated on, the presence of
comorbidity, ODI, back pain duration and body mass index
(BMD).

Sociodemographic variables. Socioeconomic status
was classified according to the Norwegian Standard
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Table 1 Step 1. Baseline variables associated with or without 15 ODI points improvement at follow-up in the surgical and nonsurgical groups

separately

Surgery (n = 88)

Rehabilitation (n = 66)

N (yes/no) % patients improved P value N (yes/no) % patients improved P value
>15 ODI points >15 ODI points
categorized by yes/no categorized by yes/no
Physical variables
Daily consumption of narcotics 27/61 72/70 0.87" 9157 22/49 0.17"
Prior surgery 27/61 74167 0.50° 18/48 39/48 0517
Affected level
L4/L5 19/69 83/68 0.29° 13/53 46/45 0.98"
L5/S1 45/43 64/79 37/29 46/44
L4/L5 and L5/S1 24/64 75/70 16/50 43/46
Comorbidity 20/68 65/74 0.46" 18/48 50/44 0.657
ODI 42 £9.2° 0.59 42 + 8.1° 0.03*
Duration of back pain (years) 6.6 + 6.1 0.14% 7.1 + 6.4° 0.89*
Body mass index 25.6 £ 3.3* 0.08* 25.6 £ 3.4* 0.19%*
Sociodemographic variables
Socioeconomic status
Manual worker” 35/49 60/80 0.05" 23/37 44/49 0.70*
Educational level
Primary school (9 years) 20/68 60/75 0.25" 12/54 58/43 0.547
High school (12 years) 47/41 79/63 44/22 41/55
University/college® 21/67 67/73 10/56 50/45
Working® 22/66 82/68 0.227 12/54 75/39 0.023"
Duration out of work (months)
<6 months 23/61 87167 0.17° 18/38 67/37 0.08"
6 months—1 year 18/66 72/73 18/38 44/47
>1 year 43/41 65/80 20/36 30/56
Sex (female) 43/45 79/64 0.13 38/28 47/43 0.72"
Current smoker 42/45 71/71 0.97" 29/37 35/54 0.117
Age 409 + 7.1* 0.27* 41.5 £ 6.9* 0.74*
Psychological variables and pain
HSCL 1.8 £ 0.5% 0.43* 1.9 £ 0.5* 0.06*
FABQ-work 26.5 + 10.6* 0.01* 27.8 +£9.8* 0.61*
FABQ-physical 13.1 £5.7% 0.89* 12.0 £ 5.7% 0.96*
MCS (SF-36) 46.5 + 13.1* 0.13* 452 + 13.4* 0.14*
Back pain (VAS) 69.2 + 15.2° 0.75* 73.2 £ 13.0* 0.33*
Pain drawing (below belt)® 67/14 73/71 10" 44/15 41/53 0.40"
Radiological variables
Modic I and II
Not present 13/74 39/77 0.04" 9/59 25/49 037"
Modic primary type I 26/61 81/67 22/44 41/49
Modic primary type II 33/54 76/70 22/44 59/40
Modic I and II 15/72 73/71 13/53 46/46
Modic CC"' 31/56 81/66 0.15" 25/40 52/43 0.46"
Disc height reduction® 63/24 71/71 0.96" 45/20 49/40 0517
Nucleus pulposus grade 3/4 78/9 69/89 0.22f 55/10 47/40 0.67
Facet joint arthropathy grade 2/3  10/77 70/71 0.93" 4/61 75/44 0.23"
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Table 1 continued

Surgery (n = 88)

Rehabilitation (n = 66)

N (yes/no) % patients improved P value N (yes/no) % patients improved P value
>15 ODI points >15 ODI points
categorized by yes/no categorized by yes/no
Posterior HIZ 41/46 68/74 0.56" 23/42 39/50 0.40

Continuous and categorical variables

The Oswestry Disability Index (ODI) ranges from 0 to 100, with lower scores indicating less severe symptoms

Back pain was calculated using a horizontal scale ranging from 0 (no pain) to 100 (worst pain imaginable) with word anchors at the beginning

and end

SF-36 scores range from O to 100, with higher scores corresponding to better health status

Waddell’s FABQ scale ranges from 0 to 24 (physical) and from 0 to 42 (work), with lower scores indicating less severe symptoms

