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Abstract

Aim: The aim of this study was to assess the effectiveness of the applied functional 
training on pain level, lumbar spine range of motion, pelvic anterior tilt, and limita-
tions in daily functioning caused by chronic pain.

Material and methods: Twenty women aged 20–24 with chronic low back pain partic-
ipated in a 12-week therapy in the form of a functional training program. Both before 
and after the intervention period, measurements of lumbar spine range of motion and 
pelvic anterior tilt were taken for all participants. Pain levels were quantified using 
the VAS Scale, and disability levels were measured using the Oswestry Disability Index 
questionnaire. Statistical analysis were conducted using Statistica 13.3 (Student’s t-test, 
Wilcoxon’s signed-rank test, Pearson linear correlation).

Results: The proposed training program significantly reduced the pain level (p < 0.05) 
from 4.80 to 1.35. There was a significant improvement in the overall assessment of 
disability caused by spinal pain in the Oswestry Disability Index questionnaire. The 
lumbar spine range of motion changed significantly (p < 0.05) in each of the examined 
planes. A significant decrease in the pelvic anterior tilt angle in the neutral position 
was observed in the subjects.

Conclusions: The proposed functional training program contributed to reducing the 
perceived level of pain, improving the range of spinal motion and decreasing the 
degree of pelvic anterior tilt. The obtained results demonstrate the effectiveness of 
using functional training as a form of therapy in the treatment and prevention of low 
back pain and in improving the quality of participants’ lives.

Oryginal article

Keywords

• lumbar spine
• pain
• functional training

Contribution
A – Preparation of the research project
B – Assembly of data 
C – Conducting of statistical analysis
D – Interpretation of results
E – Manuscript preparation
F – Literature review
G – Revising the manuscript

Corresponding author
Edyta Mikołajczyk
e-mail: edyta.mikolajczyk@awf.krakow.pl
University of Physical Education in Krakow 
Institute of Applied Sciences 
Department of Kinesiotherapy 
al. Jana Pawła II 78
31-571 Kraków, Poland

Article info

Article history
• Received: 2024-02-21

• Accepted: 2024-02-26

• Published: 2024-02-28

Publisher
University of Applied Sciences in Tarnow 
ul. Mickiewicza 8, 33-100 Tarnow, Poland

User license
© by Authors. This work is licensed under 
a Creative Commons Attribution 4.0 
International License CC–BY–SA.

Conflict of interest
None declared.

Financing
This research was financed by University 
of Physical Education in Krakow – research 
grant no. 274/BS/INS/2021  

HPPA   •    2023; 25 (4): 9–15

Functional training as a therapeutic approach 
for chronic low back pain

Aleksandra Adamik¹ A–G, Edyta Mikołajczyk¹ A,B,D,E,G  

¹ University of Physical Education, Faculty of Motor Rehabilitation, Krakow, Poland

www.hppajournal.pl

https://doi.org/10.55225/hppa.575
mailto:edyta.mikolajczyk%40awf.krakow.pl?subject=
https://orcid.org/0000-0003-4109-9409


10 Original article A. Adamik, E. Mikołajczyk

Health Promotion & Physical Activity, 2023, 25 (4), 9–15

Introduction

The occurrence of chronic low back pain (CLBP) is one 
of the most challenging clinical problems to solve, as it 
not only affects the physical aspect but also encompass-
es both pathoanatomical and psychological factors.

For years, it has remained a public health problem 
and is a leading cause of disability worldwide.¹ Patients 
with chronic (lasting more than 3 months) lumbar pain 
typically exhibit subjectively higher levels of disability 
and are less active than healthy individuals. Therefore, 
the use of therapy in the form of controlled functional 
training seems justified.² In case of chronic low back 
pain, changes occur at the level of the central nervous 
system. This leads to motor control impairments and 
numerous movement restrictions, likely due to a lack 
of interaction between patients sensory and motor 
systems, as well as reduced ability for proprioceptive 
postural control.³ The International Classification of 
Diseases (ICD-11) emphasises the role of functional 
limitations associated with the occurrence of chronic 
pain. The level of pain severity not only refers to inten-
sity but also its impact on the individual’s functioning 
and quality of life.⁴ In the meta-analysis conducted by 
Rodriguez et al., it was found that while most exercise 
interventions showed benefits, Pilates, strength train-
ing, and core training were identified as the most effec-
tive approaches for reducing pain and disability level.⁵

The aim of this study was to assess the effectiveness 
of the applied functional training on pain level, lumbar 
spine range of motion, pelvic anterior tilt, and limita-
tions in daily functioning caused by chronic pain.

