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Abstract: Background and Objectives: Chronic low back pain (CLBP) is the most common occupational
disorder due to its associated disability and high risk of recurrence and chronicity. However,
the mechanisms underlying physical and psychological variables in patients with CLBP remain unclear.
The main objective of this study was to assess whether there were differences between physically
active patients with nonspecific CLBP compared with asymptomatic individuals in sensorimotor and
psychological variables. Materials and Methods: This was an observational cross-sectional design with a
nonprobabilistic sample. The sample was divided into two groups: individuals with nonspecific CLBP
(n = 30) and asymptomatic individuals as a control (n = 30). The psychological variables assessed
were low back disability, fear of movement, pain catastrophizing, and self-efficacy. The sensorimotor
variables assessed were two-point discrimination, pressure pain threshold, lumbopelvic stability,
lumbar flexion active range of motion, and isometric leg and back strength. Results: Statistically
significant differences between the groups in terms of catastrophizing levels (p = 0.026) and fear of
movement (p = 0.001) were found, but no statistically significant differences between groups were
found in self-efficacy (p > 0.05). No statistically significant differences between the groups in any
of the sensorimotor variables were found (p > 0.05). Conclusion: No sensorimotor differences were
found between patients with asymptomatic and chronic low back pain, but differences were found in
the psychological variables of catastrophizing and fear of movement.
Keywords: chronic low back pain; psychological variables; sensorimotor variables; pain catastrophizing;
fear of movement