P values; Indicating if the baseline variable was associated with 15 ODI points improvement or not at follow up

HSCL-25 = Hopkins symptom checklist; HSCL-25 reflects emotional distress and scores range from 1 to 4, with lower scores indicating less

severe symptoms
FABQ Fear of Avoidance Belief Questionnaire

* Independent two-sided ¢ test; fPearson’s 12; j;Mann—Whitney U test; Fischer’s exact test

? Values are represented as mean £+ SD

P Classified according to socioeconomic status from Statistics Norway consisting of six groups: manual low, manual high, routine nonmanual
low, routine nonmanual high, professional low or professional high. Because there were few patients in each group, unskilled and skilled workers
were merged into the same group and nonmanual in one group. Consequently, two groups were analyzed, manual and nonmanual [14]

¢ Because there were fewer than five subjects in the category of education at university level, they were merged with 13-15 years of education

(college)

9 Working versus not working; Including part-time work as working

¢ Uden et al. [19]
f More than 50% of the craniocaudal diameter

& More or less than 40% height reduction (more = yes)

Classification of Socioeconomic status [14] and education
according to the International Standard of Classification of
Education (IECED) [15].Working status was categorized
into working/not working, duration of sick leave catego-
rized as <6 months, 6-12 months and >12 months, sex,
smokers and age.

Psychological variables and pain scales. Emotional
distress (Hopkins symptom checklist, HSCL-25), [16]
Fear-Avoidance Beliefs Questionnaire (FABQ) [17], the
Mental Component Scale (MCS) of SF-36 [18], LBP
(VAS) and pain drawing [19].

Radiological variables. The classification/evaluation is
presented in Table 2 [20-25]. Evaluation of the MRI
examinations was performed independently by three
experienced radiologists. The radiologists were blinded to
clinical data. The outcome was decided by simple majority,
by mean value or by a fourth radiologist when majority or
mean was unsuitable (Modic type). In the univariate
analysis of Modic changes, there was no difference
between Modic primary type I and primary type II changes.
These changes were merged to one category in the further
multivariate analysis. The intra and inter observer reli-
ability of the MRI evaluation will be published soon by our

group.
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We also evaluated patients with more or less than 55
ODI points at baseline following a recommendation by
Prof. Jeremy Fairbank (personal communication).

Statistical analysis

All data were analyzed using SPSS (version 16, SPSS Inc.,
Chicago, IL, USA). Patients treated with surgery or reha-
bilitation were analyzed in separate cohorts for ODI as
outcome, but merged for return to work as outcome.

We used a multiple logistic regression analysis in
accordance with the purposeful selection model [26]. The
main steps were as follows.

Step 1 Univariate analysis. Physical, socio-demo-
graphic, psychological/pain and radiological character-
istics were analyzed in separate groups at this stage and
merged in step 2 (Tables 1, 3).

For categorical data, Pearson’s x2 and Fischer’s exact
test were used. Mann—Whitney independent sample tests
were performed for continuous nonparametric variables
and independent ¢ test for continuous parametric vari-
ables. The P value was set to 0.20 according to the
recommendation of Hosmer et al. [26].
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Table 2 MRI evaluation at baseline

Radiological finding

Modic primary type I or II*
0: not present
1: Modic primary type I present
2: Modic primary type II present
3: Modic I and II present

Modic primary or secondary type I and/or II craniocaudal
extension >50% of vertebral body height on sagittal images”

0: not present

1: present
Disc height reduction measured on midsagittal image®

0: less than 40% reduction

1: equal to or more than 40% reduction
Facet joint arthropathy?

0: No or slight arthropathy

1: Moderate or severe arthropathy
Posterior high-intensity zone (HIZ)®

0: not present

1: present
Nucleus pulposus signal grade 3/4'

0: not present

1: present

According to clinical practice, most MRI examinations consisted of
sagittal T-2 and T-1 sequences, and axial T2, T1 or PD (proton
density)

# Modic et al. [20]
® Jensen et al. [24]

¢ Masharawi et al. [25]. Measured in the midsagittal MRI compared
with a normal disc above

9 Fujiwara et al. [21]. Merging no arthrosis with slight arthrosis
(grade 0 and 1) and moderate with severe arthrosis (grade 2 and 3)

¢ Aprill and Bogduk [22]
f Luoma et al. [23]

Step 2 Multivariate analysis. We used Wald statistics to
exclude variables that did not seem important [26]. The
significance level was set at P < 0.05. Thereafter, we
reduced the model using the likelihood-ratio test to
determine which variables should be included in the
model. Further, we evaluated possibly significant or
important confounders and added, one at a time, variables
excluded from the initial multivariable model. Subse-
quently, the correct parametric form for continuous
variables was identified and checked for plausible inter-
actions. “First categorical” was chosen as the reference
cell for variables with more than two categories.

