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Physical exercise reduces physical disability and psychological suffering in patients with chronic low
back pain: a quasi-experimental study
Ejercicio fisico reduce la discapacidade fisica y el sufrimento psicolégico em pacientes con lumbalgia:
un estudio cuasi experimental
Sheila Aparecida da Silva*, Antonio Ribeiro Neto*, Karolyne Stefanie Sousa Barbosa*, Aline Beatriz Mahler Pereira*, Bruno Sada
Salerno*, Jhony Robison de Oliveira*, Alexandre de Paula Rogerio*, Dernival Bertoncello*
*Universidade Federal do Triangulo Mineiro (Brazil)

Abstract. The aim of this study was to evaluate the impact of segmental systemic stabilization in low back pain patients on the physical
disability, psychological stress, and inflammatory profile of patients with Chronic Low Back Pain. We evaluated the effect of patients
with Chronic Low Back Pain diagnosis (caused by spondylodiscoarthrosis and herniated lumbar disc) treated with segmental spine
stabilization. Physical disability (performed by the Oswestry disability index), psychological distress (performed by patient health ques-
tionnaire-9) and concentrations of IL-1[3, pro-inflammatory, and IL-10, anti-inflammatory, in the plasma and culture supernatant of
peripheral blood mononuclear cells (PBMC) stimulated by lipopolysaccharide (LPS) (performed by ELISA) were evaluated before and
at the end of the sessions of physiotherapy (16 sessions; twice a week with an average duration of 60 minutes). The patients with
Chronic Low Back Pain who underwent spine stabilization exercises had a reduction of physical disability, psychological stress, an
increase of IL-10 production and reduction of IL-1[3 production when compared to basal level. The regular practice of segmental spine
stabilization exercises decreased physical disability, psychological distress, and inflammatory profile from adults with specific Chronic
Low Back Pain diagnosis.

Key words: Physiotherapy; Physical exercise; Segmental spine stabilization; IL-1[3; IL-10; Chronic pain.

Resumen. El objetivo de este estudio fue evaluar el impacto de la estabilizacion sistémica segmentaria en pacientes con lumbalgia
sobre la discapacidad fisica, el estrés psicologico y el perfil inflamatorio de pacientes con dolor lumbar cronico. Se evalué el efecto de
pacientes con diagnostico de lumbalgia crénica (causada por espondilodisartrosis y hernia de disco lumbar) tratados con estabilizacion
segmentaria de columna. Incapacidad fisica (realizada por el indice de discapacidad de Oswestry), malestar psicologico (realizado por
el cuestionario de salud del paciente-9) y concentraciones de IL-1[3, proinflamatoria, e IL-10, antiinflamatorio, en plasma y sobrena-
dante de cultivo de células mononucleares de sangre periférica (PBMC) estimuladas por lipopolisacarido (LPS) (realizado por ELISA)
antes y al final de las sesiones de fisioterapia (16 sesiones; dos veces por semana con una duracion promedio de 60 minutos). Los
pacientes con lumbalgia cronica que se sometieron a ejercicios de estabilizacion de la columna vertebral tuvieron una reduccion de la
discapacidad fisica, el estrés psicologico, un aumento de la produccion de IL-10 y una reduccion de la produccion de IL-1 P en compa-
racion con el nivel basal. La pratica regular de ejercicios de estabilizacion segmentaria de la columna disminuy6 la discapacidad fisica,
el malestar psicologico y el perfil inflamatorio de adultos con diagnostico especifico de lumbalgia cronica.
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Introduction

Chronic Low Back Pain (CLPB) is the most frequent and
causes substantial suffering, decreased functional capacity,
and lowers quality of life (Delitto et al., 2012; GBD Col-
laborators, 2018). The direct costs of chronic pain in the
U.S. are estimated to be $100 billion or greater annually
(Buchbinder et al., 2018; GBD 2017 Disease and Injury In-
cidence and Prevalence Collaborators, 2018). Most of the
social and economic cost is attributed to people who have
experienced and/or recurrent CLPB (Hartvigsen et al.,
2018).

CLBP can be classified into as non-specific or specific.
Specific CLBP occurs when an intrinsic or extrinsic cause of
pain is diagnosed (Hayden et al., 2021; Malik et al., 2022).
They are intrinsic causes: congenital, degenerative, inflam-
matory, infectious and tumor conditions. While the main
extrinsic causes are the imbalance between the functional
load, the effort required for work activities and/ or daily life
which generates postural stress as well as acute injuries
causing deterioration of structures due to CLPB (Hayden et
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al., 2021; Malik et al., 2022).

