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Abstract: Low back pain and its chronification are among the most common causes of disabilities
worldwide. This is why multiple interventions and treatment approaches have been investigated around
this pathology in recent years. Currently, the evidence is increasingly leaning towards treating chronic
low back pain with a treatment based on the patient’s centered biopsychosocial model. This case report
presents the evaluation and treatment of a 43-year-old woman with chronic low back pain using a
multimodal physiotherapy based on a biobehavioral approach. In the physiotherapy intervention, the
patient’s pain characteristics and somatosensory, motor-functional, and affective-cognitive states were
first evaluated. Subsequently, a multimodal treatment including therapeutic exercise, pain
neuroscience education, and orthopedic manual and physical therapies was applied for a total of 14
sessions over a period of 9 weeks. Finally, a post-intervention evaluation and at the one-month follow-
up were carried out, in which it was observed that the treatment had significantly improved the patient’s
symptomatology and their general state. This case suggests that a multimodal physiotherapy treatment
based on a biobehavioral approach is an effective option to improve pain symptoms and somatosensory,
motor-functional, and affective-cognitive aspects in the reported patient; therefore, a treatment of these
characteristics may be an option for patients with chronic low back pain.
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1. Introduction

Low back pain (LBP) is the most prevalent musculoskeletal pathology and one of the leading
causes of disabilities worldwide [1]. LBP is the most common in the 35—55 age range [2]. In addition,
more than 70% of the world’s adult population in resource-rich countries will suffer from at least one
episode of LBP in their lifetime [2].

Traditionally, the diagnosis of LBP was mainly pathoanatomical, with a strong emphasis on
imaging techniques; nonetheless, in recent years, the evidence shows that there is often a poor
correlation between the results of imaging techniques and the patient’s symptomatology [3].

Risk factors for LBP include heavy physical work, prolonged static postures, and abrupt twisting
or lifting movements [2]. Furthermore, psychosocial aspects such as anxiety, stress, and depression are
also risk factors [4].

Moreover, LBP tends to become chronic, which increases the problems for both the patient and
society. This chronification occurs in 7 out of every 100 cases of LBP and it is known as chronic low
back pain (CLBP) [5]. Some studies have shown that aspects such as depression, distress, or having a
history of previous LBP episodes are risk factors for the chronification of LBP [6].

In most cases of CLBP the cause is not clearly identified and is therefore referred to as non-
specific CLBP [7]. In addition, CLBP is characterized by a heterogeneous clinical presentation, which
leads to a variety of opinions on treatment and approaches.

Regarding treatments, orthopedic manual physical therapy (OMPT) has traditionally been one
of the most interesting therapeutic options for LBP. It is important to mention that the effects of
OMPT have been found to be mainly short term [8,9]. Furthermore, neural mobilization, which is
within the scope of OMPT techniques, can also be an effective tool for short term improvements in
LBP patients [10,11]. In terms of medium to long-term improvements in patients with CLBP,
therapeutic exercise (TE) and pain neuroscience education (PNE) are, according to current evidence,
effective tools for chronic pain management [12—14].

In terms of approaches, it has recently been shown that the biobehavioral approach based on the
patient-centered biopsychosocial model for chronic pain may be a more interesting option than the
traditional biomechanical approach, especially in terms of medium to long term changes [15].

This case study describes the use of a multimodal physiotherapy treatment based on a
biobehavioral approach in a patient with CLBP. This is one of the first case studies where the treatment
for CLBP is based on a biobehavioral approach, rather than a more traditional physiotherapy approach.
The use of this multimodal treatment is due to the current evidence and because the patient was
previously treated with usual care and did not show any significant medium-term improvements. For
these reasons, the aim of the study was to evaluate and treat a patient with CLBP using the patient
centered biopsychosocial model as a reference.

2. Materials and methods
2.1. Case history
The patient was a 43-year-old woman with obesity and a sedentary lifestyle, diagnosed with

CLBP and trochanteric bursitis, who had previously undergone surgery for various pathologies in the
lumbar region. The main symptomatology presented by the patient during the initial interview was the
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presence of pain in the right inguinal region (pain number one, P1), together with pain in the lumbar
region (pain number two, P2).

