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Abstract

Background: The purpose of this study was to investigate the longitudinal postoperative relationship between
physical activity, psychosocial factors, and physical function in patients undergoing lumbar spine surgery.

Methods: We enrolled 248 participants undergoing surgery for a degenerative lumbar spine condition. Physical
activity was measured using a triaxial accelerometer (Actigraph GT3X) at 6-weeks (6wk), 6-months (6M), 12-months
(12M) and 24-months (24M) following spine surgery. Physical function (computerized adaptive test domain version of
Patient-Reported Outcomes Measurement Information System) and psychosocial factors (pain self-efficacy, depression
and fear of movement) were assessed at preoperative visit and 6wk, 6M, 12M and 24M after surgery. Structural
equation modeling (SEM) techniques were utilized to analyze data, and results are represented as standardized
regression weights (SRW). Overall SRW were computed across five imputed datasets to account for missing data. The
mediation effect of each psychosocial factor on the effect of physical activity on physical function were computed
[(SRW for effect of activity on psychosocial factor X SRW for effect of psychosocial factor on function) ÷ SRW for effect
of activity on function]. Each SEM model was tested for model fit by assessing established fit indexes.

Results: The overall effect of steps per day on physical function (SRW ranged from 0.08 to 0.19, p<0.05) was stronger
compared to the overall effect of physical function on steps per day (SRW ranged from non-existent to 0.14, p<0.01 to
0.3). The effect of steps per day on physical function and function on steps per day remained consistent after
accounting for psychosocial factors in each of the mediation models. Depression and fear of movement at 6M
mediated 3.4% and 5.4% of the effect of steps per day at 6wk on physical function at 12M, respectively. Pain self-
efficacy was not a statistically significant mediator.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: kristin.archer@vumc.org
1Department of Orthopaedic Surgery, Center for Musculoskeletal Research,
Vanderbilt University Medical Center, 1215 21st Ave South, Nashville, TN
37232, USA
5Department of Physical Medicine and Rehabilitation, Osher Center for
Integrative Medicine, Vanderbilt University Medical Center, Nashville, TN, USA
Full list of author information is available at the end of the article

Master et al. BMC Musculoskeletal Disorders          (2021) 22:883 
https://doi.org/10.1186/s12891-021-04622-w

http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-021-04622-w&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:kristin.archer@vumc.org


Conclusions: The findings of this study suggest that the relationship between physical activity and physical function is
stronger than the relationship of function to activity. However, future research is needed to examine whether
promoting physical activity during the early postoperative period may result in improvement of long-term physical
function. Since depression and fear of movement had a very small mediating effect, additional work is needed to
investigate other potential mediating factors such as pain catastrophizing, resilience and exercise self-efficacy.

Keywords: Walking, Steps per day, Function, Depression, Self-efficacy, Fear, Spine surgery, Degenerative lumbar spine
conditions, Patient-reported outcomes

Introduction
Over the past two decades, the rate of spine surgery for
lumbar degenerative conditions has doubled in the United
States [1, 2] and is associated with high hospital costs, i.e.,
over $10 billion in 2015 [3]. Despite surgical intervention,
postoperative physical activity remains stagnant or
decreases [4–7]. Physical activity has the potential to be an
important target for rehabilitation efforts, with recent work
demonstrating that engaging in more physical activity (i.e.,
walking) early after surgery has a positive impact on dis-
ability and opioid use up to 12 months after lumbar spine
surgery [8, 9]. Further, engaging in physical activity is re-
lated to better physical functioning in older adults with
and without pain [10–13]. At present, little is known about
the longitudinal relationship between physical activity and
physical function in patients after lumbar spine surgery.
Some research suggests that limited physical functioning
may impair an individual’s ability to participate in physical
activity [14, 15]. A better understanding of the directional
relationship between physical activity and physical function
will provide insights on the early postoperative treatment
strategies needed to maximize patients’ long-term recovery
trajectory.
Psychosocial factors such as fear of movement and

self-efficacy are important determinants of physical ac-
tivity and physical function after lumbar spine surgery
[16, 17]. Longitudinal studies have found postoperative
depression and fear of movement to be significant con-
tributors of disability and physical function outcomes
[18–21], while low self-efficacy has demonstrated a
negative effect on disability and physical activity [22, 23].
In other chronic pain and older adults populations, these
psychosocial factors have been found to be important
mediators of pain on function [24, 25] and physical ac-
tivity on function [26]. Mullen et al. found that walking
more increased walking self-efficacy, which in turn re-
duced the risk of lower extremity functional limitation
in older adults [26]. Mediation analyses are warranted in
the spine surgery population to help inform the
prioritization of mental health assessment and management.
The purpose of this study was to investigate the

longitudinal postoperative relationship between physical
activity, psychosocial factors, and physical function in pa-
tients undergoing lumbar spine surgery. Based on prior

work in older adults [26, 27], we hypothesized that the re-
lationship of early postoperative physical activity to long-
term postoperative function after lumbar spine surgery
would be stronger compared to the relationship of func-
tion to activity. Further, we hypothesized that postopera-
tive psychosocial factors of pain self-efficacy, depression,
and fear of movement would mediate the relationship be-
tween physical activity and physical function.

Methods
Study participants
Two hundred and forty-eight English-speaking adults
undergoing lumbar spine surgery were recruited from
two academic medical centers in the United States. The
detailed description of the recruitment of the study
participants has previously been published [28]. Patients
were included in the study if they underwent a laminec-
tomy and/or arthrodesis procedure for a lumbar degenera-
tive condition, including spondylosis, spondylolisthesis,
and spinal stenosis. Participants were excluded if they
were primarily undergoing discectomy or revision proce-
dures, had a history of neurological or psychotic disorder,
had a workmans’ compensation claim, or were not able to
return to the clinic for a post-operative follow-up visit.

Design and procedures
This study is a secondary analysis of prospectively col-
lected data from a randomized controlled trial (NCT
02184143) [28]. The original trial compared two differ-
ent rehabilitation programs provided between six weeks
and three months after surgery (cognitive-behavioral
based physical therapy (CBPT) or education) and no sig-
nificant outcome differences were found between the
two post-operative rehabilitation programs [29]. Thus,
data from the two groups (CBPT and education) were
pooled for the current study in order to test a concep-
tual model of postoperative recovery after lumbar spine
surgery (i.e., physical activity to physical function vs.
function to activity; Fig. 1).
Institutional Review Boards at the two participating

sites approved the study and all participants provided
written informed consent prior to data collection. Partic-
ipants wore accelerometers and completed question-
naires on physical function and psychosocial factors at
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6-weeks, 6-, 12- and 24-months following lumbar spine
surgery. A preoperative questionnaire was also com-
pleted by patients to collect information on demographic
and clinical characteristics as well as pain, physical func-
tion, and psychosocial factors. Surgical information was
abstracted from the medical record.