1. Introduction
Low back pain (LBP) is the most prevalent musculoskeletal problem and one of the most common
reasons for medical consultations [1,2]. Research studies have determined that LBP is the most common
occupational disorder due to its associated disability and multifactorial character as well as its high risk
of recurrence and chronicity. Chronic LBP (CLBP) not determined by any previous pathology is called
nonspecific CLBP and is defined as “ . . . tension, soreness and/or stiffness in the lower back region for
which it is not possible to identify a specific cause of the pain. Several structures in the back, including
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the joints, discs and connective tissues, may contribute to symptoms” [3]. In addition, according to the
World Health Organization (WHO), CLBP comprises approximately 85–90% of LBP cases [3].
Previous studies have determined that the chronicity of the symptoms could involve, at the
neurophysiological level, a processing alteration at the central level. This alteration contributes to the
generation of neuroplastic maladaptive changes at the medullary and the supramedullar levels in
which psychological, somatosensory, and motor factors can be affected. [4,5]. It has been observed that
patients with nonspecific CLBP present somatosensory alterations, such as a decrease in sensitivity or a
lower pain pressure threshold [6]. The presence of tissue hyperalgesia is also common in these patients,
suggesting that central sensitization mechanisms are involved [7]. It has been suggested that ongoing
nociception is associated with cortical and subcortical reorganization and might play an important
role in the process of LBP chronification [8]. Previous studies have suggested that such alterations
could be determined by neurochemical changes produced during central sensitization processes in
addition to a potential body schema distortion at the cortical level that might lead to alterations in
tactile sensitivity [9,10]. These neurophysiological changes at the central level could be related to motor
disorders present in patients with CLBP and poorer treatment responses [11].
In addition, central sensitization mechanisms could be associated with psychosocial factors,
which play a significant role in patients with CLBP. Regarding the influence of psychosocial factors in
individuals with nonspecific CLBP, there is an important body of evidence demonstrating that negative
psychosocial attributes are strongly associated with a greater perception of pain and disability [12].
Thus, individuals with low levels of self-efficacy have greater fear of movement, which, at the same
time, might lead to a greater perception of pain and disability [13,14]. Similarly, it has been observed
that negative cognitive factors such as rumination correlate with a lower level of self-efficacy and,
together with fear of movement and catastrophism, predict symptom recurrence [12,14,15]. In addition,
it has been previously reported that motor and functional factors could be affected, such as extensor
muscle strength, which influences motor control, dynamic stability, and range of motion [16]. Along
these lines, it has been shown that patients who tend towards fear avoidance behaviors perceive
greater disability levels and have less range of motion in lumbar flexion [17]. Similarly, higher levels
of pain intensity, anxiety, depression, and fear avoidance result in negative outcomes in physical
functioning [18]. Current research findings suggest neurophysiological mechanisms to explain why
fear of pain is such a strong predictor of disability [19].
In recent years, new lines of research have emerged to identify the mechanisms underlying the
associations between physical and psychological variables in patients with nonspecific CLBP [20].
Traditionally, physical inactivity has been associated with the appearance and the onset of CLBP.
Previously, it has been shown that physical inactivity is associated with high-intensity low back
pain and disability in a dose-dependent manner [21]. Therefore, one of the most commonly used
therapeutic approaches in patients with CLBP today is therapeutic exercise and increased levels of
physical activity [22]. However, it has been suggested that patients with CLBP are no less active
than asymptomatic individuals, and that levels of physical activity are not associated with pain
intensity or disability in a direct manner [23,24]. Thus, it remains uncertain which factors beyond
activity levels participate in CLBP. Our hypothesis is that physically active patients with CLBP have
differences in both psychological and sensorimotor variables related to the onset of CLBP compared
with asymptomatic individuals.
Therefore, the main objective of this study was to assess differences between physically active
patients with nonspecific CLBP compared with asymptomatic individuals in terms of sensorimotor and
psychological variables, with both groups composed of physically active people currently participating
in a general exercise program. The secondary objective was to analyze the association between
sensorimotor variables and psychological variables in both groups.
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2. Materials and Methods
2.1. Design
An observational cross-sectional study with a nonprobabilistic sample was designed. Participants
were allocated into two groups, with the first group composed of patients with nonspecific CLBP,
and asymptomatic individuals comprising the control group (CG). The procedures were planned
following the ethical considerations of the Helsinki Declaration. The study was approved by the Local
Ethics Committee of the La Salle University Centre for Advanced Studies, Madrid, Spain (Project
identification code: CSEUL-PI-126/2016; Date: January 2016). This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology statement guidelines [25]. All participants
completed the informed consent document prior to the study.
2.2. Setting and Participants
A consecutive, nonprobabilistic convenience sample of 30 patients with nonspecific CLBP and
30 asymptomatic individuals for the CG were recruited between April 2017 and July 2017. The sample
was recruited from clients of a physical fitness center and patients of a physical therapy clinic,
both located in Pozuelo de Alarcón, Spain.
The inclusion criteria for the CLBP group were (a) low back pain in at least the prior 6 months;
(b) low back pain of a nonspecific nature; (c) men and women older than 18 years; and (d) participating
in at least 1 moderate exercise session per week. The exclusion criteria were as follows: (a) neurological
signs; (b) specific spinal pathology (e.g., inflammatory joint or bone diseases); (c) having had back
surgery; and (d) signs of acute inflammation.
The CG was recruited from among the clients of the previously mentioned fitness center using
posters, email newsletters, and social media. Asymptomatic individuals were examined and included
in the study if they met the following criteria: (a) individuals who had not had low back pain in the
last 6 months; (b) men and women older than 18 years; (c) participating in at least 1 moderate exercise
session per week.
There were common exclusion criteria for both groups: (a) cognitive deficiencies that impede
correct execution of the tests; (b) illiteracy; (c) understanding or communication difficulties or no
comprehension of the Spanish language.
2.3. Outcomes
2.3.1. Psychological Variables
Low Back Disability
The Spanish version of the Roland Morris Disability Questionnaire (RMDQ) has demonstrated
acceptable psychometric properties in measuring the perceived limitation of daily activities as a result
of low back pain, and it has a Cronbach’s alpha ranging between 0.84 and 0.93 [26,27]. The RMDQ
is a 24-item self-administered questionnaire. Its total score ranges from 0 to 24, where higher scores
indicate greater disability [28].
Fear of Movement
Fear of movement was assessed using the Spanish version of the Tampa Scale for Kinesiophobia
(TSK-11), whose reliability and validity have been demonstrated (internal consistency, Cronbach’s
alpha = 0.78) [29]. The TSK-11 is a reduced version (11-item) of the TSK-11 questionnaire that eliminates
psychometrically poor items from the original version of the TSK-11 and offers the advantage of
brevity [30]. Higher scores indicate greater fear of pain and reinjury due to movement.
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Pain Catastrophizing
Pain catastrophizing was assessed using the Spanish version of the Pain Catastrophizing Scale
(PCS). The PCS has demonstrated good psychometric properties [31]. This scale is composed of
13 items divided into 3 domains: rumination, magnification, and helplessness. Higher scores indicate
greater catastrophizing [32].
Self-Efficacy
The Spanish version of the Chronic Pain Self-Efficacy Scale (CPSS) has acceptable psychometric
properties [33] in assessing perceived self-efficacy (SE) and an ability to cope with the consequences
of chronic pain. The CPSS consists of 19 items and 3 domains that assess SE for pain management
(PSE), physical function (FSE), and coping with symptoms (SSE). Higher scores indicate greater SE
for managing pain [34]. The CPSS presented a reliability of 0.88, 0.87, and 0.90 for PSE, FSE, and SSE,
respectively [34].
2.3.2. Sensorimotor Variables
Two-Point Discrimination
Research has shown that individual clinicians can reliably assess the 2-point discrimination (TPD)
threshold at the neck, the back, the hand, and the foot using mechanical callipers [35]. Participants
were positioned in prone decubitus, and the evaluator marked 1 cm lateral of the spinous apophysis of
L3 towards the dominant side [36]. The test commenced with callipers set at 70 mm, and the evaluator
decreased the distance by 10 mm until the participant was able to perceive only 1 point instead of 2 [35].
This test presented an intraclass correlation coefficient (ICC) of 0.81 (95% confidence interval) [36].
Pressure Pain Threshold
Algometers are devices that can be used to identify the pressure and/or the force eliciting a
pressure pain threshold (PPT). Participants were positioned in prone decubitus, and the evaluator
marked at 2 different points: the tibia and the erector spinae muscle. The evaluator then pressed against
the tissue vertically, increasing the force at a constant rate of 1 kg/cm2 . The researcher instructed the
individuals to express pain by saying “yes”. This procedure has shown excellent reliability for the low
back (ICC 0.86 to 0.99) and moderate to excellent reliability for the tibia (ICC 0.53–0.90). The evaluator
took 3 measurements, and the mean was employed in the data analysis [37,38].
Lumbopelvic Stability
To assess the ability of the participants to voluntarily control the motion of the lower back,
we selected the Hip Flexion Test measured with a “Pressure Biofeedback Unit” (PBU). A validation
study concluded that trained examiners can reliably perform PBU measurements for patients with
chronic LBP [39].
For this test, the participant lay supine with the hips and knees extended, and the PBU was
positioned under the lumbar spine so that the inferior border of the device was aligned with the
posterior superior iliac spine marks. After the participant was positioned, the PBU was inflated to
40 mm Hg pressure. The participant was then asked to flex their dominant hip, moving the knee
towards the chest without touching the table with the foot. Once the maximum hip flexion was
achieved, the pressure registered in the PBU was recorded by the assessor. The mean of 3 measurements
was used in the analysis.
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Lumbar Flexion Active Range of Motion
To collect this measurement, a mobile device goniometer called “Goniometer Records” was used.
It has shown high intrarater reliability with an ICC greater than 0.80 (95% confidence interval) [40].
It can be used to assess the range of motion of spinal flexion, representing uniplanar movement [41].
The clinician held the mobile device over the participant’s sacrum and maintained a slight pressure
while the participant performed a “waiter’s bow” movement. The mean of 3 measurements was
employed in the data analysis.
Isometric Leg and Back Strength
To measure the isometric strength (IS) of the leg and the back extensor muscles, a portable
dynamometer was used. The reliability of this device has been validated and can be used for
determining leg and back strength in maintained positions, provided that the measurement protocol is
standardized [42]. It is a valid and reliable test to measure muscular strength.
For the measurement, the participants let their arms hang straight down to hold the bar with both
hands with the palms facing towards the body. The chain was then adjusted so that the knees were
bent at approximately 110 degrees. Then, without bending the back, the participant pulled against
the weight steadily as much as possible, trying to straighten their legs and keeping the arms straight.
The evaluator took 3 measurements, and the mean was employed in the data analysis.
2.3.3. Physical Activity Level
The participants’ levels of physical activity were measured by using the International Physical
Activity Questionnaire (IPAQ), which divided the participants into 3 groups according to their level of
activity: high, moderate, and low or inactive [43]. This questionnaire has shown acceptable validity
and psychometric properties to measure total physical activity.
2.4. Procedure
For this study, both patients with nonspecific CLBP and the CG performed the same procedure
following the same instructions. The assessor delivering the physical tests ignored whether the
participant performing the test was from the CG or the CLBP group.
Once the participants signed the informed consent document, they received a sociodemographic
questionnaire, which collected sex, date of birth, education level, and work situation. In addition,
physical activity levels were assessed using the Spanish version of the IPAQ [44]. Once the
sociodemographic and the IPAQ questionnaires were completed, the participants completed all
4 psychological questionnaires (RMDQ, PCS, TSK-11, and CPSS) in the same order for all the participants.
Following the completion of the self-reported measures, the participants were instructed to
perform the sensorimotor tests in the same order (TPD, PPT, lumbopelvic stability (LS), lumbar flexion
active range of motion (LF-AROM) and IS).
2.5. Data Analysis
The sociodemographic and the clinical variables of the participants were analyzed. The data were
summarized using frequency counts, descriptive statistics, summary tables, and figures.
The data analysis was performed using the Statistics Package for Social Sciences (SPSS 20.00,
IBM Inc., Armonk, NY, USA). The categorical variables are shown as frequencies and percentages.
The quantitative results are represented by descriptive statistics (confidence interval, mean, and standard
deviation). For all variables, the z-score was assumed to follow a normal distribution based on the
central limit theorem because all the groups had more than 30 participants [45,46]. Student’s t-test was
used for the group comparisons. Cohen’s d effect sizes were calculated for multiple comparisons of the
outcome variables. According to Cohen’s method, the magnitude of the effect was classified as small
(0.20–0.49), medium (0.50–0.79), or large (0.80).
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The relationships between psychological measures as well as between physical measurements
were examined using Pearson’s correlation coefficients. A Pearson’s correlation coefficient greater than
0.60 indicated a strong correlation, a coefficient between 0.30 and 0.60 indicated a moderate correlation,
and a coefficient below 0.30 indicated a low or very low correlation [47].
3. Results
Table 1 shows the baseline characteristics of the sociodemographic and the activity level variables.
The total sample was 60 participants (27 women and 33 men). No statistically significant differences
between groups in relation to sociodemographic or activity variables were found (p > 0.05) except for
weight (p = 0.016). There were no statistically significant differences in age, sex, height, education,
or physical activity levels (p > 0.05).
Table 1. Descriptive demographic data and control variables.

