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Introduction: Pre-operative psychological factors may influence outcome after 
spine surgery. The identification of patients at risk of persisting disability may 
be useful for patient selection and possibly to improve treatment outcome.

Methods: Patients with neurogenic claudication associated with degenerative 
lumbar spinal stenosis (DLSS) performed a psychological assessment before 
lumbar decompression and fusion (LDF) surgery. The following tests were 
administrated: Visual Analogic Scale; Symptom Checklist-90 (SCL-90-R), Short 
Form-36 and Oswestry Disability Index (ODI). The primary outcome was ODI 
score lower than 20. A cross correlation matrix (CCM) was carried out with 
significant variables after univariate analysis and a linear logistic regression model 
was calculated considering the most significant variable.

Results: 125 patient (61 men and 64 women) were included in the study. Seven 
parameters of the SCL-90-R scale showed statistical significance at the univariate 
analysis: obsessivity (p < 0.001), Current Symptom Index (p = 0.001), Global Severity 
Index (p  < 0.001), depression (p  < 0.001), positive Symptom Total (p  = 0.002), 
somatization (p = 0.001) and anxiety (p = 0.036). Obsessivity was correlated with 
other significant parameters, except GSI (Pearson’s correlation coefficient = 0.11).

The ROC curve for the logistic model considering obsessivity as risk factor, has an 
area under the curve of 0.75.

Conclusion: Pre-operative psychopathological symptoms can predict persistence 
of disability after LDF for DLSS. Future studies will evaluate the possibility of 
modifying post operative outcome through targeted treatment for psychological 
features emerged during pre-operative assessment.
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Introduction

Degenerative lumbar spinal stenosis (DLSS) is a common 
condition that may produce back pain, pain radiating to lower limbs, 
neurogenic claudication. Decompression surgery with fusion has been 
proposed as a possible treatment for symptomatic patients with signs 
of instability (Resnick et al., 2014).

Despite scientific and technological advancements, unsatisfying 
outcome is relatively common (Hébert et al., 2020). Pain and disability 
are generally considered as the most important outcome variables, but 
both are the result of the combination of multiple components, not 
necessarily related to anatomical conditions or surgical techniques.

Pain is a complex symptom which results from the combination 
of multiple components: nociceptive, neuropathic, psychological and 
social features. Persistence of pain after surgery in general (not only 
spine surgery) showed to be  related to several risk factors, like 
psychological status, fear of movement, executive functions, for 
example (Feinmann et al., 1987; Ghoneim and O’Hara, 2016; Giusti 
et al., 2020). Post-operative pain may in turn worsen disability through 
fear of movement beliefs and pain catastrophizing mechanisms 
(Archer et al., 2011; Varallo et al., 2022). Depression and anxiety are 
particularly common in patient with back pain (Sinikallio et al., 2011; 
Falavigna et al., 2012) and they have been hypothesized in previous 
studies to negatively influence outcome in spine surgery (Dobran 
et al., 2018). On the other hand, pain and limitation of autonomy, 
which are typical symptoms of DLSS, may generate depression, with 
a complex interplay between anatomical condition (stenosis), 
neurological function and psychological features.

An evaluation of bio-psychosocial risk factors has already been 
performed in patients undergoing surgical treatment for lumbar disk 
herniation, revealing that the level of education, work satisfaction, 
duration of sick leave, passive-avoidance coping function, low 
expectations on work return and fear of movement before surgery are 
for example to be evaluated as risk factors for pain or disability (den 
Boer et al., 2006; Johansson et al., 2010). Fear-avoidance beliefs have 
been associated with pre-operative function and post-operative 
outcome in patients with lumbar stenosis in previous studies 
(Burgstaller et al., 2017; Wada et al., 2021; Minetama et al., 2022).

The identification of patients at higher risk for unsatisfying 
outcome after surgery may guide targeted treatments to improve 
mental health before or after surgery (Rolving et  al., 2015). For 
example, patient education has reduced the level of anxiety in patients 
undergoing spine surgery (Strøm et al., 2018).

Aim of the present study is investigating if a pre-operative 
psychological assessment may be able to predict disability outcome in 
a cohort of patients who undergo lumbar decompression and 
fusion (LDF).

Methods

We included consecutive patients who underwent LDF surgery 
for DLSS in a single neurosurgical center in 18 months. Patients were 
prospectively followed for at least 1 year.

All patients signed a written informed consent and the study was 
previously approved by the local Ethics Committee, protocol number 
276/2020/CE.

Inclusion criteria

 • Radiological diagnosis of DLSS
 • Signs and symptoms of instability (Resnick et al., 2014)
 • Neurogenic claudication
 • More than 6 months of physical therapy/pain therapy treatment 

without efficacy
 • Age between 18 and 80 years
 • Consent to participate in the study

Exclusion criteria

 • Previous or actual treatment for anxiety or depression
 • Psychotherapy in the last 2 years
 • Osteoporosis
 • Neurotoxic chemotherapy
 • Other causes of chronic pain
 • Active neoplastic disease
 • Cognitive impairment

Psychological and functional-disability 
assessment

Patients with indication for LDF who consented to participate in 
the study, underwent a psychological and functional impairment 
assessment. The following scales have been administrated 
before surgery:

