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Abstract

Purpose To identify predictors of both intermediate and

long-term unfavorable outcomes after first time, uncom-

plicated lumbar disc surgery.

Methods Patients (n = 120) who had undergone lumbar

disc surgery were followed up 1.5 and 12 years thereafter.

Baseline assessments were carried out 5–8 days after sur-

gery. Clinical outcome was assessed in both follow-ups

using the Low Back Pain Rating Scale. Statistical analysis

included binary logistic and linear regression.

Results Unfavorable outcomes were found in 50.5 %

(1.5 years) and 52.6 % (12 years) of patients available for

follow-up examination. Low pre-operative physical activ-

ity and severe pain in the first week after surgery were

predictive of an unfavorable post-operative outcome at

both follow-ups.

Conclusions Identified predictors suggest that particular

emphasis should put on comprehensive post-operative care

at large and encouragement to adapt a physically active

lifestyle in particular in rehabilitation concepts after first

time uncomplicated lumbar disc surgery.
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Introduction

About 7400 and 342,000 lumbar discectomy surgeries are

performed every year in Austria and in the US, respectively

[1, 2]. Despite reported high success rates of this procedure

of up to 90 %, there seems to be a considerable amount of

patients who complain about pain and disability several

months or even years after surgery [3, 4]. Loupasis et al. [5]

reported unfavorable results in one-third of these patients

seven to 20 years after lumbar discectomy.

If patients with an increased risk for an unsatisfying

intermediate and long-term outcome after first time lumbar

disc herniation surgery could be identified prior to the

intervention or within the first post-operative week, early

comprehensive pre- and post-operative management

intended to improve overall back related health of these

patients in the long-term could be provided. Items poten-

tially modifiable by a multidisciplinary management

approach seem of particular interest. In fact, compelling

evidence suggests several socio-demographic, clinical,

work-related, and psychological variables to be associated

with less satisfying short- and intermediate-term outcomes

after lumbar disc surgery [6]. However, so far only few

studies have investigated predictors of an unfavorable

outcome in the long-term [4, 7, 8]. Only one study seems to

exist that has ever compared intermediate with long-term

predictive factors for an inferior outcome after lumbar disc

surgery [8]. Findings of this research suggested only one

out of several prognostic factors to be predictive of an

unfavorable intermediate and long-term outcome: time on

sick leave. However, this study has several flaws e.g.,

inclusion of patients who suffered from chronic low back

pain before disc surgery, a fact that per se seems to be

associated with an inferior post-surgical outcome [9]. Other

potentially relevant variables such as physical activity and/
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or improvement of symptoms immediately after surgery

were not assessed.

This communication is reporting on the 12 years’ fol-

low-up of a cohort of participants of an RCT, whose pre-

operative complaints had lasted less than 3 months, and

which were subjected to uncomplicated first time lumbar

disc surgery with either discectomy or a microdiscectomy

procedure. Particular focus has been put on the potential of

a range of variables to predict an unfavorable outcome both

1.5 and 12 years after lumbar disc surgery. We were

interested to see whether there are variables that could

predict a poor outcome at both the intermediate and long-

term.

Methods

Study design

The original, primary study was an RCT into the effec-

tiveness of post-operative physiotherapy after first-time

uncomplicated lumbar disc surgery [10]. Patients qualified

for participation, if they presented with acute or subacute

lumbar radicular symptoms, while spinal stenosis or

spondylolisthesis, chronic pain disorders of the muscu-

loskeletal system, defined neurological or psychiatric dis-

orders were exclusion criteria. 120 patients had been

randomly assigned after lumbar disc surgery (discectomy

or microdiscectomy without a segmental fusion) to

12 weeks physiotherapy, ‘‘sham’’ neck massage, or no

treatment and were evaluated before, 6, 12 weeks and

1.5 years after randomization. The study had taken place at

the XXX, and had included a 1.5 years’ follow-up. Now a

second follow-up should be performed overlooking a mean

follow-up period of 12 years since surgical intervention.

Formally, the design of this study is explorative in nature.

Both the original study and the actual follow-up study

were approved by the Ethics Committee of the Medical

University of XXX, and included patients had provided

written informed consent for either study.