Outcome measures
Physical activity was objectively quantified as steps per
day, which was measured using an accelerometer
(Actigraph GT3X). The Actigraph GT3X is a triaxial ac-
celerometer that validly quantifies walking in free-living
conditions [30, 31]. We used a publicly available acceler-
ometer algorithm provided by the National Cancer
Institute to process Actigraph data [32] and eliminated
non-wear time using a validated algorithm in adults with
knee osteoarthritis [33]. A participant was considered to
have a valid wear day if the monitor was worn for at
least 10 hours [32]. The number of steps was summed
across all the valid wear days, and an average steps per
day was calculated for each participant.
Physical function was assessed using the computerized

adaptive test (CAT) domain version of Patient-Reported
Outcomes Measurement Information System (PROMIS)
[34, 35]. PROMIS utilizes a T score metric where 50±10
represents the general population mean and standard de-
viation. Each item is rated on a 5-point Likert scale and
the total score ranges from 0 to 100. The PROMIS phys-
ical function domain is a valid and reliable tool in the
spine surgery population [36–38], and higher PROMIS T-
scores represent higher levels of physical functioning [34].

Psychosocial variables
Three psychosocial variables were constructed to exam-
ine mediation between physical activity and physical
function. The 10-item Pain Self-Efficacy Questionnaire
(PSEQ) was used to measure the strength and generality
of a person’s belief in his/her ability to accomplish a
range of activities despite pain [39]. Each item is rated
on a 7-point Likert scale from ‘not at all confident’ to
‘completely confident.’ The total score can range from 0
to 60 with higher numbers indicating higher pain self-
efficacy. A score <40 on PSEQ has been used to deter-
mine the presence of low pain self-efficacy in chronic
pain populations [22, 40]. The PSEQ has been found to
have excellent internal consistency, good test-retest reli-
ability, and construct validity through correlations with
depression, anxiety, coping strategies, and pain in patients
with chronic pain [40]. Patient Health Questionnaire-9
(PHQ-9) was used to assess signs and symptoms charac-
teristic of depression [41]. Each of the 9 items is rated on
a 4-point Likert scale with scoring ranging from “not at
all” to “nearly every day”. The total score can range from 0
to 27 with higher numbers indicating higher depressive
symptoms. A score ≥10 on PHQ-9 has been used to deter-
mine the presence of moderate to severe depressive symp-
toms [41]. The PHQ-9 has excellent reliability and is a
sensitive measure of major depression in primary care and
following spine surgery [42, 43]. The 13-item Tampa Scale
for Kinesiophobia (TSK-13) was used to measure fear of
movement [44]. Each item was rated on a 4-point Likert
scale with scoring alternatives ranging from ‘strongly dis-
agree’ to ‘strongly agree.’ The total score can range from

Fig. 1 Structural equation model for postoperative recovery after lumbar spine surgery. PA = physical activity as measured by accelerometer
(average steps per day); PF = Physical function as measured by PROMIS; PSE = Pain self-efficacy as measured by Pain Self-Efficacy Questionnaire;
Dep = Depressive symptoms as measured by Patient Health Questionnaire-9; Fear = Fear of movement as measured by 13-item Tampa Scale for
Kinesiophobia. *SEM models controlled for age, employment, comorbidities, prior spine surgery, group, and preoperative pain-self-efficacy,
depression, fear of movement, physical function, and back and leg pain. **PSE, DEP and Fear were explored in separate SEM models
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13 to 52 with higher numbers indicating higher fear of
movement [44]. A score ≥33 on TSK-13 has been found
to identify moderate to severe fear of movement in adults
with chronic musculoskeletal pain [45]. The TSK-13 has
good internal consistency and test-retest reliability in sur-
gical patients and patients with various musculoskeletal
conditions [44, 46, 47].

Statistical analysis
Demographic and clinical characteristics and outcome
and psychosocial scores of all the participants included
in the analytical sample were described using mean and
standard deviation for continuous variables, and fre-
quency for categorical variables. Percentages were com-
puted to investigate the proportion of the sample who
had high psychosocial risk as defined by the PSEQ (<40),
PHQ-9 (≥10), and TSK-13 (≥33) thresholds. All the de-
scriptive statistics were calculated using SPSS software
(IBM Inc, Chicago, IL). Structural equation modeling
(SEM) techniques were employed to examine the
longitudinal relationship between outcome measures
(physical activity and physical function) and psychosocial
variables (pain self-efficacy, depression, and fear of
movement) over time (Fig. 1). SEM allows modelling for
correlated residuals, thereby reducing the measurement
error and accurately describing longitudinal models with
repeated measures [48]. Thus, in all the SEM models,
residual error terms for the different time points of the
same measure were allowed to covary.
Four separate SEM models examined the longitudinal

postoperative relationship over time between (i) outcome
measures (physical activity and physical function), (ii)
outcome measures and psychosocial variable (pain self-
efficacy), (iii) outcome measures and psychosocial variable
(depression) and (iv) outcome measures and psychosocial
variable (fear of movement). Age, employment, comorbidi-
ties, prior spine surgery, and preoperative self-efficacy,
depression, fear of movement, physical function, and back
and leg pain were included as covariates in all models
based on prior literature [8, 22, 49–51]. Separate bivariate
analyses were conducted (results not shown) to confirm
the association of covariates with physical activity and
physical function. Correlation matrices were used to exam-
ine potential collinearity. Each SEM model was tested for
model fit by assessing the established fit indexes, including
the Comparative Fit Index (CFI), the Tucker-Lewis Index
(TLI), Standardized root mean squared residual (SRMR)
and the Root Mean Square Error of Approximation
(RMSEA) [52–54]. CFI and TLI values greater than 0.9,
SRMR value less than 0.08, and RMSEA value at least
<0.08 but ideally <0.05 indicates an acceptable fit [55].

Stability index was computed by testing eigenvalue
stability conditions [56]. The SEM model was consid-
ered stable if the stability index lies within the unit
circle [56].
Missing data were handled with multiple imputation

using predictive mean matching and five imputed datasets
[57]. Approximately, 50% to 55% data were missing at 24
months while less than 15% of data was missing at prior
time-points (see footnote in Table 2). Analysis for each
SEM model was conducted on all five imputed datasets
(presented as imputed models 1 through 5 and abbrevi-
ated as M1to M5 in Tables 3 to 7) with 248 participants.
Specifically, in order to build a SEM model that has
optimal model fit, we eliminated any insignificant relation-
ships between covariates and outcomes of interest (activity
and function), any insignificant covariances, and any insig-
nificant associations between physical activity, psycho-
social factors and physical function. The relationships that
were inconsistent and non-significant were removed from
the final SEM model and were stated as non-existent in
the text and not statistically significant (n.s.) in the tables.
The directionality between covariates, psychosocial factors
and outcomes measures in the final SEM model were con-
sistent with preliminary bivariate analyses that were separ-
ately conducted.
Standardized regression weights (SRW), 95% confi-

dence intervals (CI) and p-values were computed for
each imputed dataset and pooled estimates were
obtained from the five imputed datasets using Rubin’s
approach [58]. The SEM models were examined using
maximum likelihood estimation and all the fit indexes
and SRWs were calculated in STATA 12 [59]. We
employed point estimation methods as suggested by
MacKinnon et al [60] to compute the magnitude of the
mediation effect. More specifically, the 6-month medi-
ation effect of each psychosocial variable on the outcome
measures were calculated by dividing the effect of activ-
ity at 6 weeks on psychosocial at 6 months and effect of
psychosocial at 6 months on function at 12 months by
the effect of activity at 6 weeks on function at 12 months
(Formula 1). The 12-month mediation effect used a
similar formula; however, 6 month, 12 month and 24
month timepoints were used instead of 6 weeks, 6
months and 12 months, respectively. Also, sensitivity
analyses were conducted with complete data, which
excluded the 24 month time-point, to confirm findings.
Estimates were similar and only the imputed results are
reported. Finally, E-values, which provide a useful meas-
ure of sensitivity to potentially unobserved confounders
were computed for mediation co-efficients [61].
Formula 1: Computation for 6 month mediation effect.