P1 has been present for two years, is deep and constant, has an intensity of 4/10 on the Visual
Analogue Scale (VAS), is sometimes referred to the anterior region of the thigh, and has articular
characteristics. Additionally, it improves at rest, with medication, and with trunk flexion. However, it
worsens with trunk rotation and extension. P2 has been present for 10 years, its intensity is variable
throughout the day (between 4 and 7 out of 10 on the VAS), and it is deep and constant. It improves
with rest but worsens after prolonged walking and when moving from sitting to standing. When
performing lumbar flexion, P2 is radiated posteriorly, and this pain is considered as pain number 3
(P3). Both P2 and P3 have articular and neural characteristics. Moreover, the patient reports that in
terms of the pain frequency, the pain was present every day without interruption, which has meant that
she had to take painkillers 17 out of 30 days in the last month. All baseline (T0) measurements of pain
characteristics are listed in Table 1. In addition, the pre-intervention body chart with the distribution
of symptoms can be found in Figure 1.

Table 1. Baseline and Follow-up Measurements of the Pain Characteristics from TO to T3.

Measure TO Tl T3 T4

P1 intensity (VAS) 4/10 2/10 0/10 0/10
P2 intensity (VAS) 4/10 5/10 1/10 3/10
P3 intensity (VAS) 7/10 0/10 0/10 3/10
Pain frequency 100% 59% 30% 17%
(pain/ days of the month) (30/30) (22/30) (9/30) (5/30)
Pain medication 57% 27% 33% 20%
(medication/ days of the month) (17/30) (10/30) (10/30) (6/30)

*Note: VAS: Visual Analogue Scale; TO: First session; T1: Tenth session; T2: Fourteenth session; T3: 1 month follow- up.

[l Pain number 1 distribution
E Pain number 2 distribution
IH]I]]] Pain number 3 distribution

Figure 1. Pre-intervention body chart with symptom distribution.
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2.2. Clinical findings

After the medical interview, a physical examination was performed. First, it was observed that the
patient had discomfort related to P1 when performing both passive and active trunk extension,
homolateral rotation, and homolateral tilt movements. On the other hand, symptoms related to P2 and
P3 were reported when performing both passive and active trunk flexion. Second, three tests were used
to assess the somatosensory status. The first test performed was the two-point discrimination test (2-PD
Test) using an esthesiometer. Following the protocol detailed by Nollan [16], the calipers were set at 70
mm and then the distance between points was reduced by 10mm until the patient indicated that they had
gone from feeling two points to one. Three measurements were taken, and the average was calculated to
obtain the 2-PD Test value. The 2-PD Test was performed at both the right lateral epicondyle and 1cm
lateral to the right of L3. In the second test, Von Frey monofilaments were used to evaluate the time
summation magnitude. The test was performed on the L3 spinous apophysis and on the right lateral
epicondyle. At the beginning of the test, a primary stimulus was applied using the monofilaments to one
of the points selected for the test. Then, the patient was asked to rate the intensity of the pain caused by
the stimulus using the VAS scale. Subsequently, 10 rhythmic stimuli were applied to the same point under
the guidance of a metronome at 60 bpm. Finally, the difference between the mean of three repetitions of
one stimulus and the mean of three repetitions of ten stimuli was calculated. The result of this calculation
is the value of the temporal summation effect [17,18]. The third and final somatosensory test was aimed
at assessing the pressure pain threshold (PPT) using a digital algometer [19]. A pressure was maintained
until pain was provoked and was applied to the spinous apophysis of L3 and the right lateral epicondyle.
The quantity of the pressure measure in kg applied by the algometer up to pain provocation was the value
of the PPT. All baseline values for the above somatosensory tests are listed in Table 2.

Table 2. Baseline and Follow-up Measurements of the Somatosensory Factors from TO to T3.

Measure TO T1 T2 T3
Icm LR L3 9 7 5.5 5.5
2-PDT (cm) RLE 4.5 4.5 4.0 4.0
SAL3 6.2 4.3 3.6 2.3
TS (VAS) RLE 4.7 3.2 2 1.5
SAL3 0.79 2.4 4.3 4.8
PPT (Kg/cm?) RLE 2.5 4.1 4.5 4.6

*Note: 2-PDT (cm): Two-Point Discrimination Test; TS: Temporal summation; VAS: Visual Analogue Scale; PPT: Pain
Pressure threshold (Kg/cm?) LR: Lateral Right; RLE: Right Lateral Epicondyle; SA: Spinous Apophysis; TO: First session;

T1: Tenth session; T2: Fourteenth session; T3: 1 month follow- up.