Assessment of potential predictors

Variables with an assumed predictive potential had first

been assessed at the time of inclusion into the original

study, 5–8 days after surgery. Overall, 28 potential pre-

dictors that had been assessed, and were sub-classified into

anthropometric (weight, height, BMI), socio-demographic

(gender, age, education, social status) work related (work

status, pending retirement claim, and duration of pre-op-

erative sick leave), clinical (‘‘trauma’’, pre-operative and

post-operative paresis, pre-operative physical activity, pre-

operative analgesic medication or use of physical therapy,

duration of pre-operative complaints, alcohol consumption,

nicotine use), and psychological variables [perceived

overall quality of life (VAS 0-10), Spielberger State-Trait

Anxiety Inventory [11] and the Giessen-Test (GT) [12]].

The STAI, which measures adult trait and state anxiety

[11], encompasses two sub-scales each comprising of 20

items. One sub-scale describes the general feeling con-

cerning stable anxiety and the other one describes the

transient anxiety at a given moment. Items are scored on a

Likert scale from 1 to 4 (‘‘not at all’’ to ‘‘very much’’) with

higher scores indicating more pronounced anxiety. High

test–retest reliability and construct validity has been

demonstrated [13]. The GT [12] describes a person’s self

image and is based on models of psychoanalysis and social

psychology. The GT covers six dimensions: Social Reso-

nance, Pliancy, Control, Depressiveness, Reservedness,

and Social Potency. The reliability was found to be satis-

factory except for the scales ‘‘Control and Pliancy’’ [14].

Furthermore, the patients’ subjective satisfaction with

the treatment outcome was rated on a four-point Likert

scale (very satisfied, satisfied, dissatisfied and very

dissatisfied).

Assessment of clinical outcome at follow-up

Clinical outcome was evaluated 12 years after baseline

evaluation in the same way as in the 1.5 years’ follow-up,

i.e., using the German version of the Low Back Pain Rating

Scale (LBPRS) [15]. This assessment tool measures a

patient’s back related health and ranges from 130 (worst) to

0 (best). It is composed of three sub-scales, i.e., pain

(60–0), physical function (40–0), and disability (30–0).

High within and between reliability and satisfactory con-

struct validity has been demonstrated [15].

Statistical analyses

Main outcome variable ‘‘unfavorable outcome’’: A score of

higher than 19.5 points on the total LBPRS (primary out-

come parameter) and one exceeding 4.5 points on the

LBPRS disability sub-scale (secondary outcome parame-

ter) were considered as ‘‘unfavorable outcome’’. A total

LBPRS score of 19.5 points corresponds to approximately

35 % of the original baseline mean. Binary logistic and

linear regression using univariate and multivariate models

were applied to examine the potential of variables to dif-

ferentiate between patients with a satisfactory or unsatis-

factory post-operative outcome 1.5 and 12 years after

surgery. LBPRS total (sum score of the LBPRS) served as

dependent variable for the linear regression analysis, and

the dichotomous variable LBPRS[19.5/B19.5 points for

the logistic regression analysis. For the multivariate models

multi-collinearity analyses were calculated to identify
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correlations between the independent variables. A corre-

lation matrix of the predictor variables was plotted and

variance inflation factors (VIF) were calculated. Further-

more, associations between the patients’ subjective satis-

faction with the treatment result and the actual outcome as

assessed by the LBPRS were calculated by contingency

tables and Spearmańs correlation coefficients.

Results

Ninety-nine and seventy-eight out of 120 patients who had

originally been enrolled into the RCT could be included

into the 1.5 and 12 years’ follow-up examinations. There

was considerable overlap between those two cohorts, i.e.,

70 of the 78 patients included in the 12 years’ follow up

took also part in the 1.5 years’ follow-up. Among the 42

participants of the original study lost to the 12 yearś fol-

low-up, contact addresses of 25 patients were unavailable,

another three patients were deceased, and 14 patients

denied participation in the actual examination.

Baseline values did not differ significantly between

patients who completed the 1.5 years’ and the 12 years’

follow-up evaluations (Tab. 1). Results of the independent

predictive variables in the first week after surgery and the

results of the dependent variable LBPRS at baseline, 1.5

and 12 yearś follow-ups are presented in Tables 1, 2.

Outcomes classified as unfavorable were observed in 50

(50.5 %) and 41 (52.6 %) participants 1.5 and 12 years

after surgery, respectively. In 45 patients the outcome

(favorable or unfavorable) did not differ between the fol-

low-ups. In 12 patients (12 %) an unfavorable outcome

was present at the 1.5 yearś follow-up only and in another

12 patients (15 %) an unfavorable outcome was present at

the 12 yearś follow-up only.