6Wk physical activity → 6M psychosocialð Þ � 6M psychosocial → 12M physical functionð Þ½ �
6Wk physical activity → 12M physical function

� 100
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Results
Participant characteristics
Data from 248 participants (mean ± standard deviation;
age = 62.2 ± 11.9 years; body mass index= 32.4 ± 6.6
kilogram/meter2 and 126 (50.8%) females) are presented
in Table 1. One hundred and thirty-one (52.8%) partici-
pants reported at least one comorbidity. The average
preoperative back and leg pain scores were 6.7 ± 2.3 and
6.5 ± 2.4, respectively. Table 2 shows the summary of
steps per day for physical activity, PROMIS physical
function, and PSEQ, PHQ-9, and TSK-13 scores for psy-
chosocial variables over the course of the study. Before
surgery, 77%, 36%, and 58% of patients were identified as
having low-self-efficacy, moderate to severe depressive
symptoms, and high fear of movement, respectively. Im-
provement was noted at 6-weeks after surgery, with 44%
reporting low self-efficacy, 20% depressive symptoms,
and 27% high fear of movement. Psychosocial risk at 6
and 12 months ranged from 33% to 37% for PSEQ, 11%
to 14% for PHQ-9, and 14% to 15% for TSK-13. At 24-
months, 11%, 0%, and 9% of patients reported PSEQ
score < 40, PHQ-9 score ≥10, and TSK-13 score ≥33.

Relation between physical activity and physical function
Across all the imputed datasets (M1 to M5), the range
of CFI, TLI, SRMR and RMSEA values of the SEM
model examining the longitudinal relationship between
physical activity and physical function were 0.92 to 0.95,
0.89 to 0.94, 0.05 to 0.06, and 0.057 to 0.073, respect-
ively, indicating the model fit was within an acceptable
range (Table 3). The stability index was <0.001 with all
eigenvalues within the unit circle for all five imputed
datasets. The overall (pooled) SRW for the effect of
physical activity on physical function ranged from 0.08
to 0.19, while the overall effect of physical function on

activity ranged from non-existent to 0.14. Specifically,
the effect of physical activity at 6 weeks on physical
function at 6 months was 0.19 (p<0.001) and at 12
months physical activity on physical function at 24
months was 0.18 (p=0.01). The effect of physical activity
at 6 months on physical function at 12 months was not
statistically significant. The effect of physical function on
physical activity was non-existent for the 6 weeks to 6
months and 12 months to 24 months models. However,
the SRW for effect of physical function at 6 months on
physical activity at 12 months was 0.14 (p-value <0.01).
The effects of physical activity on physical function and
function on activity remained consistent after accounting
for pain self-efficacy, depression, and fear of movement
in the mediation models (Supplementary Tables 1-3).

Psychosocial factors as mediators
Across all the imputed datasets (M1 to M5), the range
of the CFI, TLI, SRMR and RMSEA for the three SEM
models examining the longitudinal relationship between
physical activity and physical function and each of the
psychosocial variables were 0.81 to 0.88, 0.76 to 0.86,
0.08 to 0.10 and 0.080 to 0.106, respectively, indicating
that fit values were not within an acceptable range
(Supplemental Table 1-3). However, the stability index
of these three SEM models across all the imputed
datasets was <0.001, indicating that the models were
stable. Depression and fear of movement at 6 months
mediated 3.4% and 5.4% of the effect of physical activity
at 6 weeks on physical function at 12 months, respect-
ively (Table 4). Pain self-efficacy was not a statistically
significant mediator. E-values, measure of sensitivity to
potentially unobserved confounders for mediation co-
efficients ranged between 1.17 and 1.25. There is high
likelihood that unobserved covariates would alter these
results, which is expected given the small mediation ef-
fects and observational nature of study.

Discussion
This study used SEM statistical techniques to determine
the longitudinal postoperative relationship between
physical activity, psychosocial factors, and physical func-
tion in patients undergoing lumbar spine surgery.
Models demonstrated that the relation of postoperative
physical activity (i.e., steps per day) to physical function
over time was stronger compared to the physical func-
tion to physical activity relationship. However, findings
do not support a strong contribution of pain self-
efficacy, depression, and fear of movement to this post-
operative relationship.
Specifically, stable SEM models suggested that depres-

sion and fear of movement at 6 months mediated, to a
minimal degree, the effect of physical activity at 6 weeks
on physical function at 12 months. Pain self-efficacy was

Table 1 Descriptive statistics of participants who were enrolled
in the study (N=248)

Characteristics N (%) or Mean ± SD

Age in years, Mean ± SD 62.2 ± 11.9

Female sex, N (%) 126 (50.8)

White race, N (%) 215 (86.7)

More than high school education, N (%) 182 (73.4)

Married, N (%) 164 (66.1)

BMI in kg/m2, Mean ± SD 32.4 ± 6.6

Employed prior to surgery, N (%) 91 (36.7)

1 or more co-morbid conditions, N (%) 131 (52.8)

Fusion surgery, N (%) 164 (66.1)

Prior spine surgery, N (%) 74 (29.8)

Preoperative back pain, Mean ± SD 6.7 ± 2.3

Preoperative leg pain, Mean ± SD 6.5 ± 2.4

BMI body mass index
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Table 2 Descriptive statistics of steps per day, physical function and psychosocial factors (pain self-efficacy, fear of movement and
depression) over time

Post-surgery (Mean ± SD)

Factors Preoperative
(Mean ± SD)