Material and methods 
In the study approved by The Bioethics Committee at 
the Regional Medical Chamber in Cracow (No. 158/
KBL/OIL/2022) following the fulfilment of inclusion 
and exclusion criteria, participated 20 women (Experi-
mental Group) between the age of 20 and 24 (x̄ = 21,75) 
who reported experiencing chronic low back pain. 
The inclusion criteria for the study were: age between 
2025 years, female gender, presence of chronic (over 
3 months) low back pain, good general health includ-
ing absence of injuries and surgical interventions 
within the lumbar spine, lack of coexisting diseases 
that could affect the outcome of the applied therapy, 
willingness to participate in the study and training pro-
gram, non-participation in regular, organised, and in-
dividual sports activities. The exclusion criteria were: 
current acute conditions or previous surgical interven-
tions within the lumbar spine, inability to participate 

in regular training, engagement in other forms of or-
ganised or individual physical activity, neurological 
diseases, coexisting diseases, scoliosis, and contrain-
dications to participating physical exertion. Partici-
pants were informed about planned measurements 
and forms of therapy. Women signed consent forms to 
participate in the project. 

All assessments of the women qualified for the proj-
ect were conducted twice: before and after 12 weeks of 
training, between January and May 2023.

Height and body mass of the participants were de-
termined using a medical scale. Based on the obtained 
results, the body mass index (BMI), calculated as the 
quotient of body mass [kg] and the square of height 
[m²], fell within the normal range for the participants. 
Detailed data regarding the basic morphological char-
acteristics of the women qualified for the project are 
presented in Table 1.

Table 1. Characteristics of participants in the experimental 
group

Group 
(n = 20) x̄ ± SD Me Min–Max

Age [years] 21.75 ± 1.21 22.00 20.00–24.00

Body height 
[cm] 164.45 ± 5.78 165.00 150.00–173.00

Body mass 
[kg] 56.15 ± 6.81 55.00 42.00–69.00

BMI 
[kg/m²] 20.72 ± 1.83 20.64 16.65–23.88

x̄ – arithmetic mean; Me – median; Min – minimum value;  
Max – maximum value; SD – standard deviation; n – group size

Visual Analog Scale (VAS)

The level of perceived low back pain was assessed us-
ing the Visual Analog Scale (VAS) ranging from 0 to 10, 
where 0 indicates no pain and 10 represents the high-
est possible intensity of pain.⁶

Questionnaire ODI

The Oswestry Disability Index (ODI) questionnaire 
quantifies the level of disability caused by lumbar 
spine and the functional capacity of patients in their 
daily activities. It consists of ten items rated on a five-
point ordinal scale, where 0 indicates no limitations 
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and 4 indicates extreme limitations in functioning for 
the respondents. The score within the range of 0–4 
from the entire questionnaire indicates no disability. 
A higher total score means greater physical disability: 
5–14 – mild level, 15–24 – moderate and 25–34 – severe. 
Scores ranging from 35–50 indicate complete disability 
in the patient’s daily functioning.⁷,⁸

BROM

The measurements of pelvic anterior tilt and lumbar 
spine range of motion including flexion, extension, 
lateral flexion, and rotations to the right and left were 
determined using the Back Range of Motion Instru-
ment – BROM II inclinometer, following the methodol-
ogy described in scientific articles.⁹,¹⁰

Improvement program

The women participated in a 12-week therapy in the 
form of a functional training program. A training plan, 
created as a table and provided to the participants, 
based on fundamental functional patterns, was sched-
uled over the course of 12 weeks. It comprised three 
separate sections focusing on motor control and stabi-
lisation, muscle strengthening, and stretching exercis-
es. The participants performed the assigned exercises 
three times a week for 45 minutes each session. Once 
a week, the exercises were conducted in a gymnasium, 
and twice a week, independently at home. In case of 
any occurrence of discomfort or pain, efforts were 
made to identify the cause and eliminate it if it was re-
lated, for example, to incorrect exercise technique. 

