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Abstract
Background Movement behaviours, such as sedentary behaviour (SB) and moderate to vigorous physical activity 
(MVPA), are linked with multiple aspects of health and can be influenced by various pain-related psychological factors, 
such as fear of movement, pain catastrophising and self-efficacy for exercise. However, the relationships between 
these factors and postoperative SB and MVPA remain unclear in patients undergoing surgery for lumbar degenerative 
conditions. This study aimed to investigate the association between preoperative pain-related psychological factors 
and postoperative SB and MVPA in patients with low back pain (LBP) and degenerative disc disorder at 6 and 12 
months after lumbar fusion surgery.

Methods Secondary data were collected from 118 patients (63 women and 55 men; mean age 46 years) who 
underwent lumbar fusion surgery in a randomised controlled trial. SB and MVPA were measured using the triaxial 
accelerometer ActiGraph GT3X+. Fear of movement, pain catastrophising and self-efficacy for exercise served as 
predictors. The association between these factors and the relative time spent in SB and MVPA 6 and 12 months after 
surgery was analysed via linear regression models, adjusting for potential confounders.

Results Preoperative fear of movement was significantly associated with relative time spent in SB at 6 and 12 months 
after surgery (β = 0.013, 95% confidence interval = 0.004 to 0.022, p = 0.007). Neither pain catastrophising nor self-
efficacy for exercise showed significant associations with relative time spent in SB and MVPA at these time points.

Conclusions Our study demonstrated that preoperative fear of movement was significantly associated with 
postoperative SB in patients with LBP and degenerative disc disorder. This finding underscores the potential benefits 
of preoperative screening for pain-related psychological factors, including fear of movement, preoperatively. Such 
screenings could aid in identifying patients who might benefit from targeted interventions to promote healthier 
postoperative movement behaviour and improved health outcomes.
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Background
Although there is a growing body of research on fusion 
surgery for lumbar degenerative conditions [1–8], a sig-
nificant knowledge gap remains: studies often neglect 
physical activity as an outcome, despite its associations 
with crucial health parameters [9–11]. Highlighting its 
significance, the World Health Organization (WHO) rec-
ommends physical activity for all, irrespective of their 
health condition [12]. Echoing this sentiment, a publi-
cation in the Lancet emphasizes the necessity of incor-
porating physical activity into healthcare strategies for 
patients with low back pain [13]. In light of this, we previ-
ously showed, using objective measures of physical activ-
ity, that 83% of the patients with LBP and degenerative 
disc disorder scheduled for lumbar fusion surgery did 
not reach the WHO recommendations on physical activ-
ity before surgery [14]. Others have found similar results 
[15]. Patients scheduled for surgery may, therefore, be at 
risk for poor health due to physical inactivity.

To design prehabilitation and rehabilitation pro-
grammes that adequately support patients to be more 
physically active and less sedentary, it is imperative to 
move beyond cross-sectional data and instead measure 
patients’ physical activity both before and after surgery. 
It is also important to consider physical activity in all its 
complexity, encompassing a spectrum of behaviours such 
as sedentary behaviour (SB, e.g. watching television), 
light intensity physical activity (e.g. doing the dishes), and 
moderate to vigorous physical activity (MVPA, e.g. brisk 
walking or jogging) [16]. MVPA and SB, in particular, 
have been associated with multiple aspects of health [9–
11]. For instance, MVPA is strongly related to a reduced 
risk of chronic disease and premature death [10, 11], and 
a high amount of SB is associated with an increased risk 
of premature death [11].

Understanding the complexity of post-surgical move-
ment behaviours necessitates a closer examination of 
potential barriers to successful outcomes following sur-
gery for lumbar degenerative conditions, such as pain-
related psychological factors. Such factors, encompassed 
in the fear-avoidance model by Vlaeyen et al. [17] and 
subsequent modifications of that model [18, 19], include 
fear of movement, pain catastrophising, and poor self-
efficacy. In a prior longitudinal study of ours, height-
ened levels of fear of movement were associated with 
greater disability after lumbar spine surgery [20]. More-
over, previous research has indicated that elevated pre-
operative pain catastrophising is associated with poorer 
postoperative outcomes, including greater pain and dis-
ability [21, 22]. Yet, a recent systematic review presented 
mixed evidence on the associations between pain-related 
psychological factors and postoperative outcomes of 
lumbar degenerative conditions [23]. While these stud-
ies shed light on the complex interplay of pain-related 

psychological factors with traditional surgical outcomes, 
such as pain and disability, the association between pain-
related psychological factors and postoperative move-
ment behaviour remains largely unexplored.

In another one of our longitudinal studies, we found 
that preoperative self-efficacy for exercise was signifi-
cantly associated with postoperative movement behav-
iour in terms of MVPA while fear of movement and pain 
catastrophising were not [24]. However, the follow-up 
period in that study was only six months. This finding 
underscores the need for more comprehensive longitu-
dinal research to study the influence of pain-related psy-
chological factors on postoperative movement behaviour.

To our knowledge, no study has yet investigated the 
association between preoperative pain-related psycho-
logical factors on movement behaviour 12 months after 
lumbar fusion surgery.