After assessing the somatosensory status, the motor-functional status was assessed. First, the
range of motion (ROM) of both the lumbar flexion and thoracolumbar extension was assessed using a
goniometer mobile application [20]. Second, using the Stabilizer Pressure Biofeedback unite, the
patient’s motor control of both her right and left sides was assessed as indicated in the protocol [21].
Then, the grip strength was assessed using a dynamometer, as it is considered a good measure of
muscle strength [22]. Subsequently, the Functional Reach Test was used to assess the patient’s static
stability. The test consisted of the patient first placing both arms in a 90-degree flexion with her elbows

AIMS Medical Science Volume 11, Issue 2, 77—89.



81

and hands extended and then reaching as far as possible in the anterior direction without moving the
feet, holding this position for 2—3 seconds. The physiotherapist measures the reach obtained in cm.
The test was performed not only in the anterior direction, but also in the right and left directions [23,24].
Next, the patient performed the Y-balance test to assess the dynamic balance. To perform this test,
adhesive tape was placed on the floor in the shape of a “’Y”. Initially, the patient stood with her hands
on her hips in front of the “Y”. The test consisted of the patient’s foot sliding along the “Y” in an
anterior direction as far as possible and then returning to the initial position. It was counted as valid if
the patient did not move the supporting foot. Three repetitions were performed with each foot and the
average of each foot was recorded in cm [25]. Finally, the extensor endurance was assessed using the
Ito test [26]. The test consisted of recording how long (in seconds) the patient could remain in a prone
decubitus position while separating the sternum from the stretcher. The baseline values of all the motor-
functional factors assessed are described in Table 3.

Table 3. Baseline and Follow-up Measurements of the Motor-Functional Factors from TO to T3.

Measure TO Tl T2 T3
ROM (°) L Flexion 30.5 35 42 43.5
TL Extension 26.2 28 28.2 31.3
MC (mmHg) Right 73.3 70 62 55
Left 61.7 58 57.2 53
Dynamometry (kg) 24.5 27 35.2 38.7
Functional Reach (cm) Anterior 22.2 26 26.8 29
Left 18.5 22 23 24.6
Right 16.7 20 24 25.1
Dynamic Balance Left 73.2 80 81 92
Right 82.2 85.3 87.4 95
Extensor Endurance (seconds) 19.07 25 38 60

*Note: ROM: Range of Motion; L: Lumbar; TL: Thoracolumbar; MC: Motor Control; TO: First session; T1: Tenth session;
T2: Fourteenth session; T3: 1 month follow- up.

Finally, the affective-cognitive status was assessed using various instruments. The Spanish
version of the Oswestry Low Back Pain Disability Scale was used to assess the patient’s level of
disability [27]. This scale consists of 10 questions that are scored from O to 5. The total score is
multiplied by 2 to obtain the patient’s disability %, which is also known as the Oswestry Disability
Index (ODI). To assess kinesiophobia, the 11-item Spanish version of the Tampa Scale of
Kinesiophobia (TSK-11) was used. The TSK-11 has a score between 11 and 44 points, and the higher
the score the higher the level of kinesiophobia. In TSK-11, a change of more than 5.6 points is
considered a significant change [28]. As for the assessment of the pain catastrophism, the Spanish
version of the Pain Catastrophizing Scale was used. The PCS consists of 13 questions, with a maximum
score of 52 points. The higher the PCS score, the higher the degree of catastrophism. If the change in
the PCS score is greater than 9.1 points, then it is considered a significant change [29,30]. The quality
of life was measured using the SF-12 questionnaire, which has a maximum score of 100 points and
consists of 12 questions. The higher the score on the SF-12, the better the patient’s quality of life [31].
The Spanish version of the Hospital Anxiety and Depression Scale (HADS) questionnaire, consisting
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of two subscales, was used to measure both anxiety and depression in patients with CLBP. The
maximum score on each subscale was 21 points, and the higher the score, the higher the level of anxiety
or depression [32]. Finally, the Spanish version of the Chronic Pain Self-Efficacy Scale (CPSS)
questionnaire was used to establish the patient’s level of chronic pain self-efficacy. The CPSS consists
of 19 items, and the higher the score, the higher the patient’s degree of pain self-efficacy [33]. All
baseline measures of the affective-cognitive factors can be found in Table 4.

Table 4. Baseline and Follow-up Measurements of the Affective-Cognitive Factors at TO, T1 and T3.