Statistical analysis methods 

Statistical analyses were conducted using Statistica 
13.3 software (StatSoft, USA). Measurement results 
were processed using descriptive statistical methods, 
including arithmetic mean (x̄), median (Me), mini-
mum (Min), maximum (Max), and standard deviation 
(SD). Statistical significance was set at p < 0.05. Due to 
the nature of the analysed variables, after verifying the 
normality of the distribution using the Shapiro-Wilk 
test, both parametric and non-parametric significance 
tests were applied. In cases where the distribution was 
found to be approximately normal, the parametric test 
Student’s t-test for dependent samples, while for distri-
butions deviating from normality, the nonparametric 

Wilcoxon’s signed-rank test was applied. The strength 
and direction of the relationship between certain vari-
ables were determined based on the Pearson correla-
tion coefficient values.

Results
After 12 weeks of exercises, the experimental group 
demonstrated statistically significant improvements 
(p < 0.05) in all investigated parameters compared to the 
initial results (Table 2). Based on the conducted statisti-
cal analysis of pain intensity levels, a significant reduc-
tion was observed (p < 0.05). Prior to the commencement 
of training, the average pain level in the experimental 
group was 4.8, which after 12 weeks decreased to an 
average of 1.35. The overall assessment of disability 
caused by spinal pain in the Oswestry Disability Index 
(ODI) questionnaire showed a significant improvement 
(p < 0.05). Initially, the average total score was 13.7. Dis-
ability was not observed in one woman, while 13 partic-
ipants were assessed to have mild disability, and 6 had 
moderate disability. In the second study, 14 women were 
found to have no disability, while 6 showed mild disabili-
ty, resulting in an average overall score of 4.25 points.

The mobility of the lumbar spine significantly 
changed (p < 0.05) in each of the examined planes. 
Before the therapy, the range of rotation to the right 
side averaged 11.50°, which increased to 18.10° post-
therapy. Regarding left-side rotation, the mean value 
was 11.95° pre-therapy, which increased to 17.60° post-
therapy. Analysing the results of lateral bending to the 
right, a significant increase from an average of 24.65° 
to 29.50° was observed, and to the left, from 24.20° to 
30.60°. The change in the value of lumbar spine flexion 
between the first and second measurements averaged 
7.85°, significantly decreasing from an initial 33.95° to 
26.10°. An increase in the extension range from 7.70° 
to 12.90° was noted. There was a significant decrease 
in the pelvic anterior tilt angle in the neutral position 
among participants undergoing functional training, de-
creasing from an average of 27.45° to 24.70°.

The analysis of results between the VAS and ODI 
variables revealed a significant, positive correlation of 
moderate strength (r = 0.45, p < 0.05) before the thera-
py. An increased level of perceived pain assessed us-
ing the VAS scale was associated with a higher overall 
score obtained in the ODI questionnaire – indicating an 
increased degree of disability and limitations in daily 
functioning. However, such relationships were not ob-
served in the follow-up assessment after 12 weeks of 
exercises (Table 3).
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Table 3. Relationships between the level of perceived pain 
(VAS) and degree of disability (ODI)

Variables Pearson r(X,Y) p

VAS & ODI before 0.45 0.04

VAS & ODI after 0.34 0.15

Before – measurement before 12 weeks; after – measurement 
after 12 weeks; designation of result in red colour- statistically 
significant difference p < 0.05; VAS – pain intensity; ODI – over-
all sum of points; Pearson – Pearson correlation coefficient.