Methods
Aim
The aim of the study was to evaluate the association 
between preoperative pain-related psychological factors 
(fear of movement, pain catastrophising and exercise 
self-efficacy) and postoperative SB and MVPA in patients 
with LBP and degenerative disc disorder at  6 and 12 
months following lumbar fusion surgery.

Hypothesis
Preoperative fear of movement, pain catastrophising 
and self-efficacy for exercise are significantly associated 
with the relative time spent in SB and MVPA at 6 and 12 
months after lumbar fusion surgery for patients with LBP 
and degenerative disc disorder.

Design
The study involved secondary analyses of data in a ran-
domised controlled trial studying a person-centred pre-
habilitation programme [19]. The findings of the primary 
outcome of that study are published elsewhere [25].

Characteristics of the population
Patients aged 18–70 years with dominant chronic LBP 
and degenerative disc disorder affecting 1–3 segments 
of the lumbar spine scheduled for lumbar fusion surgery 
were included [19, 25]. Exclusion criteria were spinal 
malignancy, confirmed neurological or rheumatic disor-
der, previous decompression surgery for spinal stenosis, 
deformities in the thoracolumbar spine or poor under-
standing of the Swedish language.

Procedure
One hundred and eighteen patients scheduled for lumbar 
fusion surgery were included from a university hospital 
and two spine clinics in Gothenburg, Sweden, between 1 
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April 2014 and 1 July 2017. The patients were randomised 
to either a person-centred prehabilitation programme or 
a control group [19, 25]. Measurements were made at 8 
to 12 weeks before surgery and again at 6 and 12 months 
after surgery. During these time points, patients met with 
an independent observer at one of the spine clinics, com-
pleted questionnaires, and received an accelerometer (see 
below).

Measurement of movement behaviour
The movement behaviours SB, low-intensity physical 
activity (LIPA) and MVPA were measured by the triaxial 
accelerometer ActiGraph GT3X+ (ActiGraph, Pensacola, 
FL, USA). Procedures for data collection and processing 
have been reported elsewhere [19]. The accelerometer 
was attached to the patient’s non-dominant hip with an 
elastic band, and the patients were instructed to wear 
the device for seven consecutive days during waking 
hours [26]. The device was to be removed before water 
activities and bedtime. Participants providing ≥ 4 days of 
≥ 10 hours per day were included in the analysis [26, 27]. 
Any 90-minute period of consecutive zero counts, with 
allowance for 2-min intervals of nonzero counts, was cat-
egorised as non-wear time [27].

The day was partitioned into absolute and relative time 
spent in SB, LIPA and MVPA based on vertical axis cut-
points of the accelerometers. SB was defined as < 100 
counts/min [28], LIPA as 100–2019 counts/min and 
MVPA as ≥ 2020 counts/min [16]. The relative time of 
a movement behaviour was calculated based on an iso-
metric log-ratio data transformation, adopting a com-
positional approach [29]. An isometric log-ratio variable 
represents, then, the relative importance of one move-
ment behaviour (e.g. MVPA) relative to the geometric 
average of the other movement behaviours (e.g. SB and 
LIPA).

Selection of predictors and potential confounders for SB 
and MVPA at 6 and 12 months post-surgery
The selection of predictors and potential confounders 
were based on a revised version of the fear-avoidance 
model presented in detail in Lotzke et al. [19] and pre-
vious studies on the prediction of outcomes of lumbar 
spine surgery for lumbar degenerative conditions [23, 24, 
30]. Moreover, due to limited research on accelerome-
ter-measured SB and MVPA specifically among patients 
undergoing spine surgery for lumbar degenerative con-
ditions, the selection of potential confounders was also 
based on research of a broader population [31].

To prevent potential overfitting in the regression mod-
els (described below), the number of included potential 
confounders was limited. As a result, educational attain-
ment and disability measured with the Oswestry Disabil-
ity Index 2.0 (ODI) [37] were not included as confounders 

but utilised exclusively for descriptive statistics. While 
there are known associations between educational attain-
ment and certain surgical outcomes like reoperation 
rate [31], there is limited evidence linking it to acceler-
ometer-measured MVPA and SB [32]. The ODI was not 
included as a potential confounder due to its overlapping 
attributes to back pain intensity measured with a visual 
analogue scale (VAS, described below). First, the two 
measures were notably correlated (Spearman’s rho = 0.52) 
and, second, all items within the ODI are related to back 
pain, making its content resonate closely with VAS for 
back pain. Considering the central role of back pain in 
the fear-avoidance model, VAS for back pain was priori-
tised over the ODI.

Pain-related psychological factors used as predictors
Fear of movement was rated using the Swedish version 
of the Tampa Scale of Kinesiophobia (TSK) [33]. The 
TSK ranges from 17 to 68, with higher scores indicating 
a higher fear of movement. A score of 37 or higher has 
been considered a high level of fear of movement [17]. 
Pain catastrophising was measured using the Swedish 
version of the Pain Catastrophizing Scale (PCS) [34]. The 
PCS ranges from 0 to 52, with 52 representing the high-
est level of pain catastrophising. A score of 24 or higher 
has been identified as clinically relevant [35]. Self-efficacy 
related to exercise was measured using the Swedish ver-
sion of the Self-Efficacy for Exercise Scale (SEES) [36]. 
The SEES ranges from 0 to 90, with a higher score indi-
cating a higher level of self-efficacy for exercise.