Measure TO T1 T3
Disability (ODI) 48% 24% 18%
Kinesiophobia (TSK-11) 29/44 26/44 19/44
Pain catastrophizing (PCS) 17/52 13/52 10/52
Quality of Life (SF-12) 25/100 28/100 28/100
Anxiety (HADS) 16/21 14/21 8/21
Depression (HADS) 8/21 8/21 6/21
Chronic pain self-efficacy (CPSS) 92 114 128

*Note: ODI: Oswestry Disability Index; TSK-11: 11-item Tampa Scale of Kinesiophobia; PCS: Pain Catastrophizing
Scale; HADS: Hospital Anxiety and Depression Scale; CPSS: Chronic Pain Self-Efficacy Scale; TO: First session; T1:

Tenth session; T2: Fourteenth session; T3: 1 month follow-up.
2.3. Therapeutic intervention

During the 9 weeks of treatment, the patient attended to a total of 14 sessions. Each session
lasted approximately 60 minutes. During the first 5 weeks, the patient attended 2 sessions a week,
while from week 6 to 9, the patient only received one session a week. The biobehavioral
physiotherapy approach included PNE, OMPT, and TE. Table 5 shows the therapeutic intervention
that was pursued.

First session: Second session: . .
Ngurnmatrfx theory. Experientia.l motor Pmt.
Difference between restructuring and .

acute and chronic sensory Inﬂuerr:ce of_bteftlefs and
pain. reinterpretation. psychosocial factors.
mmm DU Pain and memory. DU P
Motor imagery and . : Jacobson's relaxation
action observation. Hyperylgllance. Active technique.
coping strategies.

\ Seventh session:

Pain and age. Pain and

culture. Pain and EEE—
gender. Central and

peripheral sensitization.

Eighth session:
Review of content.

Figure 2. Contents of each PNE session.
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Table 5. Therapeutic intervention in detail.

Phase

(sessions)

Weeks

(times per week)

Session
duration

Treatment performed

First phase
(]st_ ] Oth)

1st_5th
2)

60 min=

-PNE: Pain education was present in 8 of the 10
sessions of the first phase. The PNE was
responsible for providing the patient with coping
tools and strategies as well as knowledge about pain
with the aim of helping to change the patient’s pain
experience by eliminating negative and erroneous
thoughts and improving self-efficacy. The contents
of each session are detailed in Figure 2.

-TE: The therapeutic exercise of the first phase was
composed of basic lumbar and hip motor control
exercises, aquatic strength training and aerobic
training.

-OMPT:

1. Bilateral hip joint traction: 4 sets of 10 seconds
of traction maintenance.

ii. Bilateral lumbopelvic traction: 4 sets of 10
seconds of maintenance of traction.

iii. Central posteroanterior lumbar mobilization: 3
sets of 2 repetitions at a rate of 2 Hz.

iv. Neural mobilization: Three sets of 12 repetitions
of neural tube and sciatic nerve mobilization were

performed.

Second phase
(11"-14")

6th_9th
(1)

60 min=

-TE: The therapeutic exercise of the second phase
was composed of advanced lumbar and hip motor
control exercises and land-based strength training
without load restrictions.

-OMPT:

1. Bilateral hip joint traction: 4 sets of 10 seconds
of traction maintenance.

ii. Bilateral lumbopelvic traction: 4 sets of 10
seconds of maintenance of traction.

iii. Central posteroanterior lumbar mobilization: 3
sets of 2 repetitions at a rate of 2 Hz.

iv. Neural mobilization: Three sets of 12 repetitions
of neural tube and sciatic nerve mobilization were
performed.

*Note: PNE: Pain neuroscience education; TE: Therapeutic exercise; OMPT: orthopedic manual physical therapy.

AIMS Medical Science
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3. Results

The patient obtained a total of 14 sessions in a period of 9 weeks. After the intervention, the
patient was re-evaluated to see the results of the treatment. In addition, a one-month follow up was
also performed. In total, 4 measurements were obtained: the first was basal (T0), the second took
place at the tenth session (T1), the third at the end of treatment (T2), and the fourth a month after
the treatment completion (T3).

As for the general results of the treatment, all pains decreased, and improvements were
obtained in the somatosensory, motor-functional, and affective-cognitive factors.