Of the 28 potentially predictive variables assessed, a

total of eight were significant predictors at the 1.5 yearś

follow-up, and another four variables at the 12 yearś fol-

low-up. Significantly more likely to have an unfavorable

outcome at respective follow-ups were:

• At the 1.5-year follow-up, patients positive for (a) no

physical exercise before surgery, (b) severe post-

operative back pain, (c) extended pre-operative sick

leave, (d) a pre-operative therapy with analgesics

(alone or in combination with other conservative

interventions), (e) a pending retirement claim, and

(f) suffering from anxiety or depressive mood.

• At the 12-year follow-up, patients with ‘‘no physical

exercise before surgery’’, ‘‘severe post-operative leg

pain’’, ‘‘low stature’’, and ‘‘female gender’’.

Thus ‘‘low pre-operative physical activity status’’ and

‘‘high pain intensity in the first week after the intervention’’

significantly predicted an unfavorable outcome both at 1.5

and 12 years after surgery (see Table 3).

There was a strong association between the patients’

satisfaction with their treatment outcome and their outcome

on the LBPRS after 1.5 years (r = 0.668, p\ 0.01). In

contrast, no such association was observed at the 12-year

follow-up (r = 0.228, p\ 0.05).

Table 1 Metric and interval variables at baseline and follow-up

examinations from the study population 1.5 years after surgery

(n = 99) and 12 years after surgery (n = 78) presented by mean and

standard deviation (SD) for normal distributed variables or median*

and range for non-normal distributed variables

Variable 1.5 years 12 years

Mean/median* ± SD Range Mean/median* ± SD Range

Age (years) at baseline 41.8 ± 10.33 42.8 ± 10.1

Height (cm) at baseline 171.9 ± 8.49 172.0 ± 8.3

Weight (kg) at baseline 75.3 ± 13.28 75.2 ± 12.1

BMI (kg/m2) at baseline 25.4 ± 3.72 25.4 ± 3.3

Pre-operative complaints (weeks) 4.0* 1.0–35.0 4.0* 1.0–35.0

Pre-operative sick leave (weeks) 3.0* 1.0–12.0 3.0* 1.0–10.0

LBPRS total at baseline 54.9* 28.6–85.9 55.1* 28.6–85.9

Leg pain (0–10) at baseline 0.2* 0.0–8.0 0.0* 0.0–8.0

Back pain (0–10) at baseline 0.7* 0.0–7.0 0.6* 0.0–7.0

Quality of life (0–10) at baseline 6.2* 2.0–10.0 6.5* 2.0–10.0

STAI state at baseline 38.0* 20.0–67.0 37.0* 20.0–61.0

STAI trait at baseline 37.0* 20.0–65.0 36.0* 20.0–59.0

LBPRS total at follow-up 19.9* 0.0–94.5 20.0* 3.0–92.8

LBPRS low back pain rating scale, STAI state-trait anxiety inventory
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Discussion

Findings from this study suggest that (1) variables with a

significant predictive value for an unfavorable post-opera-

tive outcome at 1.5 years were not consistent with those at

12 years, and (2) patients with lumbar disc herniation

syndrome who had reported to exercise regularly before

surgery or who had reported lower pain levels in the first

week after surgery, revealed a better back related health

outcome at both the 1.5 and 12-year follow-up

examinations.

In our sample the rate of unfavorable outcome 1.5 years

(50.5 %) and 12 years after surgery (52.6 %) was higher

than previously reported (Woertgen et al. 30 % [16], Atlas

et al. 31 % [4], Loupasis et al. 36 % [5]), which may, for

instance, relate to differences in the classification criteria of

an unfavorable outcome or the assessment instruments used

[4, 5, 8, 16]. Independent of the differences in the cut-off

points defined for classifying an outcome as unfavorable,

predictive variables were similar between all three studies,

and also well matching with those identified in this

research.