a

Age (years)
Sex b
Female (%)
Male (%)
Height (cm) a
Weight (kg) a
Educational level b
No studies (%)
Primary education (%)
Secondary education (%)
College education (%)
IPAQ b
Low level (%)
Moderate level (%)
High level (%)

CLBP (n = 30)

CG (n = 30)

p-Value

49.3 ± 11.36

48 ± 10.74

0.65
0.438

14 (46.7)
16 (53.3)
172.03 ± 7.55
73 ± 12.88

13 (43.3)
17 (56.7)
169.57 ± 6.83
65.07 ± 11.80

0 (0)
0 (0)
3 (10)
27 (90)

0 (0)
0 (0)
2 (6,7)
28 (93.3)

6 (20)
13 (43.3)
11 (36.7)

2 (6.7)
18 (60)
10 (33.3)

0.19
0.016
0.64

0.24

Values are presented as mean ± standard deviation or number (%). CLBP: chronic low back pain; CG: control group;
IPAQ: International Physical Activity Questionnaire. a Independent Student’s t-test. b Chi-squared test.

3.1. Psychological Variables
Table 2 shows statistically significant differences between groups in catastrophizing levels
(p = 0.026), including helplessness (p = 0.036) and magnification (p = 0.01) subscales of the PCS
questionnaire and fear of movement (p = 0.001) in both subscales of the TSK-11 (activity avoidance
and harm) (p < 0.01). No statistically significant differences between groups were found in any of the
subscales of the CPSS, showing high levels of self-efficacy in both groups (p > 0.05).
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Table 2. Comparative data for the psychological variables (Student’s t-test and Cohen’s d).

RMDQ
PCS
PCS-H
PCS-M
PCS-R
TSK-11
TSK-AA
TSK-H
CPSS
PSE
SSE
FSE

CLBP (n = 30)

CG (n = 30)

Mean Difference (95% CI); Effect Size (d)

4.467 ± 2.97
12.13 ± 8.5
4.5 ± 2.85
3.57 ± 2.46
4.07 ± 4.05
25.57 ± 5.65
15.67 ± 3.74
9.9 ± 2.82
149.17 ± 21.40
33.97 ± 10.70
59.77 ± 12.44
55.43 ± 5.09

7.67 ± 6.48
3 ± 2.56
2.07 ± 1.84
2.6 ± 2.7
20.30 ± 5.40
12.37 ± 3.42
7.93 ± 2.86
153.4 ± 22.45
35.83 ± 13.77
61.10 ± 10.85
56.47 ± 3.71