In terms of the pain intensity, there was a significant improvement in the post-treatment over
baseline, with both P1 and P3 scoring 0/10 on the VAS, while P2 went from a 4/10 to a 1/10 on the
VAS. In terms of pain, there was a significant improvement in the post-treatment over baseline,
with both P1 and P3 scoring 0/10 on the VAS, while P2 went from a 4/10 to a 1/10 on the VAS.
These improvements were not completely maintained at the one-month follow-up, but even so, if
we compare the measurements at the 1-month follow-up with those at baseline, we can affirm that
there was a very significant change. In addition, the pain frequency and pain medication intake
improved on all measures, including at the 1-month follow-up, compared to pre-intervention. Table
1 shows all the results of the pain characteristics measured, in detail. Finally, in terms of pain
expansion, there were also significant improvements between the baseline and 1-month follow-up,
which can be visualized in the body chart that can be found in Figure 3.

@ Pain number 2 distribution
MM Pain number 3 distribution

Figure 3. At 1-month post-intervention follow-up body chart with symptom distribution.

Regarding the results of the factors measured, first, somatosensory factors generally improved
after treatment. There was a post-intervention improvement in the accuracy in the 2-PD Test that
was maintained at the 1-month follow-up. In addition, both TS and PPT improved on all measures.
Table 2 details all measures of somatosensory factors. Second, the motor-functional factors also
showed an overall improvement after the intervention. This improvement increased not only until
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just after the end of the intervention, but also at the one-month follow-up. All measurements of the
motor-functional factors are listed in Table 3. Finally, the affective-cognitive aspects were measured
pre-intervention (TO0), post-intervention (T1), and at the one-month follow-up (T3). In all these
measures, a significant improvement was seen in all affective-cognitive factors. Table 4 shows all
the measures of the affective-cognitive factors, in detail.

4, Discussion

This case report presents a detailed description of both the multimodal physiotherapy treatment
used for an adult women patient with CLPB and the results obtained. The somatosensory, motor-
functional, and affective-cognitive aspects were significantly improved. Additionally, there were
positive results in terms of the pain intensity, frequency, expansion, and medication.

This is not the first time that a treatment based on a biobehavioral approach has produced positive
effects in a patient with CLBP. Grande-Alonso et al. [34] obtained significant improvements using a
treatment with the same approach. Despite using the same approach, this case report differs from the
Grande-Alonso [34] study in some key points such as the patient profile, the type of study, the number
of sessions, the treatment dose, and the tools included in the intervention. For example, our intervention
includes neural mobilization, which is within the scope of the OMPT, as recent studies have shown
that the use of this intervention can be beneficial in patients with CLBP [10,11]. Although Grande-
Alonso et al. [34] found no differences in the use of a biobehavioral approach with or without OMPT,
OMPT was included in the treatment of this case report. The inclusion of OMPT in this treatment is
justified first because, as we have already mentioned, there are many differences in the key points that
make the results of Grande-Alonso et al. [34] not entirely comparable to our case report. Second, the
evidence shows that the general belief is still based on a classical physiotherapeutic model, where
manual therapy is still seen by patients as one of the most effective tools in LBP [35]. This influences
the patient’s beliefs and expectations, which are aspects that play an important role in the possible
placebo effect generated. Therefore, OMPT is included not only because of the effect it may have on
our patient with CLBP, but because it can effectively contribute to maximizing the placebo effect, the
maximization of which is recommended by experts [36]. In addition, it is important to mention that
the differences in the key points such as the patient profile, assessment, and intervention make this
case report unique as compared to studies with a similar approach such as Grande-Alonso et al. [34].

As for the somatosensory factors, some studies have shown that these factors are directly related
to the expansion and intensity of pain [37,38]. Therefore, the improvement obtained in these factors
may be one of the causes that has led to a significant improvement in both the pain intensity and in the
reduction of its expansion.

Regarding the motor-functional factors, the results obtained are similar to those obtained by Searle
A et al. [39]. In Searle A et al. [39], it was seen that TE caused significant improvements in motor-
functional factors in patients with CLBP. Therefore, it is possible that the significant improvement in the
motor-functional variables was mainly due to the TE carried out in the physiotherapy intervention.
Furthermore, Searle A et al. [39] and another similar study [40] found that an improvement in motor-
functional factors could lead to an improvement in the pain symptoms of patients with CLBP, which
could be one of the causes of the overall improvement in the patient’s pain symptomatology.

Regarding the affective-cognitive aspect, it should be noted that the improvement in the motor-
functional variables may have influenced not only the improvement in pain symptoms, but also an
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improvement in the affective-cognitive factors, especially disability and quality of life [40,41].
Disability may also have been improved by neural mobilization, which is included in the OMPT
techniques, as seen in some studies [10,11]. On the other hand, the improvement in the pain
catastrophism and kinesiophobia may have been mainly due to the PNE [42]. Finally, it is possible that
the improvement in affective-cognitive factors may have been enhanced by the use of a multimodal
treatment including the TE and PNE as seen in other studies [43,44].