The correlation coefficient parameters and signifi-
cance level for the remaining relationships did not 
exceed the established threshold, indicating a lack of 
statistically significant association between the level of 
perceived pain, functional limitations and the degree 
of pelvic anterior tilt (Table 4). Nonetheless, a clear 
trend is observed, suggesting that an increased pelvic 

anterior tilt may contribute to higher level of pain and 
increased degree of disability among the participants.

Table 4. Relationships between the level of perceived pain 
(VAS), degree of disability (ODI) and the degree of pelvic 

anterior tilt [°]

Variables Pearson r(X,Y) p

VAS & PAT before 0.18 0.46

VAS & PAT after 0.03 0.89

ODI & PAT before 0.39 0.09

 ODI & PAT after 0.21 0.37

Before – measurement before 12 weeks; after – measurement 
after 12 weeks; designation of result in red colour – statisti-
cally significant difference p < 0.05; VAS – pain intensity; ODI 

– overall sum of points; PAT – pelvic anterior tilt; Pearson – 
Pearson correlation coefficient.

Table 2. The pain level (VAS), degree of disability (ODI), lumbar spine range of motion [°] and pelvic anterior tilt [°] measured in 
women participated in a 12-week training program

Variables Group
(n = 20) x̄ ± SD Me Min–Max p

VAS
before 4.80 ± 158 4.50 3.00–8.00

p = 0.000
after 1.35 ± 0.98 1.50 0.00–3.00

ODI
before 13.70 ± 5.98 12.00 4.00–24.00

p = 0.000
after 4.25 ± 3.19 4.00 0.00–11.00

Right rotation
before 11.50 ± 3.72 11.00 7.00–22.00

p = 0.000
after 18.10 ± 3.97 18.50 12.00–28.00

Left rotation
before 11.95 ± 4.32 11.00 8.00–27.00

p = 0.001
after 17.60 ± 3.66 19.00 10.00–23.00

Right lateral flexion
before 24.65 ± 8.49 25.00 9.00–40.00

p = 0.002
after 29.50 ± 7.61 30.00 10.00–42.00

lLeft lateral flexion
before 24.20 ± 7.73 24.00 10.00–38.00

p = 0.000
after 30.60 ± 6.17 31.00 20.00–41.00

Flexion
before 33.95 ± 9.59 24.50 12.00–50.00

p = 0.007
after 26.10 ± 8.18 24.50 13.00–40.00

Extension
before 7.70 ± 2.02 8.00 4.00–11.00

p = 0.000
after 12.90 ± 2.73 14.00 8.00–18.00

Pelvic anterior tilt
before 27.45 ± 3.38 28.00 20.00–33.00

p = 0.000
after 24.70 ± 3.16 25.00 19.00–30.00

x̄ – arithmetic mean; Me – median; Min – minimum value; Max – maximum value; SD – standard deviation; n – group size;  
p < 0.05 – statistically significant differences; VAS – pain intensity; ODI – overall sum of points.
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Discussion

In current times, there are numerous methods aimed 
at reducing spinal pain in patients and improving their 
overall quality of life. Increasing range of motion, im-
proving functional capacity, and motor skills should 
be the main goal of physiotherapists during selecting 
methods of work with patients. Available literature 
indicates the effectiveness of employing comprehen-
sive physiotherapy in treating lumbar spine pain com-
plaints.¹¹ Our research demonstrates that an elevated 
level of pain assessed on the Visual Analog Scale (VAS) 
correlated with increased disability, resulting in re-
duced women’s daily functional capacity before start-
ing training. The engagement of participants in func-
tional training significantly impacted on the measured 
parameters. Van Dillen et al.¹² emphasise that therapy 
for individuals with LBP should encompass both the 
aspect of education and modification of the way of per-
forming everyday functional activities. In individuals 
undergoing specific training aimed at learning move-
ment control and reducing lumbar spine movement to-
wards pain-provoking directions, while simultaneously 
increasing the use of other joints for tasks, a significant 
improvement in quality of life, reduced disability lev-
el assessed using the Oswestry Disability Index (ODI), 
and decreased pain level was observed. These findings 
align with our results, indicating that the implementa-
tion of functional training substantially contributed to 
pain reduction and improvement in participants’ qual-
ity of life. Initially, ODI scores indicated a mild degree 
of disability, which progressed to lack of disability in 
the second assessment. In our study, after 12 weeks of 
functional training, a reduction in lumbar spine flex-
ion range of motion was noted. This may be associated 
with changes in lumbo-pelvic-hip rhythm. Developing 
motor control skills and reducing movement in partic-
ular lumbar spine segments required an increased hip 
joint flexion range of motion, which had been previ-
ously limited due to pain syndromes.¹³  Zbylut i Wódka¹⁴ 
suggested use of general motor exercises and physical 
therapy treatments significantly reduced the level of 
perceived pain and improved mobility while it did not 
noticeably improve lumbar spine movement control 
among the women. In contrast, individuals perform-
ing stabilising exercises with the Kinetic Control pro-
gram exhibited a notable enhancement in their ability 
to control lumbar spine flexion and extension during 
specific tests. In a randomised clinical trial Van Dillen 
et al.¹⁵ demonstrated that individuals with CLBP who 
received person-specific motor control training to 
modify functional activity performance, experienced 