The most common causes of specific CLBP are spinal
degeneration due to spondylodiscoarthrosis and herniated
lumbar disc. A recent narrative review sought evaluate the
relationship between low back pain in athletes who practice
sports that envolve strenght. Although with a more differ-
enciated approach, they indicate the need for studies that
address the prevention of low back pain (Baraldo et al.,
2023).

Studies have emphasized the psychosocial influence on
the development of chronicity and the persistence of CLPB
complaints (Nicholas et al., 2019; Wong et al., 2017). In-
creased distress accompanies more severe pain, enhances
pain-related disability, and contributes to the development
of the chronicity of low back pain (Buchbinder et al., 2018;
Hartvigsen et al., 2018).

Patients with chronic pain reported poorer self-per-
ceived health than those without pain, showed higher psy-
chological distress, and had a greater number of chronic
comorbidities (Nicholas et al., 2019), like several biopsy-
associated with CLBP, such as

chosocial factors
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psychological distress conditions (Wong et al., 2017).

Physical exercise protocol such as kinesiotherapy, could
be an important strategy to manage and treat CLBP, and is
the most widely recommended conservative treatment im-
proving the quality of life of these patients (Hayden et al.,
2021; Vadala et al., 2020). The influence of physical train-
ing on immune responses such as circulating cytokines is
widely known (Campbell & Turner, 2018; Docherty etal.,
2022).

Exercise is an important strategy that can be used to
manage and treat CLBP and is the most widely recom-
mended conservative treatment for this population (Hay-
den et al., 2021; Vadala et al., 2020). Different exercise
protocols are used, including those involving segmental sta-
bilization and strengthening of the trunk extensor which
have been shown to reduce CLBP symptoms (Airaksinen et
al., 2006; George etal., 2021).

For example, segmental spine stabilization exercises in-
volving abdominal bracing and strengthening of the ab-
dominal and lumbar musculature and had significant gains
for pain and functional disability that stretch and strengthen
the deep and superficial muscles (Nascimento et al., 2018;
Soundararajan & Thankappan, 2017).

The purpose of this study was to evaluate the effect of
the regular practice of segmental stabilization exercise on
disability; psychological distress; and inflammatory profile
of adults specific CLBP (caused by spondylodiscoarthrosis
and herniated lumbar disc) diagnosis.

Materials and Methods

This is a quasi-experimental study; data for this longitu-
dinal study was obtained from a larger experimental study
that assessed the effectiveness of segmental spine stabiliza-
tion treatment in relieving CLBP in adults.

Participants

Patients secking treatment for CLBP at a physical ther-
apy clinic were screened for study eligibility by a physio-
therapist. All patients were referred for physiotherapy by a
physician; therefore, this setting was considered secondary
care. The potential study participants following criteria be-
fore being enrolled into this study: 1) adults between the
ages of 18 and 60 seeking physiotherapy for CLBP (defined
as having symptoms at T12 or lower, including radiating
pain into the buttocks and lower extremity) and 2) the abil-
ity to read and speak the Portuguese language.

We included only CLBP patients based on the current
self-reported symptom duration that is greater than or
equal to 91 days. The potential study participants were in-
cligible to participate in this study if any of the following
criteria were met: 1) presence of systemic involvement re-
lated to metastatic or visceral disease; 2) recent spinal frac-
ture; or 3) pregnancy; 4) autoimmune or infectious dis-
eases.

The physiotherapists provided all the patients that met
study eligibility criteria with a brief explanation of the
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study. The clinicians emphasized to the patients that partic-
ipating in this study would not dictate the treatment they
received for their CLBP and that if they elected not to par-
ticipate, they would receive the same treatment. This study
was approved by the Federal University of Triangulo
Mineiro Ethics Committee for Research with humans (un-
der protocol number 5154), according to the guidelines
proposed in resolution 196/96 of the National Health
Council, and the informed consent was obtained from each
studied participant.

Demographic and Historical Variables

The participants answered a standardized self-report
questionnaire consisting of demographic items related to
age, gender, race, and employment status before the start
the study. Additionally, information involving CLBP clini-
cal characteristics (i.e., prior surgery, symptom duration,
symptom onset, symptom location) was obtained.

Intervention

The patients underwent two weekly sessions of physio-
therapy with an average duration of 60 minutes, for a total
of 16 sessions. The patients were submitted to segmental
spine stabilization (KG group) (Kisner & Colby, 2009) (Fig-
ure 1).