 • Visual Analogic Scale (VAS) both for Back Pain (VAS-BP) and 
for Leg Pain (VAS-LP), ranging from 0 to 10, in which a lower 
score demonstrates less pain (Haefeli and Elfering, 2006)

 • The Symptom Checklist 90-R (SCL90-R) (Derogatis, 1992; 
Schmitz et al., 1999; Derogatis, 2014)

 • Oswestry Disability Index (ODI)(Monticone et al., 2009)
 • Short Form 36 (SF-36) a 36-item self-administrated survey on 

patient health (Ware and Sherbourne, 1992)

All scales except SCL90-R were readministered at follow-up.
SCL90-R is a self-reported assessment tool used to determine the 

number of psychological symptoms in order to define 
psychopathological dimensions. It includes 90 items subdivided into 
nine subscales:

 • Somatization: the discomfort related to perception of 
body disfunctions

 • Obsessivity: persisting and compelling thoughts, drives or actions
 • Interpersonal sensitivity: feelings of inadequacy and inferiority
 • Depression: desperation, suicidal thoughts and cognitive and 

somatic symptoms related to depression
 • Anxiety: nervousness, tension, tremors, panic attacks
 • Hostility: thought, feelings and behaviors related to rage
 • Phobic anxiety: persistent fear reaction to a specific situation, 

perceived as irrational or disproportioned
 • Paranoid ideation: hostility, suspiciousness, grandiosity, delirium
 • Psychoticism: withdrawal, isolation and schizophrenic symptoms
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Each of the subscales includes 6–13 items, and the score of 
each dimension is calculated as the mean of the scores of all the 
items included, which refer to symptoms reported during the 
previous week. Moreover, three global indices are computed: 
Global Severity Index (GSI), which measures overall psychological 
distress; Positive Symptom Distress Index (PSDI), a measure of the 
intensity of symptoms, and Positive Symptom Total (PST) that 
represents the number of self-reported symptoms. We  also 
recorded a Current Symptom Index (CSI), defined as the mean 
value of Somatization, Obsessivity, Depression, Anxiety, Phobic 
anxiety, and Psychoticism (Unoka et al., 2022). A cut off to define 
pathologic values for the studied population (spine surgery 
patients) is not available, so we  considered raw scores in 
our analysis.

Surgical treatment

All the surgical interventions were carried out at the same 
Institution by the same surgeons. All procedures were performed on 
a TruSystem® 7000 table (TRUMPF® Medizin Systeme GmbH) with 
a percutaneous technique for pedicular screw placement guided by 
fluoroscopy or CT-based navigation. CT-based procedures were 
carried out with a BrainLab Curve 1.2® navigation system (Brainlab 
AG®, Munich, Germany) linked to AIRO Mobile intraoperative CT 
scan (Brainlab AG®, Munich, Germany). Instrumentation systems are 
manufactured by NuVasive® (San Diego, California, United States). 
Intra operative Neuro-monitoring (IOM) Nerve Monitor System 
(NVM5®) was provided by NuVasive® and was used for each case (La 
Rocca et al., 2022). Interbody fusion was performed only in selected 
cases. After screw placement a laminectomy with flavectomy and 
lateral recess decompression was performed. A drainage tube was 
positioned in all cases and removed the day after surgery when the 
patient was mobilized.

Clinical and radiological data were registered for each patient. 
Moreover, we  recorded surgical time and the accuracy of screw 
placement was evaluated blindly by a senior neuroradiologist on the 
CT scan performed the day after the procedure, following the 
Gertzbein-Robbins scale (Gertzbein and Robbins, 1990).

Primary outcome was considered an ODI lower than 20 at follow 
up, reflecting minimal or no disability.

Statistical analysis

The predictive performance of the clinical and psychological 
parameters in identifying the clinical end-points at the univariate 
analysis was assessed using the Wilcoxon-Mann Whitney or the t-test, 
depending on the normality of the data distribution with respect to 
the considered outcome, which was previously assessed using the 
Shapiro–Wilk test (Taylor, 1997; Cusumano et al., 2021).

The Benjamini-Hochberg method was adopted to adjust the value 
of p-values obtained from the Wilcoxon test and compensating for the 
issue of multiple comparisons (McHugh, 2011).

A cross-correlation matrix was carried out among the variables 
showing significance at the univariate analysis, considering 
Pearson’s correlation coefficient (PCC) as correlation metric (Chan, 

2003). Parameters with PCC < |0.3|were considered as not 
correlated. A linear logistic regression model was calculated 
considering the most significant variable at the univariate analysis 
(Fleiss et al., 2013).

The Receiver Operating Characteristic (ROC) curve was 
calculated for the model, and the value of the area under the curve 
(AUC) was determined, using a bootstrap technique with 2000 
samples to identify the 95% confidence interval (International 
Commissioning on Radiation Units and Measurements, 2008).

The best cut-off value was determined calculating the Youden 
Index and the values of sensitivity, specificity, negative and positive 
predictive values were evaluated at that point.

Considering the absence of an external validation set, the 
reliability of the model elaborated was evaluated by means of a 
10-folds cross-validation analysis with five iterations (Cusumano 
et al., 2021, 2022).

The entire statistical analysis and processing was performed using 
R software and dedicated packages (R Core Team version, Wien, 
Austria; Robin et al., 2011; Gatta et al., 2018).

The list of the variables included in the statistical analysis is 
available in Supplementary material. Acquisition and analysis of data 
was performed blindly by different researchers.