greater short- and long-term improvement in func-
tion compared to those who performed strength and 
stretching exercises. Pain level, physical function, and 
psychological outcomes also improved to a greater ex-
tent in the motor control training group relative to the 
other. This suggests that the treatment priority for in-
dividuals with chronic LBP is to provide a person-spe-
cific form of training aimed at learning new movement 
strategies, that are then used during daily functional 
activities. In conducting meta-analysis Sadler et al.¹⁶ 
delineate an association between limited lateral flexion 
range of motion (ROM) and the occurrence of chronic 
pain complaints. Restricted ROM, as well as decreased 
lumbar lordosis and excessively tight hamstrings, may 
be considered risk factors for the development of lum-
bar spine pain conditions. The obtained results align 
with our observations, wherein the implementation of 
training led to a reduction in pain level and an increase 
in lateral flexion range of motion among the subjects. 
Salt et al.¹⁷ and Malarvizhi et al.¹⁸ observe a significant 
correlation between pain level and increased pelvic 
anterior tilt. This is consistent with our results where 
we noted a trend in which increased anterior pelvic tilt 
was associated with greater pain level among the par-
ticipants. In the research conducted by Jimenez-Del-
Barrio et al.¹⁹ indicated that enlarged pelvic anterior 
tilt during walking is linked to a limitation in hip ex-
tension range of motion and disruption of biomechan-
ical relationships within the lumbopelvic-hip complex, 
which could contribute to the development of spinal 
pain. After the applied therapy, there was a significant 
decrease in pelvic anterior tilt among participants un-
dertaking our functional training program. This result-
ed in changes in lumbar spine range of motion. Reduc-
ing the level of restriction through the application of 
functional training may serve as a prevention or treat-
ment for chronic lumbar pain. Observations from our 
studies regarding changes in range of motion are con-
sistent with the findings of Al-Banawi et al.,²⁰ where 
the implementation of two interventions based on the 
McKenzie method resulted in increased lumbar spine 
extension and rotation range of motion. Altuğ et. al.²¹ 
indicate that kinesiophobia is higher in patients with 
chronic low back pain, while their level of activity is 
lower, and the degree of disability is higher compared 
to healthy individuals. Pain experienced by patients re-
stricts both their physical activity as well as social life. 
Elimination of movement-related fear in patients due 
to CLBP, positively impacts their quality of life. 

Our findings are consistent with the observations of 
the authors and demonstrate that the implementation 
of therapy in the form of functional training, under the 
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supervision of a qualified person, beneficially impacts 
the reduction of pain level and improvement in daily 
functioning.

Conclusions
1. The proposed functional training program con-

tributed to reducing the perceived level of pain, 
improving the range of spinal motion and de-
creasing the degree of pelvic anterior tilt. 

2. The obtained results demonstrate the effective-
ness of using functional training as a form of 
therapy in the treatment and prevention of low 
back pain and in improving the quality of partic-
ipants’ lives.