4.47 (0.55 to 8.38) * d = 0.59
1.5 (0.1 to 2.9) * d = 0.55
1.5 (0.38 to 2.62) * d = 0.69
1.47 (−0.32 to 3.25) d = 0.43
5.27 (2.4 to 8.12) ** d = 0.95
3.3 (1.45 to 5.15) ** d = 0.92
1.97 (0.49 to 3.44) * d = 0.69
−4.23 (−15.57 to 7.10) d = −0.19
−1.87 (−8.25 to 4.52) d = −0.15
−1.33 (−7.37 to 4.70) d = −0.11
−1.03 (−3.34 to 1.27) d = −0.23

CLBP: chronic low back pain; CG: control group. RMDQ: Roland-Morris Disability Questionnaire; PCS: Pain
Catastrophizing Scale; PCS-H: helplessness subscale of the PCS; PCS-M: magnification subscale of the PCS; PCS-R:
rumination subscale of the PCS; TSK-11: Tampa Scale of Kinesiophobia; TSK-AA: activity avoidance subscale
of the TSK-11; TSK-H: harm subscale of the TSK-11; CPSS: Chronic Pain Self-Efficacy Scale; PSE: self-efficacy in
pain management; SSE: self-efficacy in coping with symptoms; FSE: self-efficacy in function. * p-value < 0.05;
** p-value < 0.01.

3.2. Sensorimotor Variables
Table 3 shows no statistically significant differences between groups in any of the sensorimotor
variables (p > 0.05).
Table 3. Comparative data for the sample of sensorimotor variables (Student’s t-test and Cohen’s d).

PPT-T
PPT-LB
TPD
IS
LF-AROM
LS

CLBP (n = 30)

CG (n = 30)

Mean Difference (95% CI); Effect Size (d)

4.95 ± 2.43
4.62 ± 2.23
40.6 ± 14.89
82.17 ± 35
58.34 ± 14.92
8.76 ± 6.33

5.84 ± 1.9
5.1 ± 1.94
38.17 ± 12.24
77.31 ± 28.05
63.94 ± 16.44
6.36 ± 3.15

−0.89 (−2.02 to 0.24) d = −0.41
−0.47 (−1.55 to 0.60) d = −0.23
2.43 (−4.61 to 9.48) d = 0.18
4.86 (−11.55 to 21.27) d = 0.15
−5.60 (−13.71 to 2.51) d = −0.36
2.4 (−0.20 to 5) d = 0.48

CLBP: chronic low back pain; CG: control group. PPT-T: pressure-pain threshold in tibia; PPT-T: pressure-pain
threshold in low back; TDP: 2-point discrimination; IS: isometric strength; LF-AROM: lumbar flexion active range of
motion; LS: lumbopelvic stability.

3.3. Correlation Analysis
Table 4 shows the results of the correlation analysis examining the bivariate relationships among
sensorimotor and psychological measures. The strongest correlations found in the analysis were for
the CG between fear of movement and LS. Less ability to control lumbopelvic motion was strongly
correlated with higher scores on the TSK-11 (r = 0.524; p < 0.01). In the CG, a positive correlation was
also found between higher FSE and higher LF-AROM (r = 0.406; p < 0.05) and low back pressure pain
threshold (PPT-LB) (r = 0.412; p < 0.05). In the nonspecific CLBP group, a higher SSE was positively
correlated with higher PPT both in the tibia (r = 0.382; p < 0.05) and the low back (r = 0.415; p < 0.05).
Finally, a positive correlation between higher scores in the PPT-LB and the RMDQ was found (r = 0.368;
p < 0.05).
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Table 4. Pearson correlation analysis.

RMDQ
CLBP
CG
PCS
CLBP
CG
PCS-H
CLBP
CG
PCS-M
CLBP
CG
PCS-R
CLBP
CG
TSK-11
CLBP
CG
TSK-AA
CLBP
CG
TSK-H
CLBP
CG
CPSS
CLBP
CG
PSE
CLBP
CG
SSE
CLBP
CG
FSE
CLBP
CG

PPT-T

PPT-LB

TPD

IS

LF-AROM

LS

0.329
−0.312

0.368 *
−0.090

0.078
−0.016

−0.228
−0.260

0.123
0.191

0.010
0.052

0.035
−0.232

−0.161
−0.307

0.267
0.116

0.019
−0.120

−0.130
−0.268

−0.120
−0.002

0.072
−0.159

−0.133
−0.223

0.209
0.230

0.038
−0.036

−0.062
−0.222

−0.181
−0.014

0.004
−0.172

−0.140
−0.272

0.245
0.001

0.026
−0.224

−0.257
−0.309

0.045
−0.002

0.019
−0.289

−0.159
−0.340

0.265
0.059

−0.002
−0.100

−0.074
−0.223

−0.152
0.009

0.037
−0.128

−0.058
−0.165

0.335
0.199

0.030
0.204

−0.194
−0.207

−0.014
0.524 **

0.015
−0.107

−0.047
−0.102

0.301
0.204

−0.007
0.190

−0.230
−0.187

0.005
0.406 *

0.054
−0.114

−0.053
−0.189

0.273
0.130

0.069
0.157

−0.085
−0.166

−0.035
0.502 **

0.221
0.044

0.149
−0.091

−0.061
0.135

−0.001
0.038

−0.014
0.276

−0.076
0.030

−0.045
−0.077

−0.175
−0.165

−0.136
0.199

−0.028
−0.106

−0.175
0.104

0.114
0.040

0.382 *
0.077

0.415 *
−0.120

−0.060
0.072

−0.044
0.098

0.114
0.300

−0.224
0.059

0.091
0.328

−0.020
0.412 *

0.178
−0.132

0.163
0.337

0.032
0.406 *

−0.010
−0.138

CLBP: chronic low back pain; CG: control group. RMDQ: Roland-Morris Disability Questionnaire; PCS: Pain
Catastrophizing Scale; PCS-H: helplessness subscale of the PCS; PCS-M: magnification subscale of the PCS; PCS-R:
rumination subscale of the PCS; TSK-11: Tampa Scale of Kinesiophobia; TSK-AA: activity avoidance subscale of the
TSK-11; TSK-H: harm subscale of the TSK-11; CPSS: Chronic Pain Self-Efficacy Scale; PSE: self-efficacy for pain
management; SSE: self-efficacy for coping with symptoms; FSE: self-efficacy for function. PPT-T: pressure-pain
threshold in tibia; PPT-T: pressure-pain threshold in low back; TDP: 2-point discrimination; IS: isometric strength;
LF-AROM: lumbar flexion active range of motion; LS: lumbopelvic stability. * p < 0.05. ** p < 0.01.