Results

Clinical data

One hundred forty-seven patients underwent LDF in the period 
of the study. Due to incomplete follow up, 22 patients were excluded 
from the cohort. One hundred twenty-five patient (61 men and 64 
women) were included in the statistical analysis. The median age was 
61 years (23–78). Median length of stay was 2 days (Feinmann et al., 
1987; Archer et al., 2011; Resnick et al., 2014; Ghoneim and O’Hara, 
2016; Giusti et al., 2020; Hébert et al., 2020). According to Gertzbein-
Robbins scale 14 (2.3%) screws were misplaced (4 screws was 
classified as grade D and 10 grade E). Nevertheless, none of these 
patients had clinical signs of radiculopathy.

Clinical and radiological data are described in Tables 1–5.
The rate of good outcome (i.e., ODI < 20 at follow up) was 

56.8%.Patient experienced a significant improvement in ODI 
(p  < 0.001), VAS-LP (p  < 0.001) and VAS-BP (p  < 0.001). The 
following complication were encountered: intraoperative screw 

TABLE 1 Demographic and clinical data. Data are displayed as median 
(minimum – maximum) when appropriated.

Variable

Sex (M:F) 61:64

Age (years) 61 (23–78)

BMI (kg/m2) 27 (17.6–42.1)

Smoke (yes:no) 50:75

Length of stay (days) 2 (1–6)

Follow-up (days) 594 (385–937)

M, male; F, female; BMI, body mass index.
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mispositioning (1), unintended dural opening (3), Transforaminal 
Lumbar Interbody Fusion (TLIF) subsidence (1), postoperative 
anemization (1), post-operative hematoma (1), surgical wound 
dehiscence (1).

A total of seven parameters showed statistical significance at the 
univariate analysis in predicting good disability outcome (ODI < 20): 
SCL-90-R obsessivity symptoms subscale (p  < 0.001), SCL-90-R 
depression symptoms subscale (p < 0.001), Current Symptom Index 
(p < 0.001), Global Severity Index (p < 0.001), Positive Symptom Total 
(p = 0.002), somatization symptoms subscale (p = 0.001) and anxiety 
(p = 0.036). They are reported in Table 6, together with the p-values 
obtained after the application of Benjamin-Hoch correction.

Cross validation matrix calculated among the significant 
parameters is reported in Figure  1: the most significant feature, 
obsessivity, resulted to be correlated with all the others, except to GSI 
where a PCC equal to 0.11 was observed.

Figure 2 reports the ROC curves of the predictive model obtained 
considering obsessivity symptoms subscale as single variable.

The predictive performance of the logistic model at the best 
cut-off threshold is reported in Table 7. An AUC value of 0.75 was 
observed with an interval of confidence ranging from 0.66 and 0.83.

The values of posterior predictive check (PPC) are reported in 
Supplementary Table S1.

Combining the obsessivity with the GSI no significant 
improvement in predictive performance was observed: an AUC of 
0.77 was observed.

The predictive model with one single variable was also evaluate in 
10-folds cross validation, obtaining an AUC of 0.75 (0.60–0.90 as 95% 
confidence interval).

Discussion

The present study showed how clinical outcome after LDF may 
be predicted through psychopathological symptoms evaluation. In 
particular, univariate analysis shows association with GSI, PST, CSI, 
depression, somatization, anxiety and obsessivity symptoms subscales 
of the SCL-90-R questionnaire (see Table  6). Previous study 
demonstrated an association between depression and outcome after 
fusion and non-fusion surgery for DLSS (Sinikallio et al., 2009, 2011; 
McKillop et al., 2014; Held et al., 2022). In patient affected from DLSS 
who already failed conservative treatments, limitation of physical 
activity and pain may cause depression, (Wahlman et al., 2014; Strøm 
et al., 2018) in particular back pain (Pinheiro et al., 2016). Indeed, 
there is a bidirectional relationship between depression and disability 
in spinal degenerative pathology before surgery (Sinikallio et  al., 
2011). Depression can also negatively influence rehabilitation after 
surgery (Ghoneim and O’Hara, 2016). It is associated with higher 
cumulative opioid use, complications, readmission and cost 
(O’Connell et al., 2018). It should also be noted that psychological 
stress has an immunosuppressive effect that may result in an increased 
risk for complications, (Starkweather et al., 2006) even if this was not 
significant in our case series. Somatization has already been associated 
with depression in a population of female patient with lumbar stenosis 
(Kaptan et al., 2012).

To our knowledge, the association of obsessivity symptoms with 
disability outcome has never been described previously. The use of 
SCL-90-R questionnaire in patients affected from low back pain has 
been already described in several studies (Schiphorst Preuper et al., 
2007) but its use in relation with neurosurgical treatment for DLSS has 
been applied rarely (Dobran et al., 2018). Obsessivity, mainly as a 
subclinical disorder, may be associated with chronic pain, especially 

TABLE 4 Clinical outcome data. Pain and disability before (pre) and after 
(post) surgical intervention, as measured with Visual Analogic Scale and 
Oswestry Disability Index.