6-weeks 6-months 12-months 24-months

Steps per daya - 3655 ± 2246 4106 ± 2446 3983 ± 2137 4011 ± 2406

PROMIS physical functionb 33.5 ± 5.6 37.6 ± 7.9 42.3 ± 8.0 42.5 ± 8.6 43.0 ± 9.5

PSEQc 30.0 ± 13.4 40.5 ± 14.7 46.2 ± 13.4 44.6 ± 14.6 47.7 ± 12.7

PHQ-9d 8.3 ± 5.4 5.3 ± 5.1 4.0 ± 4.4 4.4 ± 4.9 2.3 ± 2.5

TSK-13e 34.0 ± 6.7 28.4 ± 6.7 25.8 ± 7.0 26.0 ± 7.3 25.9 ± 7.5

PROMIS = Patient-Reported Outcomes Measurement Information System (0-100), with higher numbers indicating higher levels of physical functioning
PSEQ = 10-item Pain Self-Efficacy Questionnaire (0 to 60), with higher numbers indicating higher pain self-efficacy
PHQ-9 = 9-item Patient Health Questionnaire (0 to 27), with higher numbers indicating higher depressive symptoms
TSK-13 = 13-item Tampa Scale for Kinesiophobia (13 to 52), with higher numbers indicating higher fear of movement
aMissing data for steps per day is n=26 at 6 weeks, n=37 at 6 months, n=38 at 12 months, and n=138 at 24 months
bMissing data for PROMIS physical function is n=10 at preoperative visit, n=1 at 6 weeks, n=12 at 6 months, n=17 at 12 months, and n=123 at 24 months
cMissing data for PESQ is n=13 at preoperative visit, n=1 at 6 weeks, n=13 at 6 months, n=19 at 12 months, and n=123 at 24 months
dMissing data for PHQ-9 is n=14 at preoperative visit, n=1 at 6 weeks, n=11 at 6 months, n=17 at 12 months, and n=125 at 24 months
eMissing data for TSK-13 is n=13 at preoperative visit, n=1 at 6 weeks, n=13 at 6 months, n=19 at 12 months, and n=123 at 24 months

Table 3 Standardized regression weights (SRW) and standard errors (SE) for SEM models of physical activity and physical function
from 6 weeks to 24 months after lumbar spine surgery (N=248)

SRW (SE) Overall

Pathway M1 M2 M3 M4 M5 SRW (95% CI) p-value

6 weeks to 6 months

PA → PA 1.21(0.11) 1.06(0.09) 1.10(0.09) 1.07(0.09) 1.14(0.10) 1.12(0.93,1.31) 0.0001

PF → PA n.s. n.s. n.s. n.s. n.s. n.s. n.s.

PF → PF 1.33(0.20) 1.14(0.17) 1.21(0.16) 1.08(0.16) 1.14(0.16) 1.18(0.85,1.52) 0.0001

PA → PF 0.20(0.05) 0.18(0.05) 0.16(0.05) 0.23(0.05) 0.20(0.05) 0.19(0.09,0.30) 0.0006

6 months to 12 months

PA →PA 0.77(0.08) 0.70(0.08) 0.80(0.08) 0.75(0.09) 0.73(0.09) 0.75(0.59,0.91) 0.0001

PF → PA 0.13(0.04) 0.10(0.05) 0.14(0.04) 0.17(0.04) 0.15(0.05) 0.14(0.05,0.22) 0.0062

PF → PF 0.85(0.09) 0.93(0.09) 0.86(0.09) 0.94(0.11) 0.87(0.10) 0.89(0.70,1.07) 0.0001

PA → PF 0.08(0.06) 0.07(0.05) 0.09(0.06) 0.05(0.06) 0.10(0.06) 0.08(-0.03,0.19) 0.1728

12 months to 24 months

PA → PA 0.99(0.06) 0.82(0.07) 0.98(0.06) 0.95(0.06) 0.77(0.07) 0.90(0.78,1.02) 0.0001

PF → PA n.s. n.s. n.s. n.s. n.s. n.s. n.s.

PF → PF 0.77(0.07) 0.85(0.07) 0.68(0.08) 0.74(0.07) 0.74(0.07) 0.76(0.62,0.90) 0.0001

PA → PF 0.20(0.06) 0.12(0.06) 0.18(0.06) 0.20(0.06) 0.21(0.05) 0.18(0.07,0.30) 0.0102

Fit statistics

CFI 0.94 0.92 0.94 0.93 0.95

TLI 0.92 0.89 0.92 0.91 0.94

RMSEA 0.065 0.073 0.067 0.070 0.057

SRMR 0.06 0.06 0.05 0.05 0.05

Stability index <0.001 <0.001 <0.001 <0.001 <0.001

M1-M5 indicate the models for the five multiple imputation datasets
PA physical activity as measured by accelerometer (average steps per day); PF Physical function as measured by PROMIS scores; CFI Comparative Fit Index; TLI
Tucker-Lewis Index; SRMR standardized root mean square residual; RMSEA root mean square error of approximation; n.s. not statistically significant
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not found to be an important mediator of the physical
activity-physical function relationship. Future research is
needed to examine whether promoting physical activity
during the early postoperative period leads to improve-
ment in long-term physical function.
Our findings suggest that the relation of physical activ-

ity to function was stronger over time compared to the
function to activity relationship. This finding is consist-
ent with prior studies conducted in adults with musculo-
skeletal pain [8, 10, 62, 63]. Engaging in physical activity
that is feasible and accessible to patients, such as walk-
ing, may preserve or improve lower-extremity muscle
strength [64], reduce symptoms, and positively impact
opioid use [8, 9]. Walking, in particular, provides phys-
ical and mental health benefits [63] and has been found
to be associated with a lower risk of functional limitation
[10], hospital re-admission [65], length of hospital stay
[66] and mortality [67] in adults with musculoskeletal
pain who are managed operatively or non-operatively.
These positive effects in turn may explain why taking

more steps per day has a beneficial effect on the broader
construct of physical function following lumbar spine
surgery. Intervention trials after joint arthroplasty sug-
gest the use of wearable technology and steps per day
goals may be feasible and an effective strategy to im-
prove physical activity after orthopaedic surgery [68–70].
Further research is needed to investigate whether a
structured walking program early after surgery has the
potential to improve physical activity and long-term
physical function in patients undergoing lumbar spine
surgery.
The hypothesis that psychosocial factors of pain self-

efficacy, depression and fear of movement would impact
the physical activity-physical function relationship was
partially supported. Results suggest that depression and
fear of movement have a mediation effect between 6
weeks and 12 months after surgery. However, the effects
found in our study were small, i.e., mediation effect were
3.4% and 5.4%. Prior studies in older adults have sug-
gested that engaging in physical activity promotes

Table 4 Standardized regression weights (SRW) to quantify the role of psychosocial factors as mediators of the relation between
physical activity and physical function following spine surgery

SRW Overall

Mediators M1 M2 M3 M4 M5 SRW p-value Mediation effect

Pain Self-Efficacy (PSE)

T1PA → T3 PF 0.28 0.27 0.28 0.30 0.31 0.29 0.0001 0%

T1 PA → T2 PSE n.s. n.s. n.s. n.s. n.s. n.s. n.s.

T2 PSE → T3 PF 0.15 0.20 0.12 0.17 0.12 0.15 0.017

T2 PA → T4 PF 0.24 0.19 0.23 0.25 0.29 0.24 0.0001 0%

T2 PA → T3 PSE n.s. n.s. n.s. n.s. n.s. n.s. n.s.

T3 PSE → T4 PF 0.11 0.12 0.14 0.22 0.03 0.13 0.13

Depression (Dep)

T1 PA → T3 PF 0.28 0.26 0.30 0.29 0.29 0.28 0.0001 3.43%

T1 PA → T2 Dep -0.09 -0.08 -0.09 -0.07 -0.09 -0.08 0.108

T2 Dep → T3 PF -0.12 -0.19 -0.12 -0.10 -0.09 -0.12 0.0266

T2 PA → T4 PF 0.24 0.18 0.24 0.21 0.24 0.22 0.0001 0%

T2 PA → T3 Dep n.s. n.s. n.s. n.s. n.s. n.s. n.s.