The present case report presents several limitations that should be considered. First, there was a
lack of knowledge of the long-term effectiveness. Since the follow-up was only performed one month
after the end of the intervention, we do not know the evolution of the patient’s condition in the
following months. We believe that a follow-up at 6 months and at 1 year would have been important,
especially in a patient with CLBP, to be able to obtain both short-medium term and long-term results.
Second, since this is a clinical case of a single patient, this study does not allow for comparisons.
Finally, unlike other types of study designs, the case report design limits the generalizability of the
results obtained. Nevertheless, it can be concluded that the multimodal physiotherapy treatment based
on a biobehavioral model used has had a significant impact on the patient’s improvement and may
therefore be an interesting option in the treatment of patients with CLBP.

Use of Al tools declaration
The authors declare they have not used Artificial Intelligence (Al) tools in the creation of this article.
Author contributions

Ferran Cuenca-Martinez, Ménica Grande-Alonso: conceptualization, supervision; all authors:
methodology, validation, data curation, writing—original draft preparation, writing—review and
editing, visualization; Monica Grande-Alonso: investigation, project administration. All authors have
read and agreed to the published version of the manuscript.

Conflict of interest
The authors declare no conflict of interest.
References

1. Hoy D, Bain C, Williams G, et al. (2012) A systematic review of the global prevalence of low
back pain. Arthritis Rheum-Us 64: 2028-2037. https://doi.org/10.1002/art.34347

2. Anderssen G, Frymoyer J (1997) The epidemiology of spinal disorders. The Adult Spine:
Principles and Practice, Edited by: Frymoyer JW. https://doi.org/10.12691/ajmsm-6-1-3

3. Nachemson A (1999) Back pain: delimiting the problem in the next millennium. /nt J Law
Psychiat 22: 470-490. https://doi.org/10.1016/s0160-2527(99)00022-9

4. Bongers P, De Winter C, Kompier M, et al. (1993) Psychosocial factors at work and
musculoskeletal disease. Scand J Work Env Hea 19: 297-312. https://doi.org/10.5271/sjweh.1470

5. Hall H, McIntosh G (2008) Low back pain (chronic). BMJ Clin Evid.

AIMS Medical Science Volume 11, Issue 2, 77—89.



87

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pincus T, Burton A, Vogel S, et al. (2002) A systematic review of psychological factors as
predictors of chronicity/disability in prospective cohorts of low back pain. Spine 27: 109—120.
https://doi.org/10.1097/00007632-200203010-00017.

Rossignol M, Rozenberg S, Leclerc A (2009) Epidemiology of low back pain: What’s new? Joint
Bone Spine 76: 608—613. https://doi.org/10.1016/;.jbspin.2009.07.003

Bialosky J, Bishop M, Pric D, et al. (2009) The mechanisms of manual therapy in the treatment
of musculoskeletal pain: A comprehensive model. Manual Ther 14: 531-538.
https://doi.org/10.1016/j.math.2008.09.001

Teodorczyk-Injeyan J, Injeyan H, Ruegg R (2006) Spinal manipulative therapy reduces
inflammatory cytokines but not substance P production in normal subjects. J Manip Physiol Ther
29: 14-21. https://doi.org/10.1016/j.jmpt.2005.10.002

Kurt V, Aras O, Buker N (2020) Comparison of conservative treatment with and without neural
mobilization for patients with low back pain: A prospective, randomized clinical trial. J Back
Musculoskelet 33: 969-975. https://doi.org/10.3233/BMR-181241

Peacock M, Douglas S, Nair P (2023) Neural mobilization in low back and radicular pain: A
systematic review. J Man Manip Ther 31: 4—12. https://doi.org/10.1080/10669817.2022.2065599
Dworkin B, Elbert T, Rau H, et al. (1994) Central effects of baroreceptor activation in humans:
attenuation of skeletal reflexes and pain perception. P Natl Acad Sci Usa 91: 6329-6333.
https://doi.org/10.1073/pnas.91.14.6329

Koltyn K (2000) Analgesia following exercise: A review. Sports Med 29: 85-98.
https://doi.org/10.2165/00007256-200029020-00002