References
[1] Nicol V, Verdaguer C, Daste C, et al. Chronic low back 

pain: A narrative review of recent international guideli-
nes for diagnosis and conservative treatment. J Clin Med. 
2023;12(4):1685. doi: 10.3390/jcm12041685.

[2] Lin C-WC, McAuley JH, Macedo L, Barnett DC, Smeets 
RJ, Verbunt JA. Relationship between physical activity 
and disability in low back pain: A systematic review and 
meta-analysis. Pain. 2011;152(3):607-613. doi: 10.1016/j.
pain.2010.11.034.

[3] Claeys K, Brumagne S, Dankaerts W, Kiers H, Janssens 
L. Decreased variability in postural control strategies 
in young people with non-specific low back pain is 
associated with altered proprioceptive reweighting. 
Eur J Appl Physiol. 2011;111(1):115-123. doi: 10.1007/
s00421-010-1637-x.

[4] Treede R-D, Rief W, Barke A, et al. Chronic pain as 
a symptom or a disease: the IASP Classification of 
Chronic Pain for the International Classification of Di-
seases (ICD-11). Pain. 2019;160(1):19-27. doi: 10.1097/j.
pain.0000000000001384.

[5] Fernández-Rodríguez R, Álvarez-Bueno C, Cavero-Redondo 
I, et al. Best exercise options for reducing pain and disabi-
lity in adults with chronic low back pain: Pilates, strength, 
core-based, and mind-body. A network meta-analysis. 
J  Orthop Sports Phys Ther. 2022;52(8):505-521. doi: 10.2519/
jospt.2022.10671.

[6] Byrom B, Elash CA, Eremenco S, et al. Measurement 
comparability of electronic and paper administration 
of visual analogue scales: A review of published stu-
dies. Ther Innov Regul Sci. 2022,56:394-404. doi: 10.1007/
s43441-022-00376-2.

[7] Saltychev M, Mattie R, McCormick Z, Bärlund E, Laimi K. 
Psychometric properties of the Oswestry Disability 

Index. Int J Rehabil Res. 2017;40(3):202-208. doi: 10.1097/
mrr.0000000000000226.

[8] Radzimińska A, Strączyńska A, Weber-Rajek M, et al. 
Oswestry Disability Index (ODI) – a method for assessing 
the effectiveness of physical therapy in patients with low 
back pain. Acta Balneol. 2017;59(4):310-316.

[9] Varangaonkar VC, Ganesan S, Kumar K. Normative values 
for active lumbar range of motion using the Back Range-

-of-Motion Measurement (BROM) device in school age 
children: A cross-sectional study. Int Neuropsychiatr Dis J. 
2015;3(2):59-68. doi: 10.9734/INDJ/2015/15158.

[10] Atya AM. The validity of spinal mobility for prediction of 
functional disability in male patients with low back pain. 
J Adv Res. 2013;4(1):43-49. doi: 10.1016/j.jare.2012.01.002.

[11] Byström MG, Rasmussen-Barr E, Grooten WJA. Motor 
control exercises reduces pain and disability in chronic 
and recurrent low back pain: A meta-analysis. Spine. 
2013;38(6):350-358. doi: 10.1097/BRS.0b013e31828435fb.

[12] van Dillen LR, Norton BJ, Sahrmann SA, et al. Efficacy 
of classification-specific treatment and adherence on 
outcomes in people with chronic low back pain: A one-

-year follow-up, prospective, randomized, controlled 
clinical trial. Man Ther. 2016;24:52-64. doi: 10.1016/j.
math.2016.04.003.

[13] Wong TKT, Lee RYW. Effects of low back pain on the re-
lationship between the movements of the lumbar spine 
and hip. Hum Mov Sci. 2004;23(1):21-34. doi: 10.1016/j.
humov.2004.03.004.

[14] Zbylut A, Wódka K. Evaluation of therapeutic management 
in women with lumbar spine pain complaints. Health Prom 
Phys Act. 2023;23(2):1-12. doi: 10.55225/hppa.512.