4. Discussion
The primary objective of this study was to determine the differences between psychological
and sensorimotor measures between two physically active populations, one group with nonspecific
CLBP and another group that was asymptomatic. Our results suggest no significant differences in
somatosensory and functional variables. There were statistically significant differences in catastrophism
and kinesiophobia but not in self-efficacy.
Numerous studies support the influence of various psychological factors in patients with chronic
pain conditions. Among the most influential is the fear of movement, which, according to the fear
avoidance model, is associated with catastrophic conditions and disability. Thus far, it has been
determined that physical activity can act as a mediator, reducing disability and pain and therefore
the fear of movement. Previous studies have shown that interventions based on physical activity can
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lead to changes in the fear of movement variable, despite the fact that the size of the effect has been
small to medium. [48,49] On the other hand, other authors show that there are no significant changes
in fear avoidance after an active intervention model, but instead in pain and disability. [50,51]. These
results might suggest why the active population with nonspecific CLBP presents significant differences
in psychological variables compared with asymptomatic individuals. In fact, Marshall et al. (2017)
indicated that the best option for an intervention in the psychological factors that are not modified by
regular physical activity is probably therapeutic education. [52].
Our results showed no significant differences between groups for the psychological variable
of self-efficacy or for somatosensory and functional variables. This unusual characteristic of the
nonspecific CLBP group can be explained by the socioeconomic context of the participants. Our sample
reflects an active population with higher sociocultural and economic levels and patients who did not
seek help for their condition. A higher socioeconomic status has been associated with lower disability
in patients with CLBP [53]. The sample was recruited from among the clients of a physical activity
facility where the individuals participate in two to four supervised exercise classes every week. There
has been a considerable increase in the body of evidence showing the beneficial effects of physical
activity and exercise in the management of CLBP in terms of certain psychological variables and, above
all, on sensorimotor variables, which could justify our results, given both groups performed regular
therapeutic exercise every week. [54,55].
According to our findings, patients with various conditions of chronic musculoskeletal pain who
seek help present an external locus of control, which could be correlated with a lack of self-efficacy [56].
In addition, it has been shown that lack of self-efficacy correlates with greater pain intensity and greater
disability, which is a predictive variable of chronic pain recovery [57–59]. This might be one of the
reasons why our results did not provide significant differences between groups for the variable of
self-efficacy and sensorimotor character, given we had patients with nonspecific CLBP who were not
in active search of health care.
As for the results of the correlation analysis, only one large-magnitude association was found in
our analysis. In healthy individuals, the greater the precision in controlling the lumbopelvic movement
was, the less fear of movement existed. Physical activity, including motor control exercises, produces
hypoalgesic effects [60]. The positive association between movement and psychological wellbeing in
patients is key to reducing movement-related fear in patients with chronic pain. It is likely that the
sense of stability and control in the lumbopelvic area in those patients facilitates positive behaviors
that increase their confidence and reduce their fear of movement.
With respect to the nonspecific CLBP group, the strongest positive correlations were found between
PPTs and lumbar disability and between PPTs and coping with symptoms subscales. Along these lines,
Immura et al. found a correlation between PPTs in the lumbar region and the level of disability in
patients with nonspecific CLBP [61]. In addition, a study performed by Falla et al. determined that the
reduction in pain thresholds in patients with LBP was associated with different functional alterations,
which suggests it could indirectly have an impact on perceived disability and level of self-efficacy [62].
Limitations
The most important limitation of this study is its cross-sectional design. Our findings are valid for
suggesting new hypotheses but not for establishing causal relationships. In addition, no corrections
have been made for multiple comparisons, which should be considered in the interpretation of the
results. Future longitudinal research is recommended to confirm the hypothesis of this study. Therefore,
other sensorimotor measures such as dynamic trunk movement, acceleration, or resistance would
be necessary to obtain more consistent conclusions and to confirm these results. It would also be
interesting to increase the sample size to confirm whether the obtained results could be extrapolated to
larger populations.
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5. Conclusions
The results of the present study suggest no sensorimotor differences between asymptomatic and
physically active patients with CLBP. However, differences were found in the psychological variables
of catastrophizing and fear of movement. No significant correlation was found between sensorimotor
and psychological variables except for lumbopelvic stability and less fear of movement in healthy
individuals. These results highlight the relevance of psychological variables in patients with CLBP and
suggest that these variables should be considered clinically for the management of these patients.
Author Contributions: Conceptualization, J.N.-G., L.S.-M., R.L.T. and M.G.-A.; Data curation, J.N.-G., L.S.-M.
and R.L.T.; Formal analysis, R.L.T. and M.G.-A.; Investigation, J.N.-G., L.S.-M., R.L.T. and M.G.-A.; Methodology,
J.N.-G., R.L.T. and M.G.-A.; Resources, J.N.-G.; Supervision, R.L.T.; Validation, M.G.-A.; Writing—original draft,
J.N.-G., L.S.-M., R.L.T. and M.G.-A.; Writing—review & editing, J.N.-G., L.S.-M., R.L.T. and M.G.-A.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflicts of interest.

References
1.
2.
3.
4.

5.
6.

7.
8.
9.
10.

11.

12.
13.
14.

15.