Variable

VAS LP pre 8 (4–10)

VAS LP post 2 (0–10)

VAS BP pre 8 (5–10)

VAS BP post 3 (0–10)

ODI pre 56 (16–90)

ODI post 30 (0–80)

ODI good outcome (yes:no) 71:54

Good outcome for Oswestry Disability Index is defined as lower than 20 (see text). VAS LP, 
Visual Analogic Scale Leg Pain; VAS BP, Visual Analogic Scale Back Pain; ODI, Oswestry 
Disability Scale.

TABLE 3 Surgical data. Operated levels.

Location Patients treated

L3L4 11

L4L5 41

L5S1 30

L2L4 3

L3L5 26

L4S1 12

L2L5 6

L3S1 2

TABLE 2 Surgical data. Data are displayed as median (minimum – 
maximum) when appropriated.

Surgical data

Screws per patient 4 (2–8)

Previous surgery (yes:no) 31:94

TLIF (yes:no) 69:56

Complications (yes:no) 8:117

Operation time (min) 145 (55–385)

TLIF, transforaminal lumbar interbody fusion.

TABLE 5 Radiological outcome data.

Gertzbein Robbins

A 542

B 38

C 10

D 4

E 10

Classification of pedicle screw placement (Gertzbein-Robbins classification, see text for 
details).
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low-back pain (Henry et al., 2011; Mehraban et al., 2014). The patient 
may have selective attention to pain related stimuli, (Karno et al., 
1988) and adopt pain avoidance behaviour (Pfingsten et al., 2001) in 
the post-operative period, with worse disability outcome. On the other 
hand, pain may be a distraction from emotional distress, some patients 

with obsessive compulsive disorder may desire to preserve pain to 
control psychological suffering (Hezel et al., 2012).

The proposed model showed a high capacity of predicting 
disability outcome in patient undergoing LDF for DLSS. Psychological 
and psychopathological symptoms assessment should be, in our 
opinion, part of the diagnostic framework of patients for whom a LDF 
is indicated on the basis of neurological symptoms and radiological 
data. As a matter of fact, in our study, psychological features, such as 
presence of obsessivity or depression symptoms showed a stronger 
correlation with outcome than other clinical factors which are 
commonly included in the preoperative workout to define the risk of 
inefficacy of surgery such as age, smoke, BMI and so on.

A pre-operative complementary psychological assessment may 
provide several advantages both for the patient and for the physician 
in the clinical practice. First, we may use these additional data to 
improve information of patient before surgery: the patient has various 
treatment options and both the patient and the treating physician 
should be aware that, considering his/her psychological pre-operative 
profile, the probability of persisting disability is higher. Moreover, 
information may greatly improve the capacity of patient to cope with 

TABLE 6 Significant parameters able to predict good disability outcome 
(ODI < 20) at the univariate analysis.

Clinical parameter p-value

Obsessivity <0.001

CSI <0.001

GSI <0.001

Depression <0.001

PST 0.002

Somatization 0.001

Anxiety 0.036

CSI, Current Symptom Index; GSI, Global Severity Index; PST, Positive Symptom Total.

FIGURE 1

Cross correlation matrix among the significant features at the univariate analysis. CSI, Current Symptom Index; GSI, Global Severity Index; PST, Positive 
Symptom Total.
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disease, reduce pre-operative anxiety, induce positive attitudes (Strøm 
et  al., 2018). The possibility of a pre-operative treatment trial for 
previously unrecognized psychological problems should also 
be evaluated, considering that intervention for DLSS can normally 
be postponed for a few months without significant adjunctive risk for 
the patient. We have already started considering this option in our 
clinical practice; this will be object of future studies. Nevertheless, the 
improvement of measures of clinical outcome after surgery is 
significant also in patients with depression: this means that depression 
is a relevant factor in clinical outcome, but also depressed patients or 
patients with higher obsessivity score in the SCL-90-R questionnaire 
have a statistically significant improvement.

We evaluated the pedicle screw placement with the Gertzbein-
Robbins scale, which provided results in line with previous studies 
(Gelalis et al., 2012). The rate of complications and the length of 
stay are other indices that the surgical procedure and perioperative 
management have been performed accurately. The integration of 
different members of the healthcare team results in close 
communication between experts in distinct methodologies of 

treating chronic pain and promotes a biopsychosocial approach to 
the patient’s pain (Miller et al., 2005). Rather than relying solely on 
biophysical perspectives and intervention, an integrated, 
biopsychosocial approach for evaluation of patients and 
management of their symptoms has proven to be  an effective 
strategy for symptom relief and control, if not cure (Gatchel et al., 
2007). A biopsychosocial perspective takes into account the myriad 
psychological, social, and contextual factors, in conjunction with 
biological influences that contribute to the experience, maintenance, 
and exacerbation of symptoms, as well as response to symptoms 
and treatments.

In our opinion, a more accurate assessment of the patient may 
be the key to improve outcome of spine surgery and reduce the rate 
of Failed Back Surgery Syndrome. An objective evaluation of the 
psychological profile of the patient can help the selection of the 
patient for the correct treatment and, at the same time, improve 
patient’s coping strategies and reduce his/her suffering, which only 
partially depends on the degenerative modification of the 
lumbar spine.

FIGURE 2

Receiver operating characteristic (ROC) curves for the predictive model with the 95% confidence intervals reported in grey.

TABLE 7 Predictive performance of the logistic model (see text for details).

Sensitivity Specificity Threshold J_index AUC

Training 78.57 63.77 0.42 0.42 0.75 (0.66–0.83)
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Limitations

The main limitation of the study is the sample size and the 
relatively short duration of follow up.