Potential confounders
Back pain intensity levels over the last week were mea-
sured using a 100  mm VAS [37]. Depressive symptoms 
were assessed using the depression subscale of the Hos-
pital Anxiety and Depression Scale (HADS) [38]. The 
depression subscale of HADS ranges from 0 (minimum 
symptoms) to 21 (maximum symptoms). Additional 
potential confounders were self-reported data on age, 
gender, body mass index (BMI, kg/m2), sick leave at 
baseline (yes/no), previous back surgery (yes/no), smok-
ing (yes/no), back pain duration (≤ 2 years/>2 years) and 
participation in the person-centred prehabilitation pro-
gramme evaluated by Lotzke et al. [25] (yes/no).

Statistical analysis
Descriptive statistics
Descriptive statistics are presented as frequencies, medi-
ans, arithmetic means and their respective measures 
of statistical dispersion. The choice of methods for the 
descriptive statistics depended on each variable’s data 
level and distribution. For the absolute and relative time 
spent in SB, LIPA and MVPA, the geometric mean was 
calculated across the total population. The geometric 
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mean was chosen instead of the arithmetic mean for the 
movement behaviour variables as it is less influenced 
by extreme values in skewed distributions. The descrip-
tive statistics were calculated with SPSS version 27 (IBM 
Corp., Armonk, NY, USA).

Regression analysis
The association between the preoperative pain-related 
psychological factors and MVPA and SB at  6 and 12 
months after surgery was analysed with a linear model 
regression analysis using the PROC MIXED procedure 
with an unstructured covariance matrix, performed in 
SAS version 9.4 (SAS Institute, Cary, NC, USA). This 
procedure accounts for the correlated nature of within-
person repeated measures and uses all available data to 
estimate model parameters and is particularly suitable 
for longitudinal data where not all participants have the 
same number of observations.

A total of six regression models were performed using 
this procedure. Three models had relative time spent in 
SB at 6 and 12 months post-surgery as the dependent 
variable, with each model including one of the predictors 
separately. The remaining three models had relative time 
spent in MVPA at 6 and 12 months post-surgery as the 
dependent variable, with each model also including one 
of the predictors separately. The confounders were the 
same for all regression models. The regression models 
were controlled for the preoperative value of the depen-
dent variable (e.g. the models with relative time spent 
in MVPA at 6 and 12 months as the dependent variable 
were controlled for preoperative time spent in MVPA). 
The regression models’ assumptions were evaluated by 
checking multicollinearity between independent vari-
ables, as well as assessing the linearity between predictors 
and outcome, normality of variance and homogeneity of 
variance. A predictor with a p-value ≤ 0.05 was consid-
ered statistically significant.

Results
Descriptive statistics
The study included 55 men and 63 women with a 
mean age of 45.7 (SD = 8.3) years (Table 1). On average, 
the patients reported a back pain intensity on VAS of 
58.1 mm (SD = 19.1), a level of disability on ODI of 36.8 
(SD = 12.4), a level of fear of movement on TSK of 38.3 
(SD = 8.5), and a level of pain catastrophising on PCS of 
22.8 (SD = 8.1).

Of the total sample, 9.3% had previously undergone 
surgery for disc herniation. Three patients underwent 
reoperation within 12 months of the initial surgery. All 
available data for these individuals were retained in the 
analysis. Twenty-five patients  (21.2%) and 30 patients 
(25.4%) did not have any accelerometer data at 6 and 
12 months, respectively. The characteristics of these 

subgroups of patients are presented in Table  1. The 
subgroups were similar for all characteristics, but the 
patients in the subgroups had a lower rate of sick leave 
(16.0% and 23.3% in the subgroups compared to 35.3% in 
the whole sample) and previous lumbar surgery (4.0% in 
the subgroups compared to 9.3% in the whole sample). 
Descriptive data for time spent in SB, LIPA and MVPA 
at baseline, 6 and 12 months, are presented in Table  2. 
The standard deviation was large at all time points for all 
movement behaviours, especially for MVPA, indicating a 
large individual variation.

Associations between pain-related psychological factors 
and relative time spent in SB at 6 and 12 months after 
surgery
Preoperative fear of movement was significantly associ-
ated with relative time spent in SB at  6 and 12 months 
after surgery (β = 0.013, 95% CI = 0.004 to 0.022, p = 0.007, 
Table 3). This result suggests that patients with a higher 
preoperative fear of movement spent more relative time 
in SB at 6 and 12 months compared to those with a lower 
preoperative fear of movement. Neither preoperative 
pain catastrophising nor self-efficacy for exercise was 
found to be significantly associated with relative time 
spent in SB at 6 and 12 months (Supplementary file 1).

Associations between pain-related psychological factors 
and relative time spent in MVPA at 6 and 12 months after 
surgery
Neither preoperative fear of movement, pain catastro-
phising nor self-efficacy for exercise was significantly 
associated with relative time spent in MVPA at 6 and 12 
months after surgery (Supplementary file 1).