Hoy, D.; Bain, C.; Williams, G.; March, L.; Brooks, P.; Blyth, F.; Woolf, A.; Vos, T.; Buchbinder, R. A systematic
review of the global prevalence of low back pain. Arthritis Rheum. 2012, 64, 2028–2037. [CrossRef] [PubMed]
Rossignol, M.; Rozenberg, S.; Leclerc, A. Epidemiology of low back pain: What’s new? Joint Bone Spine 2009,
76, 608–613. [CrossRef] [PubMed]
Savigny, P.; Watson, P.; Underwood, M. Guideline Development Group. Early management of persistent
non-specific low back pain: Summary of NICE guidance. BMJ 2009, 338, b1805. [CrossRef] [PubMed]
Hashmi, J.A.; Baliki, M.N.; Huang, L.; Baria, A.T.; Torbey, S.; Hermann, K.M.; Schnitzer, T.J.; Apkarian, A.V.
Shape shifting pain: Chronification of back pain shifts brain representation from nociceptive to emotional
circuits. Brain 2013, 136, 2751–2768. [CrossRef] [PubMed]
Zusman, M. Forebrain-mediated sensitization of central pain pathways: “non-specific” pain and a new
image for MT. Man. Ther. 2002, 7, 80–88. [CrossRef]
Imamura, M.; Chen, J.; Matsubayashi, S.R.; Targino, R.A.; Alfieri, F.M.; Bueno, D.K.; Hsing, W.T. Changes in
Pressure Pain Threshold in Patients With Chronic Nonspecific Low Back Pain. Spine (Phila Pa 1976) 2013, 38,
2098–2107. [CrossRef] [PubMed]
O’Neill, S.; Manniche, C.; Graven-Nielsen, T.; Arendt-Nielsen, L. Generalized deep-tissue hyperalgesia in
patients with chronic low-back pain. Eur. J. Pain 2007, 11, 415–420. [CrossRef]
Roussel, N.A.; Nijs, J.; Meeus, M.; Mylius, V.; Fayt, C.; Oostendorp, R. Central Sensitization and Altered
Central Pain Processing in Chronic Low Back Pain. Clin. J. Pain 2013, 29, 625–638. [CrossRef]
Grachev, I.D.; Fredrickson, B.E.; Apkarian, A.V. Brain chemistry reflects dual states of pain and anxiety in
chronic low back pain. J. Neural Transm. 2002, 109, 1309–1334. [CrossRef]
Lloyd, D.; Findlay, G.; Roberts, N.; Nurmikko, T. Differences in Low Back Pain Behavior Are Reflected in
the Cerebral Response to Tactile Stimulation of the Lower Back. Spine (Phila Pa 1976) 2008, 33, 1372–1377.
[CrossRef]
Sanzarello, I.; Merlini, L.; Rosa, M.A.; Perrone, M.; Frugiuele, J.; Borghi, R.; Faldini, C. Central sensitization
in chronic low back pain: A narrative review. J. Back Musculoskelet Rehabil. 2016, 29, 625–633. [CrossRef]
[PubMed]
Meyer, K.; Tschopp, A.; Sprott, H.; Mannion, A.F. Association between catastrophizing and self-rated pain
and disability in patients with chronic low back pain. J. Rehabil. Med. 2009, 41, 620–625. [CrossRef] [PubMed]
Woby, S.R.; Urmston, M.; Watson, P.J. Self-efficacy mediates the relation between pain-related fear and
outcome in chronic low back pain patients. Eur. J. Pain 2007, 11, 711–718. [CrossRef] [PubMed]
de Moraes Vieira, É.B.; de Góes Salvetti, M.; Damiani, L.P.; de Mattos Pimenta, C.A. Self-Efficacy and Fear
Avoidance Beliefs in Chronic Low Back Pain Patients: Coexistence and Associated Factors. Pain. Manag.
Nurs. 2014, 15, 593–602. [CrossRef] [PubMed]
Sullivan, M.J.; Thorn, B.; Haythornthwaite, J.A.; Keefe, F.; Martin, M.; Bradley, L.A.; Lefebvre, J.C. Theoretical
perspectives on the relation between catastrophizing and pain. Clin. J. Pain 2001, 17, 52–64. [CrossRef]
[PubMed]

Medicina 2019, 55, 524

16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.
27.

28.
29.
30.
31.

32.
33.

34.

35.