T3 Dep → T4 PF n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Fear of Movement (Fear)

T1 PA → T3 PF 0.28 0.27 0.28 0.30 0.32 0.29 0.0001 5.38%

T1 PA → T2 Fear -0.12 -0.14 -0.11 -0.13 -0.13 -0.12 0.0092

T2 Fear → T3 PF -0.13 -0.12 -0.11 -0.15 -0.13 -0.13 0.0104

T2 PA → T4 PF 0.23 0.18 0.23 0.22 0.27 0.22 0.0001 0%

T2 PA → T3 Fear n.s. n.s. n.s. n.s. n.s. n.s. n.s.

T3 Fear → T4 PF n.s. n.s. n.s. n.s. n.s. n.s. n.s.

T1= 6 weeks, T2 = 6 months, T3 = 12 months, and T4 = 24 months following spine surgery
M1-M5 indicate the models for the five multiple imputation datasets
PA physical activity as measured by accelerometer (average steps per day), PF Physical function as measured by PROMIS scores, PSE Pain self-efficacy as measured
by Pain Self-Efficacy Questionnaire, Dep Depressive symptoms measured using Patient Health Questionnaire-9, Fear Fear of movement as measured by 13-item
Tampa Scale for Kinesiophobia, CFI Comparative Fit Index, TLI Tucker-Lewis Index, SRMR standardized root mean square residual, RMSEA root mean square error of
approximation, n.s. not statistically significant
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psychosocial well-being and lowers the risk of develop-
ing depressive symptoms [63, 71] and influences self-
efficacy [72]. Our negative findings may be due to the
low psychosocial risk and limited variability in postoper-
ative PSEQ, PHQ-9, and TSK-13 scores found within
our study population. Future studies are needed to in-
vestigate the meditation effect of these psychosocial fac-
tors in patients who are identified as high-risk using
validated psychosocial screening instruments.
In this study, mediators of depression and fear of

movement were based on the well-established Fear
Avoidance Model [73, 74]. Prior literature provides sup-
port for these psychosocial constructs as independent
predictors of poor outcomes following spine surgery.18-22

However, pain catatrophizing, an important component
of the Fear Avoidance Model, was not assessed in the
current study. Coronado et al [75] and others [76–78]
have found that pain catastrophizing is an important
predictor of long-term patient-reported health outcomes
of pain and disability after lumbar spine surgery [75–78].
An important consideration is that the Fear Avoidance
Model may not fully explain the physical activity-
physical function relationship. Some studies have shown
that fear-related processes may not be applicable in
adults with chronic pain [79, 80] and have postulated
that broader models are needed that include positive
psychosocial factors [80]. One such factor may be resili-
ence, which has the potential to positively impact long-
term physical function after spine surgery [22]. While
our study assessed the positive psychosocial construct of
self-efficacy, the instrument chosen was focused on a pa-
tient’s ability to perform an activity despite pain (i.e.,
pain self-efficacy) [39]. Other self-efficacy measures re-
lated to exercise or walking may be more appropriate for
examining the mediation effect of physical activity on
function in older adults [26, 27]. Therefore, additional
work is needed to identify the psychosocial factors, both
negative and positive, that have a role in how physical
activity impacts function in patients after lumbar spine
surgery.
The findings of this study should be viewed in the light

of the following limitation. The variability in the chosen
psychosocial factors was minimal, and the overall
analytical sample represented a low to medium risk
psychosocial profile. Evidence suggests that patients at
high-risk for poor outcomes should be targeted for a
biopsychosocial management approach [81, 82]; our
findings may not be generalizable for those at highest
psychosocial risk. Approximately, 50% of the physical ac-
tivity and patient-reported outcomes were missing at the
24-month time-point. To address this limitation, we
used multiple imputation techniques that leveraged a
longitudinal study design, and less than 15% of physical
activity and patient-reported outcomes data were

missing at prior timepoints [83]. Further, we conducted
sensitivity analyses with complete data to confirm find-
ings, and used separate models for the 12 and 24-month
outcomes. The statistical literature suggests that when
greater than 40% of data are missing for important vari-
ables, the results of the study should be considered as
hypothesis generating [84, 85]. Therefore, the findings of
this study should be viewed as a first step toward testing
a conceptual model of postoperative recovery after
lumbar spine surgery.
Data for this study were obtained from a prior ran-

domized controlled trial study. While group and other
potential covariates, which were identified from litera-
ture and our preliminary work (separate bivariate ana-
lysis) were accounted for in all analyses, there is the
potential for residual confounding. Given the observa-
tional nature of the study, we acknowledge that causality
with certainty cannot be concluded. Therefore, in this
study, we have used the term “relationship” as opposed
to “causation” since the experimental data needed to test
the causality is difficult to collect. The fit indexes for the
mediation models were not within acceptable range;
however, the stability index indicated that all models
were stable. Finally, we acknowledge that a sample size
greater than 250 is preferred to identify good fit indices
for SEM models [55]. Future research with a larger
sample size is needed to validate this conceptual model of
postoperative recovery after spine surgery.

Conclusion
The relation of postoperative physical activity to func-
tion over time was stronger compared to the function to
activity relationship. Early physical activity after surgery
was related to long-term physical function in patients
undergoing lumbar spine surgery. Depression and fear of
movement demonstrated a very small mediating effect
(3.4% and 5.4%) during the first 12 months. However,
given the observational nature of this study, causation
must not be inferred and these study findings should be
viewed as a first step toward testing a conceptual model
of postoperative recovery after lumbar spine surgery. Fu-
ture work should consider investigating other potential
mediating factors, such as pain catatrophizing, and
broader psychosocial models that include positive psy-
chosocial constructs of resilience and exercise/walking
self-efficacy.

Abbreviations
CBPT: Cognitive-behavioral based physical therapy; CAT: the computerized
adaptive test; PROMIS: Patient-Reported Outcomes Measurement Information
System; PSEQ: Pain Self-Efficacy Questionnaire; PHQ-9: Patient Health
Questionnaire-9; TSK-13 : 13-item Tampa Scale for Kinesiophobia;
CFI: Comparative Fit Index; TLI: Tucker-Lewis Index (TLI); SRMR: Standardized
root mean squared residual; RMSEA: Root Mean Square Error of
Approximation; SEM: Structural equation modeling; M1 to M5: Five imputed
datasets

Master et al. BMC Musculoskeletal Disorders          (2021) 22:883 Page 8 of 11



Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-021-04622-w.

Additional file 1: Supplementary Table 1. Standardized regression
weights (SRW) and standard errors (SE) for SEM mediation models of
physical activity, physical function, and pain self-efficacy from 6 weeks to
24 months after lumbar spine surgery (N=248). Supplementary Table
2. Standardized regression weights (SRW) and standard errors (SE) for
SEM mediation models of physical activity, physical function, and depres-
sion from 6 weeks to 24 months after lumbar spine surgery (N=248).
Supplementary Table 3. Standardized regression weights (SRW) and
standard errors (SE) for SEM mediation models of physical activity, phys-
ical function, and fear of movement from 6 weeks to 24 months after
lumbar spine surgery (N=248).