Blood pressure levels were measured at the beginning of
each session to ensure that they were normal. The patients
attended two sessions in which they were instructed on how
to perform the exercises and were made aware of the im-
portance of maintaining contraction of the transversus ab-
dominis on segmental spine stabilization exercises in a series
of ten repetitions and in the las seven sessions they per-
formed two series of ten repetitions.

Clinical Measure

Oswestry Disability Index (ODI). The ODI 2.0 test was
used for functional assessment of the lumbar spine; it incor-
porates measures of pai and physical activity. The test con-
sists of 10 questions with six possible answers, with values
ranging from 0 to 5. The total score is divided by the num-
ber of answered questions multiplied by 5, and the result of
this division is multiplied by 100, with the final value pre-
sented as a percentage. The ODI score is rated as minimal
disability (0-20%), moderate disability (21-40%), severe
disability (41-60%), disability (61-80%), or bedridden (81-
100%) (Nascimento et al., 2018).

Psychological Measure

The Psychological Distress Patient Health Question-
naire (PHQ-9) is a tool for rapid assessment of depression.
It includes 10 questions with scores ranging 0 to 3, with a
total maximum score of 30 points. Values 2 9 indicate in-
dividuals with a higher risk of being in a depressed condi-
tion. This test does not exclude the need for evaluation by
a psychiatrist (Pergolizzi & LeQuang, 2020) and/or a psy-
chologist and has been used in studies involving with CLBP
(Tao et al., 2017).

Retos, nimero 51, 2024 (1° trimestre)



2024, Retos, 51, 1293-1298

© Copyright: Federacién Espafiola de Asociaciones de Docentes de Educacidn Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicién Web: 1988-2041 (https: / / recyt.fecyt.es/ index. php/ retos/ index)

1 Lie on your back with knees bent and feet flat on the

floor, approximately hip distance apart. The feet should
be in a comfortable position. Raise high enough so that
the body makes a straight line from shoulders to knees

2 In a supine position, hold your legs as if to touch the
—3 knees to the trunk
i~ -
2X 20s
3 Lying face up with knees bent and feet flat on the floor,

take shoulders and head off the floor until the shoulder
blades are off the ground, performing trunk flexion, and
return

1
i

4 Extend one leg upward and slowly pull it towards you.

5 ﬂ

[} ; With knees and hips flexed to 90°, bring the knees
toward the trunk. Inhale; exhale, taking the navel inward
. . and confracting the perineum and buttocks; inhale;
exhale, raising one leg; inhale; exhale, raising the other
leg. Hold for 10 seconds. Inhale; exhale, lowering one
leg; inhale again: exhale, lowering the other leg

2X 20s

‘With knees bent and one foot on the floor, cross one leg
over the other; the arm contralateral to the leg is
crossed towards the ceiling and the other arm is on the
floor; perform diagonal flexion of the trunk. Repeat for
both sides.

7 Bring one knee to the chest and stretch the other leg on
= the floor, as if being pulled on the heel of the straight
leg, maintaining ankle dorsiflexion.

2X 20s

Lying face up, contract the paraspinal muscles and
shrink the abdomen. Relax, retracting the navel and
tightening the perineum and buttocks.

9 Lying face down with hands beside the body, perform
extension of the trunk.

10 In a kneeling position, tuck in chin and push hips to the
heels, extending arms forward. Relax and breathe into
the stretch.

2X 20s

Figure 1. Sequence of segmental spine stabilization exercises. Source: Kisner,
Colby, (2009)

Blood Collection, Cell Isolation and Culture

Peripheral blood (10-20 mL) from patients was drawn
in heparinized tubes. All the blood was treated immediately
for isolation of blood cells and separation of plasma (which
was stored at a -80 °C until measurement). The PBMCs
were isolated by density-gradient centrifugation over His-
topaque 1077 (Sigma Aldrich). RPMI 1640 supplemented
with 10% fetal bovine plasma, 2 mL glutamine, 100 U/mL
penicillin, and 100 Ug/mL streptomycin was used as the
complete culture medium for further analysis (Hohen-
schurz-Schmidt et al., 2020).

PBMCs (1 x 10° cell/mL) from patients were cultivated
in 96-well plates and stimulated or not with lipopolysaccha-
rides (LPS) (1 pg/mL). The supernatant was collected 24
hours after LPS stimulation (Murphy et al., 2014).

IL-1p and IL-10 production.

IL-1f and IL-10 concentrations in the plasma and super-
natants of the PBMCs were determined by ELISA according
to the manufacturer’s instructions (R & D Systems, or BD
Pharmingen) (Timoteo etal., 2016).