Discussion
To our knowledge, this is the first study to explore the 
association between pain-related psychological factors 
and postoperative SB and MVPA in patients with LBP 
and degenerative disc disorder, up to 12 months follow-
ing lumbar fusion surgery. We found that preoperative 
fear of movement was significantly associated with SB, 
at 6 and 12 months after surgery. This key finding sug-
gests that patients who enter surgery with preoperative 
fear of movement have an increased likelihood of poor 
health after surgery. More specifically, patients with a 
high level of SB may be more inclined to suffer from the 
well-documented adverse effects of the “Sedentary Death 
Syndrome”, including negative cardiovascular, musculo-
skeletal, metabolic and physiological outcomes [39].

So far, fear of movement has mainly been studied in 
relation to physical activity rather than to SB. A study by 
Mancuso et al. [40], involving  260 patients who under-
went lumbar spine surgery for degenerative conditions, 
acknowledged the short- and long-term benefits of 
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physical activity on their spine health and their overall 
health, but many were deterred from increasing their 
level of physical activity due to spine-related concerns. 
More specifically, patients with high levels of postopera-
tive fear-avoidance of physical activity and disability were 
less likely to think walking was a good idea. These results 

align with our previous results, based on baseline data 
from the population in the current study, in which higher 
preoperative levels of fear of movement and disability 
were associated with fewer steps per day before surgery 
[14]. The current study adds to the previous knowledge in 
that patients’ preoperative fear of movement was associ-
ated with postoperative SB at 6 and 12 months after sur-
gery rather than their level of physical activity.

Our results also demonstrated that pain catastrophis-
ing was not significantly associated with either SB or 
MVPA, 6 and 12 months post-surgery. This finding con-
trasts with a recent meta-analysis that pointed to studies 
where pain catastrophising was a significant predictor 
for disability, pain and health-related quality of life out-
comes [23]. The discrepancy could potentially be attrib-
uted to variations in the outcome measures used, as no 
studies within that meta-analysis considered the role of 

Table 1 Socio-demographic and health characteristics for all patients at baseline
Full sample
n = 118

Incomplete accelerometer data at 
6-month follow-up (n = 25)

Incomplete 
accelerometer 
data at 12-month 
follow-up (n = 30)

Age, mean (SD) 45.7 (8.3) 44.8 (7.6) 45.1 (8.5)

Sex, frequency (%)

Women 63 (53.4%) 12 (48.0%) 14 (46.7%)

Men 55 (46.6%) 13 (52.0%) 16 (53.3%)

Body mass index, mean (SD) 26.3 (3.7) 27.5 (3.5) 27.0 (3.7)

Smoking,* frequency (%) 8 (6.8%) 2 (8.0%) 1 (3.3%)

Education,* frequency (%)

Elementary school 7 (6.0%) 2 (8.0%) 2 (6.7%)

High school 51 (43.6%) 14 (56%) 14 (46.7%)

University or college 42 (35.9%) 5 (20%) 10 (33.3%)

Vocational education 17 (14.5%) 4 (16%) 4 (13.3%)

Sick leave,† frequency (%) 41 (35.3%) 4 (16.0%) 7 (23.3%)

Previous back surgery, frequency (%) 11 (9.3%) 1 (4.0%) 1 (4.0%)

Back pain duration,* n (%)

≤ 2 years 29 (24.8%) 4 (16.0%) 7 (23.3%)

> 2 years 88 (75.2%) 21 (84.0%) 23 (76.7)

Allocated to prehabilitation 59 (50.0%) 13 (52.0%) 16 (53.3%)

Back pain intensity (VAS),
mean (SD)

58.1 (19.1) 66.6 (17.0) 64.0 (17.7)

Oswestry Disability Index,
mean (SD)

36.8 (12.4) 37.0 (11.8) 36.2 (13.1)

Depressive symptoms (HADS)
mean (SD)

5.4 (3.6) 6.0 (3.3) 5.4 (3.5)

Fear of movement (TSK)
mean (SD)

38.2 (8.5) 40.7 (8.1) 39.9 (8.4)

Pain Catastrophizing Scale,
mean (SD)

22.8 (8.1) 24.9 (8.8) 24.9 (7.5)

Self-efficacy for Exercise Scale,
mean (SD)

61.2 (20.5) 55.2 (24.9) 55 (21.1)

HADS, Hospital Anxiety and Depression Scale; SD, Standard deviation; TSK, Tampa Scale for Kinesiophobia; VAS, Visual analogue scale
* n = 117
† n = 116

Table 2 Geometric mean (SD) for time spent in SB, LIPA and 
MVPA at 6 and 12 months, compared to baseline, in minutes/day

Baseline 6 
months

12 
months

SB min/day (SD) 541.3 (96.2) 558.8 
(83.9)

547.4 
(89.6)

LIPA min/day (SD) 267.0 (71.4) 250.2 
(69.3)

265.6 
(69.6)

MVPA min/day (SD) 20.8 (20.6) 22.8 
(20.4)

24.0 
(21.4)

LIPA, light intensity physical activity; MVPA, moderate to vigorous intensity 
physical activity; SB, sedentary behaviour; SD, standard deviation
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pain catastrophising in relation to postoperative SB and 
MVPA [23].