Fletcher C, Bradnam L, Barr C (2016) The relationship between knowledge of pain
neurophysiology and fear avoidance in people with chronic pain: A point in time, observational
study. Physiother Theor Pr 32: 271-276. https://doi.org/10.3109/09593985.2015.1138010
Lopez-de-Uralde-Villanueva 1, Beltran-Alacreu H, Fernandez-Carnero J, et al. (2020) Pain
management using a multimodal physiotherapy program including a biobehavioral approach for
chronic nonspecific neck pain: a randomized controlled trial. Physiother Theor Pr 36: 45-62.
https://doi.org/10.1080/09593985.2018.1480678

Nolan M (1985) Quantitative measure of cutaneous sensation. Two-point discrimination values
for the face and trunk. Phys Ther 65: 181—-185. https://doi.org/10.1093/ptj/65.2.181

Starkweather A, Heineman A, Storey S, et al. (2016) Methods to measure peripheral and central
sensitization using quantitative sensory testing: A focus on individuals with low back pain. Appl
Nurs Res 29: 237-241. https://doi.org/10.1016/j.apnr.2015.03.013

Maier C, Baron R, Télle T, et al. (2010) Quantitative sensory testing in the German Research
Network on Neuropathic Pain (DFNS): Somatosensory abnormalities in 1236 patients with
different neuropathic pain syndromes. Pain 150: 439-450.
https://doi.org/10.1016/j.pain.2010.05.002

Kinser A, Sands W, Stone M (2009) Reliability and validity of a pressure algometer. J Strength
Cond Res 23: 312-314. https://doi.org/10.1519/jsc.0b013e31818f051¢

Pourahmadi MR, Ebrahimi Takamjani I, Sarrafzadeh J, et al. (2017) Reliability and concurrent
validity of a new iPhone® goniometric application for measuring active wrist range of motion: a
cross-sectional ~ study in  asymptomatic  subjects. J  Anat  230:  484-495.
https://doi.org/10.1111/joa.12568

Chattanooga Group (2002) Stabilizer TM pressure bio-feedback operating instructions.

AIMS Medical Science Volume 11, Issue 2, 77—89.



88

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Roberts H, Denison H, Martin H, et al. (2011) A review of the measurement of grip strength in
clinical and epidemiological studies: Towards a standardised approach. Age Ageing 40: 423—429.
https://doi.org/10.1093/ageing/afr051

Duncan P, Weiner D, Chandler J, et al. (1990) Functional reach: A new clinical measure of balance.
JOGE 45: M192-M197. https://doi.org/10.1093/geron;j/45.6.M192

Newton RA (2001) Validity of the multi-directional reach test: a practical measure for limits of
stability in older adults. J  Gerontol  Med  Sci 56: M248-M252.
https://doi.org/10.1093/gerona/56.4.m248

Shaffer S, Teyhen D, Lorenson C, et al. (2013) Y-balance test: A reliability study involving
multiple raters. Mil Med 178: 1264—1270. https://doi.org/10.7205/MILMED-D-13-00222
Moreau CE, Green BN, Johnson CD, et al. (2001) Isometric back extension endurance tests: A
review of  the literature. J  Manip Physiol Ther 24: 110-122.
https://doi.org/10.1067/mmt.2001.112563

Alcantara-Bumbiedro S, Florez-Garcia MT, Echavarri-Pérez C, et al. (2006) Oswestry low back
pain disability questionnaire. Rehabilitacion 40: 150-158. https://doi.org/10.1016/S0048-
7120(06)74881-2

Gomez-Pérez L, Lopez-Martinez AE, Ruiz-Parraga GT, et al. (2011) Psychometric properties of
the spanish version of the Tampa Scale for Kinesiophobia (TSK). Journal of Pain 12: 425-435.
https://doi.org/10.1016/j.jpain.2010.08.004

Garcia Campayo J, Rodero B, Alda M, et al. (2008) Validacion de la version espafiola de la escala
de la catastrofizacion ante el dolor (pain catastrophizing scale) en la fibromyalgia, (Spanish)
[Validation of the Spanish version of the pain catastrophizing scale in fibromyalgia]. Med Clin-
Barcelona 131: 487-492. https://doi.org/10.1157/13127277

George S, Valencia C, Beneciuk J (2010) A Psychometric investigation of fear-avoidance model
measures in patients with chronic low back pain. J Orthop Sport Phys 40: 197-205.
https://doi.org/10.2519/jospt.2010.3298