Data Analysis
The results were expressed as the mean + standard
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error of the mean. The analysis of the demographic varia-
bles and clinical measures were performed using SPSS, Ver-
sion 20.0.

The evaluation of the results from cytokines was per-
formed by analysis of variance (ANOVA) followed by a
Tukey’s post-hoc test. P values <0.05 were considered sta-
tistically significant.

Results

Participants

In total, 14 patients were screened for eligibility. Table
1 shows the sociodemographic and clinical characteristics of
the patients at baseline. A strong association between the
disability and depression was found, with significant levels

of p£0.03 (KG) in this study sample (Table 1).

Table 1.
Descriptive statistics for study sample.
Variable KG, (n=14)
Gender M: 63%; F: 37%
Age (years old) 53 (4)
Education (ycars) 54)
Symptom duration (years) 3(4)
PHQ-9 (range: 0-27) 13 (6)

ODI (range: 0-100%) 40% (13%)

Spearman correlation (ODI/PHQ-9) 0.03
IL-1B (pg/mL; plasma) 41,75 (20)
IL-10 (pg/mL; plasma) 0
IL-1B (pg/mL; PBMCs unstimulated) 54,17(23.2)
PBMC:s IL-10 (pg/mL; PBMCs unstimulated) 16,95 (11)
IL-1B (pg/mL; LPS-stimulated PBMCs) 125,65 (37.3)
IL-10 (pg/mL; LPS-stimulated PBMCs) 15(9.8)
Treatment sessions 16

Values expressed as means, with standard deviations in parentheses; 95% confi-
dence intervals with p values (£0.05); M: male: F: female; PHQ-9: Patient
Health Questionnaire (9-item version); ODI: Oswestry Disability Index;
PBMCs: peripheral blood mononuclear cells.

For the primary outcome, physical disability after 16
sessions showed a significant difference (p = 0.002) when
compared to the scores before and after the intervention
(Table 2). For the psychological distress after 16 sessions
showed a significant difference (p = 0.005) when com-
pared to the scores before and after the intervention (Table

2).

Table 2.
Comparison of before and after intervention.
Before After
Mean (SD)Minimum Maximum Mean (SD) Minimum Maximum p
ODI 36 (12.6) 24 66 24 (13) 4 50 .002
PHQ-9 12 (5.6) 6 24 7.2 (6.2) 0 19 .005

95% contfidence intervals with p values (£ 0.05); statistically significant p values
in bold; SD: standard deviation; PHQ-9: Patient Health Questionnaire (9-item
version); ODI: Oswestry Disability Index.

The results of the spine stabilization exercises were

also evaluated through analysis of cytokines IL-1[3 (pro-in-
flammatory) and IL-10 (anti-inflammatory) as in plasma as
PBMCs stimulated by LPS. The IL-10 production was in-
creased (~31 folds) in the plasma of patients with CLBP
who underwent spine stabilization exercises compared to
the baseline level (Figure 2B). No significant alteration was

observed in the IL-1f concentrations between the groups.
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Figure 2. Segmental spine stabilization increased the IL-10 production in
plasma samples from patients with chronic low back pain. The plasma samples
were collected before and after 16 physical therapy sessions in group with seg-

mental spine stabilization. IL-1B (A) and IL-10 (B) concentrations were
measured by ELISA kit. The data are reported as the means + SEM
(n=5-13). *p < 0.05 versus before therapy.

LPS induced the increased of IL—IB production (Figurc
3A), without alteration of IL-10 concentration (Figure 3B),
in the PBMCs from patients before exercise when com-

pared to non-stimulated cells. Interesting, the IL-13 pro-
ductions in the LPS-stimulated PBMCs from patients with
CLBP who underwent spine stabilization exercises was re-
duced (~93%) while the IL-10 production was increased
(~9 folds) (Figure 3B) when compared to LPS-stimulated
PBMCs from patients before exercises.

In addition, the IL-10 production of in the LPS-stimu-
lated PBMCs from patients with CLBP who underwent
spine stabilization exercises was increased (~47 folds) when

compared to non-stimulated cells.
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Figure 3. Segmental spine stabilization demonstrated anti-inflammatory ef-
fects by decreasing IL-1f and increased IL-10 productions in PBMCs from pa-
tients with chronic low back pain stimulated with LPS. PBMCs were collected

before and after 16 physical therapy sessions in group with segmental spine stabi-
lization. PBMCs were stimulated or not with LPS (1 ug/mL). At 24 h after
stimulation, the culture supernatants were collected to determine the concentra-
tions of IL-1B (A) and IL-10 (B) using an ELISA kit. Data are reported as means
+ SEM (n=5-12/group). *p < 0.05 medium before treatment, #p < 0.05 ver-
sus LPS before treatment. +p < 0.05 versus medium after treatment.