Furthermore, self-efficacy for exercise was not sig-
nificantly associated with either SB or MVPA in the cur-
rent study. Interestingly, one of our prior studies with 
the same patient population reported that self-efficacy 
for exercise was significantly associated with changes in 
absolute time in MVPA six months after surgery [24]. 
This finding diverges from our current study, even with 
the same study sample, illustrating the complex and mul-
tifaceted nature of movement behaviour post-surgery. 
The earlier study was confined to six-month post-oper-
ative data and did not account for important confound-
ing factors such as age and BMI, which could explain the 
contradictory results. Self-efficacy has also been investi-
gated as a potential mediator for postoperative outcomes, 
as proposed by Woby et al. [18]. For instance, Fors et al. 
[41] recently demonstrated that changes in self-efficacy 
mediated the effects of presurgical physiotherapy on dis-
ability, back pain intensity and health-related quality of 
life. However, when we probed whether self-efficacy for 
exercise mediated the relationship of later changes in 
MVPA in another study, we found no significant results 
[42]. Our findings in the current study, when considered 
alongside previous research [18, 24, 41, 42], prompt fur-
ther investigation into the role of preoperative self-effi-
cacy. A valuable direction could be to investigate whether 
preoperative self-efficacy could mediate the effects of 
presurgical interventions on postoperative SB, in addi-
tion to MVPA.

Regarding the generalizability of the results, the 
patients’ mean age and level of disability and pain are 

similar to the data in the Swedish spine register [8]. This 
suggests that the study population comprises a represen-
tative sample of the target population regarding these 
factors. However, it is important to acknowledge that the 
findings may be less generalizable to the older spectrum 
of patients undergoing lumbar fusion surgery as well as 
for patient populations with notably higher or lower 
levels of disability and pain than those observed in our 
sample.

Clinical implications
Given that preoperative fear of movement was signifi-
cantly associated with postoperative SB, it could be ben-
eficial to integrate a screening procedure for pain-related 
psychological factors, such as fear of movement, into the 
preoperative evaluation of patients with LBP and degen-
erative disc disorder. By early identification of patients at 
risk for high postsurgical SB, interventions aimed at miti-
gating preoperative fear of movement could potentially 
reduce postsurgical SB for these patients.

Strengths and limitations
The primary strength of the study is that accelerometers 
were used to measure physical activity, as they yield more 
objective data than patient-reported outcome measures 
of physical activity [43]. To our knowledge, this is also 
one of the first studies of patients undergoing lumbar 
spine surgery that has included longitudinal accelerom-
eter data up to 12 months after surgery. Nevertheless, 
hip-worn accelerometers primarily measure walking and 
running, and may therefore underestimate MVPA for 
individuals who engage in other types of physical activ-
ity [44]. Another strength of the study was that we used 
the relative time of MVPA and SB as the outcome, thus 
acknowledging the time spent in all behaviours simulta-
neously. We also accounted for the correlated nature of 
within-person repeated measures and missing observa-
tions during data analysis.

A limitation of the study is that 25 and 30 patients did 
not have any accelerometer data at 6 and 12 months, 
respectively. Although the characteristics of the excluded 
patients did not deviate notably from those included in 
the analysis, this limitation could have impacted the 
robustness of the findings.

Another limitation to consider in our findings relates to 
their predictive capability. While we found an association 
between preoperative fear of movement and postopera-
tive movement behaviour, this must not be mistaken for 
genuine predictive capability. Building a robust predictive 
model demands a more rigorous research design, encom-
passing elements such as validation datasets and larger 
sample sizes [45]. Consequently, while our results pro-
vide valuable preliminary insights, they also highlight the 
need for more comprehensive research approaches.

Table 3 Regression model for relative time spent in sedentary 
behaviour at 6 months and 12 months with fear of movement as 
a predictor

β 95% CI for β Stan-
dard
Error

P
Lower Upper

Intercept 0.761 -0.127 1.648 0.447 0.092

Age 0.004 -0.005 0.013 0.004 0.377

Gender -0.025 -0.183 0.133 0.079 0.749

Body mass index 0.016 -0.003 0.035 0.010 0.101

Smoking -0.153 -0.423 0.116 0.136 0.261

Sick leave -0.029 -0.176 0.117 0.074 0.692

Previous surgery -0.120 -0.358 0.117 0.120 0.317

Prehabilitation 0.066 -0.074 0.206 0.071 0.353

Back pain intensity 
(VAS)

-0.001 -0.005 0.003 0.002 0.581

Depressive symptoms 
(HADS)

0.011 -0.010 0.031 0.010 0.296

Fear of movement (TSK) 0.013 0.004 0.022 0.005 0.007
CI, Confidence interval; HADS, Hospital Anxiety and Depression Scale; TSK, 
Tampa Scale for Kinesiophobia; VAS, Visual analogue scale

p ≤ 0.05 indicates statistical significance
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Conclusions
Our study demonstrated that preoperative fear of move-
ment was significantly associated with postoperative 
SB in patients with LBP and degenerative disc disorder 
undergoing lumbar fusion surgery. This finding under-
scores the potential benefits of providing preoperative 
screening of pain-related psychological factors, including 
fear of movement, to identify patients who are suitable 
for preoperative interventions aimed at a healthier post-
operative movement behaviour and improved health.