Of the apparent predictors at our 1.5 yearś follow-up,

extended pre-operative sick leave and pending retirement

claims, are well comparable with findings from previous

studies [6, 8, 17–19], while less is known about our

potential predictor anxiety. One might speculate that after

surgery anxiety may negatively interfere with patients’

expectations and motivation, thereby facilitating depres-

sion and inhibiting full post-operative recovery from

symptoms and complaints, thus interfering with the

capacity of regaining optimum functioning in the inter-

mediate and long-term. In fact, anxiety has elsewhere been

identified as an important intermediate predictor of

Table 2 Dichotomous and categorical variables at baseline and follow-up examinations (FU) from the study population 1.5 years after surgery

(n = 99) and 12 years after surgery (n = 78) presented by numbers and percentages

Variable Category 1.5 years 12 years

Number Percentage Number Percentage

Sex Female/male 45/54 45.5/54.5 36/42 46.2/53.8

Pre-operative physical activity No/yes 28/71 28.3/71.7 19/59 24.4/75.6

Social status (living alone) No/yes 82/16 82.8/16.2 66/11 84.6/14.1

Work status Self-employed/employed/

no working

12/74/13 12.1/74.8/13.1 9/59/10 11.5/75.6/12.8

Sick leave at the time No/yes 8/91 8.1/91.9 6/72 7.7/92.3

Pending retirement claim No/yes/retirement 87/5/7 87.8/5.1/7.1 69/3/6 88.5/3.8/7.7

Education (n = 98) Primary/secondary/tertiary 24/50/24 24.2/50.5/24.2 20/36/20 25.6/46.2/25.6

Nicotine use Never/sometimes/frequent 44/8/47 44.4/8.1/47.5 33/7/38 42.3/9.0/48.7

Alcohol use Never/sometimes/frequent 50/46/3 50.5/46.5/3.0 41/35/2 52.5/44.9/2.6

Traumaa No/yes 37/62 37.4/62.6 31/47 39.7/60.3

Pre-operative treatment No/analgesics/conservative/both 12/35/16/36 12.1/35.4/16.2/36.4 8/29/10/31 10.3/37.2/12.8/39.7

Pre-operative paresis No/yes 52/47 52.5/47.5 39/39 50.0/50.0

Post-operative paresis No/yes 57/42 57.6/42.4 43/35 55.1/44.9

GT social resonance Negative/unremarkable/positive 26/28/45 26.3/28.3/45.5 20/20/38 25.6/25.6/48.7

GT pliancy (n = 98) Dominant/unremarkable/pliable 30/29/39 30.6/29.6/39.8 24/21/33 30.8/26.9/42.3

GT control Low control/unremarkable/

obsessive

24/40/35 24.2/40.4/35.4 16/33/29 20.5/42.3/37.2

GT depressiveness (n = 98) Hypomanic/unremarkable/

depressive

19/39/40 19.4/39.8/40.8 17/34/26 22.1/44.2/33.8

GT Reservedness Amenable/unremarkable/reserved 33/41/25 33.3/41.4/25.3 30/33/15 38.5/42.3/19.2

GT Social Potency Potent/unremarkable/impotent 33/38/28 33.3/38.4/28.3 28/33/17 35.9/42.3/21.8

LBPRS total at FU [19.5/B19.5 points 50/49 50.5/49.5 41/37 52.6/47.4

LBPRS disability sub-scale at FU [4.5/B4.5 points 39/60 39.4/60.6 37/41 47.4/52.6

Patient́s subjective satisfaction

with the treatment outcome

at FU

Very satisfied/satisfied/

dissatisfied/very dissatisfied

51/26/16/6 51.4/26.3/16.2/6.1 57/10/9/2 73.1/12.8/11.5/2.6

Education: Primary (up to the age of 15 years), secondary education (apprenticeship or secondary school), and tertiary education (university or

any other vocational training), GT Giessen-test, LBPRS low back pain rating scale
a Trauma includes patients with an acute onset of low back pain due to a ‘‘movement related event’’ like a back lift
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unfavorable post-operative outcomes [6]. Consistent with

findings from previous research, depression was found to

be a predictor for unfavorable outcome in this study, too

[20]. In young patients, low pre-operative mental health

state was found to be associated with low subjective sat-

isfaction 1 year after lumbar disc surgery [21]. Also, pre-

operative treatment with analgesics and/or physical therapy

seemed to be related to a negative post-operative outcome

1.5 years after surgery, well in line with Hebert et al. [22],

who reported an association between pre-operative physi-

cal and injection therapy and impaired improvement in leg

pain intensity 10 weeks after lumbar disc surgery. In a

recent review by Koerner et al. [23], prior injections and

depression emerged as important patient-related outcome

variables in patients included in the Spine Patient Out-

comes Research Trial (SPORT). One might be tempted to

speculate that either (unsuccessful) pre-operative physical

therapy may affect post-surgical outcome or that pre-op-

erative physical therapy may be an indicator for a pro-

nounced problem. Interestingly, the objective outcome

parameter for evaluation of back health (LBPRS) corre-

lated well with subjective ratings of the patients concerning

their satisfaction with the treatment outcome at the

1.5 yearś follow-up, which may be indicative of good

external validity of our set of objective assessment

instruments.