Vilagut G, Valderas JM, Ferrer M, et al. (2008) Interpretacion de los cuestionarios de salud SF-36
y SF-12 en Espafia: componentes fisico y menta, (Spanish) [Interpretation of SF-36 and SF-12
questionnaires in Spain: physical and mental components]. Med Clin 130: 726-735.
https://doi.org/10.1157/13121076

Quintana J, Padierna A, Esteban C, et al. (2003) Evaluation of the psychometric characteristics of
the Spanish version of the Hospital Anxiety and Depression Scale. Acta Psychiat Scand 107: 216—
221. https://doi.org/10.1034/5.1600-0447.2003.00062.x

Martin-Aragon M, Pastor MA, Rodriguez-Marin J, et al. (1999) Percepcion de autoeficacia en
dolor cronico. Adaptacion y validacion de la chronic pain selfefficacy scale, (Spanish) [Perception
of self-efficacy in chronic pain. Adaptation and validation of the chronic pain selfefficacy scale].
J Health Psychol 11: 51-75. https://doi.org/10.21134/pssa.v11i1.799

Grande-Alonso M, Suso-Marti L, Cuenca-Martinez F, et al. (2019) Physiotherapy based on a
biobehavioral approach with or without orthopedic manual physical therapy in the treatment of
nonspecific chronic low back pain: A randomized controlled trial. Pain Med 20: 2571-2587.
https://doi.org/10.1093/pm/pnz093

Thomas M, Thomson OP, Kolubinski DC, et al. (2023) The attitudes and beliefs about manual
therapy held by patients experiencing low back pain: a scoping review. Musculoskel Sci Prac
102752. https://doi.org/10.1016/j.msksp.2023.102752

AIMS Medical Science Volume 11, Issue 2, 77—89.



89

36.

37.

38.

39.

40.

41.

42.

43.

44,

Evers A, Colloca L, Blease C, et al. (2018) Implications of placebo and nocebo effects for clinical
practice: expert consensus. Psychother Psychosom 87: 204-210.
https://doi.org/10.1159/000490354

Ferrer-Pefia R, Munoz-Garcia D, Calvo-Lobo C, et al. (2019) Pain expansion and severity reflect
central sensitization in primary care patients with greater trochanteric pain syndrome. Pain Med
20: 961-970. https://doi.org/10.1093/pm/pny199

Lluch Girbés E, Duenas L, Barbero M, et al. (2016) Expanded distribution of pain as a sign of
central sensitization in individuals with symptomatic knee osteoarthritis. Phys Ther 96: 1196—
1207. https://doi.org/10.2522/ptj.20150492

Searle A, Spink M, Ho A, et al. (2015) Exercise interventions for the treatment of chronic low
back pain: A systematic review and meta-analysis of randomised controlled trials. Clin Rehabil
29: 1155-1167. https://doi.org/10.1177/0269215515570379

Niederer D, Mueller J (2020) Sustainability effects of motor control stabilisation exercises on pain
and function in chronic nonspecific low back pain patients: A systematic review with meta-
analysis and meta-regression. Plos One 15: €0227423.
https://doi.org/10.1371/journal.pone.0227423

Geneen L, Moore R, Clarke C, et al. (2017) Physical activity and exercise for chronic pain in
adults:  An overview of Cochrane Reviews. Cochrane Db Syst Rev 4.
https://doi.org/10.1002/14651858.CD011279.pub3

Alcon C, Wang-Price S (2022) Non-invasive brain stimulation and pain neuroscience education
in the cognitive-affective treatment of chronic low back pain: Evidence and future directions.
Front Pain Res 3: 9596009. https://doi.org/10.3389/fpain.2022.959609

Lepri B, Romani D, Storari L, et al. (2023) Effectiveness of pain neuroscience education in
patients with chronic musculoskeletal pain and central sensitization: A systematic review. Int J
Env Res Pub Health 20: 4098. https://doi.org/10.3390/ijerph20054098

Kim K, An J, Kim JO, et al. (2022) Effects of pain neuroscience education combined with lumbar
stabilization exercise on strength and pain in patients with chronic low back pain: randomized
controlled trial. J Pers Med 12: 303. https://doi.org/10.3390/jpm12020303

© 2024 the Author(s), licensee AIMS Press. This is an open access

ATMS ATMS Press article distributed under the terms of the Creative Commons
@ Attribution License (https://creativecommons.org/licenses/by/4.0)

AIMS Medical Science Volume 11, Issue 2, 77—89.


https://creativecommons.org/licenses/by/4.0