List of abbreviations
BMI  body mass index
HADS  Hospital Anxiety and Depression scale
LIPA  light intensity physical activity
MVPA  moderate to vigorous physical activity
ODI  Oswestry Disability Index 2.0
PCS  Pain Catastrophizing Scale
SB  sedentary behaviour
SEES  Self-Efficacy for Exercise Scale
TSK  Tampa Scale for Kinesiophobia
VAS  Visual Analogue Scale
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-023-06980-z.

Supplementary Material 1

Acknowledgements
The authors would like to acknowledge statistician Mattias Sundén for his 
valuable help in the statistical analysis.

Authors’ contributions
MJ contributed to the methodology, formal analysis, and investigation of this 
study, curated the data, drafted the original manuscript, and was responsible 
for visualizing the results. MH provided contributions to the methodology 
and data curation of the research, and reviewed and edited the manuscript. 
HL took part in conceptualizing the study, developing the methodology, 
carrying out the investigation, and reviewing and editing the manuscript. PvR 
contributed to the methodology, assisted in data curation, and reviewed and 
edited the manuscript. ML made key contributions to the conceptualization 
and methodology of the study, secured resources, wrote parts of the 
original draft, supervised the project, handled project administration, and 
was responsible for the acquisition of funding. Each author has approved 
the submitted version of the manuscript and any subsequent substantially 
modified versions involving their respective contributions to the study. 
Furthermore, every author agrees to be personally accountable for their own 
contributions and to ensure that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and resolved.

Funding
This work was supported by grants from AFA Research Funding No. 120216 
and No. 190264, the Eurospine Research Grants No TFR 8-2014, the Swedish 
Research Council (VR) No 2015-02511, the Health and Medical Care Executive 
Board of the Västra Götaland Region (VGR) and Doctor Felix Neubergh grants.
Open access funding provided by Sophiahemmet University College.

Data Availability
The datasets used for the current study are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Regional Ethical Review Board in Gothenburg 
(Dnr 586-11 and Dnr 7527-15). All patients who agreed to participate signed 
an informed consent form provided by the independent observer. All 
methods were performed in accordance with the relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Division of Physiotherapy, Department of Health and Rehabilitation, 
Institute of Neuroscience and Physiology, University of Gothenburg, 
Gothenburg, Sweden
2Division of Physiotherapy, Department of Neurobiology, Care Sciences 
and Society, Karolinska Institutet, Huddinge, Sweden
3Academic Primary Health Care Centre, Region Stockholm, Stockholm, 
Sweden
4The Back in Motion Research group, Department of Health Promoting 
Science, Sophiahemmet University, Box 5605, Stockholm, SE  
11486, Sweden
5Department of Rehabilitation, Ängelholm Hospital, Ängelholm, Sweden
6Sahlgrenska Academy, University of Gothenburg Centre for Person-
Centred Care (GPCC), University of Gothenburg, Gothenburg, Sweden

Received: 22 July 2023 / Accepted: 19 October 2023

References
1. McGirt MJ, Bydon M, Archer KR, Devin CJ, Chotai S, Parker SL, et al. An 

analysis from the Quality Outcomes Database, Part 1. Disability, quality of 
life, and pain outcomes following lumbar spine surgery: predicting likely 
individual patient outcomes for shared decision-making. J Neurosurg Spine. 
2017;27(4):357–69.

2. Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS. Trends in 
lumbar fusion procedure rates and associated hospital costs for degenera-
tive spinal diseases in the United States, 2004 to 2015. Spine (Phila Pa 1976). 
2019;44(5).

3. Deyo RA, Gray DT, Kreuter W, Mirza S, Martin BI. United States trends in 
lumbar fusion Surgery for degenerative conditions. Spine (Phila Pa 1976). 
2005;30(12):1441–5. discussion 6–7.

4. Grotle M, Småstuen MC, Fjeld O, Grøvle L, Helgeland J, Storheim K, et al. Lum-
bar spine Surgery across 15 years: trends, complications and reoperations in a 
longitudinal observational study from Norway. BMJ Open. 2019;9(8):e028743.

5. Sivasubramaniam V, Patel HC, Ozdemir BA, Papadopoulos MC. Trends in hos-
pital admissions and surgical procedures for degenerative lumbar spine dis-
ease in England: a 15-year time-series study. BMJ Open. 2015;5(12):e009011.

6. Kim P, Kurokawa R, Itoki K. Technical advancements and utilization of spine 
surgery–international disparities in trend-dynamics between Japan, Korea, 
and the USA. Neurol Med Chir (Tokyo). 2010;50(9):853–8.

7. Mannion AF, Leivseth G, Brox JI, Fritzell P, Hägg O, Fairbank JC. ISSLS Prize win-
ner: long-term follow-up suggests spinal fusion is associated with increased 
adjacent segment disc degeneration but without influence on clinical out-
come: results of a combined follow-up from 4 randomized controlled trials. 
Spine (Phila Pa 1976). 2014;39(17):1373–83.