Moreover, a larger number of radiological outcome measures 
could be theoretically included in the analysis. We only considered the 
Gertzbein-Robbins scale to provide evidence that the surgical 
procedure has been performed accurately and that persisting disability 
is not a consequence of screw misplacement.

On the other hand, it should be emphasized that all the patients 
were treated by the same surgical team in a single center and in a 
relatively short period of time, thus reducing the confounding factors 
related to the different context of treatment or surgical technique 
employed in multicentric studies.

Conclusion

Pre-operative assessment of psychopathological symptoms in 
patients with DLSS can predict persistence of disability after LDF 
for DLSS.

Future studies will evaluate the possibility of modifying post 
operative outcome through targeted treatment for psychological 
features emerged during pre-operative assessment.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Comitato Etico Regione Autonoma Sardegna. The 

patients/participants provided their written informed consent to 
participate in this study.

Author contributions

EM, DC, and PB: manuscript drafting. GS and GR: conception 
of the work. GG, FP, EM, and PR: data acquisition. EM and DC: 
data analysis and interpretation. GS, GR, and VS: critical revision. 
All authors contributed to the article and approved the 
submitted version.

Conflict of interest

EM and GS are consultants for Brainlab AG.
The remaining authors declare that the research was conducted in 

the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1070205/
full#supplementary-material

References
Archer, K. R., Wegener, S. T., Seebach, C., Song, Y., Skolasky, R. L., Thornton, C., et al. 

(2011). The effect of fear of movement beliefs on pain and disability after surgery for 
lumbar and cervical degenerative conditions. Spine (Phila Pa 1976) 36, 1554–1562. doi: 
10.1097/BRS.0b013e3181f8c6f4

Burgstaller, J. M., Wertli, M. M., Steurer, J., Kessels, A. G. H., Held, U., Gramke, H. F., 
et al. (2017). The influence of pre-and postoperative fear avoidance beliefs on 
postoperative pain and disability in patients with lumbar spinal stenosis: analysis of the 
lumbar spinal outcome study (LSOS) data. Spine (Phila Pa 1976) 42, E425–E432. doi: 
10.1097/BRS.0000000000001845

Chan, Y. H. (2003). Biostatistics 104: correlational analysis. Singapore Med J. 44, 
614–619.

Cusumano, D., Meijer, G., Lenkowicz, J., Chiloiro, G., Boldrini, L., Masciocchi, C., 
et al. (2021). A field strength independent MR radiomics model to predict pathological 
complete response in locally advanced rectal cancer. Radiol. Med. 126, 421–429. doi: 
10.1007/s11547-020-01266-z

Cusumano, D., Russo, L., Gui, B., Autorino, R., Boldrini, L., D’Erme, L., et al. (2022). 
Evaluation of early regression index as response predictor in cervical cancer: a 
retrospective study on T2 and DWI MR images. Radiother Oncol 174, 30–36. doi: 
10.1016/j.radonc.2022.07.001

den Boer, J. J., Oostendorp, R. A. B., Beems, T., Munneke, M., and Evers, A. W. M. 
(2006). Continued disability and pain after lumbar disc surgery: the role of cognitive-
behavioral factors. Pain 123, 45–52. doi: 10.1016/j.pain.2006.02.008

den Boer, J. J., Oostendorp, R. A. B., Beems, T., Munneke, M., Oerlemans, M., and 
Evers, A. W. M. (2006). A systematic review of bio-psychosocial risk factors for an 

unfavourable outcome after lumbar disc surgery. Eur Spine J 15, 527–536. doi: 10.1007/
s00586-005-0910-x

Derogatis, LR. (1992). SCL-90-R: Administration, Scoring & Procedures Manual-II for 
the R (Evised) Version and Other Instruments of the Psychopathology Rating Scale Series. 
2nd. Clinical Psychometric Research, Towson, MD

Derogatis, LR. (2014). SCL-90-R: Symptom Checklist-90-R. Firenze: Giunti O.S. 
Organizzazioni Speciali.

Dobran, M., Nasi, D., Gladi, M., Marinelli, M., Mancini, F., Iacoangeli, M., et al. 
(2018). Clinical and psychological outcome after surgery for lumbar spinal stenosis: a 
prospective observational study with analysis of prognostic factors. Neurol Neurochir Pol 
52, 70–74. doi: 10.1016/j.pjnns.2017.12.002

Falavigna, A., Righesso, O., Teles, A. R., Baseggio, N., Velho, M. C., Ruschel, L. G., 
et al. (2012). Depression subscale of the hospital anxiety and depression scale applied 
preoperatively in spinal surgery. Arq Neuropsiquiatr. 70, 352–356. doi: 10.1590/
S0004-282X2012000500009

Feinmann, C., Ong, M., Harvey, W., and Harris, M. (1987). Psychological factors 
influencing post-operative pain and analgesic consumption. Br. J. Oral Maxillofac. Surg. 
25, 285–292. doi: 10.1016/0266-4356(87)90067-2

Fleiss, J. L., Levin, B., and Paik, M. C. (2013). Statistical Methods for Rates and 
Proportions. Hoboken, N.J: John Wiley & Sons, 716.