Step 3. The final model in the main analysis representing
the variables considered to be of predictive value
(Tables 4, 5).

Step 4. The final model was tested for goodness-of-fit
(Hosmer-Lemeshow test).

Age and sex did not have a confounding effect and were
therefore not adjusted for through the analysis. Odds ratios
(ORs) for continuous variables are reported in cluster; for
every 5-point change in FABQ-W and ODI, for every 0.5
points of HSCL and for every 5-year duration of LBP.

Results

Of the 173 patients included in the original randomized
study, in this secondary analysis, 154 were included
whereof 66 patients completed the whole rehabilitation
program and 88 patients underwent surgery with disc
prosthesis. A flow chart presented previously illustrates the
different reasons for not including the remaining 19
patients in the present analysis [12]. All models had
acceptable goodness-of-fit tests (P value ranged from 0.38
to 0.41). None of the potential predictors had a Spearman’s
correlation coefficient >0.7.

Outcome

Surgery. Long duration of back pain and high FABQ-W
predicted having an ODI change <15 points in the final
model (OR = 1.9, confidence interval (CI) 1.2-3.2 and
OR = 1.7, CI 1.2-2.4) (Table 4). This suggests that the
odds of having an ODI change <15 was doubled for every
5-year duration of back pain and 1.7 for every 5 points of
FABQ-W. The association between duration of back pain,
FABQ-W and outcome was linear in logit. Modic primary
or secondary type I and/or type II predicted better outcome
(OR = 5.3, CI 1.1-25.3) (Table 4).

Rehabilitation. Not using narcotics daily (OR = 23.6 CI
2.1-266.8), high ODI at baseline (OR = 2.5, CI 1.4-2.5 for
every 5-point increase in ODI) and low HSCL (OR = 2.4,
CI 1.1-5.1 for every 0.5-point reduction), predicted having
a change >15 points in ODI in the final model (Table 4).

Work (merged cohorts). Working at baseline predicted
being at work at follow-up (OR = 4.1, CI 1.2-13.2). High
FABQ-W was predictive for not being at work at 2-year
follow-up with an odds ratio of 1.3 for every 5 points of
FABQ-W (OR = 1.3, CI 1.0-1.5) (Table 5).

ODI (merged cohorts). Figure 1 illustrates the differ-
ence in outcome between surgery and rehabilitation in
patients with high and lower levels of ODI (ODI <55
points and ODI >55 points (Fig. 1a, b). For patients with
high levels of ODI at baseline (n = 21) we saw no sig-
nificant difference in outcome between treatment groups.

Discussion

The choice of baseline variables was based on careful
selection of plausible clinical predictors of outcome and
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Table 3 Step 1. Baseline variables associated with working or not at
follow-up in the surgical and nonsurgical groups

Surgery and rehabilitation

(n = 154)
N (yes/ % patients P value
no) working
categorized
by yes/no
Physical variables
Daily consumption of narcotics  34/120 56/60 0.67"
Prior surgery 42/112 55/61 0.50"
Level
L4/LS5 32/122 69/57 0417
L5/S1 81/73 58/60
L4/L5 and L5/S1 41/113 54/61
Comorbidity 31/123 48/62 0.18"
ODI 0.02*
Duration of back pain (months) 0.97*
Body mass index 0.25*
Sociodemographic variables
Socioeconomic status
Manual worker® 58/86 51/63 0.157
Educational level (%)
Primary school (9 years) 321122 47/62 0.20"
High school (12 years) 93/61 60/57
University/college” 29/125 69/57
Working® 35/119 87/50 <0.001"
Duration out of work
<6 months 43/97 79/54 0.009°
6 months—1 year 38/102 61/62
>1 year 59/81 49/70
Sex (female) 80/74 59/60 0.937
Current smoker (%) 71/82 55/62 0.36
Age 0.53*
Psychological variables and pain
HSCL 0.52%*
FABQ-work 0.001*
FABQ-physical 0.88*
MCS (SF-36) 0.25%
Back pain (VAS) 0.50%*
Pain drawing (below belt)” 111/30 59/67 0.42"
Radiological variables
Modic I and I
Not present 21/131 52/62 0.76"
Modic primary type I present 48/104 65/56
Modic primary type II present 55/97 56/60
Modic I and II present 28/124 57/59
Modic CC* 55197 69/53 0.05"
Disc height reduction 104/48 61/54 0.46"
Nucleus pulposus grade 3/4 133/19 58/63 0.66"
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Table 3 continued