8. Strömqvist B, Fritzell P, Hagg O, Jonsson B, Sanden B. Swespine: the Swedish 
spine register: the 2012 report. Eur Spine J. 2013;22(4):953–74.

9. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary 
time and its association with risk for disease incidence, mortality, and hospi-
talization in adults: a systematic review and meta-analysis. Ann Intern Med. 
2015;162(2):123–32.

10. Dohrn IM, Welmer AK, Hagströmer M. Accelerometry-assessed physical activ-
ity and sedentary time and associations with chronic disease and hospital 

https://doi.org/10.1186/s12891-023-06980-z
https://doi.org/10.1186/s12891-023-06980-z


Page 8 of 8Jakobsson et al. BMC Musculoskeletal Disorders          (2023) 24:874 

visits - a prospective cohort study with 15 years follow-up. Int J Behav Nutr 
Phys Act. 2019;16(1):125.

11. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland MW, 
et al. Dose-response associations between accelerometry measured physical 
activity and sedentary time and all cause mortality: systematic review and 
harmonised meta-analysis. BMJ. 2019;366:l4570.

12. World Health Organization. Global recommendations on physical activity for 
health. Geneva; 2020.

13. Buchbinder R, van Tulder M, Öberg B, Costa LM, Woolf A, Schoene M, et al. 
Low back pain: a call for action. The Lancet. 2018;391(10137):2384–8.

14. Lotzke H, Jakobsson M, Gutke A, Hagstromer M, Brisby H, Hagg O, et al. 
Patients with severe low back pain exhibit a low level of physical activity 
before lumbar fusion surgery: a cross-sectional study. BMC Musculoskelet 
Disord. 2018;19(1):365.

15. Norden J, Smuck M, Sinha A, Hu R, Tomkins-Lane C. Objective measurement 
of free-living physical activity (performance) in lumbar spinal stenosis: are 
physical activity guidelines being met? Spine J. 2017;17(1):26–33.

16. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical 
activity in the United States measured by accelerometer. Med Sci Sports 
Exerc. 2008;40(1):181–8.

17. Vlaeyen JWS, Kole-Snijders AMJ, Boeren RGB, van Eek H. Fear of movement/
(re)injury in chronic low back pain and its relation to behavioral performance. 
Pain. 1995;62(3):363–72.

18. Woby SR, Urmston M, Watson PJ. Self-efficacy mediates the relation between 
pain-related fear and outcome in chronic low back pain patients. Eur J Pain. 
2007;11(7):711–8.

19. Lotzke H, Jakobsson M, Brisby H, Gutke A, Hägg O, Smeets R, et al. Use of the 
PREPARE (PREhabilitation, physical activity and exeRcisE) program to improve 
outcomes after lumbar fusion surgery for severe low back pain: a study 
protocol of a person-centred randomised controlled trial. BMC Musculoskelet 
Disord. 2016;17(1):349.

20. Kemani MK, Hägg O, Jakobsson M, Lundberg M. Fear of movement is related 
to low back disability during a two-year period in patients who have under-
gone elective lumbar spine surgery. World Neurosurg. 2020;137:e416–e24.

21. Abbott AD, Tyni-Lenne R, Hedlund R. Leg pain and psychological vari-
ables predict outcome 2–3 years after lumbar fusion surgery. Eur Spine J. 
2011;20(10):1626–34.

22. Coronado RA, George SZ, Devin CJ, Wegener ST, Archer KR. Pain sensitivity 
and pain catastrophizing are associated with persistent pain and disability 
after lumbar spine surgery. Arch Phys Med Rehabil. 2015;96(10):1763–70.

23. Van Bogaert W, Tegner H, Coppieters I, Huysmans E, Nijs J, Moens M, et al. The 
predictive value of fear avoidance beliefs for outcomes following surgery for 
lumbar degenerative disease: a systematic review and best evidence synthe-
sis. Pain Physician. 2022;25(6):441–57.

24. Jakobsson M, Brisby H, Gutke A, Hägg O, Lotzke H, Smeets R, et al. Prediction 
of objectively measured physical activity and self-reported disability follow-
ing lumbar fusion surgery. World Neurosurg. 2019;121:e77–e88.

25. Lotzke H, Brisby H, Gutke A, Hägg O, Jakobsson M, Smeets R, et al. A person-
centered prehabilitation program based on cognitive-behavioral physical 
therapy for patients scheduled for lumbar fusion surgery: a randomized 
controlled trial. Phys Ther. 2019;99(8):1069–88.

26. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity 
assessments in field-based research. Med Sci Sports Exerc. 2005;37(11 
Suppl):531–43.

27. Choi L, Ward SC, Schnelle JF, Buchowski MS. Assessment of Wear/Nonwear 
Time Classification Algorithms for Triaxial Accelerometer. Med Sci Sports 
Exerc. 2012;44(10):2009–16.

28. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, 
et al. Amount of time spent in sedentary behaviors in the United States, 
2003–2004. Am J Epidemiol. 2008;167(7):875–81.

29. Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects 
of time spent in physical activity, sedentary behaviors and sleep on obesity 
and cardio-metabolic health markers: a novel compositional data analysis 
approach. PLoS ONE. 2015;10(10):e0139984.

30. Wilhelm M, Reiman M, Goode A, Richardson W, Brown C, Vaughn D et al. 
Psychological predictors of outcomes with lumbar spinal fusion: a systematic 
literature review. Physiother Res Int. 2017;22(2).

31. Touponse G, Li G, Rangwalla T, Beach I, Zygourakis C. Socioeconomic effects 
on lumbar fusion outcomes. Neurosurgery. 2023;92(5):905–14.

32. Ekblom-Bak E, Olsson G, Ekblom Ö, Ekblom B, Bergström G, Börjesson M. The 
Daily Movement Pattern and Fulfilment of Physical Activity recommenda-
tions in Swedish Middle-aged adults: the SCAPIS Pilot Study. PLoS ONE. 
2015;10(5):e0126336.

33. Lundberg M, Styf J, Carlsson SG. A psychometric evaluation of the Tampa 
Scale for Kinesiophobia - from a physiotherapeutic perspective. Physiother 
Theory Pract. 2004;20(2):121–33.

34. Kemani M, Grimby-Ekman A, Lundgren J, Sullivan M, Lundberg M. Factor 
structure and internal consistency of a Swedish version of the Pain Catastro-
phizing Scale. Acta Anaesthesiol Scand. 2018.

35. Scott W, Wideman TH, Sullivan MJ. Clinically meaningful scores on pain 
catastrophizing before and after multidisciplinary rehabilitation: a prospec-
tive study of individuals with subacute pain after whiplash injury. Clin J Pain. 
2014;30(3):183–90.

36. Dahlbäck A, Andréll P, Varkey E. Reliability and aspects of validity of the Swed-
ish version of self-efficacy for exercise scale for patients with chronic pain. 
Physiother Theory Pract. 2023;39(1):163–73.

37. Chiarotto A, Maxwell LJ, Ostelo RW, Boers M, Tugwell P, Terwee CB. Measure-
ment Properties of Visual Analogue Scale, Numeric Rating Scale, and Pain 
Severity Subscale of the brief Pain Inventory in patients with Low Back Pain: a 
systematic review. J Pain. 2019;20(3):245–63.

38. Breeman S, Cotton S, Fielding S, Jones GT. Normative data for the Hospital 
Anxiety and Depression Scale. Qual Life Res. 2015;24(2):391–8.

39. Lees SJ, Booth FW. Sedentary death syndrome. Can J Appl Physiol. 
2004;29(4):447–60. discussion 4–6.

40. Mancuso CA, Rigaud MC, Wellington B, Duculan R, Cammisa FP, Sama AA, 
et al. Qualitative assessment of patients’ perspectives and willingness to 
improve healthy lifestyle physical activity after lumbar surgery. Eur Spine J. 
2021;30(1):200–7.

41. Fors M, Öberg B, Lindbäck Y, Enthoven P, Abbott A. What mediates Treatment 
effects in a Presurgery Physiotherapy Treatment in Surgical candidates 
with degenerative lumbar spine disorders? A mediation and conditional 
process analysis of the PREPARE Randomized Controlled Trial. Clin J Pain. 
2021;37(3):168–76.

42. Mansell G, den Hollander M, Lotzke H, Smeets R, Lundberg M. A person-
centred prehabilitation program based on cognitive behavioural physical 
therapy for patients scheduled for lumbar fusion surgery: a mediation analy-
sis to assess fear of movement (kinesiophobia), self-efficacy and catastroph-
izing as mediators of health outcomes. Eur J Pain. 2022;26(8):1790–9.

43. Slootmaker S, Schuit A, Chinapaw M, Seidell J, van Mechelen W. Disagree-
ment in physical activity assessed by accelerometer and self-report in 
subgroups of age, gender, education and weight status. Int J Behav Nutr Phys 
Activity. 2009;6(1):17.

44. Ham SA, Reis JP, Strath SJ, Dubose KD, Ainsworth BE. Discrepancies between 
methods of identifying objectively determined physical activity. Med Sci 
Sports Exerc. 2007;39(1):52–8.

45. Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg EW, 
et al. Transparent reporting of a multivariable prediction model for individual 
prognosis or diagnosis (TRIPOD): explanation and elaboration. Ann Intern 
Med. 2015;162(1):W1–73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Fear of movement was associated with sedentary behaviour 12 months after lumbar fusion surgery in patients with low back pain and degenerative disc disorder
	Abstract
	Background
	Methods
	Aim
	Hypothesis
	Design
	Characteristics of the population
	Procedure
	Measurement of movement behaviour
	Selection of predictors and potential confounders for SB and MVPA at 6 and 12 months post-surgery
	Pain-related psychological factors used as predictors
	Potential confounders


	Statistical analysis
	Descriptive statistics
	Regression analysis

	Results
	Associations between pain-related psychological factors and relative time spent in SB at 6 and 12 months after surgery
	Associations between pain-related psychological factors and relative time spent in MVPA at 6 and 12 months after surgery

	Discussion
	Clinical implications
	Strengths and limitations

	Conclusions
	References