Gatchel, R. J., Peng, Y. B., Peters, M. L., Fuchs, P. N., and Turk, D. C. (2007). The 
biopsychosocial approach to chronic pain: scientific advances and future directions. 
Psychol. Bull. 133, 581–624. doi: 10.1037/0033-2909.133.4.581

https://doi.org/10.3389/fpsyg.2023.1070205
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1070205/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1070205/full#supplementary-material
https://doi.org/10.1097/BRS.0b013e3181f8c6f4
https://doi.org/10.1097/BRS.0000000000001845
https://doi.org/10.1007/s11547-020-01266-z
https://doi.org/10.1016/j.radonc.2022.07.001
https://doi.org/10.1016/j.pain.2006.02.008
https://doi.org/10.1007/s00586-005-0910-x
https://doi.org/10.1007/s00586-005-0910-x
https://doi.org/10.1016/j.pjnns.2017.12.002
https://doi.org/10.1590/S0004-282X2012000500009
https://doi.org/10.1590/S0004-282X2012000500009
https://doi.org/10.1016/0266-4356(87)90067-2
https://doi.org/10.1037/0033-2909.133.4.581


Mazzucchi et al. 10.3389/fpsyg.2023.1070205

Frontiers in Psychology 08 frontiersin.org

Gatta, R., Vallati, M., Dinapoli, N., Masciocchi, C., Lenkowicz, J., Cusumano, D., et al. 
(2018). Towards a modular decision support system for radiomics: a case study on rectal 
cancer. Artif. Intell. Med. 96, 145–153. doi: 10.1016/j.artmed.2018.09.003

Gelalis, I. D., Paschos, N. K., Pakos, E. E., Politis, A. N., Arnaoutoglou, C. M., 
Karageorgos, A. C., et al. (2012). Accuracy of pedicle screw placement: a systematic 
review of prospective in vivo studies comparing free hand, fluoroscopy guidance and 
navigation techniques. Eur. Spine J. 21, 247–255. doi: 10.1007/s00586-011-2011-3

Gertzbein, S. D., and Robbins, S. E. (1990). Accuracy of pedicular screw placement in 
vivo, 10.1097/00007632-199001000-00004. Spine (Phila pa 1976) 15, 11–14.

Ghoneim, M. M., and O’Hara, M. W. (2016). Depression and postoperative 
complications: an overview. BMC Surg 16:5. doi: 10.1186/s12893-016-0120-y

Giusti, E. M., Manna, C., Varallo, G., Cattivelli, R., Manzoni, G. M., Gabrielli, S., et al. 
(2020). The predictive role of executive functions and psychological factors on chronic 
pain after orthopaedic surgery: a longitudinal cohort study. Brain Sci. 10:685. doi: 
10.3390/brainsci10100685

Haefeli, M., and Elfering, A. (2006). Pain assessment. Eur Spine J 15, S17–S24. doi: 
10.1007/s00586-005-1044-x

Hébert, J. J., Abraham, E., Wedderkopp, N., Bigney, E., Richardson, E., Darling, M., 
et al. (2020). Preoperative factors predict postoperative trajectories of pain and disability 
following surgery for degenerative lumbar spinal stenosis. Spine 45, E1421–E1430. doi: 
10.1097/BRS.0000000000003587

Held, U., Burgstaller, J. M., Deforth, M., Steurer, J., Pichierri, G., and Wertli, M. M. 
(2022). Association between depression and anxiety on symptom and function after 
surgery for lumbar spinal stenosis. Sci Rep 12:2821. doi: 10.1038/s41598-022-06797-1

Henry, E., Henry, F., VimonT, Y. A., Descottes, A., Grange, J. F., Perrio, T. M., et al. 
(2011). Chronic low back pain and obsessive compulsive disorder: union is strength. 
Ann. Phys. Rehabil. Med. 54:e268. doi: 10.1016/j.rehab.2011.07.267

Hezel, D. M., Riemann, B. C., and McNally, R. J. (2012). Emotional distress and pain 
tolerance in obsessive-compulsive disorder. J. Behav. Ther. Exp. Psychiatry 43, 981–987. 
doi: 10.1016/j.jbtep.2012.03.005

International Commissioning on Radiation Units and Measurements. (2008). Receiver 
Operating Characteristic (ROC) Analysis in Medical Imaging. ICRU Report 79.

Johansson, A. C., Linton, S. J., Rosenblad, A., Bergkvist, L., and Nilsson, O. (2010). A 
prospective study of cognitive behavioural factors as predictors of pain, disability and 
quality of life one year after lumbar disc surgery. Disabil. Rehabil. 32, 521–529. doi: 
10.3109/09638280903177243

Kaptan, H., Yalçın, E. S., and Kasımcan, O. (2012). Correlation of low back pain 
caused by lumbar spinal stenosis and depression in women: a clinical study. Arch Orthop 
Trauma Surg. 132, 963–967. doi: 10.1007/s00402-012-1513-8

Karno, M., Golding, J. M., Sorenson, S. B., and Burnam, M. A. (1988). The 
epidemiology of obsessive-compulsive disorder in five US communities. Arch. Gen. 
Psychiatry 45, 1094–1099. doi: 10.1001/archpsyc.1988.01800360042006

La Rocca, G., Mazzucchi, E., Pignotti, F., Nasto, L. A., Galieri, G., Olivi, A., et al. 
(2022). Intraoperative CT-guided navigation versus fluoroscopy for percutaneous 
pedicle screw placement in 192 patients: a comparative analysis. J. Orthop. Traumatol. 
23:44. doi: 10.1186/s10195-022-00661-8