Surgery and rehabilitation

(n = 154)
N (yes/ % patients P value
no) working
categorized
by yes/no
Facet joint arthropathy grade 14/138 64/58 0.65"
2/3
Posterior HIZ 63/89 54/62 0.33"

Continuous and categorical variables

SF-36 scores range from 0 to 100, with higher scores corresponding to
better health status

Waddell’s FABQ scale ranges from 0 to 24 (physical) and from 0 to
42 (work), with lower scores indicating less severe symptoms

HSCL-25 = Hopkins Symptom checklist; HSCL-25 reflects emo-
tional distress, and scores range from 1 to 4, with lower scores
indicating less severe symptoms

P value; Indicating if the baseline variable is associated with working
or not at follow-up

FABQ Fear of Avoidance Belief Questionnaire

* Independent two-sided ¢ test; fPearson’s Xz; IMann—Whitney U test;
‘Fischer’s exact test

4 Classified according to socioeconomic status from Statistics Nor-
way consisting of six groups: manual low, manual high, routine
nonmanual low, routine nonmanual high, professional low or pro-
fessional high. Because there were few patients in each group,
unskilled and skilled workers were merged into the same group and
nonmanual in one group. Consequently, two groups were analyzed,
manual and nonmanual[14]

" Because there were fewer than five subjects in the category of
education at university level, they were merged with 13-15 years of
education (college)

¢ Working versus not working;Including part-time work as working
4 Uden et al. [19]

¢ More than 50% of the craniocaudal diameter

f More or less than 40% height reduction (more = yes)

The Oswestry Disability Index (ODI) ranges from 0 to 100, with
lower scores indicating less severe symptoms

Back pain was calculated using a horizontal scale ranging from 0 (no
pain) to 100 (worst pain imaginable) with word anchors at the
beginning and end

predictors found in previous studies [7, 27, 28]. Zindrick
et al. [10] concluded in a review that there was no defini-
tive evidence about which variables that affect outcome in
disc prosthesis surgery. Siepe et al. [28, 29], reported better
outcomes for disc surgery in younger patients, for mono-
segmental surgery (especially at the L4/L5 level) and in
patients with lower disc height. Bertagnoli et al. found
better outcomes in patients with disc height >4 mm and no
facet joint arthritis, and Guyer et al. found that time off
work before treatment predicted outcome [30, 31]. We
could not confirm these findings.
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Table 4 Step 3 and final model in the multiple logistic regression
model

Final model (step 3)

P value B OR  95% CI for OR

Surgery (n = 88)
Physical variables

Duration of back pain 0.01 07 19 1232
(5 years)*
Psychological variables
FABQ-work (5 points)b 0.007 05 1.7 1.2-24
Radiological variables
Modic I or II° 0.04 1.7 53  1.1-253
Rehabilitation (n = 66)
Physical variables
Daily consumption of 0.02 2.5 23.6 2.1-266.8
narcotics
ODI (5 points)” 0.002 1.0 25 1445
Psychological variables
HSCL (0.5 points)® 0.02 09 24 1.1-5.1

Baseline variables associated with 15 ODI points improvement at
follow-up in the surgical and nonsurgical groups. Continuous and
categorical variables

B regression coefficient, OR Odds ratio

? OR for change of 5 years

> Waddell’s FABQ work scale ranges from 0 to 42, with lower scores
indicating less severe symptoms; OR for change of 5 points

¢ Modic changes compared with not present

9 The Oswestry Disability Index (ODI) ranges from 0 to 100, with
lower scores indicating less severe symptoms; OR for change of 5
points