11 of 13

Behennah, J.; Conway, R.; Fisher, J.; Osborne, N.; Steele, J. The relationship between balance performance,
lumbar extension strength, trunk extension endurance, and pain in participants with chronic low back pain,
and those without. Clin. Biomech. 2018, 53, 22–30. [CrossRef]
Basler, H.D.; Luckmann, J.; Wolf, U.; Quint, S. Fear-avoidance Beliefs, Physical Activity, and Disability in
Elderly Individuals With Chronic Low Back Pain and Healthy Controls. Clin. J. Pain 2008, 24, 604–610.
[CrossRef]
Guclu, D.G.; Guclu, O.; Ozaner, A.; Senormanci, O.; Konkan, R. The relationship between disability, quality
of life and fear-avoidance beliefs in patients with chronic low back pain. Turk. Neurosurg. 2012, 22, 724–731.
[CrossRef]
Sullivan, M.J.L.; Thibault, P.; Andrikonyte, J.; Butler, H.; Catchlove, R.; Larivière, C. Psychological influences
on repetition-induced summation of activity-related pain in patients with chronic low back pain. Pain 2009,
141, 70–78. [CrossRef]
Karayannis, N.V.; Smeets, R.J.E.M.; van den Hoorn, W.; Hodges, P.W. Fear of Movement Is Related to Trunk
Stiffness in Low Back Pain. PLoS ONE 2013, 8, e67779. [CrossRef]
Teichtahl, A.J.; Urquhart, D.M.; Wang, Y.; Wluka, A.E.; O’Sullivan, R.; Jones, G.; Cicuttini, F.M. Physical
inactivity is associated with narrower lumbar intervertebral discs, high fat content of paraspinal muscles
and low back pain and disability. Arthritis Res. Ther. 2015, 17, 114. [CrossRef] [PubMed]
Gordon, R.; Bloxham, S. A Systematic Review of the Effects of Exercise and Physical Activity on Non-Specific
Chronic Low Back Pain. Healthc (Basel Switz.) 2016, 4, 22. [CrossRef] [PubMed]
Hendrick, P.; Milosavljevic, S.; Hale, L.; Hurley, D.A.; McDonough, S.; Ryan, B.; Baxter, G.D. The relationship
between physical activity and low back pain outcomes: A systematic review of observational studies.
Eur. Spine J. 2011, 20, 464–474. [CrossRef] [PubMed]
Griffin, D.W.; Harmon, D.C.; Kennedy, N.M. Do patients with chronic low back pain have an altered level
and/or pattern of physical activity compared to healthy individuals? A systematic review of the literature.
Physiotherapy 2012, 98, 13–23. [CrossRef] [PubMed]
von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting
observational studies. J. Clin. Epidemiol. 2008, 61, 344–349. [CrossRef] [PubMed]
Roland, M.; Fairbank, J. The Roland-Morris disability questionnaire and the Oswestry disability questionnaire.
Spine (Phila Pa 1976) 2000, 25, 3115–3124. [CrossRef]
Kovacs, F.M.; Llobera, J.; Gil Del Real, M.T.; Abraira, V.; Gestoso, M.; Fernández, C.; Primaria Group, K.A.
Validation of the spanish version of the Roland-Morris questionnaire. Spine (Phila Pa 1976) 2002, 27, 538–542.
[CrossRef]
Roland, M.; Morris, R. A study of the natural history of back pain. Part I: Development of a reliable and
sensitive measure of disability in low-back pain. Spine (Phila Pa 1976) 1983, 8, 141–144. [CrossRef]
Gomez-Perez, L.; Lopez-Martinez, A.E.; Ruiz-Parraga, G.T. Psychometric Properties of the Spanish Version
of the Tampa Scale for Kinesiophobia (TSK). J. Pain 2011, 12, 425–435. [CrossRef]
Woby, S.R.; Roach, N.K.; Urmston, M.; Watson, P.J. Psychometric properties of the TSK-11: A shortened
version of the Tampa Scale for Kinesiophobia. Pain 2005, 117, 137–144. [CrossRef]
García Campayo, J.; Rodero, B.; Alda, M.; Sobradiel, N.; Montero, J.; Moreno, S. Validation of the Spanish
version of the Pain Catastrophizing Scale in fibromyalgia. Med. Clin. (Barc.) 2008, 131, 487–492. [CrossRef]
[PubMed]
Sullivan, M.J.L.; Bishop, S.R.; Pivik, J. The Pain Catastrophizing Scale: Development and validation. Psychol.
Assess. 1995, 7, 524–532. [CrossRef]
Martín-Aragón, M.; Pastor, M.A.; Rodríguez-Marí, N.J.; March, M.J.; Lledó, A.L. pez-RS. Percepción de
autoeficacia en dolor crónico: Adaptación y validación de la Chronic Pain Self-Efficacy Scale. Rev. Psicol. La
Salud 1999, 11, 53–75.
Anderson, K.O.; Dowds, B.N.; Pelletz, R.E.; Edwards, W.T.; Peeters-Asdourian, C. Development and initial
validation of a scale to measure self-efficacy beliefs in patients with chronic pain. Pain 1995, 63, 77–84.
[CrossRef]
Catley, M.J.; Tabor, A.; Wand, B.M.; Moseley, G.L. Assessing tactile acuity in rheumatology and musculoskeletal
medicine—how reliable are two-point discrimination tests at the neck, hand, back and foot? Rheumatology
2013, 52, 1454–1461. [CrossRef] [PubMed]

Medicina 2019, 55, 524

36.
37.

38.

39.

40.

41.

42.
43.

44.

45.
46.
47.
48.

49.

50.
51.

52.

53.
54.
55.