In the 12-year follow-up, female gender and short sta-

ture were found to be predictive of an unfavorable long-

Table 3 Results of the univariate and multivariate linear and logistic regression analysis after 1.5 and 12 years with correlation coefficients

(corr), p value (significance level), beta (beta coefficient), * p\ 0.05, ** p\ 0.01, *** p\ 0.001

Time Variable Linear Logistic corr

p value Beta p value OR (95 % CI)

1.5 years Univariate model

Retirement claim pending (yes) 0.018* 0.240 0.131

Pre-operative physical activity (yes) 0.001*** -0.329 0.033* 0.367 (0.146–0.922) -0.361

Duration of preoperative sick leave (weeks) 0.008** 0.264 0.007** 1.294 (1.072–1.563) 0.190

Pre-operative therapy (analgesics only) 0.034* 0.332 0.016* 7.500 (1.423–39.523) 0.225

Pre-operative therapy (analgesics and other

conservative interventions)

0.002*** 0.491 0.017* 7.857 (1.495–41.302)

STAI trait-anxiety 0.034* 0.215 0.266

GT prevailing mood (non-depressed) 0.031* -0.237 0.276

Back pain (disability sub-scale) 0.026* 0.223 0.006** 1.493 (1.120–1.989) 0.157

Multivariate model

Pre-operative physical activity (yes) 0.015* -0.234

Pre-operative therapy (analgesics and other

conservative interventions)

0.007** 0.306 0.015* 4.386 (1.327–14.499)

GT prevailing mood (non-depressed) 0.014* -0.238

Pre-operative therapy (analgesics only) 0.008** 4.821 (1.505–15.445)

Duration of preoperative sick leave (weeks) 0.056 1.223 (0.995–1.502)

Back pain (disability sub-scale) 0.005** 0.257 0.002** 2.194 (1.328–3.624)

12 years Univariate model

Height 0.019* -0.265 -0.178

Gender (male) 0.016* -0.271 -0.224

Pre-operative physical activity (yes) 0.003** -0.333 0.040* 0.301 (0.096–0.944) -0.348

Leg pain 0.012* 0.284 0.198

Multivariate model

Gender (male) 0.057* -0.200

Pre-operative physical activity (yes) 0.002** -0.333

Leg pain 0.011* 0.268

STAI state-trait anxiety index, GT Giessen test

Dependent variable: LBPRS total (sum score of the Low Back Pain Rating Scale) for the linear regression analysis and LBPRS[19.5/B19.5

points as dichotomous variable for the logistic regression analysis

Multiple linear model: corrected R2 0.217, F 6.336 and corrected R2 0.210, F 7.843 (p\ 0.001) Multiple logistic model: Nagelkerke R2 0.264,

Chi Square 21.827 (p\ 0.001)
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term outcome. Whereas findings of most studies seem to be

in line with our findings and suggest female gender as

predictive of an unfavorable outcome in the intermediate

[24, 25] or long-term [5] after disc herniation surgery [6],

there is at least one study [26] that found a significant

association between male sex and poor outcome 1 year

after lumbar disc surgery. Elsewhere short stature was

identified as a predictor for a poor clinical intermediate-

term outcome [24]. Patients’ estimates of the post-opera-

tive success assessed 12 years after disc surgery was found

not to be related with the simultaneous objective outcome

assessment. One is tempted to speculate that this might be a

consequence of patients having simply neglected/super-

seded either their primary health problems that led to acute

back surgery and/or the surgical event itself, and/or that the

objective results may predominantly reflect the natural

history of the underlying degenerative process. This

assumption also reflects the fact that the identified long-

term predictors are similar to established predictors for the

development of back problems in general.

Concerning the natural history of lumbar disc herniation

it should be mentioned that regressions of 30 % of lumbar

disc protrusions and 77 % of extrusions and sequestrations

were reported by Chiu et al. [27]. Irrespective of the fact

that a high percentage of herniated discs may subside with

time without surgery [26], the patients included in our

previous study and respective follow-ups suffered form an

acute disc syndrome with severe neurologic findings that

required surgical relief.