¢ HSCL-25 = Hopkins Symptom checklist; HSCL-25 reflects emo-
tional distress, and scores range from 1 to 4, with lower scores
indicating less severe symptoms; OR for change of 0.5 points

Table 5 Step 3 and final model in the multiple logistic regression
model

Surgery and rehabilitation Final model (step 3)

(n = 154)
P value B OR 95% CI
for OR
Sociodemographic variables
Working® 0.02 1.4 4.1 1.2-13.2
Psychological variables
FABQ work” 0.03 0.2 1.3 1.0-1.5

Baseline variables associated with working at follow-up in the sur-
gical and nonsurgical groups combined. Continuous and categorical
variables

OR Odds ratio, B regression coefficient
4 Working versus not working. Including part-time work as working

> Waddell’s FABQ work scale ranges from 0 to 42, with lower scores
indicating less severe symptoms; OR for change of 5 points

In the present study, we found that for patients treated
with disc prosthesis, long duration of back pain and high
FABQ-W score at baseline were significantly associated
with worse outcome assessed by ODI, and Modic primary
or secondary type I and/or II were significantly correlated
with better outcome. Furthermore, supported by a sub
analysis, Modic primary type I increased the chance of
being among the 15 patients with best results after surgery
(P = 0.008; OR = 10.1, CI 1.8-56.0). No former studies
have identified Modic changes as predictor for outcome
after treatment with disc prosthesis, but one former study
reported that patients with chronic LBP, degenerative discs
and Modic type I undergoing fusion, had favorable out-
come [27]. Our findings suggest that removing the disc,
possibly causing the pain in such patients, may predict
good outcome.

Patients with long-lasting back pain and high FABQ-W
had a less favorable outcome. These two variables repre-
sent psychosocial aspects of chronic back pain, thus social
interactions with adaptation to the sick role or a negative
attitude and belief toward possible recovery may influence
the prognosis. Central sensitization can also contribute to
the maintenance of pain and disability in patients with
long-lasting low back pain [32].

We found different predictors for success after rehabil-
itation. High baseline ODI, low HSCL-25 and not using
narcotics predicted better results. High disability and pain
scores have also been found to predict a larger improve-
ment in functional outcome after rehabilitation in former
studies [7]. This could not only represent regression to the
mean or ceiling effects, but could also influence the treat-
ment effect per se. In our randomized study, there was a
difference between groups in favor of surgery, but as
illustrated in Fig. 1, patients in the surgical group and
rehabilitation group with high baseline ODI (>55) experi-
enced similar results, indicating that especially these
patients should be treated with rehabilitation before con-
sidering surgery [12]. In a review, Van der Hulst et al. [7]
could not find a generic set of predictors of outcome for
patients with LBP treated with multidisciplinary rehabili-
tation. However, several work-related parameters, coping
style and pain intensity were associated with outcome. In
the present study, patients reporting high emotional distress
had poorer outcome which suggest that parts of the cog-
nitive treatment did not succeed in these patients. Brage
et al. [33] reported that patients with LBP and high emo-
tional distress had an increased risk of disability, empha-
sizing the importance of treating this condition. In prior
studies, multidisciplinary rehabilitation incorporating
analgesic medication withdrawal has been associated with
clinical improvement of pain intensity and functioning
[34]. We found worse outcomes in patients using narcotics
daily, which might indicate that the rehabilitation program
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Fig. 1 The Oswestry Disability Index (ODI) ranges from 0 to 100, with lower scores indicating less severe symptoms. a ODI during follow-up
of patients with ODI at baseline <55 points, b ODI during follow-up of patients with ODI at baseline >55 points

failed both in patients with high HSCL-25 and daily usage
of narcotics. However, the confidence interval for daily
usage of narcotics was very large and OR may be over-
estimated in small sample sizes [35]. In a recent systematic
review, opioid therapy was not associated with reduction of
pain compared with placebo [36]. This indicates that opioid
treatment of patients with chronic LBP should be avoided.

We found being at work and low FABQ-W at baseline
to predict being at work at follow-up in both groups. This is
in line with previous studies [7]. High FABQ-W is iden-
tified as a predictor for future sick listing or disability in
patients with acute and sub-acute LBP [37].