Discussion

The regular practice of segmental spine stabilization ex-
ercises decreased physical disability, psychological distress,
and inflammatory profile from adults with specific CLBP
diagnosis.

The results of physical disability agreed (George et al.,
2021), which noted that there is not ideal form of exercise
to rehabilitate patients with CLBP, with combinations of
techniques generally being employed in rehabilitation and
training (Airaksinen et al., 2006; Shamiji et al., 2010). Ex-
ercise is likely to be effective in treating chronic LBP com-
pared with no treatment, usual care, or placebo (Hayden et
al., 2021). Compared to other conservative treatments,

-1296-

exercise had better result in terms of pain and functional
limitations (Hayden et al., 2021).

The findings about psychological distress agreed other
studies (Airaksinen etal., 2006; George etal., 2021; Wong
et al., 2017). Metal health symptoms are strongly linked
with CLBP and people with mental health symptoms, such
as depressive symptoms or anxiety, have poorer recovery
from LBP (Wong et al., 2017) but a group-based educa-
tion/exercise programme proved effective in terms of de-
creasing pain, improving physical function, and improving
psychosocial status (Prado et al., 2021; Soundararajan &
Thankappan, 2017).

However, we must make it clear that patients with
CLPB, when undcrgoing any intervention, can benefit from
some placebo effects such as the expectation and/or possi-
bility of having a personalized treatment with frequent
monitoring, hope of obtaining better results with the treat-
ment and good communication, between healthcare profes-
sional and patients. (Ballestra etal., 2022).

The peripheral and systemic inflammations are linked to
the development and persistence of many pain disorders.
Pro-inflammatory cytokines coordinate and amplify the in-
flammatory response as well as induce the releasing of neu-
rotrophic factors that contribute to, he pathophysiology of
pain associated with peripheral and central nociception

(Lobo-Silva etal., 2016; Schroeder et al., 2013).

Many pro-inflammatory cytokines such as IL-1f are el-
evated in CLBP (Hung et al., 2017; Kwilasz et al., 2015).

Increased concentrations of IL-1[3 were associated with ma-
trix degradation, innervation, and nociception (Kwilasz et
al., 2015; Vanderwall & Milligan, 2019). So, the control of

IL-1B production is desirable for blocking the persistent in-
flammatory responses as well as the sensations of pain.

On the other hand, IL-10 is generally known as an anti-
inflammatory cytokine that exerts a plethora of immuno-
modulatory functions (such as inhibiting the synthesis of
pro-inflammatory cytokines and reducing the activation and
effector functions of T cells, monocytes, and macrophages)
ending the inflammatory response to injury (Lobo-Silva et
al., 2016).

IL-10 decreased the injury damage and signs of neuroin-
flammation. In both neuropathic pain patients and in animal
models of neuropathic pain, the IL-10 concentrations are
decreased compared to the controls (Hung et al., 2017;
Kwilasz et al., 2015).

Different methods have been used for evaluation and in-
tervention in patientes with CLBP, such as ultrasonographic
measurement (Sanchez Romero etal., 2021), surface elec-
tromyography (Fernandes et al., 2018) dynamometer (Dos
Santos et al., 2017; Sipaviciene & Kliziene, 2020; Kazem-
khani et al., 2022), among other approaches (Santos et al.,
2019; Ahmadnezhad et al., 2020). There is no information
in the literature about the effect of segmental spine stabili-
zation in the immunological system and its benefits for pa-
tients with LBP. In this way, our results are the first to
demonstrate the immunomodulatory effects of segmental
spine stabilization in the immune system and mainly their
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benefits in (CLBP) patients.

Our work also presents different exercises that can be
performed with body weight with little or no necessary ma-
terial, thus showing the importance of the protocol that
practitioners underwent. Health professionals who treat
CLPB can use this protocol anywhere in a practical way,
enabling it to be effective in reducing disability and suffer-
ing. On the other hand, this work does not present a control
group, which does not allow us to see the real effect of the
protocol to which the practitioners were subjected, which
becomes a limitation.

Conclusions

The supervised physical exercises segmental spine stabi-
lization was effective in rcducing physical disability, im-
proving psychological distress, and enhancing the endoge-
nous anti-inflammatory mechanisms of patients with
chronic LBP, reducing pain symptoms and increasing qual-

ity of life.
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