12 of 13

Nolan, M.F. Quantitative measure of cutaneous sensation. Two-point discrimination values for the face and
trunk. Phys. Ther. 1985, 65, 181–185. [CrossRef] [PubMed]
Aweid, O.; Gallie, R.; Morrissey, D.; Crisp, T.; Maffulli, N.; Malliaras, P.; Padhiar, N. Medial tibial pain pressure
threshold algometry in runners. Knee Surg. Sport Traumatol. Arthrosc. 2014, 22, 1549–1555. [CrossRef]
[PubMed]
Balaguier, R.; Madeleine, P.; Vuillerme, N. Is One Trial Sufficient to Obtain Excellent Pressure Pain Threshold
Reliability in the Low Back of Asymptomatic Individuals? A Test-Retest Study. PLoS ONE 2016, 11, e0160866.
[CrossRef]
Azevedo, D.C.; Lauria, A.C.; Pereira, A.R.S.; Andrade, G.T.; Ferreira, M.L.; Ferreira, P.H.; Van Dillen, L.
Intraexaminer and Interexaminer Reliability of Pressure Biofeedback Unit for Assessing Lumbopelvic
Stability During 6 Lower Limb Movement Tests. J. Manip. Physiol. Ther. 2013, 36, 33–43. [CrossRef]
Kolber, M.J.; Mdt, C.; Pizzini, M.; Robinson, A.; Yanez, D.; Hanney, W.J. Original research the reliability and
concurrent validity of measurements used to quantify lumbar spine mobility: An analysis of an iphone
application. Int. J. Sports Phys. Ther. 2013, 8, 129–137.
Bedekar, N.; Suryavanshi, M.; Rairikar, S.; Sancheti, P.; Shyam, A. Inter and intra-rater reliability of mobile
device goniometer in measuring lumbar flexion range of motion. J. Back Musculoskelet. Rehabil. 2014, 27,
161–166. [CrossRef] [PubMed]
Coldwells, A.; Atkinson, G.; Reilly, T. Sources of variation in back and leg dynamometry. Ergonomics 1994,
37, 79–86. [CrossRef] [PubMed]
Roman-Viñas, B.; Serra-Majem, L.; Hagströmer, M.; Ribas-Barba, L.; Sjöström, M.; Segura-Cardona, R.
International Physical Activity Questionnaire: Reliability and validity in a Spanish population. Eur. J. Sport
Sci. 2010, 10, 297–304. [CrossRef]
Rubio Castaneda, F.J.; Tomas Aznar, C.; Muro Baquero, C. Validity, Reliability and Associated Factors of the
International Physical Activity Questionnaire Adapted to Elderly (IPAQ-E). Rev. Esp. Salud Publica 2017, 91,
e201701004. [PubMed]
Mouri, H. Log-normal distribution from a process that is not multiplicative but is additive. Phys. Rev. E 2013.
[CrossRef] [PubMed]
Nixon, R.M.; Wonderling, D.; Grieve, R.D. Non-parametric methods for cost-effectiveness analysis: The central
limit theorem and the bootstrap compared. Health Econ. 2010, 19, 316–333. [CrossRef]
Hinkle, D.E.; Wiersma, W.; Jurs, S.G. Applied Statistics for the Behavioral Sciences. Source J. Educ. Stat. 1990,
15, 84–87.
Henry, S.M.; Van Dillen, L.R.; Ouellette-Morton, R.H.; Hitt, J.R.; Lomond, K.V.; DeSarno, M.J.; Bunn, J.Y.
Outcomes are not different for patient-matched versus nonmatched treatment in subjects with chronic
recurrent low back pain: A randomized clinical trial. Spine J. 2014, 14, 2799–2810. [CrossRef]
da Luz, M.A.; Costa, L.O.P.; Fuhro, F.F.; Manzoni, A.C.T.; Oliveira, N.T.B.; Cabral, C.M.N. Effectiveness
of Mat Pilates or Equipment-Based Pilates Exercises in Patients With Chronic Nonspecific Low Back Pain:
A Randomized Controlled Trial. Phys. Ther. 2014, 94, 623–631. [CrossRef]
Marshall, P.W.M.; Kennedy, S.; Brooks, C.; Lonsdale, C. Pilates Exercise or Stationary Cycling for Chronic
Nonspecific Low Back Pain. Spine (Phila Pa 1976) 2013, 38, E952–E959. [CrossRef]
Balthazard, P.; de Goumoens, P.; Rivier, G.; Demeulenaere, P.; Ballabeni, P.; Dériaz, O. Manual therapy
followed by specific active exercises versus a placebo followed by specific active exercises on the improvement
of functional disability in patients with chronic non specific low back pain: A randomized controlled trial.
BMC Musculoskelet. Disord. 2012, 13, 162. [CrossRef] [PubMed]
Marshall, P.W.M.; Schabrun, S.; Knox, M.F. Physical activity and the mediating effect of fear, depression,
anxiety, and catastrophizing on pain related disability in people with chronic low back pain. PLoS ONE 2017,
12, e0180788. [CrossRef] [PubMed]
Valencia, C.; Robinson, M.E.; George, S.Z. Socioeconomic status influences the relationship between
fear-avoidance beliefs work and disability. Pain Med. 2011, 12, 328–336. [CrossRef] [PubMed]
Hayden, J.A.; van Tulder, M.W.; Tomlinson, G. Systematic review: Strategies for using exercise therapy to
improve outcomes in chronic low back pain. Ann. Intern. Med. 2005, 142, 776–785. [CrossRef] [PubMed]
Searle, A.; Spink, M.; Ho, A.; Chuter, V. Exercise interventions for the treatment of chronic low back pain:
a systematic review and meta-analysis of randomised controlled trials. Clin. Rehabil. 2015, 29, 1155–1167.
[CrossRef] [PubMed]

Medicina 2019, 55, 524

56.

57.
58.
59.

60.
61.
62.

13 of 13

Rollman, A.; Gorter, R.; Visscher, C.; Naeije, M. Why Seek Treatment for Temporomandibular Disorder Pain
Complaints? A Study Based on Semi-structured Interviews. J. Orofac. Pain 2013, 27, 227–234. [CrossRef]
[PubMed]
Esteve, R.; Ramírez-Maestre, C.; López-Marínez, A.E. Adjustment to chronic pain: The role of pain acceptance,
coping strategies, and pain-related cognitions. Ann. Behav. Med. 2007, 33, 179–188. [CrossRef]
Dohnke, B.; Knäuper, B.; Müller-Fahrnow, W. Perceived self-efficacy gained from, and health effects of,
a rehabilitation program after hip joint replacement. Arthritis Rheum. 2005, 53, 585–592. [CrossRef]
Brisson, N.M.; Gatti, A.A.; Stratford, P.W.; Maly, M.R. Self-efficacy, pain, and quadriceps capacity at baseline
predict changes in mobility performance over 2 years in women with knee osteoarthritis. Clin. Rheumatol.
2018, 37, 495–504. [CrossRef]
Ellingson, L.D.; Koltyn, K.F.; Kim, J.S.; Cook, D.B. Does exercise induce hypoalgesia through conditioned
pain modulation? Psychophysiology 2014, 51, 267–276. [CrossRef]
Imamura, M.; Alfieri, F.M.; Filippo, T.R.M.; Battistella, L.R. Pressure pain thresholds in patients with chronic
nonspecific low back pain. J. Back Musculoskelet. Rehabil. 2016, 29, 327–336. [CrossRef] [PubMed]
Falla, D.; Gizzi, L.; Tschapek, M.; Erlenwein, J.; Petzke, F. Reduced task-induced variations in the distribution
of activity across back muscle regions in individuals with low back pain. Pain 2014, 155, 944–953. [CrossRef]
[PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