McHugh, M. L. (2011). Multiple comparison analysis testing in ANOVA. Biochem 
Med (Zagreb) 21, 203–209. doi: 10.11613/BM.2011.029

McKillop, A. B., Carroll, L. J., and Battié, M. C. (2014). Depression as a prognostic 
factor of lumbar spinal stenosis: a systematic review. Spine J. 14, 837–846. doi: 10.1016/j.
spinee.2013.09.052

Mehraban, A., Shams, J., Moamenzade, S., Samimi, S. M., Rafiee, S., and 
Zademohamadi, F. (2014). The high prevalence of obsessive-compulsive disorder in 
patients with chronic pain. Iran. J. Psychiatry 9, 203–208.

Miller, B., Gatchel, R. J., Lou, L., Stowell, A., Robinson, R., and Polatin, P. B. (2005). 
Interdisciplinary treatment of failed back surgery syndrome (FBSS): a comparison of FBSS 
and non-FBSS patients. Pain Pract. 5, 190–202. doi: 10.1111/j.1533-2500.2005.05304.x

Minetama, M., Kawakami, M., Teraguchi, M., Kagotani, R., Mera, Y., Sumiya, T., et al. 
(2022). Associations between psychological factors and daily step count in patients with 
lumbar spinal stenosis. Physiother Theory Pract. 38, 1519–1527. doi: 
10.1080/09593985.2020.1855685

Monticone, M., Baiardi, P., Ferrari, S., Foti, C., Mugnai, R., Pillastrini, P., et al. (2009). 
Development of the Italian version of the Oswestry disability index (ODI-I): a cross-
cultural adaptation, reliability, and validity study. Spine (Phila Pa 1976) 34, 2090–2095. 
doi: 10.1097/BRS.0b013e3181aa1e6b

O’Connell, C., Azad, T. D., Mittal, V., Vail, D., Johnson, E., Desai, A., et al. (2018). 
Preoperative depression, lumbar fusion, and opioid use: an assessment of postoperative 
prescription, quality, and economic outcomes. Neurosurg Focus. 44:E5. doi: 
10.3171/2017.10.FOCUS17563

Pfingsten, M., Leibing, E., Harter, W., Kröner-Herwig, B., Hempel, D., Kronshage, U., 
et al. (2001). Fear-avoidance behavior and anticipation of pain in patients with chronic 
low back pain: a randomized controlled study. Pain Med. 2, 259–266. doi: 
10.1046/j.1526-4637.2001.01044.x

Pinheiro, M. B., Ferreira, M. L., Refshauge, K., Maher, C. G., Ordoñana, J. R., 
Andrade, T. B., et al. (2016). Symptoms of depression as a prognostic factor for low back 
pain: a systematic review. Spine J. 16, 105–116. doi: 10.1016/j.spinee.2015.10.037

Resnick, D. K., Watters, W. C., Mummaneni, P. V., Dailey, A. T., Choudhri, T. F., 
Eck, J. C., et al. (2014). Guideline update for the performance of fusion procedures for 
degenerative disease of the lumbar spine. Part 10: lumbar fusion for stenosis without 
spondylolisthesis. J Neurosurg Spine 21, 62–66. doi: 10.3171/2014.4.SPINE14275

Robin, X., Turck, N., Hainard, A., Tiberti, N., Lisacek, F., Sanchez, J. C., et al. (2011). 
pROC: an open-source package for R and S+ to analyze and compare ROC curves. BMC 
Bioinformatics. 12:77. doi: 10.1186/1471-2105-12-77

Rolving, N., Nielsen, C. V., Christensen, F. B., Holm, R., Bünger, C. E., and 
Oestergaard, L. G. (2015). Does a preoperative cognitive-behavioral intervention affect 
disability, pain behavior, pain, and return to work the first year after lumbar spinal fusion 
surgery? Spine (Phila pa 1976) 40, 593–600. doi: 10.1097/BRS.0000000000000843

Schiphorst Preuper, H. R., Reneman, M. F., Boonstra, A. M., Dijkstra, P. U., 
Versteegen, G. J., and Geertzen, J. H. B. (2007). The relationship between psychosocial 
distress and disability assessed by the symptom Checklist-90-revised and Roland Morris 
disability questionnaire in patients with chronic low back pain. Spine J. 7, 525–530. doi: 
10.1016/j.spinee.2006.08.016

Schmitz, N., Kruse, J., Heckrath, C., Alberti, L., and Tress, W. (1999). Diagnosing 
mental disorders in primary care: the general health questionnaire (GHQ) and the 
symptom check list (SCL-90-R) as screening instruments. Soc Psychiatry Psychiatr 
Epidemiol 34, 360–366. doi: 10.1007/s001270050156

Sinikallio, S., Aalto, T., Airaksinen, O., Lehto, S. M., Kröger, H., and Viinamäki, H. 
(2011). Depression is associated with a poorer outcome of lumbar spinal stenosis 
surgery: a two-year prospective follow-up study. Spine 36, 677–682. doi: 10.1097/
BRS.0b013e3181dcaf4a