Acknowledgements
Dr. Archer reports personal fees from Pacira outside the submitted work. Dr.
Coronado was supported by a Vanderbilt Faculty Research Scholars award
during manuscript development. Dr. Pennings reports personal fees from ICZ
International Surgical and Steamboat Orthopaedic and Spine Institute. Dr.
Devin reports personal fees from Wright Medical, Stryker, and Medtronic. Dr.
Neuman reports personal fees from Medtronic and Depuy Synthes.

Authors’ contributions
HM, RC, STW and KRA conceived the idea and designed this study. KRA
developed study materials, oversaw data collection, and obtained funding.
RLS, LHR, BJN, JSC, OSA, CJD performed surgical procedures. HM, RC, STW
and KRA conducted analysis and interpreted results. All authors (HM, RC,
STW, JSP, RAC, CMH, RLS, LHR, BJN, JSC, OSA, CJD and KRA) were involved in
critically revising the manuscript for important intellectual content and
approved the final version to be published.

Funding
This study was funded through a Patient-Centered Outcomes Research Insti-
tute® (PCORI®) Award (CER-1306-01970).

Availability of data and materials
The datasets used and/or analyzed during the current study are available by
reasonable request and at the discretion of the corresponding author.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with the Declaration of Helsinki
principles and was approved by the Institutional Review Board of Vanderbilt
University Medical Center and Johns Hopkins University. All participants gave
their written informed consent to participate in the study.

Consent for publication
Not applicable.

Competing interests
KRA is a member of the editorial board of this journal. The other authors
report no conflict of interest concerning the materials or methods used in
this study or the findings specified in this paper. The authors have no
personal or institutional financial interest in drugs, materials, or devices
described in their submissions.

Author details
1Department of Orthopaedic Surgery, Center for Musculoskeletal Research,
Vanderbilt University Medical Center, 1215 21st Ave South, Nashville, TN
37232, USA. 2Vanderbilt Institute for Clinical and Translational Research,
Vanderbilt University Medical Center, Nashville, TN, USA. 3Department of
Health Policy & Management, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA. 4Department of Physical Medicine and
Rehabilitation, Johns Hopkins Medicine, Baltimore, MD, USA. 5Department of
Physical Medicine and Rehabilitation, Osher Center for Integrative Medicine,
Vanderbilt University Medical Center, Nashville, TN, USA. 6Department of
Orthopaedic Surgery, Johns Hopkins Medicine, Baltimore, MD, USA.

7Department of Neurological Surgery, University of Cincinnati College of
Medicine, Cincinnati, OH, USA. 8Howell Allen Clinic, Saint Thomas Medical
Partners, Nashville, TN, USA. 9Steamboat Orthopedic and Spine Institute,
Steamboat Springs, CO, USA.

Received: 9 March 2021 Accepted: 16 August 2021

References
1. Yoshihara H, Yoneoka D. National trends in the surgical treatment for

lumbar degenerative disc disease: United States, 2000 to 2009. Spine J.
2015;15(2):265–71.

2. Pannell WC, Savin DD, Scott TP, Wang JC, Daubs MD. Trends in the surgical
treatment of lumbar spine disease in the United States. Spine J. 2015;15(8):
1719–27.

3. Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS. Trends in
lumbar fusion procedure rates and associated hospital costs for
degenerative spinal diseases in the United States, 2004 to 2015. Spine (Phila
Pa 1976). 2019;44(5):369–76.

4. Mancuso CA, Duculan R, Girardi FP. Healthy physical activity levels below
recommended thresholds two years after lumbar spine surgery. Spine (Phila
Pa 1976). 2017;42(4):E241–E7.

5. Smuck M, Muaremi A, Zheng P, Norden J, Sinha A, Hu R, et al. Objective
measurement of function following lumbar spinal stenosis decompression
reveals improved functional capacity with stagnant real-life physical activity.
Spine J. 2018;18(1):15–21.

6. Gilmore SJ, Hahne AJ, Davidson M, McClelland JA. Physical activity patterns
of patients immediately after lumbar surgery. Disabil Rehabil. 2020;42(26):
3793–9.

7. Coronado R, White D, Bird M, Buchowski M, Aaronson O, Cheng J, et al.
Early postoperative physical activity, performance-based tests, and patient-
reported outcomes after lumbar spine surgery. J Orthop Sports Phys Ther.
2016;46(1):A6.

8. Gilmore SJ, Hahne AJ, Davidson M, McClelland JA. Predictors of substantial
improvement in physical function six months after lumbar surgery: is early
post-operative walking important? A prospective cohort study. BMC
Musculoskelet Disord. 2019;20(1):418.

9. Master H, Pennings JS, Coronado RA, Bley J, Robinette PE, Haug CM, et al.
How many steps per day during the early postoperative period is
associated with patient-reported outcomes of disability, pain, and opioid
use after lumbar spine surgery. Arch Phys Med Rehabil. 2021 Jun 25. Online
ahead of print.

10. White DK, Tudor-Locke C, Zhang Y, Fielding R, LaValley M, Felson DT, et al.
Daily walking and the risk of incident functional limitation in knee
osteoarthritis: an observational study. Arthritis Care Res. 2014;66(9):1328–36.

11. Dunlop DD, Song J, Semanik PA, Sharma L, Chang RW. Physical activity
levels and functional performance in the osteoarthritis initiative: a graded
relationship. Arthritis Rheum. 2011;63(1):127–36.

12. Chalé-Rush A, Guralnik JM, Walkup MP, Miller ME, Rejeski WJ, Katula JA, et al.
Relationship between physical functioning and physical activity in the
lifestyle interventions and independence for elders pilot. J Am Geriatr Soc.
2010;58(10):1918–24.

13. Hillsdon MM, Brunner EJ, Guralnik JM, Marmot MG. Prospective study of
physical activity and physical function in early old age. Am J Prev Med.
2005;28(3):245–50.

14. Master H, Thoma LM, Christiansen MB, Polakowski E, Schmitt LA, White DK.
Minimum performance on clinical tests of physical function to predict
walking 6000 steps/day in knee osteoarthritis: An observational study.
Arthritis Care Res. 2018;70(7):1005–11.

15. Garber CE, Greaney ML, Riebe D, Nigg CR, Burbank PA, Clark PG. Physical
and mental health-related correlates of physical function in community
dwelling older adults: a cross sectional study. BMC Geriatr. 2010;10(1):6.

16. Dorow M, Löbner M, Stein J, Konnopka A, Meisel HJ, Günther L, et al. Risk
Factors for Postoperative Pain Intensity in Patients Undergoing Lumbar Disc
Surgery: A Systematic Review. PLoS One. 2017;12(1):e0170303.

17. den Boer JJ, Oostendorp RA, Beems T, Munneke M, Oerlemans M, Evers AW.
A systematic review of bio-psychosocial risk factors for an unfavourable
outcome after lumbar disc surgery. Eur Spine J. 2006;15(5):527–36.