One might speculate that post-operative degeneration

and instability of the herniated disc might have affected our

intermediate and long-term outcomes. A recent study by

our group found indeed the risk of instability and degen-

eration to be increased, however, not related to the patients’

outcome [27]. The surgical procedures for the treatment of

disc herniation used in this study, like microdiscectomy,

open sequestrectomy and open discectomy, are currently

recommended by spine societies internationally. Notably,

no differences in clinical outcome and re-operation rates

seem to exist between these techniques [28, 29]. Thus, the

choice of the surgical procedures considered in our study

may not have biased our results to a relevant extent.

Variables with predictive potential at both follow-up

evaluations (i.e., after 1.5 and 12 years) were regular

physical activity before surgery, and severe post-operative

pain emphasizing their importance. To our knowledge, this

is the first study that investigated the impact of patientś

physical activity level before surgery on long-term post-

operative outcome after lumbar disc herniation. Jansson

et al. [30] reported a short pre-operative walking distance

as predictor for poor outcome 1 year after lumbar disc

surgery. Patients reporting low levels of physical activity

had a 3–7 times higher risk for unfavorable treatment

results. This is in line with a study dealing with pre-oper-

ative physical fitness and outcome after abdominal surgery

[31]. Our findings reflect the importance of regular mus-

cular exercise for spine stabilisation, movement and back

health. This statement is supported by findings of Rantanen

et al. [32], who described a correlation between patholog-

ical changes in patientś multifidus muscles and the clinical

outcome 5 years after lumbar disc surgery, and who rec-

ommended adequate surgical and physiotherapeutic treat-

ment. Regular exercise is thought to optimize or maintain

optimum neuromuscular functions important for spine

stabilization and safe spine movements, to increase pain

perception thresholds, to promote subjective well-being

and to optimize cardiopulmonary capability, probably via

adaptations to exercise inside and outside of the muscle

[33, 34]. The concept associated with the predictive value

of post-operative pain during the first few days clearly

differs from previously published research where high pre-

operative pain intensity was identified as a short- and

intermediate-term predictor of an unfavorable outcome

after disc surgery [6, 21]. Remarkably, Peters et al. also

found an association between long-term unfavorable out-

come and a high level of acute post-operative pain 4 days

after different elective surgeries [35].

Two aspects in particular may have a positive impact on

the reliability of the reported findings. First, this research

builds on data of an RCT which had only included patients

with a history of painful symptoms of less than 3 months

before surgery (average duration 6 weeks), acknowledging

evidence of the duration of complaints prior to surgery as a

predictor for unfavorable outcomes [6] and a duration of

leg pain less than 6 months as a predictive factor for sought

results [8]. Second, the use of a comprehensive outcome

parameter (LBPRS) comprising of evaluations of pain,

disability and physical function made it possible to deal

with one core variable for back health.

Clearly, this research has several limitations. The lim-

ited sample size has to be mentioned, even though, at the

1.5 and 12 years follow-up, data were available from 81 %,

respectively, 65 % of all patients originally included into

the RCT, which compares with the proportions of patients

available for a follow-up in other studies (Loupasis 77 %

[5], Kerr 63 % [7], Silverplats 81 % [8]).

This research identified predictive factors that were

similar to previously reported ones. Moreover, assessment

of back health was performed after surgery. We had con-

sidered evaluating return to work, but eventually excluded

this variable, since factors other than the ones evaluated

may also relevantly influence return to work (as, for

instance, expectations and pressure at work as well as the

social and economic impact of the respective country).

Blood tests may also help identify individuals with an

increased risk of unfavorable outcome. This may be true
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for plasminogen activator inhibitor 1 (PAI-1) [36] and/or

other markers of inflammation, fibrinolysis, and genetic

biomarkers, respectively, but their relevance will have to

be validated in the future. In a recent observational study,

elective vs non-elective surgery was not predictive of sat-

isfaction with post-operative outcome 2 years after surgery

[37]. For studies with an extensive set of data, innovative

statistical procedures like the Fuzzy Logic-based fuzzy

inference system [38] might be an option, for follow-up

periods of about 6 months.

We conclude that low physical activity levels and per-

ception of severe pain in the first week after surgery may

negatively impact intermediate and long-term outcomes

after lumbar disc surgery. For these patients, multidisci-

plinary rehabilitation programs including optimized pain

management immediately after surgery, psychological

treatment and intensive exercise as well as regular

encouragement to adopt a physically active lifestyle before

surgery should be provided.
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