[15] van Dillen LR, Lanier VM, Steger-May K, et al. Effect of 
motor skill training in functional activities vs strength 
and flexibility exercise on function in people with chronic 
low back pain: A randomized clinical trial. JAMA Neurol. 
2021;78(4):385-395. doi: 10.1001/jamaneurol.2020.4821.

[16] Sadler SG, Spink MJ, Ho A, DeJonge XJ, Chuter VH. Re-
striction in lateral bending range of motion, lumbar lor-
dosis, and hamstring flexibility predicts the development 
of low back pain: A systematic review of prospective co-
hort studies. BMC Musculoskelet Disord. 2017;18(1):179. 
doi: 10.1186/s12891-017-1534-0.

[17] Salt E, Wiggins AT, Rayens MK; et al. The relationship be-
tween indicators of lumbo-pelvic coordination and pain, 
disability, pain catastrophizing and depression in patients 
presenting with non-chronic low back pain. Ergonomics. 
2020;63:724-734. doi: 10.1080/00140139.2020.1755059.

[18] Malarvizhi D, Sai Kishore V, Sivakumar Vpr. Measure-
ment of anterior pelvic tilt in low back pain: An observa-
tional study. 2017; 10(4):115. Asian J. Pharm. Clin. Res. doi: 
10.22159/ajpcr.2017.v10i4.16254.

[19] Jiménez-Del-Barrio S, Mingo-Gómez MT, Estébanez-de-
-Miguel E, et al. Adaptations in pelvis, hip and knee 

www.hppajournal.pl

https://doi.org/10.3390/jcm12041685
https://doi.org/10.1016/j.pain.2010.11.034
https://doi.org/10.1016/j.pain.2010.11.034
https://doi.org/10.1007/s00421-010-1637-x
https://doi.org/10.1007/s00421-010-1637-x
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.2519/jospt.2022.10671
https://doi.org/10.2519/jospt.2022.10671
https://doi.org/10.1007/s43441-022-00376-2
https://doi.org/10.1007/s43441-022-00376-2
https://doi.org/10.1097/mrr.0000000000000226
https://doi.org/10.1097/mrr.0000000000000226
https://doi.org/10.9734/INDJ/2015/15158
https://doi.org/10.1016/j.jare.2012.01.002
https://doi.org/10.1097/BRS.0b013e31828435fb
https://doi.org/10.1016/j.math.2016.04.003
https://doi.org/10.1016/j.math.2016.04.003
https://doi.org/10.1016/j.humov.2004.03.004
https://doi.org/10.1016/j.humov.2004.03.004
https://doi.org/10.55225/hppa.512
https://doi.org/10.22159/ajpcr.2017.v10i4.16254


15

Health Promotion & Physical Activity, 2023, 25 (4), 9–15

Functional training as a therapeutic approach for chronic low back pain

kinematics during gait and muscle extensibility in low 
back pain patients: A cross-sectional study. J Back Musculo-
skelet Rehabil. 2020;33(1):49-56. doi: 10.3233/BMR-191528.

[20] Al-Banawi LAA, Youssef EF, Shanb AA, Shanb BS. Effects 
of the addition of hands-on procedures to McKenzie exer-
cises on pain, functional disability and back mobility 
in patients with low back pain: A randomised clinical 

trial. Malays J Med Sci. 2023;30(3):122-134. doi: 10.21315/
mjms2023.30.3.11.

[21] Altuğ F, Ünal A, Kilavuz G, Çitişli V, Cavlak U. Investiga-
tion of the relationship between kinesiophobia, physical 
activity level and quality of life in patients with chronic 
low back pain. J Back Musculoskelet Rehabil. 2016;29(3):527- 

-531. doi: 10.3233/BMR-150653.

www.hppajournal.pl

https://doi.org/10.3233/BMR-191528
https://doi.org/10.21315/mjms2023.30.3.11
https://doi.org/10.21315/mjms2023.30.3.11
https://doi.org/10.3233/BMR-150653

	_Hlk159449832
	_Hlk159449471
	_Hlk159449511
	_Hlk159355405
	_Hlk159427252
	_Hlk159449944
	_Hlk159449549
	_Hlk159333056
	_GoBack