18. Archer KR, Seebach CL, Mathis SL, Riley LH 3rd, Wegener ST. Early
postoperative fear of movement predicts pain, disability, and physical

Master et al. BMC Musculoskeletal Disorders          (2021) 22:883 Page 9 of 11

https://doi.org/10.1186/s12891-021-04622-w
https://doi.org/10.1186/s12891-021-04622-w


health six months after spinal surgery for degenerative conditions. Spine J.
2014;14(5):759–67.

19. Järvimäki V, Kautiainen H, Haanpää M, Koponen H, Spalding M, Alahuhta S,
et al. Depressive symptoms are associated with poor outcome for lumbar
spine surgery. Scand J Pain. 2016;12:13–7.

20. 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.

21. Mannion AF, Elfering A, Staerkle R, Junge A, Grob D, Dvorak J, et al.
Predictors of multidimensional outcome after spinal surgery. Eur Spine J.
2007;16(6):777–86.

22. Coronado RA, Robinette PE, Henry AL, Pennings JS, Haug CM, Skolasky RL,
et al. Bouncing back after lumbar spine surgery: early postoperative
resilience is associated with 12-month physical function, pain interference,
social participation, and disability. Spine J. 2021;21(1):55–63.

23. Jakobsson M, Brisby H, Gutke A, Hägg O, Lotzke H, Smeets R, et al.
Prediction of Objectively Measured Physical Activity and Self-Reported
Disability Following Lumbar Fusion Surgery. World Neurosurg. 2019;121:
e77–88.

24. Castillo RC, Wegener ST, Heins SE, Haythornthwaite JA, Mackenzie EJ, Bosse
MJ. Longitudinal relationships between anxiety, depression, and pain: results
from a two-year cohort study of lower extremity trauma patients. Pain.
2013;154(12):2860–6.

25. Wegener ST, Castillo RC, Haythornthwaite J, MacKenzie EJ, Bosse MJ, Group
LS. Psychological distress mediates the effect of pain on function. Pain.
2011;152(6):1349–57.

26. Mullen SP, McAuley E, Satariano WA, Kealey M, Prohaska TR. Physical activity
and functional limitations in older adults: the influence of self-efficacy and
functional performance. J Gerontol Ser B Psychol Sci Soc Sci. 2012;67(3):
354–61.

27. McAuley E, Morris KS, Doerksen SE, Motl RW, Liang H, White SM, et al.
Effects of change in physical activity on physical function limitations in
older women: mediating roles of physical function performance and self-
efficacy. J Am Geriatr Soc. 2007;55(12):1967–73.

28. Archer KR, Coronado RA, Haug CM, Vanston SW, Devin CJ, Fonnesbeck CJ,
et al. A comparative effectiveness trial of postoperative management for
lumbar spine surgery: changing behavior through physical therapy (CBPT)
study protocol. BMC Musculoskelet Disord. 2014;15:325.

29. Archer KR, Haug CM, Pennings J. Comparing two programs to Improve
disability, pain, and health among patients who have had back surgery.
Washington, DC: Patient-Centered Outcomes Research Institute (PCORI); 2020.

30. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity
assessments in field-based research. Med Sci Sports Exerc. 2005;37(11
Suppl):S531–S43.

31. Berlin JE, Storti KL, Brach JS. Using activity monitors to measure physical
activity in free-living conditions. Phys Ther. 2006;86(8):1137–45.

32. 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.

33. Song J, Semanik P, Sharma L, Chang RW, Hochberg MC, Mysiw WJ, et al.
Assessing physical activity in persons with knee osteoarthritis using
accelerometers: data from the osteoarthritis initiative. Arthritis Care Res.
2010;62(12):1724–32.

34. Cella D, Yount S, Rothrock N, Gershon R, Cook K, Reeve B, et al. The Patient-
Reported Outcomes Measurement Information System (PROMIS): progress
of an NIH Roadmap cooperative group during its first two years. Med Care.
2007;45(5 Suppl 1):S3–s11.

35. Brodke DS, Goz V, Voss MW, Lawrence BD, Spiker WR, Hung M. PROMIS PF
CAT Outperforms the ODI and SF-36 Physical Function Domain in Spine
Patients. Spine (Phila Pa 1976). 2017;42(12):921–9.

36. Patel AA, Dodwad SM, Boody BS, Bhatt S, Savage JW, Hsu WK, et al.
Validation of Patient Reported Outcomes Measurement Information System
(PROMIS) Computer Adaptive Tests (CATs) in the Surgical Treatment of
Lumbar Spinal Stenosis. Spine (Phila Pa 1976). 2018;43(21):1521–8.

37. Purvis TE, Neuman BJ, Riley LH 3rd, Skolasky RL. Discriminant Ability,
Concurrent Validity, and Responsiveness of PROMIS Health Domains Among
Patients With Lumbar Degenerative Disease Undergoing Decompression
With or Without Arthrodesis. Spine (Phila Pa 1976). 2018;43(21):1512–20.

38. Pennings JS, Devin CJ, Khan I, Bydon M, Asher AL, Archer KR. Prediction of
Oswestry Disability Index (ODI) using PROMIS-29 in a national sample of
lumbar spine surgery patients. Qual Life Res. 2019;28(10):2839–50.

39. Nicholas MK. The pain self-efficacy questionnaire: Taking pain into account.
Eur J Pain (London, England). 2007;11(2):153–63.

40. Miles CL, Pincus T, Carnes D, Taylor SJ, Underwood M. Measuring pain self-
efficacy. Clin J Pain. 2011;27(5):461–70.

41. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16(9):606–13.

42. Kroenke K, Spitzer RL, Williams JB, Löwe B. The patient health questionnaire
somatic, anxiety, and depressive symptom scales: a systematic review. Gen
Hosp Psychiatry. 2010;32(4):345–59.

43. Jenkins NW, Parrish JM, Brundage TS, Hrynewycz NM, Yoo JS, Singh K.
Validity of Patient Health Questionnaire-9 in Minimally Invasive Lumbar
Interbody Fusion. Spine. 2020;45(11):E663–9.

44. Roelofs J, Goubert L, Peters ML, Vlaeyen JW, Crombez G. The Tampa Scale
for Kinesiophobia: further examination of psychometric properties in
patients with chronic low back pain and fibromyalgia. Eur J Pain (London,
England). 2004;8(5):495–502.

45. Neblett R, Hartzell M, Mayer T, Bradford E, Gatchel RJ. Establishing clinically
meaningful severity levels for the Tampa Scale for Kinesiophobia (TSK-13).
Eur J Pain. 2016;20(5):701–10.

46. Archer KR, Phelps KD, Seebach CL, Song Y, Riley LH 3rd, Wegener ST.
Comparative study of short forms of the Tampa Scale for Kinesiophobia:
fear of movement in a surgical spine population. Arch Phys Med Rehabil.
2012;93(8):1460–2.

47. Cook AJ, Brawer PA, Vowles KE. The fear-avoidance model of chronic pain:
validation and age analysis using structural equation modeling. Pain. 2006;
121(3):195–206.

48. Farrell AD. Structural equation modeling with longitudinal data: strategies
for examining group differences and reciprocal relationships. J Consult Clin
Psychol. 1994;62(3):477–87.