The main strength of our study is the stringent inclusion
and exclusion criteria making the patient population quite
homogenous. Furthermore, both surgical and rehabilitation
treatments were standardized across study centres. We did
a multivariate analysis to evaluate confounding effects. A
multivariate logistic analysis probably reduces the chance
of detecting nonclinical significant predictors and may also
make the result more clinically useful compared with a
multivariate linear regression analysis.

Some limitations should be considered. First, having
several baseline variables increases the risk of making a
type I error. A larger study cohort would increase the
power of the study. Furthermore, the choice of outcome
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variables can influence results. An improvement of 15 ODI
points has been evaluated as clinically important. Electing
a 50% reduction in ODI at follow up as an outcome vari-
able might give a larger reduction on average than 15 ODI
points and perhaps with different predictors. Furthermore,
our patient population was highly selective and the results
are strictly applicable in patients with localized LBP and
moderate to severe degenerative discs at the two lower
lumbar levels. The two investigated cohorts are similar, but
since the analysis is done “as treated”, a strict comparison
of predictors between treatments should be avoided
(Table 1).

As former studies and reviews have stated, the patient
populations in studies within this field are heterogeneous,
methods of analysis are different and outcome measures
are various. We could confirm some of the variables as
predictors, but there is no consistent set of variables in the
literature upon which to rely, when choosing patients for
total disc replacement or rehabilitation. However, many of
the variables seemed to be associated to some degree. This
complexity may also reflect the fact that the variables
together are of major importance, but individually have
only small influence. It is probably necessary to merge
studies in a meta-analysis to gather more information about
which variables are predictors.
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It has not been shown previously that FABQ-W predicts
outcome in LBP patients undergoing disc surgery. We
suggest that questionnaires including FABQ-W, ODI and
measures of emotional distress such as HSCL-25 should be
included in the pre-treatment evaluation of patients treated
for degenerative disc disease. It could also be argued that
patients should be treated earlier than is current practice to
reduce the development of chronicity with therapeutic
resistance. It is also reasonable that all patients and espe-
cially patients with high ODI and high FABQ-W should be
treated with multidisciplinary rehabilitation before disc
replacement becomes an option. Patients with low FABQ-
W or Modic changes type I or II should be considered for
surgery if rehabilitation fails. However, our findings need
to be confirmed in future studies.
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Appendix

From University Hospital North Norway, Tromsg (inclu-
ded n = 8 patients): Department of Orthopedic Surgery:
Odd-Inge Solem, MD, Department of Neurosurgery: Jens
Munch-Ellingsen, MD, PhD, and from Department of
Physical Medicine and Rehabilitation Franz Hintringer,
MD, Anita Dimmen Johansen, ergonomist, Guro Kjos, PT.

From Trondheim University Hospital, Trondheim
(included n = 21 patients): National centre for spinal dis-
orders, Department of Neurosurgery: @ystein P Nygaard,
PhD, Hege Andresen, RN, Helge Rgnningen, MD, Pro-
fessor, Kjell Arne Kvistad, MD, PhD, and from Multidis-
cipline spinal unit, Dep. of Physical Medicine and
Rehabilitation; Bjgrn Skogstad, MD, Janne Birgitte Bgrke,
PT, MSec, Erik Nordtvedt, PT, Magne Rg, MD, Gunnar
Leivseth, MD, Professor.

From Haukeland University Hospital, Bergen (included
n = 64 patients): Kysthospitalet in Hagevik, Department
of Orthopedic Surgery: Sjur Braaten, MD, Turid Rognsvag,

PT, MSc, Gunn Odil Hirth Moberg, secretary, and From
The Outpatient Spine Clinic. Department of Physical
Medicine and Rehabilitation: Lars Geir Larsen, PT,
Vibeche Iversen, RN, Ellen H Haldorsen, cand, psychol,
PhD, Elin Karin Johnsen, RN, Kristin Hannestad, PT;

From Stavanger University Hospital, Stavanger (inclu-
ded n = 27 patients): Department of Orthopedic Surgery:
Endre Refsdal, MD.

From Oslo University Hospital, Oslo (included n = 53
patients): Department of Orthopaedics: Vegard Slettemoen,
RN, Kenneth Nilsen, RN, Kjersti Sunde, RN, Helené¢ E
Skaara, PT, MSc, and from Department of Physical
Medicine and Rehabilitation: Anne Keller, MD, PhD, Berit
Johannessen, PT, Anna Maria Eriksdotter, PT, MSc.
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