Sinikallio, S., Aalto, T., Koivumaa-Honkanen, H., Airaksinen, O., Herno, A., 
Kröger, H., et al. (2009). Life dissatisfaction is associated with a poorer surgery outcome 
and depression among lumbar spinal stenosis patients: a 2-year prospective study. Eur 
Spine J 18, 1187–1193. doi: 10.1007/s00586-009-0955-3

Starkweather, A. R., Witek-Janusek, L., Nockels, R. P., Peterson, J., and 
Mathews, H. L. (2006). Immune function, pain, and psychological stress in patients 
undergoing spinal surgery. Spine (Phila Pa 1976) 31, E641–E647. doi: 10.1097/01.
brs.0000231795.85409.87

Strøm, J., Bjerrum, M. B., Nielsen, C. V., Thisted, C. N., Nielsen, T. L., Laursen, M., 
et al. (2018). Anxiety and depression in spine surgery—a systematic integrative review. 
Spine J 18, 1272–1285. doi: 10.1016/j.spinee.2018.03.017

Taylor, JR. (1997). An introduction to Error Analysis: The Study of Uncertainties in 
Physical Measurements. 2nd Sausalito, Calif: University Science Books; 327

Unoka, Z., Csáky-Pallavicini, K., Horváth, Z., Demetrovics, Z., and Maraz, A. (2022). 
The inventory of personality organization: a valid instrument to detect the severity of 
personality dysfunction. Front. Psychiatry 13:995726.

Varallo, G., Suso-Ribera, C., Ghiggia, A., Veneruso, M., Cattivelli, R., Guerrini 
Usubini, A., et al. (2022). Catastrophizing, kinesiophobia, and acceptance as mediators 
of the relationship between perceived pain severity, self-reported and performance-
based physical function in women with fibromyalgia and obesity. J. Pain Res. 15, 
3017–3029. doi: 10.2147/JPR.S370718

Wada, T., Tanishima, S., Kitsuda, Y., Osaki, M., Nagashima, H., and Hagino, H. (2021). 
Association between preoperative low muscle mass and psychological factors after 
surgery among patients with lumbar spinal stenosis: a longitudinal study. J Clin Neurosci. 
89, 8–14. doi: 10.1016/j.jocn.2021.04.008

Wahlman, M., Häkkinen, A., Dekker, J., Marttinen, I., Vihtonen, K., and Neva, M. H. 
(2014). The prevalence of depressive symptoms before and after surgery and its 
association with disability in patients undergoing lumbar spinal fusion. Eur Spine J 23, 
129–134. doi: 10.1007/s00586-013-2896-0

Ware, J. E., and Sherbourne, C. D. (1992). The MOS 36-item short-form health survey 
(SF-36). I. Conceptual framework and item selection. Med Care 30, 473–483. doi: 
10.1097/00005650-199206000-00002

https://doi.org/10.3389/fpsyg.2023.1070205
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.artmed.2018.09.003
https://doi.org/10.1007/s00586-011-2011-3
https://doi.org/10.1186/s12893-016-0120-y
https://doi.org/10.3390/brainsci10100685
https://doi.org/10.1007/s00586-005-1044-x
https://doi.org/10.1097/BRS.0000000000003587
https://doi.org/10.1038/s41598-022-06797-1
https://doi.org/10.1016/j.rehab.2011.07.267
https://doi.org/10.1016/j.jbtep.2012.03.005
https://doi.org/10.3109/09638280903177243
https://doi.org/10.1007/s00402-012-1513-8
https://doi.org/10.1001/archpsyc.1988.01800360042006
https://doi.org/10.1186/s10195-022-00661-8
https://doi.org/10.11613/BM.2011.029
https://doi.org/10.1016/j.spinee.2013.09.052
https://doi.org/10.1016/j.spinee.2013.09.052
https://doi.org/10.1111/j.1533-2500.2005.05304.x
https://doi.org/10.1080/09593985.2020.1855685
https://doi.org/10.1097/BRS.0b013e3181aa1e6b
https://doi.org/10.3171/2017.10.FOCUS17563
https://doi.org/10.1046/j.1526-4637.2001.01044.x
https://doi.org/10.1016/j.spinee.2015.10.037
https://doi.org/10.3171/2014.4.SPINE14275
https://doi.org/10.1186/1471-2105-12-77
https://doi.org/10.1097/BRS.0000000000000843
https://doi.org/10.1016/j.spinee.2006.08.016
https://doi.org/10.1007/s001270050156
https://doi.org/10.1097/BRS.0b013e3181dcaf4a
https://doi.org/10.1097/BRS.0b013e3181dcaf4a
https://doi.org/10.1007/s00586-009-0955-3
https://doi.org/10.1097/01.brs.0000231795.85409.87
https://doi.org/10.1097/01.brs.0000231795.85409.87
https://doi.org/10.1016/j.spinee.2018.03.017
https://doi.org/10.2147/JPR.S370718
https://doi.org/10.1016/j.jocn.2021.04.008
https://doi.org/10.1007/s00586-013-2896-0
https://doi.org/10.1097/00005650-199206000-00002

	The role of psychopathological symptoms in lumbar stenosis: A prediction model of disability after lumbar decompression and fusion
	Introduction
	Methods
	Inclusion criteria
	Exclusion criteria
	Psychological and functional-disability assessment
	Surgical treatment
	Statistical analysis

	Results
	Clinical data

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note
	Supplementary material

	 References