49. Slover J, Abdu WA, Hanscom B, Weinstein JN. The impact of comorbidities
on the change in short-form 36 and oswestry scores following lumbar spine
surgery. Spine (Phila Pa 1976). 2006;31(17):1974–80.

50. Takenaka H, Sugiura H, Kamiya M, Nishihama K, Ito A, Suzuki J, et al.
Predictors of walking ability after surgery for lumbar spinal canal stenosis: a
prospective study. Spine J. 2019;19(11):1824–31.

51. Celestin J, Edwards RR, Jamison RN. Pretreatment psychosocial variables as
predictors of outcomes following lumbar surgery and spinal cord
stimulation: a systematic review and literature synthesis. Pain Med. 2009;
10(4):639–53.

52. Browne MW, Cudeck R. Alternative ways of assessing model fit. Testing
Struct Equation Models. 1993;154:136.

53. Bentler PM. Comparative fit indexes in structural models. Psychol Bull. 1990;
107(2):238–46.

54. Kline RB. Principles and practice of structural equation modeling: Guilford
publications; 2015.

55. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Struct Equ Model
Multidiscip J. 1999;6(1):1–55.

56. Acock AC. Discovering structural equation modeling using Stata: Stata Press
books; 2013.

57. Morris TP, White IR, Royston P. Tuning multiple imputation by predictive mean
matching and local residual draws. BMC Med Res Methodol. 2014;14(1):75.

58. Barnard J, Rubin DB. Small-sample degrees of freedom with multiple
imputation. Biometrika. 1999;86(4):948–55.

59. StataCorp. Stata Statistical Software: Release 12. College Station, TX:
StataCorp LP; 2011.

60. MacKinnon DP, Dwyer JH. Estimating mediated effects in prevention
studies. Eval Rev. 1993;17(2):144–58.

61. VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research:
Introducing the E-Value. Ann Intern Med. 2017;167(4):268–74.

62. Dunlop DD, Song J, Lee J, Gilbert AL, Semanik PA, Ehrlich-Jones L, et al.
Physical Activity Minimum Threshold Predicting Improved Function in Adults
With Lower-Extremity Symptoms. Arthritis Care Res. 2017;69(4):475–83.

63. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al.
The physical activity guidelines for Americans. JAMA. 2018;320(19):2020–8.

64. Foong YC, Chherawala N, Aitken D, Scott D, Winzenberg T, Jones G.
Accelerometer-determined physical activity, muscle mass, and leg strength

Master et al. BMC Musculoskeletal Disorders          (2021) 22:883 Page 10 of 11



in community-dwelling older adults. J Cachexia Sarcopenia Muscle. 2016;
7(3):275–83.

65. Fisher SR, Kuo Y-F, Sharma G, Raji MA, Kumar A, Goodwin JS, et al. Mobility
after hospital discharge as a marker for 30-day readmission. J Gerontol A
Biol Sci Med Sci. 2013;68(7):805–10.

66. Guerra ML, Singh PJ, Taylor NF. Early mobilization of patients who have had
a hip or knee joint replacement reduces length of stay in hospital: a
systematic review. Clin Rehabil. 2015;29(9):844–54.

67. Lee I-M, Shiroma EJ, Kamada M, Bassett DR, Matthews CE, Buring JE.
Association of Step Volume and Intensity With All-Cause Mortality in Older
Women. JAMA Intern Med. 2019;179(8):1105–12.

68. Christiansen MB, Thoma LM, Master H, Voinier D, Schmitt LA, Ziegler ML,
et al. The feasibility and preliminaryoutcomes of a physical therapist-
administered physical activity intervention after total knee replacement.
Arthritis Care Res (Hoboken). 2020;72(5):661–8.

69. Paxton RJ, Forster JE, Miller MJ, Gerron KL, Stevens-Lapsley JE, Christiansen
CL. A Feasibility Study for Improved Physical Activity After Total Knee
Arthroplasty. J Aging Phys Act. 2018;26(1):7–13.

70. Van der Walt N, Salmon LJ, Gooden B, Lyons MC, O'Sullivan M, Martina K,
et al. Feedback From Activity Trackers Improves Daily Step Count After Knee
and Hip Arthroplasty: A Randomized Controlled Trial. J Arthroplast. 2018;
33(11):3422–8.

71. Strawbridge WJ, Deleger S, Roberts RE, Kaplan GA. Physical Activity Reduces
the Risk of Subsequent Depression for Older Adults. Am J Epidemiol. 2002;
156(4):328–34.

72. McAuley E, Konopack JF, Motl RW, Morris KS, Doerksen SE, Rosengren KR.
Physical activity and quality of life in older adults: Influence of health status
and self-efficacy. Ann Behav Med. 2006;31(1):99.

73. Leeuw M, Goossens MEJB, Linton SJ, Crombez G, Boersma K, Vlaeyen JWS.
The Fear-Avoidance Model of Musculoskeletal Pain: Current State of
Scientific Evidence. J Behav Med. 2007;30(1):77–94.

74. Lethem J, Slade PD, Troup JD, Bentley G. Outline of a Fear-Avoidance Model
of exaggerated pain perception--I. Behav Res Ther. 1983;21(4):401–8.

75. 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.

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

77. Kim HJ, Cho CH, Kang KT, Chang BS, Lee CK, Yeom JS. The significance of
pain catastrophizing in clinical manifestations of patients with lumbar spinal
stenosis: mediation analysis with bootstrapping. Spine J. 2015;15(2):238–46.

78. Papaioannou M, Skapinakis P, Damigos D, Mavreas V, Broumas G, Palgimesi
A. The role of catastrophizing in the prediction of postoperative pain. Pain
Med. 2009;10(8):1452–9.

79. Wideman TH, Asmundson GGJ, Smeets R, Zautra AJ, Simmonds MJ, Sullivan
MJL, et al. Rethinking the fear avoidance model: toward a multidimensional
framework of pain-related disability. Pain. 2013;154(11):2262–5.

80. Crombez G, Eccleston C, Van Damme S, Vlaeyen JW, Karoly P. Fear-
avoidance model of chronic pain: the next generation. Clin J Pain. 2012;
28(6):475–83.

81. 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.

82. Coronado RA, Patel AM, McKernan LC, Wegener ST, Archer KR. Preoperative
and postoperative psychologically informed physical therapy: A systematic
review of randomized trials among patients with degenerative spine, hip,
and knee conditions. J Appl Behav Res. 2019;24(1):e12159.

83. Engels JM, Diehr P. Imputation of missing longitudinal data: a comparison
of methods. J Clin Epidemiol. 2003;56(10):968–76.

84. Dong Y, Peng CY. Principled missing data methods for researchers.
Springerplus. 2013;2(1):222.

85. Madley-Dowd P, Hughes R, Tilling K, Heron J. The proportion of missing
data should not be used to guide decisions on multiple imputation. J Clin
Epidemiol. 2019;110:63–73.

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

Master et al. BMC Musculoskeletal Disorders          (2021) 22:883 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study participants
	Design and procedures
	Outcome measures
	Psychosocial variables
	Statistical analysis

	Results
	Participant characteristics
	Relation between physical activity and physical function
	Psychosocial factors as mediators

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

